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Abstract

Background Sepsis is associated with about 20% of deaths worldwide. It often presents with non-specific initial
symptoms, making its emergency treatment an interdisciplinary and cross-sectoral challenge. Three in four sepsis
survivors suffers from new cognitive, psychological, or physical sequelae for which specific treatment concepts are
scarce. The AVENIR project aims to improve the understanding of patient pathways, and subjective care experiences
and needs along the entire healthcare pathway before, with and after sepsis. Based on this, concrete recommenda-
tions for the organization of care and patient information materials will be developed with close patient participation.

Methods Mixed-methods study including (1) analysis of anonymized nationwide health claims data from Germany,
(2) linkage of health claims data with patient care reports (PCR) of emergency medical services from study regions

in two federal states within Germany, and (3) qualitative exploration of the patient, relative, and care provider perspec-
tive on sepsis care. In (1), we analyze inpatient and outpatient health care utilization until 30 days pre-sepsis; clinical
sepsis care including intra- and inter-hospital transfers; and rehabilitation, inpatient and outpatient aftercare of sepsis
survivors as well as costs for health care utilization until 24 months post-sepsis. We attempt to identify survivor classes
with similar health care utilization by Latent Class Analyses. In (2), PCR are linked with health claims data to establish

a comprehensive database outlining care pathways for sepsis patients from pre-hospital to follow-up. We investigate
e.g., whether correct initial assessment is associated with acute (e.g., same-day lethality) and long-term (e.g., new
need for care, long-term mortality) outcomes of patients. We compare the performance of sepsis-specific screening
tools such as gSOFA, NEWS-2 or PRESEP in the pre-clinical setting. In (3), semi-structured interviews as well as syn-
chronous and asynchronous online focus groups are conducted and analyzed using qualitative content analyses
techniques.
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Discussion The results of the AVENIR study will contribute to a deeper understanding of sepsis care pathways in Ger-
many. They may serve as a base for improvements and innovations in sepsis care, that in the long-term can contribute
to reduce the personal, medical, and societal burden of sepsis and its sepsis sequelae.

Trial registration Registered at German Clinical Trial Register (ID: DRKS00031302, date of registration: 5th May 2023).

Keywords Sepsis, Septic shock, Health service research, Qualitative research, Mixed-methods, Barriers, Early
recognition, Interview, Emergency medical services, Aftercare, Post-Sepsis Syndrome

Background

Sepsis is the most serious complication of infectious dis-
eases, in which organ failure and shock occur due to a
dysregulated immune response of the body to any bac-
terial, viral, fungal or parasitic infection [1]. Annually,
an estimated 49 million patients develop sepsis globally,
of which 11 million die [2]. In Germany, approximately
150,000 patients were hospitalized with sepsis in 2016;
the in-hospital case fatality was 40% [3]. In the long-term,
three out of four sepsis survivors suffer from new-onset
physical, psychological, and/or cognitive sequelae in
the year post-sepsis. These symptoms are summarized
as Post-Sepsis Syndrome (PSS) [4] and include neuro-
muscular, cardiovascular, and urogenital disorders as
well as depression, fatigue, and cognitive impairment
[5]. Given the large number of possible (severe) seque-
lae, a high proportion of sepsis survivors is rehospital-
ized after recovering from the initial septic insult, often
for re-emerging infections, sepsis and cardiovascular
disease [6, 7]. Of these rehospitalizations, 22% occurred
with so-called ambulatory-care sensitive diagnoses
according to an US-study [6], many of which are consid-
ered potentially preventable, for example, through vac-
cination [6]. The costs incurred by acute treatment and
long-term care of those suffering from sepsis annually in
Germany up to three years after the index illness amount
to approximately 12 billion Euro, making sepsis acute and
long-term care a medical and societal challenge [4].

