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1. Einleitung

„Between the healthcare we have and the care we would have lies not just a

gap, but a chasm.“ [1]

Qualität im Gesundheitswesen ist als „…das Ausmaß, in dem Gesundheitsleistungen für

Individuen und Populationen die Wahrscheinlichkeit erwünschter gesundheitlicher

Behandlungsergebnisse erhöhen und mit dem gegenwärtigen professionellen Wissensstand

übereinstimmen“ [1] definiert. Vor dem Hintergrund, sowohl Ärzte und Patienten bei der

Entscheidung über angemessene Maßnahmen der Krankenversorgung unter bestimmten

medizinischen Umständen unterstützen zu können als auch adäquate Interventionen

innerhalb einer vorgegebenen Zeit durchzuführen, stellen verschiedenste

Fachgesellschaften Leitlinien mit systematisch entwickelten Darstellungen und

Empfehlungen zur Verfügung.“ [2, 3] Unabhängig von dieser aufstrebenden Entwicklung

wird seit beinahe zwanzig Jahren sich stetig wiederholend davon berichtet, dass Patienten

mit verschiedensten Krankheitsbildern auch nach der Implementierung entsprechender

Richtlinien nicht leitliniengerecht behandelt werden [4-6].

Eine Strategie zur Steigerung der Leitlinieneinhaltung ist die Optimierung der

Versorgungsqualität  mittels  „Quality  Improvement  Teams“  (QI  Teams).  Ein  QI  Team

besteht aus einer Gruppe von Mitarbeitern verschiedener Stationen eines Krankenhauses,

die sich in einem festgelegten zeitlichen Rahmen zum Ziel gesetzt haben, die besten

Praktiken zur Behandlung einer Erkrankung zu identifizieren, Veränderungsstrategien für

deren Implementierung zu suchen,  dieses Wissen adäquat zu vermitteln, Feedback zu

geben und Neuerungen diesbezüglich zu verbreiten [7, 8]. Allerdings konnte die

Effektivität dieser Interventionsmaßnahme bisher nicht endgültig bestätigt und

erfolgversprechende Faktoren nicht eindeutig gefiltert werden [7-9].

Insbesondere in der Intensivmedizin stehen Ärzte in Anbetracht einer alternden

Bevölkerung, der daraus resultierenden Zunahme an chronischen Krankheiten und

Komorbiditäten sowie notwendiger individueller Behandlungsstrategien vor stetig

wachsenden Herausforderungen [10]. In aktuellen Studien wird anhaltend von der

Relevanz des Krankheitsbildes „Sepsis“ als schwerste Verlaufsform einer akuten Infektion,

die in 30-50 % der Fälle tödlich verläuft, berichtet [11-13]. Aus den aktuellsten

Untersuchungen des US-amerikanischen National Center for Health Statistics geht hervor,

dass die Inzidenz der Sepsis seit 2000 um 7-8 % von 221/100.000 Einwohner auf
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377/100.000 Einwohner im Jahr gestiegen ist [14]. Fleischmann et al. werteten die

deutschlandweite fallpauschalenbezogene Krankenhausstatistik (DRG-Statistik) von 2007

bis 2013 aus und schlussfolgerten, dass sowohl die Sepsisfallzahlen als auch die Zahl der

durch Sepsis verursachten Todesfälle in Deutschland zunehmen (um 5.7 % von 200.535 im

Jahr 2007 auf 279.530 Fälle 2013; adjustierte Krankenhausrate: von 256 auf 335

Sepsisfälle pro 100.000 Einwohner). [13]

Die Wahrscheinlichkeit, an einer Sepsis oder einem septischen Schock zu versterben,

verringert sich, umso früher eine leitliniengerechte Behandlung, insbesondere die Gabe

eines Breitbandantibiotikums, erfolgt [15-17]. In den Leitlinien der Surviving Sepsis

Campaign (SSC) wird der Beginn einer antimikrobiellen Therapie schnellstmöglich und

definitiv innerhalb der ersten Stunde nach der Identifikation der Sepsis / des septischen

Schocks empfohlen [18]. Dennoch wird sich wiederholend davon berichtet, dass diese

Empfehlung nicht eingehalten wird und Verzögerungen, die sich im Median zwischen

115–186 Minuten nach der Diagnose der Sepsis oder des septischen Schocks bewegen,

keine Seltenheit sind [15, 16, 19-23].

Trotz diverser Ansätze zur Qualitätsverbesserung, wie beispielsweise das Zur-Verfügung-

Stellen von Implementierungstipps und Informationsmaterialien (Poster,

Kitteltaschenkarten etc.) [24], sepsisfokussierter Weiterbildungsveranstaltungen sowie

Programmen zur Performancesteigerung [15, 25-28], gelang es oftmals nicht, das Ziel, die

Identifikation und Behandlung der Sepsis zu verbessern, zu erreichen [25, 26]. Die

Ursachen für das Scheitern solcher Qualitätsverbesserungsstudien im Bereich Sepsis

wurden bisher nicht hinreichend untersucht.

Die Ergebnisse der zuvor genannten Studien legen die Konsequenz nahe, dass es bei der

Sepsis über alle Abteilungen und Professionen hinweg einen ganzheitlich erhöhten Bedarf

an  Qualitätsverbesserungsmaßnahmen  gibt.  Sowohl  Levy  et  al.  [29]  als  auch  Bion  und

Kollegen fassten dieses Problem zusammen und schlussfolgerten “… the need to address

variation in structure and process to reduce mortality from this lethal and complex disease”

[30]. In der vorliegenden Dissertationsschrift stand konkret die Beantwortung der

folgenden Fragestellungen im Vordergrund.

Manuskript I: Inwiefern kann die Hypothese, dass eine zeitgerechte

antimikrobielle Therapie für Patienten mit schwerer Sepsis / septischem Schock als einer

der wichtigsten Prädiktoren für das Überleben gilt, im Rahmen einer multizentrisch, cluster

randomisiert angelegten Studie bestätigt werden? Darüber hinaus stand die Frage, ob eine

multimodale Intervention, die die Etablierung eines QI Teams sowie das Durchführen von

Prozessanalysen und das Geben von Feedback umfasst, die Einhaltung der SSC-Leitlinien
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stärker beeinflusst als das Implementieren üblicherweise angewandter, traditioneller

kontinuierlicher berufsbegleitender Fortbildungen (Continuous Medical Education - CME)

im Vordergrund.

Manuskript II: Welche Rahmenbedingungen behindern, bzw. unterstützen eine

erfolgreiche Implementierung von Qualitätsverbesserunsgmaßnahmen zur Erhöhung der

Compliance mit den Leitlinien der Surviving Sepsis Campaign (SSC) mittels Quality

Improvement Teams (QI Teams) in deutschen Kliniken?

Manuskript III: Welche Ursachen verhindern eine leitliniengerechte

antimikrobielle medizinische Versorgung von Patienten mit schwerer Sepsis / septischem

Schock im klinischen Alltag und inwiefern ist es möglich, diese zu beseitigen?

Die Ergebnisse der im Manuskript I vorgestellten Studie bildeten die Grundlage zur

Ausarbeitung der in den weiteren Manuskripten II und III vorgestellten Studien.

Manuskript I kann aufgrund dessen im Kontext dieser Dissertationsschrift als Vorarbeit

betrachtet werden.
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2. Setting und methodischer Hintergrund

2.1 Definitionen zur Sepsis

Mit dem Ziel, Kriterien für die Klassifikation der Sepsis und ihrer Folgeerscheinungen zu

entwickeln, wurde im August 1991 eine Konsensuskonferenz des American College of

Chest Physicians und der Society of Critical Care Medicine durchgeführt. Hintergrund

dieser Entwicklung war es, ein praktikables Rahmenmodell zu entwickeln, welches das

frühe Erkennen dieser Krankheit im Arbeitsalltag am Patientenbett ermöglichen bzw.

erleichtern sollte. Über diese Definitionen sollten zudem Einschlusskriterien zur

Durchführung klinischer Studien festgelegt werden, die sich auf die Erkennung und

Behandlung der schweren Sepsis und des septischen Schocks konzentrieren. Die Sepsis

wurde demzufolge als eine systemische Entzündungsreaktion des Organismus auf eine

durch Mikroorganisamen hervorgerufene Infektion beschrieben. [31] Da sich die Sepsis,

die schwere Sepsis und der septische Schock aus mehreren komplexen Merkmalen

zusammensetzten, wurde im Rahmen der Konsensuskonferenz ein Kriterienkatalog zur

Diagnose dieser Zustände erstellt. Dieser wurde von der European Society of Intensive

Care Medicine erweitert [3]. Demnach lag eine schwere Sepsis vor, wenn die folgenden

drei Kriterien erfüllt waren:

I, der Nachweis eines infektiösen Ursprungs der Inflammation (mindestens eines der

folgenden Kriterien):

· Mikrobiologisch gesicherte Infektion

· Klinisch gesicherte Infektion

· Vermutete Infektion

II, der Nachweis einer systemischen inflammatorischen Wirtsreaktion (SIRS) (zwei der

folgenden Kriterien):

· Hypo- oder Hyperthermie (Temperatur <36°C oder >38°C)

· Tachykardie (>90/min)

· Tachypnoe (>20/min) und/oder arterieller pCO2 <4,3kPa (33mmHg) und / oder

maschinelle Beatmung

· Leukozytose >12.000/µl oder Leukopenie <4.000/µl und/oder Linksverschiebung

>10 % im Differentialblutbild

III, eine infektionsbezogene Organdysfunktion (mindestens eines der folgenden Kriterien):

· Akute Enzephalopathie (Unruhe, reduzierte Vigilanz, Desorientiertheit, Delir ohne

Beeinflussung durch Psychopharmaka)
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· Thrombozytopenie (Thrombozyten <100.000//µl oder Thrombozytenabfall > 30 % in

24 Stunden ohne Blutverlust als Ursache)

· Arterielle Hypoxämie (paO2 <10kPa (75mmHg) unter Raumluft, paO2/FiO2 <33kPa

(250mmHg) ohne manifeste pulmonale oder kardiale Erkrankung als Ursache)

· Renale Dysfunktion (Urinausscheidung <0,5ml/kg/Std. über mindestens eine Stunde

trotz ausreichender Volumensubstitution und/oder Anstieg des Serum-Kreatinins

>2x über den Referenzbereich des jeweiligen Labors

· Metabolische Azidose (Basendefizit >5,0mEq/l oder eine Plasma-Laktat-

Konzentration >1,5x oberhalb des Referenzbereichs des jeweiligen Labors).

Waren die Kriterien

· I, der Nachweis eines infektiösen Ursprungs der Inflammation,

· II, der Nachweis einer systemischen inflammatorischen Wirtsreaktion (SIRS) und

· III, der Nachweis einer arteriellen Hypotonie trotz adäquater Volumentherapie

(systolischer Blutdruck < 90mmHg oder mittlerer arterieller Druck < 70mmHg für ≥

2 Stunden bzw. der Einsatz von Vasopressoren, um den systolischen Blutdruck >

90mmHg oder den arteriellen Mitteldruck > 70mmHg zu halten)

erfüllt, wurde von einem septischen Schock ausgegangen [3]. Bei den zuvor erläuterten

Definitionen handelt es sich um die im Rahmen der vorliegenden Arbeit verwendeten

Definitionen.

Einer Einladung der “Society of Critical Care Medicine” sowie der “European Society of

Intensive Care Medicine” folgend, haben sich 19 Experten aus den Bereichen Sepsis

Pathobiologie, Klinische Studien und Epidemiologie zusammengefunden und basierend

auf den neuesten wissenschaftlichen Erkenntnissen zur Thematik ein aktualisiertes Set an

Definitionen und Kriterien für die Sepsis und den septischen Schock (Sepsis-3) erarbeitet,

welches nach der Erstellung der vorliegenden Manuskripte im August 2016 veröffentlicht

wurde [32]. Hierbei wird die Sepsis als lebensbedrohliche Organdysfunktion definiert, die

durch eine fehlregulierte Wirtsantwort auf eine Infektion hervorgerufen wird. Von einer

Organdysfunktion wird ausgegangen, wenn sich der SOFA Score (Sequential [Sepsis-

related] Organ Failure Assessment) in Folge der Infektion um ≥ 2 Punkte verändert.  Von

einem septischen Schock wird dann ausgegangen, wenn (1) das Kriterium für eine Sepsis

erfüllt ist, (2) bei persistierender Hypertonie zur Aufrechterhaltung eines mittleren

arteriellen Drucks von ≥ 65 mmHg eine Vasopressorengabe erforderlich ist und (3) das

Serum-Laktat trotz adäquater Volumensubstitution >2 mmol/l (> 18 mg/dl) ist. [32] Von

einer weiteren Unterteilung in eine schwere Sepsis wurde abgesehen.
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2.2 Rahmenbedingungen der Arbeit – die MEDUSA Studie

2.2.1 Studienziele

Die MEDUSA Studie (Medical Education for Sepsis Source Control and Antibiotics;

ClinicalTrials.gov Identifier NCT01187134) war eine vom Bundesministerium für Bildung

und Forschung (BMBF) geförderte multizentrische, klinische Studie, die an das Integrierte

Forschungs- und Behandlungszentrum (IFB) Sepsis und Sepsisfolgen (Center for Sepsis

Control and Care (CSCC) und die Klinik für Anästhesiologie und Intensivmedizin

(Leitung: Prof. Dr. med. Konrad Reinhart) des Universitätsklinikums Jena angegliedert

war. Das primäre Ziel dieser Studie war es, die Möglichkeiten zu untersuchen, die

Sterblichkeit bei Patienten mit schwerer Sepsis bzw. septischem Schock mittels eines

multimodalen Weiterbildungsprogramms, welches auf eine frühe adäquate

Antibiotikatherapie in Anlehnung an die Leitlinien der Surviving Sepsis Campaign

fokussiert, zu reduzieren. Als sekundäre Studienziele sollten darüber hinaus

· die Zeit bis zur ersten antimikrobiellen Therapie / herdsanierenden Maßnahme

verkürzt,

· Liegezeiten der Patienten verringert (ITS- und Krankenhausliegedauer),

· effektive Maßnahmen zur Implementierung von Therapieempfehlungen identifiziert

· sowie die Nachhaltigkeit qualitätsverbessernder Maßnahmen untersucht werden. [33]

2.2.2 Studienbeschreibung

Die MEDUSA Studie wurde prospektiv und multizentrisch im cluster-randomisierten

Design durchgeführt. Zum Studienbeginn haben sich 44 deutsche Kliniken bereit erklärt,

an der Studie teilzunehmen (siehe Anhang). Die Zahl der beteiligten Kliniken reduzierte

sich zum Beginn der zweiten Interventionsphase auf 33. Voraussetzung für die

Studienteilnahme war die Akutversorgung von Patienten mit schwerer Sepsis bzw.

septischem Schock auf Intensiv- bzw. Intermediate-Care-Stationen sowie die Bereitschaft,

sich aktiv an Veränderungsprozessen zur Verbesserung der Sepsisbehandlung zu

beteiligen. Jede Klinik wurde als ein „Cluster“ betrachtet. Im Anschluss an eine

fünfmonatige Beobachtungsphase zur Messung der Ausgangssituation, bzw. zur

Abschätzung des möglichen Patienteneinschlusses, wurden die Kliniken nach der

Krankenhausgröße (Bettenzahl) sowie der Zeit bis zur ersten Antibiotikagabe in einem

Randomisationsverhältnis von 1:1 jeweils einer Kontroll- bzw. Interventionsgruppe
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zugeordnet (cluster randomization). Cluster-randomisierte Studien gelten als Gold-

Standard in der evidenzbasierten Medizin. Hierbei werden soziale Einheiten oder Gruppen

von Individuen zufällig verschiedenen Interventionsgruppen zugeordnet. Die

Durchführung cluster-randomisierter Studien ist insbesondere in der Evaluation nicht-

therapeutischer Interventionen, die bspw. die Veränderungen von Lebensgewohnheiten

oder die Bewertung von Bildungsprogrammen betrachten, weit verbreitet. [34]

Die erwartete Dauer der MEDUSA Studie betrug fünf Jahre (01.08.2010 - 31.07.2015).

Abbildung 1 gibt einen Überblick über die Studienphasen und deren Inhalte. Auf eine

projektinterne Vorbereitungszeit von vier Monaten, in denen das CRF (Case Report Form)

zum Dokumentieren der Patienten erstellt sowie die Krankenhausrekrutierung

abgeschlossen wurde, folgte für die Zentren eine fünfmonatige Beobachtungsphase, in

denen die Zentren alle den Einschlusskriterien entsprechenden Patienten dokumentierten,

aber keine Intervention erhielten. In Folge dessen wurde die Datendokumentation zu

projektinternen Auswertungszwecken für einen Zeitraum von zwei Monaten unterbrochen

und die Zentren (Cluster) zufällig jeweils der Interventions- bzw. der Kontrollgruppe

zugeteilt. In der darauf folgenden Evaluierungsphase erhielt die Kontrollgruppe

traditionelle Weiterbildung, wohingegen die Interventionsgruppe im Rahmen eines

multimodalen Weiterbildungskonzepts über einen Zeitraum von 20 bis 24 Monaten von

dem MEDUSA Studienteam begleitet wurde. Die Datenerfassung wurde in allen Zentren

fortgesetzt. Zum Ende der Evaluierungsphase wurde die Dateneingabe erneut ausgesetzt

und die Interventions- und Kontrollgruppe getauscht. Die neue Interventionsgruppe erhielt

ein optimiertes Weiterbildungskonzept. Der neuen Kontrollgruppe wurden die im Rahmen

der in Manuskript II vorgestellten Studie gewonnenen Erkenntnisse zu Barrieren und

fördernden Faktoren im Kontext von Veränderungsmaßnahmen mittels QI Teams

mitgeteilt, um die Nachhaltigkeit zu gewährleisten. [33] Um in den beteiligten Kliniken

Veränderungen über die Zeit messen zu können, wurden alle Patienten, welche

· prähospital (durch den Notarzt diagnostiziert),

· in der Notaufnahme,

· im Operationssaal,

· auf der Normalstation oder

· auf der Intensivstation / Intermediate Care Station

eine Sepsis bzw. einen septischen Schock entwickelt haben, retrospektiv dokumentiert.

