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Abstract 

Background  The COVID-19 pandemic entailed a global health crisis, significantly affecting medical service delivery 
in Germany as well as elsewhere. While intensive care capacities were overloaded by COVID cases, not only elective 
cases but also non-COVID cases requiring urgent treatment unexpectedly decreased, potentially leading to a deterio-
ration in health outcomes. However, these developments were only uncovered retrospectively. Especially university 
hospitals, which were meant to take on a central coordinating role, did not have detailed information on expected 
healthcare utilization, available resources and capacities, and the quality of medical care.

The experience of compromised healthcare and a lack of monitoring during the COVID-19 pandemic made it clear 
that healthcare systems should be better prepared. Therefore, the aim of this work was to develop a set of indicators 
suited to detect undesirable developments concerning the provision of inpatient healthcare.

Material & methods  The study employed a literature review, online surveys, expert interviews, and a multistep 
evaluation process to develop a core set of quality indicators (QIs) suitable for assessing the resilience of university 
hospitals during pandemics. This initial set of indicators was refined through consultations with a) quality and risk 
management officials from German university hospitals via an online survey and b) a diverse panel of experts.

Results  The comprehensive evaluation identified two primary strands: organizational/management indicators 
(Strand A, 60 indicators) and disease-specific clinical quality and patient safety indicators (Strand B, 20 indicators 
for critical conditions like stroke, myocardial infarction, and cancer.) Three additional indicators were added after a final 
expert panel meeting, resulting in a final set of 83 indicators.

Discussion and conclusion  The developed QIs mark a significant advancement in the operational preparedness 
of university hospitals for pandemics. The study contributes to quality management in healthcare during pandem-
ics by creating the basis for a structured approach to pandemic preparedness and response. This unique set of QIs 
within the German context presents an opportunity for establishing quality improvement, underscoring the impor-
tance of a robust, adaptable quality management framework as a basis for safeguarding against future health crises.
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Background
The COVID-19 pandemic has led to a significant decline 
in the utilization of medical services across Germany, 
notably affecting university hospitals [1, 2]. This decrease 
extended beyond elective procedures and also affected 
urgent non-COVID related medical cases, resulting in 
delayed admissions for acutely ill patients [3]. Simultane-
ously, the pandemic caused restrictions in intensive care 
capacities and therefore led to a disproportionate short-
age in healthcare provision of chronically ill patients [4]. 
The steep increase in case numbers required a strategic 
restructuring of healthcare services, while the work-
force faced increased levels of stress and absenteeism [5]. 
Additionally, rather generic frameworks commonly used 
in Germany and elsewhere up to this point, such as criti-
cal incidence reporting systems (CIRS) showed a decline 
in reporting during COVID waves, likely due to their lack 
of features specific to the pandemic and staff time con-
straints [6, 7]. These developments collectively impaired 
the quality and safety of patient care within German 
hospitals. At this critical juncture, university hospitals 
in Germany took a central coordinating role, marshal-
ing their expertise to address the challenges posed by the 
pandemic [8, 9].

A primary focus of quality management within hos-
pitals during this period was the development of a 
responsive framework to facilitate agile decision-making 
processes. The established hospital quality of care report-
ing system in Germany only covers about 20% of pro-
cedures and provides feedback with a time lag of about 
2 years. Therefore, a quicker framework for continu-
ous monitoring of inpatient health care provision was 
required to ensure continuity of medical care, protect 
healthcare workers, and adapt to the changing pandemic 
situation and associated policy decisions. The imple-
mentation of a monitoring system, guided by a solid set 
of quality indicators (QIs) and recommendations, could 
strengthen the healthcare system against future pandem-
ics or similar crises and allows to maintain the quality 
and safety of university healthcare services.

Although there were proposals for pandemic-adapted 
indicators from some international governmental organi-
zations (IGOs) [10–13], there was a need for a set that 
specifically addresses the German university medicine 
and covers the unique properties of the German health-
care system – such as specialty care in hospitals and in 
private practice settings, and a mixture of public, charity 
and private hospital care providers. Such, the coordinat-
ing role of university clinics in regional health care, which 
emerged during the pandemic, requires networking with 
both smaller hospitals within a certain hospital care clus-
ter and with outpatient care providers. Additionally, an 
in-depth knowledge of regional infection dynamics and 

available health care resources is required – factors that 
were not measured routinely by university clinics at the 
onset of the pandemic [14–16]. The development of an 
indicator set was part of the PREPARED project (PRE-
paredness and Pandemic Response in Germany), an 
initiative of the German Network University Medicine 
(NUM). The main objective of PREPARED is to establish 
a concept for a comprehensive, collaborative, adaptable 
and sustainable pandemic management and prepared-
ness infrastructure that meets the above-mentioned need 
for a comprehensive pandemic preparedness framework 
and enables coordinated, prompt, accurate and evidence-
based actions and responses to threats to patient care and 
public health in the event of a pandemic [9]. The effort 
presented here as a part of PREPARED sought to create a 
dual-phase concept for quality and risk management tai-
lored to university hospitals, applicable during both pan-
demic (“crisis mode”) and inter-pandemic (“steady state”) 
periods.