To a high-quality acute and long-term sepsis care, how-
ever, there are numerous challenges. First, given its non-
specific early symptoms, sepsis is often recognized and
treated with delay, [8] resulting in a considerable number
of preventable deaths. Second, a multitude of disciplines
are involved in pre-clinical, acute, and post-acute sepsis
care, which increases the risk of delays and loss of infor-
mation [9]. Third, for the large number of sepsis survi-
vors with sequelae, there is a lack of widely available and
effective aftercare options that can address the diverse
spectrum of physical, cognitive, and psychological seque-
lae [10]. This may be one of the reasons why only a small
proportion of sepsis patients (17%) receive rehabilitation
after their acute care hospitalization in Germany [11].
A survey among sepsis survivors also revealed that such
rehabilitation often addresses only a small proportion

of the sequelae [12]. Specific rehabilitation concepts for
sepsis survivors are lacking, and survivors call for better
and more specific follow-up care [13].

In view of these deficiencies in care, the WHO called
on its member states in 2017 to improve the prevention,
diagnosis, and adequate treatment of sepsis and its con-
sequences [14]. A prerequisite for the development and
implementation of effective care strategies, however, is
the improved understanding of care pathways and expe-
riences of sepsis patients, which have been insufficiently
studied to date. The AVENIR project therefore aims to
(i) analyze care pathways of patients with and after sep-
sis in the German health care system, (ii) identify patient
classes with similar patterns of health care utilization
after sepsis and examine their association with sepsis,
patient, and treatment characteristics, and (iii) describe
subjective care experiences and needs of sepsis patients
and health care providers. Based on this evidence, mate-
rials for patient information will be developed and con-
crete recommendations for the organization of health
care will be derived.

Methods/design

AVENIR is a mixed-method, non-interventional study,
which consists of three modules (Fig. 1). The study was
pre-registered in the German Clinical Trials Registry (ID:
DRKS00031302).

Module 1: Pre-clinical, acute and post-acute health care
pathways—analysis of anonymized nationwide health
claims data

Design and data source

In module 1, we perform a population-based observa-
tional cohort study using health claims data from eleven
legally independent statutory health insurance funds
of the "AOK - Die Gesundheitskasse” (local health
care funds) covering around one third of the German
population. Enrolment into statutory health insurance
is unrestricted regarding age, health status, income,
employment, or geographical region. The routine data
from 2015-2021 are provided by AOK Research Institute
(WIdO), including a de-identified patient ID that allows
for longitudinal analyses and linkage of data within
the database. Administrative data for inpatient and
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Fig. 1 AVENIR modules by sepsis care pathway

outpatient care (§ 301 Social Code Book V (SGB V), §295
SGB V) as well as for rehabilitation therapies (§ 301 SGB
V), outpatient medication (§ 300 SGB V), medical rem-
edies (§ 302 SGB V), sickness benefits payments (§295
SGB V), care in disease management programs (§ 137f
SGB V), home nursing care (§ 302 SGB V) and benefits of
the statutory long-term care insurance according to SGB
V and XI are analyzed.

Patient sample

Patients > 15 years of age with hospital-treated sepsis in
2016-2020 are included, as identified by the following
strategies based on primary or secondary ICD-10-GM
hospital discharge diagnoses (Table 1).

ICD-10-GM for sepsis codes were consistently defined
by sepsis-1 definition [15] until the end of 2019. In 2020,
sepsis coding was adjusted to the new sepsis-3 definitions
[1]. To address these changes and to capture patients with
viral sepsis, for which no explicit sepsis code is available
since the change of the definitions, we extended our case
identification strategies to cases with a code for Covid-
19 or Influenza and a code indicating an acute organ dys-
function. The first hospital case of a patient with sepsis in
the observation period is referred to as the index treat-
ment; possible following sepsis cases are considered as
recurrent sepsis. Only patients with continuous insured
status 12 months before and 24 months (12 months for
the 2020 patient cohort) after index treatment with sepsis
or until death are included in the study.