Auf Basis der medizinischen Dokumentation und den zuvor aufgeführten Kriterien zum

Patienteneinschluss, wurde in den Zentren durch die Mitarbeiter entschieden, wann der
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Beginn der Sepsis bzw. des septischen Schocks erkennbar gewesen wäre. Des Weiteren

wurden der Beginn der ersten antimikrobiellen Therapie sowie der Fokussanierung

dokumentiert. Am Tag fünf nach dem vermuteten Beginn der schweren Sepsis / des

septischen Schocks hat das medizinische Personal anhand der Patientenkurve beurteilt, ob

sich die Diagnose bestätigt oder falsifiziert hat. Zudem wurden an diesem Tag Daten über

die Adäquatheit der Antibiose sowie nachgewiesene Erreger dokumentiert. Der

Überlebensstatus des Patienten wurde jeweils am Ende der intensivmedizinischen

Behandlung, des Krankenhausaufenthalts sowie am Tag 28 nach Beginn der Sepsis

schriftlich festgehalten. [33]

Abbildung 1: Studienablauf
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Kernelemente des Interventionskonzepts der MEDUSA Studie waren die Bildung lokaler

QI Teams und die darauf aufbauende Zusammenarbeit zwischen dem MEDUSA

Studienteam und dem QI Team vor Ort. Abbildung 2 gibt einen Überblick über das

Verhältnis der beteiligten Akteure zueinander. Die QI Teams hatten die Aufgabe, die

Inhalte eines Weiterbildungsprogramms, welche auf den aktualisierten Empfehlungen zur

Diagnose und Therapie der Sepsis (Deutsche Sepsis-Gesellschaft e.V.) basierten, vor Ort

zu implementieren. Ärzte und Pflegekräfte sollten durch die Arbeit mit den QI Teams

darauf hin trainiert werden, die Sepsis bzw. den septischen Schock frühzeitig zu erkennen

und leitliniengerecht zu behandeln. Die Intervention zielte insbesondere auf die Zeit bis zur

Antibiotikatherapie sowie die Zeit bis zur Fokussanierung ab. Zudem sollten lokale

Empfehlungen zur Antibiotikatherapie erstellt und gegebenenfalls überarbeitet werden.

Abbildung 2: Teaminteraktion

Die vorab beschriebenen QI Teams sollten planmäßig über einen Zeitraum von 20 bis 24

Monaten von einem (mehreren) externen Berater(n) des MEDUSA Studienteams begleitet

und im Rahmen regelmäßig stattfindender Treffen in den Zentren vor Ort (drei Mal

jährlich) hinsichtlich erfolgversprechender Implementierungsstrategien sowie den

individuellen Performance-Indikatoren (z.B. der Zeit bis zur ersten Antibiotikagabe im

Vergleich zu den anderen Zentren im Sinne eines Benchmarkings) informiert werden. Eine

Übersicht über die formellen vorab im Studienprotokoll festgelegten Bestandteile der

Intervention gibt Abbildung 3.

Abbildung 3: Interventionskonzept der ersten Interventionsphase
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Wie Abbildung 3 darstellt, wurden die Vertreter der Interventionszentren zunächst zu

Beginn der Evaluierungsphase zu einer Auftaktveranstaltung eingeladen, in der sie von

dem MEDUSA Studienteam umfassende Informationen über die Studie, das Vorgehen zur

Bildung  eines  QI  Teams  sowie  die  Umsetzung  der  Weiterbildungskomponenten  vor  Ort

erhalten.  Die  Ziele  aller  QI  Teams  umfassten  a)  die  Früherkennung  der  Sepsis,  b)  die

intravenöse Gabe eines Breitbandantibiotikums innerhalb der ersten Stunde nach Beginn

der Sepsis / des septischen Schocks und c) die Abnahme von mindestens zwei Sets

Blutkulturen vor Gabe des Breitbandantibiotikums. Neben diesen Zielen wurden weitere

Themen, wie beispielsweise das Vorgehen bei der Implementierung von

Veränderungsmaßnahmen und der Umgang mit den Ergebnissen des Benchmarks,

bearbeitet. Darüber hinaus war vorgesehen, Übersichten mit individuellen

Qualitätsindikatoren an die lokalen QI Teams zu verschicken sowie verschiedenste

Weiterbildungsmaterialien zur Verfügung zu stellen (Powerpoint-Präsentationen zu den

aktuellen Leitlinien zur Diagnose und Therapie der Sepsis; Poster und Kitteltaschenkarten

mit Inhalten zur Früherkennung und initialen Therapie der Sepsis), welche selbstständig

durch die lokalen QI Teams in den Zentren vor Ort verteilt werden sollten. Parallel zur

Interventionsgruppe wurden die Verantwortlichen in den Zentren der ersten

Kontrollgruppe von dem MEDUSA Studienteam mit Materialien für traditionelle

Weiterbildungen ausgestattet (Literatur, Hinweise auf Kongresse, Newsletter). Die

Verantwortlichen vor Ort waren selbst für die Durchführung dieser Veranstaltungen

verantwortlich. Überdies standen Mitarbeiter des MEDUSA Studienteams zweimal

jährlich für eine Weiterbildung zum Thema Sepsis zur Verfügung. Diese wurde in

Anlehnung an traditionelle Weiterbildungskonzepte in Form eines frontal gehaltenen

Vortrags durchgeführt. Im Gegensatz zur Interventionsgruppe, erhielt die Kontrollgruppe

keine Auskunft über ihre Qualitätsindikatoren im Sinne eines Benchmarks. [33]

2.3 Evaluationsansatz der MEDUSA-Studie

2.3.1 Definition „Evaluation“

Der Begriff „Evaluation“ ist eine Ableitung aus dem lateinischen Wort „valere“ = stark /

wert sein [35] und wird in der Alltagssprache als das unspezifische „Bewerten“ von

irgendetwas durch irgendjemanden nach irgendwelchen Kriterien sowie nach irgendeinem

Vorgehen beschrieben [36]. Die Deutsche Gesellschaft für Evaluation e.V. (DeGEval)

definiert eine „Evaluation“ als eine systematische Untersuchung des Nutzens oder Wertes
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eines Evaluationsgegenstandes. Dazu zählen u.a. Programme, Projekte, Maßnahmen oder

Organisationen. Evaluationsergebnisse, Schlussfolgerungen und Empfehlungen müssen auf

empirisch gewonnenen, nachvollziehbaren qualitativen und / oder quantitativen Daten

beruhen. [37] Die Programmevaluation im Speziellen wird in der empirischen

Methodologie als eine sozialwissenschaftliche Aktivität definiert. Es handelt sich um keine

eigene Methode, sondern um ein komplexes Design, in dem verschiedene Techniken der

empirischen Sozialforschung genutzt werden [38]. Eine Besonderheit der empirisch-

wissenschaftlichen Evaluation ist eine Verschiebung des Forschungsziels. Empirisch-

wissenschaftliches Handeln ist vorrangig darauf ausgerichtet, die theoretische Erkenntnis

über einen Untersuchungsgegenstand voranzutreiben, während eine Evaluation primär

darauf abzielt, wissenschaftliche Erkenntnisse und Verfahren so anzuwenden, dass sie für

den im Fokus der Evaluation stehenden Untersuchungsgegenstand praktisch nutzbar sind

[36].

2.3.2 Möglichkeiten zur Evaluation

Unabhängig von der ausschließlich wissenschaftlichen Beantwortung der eingangs

genannten Fragestellungen erfüllten die Ergebnisse der vorliegenden Manuskripte den

Zweck der Evaluation der MEDUSA Studie. Im Allgemeinen stehen bei einer Evaluation

das Sammeln, Analysieren, Interpretieren und Kommunizieren von Informationen, die über

das Gelingen und die Effektivität von Programmen entscheiden, im Vordergrund [39].

Hierfür lassen sich drei Formen der Evaluation unterscheiden:

· methodenorientierte (Wirkungsanalysen),

· bewertungsorientierte (Implementationsforschung) und

· nutzenorientierte Evaluationsmodelle.

Bewertungsorientierte Evaluationsmodelle, bzw. die Implementationsforschung, umfassen

die systematische Untersuchung der Planung und Durchführung eines Programms. Wichtig

sind  in  diesem  Zusammenhang  eine  strikte  Dokumentation  aller  Aktivitäten  sowie  die

Einbeziehung der Interessen aller Akteure. Die Evaluatoren begleiten die Beteiligten,

beziehen sie in Entscheidungen ein und stehen beratend zur Verfügung. Ergänzend hierzu

finden nutzenorientierte Evaluationsmodelle (Stakeholder-Modelle) Anwendung. Hierbei

ist es besonders wichtig, in Erfahrung zu bringen, unter welchen Bedingungen die

Evaluationsergebnisse für alle Stakeholder nutzbar sind – beziehungsweise was nötig ist,

um sie nutzbar zu machen. [36, 40] In den Manuskripten II und III standen die bewertungs-

und nutzenorientierte Evaluation der MEDUSA Studie im Mittelpunkt. Studie II

fokussierte zunächst bewertungsorientierte Elemente der Evaluation. Im Rahmen der
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Experteninterviews mit den QI Team Leitern wurde die Durchführung und

Erfolgseinschätzung aller Interventionsmaßnahmen retrospektiv betrachtet, um daraufhin

Adaptionsbedarfe für die Interventionsimplementierung der zweiten Studienphase ableiten

zu können. Darüber hinaus fungierten die Ergebnisse aller durch die externen Berater

dokumentierten QI Team Besuche bereits während der in dieser Dissertationsschrift

betrachteten Interventionsphase als Entscheidungsgrundlage für die weiterführende

Vermittlung der Intervention. Des Weiteren standen nutzenorientierte Aspekte im

Vordergrund – insbesondere die Frage, unter welchen Bedingungen die

Interventionsvermittlung in allen beteiligten Zentren erfolgsversprechend gelingen kann.

Die in Manuskript III vorgestellte Untersuchung fungierte vordergründig als

nutzenorientierte Evaluation. Konkret wurde hierbei nach Ursachen dafür gesucht, weshalb

sich wiederholend davon berichtet wird, dass die Leitlinienempfehlungen der Surviving

Sepsis Campaign (SSC) nicht eingehalten werden und Verzögerungen keine Seltenheit

sind [15, 16, 19-23]. Diese Resultate intendieren, dass bisherige Studienergebnisse, die in

Form von Leitlinien publiziert wurden, offensichtlich nicht für alle Stakeholder geeignet

sind oder mangelhaft implementiert wurden. Bei der in Manuskript I vorgestellten

Untersuchung stand wiederum eine methodenorientierte Evaluation im Vordergrund. Ziel

war es, die eingangs präsentierten Hypothesen im Rahmen eines Studiendesigns, welches

dem „Gold“-Standard der evidenzbasierten Medizin entspricht [41], quantitativ zu testen

und deren Effekt abschließend mittels einer Wirkungsanalyse summativ zu bewerten.

2.4 Methodische Ausrichtung der Manuskripte

Methodisch betrachtet basierten die in Manuskript II und III erläuterten Untersuchungen

auf qualitativen Forschungsansätzen. Qualitative und quantitative Evaluationen

unterscheiden sich grundsätzlich hinsichtlich ihres methodischen Vorgehens zur

Datensammlung und Auswertung. Obgleich qualitative Daten verschiedene

Merkmalsausprägungen verbal beschreiben, zählen quantitative Daten die Menge bzw. den

Umfang aller Merkmalsmessungen numerisch [42]. Die Vorteile eines quantitativen

Vorgehens im Rahmen einer Evaluation bestehen einerseits in dem beträchtlichen Umfang

an zur Verfügung stehenden bereits anerkannten Verfahren. Andererseits ist es möglich,

verschiedene Daten aufgrund eines hohen Standardisierungsgrads zu vergleichen.

Erhebliche Nachteile, insbesondere im Rahmen einer projektbegleitenden Evaluation,

entstehen durch eine stark eingeschränkte Sichtweise der Daten und die fehlende

Berücksichtigung der Perspektiven verschiedener Beteiligter. Dieses Defizit greifen
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qualitative Evaluationen auf. Obgleich die methodische Vorgehensweise zur

Datenerfassung und Auswertung relativ offen und die Daten dadurch wenig vergleichbar

sind, ist viel Spielraum zum Verstehen verschiedener Perspektiven und neuer Ansätze

vorhanden. Quantitative Evaluationen hingegen beschreiben und bewerten die derzeitige

Situation. Sie geben allerdings weniger Aufschlüsse über Veränderungspotentiale.

Insgesamt lassen sich die Dimensionen qualitativer Evaluationen so beschreiben, dass

dieses Vorgehen fallorientierter herangeht und Handlungskontexte dadurch besser

nachvollziehbar sind. Trotz der vielen Vorteile müssen die Ergebnisse qualitativer

Evaluationsforschung relativiert werden. Aufgrund einer kleineren Stichprobe können die

Resultate nicht repräsentativ gewertet werden. [43] In Anbetracht der Vorteile qualitativer

Evaluationsforschung beschreibt Øvretveit, dass diese zunehmend in den

Gesundheitswissenschaften Verwendung findet [44]. Begründet ist dies darin, dass

Probleme in der Gesundheitsversorgung aufgrund ihrer Komplexität methodologisch ein

höheres Reflexionsniveau verlangen, als es in anderen Organisationen üblich ist [45]. Im

Kontext qualitativer Evaluationsvorgehen sind die Ziele dieser von vornherein offen. Es

werden nicht wie im Rahmen eines linearen Input-Output-Modells Relationen zwischen

einer Intervention und deren Outcomes (Fallzahlen, Kosten, Morbidität, Letalität etc.)

betrachtet. Stattdessen sollen explorativ Veränderungen an Einzelfällen identifiziert bzw.

rekonstruiert werden. Hintergrund dessen ist, dass davon ausgegangen wird, dass sich der

gleiche Input in verschiedenen Bereichen unterschiedlich auswirkt und die Ursachen

dessen im Kontext üblicher Evaluationen verloren gehen. [46]. Rüegg-Stürm spricht in

diesem Zusammenhang von einer Trivialisierung im Umgang mit den Problemen des

Gesundheitswesens [47]. Betont werden darüber hinaus die Wichtigkeit, die Prozess- und

die Strukturqualität (im Sinne einer formativen Evaluation) von der Ergebnisqualität (der

summativen Beurteilung) zu unterscheiden. Die ausschließliche Betrachtung der

Ergebnisqualität folgt dem epidemiologischen Ansatz Cochranes, bei dem eine

Organisation wie eine black box behandelt wird und eine Untersuchung ausschließlich

quantitative Daten (Scores, Letalität etc.) als summative Wertung betrachtet [46].

Donabedian hingegen beschreibt die Qualität bspw. medizinischer Leistungen als ein

ganzheitliches Modell, in dem „Merkmale der Strukturqualität als Prädiktoren für

Merkmale der Prozessqualität und diese wiederum als Merkmale der Ergebnisqualität“

gelten [48]. Unter dieser Prämisse sollten Evaluationen ganzheitlich und responsiv geplant

werden. Im Mittelpunkt stehen neben der summativen Bewertung einer Maßnahme die

Erfassung und Dokumentation der Abläufe und Wertungen. Basierend auf diesem Ansatz
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wurde die MEDUSA-Studie quantitativ-summativ (Manuskript I) sowie projektbegleitend

mittels qualitativer Methoden (Manuskripte II & III) evaluiert.

2.4.1 Das Forschungsparadigma der partizipativen Interventionsforschung

Studien im Gesundheitswesen stellen aufgrund ihrer Komplexität besondere Bedarfe an die

Entwickler von Studiendesigns und Interventionsprogrammen. Darauf aufbauend wurden

diverse alternative Forschungsansätze entwickelt, wie beispielsweise das Paradigma der

„Community-Based Participatory Research (CBPR)“. Das W.K. Kellogg Foundation‘s

Community Health Scholars Program definiert diesen Ansatz als “…einen kollaborativen

Forschungsansatz, bei dem alle Beteiligten in den Forschungsprozess mit einbezogen und

die Stärken eines jeden in diesem Kontext genutzt werden. [49] Die

Gesundheitsversorgung soll in Folge der Interaktion von Wissen und Handeln unter

Einbezug der Interventionsadressaten verbessert werden. Konkret zeichnet sich dieser

Forschungsansatz durch vier entscheidende Merkmale aus: a) dass eine echte Partnerschaft

gebildet wird, die durch kooperatives Lernen gekennzeichnet ist, was in diesem

Zusammenhang bedeutet, dass die akademischen Interventionsvermittler und die nicht-

(teil-)akademischen Interventionsempfänger voneinander lernen und das Lernen zweiseitig

verläuft; b) dass die Forschungsbemühungen darauf abzielen, dass vor Ort bei den

Interventionsempfängern Kapazitäten für die Kollaboration zur Verfügung gestellt werden;

c) dass alle Beteiligten von gewonnenem Wissen und neuen Erkenntnissen profitieren; d)

dass Vereinbarungen langfristig getroffen werden, um Unregelmäßigkeiten effektiv

reduzieren zu können [50]. Bei der CBPR-Strategie handelt es sich zusammenfassend um

eine aktionsorientierte Forschungsstrategie, in der verschiedenste Perspektiven innerhalb

eines Forschungsprojekts in die Entwicklung und Durchführung gesundheitsbezogener

Interventionen einbezogen werden. Somit gelingt es, Interventionen praxisnah an das

bestehende Setting anzupassen und die Interventionsempfänger zu beteiligen, in

Entscheidungen einzubeziehen, für die Thematik zu sensibilisieren und auch zu motivieren

[51]. Die im Rahmen dieser Arbeit durchgeführten Studien beruhen auf dem Prinzip der

CBPR-Strategie. Die Adressaten der Intervention wurden einbezogen, um

Lösungsvorschläge zu erarbeiten. Die Gesundheitsversorgung sollte so in Folge der

Interaktion von Wissen und Handeln unter Einbezug der Interventionsadressaten verbessert

werden.
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3. Zusammenfassende Darstellung der Ergebnisse

3.1 Manuskript I: Effekt einer multimodalen Intervention zur
Verbesserung der Früherkennung und zeitgerechten Behandlung
der schweren Sepsis und des septischen Schocks [52]

Insgesamt haben sich 40 Kliniken, davon 19 in der Interventions- und 21 in der

Kontrollgruppe der MEDUSA-Studie, beteiligt. Die Kliniken der Interventionsgruppe

hatten im Durchschnitt mehr Krankenhaus- und ITS-Betten, da sich in dieser Gruppe zwei

weitere primärversorgende Krankenhäuser befanden. Über die gesamte Studiendauer

hinweg wurden 4.183 Patienten dokumentiert. Davon wurden 2.596 Patienten in den

Kliniken der Interventions- und 1.587 in den Zentren der Kontrollgruppe behandelt. Auf

Basis der dokumentierten Kennzahlen zu dem physiologischen Zustand der Patienten

(höherer SAPS II-score, höherer initialer SOFA-score, höheres initiales Laktat, niedrigerer

arterieller pH) ließ sich erkennen, dass die Patienten der Interventionsgruppe insgesamt

kränker waren als die Patienten, die der Kontrollgruppe zugeordnet waren.