Material & methods
The development of the core set for QIs was underpinned 
by an extensive literature review conducted across per-
tinent databases and IGOs, complemented by expert 
interviews with board members from the quality man-
agement (QM) and risk management (RM) departments 
of selected German university hospitals (step one). All 
steps taken to develop the final indicator set are depicted 
in Fig. 1.

The core QI-set development contained two primary 
strands:

Strand A aimed at identifying general indicators and 
recommendations pertaining to organizational and man-
agement practices from the realm of quality and risk 
management, encompassing both structural and process 
indicators. Strand B concentrated on disease-specific 
clinical quality and patient safety indicators and areas of 
treatment specialization.

These indicators were evaluated separately by a diverse 
group of participants to determine their relevance and 
feasibility. The first group comprised seven members of 
involved project working groups who had participated 
in numerous bilateral meetings. The second group was 
made up of 18 members of the QM/RM board from Ger-
man university hospitals and a third group consisted of 
a German-speaking panel of ten experts. This panel con-
sisted of representatives from academia, patient advocacy 
groups, and health insurance companies, which will be 
described in step seven. During the development of the 
indicator set, the following criteria were applied to evalu-
ate each indicator or recommendation (adapted from 
RAND/ UCLA Appropriateness Method [17]):
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Relevance

1.	 There is sufficient scientific evidence or professional 
consensus for the recommendation or indicator.

2.	 An improvement in patient care and staff safety is 
expected if the university hospital is organized or 
treats according to the recommendation or indicator.

3.	 University hospitals that are organized or treat 
according to the recommendation or indicator are 
considered high quality.

Feasibility

1.	 The implementation of the recommendation or indi-
cator is at the discretion of the university hospital.

2.	 The information or data necessary to verify the ful-
fillment of the recommendation or indicator is avail-
able in the university hospital.

3.	 The data documented in the university hospital con-
cerning the recommendation or indicators are most 
likely accurate.

4.	 The absence of the corresponding information or 
data is fundamentally a sign of inadequate quality.

Literature review (Fig. 1, step 1)
The literature search entailed an examination of rel-
evant indicators on the websites of IGOs (World Health 
Organization (WHO), the Centers for Disease Control 
and Prevention (CDC), and the National Health Service 
(NHS). Additionally, national, and international indi-
cator databases (Agency for Healthcare Research and 

Fig. 1  Overview of the complete workflow for the creation of the indicator set
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Quality (AHRQ) and Google Scholar) were reviewed 
to identify relevant QIs. A targeted literature search 
was conducted on November 22, 2022, in PubMed. The 
search string can be found in Appendix A. Screening 
of both title and abstracts and full texts as well as data 
extraction were done by two persons from the Dresden 
and Marburg project site (JE and FW). No exclusion of 
records happened on the full-text level, however, indi-
cators which were similar in contents were disregarded 
in the following analysis. Data extraction covered the 
indicators themselves as well as bibliographic informa-
tion on their origin and the domains they covered, such 
as nosocomial infections and continuity of care.

The results were further consolidated in three inter-
disciplinary, bilateral meetings between the Dresden 
and Marburg project sites by using the criteria of rel-
evance and feasibility mentioned above [18]. Where 
members of the project sites disagreed during the con-
solidation process, discrepancies were resolved through 
discussion or by involving one of the project’s principal 
investigators.

Interviews (Fig. 1, step 1)
In order to incorporate firsthand experience from QM/
RM officials during the pandemic into the core set, also 
in step one, three semi-structured qualitative interviews 
were conducted [19, 20]. The interviewees were selected 
from QM/RM departments of the sites involved in our 
project, ultimately leading to interviews with staff mem-
bers from three university hospitals. These interviews 
took place in December 2022 using an online video con-
ferencing tool and aimed to capture the unique expe-
riences of these departments during the COVID-19 
pandemic. The interviews were recorded if so consented 
to by the participants before the start of each interview, 
with each session lasting approximately one hour. They 
were conducted by a staff member from the Marburg site 
and documented by two additional staff members.

The interviews focused on exploring the impact of the 
pandemic on the quality of care and risks for patient 
safety at the university hospitals in Germany. Specific 
questions concerned observed declines in quality and 
increases in risks to safety, methods employed for their 
measurement or detection, actions taken to maintain 
standard care, case transfers to other hospitals, and les-
sons learned for the future. The recorded interviews were 
transcribed and transcripts served as the basis for analy-
sis by three researchers (JE, NA, CM), with each inter-
view being individually analyzed for recurring issues that 
constituted themes and could be used to extract relevant 
indicators (Fig.  1, step 2) [21]. A copy of the interview 
guideline is included in Appendix B.

