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protocol for the evaluation of a quality
collaborative on decreasing sepsis-related
mortality in a quasi-experimental
difference-in-differences design
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Abstract

Background: While sepsis-related mortality decreased substantially in other developed countries, mortality of
severe sepsis remained as high as 44% in Germany. A recent German cluster randomized trial was not able
to improve guideline adherence and decrease sepsis-related mortality within the participating hospitals, partly
based on lacking support by hospital management and lacking resources for documentation of prospective
data. Thus, more pragmatic approaches are needed to improve quality of sepsis care in Germany. The primary objective
of the study is to decrease sepsis-related hospital mortality within a quality collaborative relying on claims data.

Method: The German Quality Network Sepsis (GONS) is a quality collaborative involving 75 hospitals. This study protocol
describes the conduction and evaluation of the start-up period of the GONS running from March 2016 to August 2018.
Democratic structures assure participatory action, a study coordination bureau provides central support and resources,
and local interdisciplinary quality improvement teams implement changes within the participating hospitals.
Quarterly quality reports focusing on risk-adjusted hospital mortality in cases with sepsis based on claims data
are provided. Hospitals committed to publish their individual risk-adjusted mortality compared to the German
average. A complex risk-model is used to control for differences in patient-related risk factors. Hospitals are
encouraged to implement a bundle of interventions, e.g., interdisciplinary case analyses, external peer-reviews,
hospital-wide staff education, and implementation of rapid response teams. The effectiveness of the GQNS is
evaluated in a quasi-experimental difference-in-differences design by comparing the change of hospital mortality of
cases with sepsis with organ dysfunction from a retrospective baseline period (January 2014 to December 2015) and the
intervention period (April 2016 to March 2018) between the participating hospitals and all other German hospitals.
Structural and process quality indicators of sepsis care as well as efforts for quality improvement are monitored regularly.

Discussion: The GONS is a large-scale quality collaborative using a pragmatic approach based on claims data. A complex
risk-adjustment model allows valid quality comparisons between hospitals and with the German average. If this study
finds the approach to be useful for improving quality of sepsis care, it may also be applied to other diseases.
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Background

Sepsis is one of the major challenges for health care
today [1]. It is the leading cause of death among infec-
tious diseases [2] and might also be the leading cause of
preventable deaths in hospitals [3, 4]. With estimated
yearly costs in the USA and Germany of 27 billion USD
and 7.7 Euro respectively, sepsis is one of the most ex-
pensive inpatient diseases [5, 6]. Recognizing severe
shortcomings in prevention, diagnosis, and treatment of
sepsis, the World Health Organization adopted a reso-
lution in May 2017, which urges all member states to in-
vest in improvement of sepsis care [7].

Guidelines for treating sepsis recommend early recog-
nition by standardized screening, early administration of
antibiotics, early adequate fluid resuscitation, and source
control [8]. Several studies have shown positive effects
of early therapy on patients’ outcomes, but at the same
time guideline adherence is often low [3, 4, 9-16]. By
using multifaceted interventions to increase guideline
adherence on early adequate diagnosis and therapy of
sepsis, several regional, national, and international qual-
ity initiatives were able to substantially reduce sepsis
mortality in the participating hospitals [17-23].

In 2013, 279.530 patients were diagnosed with sepsis,
severe sepsis, or septic shock in German hospitals.
Comparable to other high-income countries, sepsis inci-
dence had increased from 2007 to 2013 by 5.7% per year
[5, 24]. Hospital mortality among patients with severe
sepsis in Australia, England, and the USA decreased
from 35 to 18.5%, from 45.5 to 32.1%, and from 37 to
29%, respectively during the 2000s [25-27]. In Germany,
it decreased by only 4.2% from 47.8 to 43.6% between
2003 and 2013 [24, 28].