Sample size considerations

Based on preliminary studies using the same database and
similar inclusion criteria, [4] we expect approximately
80,000 sepsis patients per year between 2016—-2019. Dur-
ing the pandemic, the number of Non-Covid-19 sepsis
patients may be lower, [16] but due to the inclusion of
Covid-19 patients with organ dysfunction, we expect a
similar number of patients to be included in our cohort
in 2020. Patients with AOK insurance can receive treat-
ment in any acute care hospital in Germany. According
to a preliminary analysis, AOK-insured sepsis patients
were treated in around 1650 hospitals of the 1900 Ger-
man acute care hospitals between 2016-2020, thus our
study will cover a large majority of German hospitals.

Measurements

The module focuses on the three main points of the treat-
ment pathway for sepsis patients: (A) pre-hospital care,
(B) inpatient care, and (C) post-acute care.

(A) Pre-hospital care: Pre-hospital health care utiliza-
tion of patients with community-acquired sepsis
in the 30 and 7 days prior to hospital admission is
assessed. Specifically, contacts with the outpatient
care system are analyzed, for example, how often
the general practitioner, any outpatient specialist or
the statutory health insurance emergency service
were consulted, what laboratory or Point of Care
Testing (POCT) diagnostics were performed, and if
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Year(s)

Sepsis and Infection ICD-10-GM Codes

Organ dysfunction ICD-10-GM or OPS Codes

2016-2019 R57.2 (septic shock) OR

2020

R65.1 (severe sepsis) OR

At least one explicit sepsis code (A02.1, A20.0, A20.7, A21.7, A22.7,
A24.1,A26.7, A28.2, A32.7, A39.1, A39.2, A39.3, A39.4, A40, A41,
A42.7, A48.3, A49.9, A54.8,B00.7, B37.6, B37.7,B49, 075.3, 085,
T80.2,781.4,T88.0)

R57.2 (septic shock) OR
At least one explicit sepsis code (see above)
At least one explicit sepsis code (see above)

J09 OR J10 (laboratory confirmed Influenza) OR U07.1! (laboratory
confirmed SARS-CoV_2-infection)

AND at least one ICD-10-GM code for organ dysfunction (J80.0, J95.1,
195.2,J96.0, J96.9, R09.2, D65, D69.57, D69.58, D69.59, D69.6, R57.8,
£86,195.9,146.0,146.9,R57.2,K72.0,K72.9,R17,N17.02, N17.03,N17.12,
N17.13,N17.22,N17.23,N17.82,N17.83,N17.92,N17.93, F05, G94.32,
K72.72!,K72.73!, K72.74!, R40, G93.4) OR OPS code for organ dysfunc-
tion (8-701,2 8-704, 8-706,% 5-311,° 5-312,2 8-800.6, 8-800.d,
8-800.f, 8-800.g, 8-800.h, 8-800.j, 8-800.k, 8-800.m, 8-800.n,
8-810,j,8-810x, 8 812.5,8-812.6,8-812.8,8-771,8-779, 8-852,
8-858,8-821.2,8-853.1,8-853.3, 8-853.4, 8-853.5, 8-853.6, 8-853.7,
8-853.8, 8-853.x, 8-853.y, 8-854.2, 8-854.3, 8-854.4, 8-854.5,
8-854.6, 8-854.7, 8-854.8, 8-854.x, 8-854.y, 8-855.1, 8-855.3,
8-855.4,8-855.5, 8-855.6, 8-855.7, 8-855.8, 8-855.x, 8-855.y, 8-856,
8-85a.0,8-85a.1)

AND R65.1 (SIRS with organ dysfunction) OR

AND at least one ICD-10-GM code for organ dysfunction (see above)
OR OPS code for organ dysfunction (see above)
OR

AND at least one ICD-10-GM OR OPS code for organ dysfunction (see
above)

Abbreviations: ICD-10 International Classification of Diseases Version 10, German Modification, OPS German Procedure Classification, Operationen- und
Prozedurenschliissel

2@ codes were included in the definition if at least one hour of mechanical ventilation was documented in the course of the hospitalization

(C) Post-acute care:

=

any initial anti-infective therapy was prescribed. For
these outpatient contacts, the time latency between
the last contact and the following inpatient admis-
sion with sepsis is assessed. Furthermore, we ana-
lyze which proportion of sepsis patients had pre-
sepsis hospitalizations or emergency department
visits, as well as which proportion of sepsis patients
was admitted as emergency to their index treat-
ment, and for which admission diagnosis.