Evaluation of the Indicator Set (Fig. 1, step 3)
Based on the results of the literature and database 
search, as well as the interviews, an initial proposal for 
a core QI-set was created in several pretest phases: Ini-
tially, it was tested for functionality and comprehensi-
bility internally at the Marburg Institute, followed by 
further tests with partners in the study group (Fig.  1, 
step 4). Testing for functionality and comprehensibility 
solely addresses the way each indicator is formulated, 
such making sure its scope is easily intelligible (com-
prehensibility) and it fits into the flow of the indicator 
checklists (functionality). Such tests of content valid-
ity are the gold standard in questionnaire development 
[22] and were considered essential prerequisite before 
the indicators were compiled into a survey (see next 
chapter). After each testing phase, adjustments were 
made to optimize the indicator set’s functionality and 
comprehensibility, drawing upon the expertise gar-
nered from the predecessor project, egePan (Eviden-
zgeleitetes Pandemiemanagement) [8], and preliminary 
discussions with QM/RM officials (as described above). 
To further consolidate and clarify the indicators, sev-
eral sessions were held within the project team in 
which these indicators were compared and integrated, 
with a specific focus on evaluating them according to 
their relevance and feasibility as mentioned above. The 
optimized indicator set was then transferred into an 
online survey.

Online Survey of QM/RM Departments at German 
University Hospitals (Fig. 1, step 4)
A survey was designed to assess once more the rel-
evance and feasibility of the indicators developed. The 
final version of the questionnaire was provided as an 
online survey (SoSci Survey platform [23]) and sent to 
all QM/RM departments of the German university hos-
pitals on March 6, 2023, irrespective of their involve-
ment in the indicator development process. Reminders 
were sent on March 21 and April 12. The estimated time 
to complete the questionnaire was 40–60 min. Ques-
tions were included to additionally inquire whether the 
individual indicators should be collected during and/or 
between pandemics.

The relevance and feasibility of the indicators were to 
be rated by the participants on a scale from one (not 
at all relevant/not feasible) to four (very relevant/easily 
feasible). Additionally, there was an option to comment 
on each indicator. The results were reviewed, analyzed, 
and evaluated by the project group (Fig. 1, step 5), lead-
ing to minor adjustments (Fig. 1, step 6, milestone). A 
copy of the questionnaire is included in Appendix C.
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Online Conference for the Evaluation and Finalization 
of the Proposed Core QI‑set (Fig. 1, step 7)
On December 14, 2023, an online conference was held 
with members of an expert panel and all involved pro-
ject partners of our study group, aiming to finally evalu-
ate the core QI-set. The panel included members from 
various German institutions, e.g. the Institute for Quality 
Assurance and Transparency in Healthcare (IQTIG), the 
Department of Patient Safety at the University Hospital 
Bonn, the Institute for Quality & Patient Safety (BQS), 
the Competence Center for Quality Assurance (KCQ), 
the Patient Representation of the Federal Joint Commit-
tee (G-BA), the Working Group on Quality and Patient 
Safety Research (QPSF) of the German Network for 
Health Services Research (DNVF), the Academy for Pub-
lic Health (AÖGW), and Germany’s second largest statu-
tory health insurance agency (Techniker Krankenkasse). 
During the conference, the most up to date variant of 
the indicator set was once again discussed indicator by 
indicator. This led to minor changes such as adjustment 
of the numerators and denominators to legal regulations 
or standardization of terms. The finalization of the core 
QI-set was completed by incorporating agreed-upon 
changes following the online conference (Fig.  1, step 
8). The final dataset (Fig.  1, step 9, third milestone) is 
included in Appendix D.

Results
Strand A—Organizational structure/management 
indicators
For Strand A, a total of 364 indicators were evaluated, 
including 28 indicators from the predecessor project ege-
Pan [24], 167 from the literature search in PubMed, 90 
from interviews with QM/RM officials of university hos-
pitals, and an additional 79 indicators from international 
organizations such as the WHO, the CDC, and the NHS.

Subsequently, three research associates (JE, NA, CM) 
independently reviewed these 364 indicators, consoli-
dated those that were identical, and reduced the list to 47 
indicators. Following further expert evaluation of the QIs 
relevance and feasibility, eight indicators were rejected, 
leaving a dataset of 33 indicators. This dataset was sup-
plemented by indicators related to bed and personnel 
management, which, according to the QM/RM officials 
consulted again on this list, proved to be essential for 
daily management during the pandemic. This resulted 
in 6 overarching indicators, to which further 21 detailed 
sub-indicators were defined as individual measurement 
parameters. These 27 indicators should be collected daily 
and are best presented in the form of a dashboard. This 
dashboard is intended to help continuously monitor met-
rics for potential threats and react quickly if necessary, 
such as in the case of staffing shortages. Figure 2 depicts 

the precise development process, including all steps of QI 
reduction.