The MEDUSA trial (Medical EDUcation for sepsis
Source control and Antibiotics, ClinicalTrials.gov identi-
fier NCT01187134) was the first multi-center quality
initiative for reducing mortality among inpatient cases
with severe sepsis in Germany [12, 29]. This cluster ran-
domized controlled trial involving 42 hospitals used a
quality reporting based on prospectively gathered clinical
data. A bottom-up approach led by the local intensive
care departments was used to implement a multifaceted
intervention within a 2-year intervention period. The
intervention led to no substantial improvement in
guideline adherence and no decrease in 28-day mortality
[29]. Expert interviews and surveys of local quality

improvement teams identified lacking support by hos-
pital management, lacking support of the project by
other departments, and lacking time for data documen-
tation and implementation of interventions as major
barriers to change [30]. Incomplete inclusion of cases
with sepsis and delayed documentation led to decreased
validity of reporting of quality indicators and reduced
power to detect effects of the intervention. Major les-
sons drawn from these experiences are as follows: (a)
clear commitment by hospital management is needed to
assure resources for QI and guarantee the involvement
of all relevant departments in the QI effort, (b) an ap-
proach for gathering quality data assuring inclusion of
the majority of cases with sepsis is needed, and (c) struc-
tures for hospital-wide QI efforts need to be established
for achieving a sustainable long-term reduction of sepsis
mortality.

Using claims data for performance measurement has
the advantages to cover all diagnosed cases with data be-
ing readily available and needing minimal time and costs
[31]. This approach is extensively used within quality
initiatives in the USA [32] and has also achieved first
promising results in Germany [33].

Objectives

The primary objective of this study is to decrease sepsis-
related mortality in the participating hospitals compared
to the average of all German hospitals. To obtain this
objective, all hospitals regularly receive quality reports
based on claims data of all in-patient cases with sepsis
and implement a multifaceted intervention.

Methods

Context

The German Quality Network Sepsis (GQNS) was
founded in February 2016. The participating hospitals
committed to improve the quality of care for patients
with sepsis and thereby to decrease sepsis-related hos-
pital mortality. The start-up period of the GQNS is
funded by grants from the German Federal Ministry of
Education and Research (BMBF) via the integrated re-
search and treatment Center for Sepsis Control and Care
(CSCC) at the Jena University Hospital and runs from
August 2015 to July 2018. The funded start-up phase
and its scientific evaluation use the acronym ICOSMOS
(quality Improvement in infection COntrol and Sepsis
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management in MOdel regionS). Additional funding is
obtained via an annual fee paid by the participating hos-
pitals. After the start-up-period, the GQNS will continue
its work based on additional funding and on the fees of
the participating hospitals.

This study protocol describes the conduction and
evaluation of the start-up-period of the GQNS. Figure 1
describes the timeline of the study. The intervention
started in March 2016 with the first retrospective report-
ing of quality indicators including the years 2014—-2015
to the participating hospitals. This study protocol takes
into account the SQUIRE 2.0 recommendations [34].

Maijor principles
The GQNS fulfills the essential features of a quality col-
laborative [35] by being an organized multifaceted ap-
proach which (a) has the specific topic of improving
quality of inpatient sepsis care, (b) involves clinical and
QI experts who provide ideas and support, (c) imple-
ments QI teams in the participating hospitals, (d) uses
measurable targets by sepsis-related hospital mortality,
and (e) applies a series of structured interventions.
Major principles of the GQNS are as follows: (a) fo-
cusing on outcome quality by using sepsis-related hos-
pital mortality as major quality indicator; (b) measuring
quality based on claims data readily available at each
participating hospital; (c) assuring validity of quality
comparisons by implementing a complex risk-
adjustment model; (d) aiming at hospital-wide quality
improvement by formation of local multidisciplinary QI
teams led by committed local champions; (e) implement-
ing education based on Surviving Sepsis Campaign
guidelines among all involved health care workers; (f)
assuring full support by senior management of partici-
pating hospitals by their commitment to an annual
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participation fee and the publication of risk-adjusted
sepsis-related hospital mortality; (g) ownership of the
collaborative by the participants by establishing struc-
tures that assure participatory action; and (h) bringing
the expertise available within the collaborative to action
by a system of peer-reviews between the participating
hospitals.