Studiendurchführung und der Interventionseffekt auf die Zeit bis zur Gabe eines

Breitbandantibiotikums

Über die gesamte Studiendauer hinweg wurden die Interventionszentren 104 Mal von

Mitarbeitern der MEDUSA Studie besucht. Diese Anzahl an Besuchen unterteilt sich

insofern, als dass alle Interventionszentren mindestens viermal besucht wurden, 89 %

mindestens fünfmal und 67 % die vorab geplanten sechs Male. Neunzig Prozent der

Kliniken der Kontrollgruppe haben mindestens einen Vortragsbesuch durch einen

Mitarbeiter der MEDUSA Studie in Anspruch genommen, 85 % fragten zwei Termine an,

80 % wurden dreimal besucht und 25 % der Kliniken der Kontrollgruppe haben alle vier

Vortragsmöglichkeiten für sich genutzt. Zu Beginn der Studie ähnelte sich die

Behandlungsqualität in den Kliniken insoweit, als dass sich die Anzahl der Patienten, die

innerhalb der ersten Stunde nach Einsetzen der ersten Organdysfunktion ein

Breitbandantibiotikum erhielten, stark annäherte. In Folge der multimodalen

Interventionsvermittlung  konnte  kein  Effekt  auf  die  Einhaltung  der  SSC  Leitlinie

festgestellt werden. Im Median blieb die Zeit bis zur Gabe eines Breitbandantibiotikums

unbeeinflusst. Hierbei zeigte sich, dass es zwischen der Interventions- und der

Kontrollgruppe keinen signifikanten Unterschied hinsichtlich der Wahrscheinlichkeit,

leitliniengerecht innerhalb der ersten Stunde eine antimikrobielle Therapie zu erhalten, gab

(IG: 39.6%; KG: 36.0%; p=0.12; siehe Abbildung 4).
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Abbildung 4: Gabe eines Breitbandantibiotikums innerhalb der ersten Stunde über die Studienzeit
hinweg

Bezüglich der Abnahme von mindestens zwei Blutkultursets vor der Gabe eines

Breitbandantibiotikums zeigte sich zunächst ein stetiger Anstieg, der bei fast 70 %

stagnierte und konstant blieb, wohingegen die Einhaltung dieser Leitlinienempfehlung in

der Kontrollgruppe über die Zeit hinweg zwischen 45.0 % und 58.0 % variierte.

Um möglicherweise dominierende Effekte der zwei großen Universitätskliniken der

Interventionsgruppe zu visualisieren, wurden diese im Rahmen einer ungeplanten

Subgruppenanalyse ausgeschlossen. Daraus resultierte eine zweite Analyse mit 1.289

Patienten in 20 Kontrollzentren, die 1.278 aus 17 Interventionszentren gegenüber standen.

Hierbei zeigte sich, dass die Gabe eines zeitgerecht angesetzten Breitbandantibiotikums in

der Interventionsgruppe, allerdings nicht in den Zentren der Kontrollgruppe,

aufrechterhalten werden konnte. Insgesamt betrachtet erhielten 46.2 % aller Patienten der

Interventionsgruppe und 31.6 % der Patienten der Kontrollgruppe eine antimikrobielle

Therapie innerhalb der ersten Stunde (p <0.001; siehe Abbildung 5).

Abbildung 5: Gabe eines Breitbandantibiotikums innerhalb der ersten Stunde über die Studienzeit
hinweg (ohne Universitätskliniken der IG)
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Outcomes

Innerhalb der Interventionsgruppe war die 28-Tage-Letalität der Patienten höher als in der

Kontrollgruppe. Diese Differenz durchzog sich vom Studienbeginn bis zum Ende (siehe

Abbildung 6).

Abbildung 6: 28-Tage-Letalität über die Studienzeit hinweg

In einem hierarchischen Modell mit der 28-Tage-Letalität als abhängiger Variable zeigten

sich das Alter, der SAPS II-score, das initiale Laktatlevel, die initiale Anzahl der

Blutplättchen, eine inadäquate antimikrobielle Therapie, ein akutes Nierenversagen, die

Anzahl der Organdysfunktionen und die Zeit bis zur Gabe eines Breitbandantibiotikums

als unabhängige Prädiktoren. Darüber hinaus wurde ersichtlich, dass das Risiko zu

versterben mit jeder Stunde Verzögerung einer antimikrobiellen Therapie um 2.0 %

anstieg. Der Sterblichkeitsunterschied zwischen den Gruppen war davon unbeeinflusst.

In einer zweiten Analyse wurden alle 1.496 Patienten, die eine chirurgische

Fokussanierung erhielten, betrachtet. Der Zusammenhang zwischen der Zeit bis zur

Fokussanierung und der 28-Tage-Letalität war auch hier signifikant (Odds Ratio 1.011 pro

Stunde Verzögerung, P=0.002). Dies untermauert das Ergebnis, dass das Risiko zu

versterben mit jeder Stunde Verzögerung einer chirurgischen Fokussanierung um 1.1 %

zunimmt. Eine signifikante Erhöhung der 28-Tage-Letalität zeigte sich bei Patienten, deren

chirurgische Fokussanierung erst nach mehr als sechs Stunden erfolgte (386/1.180 (32.7

%) vs. 169/640 (26.4 %), p<0.001).

Im Vergleich zur Kontrollgruppe reduzierte sich die mediane Zeit bis zur Gabe eines

Breitbandantibiotikums in der Interventionsgruppe um 30 Minuten (P=0.22). Darüber

hinaus war die Einhaltung der Leitlinien zum richtigen Umgang mit Blutkulturen in den

Zentren der Interventionsgruppe stärker ausgeprägt als in der Kontrollgruppe (64.8 % vs.

52.7 %, p<0.001).
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3.2 Manuskript II: Die Identifikation von Barrieren und fördernden
Faktoren zur Optimierung der Versorgungsqualität schwer kranker
Patienten: Ein Teamansatz zur Qualitätsverbesserung [53]

Insgesamt haben sich 17 von 20 QI Team Leiter bereit erklärt, an einem Experteninterview

am Ende der ersten Interventionsphase der MEDUSA Studie teilzunehmen. Die Dauer der

Gespräche umfasste im Median 35 Minuten. Die Anzahl der von dem MEDUSA

Studienteam bewerteten Besuche variierte zwischen eins und sieben mit einem Median von

vier.  Zentren  mit  weniger  als  zwei  Besuchen  wurden  ausgeschlossen,  sodass  sich  die

Auswertung auf 83 Besuche in 16 Kliniken bezieht.

Bewertung der Besuche durch das MEDUSA Studienteam

Im Ganzen wurden die Reaktionen des QI Teams auf die Besuche des MEDUSA

Studienteams positiv eingeschätzt (Anzahl der Nennungen: 45; Anzahl der Kliniken: 16).

Probleme in der Zusammenarbeit mit den QI Teams vor Ort (Anzahl der Nennungen in

Klammern; N=16) sahen die MEDUSA Berater insbesondere in dem

· Mangel an Eigeninitiative der QI Teams (9),

· einer gering ausgeprägten oder fehlenden QI Teamstruktur (9) und

· der Abwesenheit von QI Team Mitgliedern im Rahmen der Treffen mit dem

MEDUSA Studienteam (8).

Ergebnisse der Experteninterviews – implementierte Veränderungsmaßnahmen

Der Großteil der Maßnahmen, die die QI Teams implementierten, um die Früherkennung

und Behandlung der schweren Sepsis und des septischen Schocks zu optimieren (Anzahl

der Nennungen in Klammern; N=16), beschränkte sich auf

· das Anbieten von Vorträgen und Workshops zu dieser Thematik (15),

· das Verteilen von Informationsmaterialien (14),

· das Führen von Feedbackgesprächen, in denen mit dem beteiligten Personal nicht

leitliniengerecht behandelte Patienten besprochen wurden (14),

· das Bündeln von Sepsis-Kits (9), bei denen es sich um eine Zusammenstellung von

Medikamenten und Verbrauchsmaterialien zur Behandlung der Sepsis handelt,

· die ständige Wiederholung und Einbindung der Grundlagen der Früherkennung

und Behandlung der Sepsis in Routineabläufe (9) und

· die Einführung standardisierter Abläufe bei der Früherkennung und Behandlung

der Sepsis und des septischen Schocks (7).
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Die in der zuvor genannten Aufzählung markierten Veränderungsmaßnahmen wurden von

den Befragten als am effektivsten eingeschätzt.

Ergebnisse der Experteninterviews – Entwicklung eines Rahmenmodells mit

unterstützenden Bedingungen für die Implementierung von Veränderungsmaßnahmen

mittels QI Teams

Im Rahmen des Auswertungsprozesses in Anlehnung an die Grounded Theory von Strauss

& Corbin [54] war es möglich, fünf Kernkategorien zu identifizieren, denen einzelne

unterstützende Bedingungen im Implementierungsprozess zugeordnet werden konnten.

Hierbei  handelte  es  sich  um  (1)  das  zur  Verfügung  stehen  externer

Unterstützungsleistungen, (2) aktivitätsfördernder Eigenschaften der QI Teams und deren

Mitglieder, (3) unterstützender Implementierungsstrategien, (4) veränderungsförderlicher

Mitarbeitereigenschaften und (5) hilfreicher, struktureller Begebenheiten im Allgemeinen.

Als besonders hilfreich im Kontext der externen Unterstützung wurden neben dem

Verteilen relevanter Weiterbildungsmaterialien, die externe Beratung durch das MEDUSA

Studienteam und das gemeinsame Auswerten und Diskutieren der Benchmarkdaten

genannt. Ein erfolgsversprechendes QI Team zeichnete sich dadurch aus, dass engagiertes

Personal verschiedener Disziplinen in regelmäßigen QI Treffen zusammenkommt, um

gemeinsam gesetzte Ziele zu bearbeiten und direkte Verantwortlichkeiten festzulegen. Als

unterstützende Implementierungsstrategie beim Herbeiführen von Veränderungen nannten

die QI Team Leiter

· die Wiederholung von Kernelementen bei der Früherkennung und Behandlung der

Sepsis und des septischen Schocks,

· das direkte Adressieren von Mitarbeitern im Arbeitskontext,

· die Vereinfachung von Arbeitsprozessen,

· die Verbreitung von Informationen über rotierendes Personal und

· die Einbindung von Kernaussagen der Sepsiserkennung und -behandlung in

bestehende Weiterbildungskontexte.

Auf der Mitarbeiterebene waren ein großes Engagement eines Mitarbeiters, das

Bewusstsein, dass Veränderungen in der Sepsiserkennung und -behandlung von Nöten

sind, sowie der Stand der Ausbildung und bisherige Berufserfahrungen von besonderer

Relevanz. Zuletzt wurden ausreichend zeitliche und personelle Ressourcen, das Nutzen

informeller, kurzer Dienstwege zur Zielerreichung, ein ganzheitlicher Denk- und

Arbeitsansatz, bei dem das Wohl des Patienten und die Zusammenarbeit (auch
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stationsübergreifend) im Vordergrund stehen, die Unterstützung des Vorgesetzten und

flache Hierarchien als strukturelle, veränderungsförderliche Bedingungen identifiziert.

3.3 Manuskript III: Barrieren bei der Früherkennung und
zeitgerechten Behandlung der schweren Sepsis und des septischen
Schocks: eine Fokusgruppenstudie [55]

Insgesamt haben sich 29 Mitarbeiter – elf Ärzte und 18 Pflegekräfte – an fünf

Fokusgruppengesprächen in fünf unterschiedlichen Krankenhäusern beteiligt. Die

Teilnehmer entstammten vier verschiedenen Abteilungen: Notaufnahme, Normalstation,

Intermediate Care Station, Intensivstation. Die Dauer der Gespräche umfasste 70 bis 93 –

im Median 85 – Minuten.

Barrieren in der Früherkennung und zeitgerechten Behandlung der Sepsis

Im Rahmen der Fokusgruppengespräche haben die Teilnehmer die Ursachen für eine nicht

leitliniengerechte Behandlung der Sepsis zweiseitig betrachtet: (1) Gründe für das zu späte

Erkennen einer Sepsis und (2) Ursachen für eine zeitverzögerte Behandlung nach bereits

erfolgter Identifikation der Sepsis.

(1) Gründe für das zu späte Erkennen einer Sepsis / eines septischen Schocks

Die Verfügbarkeit eines Arztes als Ansprechpartner auf der Normalstation (Anzahl der

Nennungen: 5), die Kürze des Kontakts zwischen Pflegekräften und Patient als auch dem

zuständigen Arzt und dem Patienten (5) sowie schlecht koordinierte Übergaben und

Kommunikationsprobleme (5) wurden in jedem Fokusgruppengespräch als Hauptursachen

einer verzögerten Identifizierung der Sepsis genannt. Darüber hinaus standen in vier von

fünf Diskussionsrunden die Themen Wissensmangel und die Komplexität dieses

Krankheitsbildes im Allgemeinen im Vordergrund.

(2) Ursachen für eine zeitverzögerte Behandlung nach bereits erfolgter Identifikation der

Sepsis und des septischen Schocks

Die am häufigsten genannte Barriere in diesem Kontext war die unzureichende

Priorisierung der Behandlung. Die Befragten waren der Ansicht, dass die Dringlichkeit der

Behandlung oftmals nicht erkannt und vor allem nicht an später zuständiges Personal

weitergegeben wird (Anzahl der Nennungen: 4). In drei der fünf Diskussionsrunden wurde
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weiterführend darüber diskutiert, dass das lange Warten auf Laborergebnisse, die fehlende

Berechtigung von Pflegekräften, Blutkulturen abzunehmen oder ein Antibiotikum

anzusetzen, sowie schlecht koordinierte Übergaben bezüglich der Antibiotikagabe auf der

Intensivstation eine zeitgerechte Behandlung verhindern.

Rahmenmodell zu Kommunikationsdefiziten und Übergabeschwierigkeiten

Die zuvor genannten Ergebnisse konnten in einem Rahmenmodell zu

Kommunikationsdefiziten und Übergabeschwierigkeiten über den gesamten

Behandlungspfad eines Patienten hinweg stationsübergreifend dargestellt werden (siehe

Manuskript II, Figure 1). Hierbei standen die fünf Kernbereiche: (1) Präklinik, (2)

Rettungsdienst, (3) Notaufnahme, (4) Normalstation, (5) Intermediate Care Station /

Intensivstation im Vordergrund. Zunächst ist zu sagen, dass die Anamnese, welche der

Rettungsdienst bspw. in Gesprächen mit Angehörigen oder dem Personal von

Pflegeheimen erhebt, als mangelhaft empfunden wurde (Anzahl der Nennungen: 4).

Darüber hinaus berichteten die Teilnehmer der Fokusgruppengespräche davon, dass sie die

Aufnahmemodalitäten in der Notaufnahme als unzureichend empfinden, da beim

Ankommen eines Patienten oftmals kein Arzt verfügbar ist, der die Patientenübergabe

begleitet. Durch die Informationsweitergabe an nicht final zuständiges Personal wird eine

weitere Schnittstelle eingebunden, die die Gefahr, dass relevante Informationen verloren

gehen, erhöht. Zudem sind behandlungsrelevante Rückfragen an den Rettungsdienst nur

eingeschränkt bzw. teilweise gar nicht möglich (Anzahl der Nennungen: 2). Im Anschluss

an die Erstbehandlung in der Notaufnahme erfolgt die Übergabe zur weiterbehandelnden

Station.  Hierbei  wird  davon  berichtet,  dass  sich  die  Verlegung  und  damit  auf  die

Weiterbehandlung des Patienten aufgrund mangelnder Bettenkapazitäten der

Normalstation verzögert (Anzahl der Nennungen: 1). Die Übergaben zwischen der

Normalstation und der IMC-/Intensivstation gestaltet sich den Aussagen der

Fokusgruppengesprächsteilnehmer zufolge insofern schwierig, als dass Übergaben

ebenfalls in Abwesenheit des später zuständigen Personals erfolgen (Anzahl der

Nennungen: 2), sich die Verlegedauer aufgrund fehlender personeller Kapazitäten stark

verzögert (Anzahl der Nennungen: 2) und die Bearbeitung diagnostischer Anfragen nur

sehr  zeitverzögert  stattfindet  (Anzahl  der  Nennungen:  1).  Insgesamt  und  über  alle

Stationen hinweg haben die Teilnehmer davon berichtet, dass die Dringlichkeit der

Behandlung nicht berücksichtigt und übermittelt wird (Anzahl der Nennungen: 4). Des

Weiteren gestalten sich Übergaben aufgrund verschiedener Dokumentationssysteme

innerhalb eines Krankenhauses schwierig, da es so nicht möglich ist, stationsübergreifend
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in bspw. der elektronischen Akte des Patienten Daten und Vermerke nachzulesen (Anzahl

der Nennungen: 1). Zusammenfassend lässt sich festhalten, dass die am häufigsten

genannten Probleme a) die mangelhafte Übermittlung der Dringlichkeit einer Behandlung

insgesamt über das gesamte Krankenhaus hinweg (Anzahl der Nennungen: 4) und b) die

unzureichende Anamnese seitens des Rettungsdienstes (Anzahl der Nennungen: 4) sind.

Im Anschluss an die Identifikation der Barrieren haben die Teilnehmer der

Fokusgruppengespräche Lösungsvorschläge gesammelt, um diese an das jeweils

zuständige QI Team ihrer Klinik weiterzugeben. Diese ließen sich ebenfalls nach

verschiedenen Schwerpunkten unterteilen und sind in Abbildung 7 dargestellt.

Abbildung 7: Vorschläge zur Verbesserung der Sepsisidentifikation /-behandlung (N = 5)

Wie bereits in Abbildung 7 veranschaulicht, wurden verpflichtende Weiterbildungen zur

Identifikation und Behandlung der schweren Sepsis / des septischen Schocks (Anzahl der

Nennungen: 4) sowie die Verwendung einer Checkliste bei der Neuaufnahme von

Patienten in den Bereichen Zentrale Notaufnahme und Rettungsdienst (Anzahl der

Nennungen: 3) als häufigste Verbesserungsvorschläge genannt.
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4. Konzeptionelle Diskussion der Ergebnisse

Die drei für die vorliegende Dissertation ausgewählten Manuskripte gruppieren sich um

die Thematik der Identifikation von Barrieren und fördernden Faktoren zur Verbesserung

der frühen Detektion und schnellen Initialtherapie der schweren Sepsis / des septischen

Schocks in deutschen Krankenhäusern unter sozialwissenschaftlichen Gesichtspunkten und

wurden in dem Zeitraum von 2010 bis 2015 im Rahmen der MEDUSA Studie erstellt.