Strand B—Specific indicators for monitoring clinical 
quality and patient safety
The focus of Strand B was on disease-specific indica-
tors related to selected exemplary diagnoses (so-called 
tracers), which include significant conditions such as 
stroke, myocardial infarction, and cancer. The tracer con-
cept, developed by Kessner et  al. [25], provides insights 
into the overall quality of medical care by focusing on 
exemplary diagnoses. Additionally, the medical areas of 
obstetrics and emergency care were identified as focal 
points since quality monitoring during a pandemic is of 
outstanding importance in these areas as well.

The literature search described above lead to the iden-
tification of a total of 1.362 QIs for Strand B. In the next 
step, 40 duplicates were identified and excluded, reduc-
ing the QI number to 1.322. Of these, 758 QIs were con-
sidered particularly relevant for patient safety and thus 
essential for ensuring regular medical care, following 
discussions within the Marburg team. Among these QIs, 
380 were classified as critical "Red Flag Events", where a 
high degree of non-compliance can lead to severe medi-
cal errors as well as patient safety incidents [26]. In a 
further step of reduction, the study group assessed the 
feasibility of the indicators, resulting in 213 indicators 
being classified as ’feasible’ at the end of this process. The 
list of the 213 QIs was once again consolidated with the 
working group from Dresden, reducing it to a final selec-
tion of 20 QIs. Of these, 12 were retained without modi-
fication, while eight were newly consolidated. The latter 
group comprised QIs incorporating content from inter-
national literature that needed to be adapted to German 
quality measurement standards. The guiding principles 
for this consolidation process were the fit with the tracer 
concept and the search for indicators already established 
in the German healthcare system for which no separate 
data collection would be necessary. Figure 2 depicts the 
exact development process.

Evaluation
The questionnaire of the online survey, devised from 
the meticulously assembled set of indicators outlined 
above (first milestone), was divided into the areas of 
organizational structure/management, and quality and 
patient safety. The questionnaire was sent to the QM/RM 
departments of all 36 university hospitals, where it was 
started 48 times in total, with 18 individuals completing 
it fully and 29 completing it partially. Participants had 
the option to indicate their location, a choice not utilized 
by the majority, resulting in the survey remaining largely 
anonymous. All responses, including those from partially 
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completed questionnaires, were included in the analysis 
to capture a comprehensive view of opinions and ratings.

All indicators in the organizational structure/manage-
ment area were rated positively in terms of their rele-
vance (see the full list of indicators in Appendix D). Three 
specific indicators from this segment were deemed not 
feasible:

•	 QI 10: Use of a digital dashboard with all essential 
control information, like the number of admissions & 
discharges in general wards, separated by pandemic 
and other patients or the total proportion of available 
nursing staff per patient, and functions (62.5% nega-
tive votes concerning feasibility, n = 16).

•	 QI 17: Planning alternative procurement sources for 
materials relevant during pandemic times (55.6% 
negative votes, n = 18).

•	 QI 19: Regular training of non-patient-facing staff 
with potentially relevant qualifications for deal-
ing with patients and processes in pandemic times 
(77.8% negative votes, n = 18).

Furthermore, two indicators from the quality and 
patient safety indicators area were predominantly 
assessed as of little relevance in pandemic situations:

•	 QI 48: Recording the number of inpatient-acquired 
fall-induced fractures (58.8% negative votes concern-
ing relevance, n = 17).

•	 QI 62: Recording the number of inpatient admissions 
with various mental illnesses per week (68.8% nega-
tive votes, n = 16).

Another indicator from the quality and patient safety 
area was predominantly deemed not feasible:

•	 QI 57: Recording the number of cancer patients in 
whom diagnosis or therapy was delayed due to hospi-
tal reasons (56.3% negative votes concerning feasibil-
ity, N = 16)

Based on this evaluation, the core QI-set was re-evalu-
ated within the study group. It was noted that comments 

Fig. 2  Development process for strand A and B. IGO = International/Governmental-Organizations, here WHO, CDC & NHS; egePan = Development, 
testing and implementation of regionally adaptive care structures and processes for evidence-based pandemic management coordinated 
by University Medicine; QM = Quality management; RM = Risk management; QI = Quality indicators; N = Numbers/Quantity
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from QM/RM officials like “Are indeed recorded via hos-
pital hygiene.” or “What is the relation to the pandemic, 
quality assurance data?” on indicators negatively assessed 
in terms of relevance and feasibility suggested a misun-
derstanding of the basic concept. Within the question-
naire, respondents repeatedly commented that indicators 
meant to assess the pandemic situation are already being 
captured, leading to these indicators being mistakenly 
seen as "duplicated" by the respondents and therefore 
rejected.