Inpatient care: For the index hospitalization, we
assess treatment characteristics, e.g. which organ
replacement therapies were conducted, if patients
received any immune absorbent therapy, if an inten-
sive care complex or palliative care treatment was
administered; as well as the departments involved
in sepsis care. We identify inter-hospital transfers
and characterize hospitals involved in the chain of
sepsis care by the following key characteristics: type
of hospital ownership (owned by local or federal
state authorities, private for-profit organizations, or
by voluntary charitable organizations or churches)
number of hospital cases and beds, region (urban/
rural), number of cases with (complex) intensive
care complex treatment.

Post-acute care utilization is
assessed starting at the day of discharge from the
last interhospital-transfer from the index hospi-

talization. We analyze long-term mortality, rehos-
pitalizations (in general, for infectious diseases or
recurring sepsis, for vaccine-preventable diseases,
for ambulatory-care sensitive diagnosis), emer-
gency department visits in hospitals or treatment
by emergency services of the statutory health insur-
ance emergency service, inpatient rehabilitation
therapies, utilization of medical remedies, as well
as outpatient consultations. We put special empha-
sis on the out-of-hospital intensive care and the
conduction of long-term mechanical ventilation
in that setting. Furthermore, psychotherapy and
psychiatric medications are recorded and param-
eters concerning the return to work. Based on a
detailed description of this post-acute sepsis care,
we attempt to identify classes of health care utili-
zation among sepsis survivors, examine whether
such classes are constant or variable over time,
and whether specific patient, sepsis, and treatment
characteristics are associated with class member-
ship.

For (A), (B) and (C), we examine health care costs from
a payer perspective. All analyses will be conducted for the
complete cohort of sepsis patients as well as for relevant
subgroups, e.g. for patients stratified by age, sepsis focus,
underlying pathogen (Covid-19 vs. Influenza vs. others),
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severity, region, underlying comorbidity, or patients
with/without new impairments post-sepsis.

Statistical analyses

We present descriptive analyses to describe the extent of
health care utilization of different health services after
sepsis and use visualization methods to map health care
pathways among survivors, such as Sankey diagrams.
Sankey diagrams are used to visualize patients’ pathways
in terms of provider contacts after the sepsis event. This
presentation allows us to detect patient flows after a hos-
pital visit and provides support to define more detailed
research questions [17]. Associations between hospital
characteristics involved in the chain of hospital care and
acute and long-term outcomes, as well as between treat-
ment characteristics and the avoidance of (ambulatory-
care sensitive) rehospitalizations are assessed by using
appropriate regression models.

We attempt to describe the heterogeneity in health
care utilization among sepsis survivors by Latent Class
Analysis (LCA) modelling, which has proven as a promis-
ing tool to identify subgroups of patients with different
patterns of health service use in previous research [18].
We will assess the stability of the class analysis over the
follow-up period and study potential change in latent
class membership by latent transition analysis (LTA) [19].
Additional analyses aim at explaining the heterogeneity
in health care utilization by individual characteristics of
the patients (e.g., age, sex, co-morbidities) and the sep-
sis (e.g., organ dysfunctions, duration of mechanical ven-
tilation) by including these variables as predictors of the
latent class membership in a multinomial logistic regres-
sion. Furthermore, the latent class membership may
predict short and long-term outcomes, which can also
be analyzed using regression based approaches with the
latent classes as predictor of distal outcomes as described
by Bakk and Kuha [20].