Eine wissenschaftliche Auseinandersetzung zur Einordnung der Resultate in bisherige

Ergebnisse zur jeweiligen Thematik ist dem Diskussionsteil des jeweiligen

Originalmanuskripts zu entnehmen. Die Verwendung der Ergebnisse im Rahmen der

Evaluation der MEDUSA Studie wurde bereits unter Kapitel 2.3 im Methodenteil der

Dissertationsschrift erläutert. Im Folgenden wird auf einen dritten Aspekt, die

konzeptionelle, multiperspektivische Einordnung der Ergebnisse, eingegangen.

Im Allgemeinen lässt sich festhalten, dass das Gesundheitssystem ethisch, politisch als

auch wirtschaftlich einen erheblichen Stellenwert in unserer Gesellschaft einnimmt und

sich zudem durch eine besondere Komplexität auszeichnet. Es ist „…durch die

Verschränkung des Gegenstandsbereiches „Medizin” mit den Naturwissenschaften bei der

Verfolgung der Ziele von Erkenntnissen abhängig, die oft völlig unabhängig von ihrer

späteren Verwendung in der Medizin gewonnen werden“ [56]. Auf Grundlage dieser

Komplexität hat sich ein Forschungszweig entwickelt, der die Gesundheit an sich als auch

deren Erhaltung multiperspektivisch betrachtet. Hierbei stehen

(1) die MIKRO Ebene, die persönliche Eigenschaften und jegliche Interaktion zwischen

den Behandelnden untereinander oder im Umgang mit dem Patienten umfasst,

(2) die MESO Ebene, auf der konzeptionell betrachtet die agierenden Organisationen

des Gesundheitswesens angesiedelt sind,

(3) die MAKRO Ebene, die das Gesundheitssystem an sich mit den Aktivitäten aller

gesundheitsfördernder / wiederherstellender Institutionen einschließt und

(4) die SUPRA Ebene, in welcher die Rahmenbedingungen des Gesundheitssystems

gesammelt dargestellt sind (Natur, Umwelt, Kultur, etc. und deren Auswirkungen auf

die Gesundheit), im Vordergrund. [57]

Um eine ganzheitliche Perspektive auf die Identifikation von Barrieren und fördernden

Faktoren zur Verbesserung der frühen Detektion und schnellen Initialtherapie der schweren

Sepsis / des septischen Schocks in deutschen Krankenhäusern zu bekommen, orientierten
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sich die vorliegenden Untersuchungen an drei der vier zuletzt vorgestellten Analyseebenen

der Gesundheitssystemforschung – der Mikro-, Meso- und Makroebene (siehe Abbildung

8).

Abbildung 8: Konzeptionelle Einordnung der Studien

Die Mikroperspektive

Teile der in Manuskript II vorgestellten Barrieren und unterstützenden Bedingungen bei

der Implementierung von Veränderungsmaßnahmen mittels QI Teams sind der

Mikroebene zuzuordnen und fokussieren insbesondere individuelle, personengebundene

Eigenschaften der Akteure. Zusammengefasst betrachtet konnten die wichtigsten

Erkenntnisse der in Manuskript II vorgestellten Studie in Folge des Analyseprozesses in

Form eines Rahmenmodells mit unterstützenden Bedingungen bei der Implementierung

von Veränderungsmaßnahmen mittels QI Teams gebündelt werden. Rahmenmodelle

können als Karten oder Reisepläne angesehen werden, in denen so viel Wissen wie

möglich zu der besten Art und Weise zu reisen dargestellt wird. Das Wissen hierfür wird

aus den Erfahrungen derer gewonnen, die diesen Weg bereits gegangen sind. [53, 58]
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Obwohl sich die Verwendung von Rahmenmodellen in der Implementationsforschung zur

strukturierten Darstellung diverser Vermittlungsmethoden bereits durchgesetzt hat,

existierte bisher keine Darstellung darüber, unter welchen Bedingungen QI Teams

Veränderungen erfolgreich implementieren können [7]. Das entwickelte Rahmenmodell

umfasst fünf Kernkategorien, denen einzelne unterstützende Bedingungen im

Implementierungsprozess zugeordnet werden konnten. Hierbei handelt es sich um (1) die

Unterstützung durch externe Berater, die u.a. Weiterbildungsmaterialien und Benchmarks

zur Verfügung stellen, (2) ein interdisziplinär und interprofessionell zusammengesetztes QI

Team mit engagierten Mitgliedern, Entscheidungsträgern, gemeinsamen Zielen, klaren

Verantwortlichkeiten und regelmäßig stattfindenden Treffen, (3) veränderungsbereite

Mitarbeiter, die sich durch ein hohes Engagement, ein großes Maß an Problembewusstsein

sowie vielfältige Vorerfahrungen im Job und fachgebundene Qualifikationen auszeichnen,

und (4) hilfreiche, strukturelle Begebenheiten im Allgemeinen, die ein ausreichendes Maß

an zeitlichen und personellen Kapazitäten, einen ganzheitlichen, stationsübergreifen

Behandlungsansatz im Sinne des Patienten, flache Hierarchien, die Verwendung kurzer,

informeller Kommunikationswege sowie die Unterstützung der Leitungsebene umfassen.

Darüber hinaus haben die interviewten QI Team Leiter davon berichtet, dass (5)

Veränderungen dann erfolgreich implementiert werden können, wenn die

Interventionsadressaten direkt angesprochen, Kernelemente der Intervention in bestehende

curriculare Strukturen eingebunden und ständig wiederholt, Arbeitsprozesse vereinfacht

und Informationen durch die Rotation der eigenen Mitarbeiter in andere Stationen

transportiert werden. Mikroperspektivisch stehen insbesondere die

Persönlichkeitsmerkmale einzelner Mitarbeiter, deren Rollenfunktionen sowie deren

Teaminteraktion im Vordergrund. Konkret wurden in Punkt (2) Eigenschaften der QI

Team Mitglieder genannt, die eine Veränderungsimplementierung unterstützen (hohes

Engagement, Entscheidungsverantwortung). Zudem sollten regelmäßige QI Team Treffen

stattfinden, klare Verantwortlichkeiten vergeben und ein gemeinsames großes Ziel verfolgt

werden. Darüber hinaus sollte sich mikroperspektivisch betrachtet das in Block (3)

beschriebene, klinisch tätige Personal im Idealfall durch eine große

Veränderungsbereitschaft, ein hohes Engagement, ein großes Maß an Problembewusstsein

sowie vielfältige Vorerfahrungen im Job und fachgebundene Qualifikationen auszeichnen.

Eine weiterführende wissenschaftliche Einordnung dieser Ergebnisse ist dem

Originalmanuskript (Manuskript II im Anhang) zu entnehmen.

In Manuskript III steht vordergründig die mikroperspektivisch ausgerichtete Interaktion

aller Akteure, die an der Identifikation und Behandlung von Patienten mit schwerer Sepsis
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/ septischem Schock beteiligt sind, im Mittelpunkt. Die wichtigsten Erkenntnisse dieser

Studie, welche darauf abzielte, begründet auf einem ganzheitlichen, interdisziplinären

Ansatz ein Rahmenmodell hervorzubringen, dass die Barrieren in der frühzeitigen

Erkennung und zeitgerechten Behandlung der Sepsis und des septischen Schocks sowohl

im stationsinternen als auch dem stationsübergreifenden Alltag widerspiegelt, konnten in

Folge des Analyseprozesses in Form eines Rahmenmodells zu Kommunikationsdefiziten

und Übergabeschwierigkeiten über den gesamten Behandlungspfad eines Patienten hinweg

zusammengefasst werden. In der Literatur wird vielfach von diversen Möglichkeiten

berichtet, mittels welchen Maßnahmen die frühzeitige Identifikation und zeitgerechte

Behandlung des Krankheitsbildes der Sepsis und des septischen Schocks gewährleistet

bzw. verbessert werden können. Zusammengefasst adressierten bisherige Studien primär

das Füllen von Wissenslücken und / oder das Schaffen eines Problembewusstsein für die

frühzeitige Identifikation und zeitgerechte Behandlung der Sepsis durch verschiedene

Möglichkeiten [15, 23, 28]. Studien, in denen sowohl der Einfluss stationsinterner als auch

stationsübergreifender Kommunikationsdefizite und Übergabeschwierigkeiten auf die

frühzeitige Identifikation und zeitgerechte Behandlung der Sepsis / des septischen Schocks

untersucht wurden, standen bisher nicht im Fokus der Forschung. Diesen Schwerpunkt

adressiert das in Manuskript III vorgestellte Rahmenmodell, welches die folgenden fünf

Kernbereiche: (1) Präklinik, (2) Rettungsdienst, (3) Notaufnahme, (4) Normalstation, (5)

Intermediate Care Station / Intensivstation umfasst. Zunächst ist zu sagen, dass die

Anamnese, welche der Rettungsdienst bspw. in Gesprächen mit Angehörigen oder dem

Personal von Pflegeheimen erhebt, als mangelhaft empfunden wurde (Anzahl der

Nennungen: 4). Darüber hinaus berichteten die Teilnehmer der Fokusgruppengespräche

davon, dass sie die Aufnahmemodalitäten in der Notaufnahme als unzureichend

empfinden, da beim Ankommen eines Patienten oftmals kein Arzt verfügbar ist, der die

Patientenübergabe begleitet. Durch die Informationsweitergabe an nicht final zuständiges

Personal wird eine weitere Schnittstelle eingebunden, die die Gefahr, dass relevante

Informationen verloren gehen, erhöht. Zudem sind behandlungsrelevante Rückfragen an

den Rettungsdienst nur eingeschränkt bzw. teilweise gar nicht möglich (Anzahl der

Nennungen: 2). Im Anschluss an die Erstbehandlung in der Notaufnahme erfolgt die

Übergabe zur weiterbehandelnden Station. Hierbei wird davon berichtet, dass sich die

Verlegung und damit auch die Weiterbehandlung des Patienten aufgrund mangelnder

Bettenkapazitäten der Normalstation verzögert (Anzahl der Nennungen: 1). Die Übergaben

zwischen der Normalstation und der IMC-/Intensivstation gestaltet sich den Aussagen der

Fokusgruppengesprächsteilnehmer zufolge insofern schwierig, als dass Übergaben
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ebenfalls in Abwesenheit des später zuständigen Personals erfolgen (Anzahl der

Nennungen: 2), sich die Verlegedauer aufgrund fehlender personeller Kapazitäten stark

verzögert (Anzahl der Nennungen: 2) und die Bearbeitung diagnostischer Anfragen nur

sehr  zeitverzögert  stattfindet  (Anzahl  der  Nennungen:  1).  Insgesamt  und  über  alle

Stationen hinweg haben die Teilnehmer davon berichtet, dass die Dringlichkeit der

Behandlung nicht berücksichtigt und übermittelt wird (Anzahl der Nennungen: 4). Des

Weiteren gestalten sich Übergaben wegen verschiedener Dokumentationssysteme

innerhalb eines Krankenhauses schwierig, da es so nicht möglich ist, stationsübergreifend

in bspw. der elektronischen Akte des Patienten Daten und Vermerke nachzulesen (Anzahl

der Nennungen: 1). Zusammenfassend lässt sich festhalten, dass die am häufigsten

genannten Probleme a) die mangelhafte Übermittlung der Dringlichkeit einer Behandlung

insgesamt über das gesamte Krankenhaus hinweg (Anzahl der Nennungen: 4) und b) die

unzureichende Anamnese seitens des Rettungsdienstes (Anzahl der Nennungen: 4) sind.

Eine weiterführende wissenschaftliche Einordnung dieser Ergebnisse ist dem

Originalmanuskript (Manuskript III im Anhang) zu entnehmen.

Die Mesoperspektive

“A wealthy man I know went from doctor to doctor to try to find a reason for his fatigue.

Each doctor looked in depth at the organ in which (s)he was an expert. Each did the latest

tests. Each prescribed the latest drugs and devices. And the patient, the person, got worse.

He was in charge of his healthcare; he bought the best of each commodity; but in the end

his fatigue remained and he only felt more alone.” [59]

Kernbereiche der in Manuskript II vorgestellten Barrieren und unterstützenden

Bedingungen bei der Implementierung von Veränderungsmaßnahmen mittels QI Teams

sind ebenso der Mesoebene zuzuordnen und fokussieren institutionelle

Rahmenbedingungen in deutschen Krankenhäusern. In diesem Kontext steht insbesondere

die Kernkategorie (4), in der hilfreiche, strukturelle Begebenheiten im Allgemeinen

beschrieben sind, im Fokus. Im Detail handelt es sich hierbei sowohl um ein ausreichendes

Maß an zeitlichen und personellen Kapazitäten, einen ganzheitlichen, stationsübergreifen

Behandlungsansatz im Sinne des Patienten und flache Hierarchien als auch die

Unterstützung der Leitungsebene. In Manuskript III spiegeln sich institutionelle

Rahmenbedingungen in den Ursachen für eine zeitverzögerte Identifikation und

Behandlung der Sepsis / des septischen Schocks wider. Hierbei wurden sowohl zur

Verfügung stehende zeitliche und personelle Kapazitäten im Stationsalltag als auch ein

fragmentierter Behandlungsansatz als äußerst relevant eingestuft. Schnittmenge beider
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Untersuchungen sind Probleme, die sich aus den institutionellen Rahmenbedingungen in

deutschen Kliniken ergeben und vor allem aus den Folgen einer starken Abgrenzung der

einzelnen behandelnden Abteilungen resultieren. Ein ganzheitlicher, stationsübergreifender

Behandlungsansatz, in dem alle an dem Prozess Beteiligten miteinander arbeiten,

problemlos Zugriff auf vorhergehende Aktivitäten haben und ein gemeinsames Ziel – eine

kostenunabhängige, optimale Versorgung des Patienten zu gewährleisten – verfolgen,

sollte  das  Ziel  aller  klinisch  tätiger  Beteiligter  sein.  Eine  weiterführende  Diskussion  und

wissenschaftliche Einordnung der Ergebnisse ist dem Originalmanuskript II im Anhang zu

entnehmen.

Die Makroperspektive

Makroperspektivisch galt es zu untersuchen, inwiefern sich gegenüber dem traditionellen

und weit verbreiteten Ansatz nach den Prinzipien der Continuing Medical Education

(CME) ein Vorteil ergibt, wenn die Implementierung aktueller Leitlinien zur Behandlung

der Sepsis / des septischen Schocks mittels eines alternativen Ansatzes, der sich durch die

Etablierung von QI Teams und das Durchführen von Prozessanalysen einschließlich des

Gebens von Feedback auszeichnet, erfolgt. Darüber hinaus stand insgesamt die

Überprüfung der aktuellen Leitlinienempfehlung zur Dauer bis zur Gabe eines

Breitbandantibiotikums bei schwerer Sepsis / septischem Schock und der damit

assoziierten 28-Tage-Letalität im Mittelpunkt der Untersuchung.

Die vermittelte multimodale Intervention hatte im Vergleich zu einer traditionellen

kontinuierlichen berufsbegleitenden Fortbildungsstrategie im Sinne des Continuous

Medical Education (CME) weder einen signifikanten Einfluss auf die Reduktion der Zeit

bis zur antimikrobiellen Therapie bei Patienten mit schwerer Sepsis / septischem Schock

noch auf die 28-Tage-Letalität. Auch nachdem die Daten erneut nach Störfaktoren und

Ungleichheiten auf der Patienten- und Clusterebene kontrolliert betrachtet wurden, zeigte

sich im Gegensatz zu vorherigen Ergebnissen diverser Beobachtungs- und Vorher-

/Nachher-Studien, in denen von einer Erhöhung der Leitlinieneinhaltung und einer damit

assoziierten Verringerung der Sterblichkeitsquote berichtet wurde [15, 28, 60, 61], kein

Effekt. Einzig die Einhaltung der Leitlinien zum richtigen Umgang mit Blutkulturen war in

den Zentren der Interventionsgruppe stärker ausgeprägt als in der Kontrollgruppe. Darüber

hinaus wurde ersichtlich, dass das Risiko zu versterben mit jeder Stunde Verzögerung

einer antimikrobiellen Therapie um 2.0 % anstieg. Eine weiterführende Diskussion und

Einordnung der Ergebnisse in die aktuelle Literatur hierzu ist dem Originalmanuskript zu

entnehmen (Manuskript I).
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5. Fazit und Ausblick

Die vorgestellten Ergebnisse lassen darauf schließen, dass die Implementierung einer QI

Team basierten Intervention nicht ausreichend war, um eine signifikante Verbesserung der

zeitgerechten Erkennung sowie einer leitlinienentsprechenden Behandlung der schweren

Sepsis / des septischen Schocks zu erreichen. Die Ursachen, die eine leitliniengerechte

Behandlung von Patienten mit schwerer Sepsis / septischem Schock behindern, begründen

sich stark in den Reglementierungen durch das Gesundheitssystem. Insbesondere

finanzielle Restriktionen und die Fragmentierung der Organisation „Krankenhaus“ in

unabhängig voneinander zuständige Abteilungen, die die Patientenversorgung

übernehmen, stellen eine nur schwer zu überwindende Hürde dar.

Unabhängig von den Rahmenbedingungen sind die durchgeführten Studien durch Stärken

und Schwächen gekennzeichnet. Die in Manuskript II vorgestellte Untersuchung zur

Identifikation von Barrieren und fördernden Faktoren zur Optimierung der

Versorgungsqualität schwer kranker Patienten überzeugte durch eine multizentrische,

theoriegeleitete Betrachtung der Barrieren und unterstützenden Bedingungen im Kontext

von teambasierten Veränderungsprozessen. Aus den zweiseitig identifizierten Faktoren

(Experteninterviews, Dokumentationsdatenbank) konnte in Folge des Analyseprozesses

nach den Prinzipien der Grounded Theory von Strauss / Corbin [54] ein Rahmenmodell zur

Etablierung eines veränderungsförderlichen Umfeldes im Rahmen von

Qualitätsverbesserungsprojekten entwickelt werden. Limitiert sind diese Ergebnisse

dadurch, dass ausschließlich die Leiter und nicht alle Mitglieder jedes QI Teams interviewt

wurden. Möglicherweise hätten die QI Team Mitglieder beispielsweise Charakteristiken

des  QI  Team  Leiters  als  einen  Prädiktor  für  den  Erfolg  von  teambasierten

Veränderungsprozessen genannt. Von einer qualitativen Befragung aller QI Team

Mitglieder wurde aufgrund des benötigten Zeitpensums der Interviewer als auch

insbesondere der Interviewten abgesehen und die Untersuchung durch eine weitere

Perspektive – die der externen Berater – ergänzt. Zur Absicherung der Erkenntnisse sollten

sich zukünftige Forschungsvorhaben einer quantitativen Überprüfung der vorgestellten

explorativen Resultate widmen.