Project organization

The organization of the GQNS is regulated in bylaws
ratified by the participating hospitals. All responsibility
for the QI efforts is at the side of the individual partici-
pating hospitals. Local multidisciplinary QI teams have
repeatedly been recommended for enhancing guideline
implementation especially regarding sepsis [12, 19, 21,
36, 37]. Likewise, participating hospitals of the GQNS
are encouraged to name local champions and establish
QI teams involving all relevant departments for improv-
ing quality of sepsis care, e.g., intensive and intermediate
care units, surgical and medical wards, emergency de-
partments, and quality management departments.

The central study coordinating bureau, hosted by the
CSCC, supports the QI efforts of the participating hospi-
tals and coordinates accompanying scientific studies.
Means of supporting the QI teams are as follows: (a) de-
veloping the model for risk-adjustment and specifica-
tions for quality reporting; (b) hosting the study
homepage providing literature, instructions, educational
material, technical and status reports, and online tuto-
rials; (c) organizing national and regional study meet-
ings; (d) coordinating communication and information
exchange within the GQNS; (e) counseling local QI
teams; (f) measuring the progress of QI efforts and bar-
riers to change and giving feedback on these data to QI
teams and senior hospital managements on a regular

Year 1

Work package/milestone Aug 2015 to Jul 2016

Year 2 Year 3
Aug 2016 to Jul 2017 Aug 2017 to Jul 2018

Contracts with participating
hospitals

Development of risk model and
quality reporting

Kick-off meeting

National study meetings
Regional study meetings
Quality reports to hospitals

Formation of local QI teams in
participating hospitals
Implementation of QI analyses and
interventions by local QI teams
External peer-reviews of selected
hospitals

Web-based educational sessions

Web-based sessions with QI
champions

First publication of quality indicators
by participating hospitals

Analysis and report

Fig. 1 Study timeline. Study timeline and milestones are presented for the 48 hospitals initially enrolled in the German Quality Network Sepsis. A
final analysis comparing these 48 intervention hospitals to all other German hospitals will be done with a delay of 1.5 years when the German
national claims data will be made available by the Federal Bureau of Statistics
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basis; (g) organizing online lectures and discussions with
clinical experts; and (h) organizing web-based discus-
sions with champions of successful international QI ini-
tiatives on sepsis care.

Structures of the GQNS guarantee participatory action
and ownership of the collaboration by the member hos-
pitals. Major decisions are made in the general assembly
of representatives of all participating hospitals. A steer-
ing committee is elected among the members of the
GQNS, to supervise and assist the work of the coordin-
ating bureau. A committee of experts recruited from the
participating hospitals organizes the peer-reviews.
Claims data are collected and processed to make quality
reports by the medical information technology service
provider 3M Health Information Systems (3M). The
GQNS is part of the Global Sepsis Alliance’s Quality Im-
provement Committee [38].

Participating hospitals

Eligible for participation in the GQNS were acute care
hospitals with at least one adult intensive care unit. Invi-
tation letters were sent to managements of hospitals
which were participating in former or ongoing sepsis-
related quality initiatives or research networks, to re-
gional and national hospital groups, and to all German
university hospitals. The active recruitment process
started in Aug 2015 and ended in Feb 2016 and aimed
at including 30 hospitals. Forty-eight hospitals were en-
rolled in March 2016, when the first quality reports were
distributed. Characteristics of these hospitals are pre-
sented in Table 1.

Interventions

The core interventions in the GQNS are (a) reporting
and publication of quality indicators; (b) case analyses
within the participating hospitals; (c) peer-reviews for

Table 1 Characteristics of 48 initially enrolled hospitals

Characteristic n (%)
Level of care
Primary or secondary level 29 (60%)
Tertiary level 19 (40%)
Academic status
Non-university hospital 39 (81%)
University hospital 9 (19%)
Number of beds
<400 15 (31%)
401-900 17 (35%)
901-1200 8 (17%)
> 1200 8 (17%)

Forty-eight hospitals, which were enrolled at the beginning of the intervention
phase (March 2016), will be used for the evaluation of the intervention effect
of the start-up period
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hospitals, which are outliers in the quality reports; and
(d) hospital-wide staff education in participating
hospitals.