Based on the insights from the survey and subse-
quent evaluation, the indicators were supplemented 
with a rough definition of the respective numerators 
and denominators (second milestone), linguistically 
rephrased, and the core dataset was restructured and 
divided into the following categories, all by the research 
team:

Organizational Structure / Management Indicators
Personnel Management Indicators
Clinical Quality and Patient Safety Indicators
Indicators for a Pandemic Dashboard

Afterwards, the current form of the indicators, after 
evaluation by the QM/RM members of the university 
hospitals, was discussed individually in an online meeting 
of the mentioned expert group, leading to minor adjust-
ments (third milestone). In the category Personnel Man-
agement Indicators, the panel added the introduction of 
full-time equivalents for both numerator and denomina-
tor; for Indicator 46. Number of postponed procedures, 
a more precise denominator and the concept of service 
groups were added to the framework. Furthermore, 
guided by the panel’s suggestions, three novel indicators 
were introduced, focusing on the composition of teams, 
cesarean delivery rates, and the criteria for admitting new 
patients.

Monitoring
In the subsequent sections, specific examples of these 
indicators and recommendations for their measurement 
will be presented. The overarching goal of the monitor-
ing effort is to preserve the quality and safety of medical 
care during pandemic circumstances and to enhance pre-
paredness for future pandemics. Ultimately, this initia-
tive seeks to facilitate long-term inter-university hospital 
benchmarking. Examples for all the following indicator 
categories with numerator and denominator can be taken 
from Table  1, a complete indicator list is located in 
Appendix D.

Organizational Structure / Management indicators, 
include recommendations appropriate for pandem-
ics, which could be reviewed semi-annually through 

self-assessment and reporting, and annually through peer 
review or audit with other service providers in an open 
benchmarking process. Personnel Management Indica-
tors should typically be collected daily from personnel 
management, which are often only available in a de-cen-
tralized manner but must be made available centrally 
for management in pandemic situations. Clinical Qual-
ity and Patient Safety Indicators are particularly relevant 
under pandemic conditions for patients not affected 
by the pandemic (patient endangerment due to organi-
zational overload, time-critical treatments, hygiene). 
Under pandemic conditions, a weekly "in-line," monthly, 
or quarterly evaluation, depending on the frequency of 
measurement for the content would be recommended. 
The fourth category includes Indicators for a Pandemic 
Dashboard, that must be monitored promptly/daily or 
continuously under pandemic conditions. Data collec-
tion for all these indicators should be regularly practiced 
enabling daily collection during pandemics. Where avail-
able, indicators already captured by the statutory quality 
assurance system in Germany were used. Examples of the 
83 indicators can be viewed in tables 1–4, the full set can 
be found in the Appendix D.

Discussion
The development and refinement of QIs for managing 
organizational structure and clinical quality and patient 
safety under pandemic conditions, as detailed in our 
results, mark a crucial step forward in the operational 
preparedness of university hospitals for crisis situations. 
The core QI-set represents a further development of the 
pandemic-related indicator collection already published 
as part of the University Medicine Network (NUM) 
[9, 24]. It fits with the general objective of the NUM to 
strengthen the pandemic preparedness of German uni-
versity medicine. The extensive evaluation process, cul-
minating in a comprehensive set of indicators, reflects 
the guidance provided by international health organiza-
tions [10–13] for health emergencies like a pandemic.

The reduction of initial indicators to a core set as 
shown above, including both general organizational and 
disease-specific indicators, recognizes the importance 
of methodologically sound approaches to assess health-
care quality. The use of the tracer concept for selecting 
diseases [25] allows for an in-depth evaluation of health-
care quality across crucial medical conditions, potentially 
offering insights into the broader implications for patient 
safety and healthcare delivery during pandemics.

The establishment of a dashboard for continuous moni-
toring of key indicators is an innovative solution to the 
dynamic challenges posed by pandemics. This tool facili-
tates real-time decision-making and rapid response to 
emergent issues, such as staffing shortages, critical for 
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maintaining service continuity and quality during cri-
ses, reinforcing the need for preparedness as outlined by 
sources like the CDC [10]. Broader frameworks of pan-
demic preparedness have since identified monitoring and 
surveillance as an essential prerequisite of ensuring qual-
ity of health care during a pandemic [27]. Successful ini-
tiatives in regional care coordination have mostly relied 
on dashboards assuring real-time data provision as well 
[14, 15].

Feedback from the online survey and expert panel 
meetings highlighted the need for clarity in the presen-
tation and understanding of pandemic-specific QIs. This 
underscores the importance of effective communication 
and training within healthcare institutions, echoing the 
sentiments of healthcare professionals during the early 
stage of the COVID-19 pandemic in Germany [5] and 
the strategic planning efforts coordinated by institutions 
of university medicine [8]. Addressing the identified gaps 
in feasibility and relevance through reevaluation and 
refinement of the indicators is a responsive and adap-
tive approach to quality management in unprecedented 
situations.

The study’s focus on the German university hospital 
system offers invaluable insights. The applicability of the 
findings to other healthcare institutions, however, may 
be contingent upon local healthcare structures and pan-
demic response strategies.