Die in Manuskript III vorgestellten Ergebnisse aus den Fokusgruppengesprächen zu

Barrieren bei der Früherkennung und zeitgerechten Behandlung der Sepsis und des

septischen Schocks profitieren ebenfalls von einem multizentrischen, theoriegeleiteten

Ansatz, der sich vorrangig durch die starke Beteiligung der Befragten am
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Auswertungsprozess sowie deren Interaktionen auszeichnet. Dadurch, dass die innerhalb

der Fokusgruppengespräche gewonnenen Ergebnisse in mehreren Schritten validiert

wurden, hat sich die Datenqualität erhöht. Die Fokusgruppendiskussionen wurden

durchgeführt, bis im Rahmen der Auswertung keine neuen Erkenntnisse mehr gewonnen

und demzufolge eine Datensättigung erreicht wurde. Dieses Vorgehen kennzeichnet eine

weitere Erhöhung der Datenqualität und wird durch die Feststellung, dass vier bis sechs

Fokusgruppen ausreichen, um diesen Punkt zu erreichen, bestätigt [62]. Darüber hinaus

konnten durch eine stations- und professionsübergreifende Zusammensetzung der

Fokusgruppen Aspekte identifiziert werden, die einen Behandlungsverlauf eines Patienten

mit schwerer Sepsis / septischem Schock maßgeblich beeinflussen. Limitiert sind die in

Manuskript II diskutierten Ergebnisse dadurch, dass sich die Krankenhauscharakteristik

der an der Studie beteiligten Zentren von den nicht-beteiligten bezüglich der Krankenhaus-

und ITS-Bettenzahl unterscheidet. Die vorliegenden Ergebnisse repräsentieren demzufolge

möglicherweise verstärkt Übergabe- und Kommunikationsschwierigkeiten in kleinen und

mittelgroßen Kliniken. Wie bereits bei Manuskript II geschlussfolgert sollten sich

zukünftige Forschungsvorhaben ebenfalls einer quantitativen Absicherung der in diesem

Rahmen vorgestellten explorativen Resultate widmen.

In Manuskript I standen die Beantwortung der Fragen, (1) inwiefern die Zeit bis zur

Antibiotikagabe einen Einfluss auf die 28-Tage-Sterblichkeit eines Patienten mit schwerer

Sepsis / septischen Schock hat und (2) ob ein multimodales Interventionskonzept die

Behandlungsqualität stärker beeinflusst als das Vermitteln traditioneller kontinuierlicher

berufsbegleitender Fortbildungen (CME) im Vordergrund. Limitiert sind die Ergebnisse

dieser Studie dadurch, dass die 28-Tage-Letalität der Patienten der Interventionsgruppe

von Beginn an höher war als in der Kontrollgruppe. Passend dazu hatten die Patienten

dieses Studienstranges signifikant höhere Werte betreffend der Krankheitsschwere. Der

statistisch signifikante Unterschied der 28-Tage-Letalität zwischen Interventions- und

Kontrollgruppe verschwand, wenn die Daten im Rahmen einer nach Störfaktoren

kontrollierten multivariaten Analyse erneut betrachtet wurden. Dementsprechend sind

Verzerrungen in Folge eines Randomisierungsfehlers die wahrscheinlichste Ursache der

beobachteten Gruppenunterschiede. Eine weitere Limitierung zeigt sich darin, dass es

keine Informationen bezüglich der Anzahl der möglicherweise nicht in den Kliniken vor

Ort  dokumentierten  Patienten  gibt.  Auffällig  war  in  diesem  Kontext  zudem,  dass  trotz

ähnlicher Krankenhausgröße in den Kliniken der Interventionsgruppe deutlich mehr

Patienten dokumentiert wurden als in der Kontrollgruppe. Es könnte sein, dass dies in der

engeren Begleitung der Interventionsgruppe durch das MEDUSA Studienteam begründet



Fazit und Ausblick

31

ist, wobei die späteren Interventionszentren verglichen mit den Zentren der Kontrollgruppe

bereits während der Observationsphase mehr Patienten dokumentierten. Demzufolge ist die

Wahrscheinlichkeit eines Randomisierungsfehlers größer als die einer Protokollverletzung

(Attrition Bias). Unabhängig von der Datendokumentation war es nur bedingt möglich, die

vorgesehene multimodale Intervention zu vermitteln sowie alle wichtigen

Ansprechpartner, Krankenhausbereiche und Entscheidungsträger mit einzubeziehen

beziehungsweise notwendige Voraussetzungen für Veränderungen zu schaffen.

Insgesamt betrachtet sind die Studienergebnisse für zukünftige Veränderungsvorhaben

dennoch insofern von besonderem Interesse, als dass Initiatoren weiterer QI Projekte in

Anlehnung an diese Resultate bereits zum Prozessbeginn ein veränderungsförderliches

Umfeld in der betreffenden Organisation herstellen könnten. Des Weiteren sollte ein

ganzheitlicher Fokus gewählt werden, in dem alle Beteiligten stationsübergreifend ein

gemeinsames Ziel forcieren. Die Behandlungsqualität eines Patienten lässt sich nur

verbessern, indem interdisziplinär und interprofessionell Einigkeit darüber besteht, dass

der Patient im Mittelpunkt des Geschehens steht. Zur Absicherung der Erkenntnisse sollten

sich zukünftige Forschungsvorhaben insbesondere einer quantitativen Überprüfung der in

Manuskript II und III vorgestellten explorativen Resultate widmen.
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Zusammenfassung

Die zwei für die Dissertation ausgewählten Studien gruppieren sich um die Thematik der

Identifikation von Barrieren und fördernden Faktoren zur Verbesserung der frühen

Detektion und schnellen Initialtherapie der schweren Sepsis / des septischen Schocks.

Vorausgehend zu den im Folgenden präsentierten Untersuchungen wurde die erste

Interventionsphase einer im cluster-randomisierten Design angelegten Studie, in der unter

der Beteiligung von 44 Kliniken untersucht wurde, a) inwiefern eine zeitgerechte

antimikrobielle Therapie einen Einfluss auf die 28-Tage-Sterblichkeit von Patienten mit

schwerer Sepsis / septischem Schock hat und b) ob eine multimodale Intervention, die u.a.

die Etablierung eines Change Teams umfasst, die Einhaltung der Sepsis-Leitlinien stärker

beeinflusst als das Implementieren üblicherweise durchgeführter Weiterbildungen in einer

Kontrollgruppe, beendet (MEDUSA: Medical EDUcation for sepsis Source control &

Antibiotics). Hierbei zeigte sich, dass es zwischen der Interventions- (IG) und der

Kontroll-gruppe (KG) keinen signifikanten Unterschied hinsichtlich der

Wahrscheinlichkeit, leitliniengerecht innerhalb der ersten Stunde eine antimikrobielle

Therapie zu erhalten, gab (IG: 39.6%; KG: 36.0%; p=0.12). Bezüglich der Abnahme von

mindestens zwei Blutkultursets vor der Gabe eines Breitband-antibiotikums wurde

zunächst ein stetiger Anstieg ersichtlich, der bei fast 70% stagnierte und konstant blieb,

wohingegen die Einhaltung dieser Leitlinie in der KG über die Zeit hinweg zwischen 45%

und 58% variierte (p=0.001). Innerhalb der IG war die 28-Tage-Sterblichkeit der Patienten

höher als in der KG (p=0.001). Diese Differenz durchzog sich allerdings vom

Studienbeginn bis zum Ende.

Im Rahmen der sozialwissenschaftlichen Begleitforschung sollte untersucht werden,

inwiefern es möglich ist, die Intervention in Vorbereitung auf die zweite Studienphase zu

optimieren. Vor diesem Hintergrund wurden a) durch die MEDUSA Mitarbeiter

dokumentierte Eindrücke aus 83 Besuchen in 16 Interventionskliniken inhaltsanalytisch

nach Mayring ausgewertet sowie semistrukturierte Experten-interviews mit 17 Change

Team Leitern am Ende der ersten Interventionsphase geführt, welche in Anlehnung an die

Grounded Theory von Strauss & Corbin analysiert wurden. Hierdurch war es möglich, ein

Rahmenmodell zu unterstützenden Bedingungen bei der Implementierung von

Veränderungs-maßnahmen mittels Change Teams zu entwickeln, das sich aus fünf

Kernkategorien zusammensetzt, denen einzelne unterstützende Bedingungen zugeordnet

werden konnten: (1) das Zur-Verfügung-Stehen externer Unterstützungsleistungen, (2)

aktivitätsfördernde Eigenschaften der Change Teams und deren Mitglieder, (3)
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unterstützende Implementierungsstrategien, (4) veränderungsförderliche Mitarbeiter-

eigenschaften und (5) hilfreiche, strukturelle Begebenheiten in den Kliniken vor Ort.

Ergänzend zu der zuvor beschriebenen Untersuchung war es darüber hinaus nötig,

konkrete Ursachen zu identifizieren, die eine leitliniengerechte antimikrobielle

medizinische Versorgung von Patienten mit Sepsis verhindern. Hierzu wurden fünf

Fokusgruppen mit insgesamt 29 Mitarbeitern – 11 Ärzten und 18 Pflegekräften – zu

Barrieren bei der Früherkennung und leitliniengerechten Therapie der Sepsis befragt. Die

Auswertung erfolgte in Anlehnung an die Prinzipien des Framework Approach von Ritchie

und Spencer. Basierend auf den identifizierten Ursachen für das zu späte Erkennen einer

Sepsis als auch den Gründen für eine zeitverzögerte Therapie nach bereits erfolgter

Identifikation war es möglich, ein Rahmenmodell zu entwickeln, in dem stationsinterne als

auch -externe Kommunikationsdefizite und Übergabeschwierigkeiten über den gesamten

Behandlungspfad eines Patienten hinweg übersichtsartig dargestellt sind. Hierbei stehen

die fünf Kernbereiche: (1) Präklinik, (2) Rettungsdienst, (3) Notaufnahme, (4)

Normalstation und (5) Intermediate Care Station / Intensivstation im Vordergrund.

Zusammenfassend lässt sich festhalten, dass die alleinige Etablierung eines Change Teams

je Krankenhaus nicht ausreichend war, um eine signifikante Verbesserung der

zeitgerechten Identifikation und leitliniengerechten Therapie der Sepsis zu erreichen.



Literaturverzeichnis

VII

Literaturverzeichnis

1. IOM: Crossing the Quality Chasm: A New Health System for the 21st Century:
The National Academies Press; 2001.

2. Lenzer J, Hoffman JR, Furberg CD, Ioannidis JP, Guideline Panel Review Working
G: Ensuring the integrity of clinical practice guidelines: a tool for protecting
patients. Bmj 2013, 347:f5535.

3. Reinhart  K,  Brunkhorst  FM,  Bone  HG,  Bardutzky  J,  Dempfle  CE,  Forst  H,
Gastmeier P, Gerlach H, Grundling M, John S et  al: Prevention, diagnosis,
therapy and follow-up care of sepsis: 1st revision of S-2k guidelines of the
German Sepsis Society (Deutsche Sepsis-Gesellschaft e.V. (DSG)) and the
German Interdisciplinary Association of Intensive Care and Emergency
Medicine (Deutsche Interdisziplinare Vereinigung fur Intensiv- und
Notfallmedizin (DIVI)). German medical science : GMS e-journal 2010, 8:Doc14.

4. Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH, Abboud PA, Rubin HR:
Why don't physicians follow clinical practice guidelines? A framework for
improvement. JAMA : the journal of the American Medical Association 1999,
282(15):1458-1465.

5. Grol R: Successes and failures in the implementation of evidence-based
guidelines for clinical practice. Medical care 2001, 39(8 Suppl 2):II46-54.

6. McGlynn EA, Asch SM, Adams J, Keesey J, Hicks J, DeCristofaro A, Kerr EA:
The quality of health care delivered to adults in the United States. The New
England journal of medicine 2003, 348(26):2635-2645.

7. Hulscher  ME,  Schouten  LM,  Grol  RP,  Buchan  H: Determinants of success of
quality improvement collaboratives: what does the literature show? BMJ
quality & safety 2013, 22(1):19-31.

8. Schouten LM, Hulscher ME, van Everdingen JJ,  Huijsman R, Grol RP: Evidence
for the impact of quality improvement collaboratives: systematic review. Bmj
2008, 336(7659):1491-1494.

9. Duckers ML, Spreeuwenberg P, Wagner C, Groenewegen PP: Exploring the black
box of quality improvement collaboratives: modelling relations between
conditions, applied changes and outcomes. Implement Sci 2009, 4:74.

10.  Ward  SA,  Parikh  S,  Workman  B: Health perspectives: international
epidemiology of ageing. Best Pract Res Clin Anaesthesiol 2011, 25(3):305-317.

11.  Angus  DC,  van  der  Poll  T: Severe sepsis and septic shock. The New England
journal of medicine 2013, 369(9):840-851.

12.  Engel  C,  Brunkhorst  FM,  Bone  HG,  Brunkhorst  R,  Gerlach  H,  Grond  S,
Gruendling  M,  Huhle  G,  Jaschinski  U,  John  S et  al: Epidemiology of sepsis in
Germany: results from a national prospective multicenter study. Intensive care
medicine 2007, 33(4):606-618.

13. Fleischmann C, Thomas-Rueddel DO, Hartmann M, Hartog CS, Welte T, Heublein
S, Heublein S, Dennler U, Reinhart K: Hospital Incidence and Mortality Rates of
Sepsis. Dtsch Arztebl Int 2016, 113(10):159-166.

14. Hall MJ, Williams SN, DeFrances CJ, Golosinskiy A: Inpatient care for
septicemia or sepsis: a challenge for patients and hospitals. NCHS Data Brief
2011(62):1-8.



Literaturverzeichnis

VIII

15. Ferrer R, Artigas A, Levy MM, Blanco J, Gonzalez-Diaz G, Garnacho-Montero J,
Ibanez  J,  Palencia  E,  Quintana  M,  de  la  Torre-Prados  MV: Improvement in
process of care and outcome after a multicenter severe sepsis educational
program in Spain. JAMA : the journal of the American Medical Association 2008,
299(19):2294-2303.

16. Gaieski DF, Mikkelsen ME, Band RA, Pines JM, Massone R, Furia FF, Shofer FS,
Goyal M: Impact  of  time  to  antibiotics  on  survival  in  patients  with  severe
sepsis or septic shock in whom early goal-directed therapy was initiated in the
emergency department. Critical care medicine 2010, 38(4):1045-1053.

17.  Kumar  A,  Roberts  D,  Wood  KE,  Light  B,  Parrillo  JE,  Sharma  S,  Suppes  R,
Feinstein D, Zanotti S, Taiberg L et al: Duration of hypotension before initiation
of effective antimicrobial therapy is the critical determinant of survival in
human septic shock. Critical care medicine 2006, 34(6):1589-1596.

18. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli  M, Ferrer R, Kumar A,
Sevransky JE, Sprung CL, Nunnally ME et  al: Surviving Sepsis Campaign:
International Guidelines for Management of Sepsis and Septic Shock: 2016.
Critical care medicine 2017, 45(3):486-552.

19.  Francis  M,  Rich  T,  Williamson  T,  Peterson  D: Effect of an emergency
department sepsis protocol on time to antibiotics in severe sepsis. Cjem 2010,
12(4):303-310.

20. Phua J, Koh Y, Du B, Tang YQ, Divatia JV, Tan CC, Gomersall CD, Faruq MO,
Shrestha  BR,  Gia  Binh  N et  al: Management of severe sepsis in patients
admitted to Asian intensive care units: prospective cohort study. Bmj 2011,
342:d3245.

21. Puskarich MA, Trzeciak S, Shapiro NI, Arnold RC, Horton JM, Studnek JR, Kline
JA, Jones AE: Association between timing of antibiotic administration and
mortality from septic shock in patients treated with a quantitative
resuscitation protocol. Critical care medicine 2011, 39(9):2066-2071.

22.  Shapiro  NI,  Howell  MD,  Talmor  D,  Lahey  D,  Ngo L,  Buras  J,  Wolfe  RE,  Weiss
JW, Lisbon A: Implementation and outcomes of the Multiple Urgent Sepsis
Therapies (MUST) protocol. Critical care medicine 2006, 34(4):1025-1032.

23.  Bloos  F,  Thomas-Ruddel  D,  Ruddel  H,  Engel  C,  Schwarzkopf  D,  Marshall  JC,
Harbarth  S,  Simon  P,  Riessen  R,  Keh  D et  al: Impact of compliance with
infection management guidelines on outcome in patients with severe sepsis: a
prospective observational multi-center study. Critical care 2014, 18(2):R42.

24.  Dellinger  RP,  Levy MM, Rhodes  A,  Annane  D,  Gerlach  H,  Opal  SM,  Sevransky
JE,  Sprung  CL,  Douglas  IS,  Jaeschke  R et  al: Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and septic shock,
2012. Intensive care medicine 2013, 39(2):165-228.

25.  Burney  M,  Underwood J,  McEvoy S,  Nelson  G,  Dzierba  A,  Kauari  V,  Chong D:
Early detection and treatment of severe sepsis in the emergency department:
identifying barriers to implementation of a protocol-based approach. Journal
of emergency nursing: JEN : official publication of the Emergency Department
Nurses Association 2012, 38(6):512-517.

26. Carlbom DJ, Rubenfeld GD: Barriers to implementing protocol-based sepsis
resuscitation in the emergency department--results of a national survey.
Critical care medicine 2007, 35(11):2525-2532.



Literaturverzeichnis

IX

27. Nguyen HB, Lynch EL, Mou JA, Lyon K, Wittlake WA, Corbett SW: The utility
of a quality improvement bundle in bridging the gap between research and
standard care in the management of severe sepsis and septic shock in the
emergency department. Acad Emerg Med 2007, 14(11):1079-1086.

28.  Noritomi  DT,  Ranzani  OT,  Monteiro  MB,  Ferreira  EM,  Santos  SR,  Leibel  F,
Machado FR: Implementation of a multifaceted sepsis education program in an
emerging country setting: clinical outcomes and cost-effectiveness in a long-
term follow-up study. Intensive care medicine 2014, 40(2):182-191.

29.  Levy  MM,  Artigas  A,  Phillips  GS,  Rhodes  A,  Beale  R,  Osborn  T,  Vincent  J-L,
Townsend  S,  Lemeshow  S,  Dellinger  RP: Outcomes of the Surviving Sepsis
Campaign in intensive care units in the USA and Europe: a prospective cohort
study. The Lancet Infectious Diseases 2012, 12(12):919-924.