The only mandatory intervention is the reporting,
benchmarking, and publication of quality indicators. All
hospitals committed to provide their claims data for
calculation of quality indicators and to publish their
main quality indicators in comparison to the German
average. The study coordination bureau provides en-
couragement, information, and support regarding the
conduction of case analyses and staff education. It also
offers peer-reviews to hospitals where quality indicators
suggest low quality of care. But the responsibility for
implementing case analyses and staff education is on the
side of the participating hospitals and the participation
in a peer-review is voluntary. Hospitals are free to de-
velop and implement further interventions suitable to
their local conditions.

Reporting and publication of quality indicators

There is consensus that valid and scientifically rigorous
measures of performance are a means to improve health
care and a central aspect of successful quality initiatives
[39-42].

The primary quality indicator measuring outcome
quality of sepsis care is risk-adjusted hospital mortality
among cases with sepsis with organ dysfunction includ-
ing septic shock. It also serves as the primary end-point
of the study.

Measurement of risk-adjusted hospital mortality To
achieve inclusion of all cases diagnosed with sepsis and
to make quality measurement also feasible for small hos-
pitals without specialized research staff, risk-adjusted
hospital mortality of cases with sepsis is measured based
on claims data [31, 33]. A diagnosis-related group
(DRG) system is used to structure reimbursement of
hospitals by health insurances in Germany. Every hos-
pital provides a standardized data set (DRG data) of all
treated cases to the Federal Bureau for Hospital Reim-
bursement on a yearly base. Additionally, the German
Federal Bureau of Statistics provides the anonymized
DRG data of all German hospitals for scientific research
with a 1.5-year delay (e.g., data of 2015 available 2017).
DRG data contain demographic characteristics, Inter-
national Classification of Diseases codes in its 10th ver-
sion (ICD-10), codes of the German Classification of
Procedures in Medicine, treating hospital departments,
length of stays per department, and information regard-
ing hospital admission and discharge.

Every participating hospital sends its pseudonymized
DRG data to 3M on a quarterly basis (Fig. 2). Based on
specifications provided by the study coordination bur-
eau, 3M calculates quality indicators and provides
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Specifications for risk-
adjustment and quality
reporting

Study Coordinating _ 3M Health
Bureau Information Systems

Quaterly study reports

Analyses of German
population claims data
Federal Bureau of
Statistics

Results of analyses

Publication of sepsis-related
risk-adjusted hospital
mortality after 2 years

Participating hospitals

Fig. 2 Flows of information in the German Quality Network Sepsis. The study coordinating bureau develops the risk-model based on analyzing the
German population claims data hosted by the Felderal Bureau of Statistics. It further provides the specifications for calculating quality indicators to 3M
Health Information Systems. Based on quarterly transmissions of claims data by the participating hospitals, 3M produces quality reports and delivers
them to the hospitals. Hospitals committed to publish their sepsis-related risk-adjusted hospital mortality in comparison to the German average after

2 years of participation

quality reports to the participating hospitals. Cases with
sepsis are identified based on specific ICD-10-codes and
classified in subgroups according to the 1992 ACCP/
SCCM sepsis definitions (Appendix) [43]. Incidence and
risk-adjusted mortality is reported for cases with sepsis
and organ dysfunction including septic shock as well as
the subgroup of patients receiving more than 24 h of
ventilation. For cases with sepsis without organ dysfunc-
tion, only incidence and observed mortality rate are
reported.

Statistical methods of risk adjustment are needed to
control for differences in patient-related risk-factors be-
tween hospitals and allow for valid comparisons of qual-
ity [32]. Risk-adjusted performance comparisons based
on claims data have been applied to hospital profiling re-
garding several diseases in the USA [44-46]. The GQNS
uses an external risk adjustment algorithm [47] by devel-
oping a risk model within the DRG data of all German
hospitals and applying this model to the sample of hos-
pitals within the GQNS (Fig. 2). This resembles the
methodology used by the US Agency for Health Care
Research and Quality Improvement (AHRQ) Inpatient
Quality Indicators [48]. The risk model currently in use
was developed following established methodologies [44,
49] based on all DRG-cases coded with severe sepsis in
German hospitals in 2015 (manuscript in preparation).
The model involves about 50 risk factors, e.g., comorbid-
ity categories based on Charlson and Elixhauser indexes
[50, 51], and achieves a predictive validity comparable to
recently published models based on US American claims
data [52, 53]. The risk model is applied to the hospitals
in the GQNS by calculating expected mortality rates,
standardized mortality ratios (SMR, “Observed over
Expected Estimator”), and risk standardized mortality
rates (RSMR) with their respective confidence intervals
[47, 48, 54] among cases with sepsis with organ

dysfunction, cases with septic shock, and cases with
organ dysfunction including septic shock and ventilation
of more than 24 h. The risk-model and adjustment
methodology are constantly improved based on feedback
by participating hospitals, research results, and yearly
updates of the German hospital population DRG data.