Module 2: Patient care reports of emergency medical
services and health claims data - separate and linked
analysis
Design and data source
Module 2 is a population-based cohort study formed by
patients who are cared for by emergency medical services
(EMS) in the two German federal states Bayern (BY) and
Baden-Wiirttemberg (BW). In both states, standardized
documentation in EMS as well as extensive efforts for
quality assurance have existed for quite some time [21].
As first data source, patient care reports (PCR) of res-
cue drives conducted by paramedics and/or emergency
physicians will be acquired from four ground-based EMS
organizations. Activities from 29 EMS districts are incor-
porated. In addition, PCR of one supra-regional air-based
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EMS organization will be included. In Germany, para-
medics can carry out rescue operations independently
or in collaboration with emergency physicians. The latter
either accompany the operation right from the start or
are only called upon if a need arises during the deploy-
ment. On the local level, several EMS organizations may
operate simultaneously.

As second data source, the statutory health insurance
funds AOK BW and AOK BY which have the largest mar-
ket share in the respective federal states with more than
4 million insured persons each, provide health claims
data on the person level. The PCR are linked to health
claims data via health insurance number (KVNR) pseu-
donymized with the widely used SHA-256 algorithm. In
case the pseudonymized KVNR of a person is missing,
linkage is conducted using indirect key variables follow-
ing an approach developed by Goldhahn et al. [22] For
insured persons for whom a successful linkage is pos-
sible, additional health claims data will subsequently be
provided by AOK Research Institute WIdO as third data
source. The health claims data delivered by WIdO are
consistent with the sections of SGB V and XI listed in
Module 1. The initial data sources, the linkage process as
well as the resulting databases are depicted in Fig. 2.

Module 2 is based on (A) analyses of the PCR and (B)
analyses on the linked data (PCR and health-claims data),
which allows to trace care pathways and outcomes of
sepsis patients from the pre-hospital setting onwards in
short as well as long-term.

Patient sample

(A) The patient sample includes all EMS cases treated by
cooperating EMS organizations in Bayern and Baden-
Wiirttemberg between January 1, 2017, and December
31, 2021.

(B) The patient sample consists of individuals for whom
a linkage can be established between PCR and health
claims data. The health claims data cover the period from
January 1, 2016, to December 31, 2022, thereby allow-
ing for a one-year pre- or post-analysis of all patients’
EMS-cases. The sample only includes data from individu-
als with a continuous insurance period or death within
observation period.

In module 2, neither PCR nor health claims data are
subject to sepsis-specific pre-selection. Consequently,
the PCR comprise cases of patients with and without sus-
pected sepsis, and the health claims database consists of
patients with and without diagnosed sepsis.

Sample size considerations

Due to the varying characteristics of the study regions
and EMS- organizations, it is challenging to forecast
the number of expected cases. By extrapolating the
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Fig. 2 Data sources, linkage and resulting databases in module 2 of AVENIR. Abbreviations: AOK: Statutory Health Insurance Fund, AOK - Die
Gesundheitskasse; BY: Bayern, Federal State, BW: Baden-Wurttemberg, Federal State, EMS: Emergency Medical Services, PCR: Patient Care Report,
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experience from a research project comparable to AVE-
NIR, [22] we expect approximately 2.8 million PCRs for
module 2 (A). Around 40% of the population in the fed-
eral states of BY and BW is insured with the AOK. Thus,
we estimate approximately 1.1 million cases can be linked
to the health claims data for further analyses in (B). Con-
sequently, given a sepsis rate of 2—4% in EMS, [23, 24]
around 22.700—45.400 cases of patients with sepsis are
to be expected.

Measurements

(A) The PCR are first examined with regard to their doc-
umentation quality. This includes, for example, the fre-
quency of missing values, invalid values or non-plausible
values. Checks of vital signs are especially important in
this process, since they are often not documented even in
case of suspected infection or sepsis [25].

We will investigate the proportion of patients with
a documented suspicion of sepsis in the pre-hospital
setting and the symptoms of these patients. We ana-
lyze what proportion of patients with suspected sep-
sis already receive care by emergency physicians in
the pre-hospital setting, and how the pre-hospital
care of sepsis patients with and without the involve-
ment of emergency physicians differs. In addition,
we investigate which therapies are initiated in the

pre-hospital setting if sepsis is suspected (e.g., drug
administration, oxygen administration, ventilation,
administration of antibiotics, fluid therapy, catechola-
mines, vasopressors).