In one of the steps taken to develop the core QI-set, 
only n = 18 questionnaires were completed, indicating a 
potential limitation in the breadth of data collected. The 
feasibility of using the indicator set in everyday health 
care routines remains to be assessed in a subsequent 
phase, underscoring the need for future research to 
evaluate the implementation and impact of the proposed 
quality indicators and dashboard in real-world settings. 
Such research should particularly focus on their effec-
tiveness in enhancing patient care, staff safety, and over-
all hospital resilience. The development of our indicator 
set involved compiling individual indicators from vari-
ous sources, as no comprehensive set of this kind existed 
prior to our work. While international literature was used 
to identify relevant indicators, a complete set like ours 
had not been reported elsewhere. This underscores the 
unique composition of our work and highlights its contri-
bution to healthcare quality improvement, especially in 
offering a basis for future international benchmarks.

Conclusion
Our study contributes to the growing body of knowl-
edge on healthcare quality management during pan-
demics, offering a comprehensive set of QIs that reflect 
both organizational and clinical priorities. By facilitat-
ing a structured approach to pandemic preparedness 

and response, these indicators have the potential to 
significantly enhance the resilience and responsiveness 
of university hospitals and other healthcare institutions 
facing similar challenges.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12913-​024-​12194-3.

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Supplementary Material 4.

Authors’ contributions
MG conceptualized and designed the study, supervised the study, and revised 
the manuscript critically for important intellectual content. JE contributed to 
the study design and methodology, performed literature research, performed 
qualitative interviews, developed the online questionnaire, carried out calcula-
tions, created tables and figures, and drafted the manuscript. CM contrib-
uted to the study design and methodology, performed literature research, 
performed qualitative interviews, revised the online questionnaire, and revised 
the manuscript. NA contributed to the study design and methodology, per-
formed literature research, performed qualitative interviews, revised the online 
questionnaire, and revised the manuscript. JS contributed to the study design 
and methodology, co-supervised the study, critically evaluated the practical 
utility of the indicators from an expert perspective during the development, 
and revised the manuscript critically for important intellectual content. LH 
contributed to the data collection during refinement of the core QI-set and 
revised the manuscript. FW performed indicator and literature research, 
contributed to the data collection, revised the online questionnaire, and 
revised the manuscript. LR performed indicator and literature research, con-
tributed to the data collection, revised the online questionnaire, and revised 
the manuscript. RH critically evaluated the practical utility of the indicators 
from an expert perspective during the development, conducted the pretest, 
and revised the manuscript. OS critically evaluated the practical utility of the 
indicators from an expert perspective during the development, conducted 
the pretest, and revised the manuscript. AS critically evaluated the practical 
utility of the indicators from an expert perspective during the development, 
conducted the pretest, and revised the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was 
funded by the German Federal Ministry of Education and Research (BMBF) 
within the Network of University Medicine 2.0: “NUM 2.0", Grant No. 01KX2121, 
Project: PREPARED.

Data availability
The search string for the literature review, the interview guide, the question-
naire for assessing relevance and feasibility for the quality indicators, as well as 
the final list of indicators are available in the digital appendix.

Declarations

Ethics approval and consent to participate
The study was reviewed by the Ethics Committee of Philipps-University 
Marburg (Reference Number: 24–352 ANZ). It was confirmed that no ethical 
approval was necessary, as the study does not involve human participants, 
human data, or human tissue, but only professional statements from experts. 
The interviews were conducted with quality managers from hospitals that 
are cooperation partners within the multicenter study network, and therefore 
no consent was required. The dataset excludes any patient or person-related 
data, in accordance with §15 of Germany’s Professional Code for Physicians, 
which exempts such studies from requiring both ethics committee approval 
and informed consent.

https://doi.org/10.1186/s12913-024-12194-3
https://doi.org/10.1186/s12913-024-12194-3


Page 10 of 10Evers et al. BMC Health Services Research           (2025) 25:43 

Competing interests
The authors declare no competing interests.

Author details
1 Institute for Health Services Research and Clinical Epidemiology, Faculty 
of Medicine, Philipps-University Marburg, Marburg, Germany. 2 Department 
of Health Sciences, University of Applied Sciences Fulda, Fulda, Germany. 
3 Center for Evidence‑Based Healthcare, Faculty of Medicine and University 
Hospital Carl Gustav Carus, Dresden University of Technology (TUD), Dresden, 
Germany. 4 Department of Quality and Clinical Risk Management, University 
Hospital Essen, Essen, Germany. 5 Department of Quality and Clinical Risk 
Management, University Medical Center, Georg-August-University Goettingen, 
Goettingen, Germany. 

Received: 4 July 2024   Accepted: 30 December 2024

References
	1.	 Hagenbeck C, Soff J, Mause L, et al. Gynaecologists’ perceptions of outpa-

tient gynaecologic and obstetric care in Germany during the COVID-19 
pandemic. BMC Health Serv Res. 2023;23(1):1079. https://​doi.​org/​10.​
1186/​s12913-​023-​10045-1. [published Online First: 10 October 2023].