Reporting of risk-adjusted mortality to hospitals
Quality indicators are provided to the hospitals via 3M
on a quarterly base. A web-browser-based tool with nu-
merical as well as graphical presentations is used.
Incidence, observed mortality and risk-adjusted mortal-
ity within subgroups of cases with sepsis are presented
for each hospital. Reports allow comparison of risk-
adjusted mortality to the German average, among the
hospitals of the GQNS, among hospitals of specific levels
of care, and over time. Displaying confidence intervals
prevents interpreting merely random differences. Figure 3
provides a schematic example of a graphical report of
SMRs.

Additionally, each hospital receives a report using
Microsoft Excel® including information on incidence
and risk-adjusted mortality of sepsis cases within each of
its departments. This report also presents lists of pseu-
donymized individual cases of the respective hospital in-
cluding their individually predicted probability of death
based on the risk model. Based on these lists, hospitals
can perform in-depth single-case analyses (see below).

Publication of risk-adjusted mortality indicators Pub-
lic comparative reporting of health care provider per-
formance measures is regarded a key element for
improving quality of health care [55, 56]. There is evi-
dence that public reporting has greater effects on
organizational improvement efforts than private disclos-
ure of the same data alone [57-60]. Senior managements
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Fig. 3 Schematic example of graphical reporting of quality indicators.
Presented are SMRs (standardized mortality ratios) with 90% confidence
intervals (Cl) for cases with sepsis with organ dysfunction (including
septic shock) in 2016. Internal quality reporting uses 90% Cls to increase
sensitivity for finding true deviations from average quality. Publications of
quality indicators by participating hospitals will use 95% Cls. GONS:
German Quality Network Sepsis

of hospitals within the GQNS consented to publish their
hospitals’ risk-adjusted mortality indicators compared to
the average of the German DRG data after 2 years of
participation. By doing this, hospitals document their
commitment to quality improvement, accountability for
quality of sepsis care, and commitment to principles of
transparency in health care. Figure 2 presents the system
of quality measurement and reporting within the GQNS.

Case analyses

Analysis of individual case records can reveal prevent-
able deaths as well as underlying shortcomings in care
[61-63]. Analysis of adverse events among cases with
sepsis has revealed that problems in guideline adherence
regarding diagnosis and treatment, like delayed recogni-
tion of deterioration, delayed source control, and inad-
equate fluid and antimicrobial therapy, but also
structural problem like hand-over practices from normal
ward to ICU cause preventable deaths [3, 4].

Within the GQNS, individual probabilities for death
are predicted based on the risk model and provided to
the participating hospitals. The study coordination bur-
eau provided information on how to conduct case ana-
lyses. Deceased cases with a predicted low risk of in-
hospital mortality are used to identify possible problems
in the quality of care or ICD-10 coding. Hospitals can
depseudonymize these cases and analyze individual med-
ical records using established methods [62, 64, 65].
Interdisciplinary case discussions moderated by mem-
bers of the local QI teams can be used to consent on
goals for quality improvement.

Peer-reviews
Peer-review, a process by which physicians evaluate each
other’s performance, has a long tradition in efforts to
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improve health care quality [66]. A system of peer-
reviews using external peers from other hospitals is used
within a quality initiative involving 400 hospitals (Initia-
tive Qualititsmedizin [IQM]) [67]. It has been shown to
be able to detect areas of possible improvement of care
and to be related to decreases in mortality in diseases
like heart failure and pneumonia [33]. Based on this
methodology, a peer-review committee consisting of
specifically trained clinicians is set up within the GQNS
and working instructions have been defined. An external
peer-review is suggested to hospitals with SMRs for pa-
tients with sepsis with organ dysfunction including
shock substantially higher than the German average.
Additionally, hospitals can call for a peer-review by
themselves. External peers investigate a sample of the
retrospective case records. These records are identified
among cases that died despite of a low predicted risk.
Based on case-analysis, external peers will discuss im-
provement strategies with involved local departments.