(B) Based on the linked data, we assess in which sec-
tors (e.g. outpatient treatment, inpatient admission to
a hospital) of the health care system patients received
follow-up care after EMS treatment, and if this care dif-
fers with respect to sepsis suspicion during EMS treat-
ment. Further analysis will determine whether sepsis
suspicion in the pre-hospital setting affects short- and
long-term patient outcomes (e.g., ventilation, mortal-
ity, readmission due to specific diagnoses, need for new
care).

In addition, sepsis-specific screening tools such as
qSOFA and others [26, 27] will be operationalized
based on available vital signs in PCR. The aim is to
evaluate how precise the pre-clinical screening tools
detect sepsis and if this precision changed over time
compared to a clinically confirmed and coded sepsis
diagnosis (defined in accordance to Module 1) during a
subsequent hospitalization.

A special focus lies on false-negative classifications,
i.e. patients without a pre-clinical suspicion of sepsis
but confirmed sepsis diagnosis in health claims data.
For this group, potential sepsis characteristics (e.g.
organ dysfunction by qSOFA) or patient characteristics
will be investigated in more detail.
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Statistical analyses

Data quality in the PCR is primarily examined with an
exploratory approach. We plan to use methods for the
assessment of data quality (e.g. visualization through
heat maps). For analyses in (A) and (B) we use frequency
counts, cross-tabulations, measures of location and dis-
persion measures.

The characteristics of pre-clinical sepsis screening tools
are analyzed by using binary classifiers. Measures such as
sensitivity, specificity, negative/positive predictive value,
are calculated.

Additionally, descriptive measures and appropriate
visualization techniques, such as Sankey plots, are uti-
lized to depict pre-hospital patient pathways, including
emergency care, inpatient admission or utilization of
other health care sectors. This is performed for the total
patient sample, but also for subgroups (e.g., by age, gen-
der, comorbidity). In order to evaluate acute and long-
term patient outcomes, module 2 employs descriptive
and multivariate analysis methods, which are suitable for
the data structure. Survival times of patients are investi-
gated by using the Kaplan—Meier estimator.

Module 3: Qualitative exploration of the patient

and provider perspective on sepsis care

Design and data source

Module 3 consists of a qualitative approach focusing on
(A) patients’ and their relatives” as well as on (B) health
care providers’ perspective on sepsis care. In 3 (A),
semi-structured telephone interviews with patients and/
or their relatives are planned to assess their individual
perspective on pre-clinical, clinical, and post-acute care
as well as their satisfaction with information and infor-
mational needs along this pathway. In 3 (B), health care
professionals’ perspective is investigated using interdis-
ciplinary focus group discussions, with a main focus on
transsectoral transitions between pre-clinical, clinical,
and post-acute care. For each transition (pre-clinical —
clinical; clinical — post-acute care), 4 to 5 focus groups
are planned. To inform the development of focus group
guidelines, 9 upstream video-supported interviews with
individuals of different health care professions involved
in pre-clinical, clinical, and post-acute sepsis care are
conducted.

Sample

Three (A) interview participants are recruited using
advertising posts on social media platforms and flyer
placement in the post intensive care unit of the Charité
University Medicine Berlin. Patients> =18 years, who
are fluent in German and who developed sepsis before
a maximum of five years are eligible for participation.
Patients are recruited until data saturation is being
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reached in the interviews. (B) Upstream interviews are
planned with 9 health care professionals from different
disciplines (pre-clinical: 3, clinical: 3, post-acute: 3). For
the focus group discussion rounds, we aim to involve 6—8
participants per group, adding up to a maximum amount
of 80 health care professionals in total. Each focus group
will be multidisciplinary and cross-sectoral in the selec-
tion of participants. Participants for interviews and focus
groups are identified by in-house databases as well as the
website information of eligible institutions, and are con-
tacted directly by phone or e-mail with an information
flyer and additional details. Participation requires a pro-
fessional experience of at least one year in the respective
field. The participants receive an expense allowance of 60
Euro for the expert interviews and 120 Euro for the focus
group discussions.