30. Bion J: Surviving sepsis: a systems issue. The Lancet Infectious Diseases 2012,
12(12):898-899.

31.  Bone  RC,  Balk  RA,  Cerra  FB,  Dellinger  RP,  Fein  AM,  Knaus  WA,  Schein  RM,
Sibbald WJ: DEfinitions for sepsis and organ failure and guidelines for the use
of innovative therapies in sepsis. the accp/sccm consensus conference
committee. american college of chest physicians/society of critical care
medicine. Chest 1992, 101(6):1644-1655.

32. Singer M, Deutschman CS, Seymour CW, Shankar-Hari  M, Annane D, Bauer M,
Bellomo R, Bernard GR, Chiche JD, Coopersmith CM et al: The Third
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3).
JAMA : the journal of the American Medical Association 2016, 315(8):801-810.

33. Bloos F, Reinhart K: Medical Education for Sepsis Source Control and
Antibiotics (MEDUSA). Studienprotokoll (Version 1.6). In. Jena:
Universitätsklinikum Jena; 2010.

34. Donner A, Klar N: Design and Analysis of Cluster Randomization Trials in
Health Research: Wiley; 2010.

35. Soellner R: Evaluation. In: Dorsch - Lexikon der Psychologie 2014/2015. Edited
by Wirtz MA, vol. 17. Bern: Verlag Hans Huber; 2014: 503.

36. Kromrey H: Evaluation - ein Überblick. In: Was ist Qualität Die Entzauberung
eines Mythos. Edited by Schöch H. Berlin: Wissenschaftl. Verlag; 2005: 31-85.

37. Deutsche Gesellschaft für Evaluation: Standards für Evaluation. Köln:
Zimmermann Medien; 2008.

38. Häder M: Empirische Sozialforschung: Eine Einführung: VS Verlag für
Sozialwissenschaften; 2010.

39.  Rossi  PH,  Lipsey  MW,  Freeman  HE: Evaluation: A Systematic Approach:
SAGE Publications; 2004.

40. Soellner R: Evaluationsmodelle. In: Dorsch - Lexikon der Psychologie 2014/2015.
Edited by Wirtz MA, vol. 17. Bern: Verlag Hans Huber; 2014: 506.

41.  Kabisch  M,  Ruckes  C,  Seibert-Grafe  M,  Blettner  M: Randomized controlled
trials: part 17 of a series on evaluation of scientific publications. Dtsch Arztebl
Int 2011, 108(39):663-668.

42.  Bortz  J,  Döring  N: Forschungsmethoden und Evaluation: für Human- und
Sozialwissenschaftler ; mit ... 70 Tabellen: Springer; 2002.



Literaturverzeichnis

X

43. Kuckartz U, Dresing T, Rädiker S, Stefer C: Qualitative Evaluation: Der Einstieg
in Die Praxis: VS Verlag fur Sozialwissenschaften GmbH; 2008.

44. Øvretveit J: Evaluation gesundheitsbezogener Interventionen: Einführung in
die Bewertung von gesundheitsbezogenen Behandlungen, Dienstleistungen,
Richtlinien und organisationsbezogenen Interventionen: Huber; 2002.

45. Vogd W: Qualitative Evaluation im Gesundheitswesen zwischen
Trivialisierung und angemessener Komplexität. Zeitschrift für qualitative
Forschung (ZQF) 2009, 10(3):19-44.

46. Vogd W: Rekonstruktive Organisationsforschung: qualitative Methodologie
und theoretische Integration ; eine Einführung: Budrich; 2009.

47. Rüegg-Stürm J: Krankenhäuser unter Druck: Die Prozessqualität ist die
Grundlage. Dtsch Arztebl International 2007, 104(50):3464-.

48. Donabedian A: Evaluating the Quality of Medical Care. Milbank Quarterly
2005, 83(4):691-729.

49. Minkler M, Wallerstein N: Community-Based Participatory Research for
Health: From Process to Outcomes: Wiley; 2011.

50. Israel B, Schulz A, Parker E, Becker A, Allen A, Guzman J: Critical issues in
developing and following CBPR principles. In: Community Based Participatory
Research for Health: Process to Outcomes. Edited by M M, N W, 2nd ed edn. San
Francisco, CA: Jossey-Bass; 2008: 47–66.

51. Wallerstein NB, Duran B: Using community-based participatory research to
address health disparities. Health Promot Pract 2006, 7(3):312-323.

52.  Bloos  F,  Ruddel  H,  Thomas-Ruddel  D,  Schwarzkopf  D,  Pausch  C,  Harbarth  S,
Schreiber  T,  Grundling  M,  Marshall  J,  Simon  P et  al: Effect of a multifaceted
educational intervention for anti-infectious measures on sepsis mortality: a
cluster randomized trial. Intensive care medicine 2017.

53. Matthaeus-Kraemer CT, Thomas-Rueddel DO, Schwarzkopf D, Rueddel H,
Poidinger  B,  Reinhart  K,  Bloos  F: Barriers and supportive conditions to
improve quality of care for critically ill patients: A team approach to quality
improvement. Journal of critical care 2015.

54. Strauss AL, Corbin JM: Basics of qualitative research. Thousand Oaks, CA, USA:
Sage Publications 1998.

55. Matthaeus-Kraemer CT, Thomas-Rueddel DO, Schwarzkopf D, Rueddel H,
Poidinger B, Reinhart K, Bloos F: Crossing the handover chasm: Clinicians'
perceptions of barriers to the early detection and timely management of severe
sepsis and septic shock. Journal of critical care 2016, 36:85-91.

56. Arnold M: Gesundheitssystemforschung: Inhalt und Ziele eines Faches am
Schnittpunkt von Ökonomie, Medizin, Politik und Ethik. Gesundheitswesen
2003, 65(07):425-431.

57. Sambale M: Empowerment statt Krankenversorgung: Stärkung der
Prävention und des Case Management im Strukturwandel des
Gesundheitswesens: Schlütersche Verlagsgesellschaft mbH & Company KG;
2010.

58. Sinclair M: A guide to understanding theoretical and conceptual frameworks.
Theory and Practice 2007, 5:2007-2007.



Literaturverzeichnis

XI

59. Stange KC: The Problem of Fragmentation and the Need for Integrative
Solutions. Annals of Family Medicine 2009, 7(2):100-103.

60. Miller RR, 3rd, Dong L, Nelson NC, Brown SM, Kuttler KG, Probst DR, Allen TL,
Clemmer TP, Intermountain Healthcare Intensive Medicine Clinical P:
Multicenter implementation of a severe sepsis and septic shock treatment
bundle. Am J Respir Crit Care Med 2013, 188(1):77-82.

61.  Shiramizo  SC,  Marra  AR,  Durao  MS,  Paes  AT,  Edmond  MB,  Pavao  dos  Santos
OF: Decreasing mortality in severe sepsis and septic shock patients by
implementing a sepsis bundle in a hospital setting. PloS one 2011, 6(11):e26790.

62. Morgan DL: Focus groups. Annu Rev Sociol 1996, 22:129-152.



Anhang

XII

Anhang



Anhang

Manuskript I

Effekt einer multimodalen Intervention zur Verbesserung der Früherkennung und

zeitgerechten Behandlung der schweren Sepsis und des septischen Schocks [52]
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Abstract 

Purpose:  Guidelines recommend administering antibiotics within 1 h of sepsis recognition but this recommendation 
remains untested by randomized trials. This trial was set up to investigate whether survival is improved by reducing 
the time before initiation of antimicrobial therapy by means of a multifaceted intervention in compliance with guide‑
line recommendations.

Methods:  The MEDUSA study, a prospective multicenter cluster-randomized trial, was conducted from July 2011 to 
July 2013 in 40 German hospitals. Hospitals  were randomly allocated to receive conventional continuous medical 
education (CME) measures (control group) or multifaceted interventions including local quality improvement teams,  
educational outreach, audit, feedback, and reminders. We included 4183 patients with severe sepsis or septic shock in 
an intention-to-treat analysis comparing the multifaceted intervention (n = 2596) with conventional CME (n = 1587). 
The primary outcome was 28-day mortality.

Results:  The 28-day mortality was 35.1% (883 of 2596 patients) in the intervention group and 26.7% (403 of 1587 
patients; p = 0.01) in the control group. The intervention was not a risk factor for mortality, since this difference was 
present from the beginning of the study and remained unaffected by the intervention. Median time to antimicrobial 
therapy was 1.5 h (interquartile range 0.1–4.9 h) in the intervention group and 2.0 h (0.4–5.9 h; p = 0.41) in the control 

*Correspondence:  konrad.reinhart@med.uni‑jena.de 
1 Center for Sepsis Control and Care (CSCC), Jena University Hospital, 
Jena, Germany
Full author information is available at the end of the article

Members of the MEDUSA study group are listed in the 
“Acknowledgements”.

Take-home message: This first cluster-randomized controlled 
multicenter clinical trial addressing the effect of time to empirical 
antimicrobial therapy on 28-day mortality was unable to reduce time 
to antimicrobial therapy in the intervention group. Although the 
intervention itself did not affect survival, time to first antimicrobial 
therapy and time to source control were both associated with mortality.

Son
de

rdr
uc

k -
  

nu
r z

ur 
pe

rsö
nli

ch
en

 V
erw

en
du

ng
 

http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-017-4782-4&domain=pdf


Introduction
Severe sepsis and septic shock are life-threatening con-
ditions with a high risk of mortality [1]. Several retro-
spective studies suggest that timely and appropriate 
antimicrobial therapy (AT) is an important predic-
tor of survival [2–6]. Delayed surgery is also associated 
with lower survival rates [7–9], but the optimal timing 
remains poorly defined. The Surviving Sepsis Campaign 
guidelines recommend administration of adequate AT 
within 1 h and surgical source control within 6–12 h of 
the onset of severe sepsis [10]. These recommendations 
are based only on non-randomized studies. Such studies 
are prone to overestimation of the measured effects, bias 
due to secular trends, or the Hawthorne effect [11, 12].

The concept that anti-infectious measures should be 
initiated rapidly is both intuitively rational and indi-
rectly supported by a recent randomized trial on early 
goal-directed therapy [13]. However, a recent meta-
analysis showed no increase in mortality with a delay in 
AT therapy up to 5 h after severe sepsis recognition [14]. 
Furthermore, directing physicians’ behavior by protocols 
might increase the risk for inappropriate prescriptions of 
broad-spectrum antibiotics for noninfectious conditions 
[15]. To date, no randomized clinical trial has directly 
examined the effect of rapid antibiotic administration on 
outcomes.

Compliance with current guideline recommendations 
on early antimicrobial use is low [1]. A multifaceted 
intervention including audit and feedback is an effective 
strategy to facilitate guideline implementation [6, 16–19]. 
Indeed, multifaceted educational programs have resulted 
in increased compliance with guideline recommenda-
tions and improved quality of care in critically ill patients 
[20–24].

In this cluster-randomized clinical trial, we sought to 
prospectively confirm the hypothesis that shortening 
the time to initiation of antimicrobial therapy improves 
patient survival and to test the secondary hypothesis that 
the effects of a multifaceted intervention accompanied by 
audit and feedback to facilitate compliance with guide-
line recommendations of anti-infectious measures are 
superior to conventional continuous medical education 
(CME).

Methods
This prospective cluster-randomized MEDUSA trial was 
the second study phase after an observational pre-study 
[25]. Each hospital of this pre-study was eligible for par-
ticipation and formed a cluster. Participating hospitals 
were involved in primary sepsis care and senior repre-
sentatives of the participating ICUs were required to 
involve other hospital divisions and stakeholders in the 
quality improvement process. We identified 45 hospitals 
eligible for the study of which 44 agreed to participate. 
To minimize the risk of randomization failure, the clus-
ters were stratified according to time to antimicrobial 
therapy observed in the pre-study and then randomized 
1:1 to either a control group or an intervention group. 
Randomization was computer generated. Blinding was 
not possible. Study interventions were solely performed 
on hospital level.

All consecutive patients between July 1, 2011 and 
June 30, 2013 with proven or suspected infection and 
acute onset of infection-related organ dysfunction were 
eligible. Patients for whom there was no full commit-
ment to therapy at onset of sepsis, who were not treated 
on a participating ICU after sepsis diagnosis, or whose 
sepsis therapy was started in another hospital were 
excluded. The study was registered at ClinicalTrials.gov 
(NCT01187134) and was approved by the local ethics 
committees at each participating institution and by the 
responsible state data protection boards. The need for 
informed consent was waived since the interventions 
comprised quality improvement measures, and randomi-
zation was performed on the cluster level.

Intervention
Hospitals in the control group were offered standard 
lectures about sepsis care twice a year and regular news-
letters with current sepsis-related publications or con-
ference proceedings. The intervention group received 
a multifaceted implementation strategy in addition to 
the measures of the control group. Training included 
primary sepsis care with focus on timing and strategy 
of empiric anti-infectious management. The strategy 
consisted of formation of interprofessional local qual-
ity improvement teams (ICU and non-ICU members), 

group. The risk of death increased by 2% per hour delay of antimicrobial therapy and 1% per hour delay of source con‑
trol, independent of group assignment.

Conclusions:  Delay in antimicrobial therapy and source control was associated with increased mortality but the 
multifaceted approach was unable to change time to antimicrobial therapy in this setting and did not affect survival.

Keywords:  Critical illness, Septic shock/drug therapy, Antimicrobial agents, Quality improvement
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educational outreach, audit, and feedback as well as pas-
sive and active reminders (see electronic supplement for 
detailed description).

Data collection
The data set was collected using the electronic data 
capture application OpenClinica® (OpenClinica, LLC, 
Waltham, MA, USA). Data integrity was confirmed by 
source data monitoring of a random sample of 10% of the 
patients and by data checks within the database. Onset of 
severe sepsis or septic shock was defined as the time of 
first infection-related organ dysfunction as documented 
in the patient file. Time and type of first AT as well as 
preexisting AT were also recorded from the medical 
records. Time to AT was negative if AT was prescribed 
up to 24 h before the onset of sepsis-related organ dys-
function. Inadequacy of initial AT was defined as esca-
lation of AT within the first 5  days [25]. A set of rules 
depending on focus of infection and location of infection 
acquisition assessed the compliance of empiric AT with 
German guidelines. Time to source control was defined 
as duration from onset of sepsis to start of first surgical 
or interventional source control. De-escalation of AT was 
defined as switch to a drug class resulting in a less broad 
spectrum of coverage.

The primary endpoint of this study was all-cause mor-
tality within 28 days after onset of severe sepsis or sep-
tic shock, which was obtained by telephone contact if 
the patient was no longer in the hospital. Secondary 
endpoints were initiation of AT within 1 h, time to first 
empirical antimicrobial therapy, fraction of patients with 
at least two sets of blood cultures taken, adequacy of AT, 
time to source control, ICU and hospital length of stay, 
and ICU and hospital mortality.

Statistical analyses
We calculated the sample size based on the reported 
increases by 7.5% for each 1  h delay in starting AT [2], 
a 28-day mortality of 34.8%, and an intracluster cor-
relation coefficient (ICC) of 0.024 (95% CI −0.004 to 
0.051) observed in the pre-study [25]. To detect an abso-
lute mortality reduction of 7.5% with a power of 0.8 at 
α = 0.05, 22 hospitals per group with a mean recruitment 
rate of 100 patients per hospital were required (see elec-
tronic supplement for detailed description). Hence, we 
aimed for 2200 patients per group [26].

The primary endpoint was analyzed by comparing 
28-day all-cause mortality between the two groups using 
the Chi-squared test. The secondary endpoints were 
assessed likewise, if binary. For continuous data, two-
sided t tests were applied. If variables were not normally 
distributed, appropriate transformations were applied. 
Test statistics were analyzed on patient level and adjusted 

using the variance inflation factor (VIF) to account for 
clustering [27]. VIFs were calculated individually for each 
variable separately for each group. Missing values were 
treated as such. Hierarchical (mixed) regression mod-
els with center as random effect were used to adjust for 
imbalances between the groups at baseline. As a sensitiv-
ity analysis, hierarchical regression models were repeated 
after multilevel multiple imputation of missing data in 
100 data sets (see electronic supplement for detailed 
description) [28]. Data were analyzed using R, version 
3.02.

Results
Participants
Three intervention group hospitals and one control group 
hospital withdrew from the study as they were unable to 
contribute patients to the study resulting in 19 participat-
ing hospitals in the intervention group and 21 hospitals 
in the control group (Fig. 1). Hospital characteristics are 
shown in Electronic Supplementary Material Table  E1. 
Frequency of public, private, and non-profit hospital 
operators were equally distributed between the groups. 
We enrolled 4183 patients during the study. Compared 
to the control group, allocation to the intervention group 
was associated with a 1.6 times higher recruitment rate. 
Information on 28-day mortality was missing in 155 
patients. All patients were analyzed. Patient character-
istics are shown in Table  1. In 1241 patients (47.8%) of 
the intervention group and 672 patients (42.3%) of the 
control group, onset of severe sepsis was detected out-
side of the ICU. Patients in the intervention group were 
descriptively more severely ill than patients in the control 
group as reflected in higher SAPS  II scores, higher ini-
tial SOFA scores, higher initial lactate, and lower arterial 
pH, although these differences were not significant after 
adjusting for clustering. There were more community-
acquired infections in the control than in the interven-
tion group.

Effects of intervention on infection management
In the intervention group, a total of 104 quality improve-
ment team visits were performed by the study coordina-
tors; all intervention centers received at least four visits, 
89% (16/19) received at least five visits, and 67% (12/19) 
were visited six times. At the beginning of the study, the 
proportion of patients receiving AT within 1 h was well 
balanced between the groups (Fig.  2a). There was no 
clear consistent effect of the multifaceted intervention 
on compliance with early AT. Median duration of AT 
remained unaffected by the intervention [intervention 
group: 8 (interquartile range: 4–13)  days, control group 
8 (5–13) days, p = 0.91]. Compliance with blood culture 
increased to nearly 70% in the intervention group while 
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compliance in the control group varied between 45 and 
58% (Electronic Supplementary Material Fig.  E1). De-
escalation of AT after microbiological results occurred in 
416 (16.0%) patients of the intervention group and in 227 
(14.4%) of the control group (p = 0.668).