	2.	 Schneider N, Strauss B, Hübner J, et al. The impact of the COVID-19 
pandemic restrictions on the health care utilization of cancer patients. 
BMC Cancer. 2023;23(1):439. https://​doi.​org/​10.​1186/​s12885-​023-​10945-
9. [published Online First: 15 May 2023].

	3.	 Hegenberg K, Althammer A, Gehring C, et al. Pre-Hospital emergency 
medical services utilization amid COVID-19 in 2020: descriptive study 
based on routinely collected dispatch data in Bavaria, Germany. Health-
care (Basel) 2023;11(14). https://​doi.​org/​10.​3390/​healt​hcare​11141​983. 
[published Online First: 8 July 2023].

	4.	 Krenzlin H, Bettag C, Rohde V, et al. Involuntary ambulatory triage dur-
ing the COVID-19 pandemic - A neurosurgical perspective. PLoS One. 
2020;15(6):e0234956. https://​doi.​org/​10.​1371/​journ​al.​pone.​02349​56. 
[published Online First: 18 June 2020].

	5.	 Frenkel MO, Pollak KM, Schilling O, et al. Stressors faced by healthcare pro-
fessionals and coping strategies during the early stage of the COVID-19 
pandemic in Germany. PLoS One. 2022;17(1):e0261502. https://​doi.​org/​
10.​1371/​journ​al.​pone.​02615​02. [published Online First: 18 January 2022].

	6.	 Desai S, Eappen S, Murray K, et al. Rapid-Cycle Improvement During the 
COVID-19 Pandemic: Using Safety Reports to Inform Incident Command. 
Jt Comm J Qual Patient Saf. 2020;46(12):715–8. https://​doi.​org/​10.​1016/j.​
jcjq.​2020.​08.​009. [published Online First: 21 August 2020].

	7.	 Pauletti G, Girotto C, Luca G de, et al. Incident reporting reduction during 
the COVID-19 pandemic in a tertiary Italian hospital: a retrospective 
analysis. Int J Qual Health Care 2022;34(2):1–5. https://​doi.​org/​10.​1093/​
intqhc/​mzab1​61. 

	8.	 egePan Unimed – Entwicklung, Testung und Implementierung von 
regional adaptiven Versorgungsstrukturen und Prozessen für ein eviden-
zgeleitetes Pandemiemanagement koordiniert durch die Universitäts-
medizin 2024 Accessed 07 Mar 2024.

	9.	 Netzwerk-Universitäts-Medizin (NUM). PREPARED 2024. Available at: 
https://​num-​prepa​red.​de/ Accessed 23 Feb 2024.

	10.	 Centers for Disease Control and Prevention. Coronavirus Disease 2019 
(COVID-19) 2020. Available at: https://​www.​cdc.​gov/​coron​avirus/​2019-​
ncov/​hcp/​infec​tion-​contr​ol-​recom​menda​tions.​html?​CDC_​AA_​refVal=​
https%​3A%​2F%​2Fwww.​cdc.​gov%​2Fcor​onavi​rus%​2F2019-​ncov%​2Finf​
ection-​contr​ol%​2Fcon​trol-​recom​menda​tions.​html Accessed 12 Oct 2020.

	11.	 WHO Regional Office for Europe. Hospital preparedness checklist for 
pandemic influenza: Focus on pandemic (H1N1) 2009. 2009.

	12.	 World Health Organization. Regional Office for the Western Pacific. The 
COVID-19 risk communication package for healthcare facilities: Manila: 
WHO Regional Office for the Western Pacific 2020.

	13.	 European Centre for Disease Prevention and Control. Checklist for hospi-
tals preparing for the reception and care of coronavirus 2019 (COVID-19) 
patients 2020.

	14.	 Mandel-Ricci J, Belfi K. Regional Health System Coordination via a Hospi-
tal Association: A Successful Model for Managing Downstate New York’s 

Second COVID-19 Wave. Health Secur. 2022;20(6):504–9. https://​doi.​org/​
10.​1089/​hs.​2022.​0060. [published Online First: 18 November 2022].

	15.	 Mitchell SH, Rigler J, Baum K. Regional Transfer Coordination and 
Hospital Load Balancing During COVID-19 Surges. JAMA Health Forum. 
2022;3(2):e215048. https://​doi.​org/​10.​1001/​jamah​ealth​forum.​2021.​5048. 
[published Online First: 4 February 2022].

	16.	 Panchyrz I, Pohl S, Hoffmann J, et al. Die Rolle der Universitätskliniken 
im regionalen medizinischen Versorgungsmanagement zur Bewäl-
tigung der COVID-19 Pandemie. Z Evid Fortbild Qual Gesundhwes. 
2021;2021(167):68–77. https://​doi.​org/​10.​1016/j.​zefq.​2021.​09.​004. [pub-
lished Online First: 10 November].