Staff education

The main focus of staff education is the implementation
of strategies for increasing awareness and early recogni-
tion of sepsis as well as the implementation of key ele-
ments of the updated Surviving Sepsis Campaign
guidelines among physician and nurses, as well as all other
health care workers involved in care for patients with sep-
sis [8, 68, 69]. The content of the education is focused on
a small number of essentials (“Sepsis Bundles”). Education
is implemented by the local QI teams. The study coordin-
ation bureau supports the local QI teams by providing
educative material (presentations, pocket cards, posters)
developed during the MEDUSA trial. Furthermore, online
lectures and discussions involving QI improvement ex-
perts are provided.

Further interventions

Participating hospitals will be encouraged to implement a
protocol for early recognition of sepsis in the emergency de-
partment, recognition of deteriorating patients or patients at
risk on regular wards (standardized screening for sepsis),
and to establish rapid response teams, which are mandatory
or widely implemented in some countries but not in
Germany [70]. Furthermore, hospitals will be encouraged to
get active in at least one component of the national hospital
surveillance program (Krankenhaus-Infektions-Surveillance-
System KISS) (http://www.nrz-hygiene.de/en/surveillance/
hospital-infection-surveillance-system/).

Study of the interventions

The effect of participating in the start-up period of the
GQNS will be evaluated by comparing the participating
hospitals to all other German hospitals regarding the dif-
ference between the retrospective baseline period from
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January 2014 to December 2015 to the intervention
period from April 2016 to March 2018 (quasi-experi-
mental difference-in-differences design) [71]. This ap-
proach is more valid than uncontrolled before-after
comparisons that were used in previous quality initia-
tives on sepsis [23], since it is able to distinguish the
intervention effect from secular changes that would have
occurred without the intervention [71]. Beside secular
changes, the so called Will Rogers phenomenon might
bias changes in observed mortality across time [71, 72].
This phenomenon occurs if an intervention increases
awareness for a disease, which results in increased detec-
tion and coding also of less severely ill cases. By incorp-
orating an adjustment for risk factors in the difference-
in-differences comparison, the analyses will try to cor-
rect for this bias. The analyses will evaluate the overall
effect of participating in the GQNS, but they will not be
able to distinguish which intervention elements cause
possible changes.

Measures for studying processes and implementation of the
interventions

The study coordination bureau of the GQNS receives a
study report by 3M on a quarterly base that informs
about the quality indicators of each participating hospital
as well as about hospitals that failed to provide their
claims data. Hospitals that do not provide their claims
data despite several reminders are excluded from the
quality collaborative. To assess fidelity and dose of the
local implementation of interventions in the participat-
ing hospitals, the coordination bureau of the GQNS
regularly surveys local QI team leaders by standardized
online questionnaires. These questionnaires contain
items regarding departments participating in the QI
teams, extend of interdisciplinary analyses of quality in-
dicators, extend of interdisciplinary case analyses, extend
of education of staff, and implementation of further in-
terventions like existence and scope of rapid response
teams. The questionnaire also contains items regarding
barriers to change like lacking resources or support by
management, as well as items that evaluate the quality
of tools and support provided by the coordination bur-
eau. The questionnaire was developed based on results
of qualitative interviews conducted during the MEDUSA
trial [30]. Peer-review visits are documented and evalu-
ated using paper-pencil surveys using standardized ques-
tionnaires both by the external peers and the involved
local clinicians. These questionnaires were adapted from
existing tools used in other German quality initiatives
[67, 73].

Outcome measures
Hospital mortality of cases with sepsis with organ dys-
function (including septic shock) in the participating
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hospitals is the primary end-point of the study, since the
newly revised consensus definitions of sepsis and septic
shock (“Sepsis-3”) exclude cases without organ dysfunc-
tion [2]. Since the evaluation of the study effect relies on
claims data, it is not possible to fully assess and guaran-
tee completeness and accuracy of data. To allow hospi-
tals to identify possible under-coding of cases with
sepsis the incidence of sepsis, severe sepsis and septic
shock is presented and compared between hospitals in
the quality reports.