Measurement

(A) In line with our explorative, qualitative approach we
intend to use open-ended questions. Thematically, the
interview guides will be grounded on a systematic review
carried out in advance as well as internal experts rounds
and comprise topics like: Challenges, best practice exam-
ples, and deficits existing in acute and long-term care
after sepsis, especially in the transitions between sec-
tors. For details on the systematic review, we refer to
the PROSPERO registration (CRD42023405681). (B) In
upstream interviews, practices and subjective percep-
tions of sepsis care regarding four main thematic blocks
(recognition, acute treatment, rehabilitation/aftercare,
and transition of care, selected depending on the field
of work of the interview participant) will be investigated
using open-ended questions. An emphasis will be placed
on perceived barriers and contributory factors to prompt
and adequate care. Especially, desires for optimal care
will be elaborated on. The interview guide development
bases on a semi-systematic review of current literature.
The drafted guide is discussed and revised within the
project team as well as with a team of researchers and cli-
nicians of different specializations at the Jena University
Hospital, and pretested in a pilot interview. All upstream
interviews will be audio-recorded, transcribed, and
proofread.

Focus group discussions are centered on intersec-
toral transitions of care, particularly on multidiscipli-
nary communication and collaboration among involved
health care professionals, and aim to identify facilitators
and barriers of successful intersector-transitions. In the
course of the pandemic, new remote research approaches
had to be established in which people interact without
face-to-face contact [28]. This includes the development
of asynchronous online focus groups (AOFG), which is
a dynamic digital bulletin board method that takes place
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over a set number of days, e.g. 3 — 30 days [29] and where
study moderators post different discussion prompts, and
participants are able to respond at any time until the
focus group closes [30]. In order to compare and evalu-
ate synchronous and asynchronous online focus groups
(SOFGs and AOFGs, respectively), we decided to use
both approaches: AOFG for the transition pre-clinical to
clinical care, and SOFG for the transition clinical to post-
acute care [30]. Consequently, two separate but similar
focus group guides are developed based on the upstream
interviews and literature review. Each focus group guide
will be pretested once. Due to the text format of AOFGs,
transcription is not required. We use the Moodle plat-
form of the Jena University Hospital for the AOFGs,
from which data can be directly imported to MAXQDA.
SOFGs are video-recorded, transcribed, and proofread.
Both the interviews and focus groups are conducted by
researchers experienced in qualitative research methods.

Analyses

Interviews in (A) are analyzed through the qualitative
analysis approach according to Kuckartz [31]. In (B), the
interviews are analyzed through the qualitative analysis
approach according to Mayring [32]. Mayring’s model is
more theory-driven and thus more suitable for analyzing
the upstream interviews, which are intended to help con-
ceptualize the content of the focus groups, from our per-
spective. SOFGs are analyzed in two steps. First, aspects
and experiences of the participants on a specific input are
collected, discussed, and defined on moderation cards.
Subsequently, the "codes" are categorized according to
the principles of the Concept Mapping Approach [33-
35] during the meeting. In this way, interpretation errors
can be reduced. The discussions are video-recorded and
transcribed. In the second step, the final transcripts will
be analyzed using MAXQDA according to the framework
approach [36] by two independent researchers. AOFGs
are analyzed as described in the second step.