	17.	 Brook RH. The RAND/UCLA Appropriateness Method.: Clinical Prac-
tice Guideline Development: methodology perspectives. AHCPR Pub. 
1994(No.95–0009.).

	18.	 Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 
2006;3(2):77–101.

	19.	 Meyer T, Karbach U, Holmberg C, et al. Qualitative Studien in der Ver-
sorgungsforschung - Diskussionspapier, Teil 1: Gegenstandsbestimmung. 
Gesundheitswesen. 2012;74(8–9):510–5. https://​doi.​org/​10.​1055/s-​0032-​
13236​93. [published Online First: 31 August 2012].

	20.	 Stamer M, Güthlin C, Holmberg C, et al. Qualitative Studien in der 
Versorgungsforschung - Diskussionspapier, Teil 3: Qualität qualitativer 
Studien. Gesundheitswesen. 2015;77(12):966–75. https://​doi.​org/​10.​
1055/s-​0035-​15652​35. [published Online First: 29 December 2015].

	21.	 Clarke V, Braun V. Thematic analysis. J Posit Psychol. 2017;12(3):297–8.
	22.	 Ericsson KA, Simon HA. How to study thinking in everyday life: contrast-

ing think-aloud protocols with descriptions and explanations of thinking. 
Mind Cult Act. 1998;5(3):178–86.

	23.	 Leiner DJ. SoSci Survey [Computer software] 2023.
	24.	 Geraedts M, Eberlein-Gonska M, Hecker R, et al. Stationäre Versorgung: 

Empfehlungen für ein künftiges Pandemiemanagement 2021. Available 
at: https://​www.​aerzt​eblatt.​de/​archiv/​219141/​Stati​onaere-​Verso​rgung-​
Empfe​hlung​en-​fuer-​ein-​kuenf​tiges-​Pande​miema​nagem​ent. Accessed 29 
Jan 2024.

	25.	 Kessner DM, Kalk CE, Singer J. Assessing health quality–the case for trac-
ers. N Engl J Med. 1973;288(4):189–94.

	26.	 Kassenärztliche Bundesvereinigung. KBV entwickelt Starter-Set ambu-
lanter Qualitätsindikatoren: Ergebnisse des Projektes "AQUIK® - Ambu-
lante Qualitätsindikatoren und Kennzahlen". Berlin 2009.

	27.	 Scheithauer S, Hoffmann J, Lang C, et al. Pandemic Preparedness – A 
proposal for a research infrastructure and its functionalities for a resilient 
health research system. Gesundheitswesen 2024. https://​doi.​org/​10.​
1055/a-​2365-​9179 [published Online First: 15 July 2024].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12913-023-10045-1
https://doi.org/10.1186/s12913-023-10045-1
https://doi.org/10.1186/s12885-023-10945-9
https://doi.org/10.1186/s12885-023-10945-9
https://doi.org/10.3390/healthcare11141983
https://doi.org/10.1371/journal.pone.0234956
https://doi.org/10.1371/journal.pone.0261502
https://doi.org/10.1371/journal.pone.0261502
https://doi.org/10.1016/j.jcjq.2020.08.009
https://doi.org/10.1016/j.jcjq.2020.08.009
https://doi.org/10.1093/intqhc/mzab161
https://doi.org/10.1093/intqhc/mzab161
https://num-prepared.de/
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://doi.org/10.1089/hs.2022.0060
https://doi.org/10.1089/hs.2022.0060
https://doi.org/10.1001/jamahealthforum.2021.5048
https://doi.org/10.1016/j.zefq.2021.09.004
https://doi.org/10.1055/s-0032-1323693
https://doi.org/10.1055/s-0032-1323693
https://doi.org/10.1055/s-0035-1565235
https://doi.org/10.1055/s-0035-1565235
https://www.aerzteblatt.de/archiv/219141/Stationaere-Versorgung-Empfehlungen-fuer-ein-kuenftiges-Pandemiemanagement
https://www.aerzteblatt.de/archiv/219141/Stationaere-Versorgung-Empfehlungen-fuer-ein-kuenftiges-Pandemiemanagement
https://doi.org/10.1055/a-2365-9179
https://doi.org/10.1055/a-2365-9179

	Development of a pandemic-related core set of quality indicators for quality and patient safety in University Hospitals in Germany
	Abstract 
	Background 
	Material & methods 
	Results 
	Discussion and conclusion 

	Background
	Material & methods
	Relevance
	Feasibility
	Literature review (Fig. 1, step 1)
	Interviews (Fig. 1, step 1)
	Evaluation of the Indicator Set (Fig. 1, step 3)
	Online Survey of QMRM Departments at German University Hospitals (Fig. 1, step 4)
	Online Conference for the Evaluation and Finalization of the Proposed Core QI-set (Fig. 1, step 7)

	Results
	Strand A—Organizational structuremanagement indicators
	Strand B—Specific indicators for monitoring clinical quality and patient safety
	Evaluation
	Monitoring

	Discussion
	Conclusion
	References