Analyses

Analysis of the primary outcome

The final analysis of the intervention effect will be con-
ducted using German national DRG data. The change in
hospital mortality between the baseline period (January
2014 to December 2015) and the intervention period
(April 2016 to March 2018) will be compared between
the 48 hospitals initially enrolled in the GQNS and con-
trol hospitals. These are all non-participating German
hospitals, whose DRG data are also available from the
Federal Bureau of Statistics. Hospitals entering the
GQNS after March 2016 will be excluded from this
comparison. This comparison will be conducted in 2020
when the national DRG data for 2018 will be available
from the Federal Bureau of Statistics. The primary ana-
lysis will evaluate the difference-in-differences in a hier-
archical generalized linear model controlling for
clustering of cases in hospitals by testing the statistical
interaction between period (baseline vs. intervention)
and group (48 hospitals enrolled in GQNS vs. control
hospitals). Patient-related risk-factors will be considered
as covariates. As a secondary analysis, the trajectories of
change across time before and after intervention will be
compared between intervention and control hospitals by
a piecewise hierarchical model [74].

A preliminary evaluation of the study effect will be
performed after completion of the intervention period in
March 2018 but only relying on the data of the 48 inter-
vention hospitals (before-after-comparison). A secondary
preliminary analysis will be done by a piecewise hier-
archical model to investigate the change in the trajectory
of hospital mortality over time between periods.

Sensitivity analyses and planned subgroup analyses

Differences across time between hospitals of the GQNS
and control hospitals might result from changes in cod-
ing in the intervention hospitals, e.g., improved ICD-
coding of sepsis or comorbidities. Therefore, incidences
of sepsis without organ dysfunction, sepsis with organ
dysfunction and septic shock as well as incidences of
mortality risk-factors will be compared across time be-
tween intervention and control hospitals. Analyses of
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the primary outcome will be repeated within these three
subgroups of sepsis cases.

Additionally, hospitals will be categorized based on the
degree of their QI efforts during the intervention period
but without inspection of their primary outcome. The
categorization will be based on the results of the regu-
larly conducted surveys of local QI team leaders. The
analyses of the primary end-point will be repeated within
the subgroups of hospitals with high QI effort and hos-
pitals with low QI effort.

Sample size considerations

Concerning the baseline period (January 2014 to Decem-
ber 2015), 45,419 cases with sepsis were included among
the initially enrolled 48 hospitals, of which 27,331 (60%)
were diagnosed with sepsis with organ dysfunction (in-
cluding septic shock), resulting in approximately 1000
cases per hospital across both the baseline and interven-
tion period. Comparing the intervention hospitals with
all other German hospitals across a baseline and inter-
vention period resembles a controlled before-after trial
on the cluster level. Therefore, our sample size calcula-
tion used a design factor developed for cluster-
randomized before-after trials [75]. We observed a base-
line mortality of 44% and an interclass correlation (ICC)
of 0.02 among the included 48 hospitals. Based on the
results of the Surviving Sepsis Campaign [15], a reduc-
tion in mortality to 40% was expected for the 2-year
intervention period. A Fisher’s exact test comparing
intervention and control conducted at «-level 0.05 with
a power of 0.9 would require a total sample size of 6476.
Correcting this sample size by the obtained design factor
of 3.75, a total of 26 hospitals (13 control and 13 inter-
vention) each including 1000 cases would be necessary
in a cluster randomized before-after trial. Given 48
intervention hospitals and more than 1000 control hos-
pitals in the national German DRG data, our study
should be adequately powered to detect the expected
intervention effect.