Outcomes
Twenty-eight day mortality was 35.1% in the intervention 
group and 26.7% in the control group (p = 0.01; Table 2); 
the ICC was 0.027 (95% CI 0.011–0.043). A higher 

mortality in the intervention group was already observed 
at the beginning of the study and did not show a distinct 
change in this difference attributable to the study inter-
vention (Fig.  2a). When retrospectively analyzing the 
patients from the run-in phase according to the later 
group assignment for this trial, the difference in recruit-
ment rate and 28-day mortality was already present 
there (Electronic Supplementary Material Table  E4). In 
a hierarchical model with 28-day mortality as dependent 
variable, age, SAPS  II score, initial lactate levels, initial 

Assessed for eligibility (45 ICUs)

Randomized (44 ICUs)

Excluded (1 ICU)
no longer involved in 
primary sepsis care

Allocated to intervention group (22 ICUs)
  Received allocated intervention 
  19 ICUs, median ICU size: 14 beds, IQR: 11-24
  2596 patients
  Did not receive allocated intervention
No study activity (1 ICU); withdrawn after 
randomization (2 ICUs): 12, 13, and 42 beds

Allocated to control group (22 ICUs)
  Received allocated intervention 
21 ICUs, median ICU size: 20 beds, IQR: 10-38

  1587 patients
Did not receive allocated intervention

  Withdrawn after randomization:  1 ICU (6 beds)

Lost to follow up:
0 ICUs

  28-day mortality not available
  in 80 patients (3.1 %)

Lost to follow up:
0 ICUs

  28-day mortality not available
  in 75 patients (4.7 %)

Clusters:
  Analyzed

 19 ICUs, median ICU size: 14 beds, IQR: 11-24
Excluded from analysis

  No ICUS without documentation
Participants:

  2596 (100%) analysed

Clusters:
  Analyzed

21 ICUs, median ICU size: 20 beds, IQR: 10-38
Excluded from analysis

  No ICUS without documentation
Participants:

  1587 (100%) analysed

Fig. 1  Study flow diagram. ICU intensive care unit, IQR interquartile range
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Table 1  Patients characteristics

Intervention group 
n = 2596

Control group 
n = 1587

Missing  
valuesa

p value  
(unadjusted)

p value  
(adjusted)b

ICC

Age, median (IQR), years 70 (59–77) 70 (59–77) 0/1 0.71 0.88 0.02

Male gender 1600 (61.6%) 1011 (63.7%) 0/0 0.19 0.33 0.004

Type of admission

 Medical 1153 (44.4%) 678 (42.7%) 0/0 0.22 – –e

 Unscheduled surgery 1061 (40.9%) 689 (43.4%)

 Scheduled surgery 285 (11.0%) 177 (11.2%)

 Trauma 67 (2.6%) 27 (1.7%)

 Other 30 (1.3) 16 (1.0%)

Location of first documentation of sepsis ICU

 Emergency room 1355 (52.2%) 915 (57.7%) 0/0 <0.001 – –e

 General ward 377 (14.5%) 205 (12.9%)

 Operating room 356 (13.7%) 189 (11.9%)

 Prehospital 309 (11.9%) 115 (7.2%)

 Emergency physician 71 (2.7%) 27 (1.7%)

 IMC 128 (4.9%) 136 (8.6%)

Organ dysfunction, first 12 h

 Encephalopathy 992 (38.2%) 687 (43.6%) 0/11 0.001 0.54 0.14

 Respiratory 1717 (66.2%) 1116 (70.8%) 3/11 0.002 0.40 0.06

 Vasopressor need 1951 (75.2%) 1231 (78.1%) 0/11 0.03 0.51 0.05

 Renal dysfunction 753 (29.0%) 535 (33.9%) 2/11 0.001 0.45 0.09

 Thrombocytopenia 474 (18.3%) 353 (22.4%) 2/11 0.001 0.27 0.04

 Metabolic acidosis 1338 (51.6%) 654 (41.5%) 4/11 <0.001 0.07 0.06

Origin of infection

 Community acquired 1016 (39.2%) 715 (45.1%) 1/0 <0.001 – –e

 Nosocomial (ICU/IMC) 580 (22.4%) 415 (26.1%)

 Nosocomial (general 
ward)

936 (36.1%) 432 (27.2%)

 Nosocomial (nursing 
home)

63 (2.4%) 25 (1.6%)

Focus of infection

 Pneumonia 918 (35.4%) 597 (37.7%) 1/2 0.14 0.76 0.10

 Respiratory tract, other 160 (6.2%) 91 (5.7%) 0.62 0.90 0.09

 Intra-abdominal 974 (35.7%) 568 (35.8%) 0.28 0.81 0.09

 Cardiovascular 39 (1.5%) 35 (2.2%) 0.12 0.43 0.02

 Urogenital 314 (12.1%) 216 (13.6%) 0.16 0.64 0.04

 Bones/soft tissue 207 (8.0%) 148 (9.3%) 0.14 0.48 0.02

 CNS 43 (1.7%) 22 (1.4%) 0.58 0.66 0.01

 Primary bacteremia 42 (1.6%) 23 (1.5%) 0.77 0.80 0.01

 Intravascular device 
related

57 (2.2%) 52 (3.3%) 0.04 0.34 0.02

 Thoracic 56 (2.2%) 36 (2.3%) 0.89 –f 0.00

 Wound infection 108 (4.2%) 37 (2.3%) 0.002 0.24 0.03

 Other 19 (0.7%) 17 (1.1%) 0.33 –f 0.00

 Unknown 96 (3.7%) 50 (3.3%) 0.40 0.56 0.01

SAPS II scorec, median 
(IQR)

50 (39–62) 46 (36–59) 261/216 <0.001 0.48 0.17

SOFA scored at day 1, 
median (IQR)

10 (7–12) 9 (7–11) 558/460 <0.0001 0.29 0.05

Lactate at day 1, mmol/l, 
median (IQR)

2.8 (1.6–5.2) 2.4 (1.6–4.3) 102/73 <0.001 0.13 0.03
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platelet count, inadequate empiric antimicrobial therapy, 
acute renal failure, and number of organ dysfunctions 
were independent predictors (Table  3). Assignment of 
the hospital to the intervention group remained a statisti-
cally significant risk factor for mortality in the multiple 
imputation analysis but not in the complete data analysis. 
There was a significant increase of the risk of death of 2% 
per hour delay of empiric AT independent of the group 
assignment when time to AT was added to the model 
(Electronic Supplementary Material Table E2).

Only those 1830 patients requiring surgical source 
control were included into another hierarchical model. 
Time to source control was significantly associated with 
28-day mortality (Electronic Supplementary Material 
Table E3) corresponding to an increased risk of death of 
1% per hour delay of surgical source control (Electronic 
Supplementary Material Fig. E2). Patients who had surgi-
cal source control delayed for more than 6 h had a higher 
28-day mortality [202/568 (35.6%), vs. 337/1207 (27.9%), 
p < 0.001].

Secondary outcomes are shown in Table 2. The median 
time to AT tended to be shorter by 30 min in the inter-
vention group compared to the control group (p = 0.41). 
There was no significant difference between the two 
groups in the fraction of patients receiving AT within 
the first hour. Compliance with guidelines regarding 
blood culturing tended to be higher in the intervention 
than in the control group without reaching statistical 
significance.

We excluded university hospitals to visualize effects 
unaffected by the large academic centers resulting in 
1278 patients from 20 hospitals in the control group 
and 1289 patients from 17 hospitals in the interven-
tion group. Administration of early AT was maintained 
during the whole study only in the intervention group 

but not in the control group. This was associated with a 
shorter time to AT in the interventions groups but not 
with improved survival (Electronic Supplementary Mate-
rial Figs. E3 and E4). Other subgroups (patients with sep-
tic shock, patients who developed sepsis on the ICU) did 
not differ from the main analysis (Electronic Supplemen-
tary Material Table E5).

Discussion
This multifaceted intervention compared to standard 
CME neither had a significant impact on time to empiric 
AT nor on 28-day mortality. Secondly, independent of 
the study arm, every hour delay of antimicrobial therapy 
and measures for source control was associated with an 
increased risk of patient death of 2% and 1%, respectively.

Several studies achieved an improvement in compli-
ance with guideline recommendations associated with 
marked reductions in hospital mortality [6, 17, 19, 29]. 
The failure of our multifaceted study intervention to 
reduce 28-day mortality contrasts results of these previ-
ous studies. However, we also were unable to significantly 
reduce time to AT or affect AT de-escalation. The imple-
mentation of the multifaceted approach was delivered 
and supported as intended by the central study coordi-
nation team. Semi-structured expert interviews with the 
local quality improvement team leaders at the end of the 
intervention blamed failure to establish an effective mul-
tidisciplinary quality improvement team [30]. The inter-
viewees criticized insufficient staff time dedicated to the 
project, lack of human resources, lack of support by other 
department heads and hospital leadership, and especially 
failure to achieve consistent involvement of emergency 
departments and involvement of regular wards in the 
quality improvement efforts. Interestingly, a hospital with 
a comprehensive sepsis quality improvement program 

All p values are calculated on patient level

CNS central nervous system, ICC intra-cluster correlation coefficient (a higher ICC reflects a higher between-cluster variance, see electronic supplement for detailed 
explanation), ICU intensive care unit, IMC intermediate care unit, IQR interquartile range, SAPS II simplified acute physiology score II, SOFA sequential organ failure 
assessment
a  Missing values for intervention/control group
b  Test statistics were adjusted for clustering (see electronic supplement for detailed explanation)
c  SAPS II is calculated from 12 routinely measured physiological and biochemical variables within the first 24 h of intensive care unit admission. The range varies from 
0 to 163 points where values reflect a higher risk of in-hospital death
d  SOFA score is calculated from 6 routinely measured physiological and biochemical variables at a given day on the ICU. The range varies from 0 to 24 where higher 
values reflect a higher degree of organ dysfunction
e  No readily available test adjusting for clustering for contingency tables with more than two rows or columns
f  Too few cases for reliable adjustment

Table 1  continued

Intervention group 
n = 2596

Control group 
n = 1587

Missing  
valuesa

p value  
(unadjusted)

p value  
(adjusted)b

ICC

Procalcitonin at day 1, 
ng/ml, median (IQR)

5.9 (1.5–23.9) 5.9 (1.7–24.9) 182/265 0.30 0.78 0.06
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including financing and staff support was successful in 
improving time to AT and decreasing sepsis mortality 
[31].

More than 45% of the patients in the MEDUSA trial 
had developed sepsis outside the ICU. It is therefore rea-
sonable to assume that difficulty to roll out the change 
process to all pertinent stakeholders was an important 
barrier to change. None of the participating hospitals had 

rapid response teams—a concept very common in other 
countries [32, 33]. In addition, the study centers did not 
receive any financial support for the quality initiative 
within this trial. All these factors may have contributed 
to the failure of this quality improvement approach. To 
overcome barriers may be more difficult in larger hospi-
tals where more personnel are involved. Our finding, that 
time to AT was successfully affected in smaller hospitals 

A

B

Fig. 2  Proportion and 95% confidence intervals of patients receiving antimicrobials within the first hour after onset of severe sepsis during the trial 
(a) and 28-day mortality during the trial (b) for the control and the intervention group. In the control group, 28-day mortality changed from 24.2% 
(69/285) in the first quarter of the trial to 24.2% (31/128, p = 1.00) in the last quarter compared to 33.1% (123/372, first quarter) vs. 34.9% (87/249, 
p = 0.69, last quarter) in the intervention group
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only, supports this hypothesis and is in accordance with 
the finding that patients treated in academic hospitals are 
at higher risk of receiving a delayed AT [34].

Our median time to initial antimicrobials was already 
short compared to other studies with a greater impact of 
quality improvement efforts [6, 19]. Educational efforts 

Table 2  Primary and secondary outcomes

AT antimicrobial therapy, ICC intra-cluster correlation coefficient (a higher ICC reflects a higher between-cluster variance, see electronic supplement for detailed 
explanation), ICU intensive care unit, IQR interquartile range
a  Missing values for intervention/control group
b  p values on patient level adjusted for clustering (see electronic supplement for detailed explanation)
c  Time to AT was negative if AT was prescribed before onset of infection-related organ dysfunction
d  Only patients with source control
e  Inadequate AT was defined as AT escalation within 5 days after onset of sepsis
f  Cases with no new AT given for sepsis-related organ dysfunction are defined as not receiving AT within first hour; cases with no information regarding new AT are 
considered as missing
g  Only patients where new AT was given for sepsis-related organ dysfunction are considered; 20 cases of intervention group and 24 cases of control group had no 
information on new AT
h  Only patients who received focus control; 23 cases of intervention group and 28 cases of control group had no information on focus control

Intervention n = 2596 Control n = 1587 Missing valuesa Adjusted p valueb ICC

28-day mortality 883 (35.1%) 403 (26.7%) 80/75 0.01 0.03

ICU mortality 848 (32.7%) 412 (26.0%) 2/4 0.08 0.03

Hospital mortality 1068 (41.2%) 517 (32.7%) 3/5 0.02 0.03

ICU length of stay, median (IQR), day 11 (5–25) 13 (6–29) 2/6 0.31 0.07

Hospital length of stay, median (IQR), day 29 (16–47) 32 (17–52) 5/5 0.37 0.05

AT ≤1 h 1019 (39.6%) 563 (36.0%) 20/24f 0.55 0.06

AT after onset of sepsis onlyc 509 (24.6%) 308 (23.5%) 0.83 0.06

Time to AT, median (IQR), h 1.5 (0.1–4.9) 2.0 (0.4–5.9) 206/107g 0.41 0.1

AT after onset of sepsis onlyc 2.5 (1.0–6.1) 3.0 (1.0–7.2) 0.62 0.1

Time to focus controld, median (IQR), h 2.0 (−0.9 to 10.7) n = 1171 2.0 (−1.8 to 9.0) n = 708 1448/905h 0.83 0.09

≥2 sets of blood cultures 1675 (64.8%) 832 (52.7%) 13/9 0.06 0.08

Adequate empiric ATe 1453 (56.0%) 860 (54.4%) 2/5 0.82 0.09

Table 3  Hierarchical model with endpoint 28-day mortality and center as random effect

The complete data analysis without imputation of missing values was built with 3353 patients from 38 hospitals; multiple imputation analysis used 4183 cases and 40 
hospitals in 100 imputed data sets

AT antimicrobial therapy, CI confidence interval, SAPS II simplified acute physiology score II
a  SAPS II is calculated from 12 routinely measured physiological and biochemical variables within the first 24 h of intensive care unit admission. The range varies from 
0 to 163 points where higher values reflect a higher risk of in-hospital death

Complete data analysis Multiple imputation analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Treated in hospital of interventions group 1.28 (0.91, 1.80) 0.15 1.40 (1.03, 1.90) 0.03

Age, years 1.02 (1.02, 1.03) <0.001 1.02 (1.02, 1.03) <0.001

SAPS IIa 1.03 (1.02, 1.03) <0.001 1.03 (1.02, 1.04) <0.001

Surgical source control necessary 0.88 (0.73, 1.07) 0.20 0.89 (0.75, 1.06) 0.19

Unscheduled surgery 0.82 (0.67, 1.00) 0.05 0.84 (0.70, 1.00) 0.06

log (lactate), mmol/l 1.69 (1.50, 1.91) <0.001 1.71 (1.52, 1.91) <0.001

Platelets (square root) 0.96 (0.94, 0.98) <0.001 0.97 (0.96, 0.99) 0.002

Base excess, mmol/l 1.01 (0.99, 1.02) 0.30 1.01 (1.00, 1.02) 0.22

Vasopressor required 0.94 (0.76, 1.18) 0.61 0.97 (0.79, 1.19) 0.76

Inadequate AT 1.41 (1.19, 1.67) <0.001 1.41 (1.21, 1.64) <0.001

Renal replacement therapy 1.61 (1.19, 2.17) 0.002 1.52 (1.16, 2.00) 0.002

Number of organ dysfunctions 1.08 (0.99, 1.17) 0.08 1.10 (1.02, 1.18) 0.01
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may be less effective if baseline performance is already 
good [16]. However, the wide interquartile range for 
time to initial AT indicates that there was great room for 
improvement also in our study.

The increase in 28-day mortality by 2% for each 1  h 
delay in initiating antimicrobial therapy in this study 
is considerably lower than the reported 7.5% mortality 
increase [2]. However, it is almost identical to the results 
from a large retrospective study [35]. This contrasts the 
conclusion of a meta-analysis which failed to demon-
strate that antimicrobial therapy within 1  h after severe 
sepsis recognition improves survival and therefore ques-
tioned the evidence base for the respective SSC guideline 
recommendations [10]. Our study confirms similar find-
ings from the run-in phase of this trial on the impact of 
surgical source control on 28-day mortality [25]. Findings 
from other studies underline the importance of timely 
surgical source control [8, 9] and suggest reconsideration 
of the actual SSC guideline recommendation to allow a 
time window up to 12 h for source control [10].

Strengths of our study include the cluster-randomized, 
controlled design and the high external validity as sites 
of all levels of care had participated in the trial. All of 
this contributes to the generalizability of the findings to 
similar healthcare settings. Our study has several limi-
tations. Firstly, the study was underpowered to detect 
the expected reduction of 7.5% mortality because of the 
dropout of four centers. Our results and recently pub-
lished studies suggest a far smaller effect of reduced time 
to AT [35]. The cluster-randomized trial design might 
therefore not be feasible to study this issue since too 
many clusters would be necessary. Different designs like 
the cluster-randomized cross-over trial or the stepped 
wedge design might be more appropriate. The lack of 
power does not limit the conclusion of our study since 
the intervention did not significantly affect time to AT 
and could therefore also not affect mortality. Secondly, 
overall 28-day mortality was higher in the intervention 
group at baseline than in the control group. This differ-
ence might be attributable to higher disease severity 
scores and other important differences in patient charac-
teristics (e.g., higher proportion of healthcare-associated 
than community-associated infections). Allocation bias 
by randomization failure might explain the observed dif-
ferences. The higher risk of death associated with alloca-
tion to the intervention group only disappeared in the 
multivariate analysis of the complete data set but not in 
the multiple imputation analysis. Thirdly, the study cent-
ers of the intervention group included considerably more 
patients into the study than control centers, although 
hospital size was similar between the groups. This finding 
suggests that the motivation and adherence to the study 
inclusion criteria differed between the two study groups. 