Project timeline

The AVENIR project started in August 2022. To date
(November 2023), the preparation phase is completed.
This phase included the definition of inclusion criteria,
and variables used, as well as the preparation of analysis
plans in module 1 and 2. In module 3, literature reviews
and upstream interviews informing the interview guide-
lines and pilot interviews were conducted and recruit-
ment of participants has started. For all three modules,
ethics and data protection votes were obtained. We plan
for completing data collection and analyses by February
2025, and derivation of patient information and recom-
mendations to improve sepsis care by August 2025.
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Discussion

Given the large number of sepsis patients and their fami-
lies who have experience mortality and substantial long-
term morbidity from sepsis, the improvement of sepsis
care is considered a global public health priority [14].
The overarching aim of the AVENIR study is to advance
the understanding of current sepsis care practices and
patient needs by triangulation of the quantitative analysis
of nationwide health claims data and EMS data, with the
qualitative perspective from patient, caregiver and health
care provider interviews and focus groups. By that, the
AVENIR study generates nuanced knowledge on every
phase of the care pathway from sepsis onset to long-term
care. It will help to understand patients’ perception of
optimal care, and providers perceptions of facilitators
and challenges of delivering care in this way, particularly
at intersectoral transitions. Furthermore, the study helps
to identify patient-, sepsis- or treatment related factors
during an acute stay associated with adverse outcomes or
specific health care utilizations patterns, which may help
to design and tailor interventions to support patients
beyond their immediate discharge from hospital based
on their specific needs. At a health system and policy
level, the results may support resource allocation, capac-
ity planning and the implementation of policies that
enhance acute and longitudinal sepsis care.

A major strength of the study is its mixed-methods
design and the comprehensive database including both
primary and secondary data sources. We use health
claims data from approximately one third of the Ger-
man population, that records health care utilization in
most German health care sectors (inpatient, outpatient,
rehabilitation, medical remedies, chronic care). The data
linkage of PCR of EMS and health claims data completes
the database with data from two federal states and ena-
bles the follow-up of short- and long-term outcomes of
EMS patients with and without sepsis. This also allows
to explore the extent of unrecognized sepsis in EMS care
and its impact on sepsis treatment and outcomes. Beyond
the information drawn from health claims data, our study
generates an immersion into the perspectives and needs
of patients, family members, and providers.

Our study has also limitations to consider. On the one
hand, these arise from inherent limitations of research
using health claims data, such as potentially incomplete,
inaccurate, or missing data, and inability to adequately
evaluate the appropriateness of care [37, 38]. Although
health care utilization and costs can be researched with
high validity, recorded incidences of diseases have to be
considered as administrative as only diseases diagnosed
and coded correctly during hospitalizations and outpa-
tients visits can be detected. For sepsis, we know from
previous validation studies that the coding of diagnoses
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captures cases only with low sensitivity, and misses cases
with lower disease severity [39]. This fact may be aggra-
vated by the change in sepsis-related ICD-10-GM codes
in 2020 in Germany. We address this issue by applying
different case identification strategies for the years 2016—
19 and 2020 (Table 1), but still it is likely that our sepsis
definition does not capture all sepsis patients treated in
German hospitals.

In module 2, exclusively PCR of EMS from study
regions in Bayern and Baden-Wiirttemberg as well as
from selected EMS organizations will be processed.
Hence, all generalizations of study results with regard to
these two federal states or to the entire health care sys-
tem in Germany must be examined carefully.

Furthermore, undesired selection effects may be intro-
duced into the database in case key variables needed for
the linkage of PCR and health claims data are unavailable
selectively (e.g. KVNR). However, it is known from previ-
ous studies [22] that data linkage with health claims data
is possible even if the key variable KVNR is not available
for some of the PCR.

Qualitative data curation in module 3 might be limited
by the fact that since participants of the oral interviews
are not sharing statements anonymously in interviews
and SOFGs, statements might not be free from social
desirability effects. The sample might be subject to self-
selection bias as participation will be voluntarily. More-
over, interviews using a video conference system may
not reach the same depth as face-to-face interviews as
rapport building can be limited. However, using online
video-supported interviews allow for a composition
of groups without logistic concerns and geographical
restrictions, which increases the groups ‘ diversity and
quality.

In conclusion, the results of the mixed-method study
AVENIR contribute to a deeper understanding of sepsis
care pathways in Germany. In the long-term, this may
help to foster improvements and innovations in sepsis
care, which can contribute to reduce the immense per-
sonal, medical, and societal burden of sepsis and its sep-
sis sequelae.
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