Ethical considerations

The study underwent review by the internal review
board of the Jena University Hospital (IRB protocol
4536-08/15) and the data protection supervisor of the
Free State of Thuringia, Germany. Since individual case
data are only obtained in the form of pseudonymized
claims data, the need for informed consent by patients
was waived. Quality reports present only aggregated data
by hospital. Hospital names are pseudonymized, and
each hospital knows only its own pseudonym. Only 3M
and the study coordination bureau can de-pseudonymize
all hospitals. Individual case data are only reported to
the hospital where the cases were treated. For all kinds
of surveys of QI team members, hospital staff, or peer-
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reviewers, participants will be informed about aims of
the surveys and methods for protection of data privacy.
Informed consent will be implied by participation in the
survey, survey data will be stored in pseudonymized or
anonymized form only, and all public reports of survey
data will contain only aggregated data allowing no iden-
tification of individual participants.

Project status

The GQNS was officially started with a kick-off meeting
in February 2016. The first quality reports were distrib-
uted in March 2016 to the initially enrolled 48 hospitals.
Till October 2017, quality reports have been distributed
five times. Based on the public awareness of the GQNS,
additional hospitals entered the network after the active
recruitment. In September 2017, the number of partici-
pating hospitals reached 75, clearly surpassing the ini-
tially planned number. Participating hospitals are located
all over Germany and include hospitals of all levels of
care, among them 18 university hospitals (of 39 in
Germany). In August 2016 and August 2017, two sur-
veys of local QI team leaders were performed to assess
the current progress and barriers to change in the par-
ticipating hospitals and results were reported to senior
hospital managements. Between March 2017 and Sep-
tember 2017, the first four online lectures and between
May 2017 and September 2017 the first three external
peer-reviews took place.

Discussion

The goal of this project is to establish structures for
quality improvement of care for patients with sepsis and
thereby to decrease sepsis-related in-hospital mortality.
The GQNS is the first quality collaborative using claims
data and a complex risk-adjustment to measure and im-
prove quality of care for patients with sepsis. Because of
this pragmatic approach 75 hospitals signed contracts
for participation.

Previous QI initiatives to improve sepsis care relied on
gathering prospective clinical data in an uncontrolled
before-and-after design [15, 17-21]. Based on these
studies, it is impossible to distinguish the intervention
effects from general secular trends [71]. The first
cluster-randomized trial which set out to test for effects
of elements of a QI collaborative on sepsis-related mor-
tality (MEDUSA trial) failed partly because of incom-
plete and delayed inclusion of cases with sepsis. Our
study design overcomes both of these shortcomings.
Using claims data makes all patients with coded sepsis
available for analysis. Based on a German national claims
database, it is possible to evaluate the effect of the QI
initiative in a difference-in-differences design comparing
intervention hospitals to all other German hospitals.
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The approach of our study of course has some limita-
tions. First, under- or over-coding of sepsis might occur
in claims data [76]. However, for every hospital, the de-
gree of under-documentation has decreased consider-
ably, as since 2007 appropriate coding of sepsis cases
has become a financial interest for the hospitals. On the
other hand, over-coding of sepsis cases for financial rea-
sons is systematically controlled for by the Medical Re-
view Board of the Statutory Health Insurance Funds. A
second limitation is the time-lag of 1.5 years until
German national claims data are available for analysis
delaying the final analysis of the intervention effect. A
preliminary evaluation of the effect can only rely on data
of the intervention hospitals. Finally, quality improve-
ment in sepsis care has been described to be a marathon
and not a short sprint [77]. The 2-year intervention
period of the start-up phase of the GQNS might be too
short for attaining substantial effects on hospital mortal-
ity in a large sample of hospitals. The aim of this start-
up period is to build a long-lasting quality initiative and
to establish structures for sustained quality improve-
ment. A reevaluation of the effects of participating in
the GQNS after a longer period of time—comparable to
the duration of other successful large-scale QI initiatives
[15]—might be necessary.

If this study finds that the approach of using claims
data in combination with a complex risk-adjustment is
useful for measuring and improving quality of sepsis
care, the approach may also be applied to other diseases.

Appendix
Definition of cases with sepsis by German ICD-10 codes
Sepsis without organ dysfunction: A40.0, A40.1, A40.2,
A40.3, A40.8, A40.9, A41.0, A41.1, A41.2, A41.3, A414,
A415.1, A41.52, A41.58, A41.8, A41.9, R65.0.

Sepsis with organ dysfunction but without septic
shock: R65.1.

Septic shock: R57.2.
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