The multifaceted approach in the intervention group 
might have facilitated motivation differences between 
the groups. However, later intervention centers already 
documented more patients in the previous run-in phase 
than the later centers of the control group [25]. Thus, the 
difference in recruitment also suggests randomization 
failure rather than attrition bias. Cluster-randomized tri-
als are prone to randomization failure when the number 
of clusters is low [36]. We tried to minimize this risk by 
stratifying the randomization by the median time to AT 
of each center in the run-in phase. Other predictors of 
mortality might have been more suitable for stratifica-
tion. However, time to AT as the intervention target was 
supposed to be equally distributed between the groups. 
The number of hospitals limited further stratification. 
Fourthly, we did not assess adequacy of AT by microbio-
logical susceptibility testing to limit the workload of the 
participating hospitals. This pragmatic definition might 
have partly been responsible for the low rate of adequacy 
of only 54–56% as physicians may empirically escalate AT 
when patients start to deteriorate. Fifthly, patients that 
were never treated on the ICU were not included into 
the study. Promoting early AT might reduce the number 
of ICU admissions. We consider the chance of this bias 
as low as patients with acute organ dysfunction are fre-
quently admitted to the ICU.

In conclusion, our findings confirm that delay in anti-
microbial therapy and source control was associated 
with increased mortality but the multifaceted approach 
improved time to empiric antibiotics only in non-aca-
demic hospitals without affecting outcome. Our study 
results suggest that the success of quality improvement 
in sepsis care depends on the existence of an institutional 
patient safety-centered culture and the capability for 
interdisciplinary cooperation.
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Supplemental methods

Strategy of the multifacated implementation strategy

Formation of local quality improvement teams. Local quality improvement teams

consisted of experienced ICU physicians and nurses guided by a local champion. Team

members were required to have knowledge and expertise in ICU processes, needed to be

accepted representative of their departments, had to be authorized to make decisions, and to

have support of the management. Additional members were recruited at the discretion of the

local team according to hospital size and chosen implementation strategies.

Multidisciplinarity and multiprofessionality of the team were strongly encouraged by the

study coordinators. The teams were asked to hold frequent meetings i. to review the key

measures of guideline compliance regularly distributed by the study coordinators, ii. to initiate

and maintain change strategies agreed upon during the educational outreach visits, and iii. to

distribute the related information to the hospital staff.

Educational outreach. The study coordinators conducted visits to each quality improvement

team up to three times a year. These meetings served to train the quality improvement team in

change management (i.e. process analysis, focus group discussion), discuss the current

benchmarks, and setup specific goals for the quality improvement team. Main focus of the

training was to improve sepsis recognition by the medical staff and shorten time to primary

care specifically addressing time to antimicrobial therapy (AT).

Audit and feedback. Key measures of guideline compliance such as time to AT, time to

source control, and compliance with appropriate taking of blood cultures, along with patient

outcomes (including mortality, ICU and hospital length of stay) were summarized into

individual reports allowing blinded comparison with the other study centers.

Active reminders. Monthly e-mail alerts reported outliers with time to AT of more than two

hours.

Passive reminders. The quality improvement teams received educational materials to

increase vigilance regarding diagnosis and therapy of sepsis and attract attention for the

project (pocket cards, flyers, posters).



Sample size calculation and correction of cluster-randomization

In this cluster-randomized trial, observations were recorded on the patient-level but

randomization to the study group took place on the hospital level (i.e. each hospital was a

cluster). Standard statistical analysis and sample size calculations require the allocation of the

study intervention to each individual patient. This requirement is violated by the cluster

randomization where patients within each cluster receive the same study intervention with the

tendency to have a similar response of the outcome [1]. Thus, sample-size calculations and

data analysis have to be adjusted, typically leading to decreased power and increased p-values

compared to a study with patient-level randomization. The loss in power depends on the

degree of similarity of the patients within each cluster, which can be estimated by the intra-

cluster-correlation (ICC). The loss of power is also increased, if the number of patients within

each cluster increases. These relations are formalized by the so-called variance inflation factor

(VIF), sometimes also termed design factor:

VIF = 1 + (n - 1)*ICC

where n is the average number of patients in each cluster. The standard test-statistics are

divided by the VIF (chi-squared test) or the square root of the VIF (t-test), and the required

sample size has to be multiplied with the VIF to adjust for clustering [1]. The formula of the

VIF shows that a given total number of patients results in a lower power if these patients are

distributed across few clusters (high n per cluster) and a higher power if the patients are

distributed across many clusters (low n per cluster). Patient recruitment increases the power to

detect a specific effect only until a certain threshold depending on the number of clusters in

the trial. Above this threshold, statistical power is independent of the recruitment rate even

when an unlimited number of patients is included per cluster [2].

We calculated the required sample size of the study as proposed by Donner and Klar [3] using

the function n4props of the R-package CRTSize. The ICC and the expected number of patients

per cluster were derived from the pre-study [4]. The average number of patients per cluster

was 25 in the 5-month pre-study, resulting in an estimate of 115 for the 24-month intervention

period. This number was reduced to 100 to account for a possible drop in inclusion rates over

time. The 28-day mortality in the pre-study was 34.8% and the ICC was calculated to 0.024

(95% CI obtained by bootstrap method: -0.004, 0.051). Based on published data, a drop of

mortality of 7.5% for a one hour reduction of time to antimicrobial therapy was expected [5].

Given these assumptions, twenty-two hospitals per group were sufficient to achieve a power

of 0.8 in a two-sided test with α of 0.05.



To test for differences between intervention and control group, patient-level tests adjusting for

clustering were used [6, 7]. An adjusted Chi-squared test for 2x2 contingency tables was

calculated by the function donner of the R-package aod, an adjusted t-test was calculated by

the function t.test.cluster of the R-package Hmisc. An adjusted Chi-squared test for

contingency tables with more than two rows or columns is published [8], but has not been

implemented in available statistical software yet (personal communication with Sun-Ho Jung,

2017-01-20).
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Hierarchical (mixed) regression models

Hierarchical linear models (HLM) for prediction of 28-day mortality used a logit link function

and a random intercept to control for clustering. Candidate covariates were selected based on

clinical reasoning to control for possible mortality associated risk-factors: age, gender, SAPS-

II score, lactate, platelets, base excess, cause of admission to ICU, emergency surgery,

intraabdominal focus of infection, nosocomial infection, surgical source control necessary,

inadequate empiric antimicrobial treatment, antimicrobial treatment not according to

guideline, vasopressor required, renal replacement therapy, and number of organ

dysfunctions. The SOFA-score was not used as a covariate. Firstly, the SOFA-score had a

high proportion of missing values (27%). Secondly, the score was highly correlated to SAPS-

II and to number of organ dysfunctions (r=0.6 and r=0.52, respectively). All covariates, which

were statistically significant in the univariate HLM at α ≤ 0.1, and the group indicator (control

vs. intervention group) were entered into the multivariate analysis. Two additional models

were calculated. For the first model, the time to initiation of antimicrobial therapy was added

to the predictors. This analysis only contained those patients, which received a new infection

related antimicrobial therapy. The second model included only the subsample of patients,

which received a source control, and time to source control was added as covariate.



Multiple imputations

Complete case analysis with missing covariate data might bias results of hierarchical linear

models [1]. Therefore, the multivariate analyses were repeated after multiple imputation of

missing data as a sensitivity analysis. As recommended for cluster randomized trials, a

multilevel multiple imputation method was used  [2]. The R packages mitml and jomo were

used to apply a joint multilevel imputation model with latent normal variables for handling

binary and categorical data. If necessary, continuous variables were transformed to achieve

normal distribution. As recommended, all variables used in the primary multivariate models

(beside time to antimicrobial therapy and time to source control, where missingness was

based on study design) and additional auxiliary variables were used for the imputation model

[2]. All candidate covariates not included in the multivariate model were used as auxiliary

variables. Additionally, since SAPS-II showed high proportion of missing values, variables

highly correlated with SAPS-II were also included (creatinine, oxygenation index and

receiving ventilation on the ICU, heart rate, and leucocytes). Multiple imputation was

conducted separately for intervention and control group to allow for different patterns of

missingness. One hundred data sets were imputed, convergence was checked by examining

the potential scale reduction factor, where the maximum should be close to 1 [3], and

convergence plots, estimators and p-values were obtained following Rubin’s Rules [4].
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Supplemental results

Table E1: Hospital characteristics

Intervention-group
n=19

Control-group
n=21

Hospital operator
   public
   private
   non-profit

11 (57.9%)
6 (31.6%)
2 (10.5%)

12 (57.1%)
6 (28.6%)
3 (14.3%)

Level of care
   Primary
   Secondary
   Tertiary

5 (26.3%)
7 (36.8%)
7 (36.8%)

7 (33.3%)
5 (23.8%)
9 (42.9%)

ICU beds, median (IQR) 14 (11 - 24) 20 (10 - 38)

Hospital beds, median (IQR) 569 (440 - 1050) 669 (418 - 1009)

Inhospital microbiology department 13 (68.4%) 15 (71.4%)

Abbreviation: IQR, interquartile range



Table E2: Hierarchical model with endpoint 28-day mortality and center as random effect for all patients
requiring a new antimicrobial therapy

Complete data analysis Multiple imputation analysis

odds ratio  (95% CI) P-value odds ratio  (95% CI) P-value

Hospital assigned to the intervention group 1.24 (0.88, 1.77) 0.22 1.34 (0.98, 1.83) 0.07

Age, y 1.03 (1.02, 1.03) <0.001 1.03 (1.02, 1.03) <0.001

SAPS IIa 1.03 (1.02, 1.03) <0.001 1.03 (1.02, 1.03) <0.001

Surgical source control necessary 0.85 (0.70, 1.03) 0.10 0.85 (0.71, 1.02) 0.09

Unscheduled surgery 0.88 (0.71, 1.08) 0.21 0.88 (0.73, 1.07) 0.20

log (lactate), mmol/l 1.70 (1.50, 1.93) <0.001 1.72 (1.52, 1.93) <0.001

Platelets (square root) 0.96 (0.94, 0.98) <0.001 0.98 (0.96, 0.99) 0.01

Base excess, mmol/l 1.00 (0.99, 1.02) 0.46 1.01 (0.99, 1.02) 0.27

Vasopressor required 0.98 (0.77, 1.24) 0.85 0.98 (0.79, 1.21) 0.87

Inadequate empiric AT 1.49 (1.25, 1.78) <0.001 1.46 (1.25, 1.72) <0.001

Renal replacement therapy 1.58 (1.16, 2.16) 0.004 1.54 (1.16, 2.04) 0.003

Number of organ dysfunctions 1.09 (1.00, 1.19) 0.04 1.12 (1.03, 1.21) 0.005

Time to initial AT, h 1.02 (1.01, 1.03) <0.001 1.02 (1.01, 1.03) <0.001
The complete data analysis without imputation of missing values was built with 3110 patients from 38 hospitals;
multiple imputation analysis used 3870 cases and 40 hospitals in 100 imputed data sets. Cases without new AT
for sepsis related organ dysfunction were not included in the analysis. Time to initial AT was added as an
additional factor into the model. Abbreviations: AT, antimicrobial therapy; CI, confidence interval; SAPS II,
Simplified Acute Physiology Score II.
a The SAPS II is calculated from 12 routinely measured physiological and biochemical variables within the first
24 hours of intensive care unit admission. The range varies from 0 to 163 points where higher values reflect a
higher risk of in-hospital death.



Table E3: Hierarchical model with endpoint 28-day mortality and center as random effect for patients
requiring surgical source control

Complete data analysis Multiple imputation analysis

odds ratio (95% CI) P-value odds ratio (95% CI) P-value

Treated in hospital of interventions group 1.55 (1.05, 2.28) 0.03 1.72 (1.22, 2.43) 0.002

Age, y 1.02 (1.01, 1.03) <0.001 1.02 (1.01, 1.03) <0.001

SAPS IIa 1.03 (1.02, 1.04) <0.001 1.03 (1.02, 1.04) <0.001

Unscheduled surgery 0.90 (0.68, 1.19) 0.46 0.93 (0.72, 1.21) 0.60

log (lactate), mmol/l 1.77 (1.47, 2.14) <0.001 1.79 (1.50, 2.14) <0.001

Platelets (square root) 0.95 (0.92, 0.98) 0.001 0.97 (0.95, 1.00) 0.03

Base excess, mmol/l 1.01 (0.99, 1.03) 0.44 1.01 (0.99, 1.02) 0.43

Vasopressor required 1.13 (0.76, 1.66) 0.55 1.21 (0.85, 1.74) 0.29

Inadequate AT 1.31 (1.01, 1.69) 0.04 1.28 (1.01, 1.61) 0.04

Renal replacement therapy 2.27 (1.39, 3.70) 0.001 2.02 (1.32, 3.11) 0.001

Number of organ dysfunctions 1.09 (0.96, 1.24) 0.18 1.13 (1.01, 1.27) 0.03

Time to attempt source control, h 1.01 (1.00, 1.02) 0.002 1.01 (1.00, 1.02) 0.003
The complete data analysis without imputation of missing values was built with 1496 patients from 35 hospitals;
multiple imputation analysis using 1830 cases and 39 hospitals in 100 imputed data sets. Time to attempt source
control was added as an additional factor into the model. Abbreviations: AT, antimicrobial therapy; CI,
confidence interval; SAPS II, Simplified Acute Physiology Score II.
a The SAPS II is calculated from 12 routinely measured physiological and biochemical variables within the first
24 hours of intensive care unit admission. The range varies from 0 to 163 points where higher values reflect a
higher risk of in-hospital death.



Table E4: Primary and secondary outcomes of patients from the run-in study
Intervention

n = 549
Control
n = 508 Missingsa P-valueb ICC

28-day mortality 207 (38.3) 146 (29.9%) 9/19 0.06 0.03

ICU mortality 188 (34.8) 147 (29.2%) 9/5 0.25 0.03

Hospital mortality 237 (44.1) 178 (35.5%) 12/7 0.08 0.03

ICU length of stay, median (IQR), d 11 [5, 23.2] 11 (5 - 25) 9/5 0.74 0.10

Hospital length of stay, median
(IQR), d 27 (16 – 44) 28 (15 – 49) 13/8 0.87 0.08

AT ≤ 1 hour 171 (31.3) 159 (32.7%) 2/22 0.82 0.07

Time to AT, median (IQR), h 2 [0.7, 5.6] 2.2 (0.8 - 5.5) 37/46 0.71 0.09

Time to focus controlc, median
(IQR), h 3.7 [0, 14.9] 1.2 (-1.7 – 9.9) 317/309 0.28 0.20

≥2 sets of blood cultures 210 (38.3) 145 (28.7%) 0/3 0.31 0.17

Adequate empiric AT 313 (57.2) 297 (58.5%) 2/0 0.85 0.06
This table presents data from patients recruited during the run-in study [1] conducted from December 2010 until
April 2011. Centers are stratified according to the later groups of the cluster-randomized trial. The clusters were
stratified according to time to antimicrobial therapy observed in the pre-study.  Abbreviations: AT, antimicrobial
therapy; ICC: intra-cluster correlation coefficient; ICU, intensive care unit; IQR, interquartile range

a Missing values for intervention/control group
b: adjusted p-values on patient level
c: only patients with source control

[1] Bloos F, Thomas-Rüddel D, Rüddel H, et al (2014) Impact of compliance with infection management
guidelines on outcome in patients with severe sepsis: a prospective observational multi-center study. Critical
Care 18:R42. doi: 10.1186/cc13755



Table E5: Initial antimicrobial therapy and mortality in patients with septic shock and patients where
sepsis was diagnosed on the ICU

Intervention Control Missing valuesa P-valueb ICC

I. Patients with septic shock only N=1951 N=1231

28-day mortality 724 (37.9%) 341 (28.9%) 41/53 0.01 0.03

Fraction of patients with
AT ≤ 1 hour
AT after onset of sepsis only c

1019 (39.6%)
391 (25.2%)

563 (36.0%)
224 (22.3%)

14 / 15 e 0.46
0.56

0.06
0.06

Time to AT, median (IQR), h
AT after onset of sepsis only c

1.5 (0.2 - 4.7)
2.3 (1.0 - 5.9)

2.0 (0.4 - 6.0)
3.0 (1.2 - 7.5) 148 / 77 f 0.39

0.43
0.1
0.1

Fraction of patients with
adequate empiric AT d 1060 (54.4%) 658 (53.6%) 1 / 3 0.91 0.07

II. Patients with sepsis diagnosis
on ICU only

N=1355 N=915

28-day mortality 457 (35.1%) 236 (27.2%) 53/46 0.09 0.04

Fraction of patients with
AT ≤ 1 hour
AT after onset of sepsis only c

532 (39.6%)
225 (21.7%)

349 (38.7%)
165 (23.0%)

11 / 13 e 0.90
0.83

0.07
0.07

Time to AT, median (IQR), h
AT after onset of sepsis only c

1.7, (0.0 - 5.2)
3.0 (1.1 - 7.2)

1.9 (0.2 - 6.0)
3.0 (1.0 - 8.9) 114 / 75 f 0.63

0..81
0.11
0.11

Fraction of patients with
adequate empiric AT d 797 (58.9%) 514 (56.4%) 1 / 4 0.76 0.09

Abbreviations: AT, antimicrobial therapy; ICC: intra-cluster correlation coefficient; ICU: intensive care unit,
IQR: interquartile range; SAPS II, Simplified Acute Physiology Score II.
Categorical data show absolute numbers and percentages; continuous data are shown as median and interquartile
range.
a: Missing values for intervention/control group; b: p-values on patient level; c: Time to AT was negative if AT
was prescribed before onset of infection related organ dysfunction; d: inadequate AT was defined as AT
escalation within 5 days after onset of sepsis; e: cases with no new AT given for sepsis-related organ dysfunction
are defined as not-receiving AT within first hour was given for sepsis-related organ dysfunction, cases with no
information regarding new AT are considered as missing; f: only patients where new AT was given for sepsis
related organ dysfunction are considered.



Figure E1: Fraction of patients with at least two blood cultures taken.

Data represent the fraction of patients, where at least two sets of blood cultures were drawn before antimicorbial
therapy, and 95% confidence intervals for each quarter of the trial.



Figure E2: Time to source control and survival

For each hour, cumulative fraction of patients who received surgical or interventional source control of the
infectious focus as well as cumulative 28-day survival.

(hours)



Figure E3: Antimicrobial therapy within on hour in non-academic hospitals

Proportion and 95% confidence intervals of patients receiving antimicrobial therapy within the first hour after
onset of severe sepsis during the trial (non-university hospitals only). The first antibiotic was administered
within one hour to 42.4 % of patients in the intervention group and to 30.7% in the control group (adjusted P =
0.03; ICC: 0.073). Time to AT was 1.2 (0.2 - 3.4) hours in the intervention and 2.5 (0.7 - 6.3) hours in the
control group (adjusted P = 0.02, ICC: 0.14).
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 Figure E4: 28-day mortality in non-academic hospitals

Proportion and 95% confidence intervals of 28-day mortality during the trial (non-academic hospitals only).



Anhang

Manuskript II

Die Identifikation von Barrieren und fördernden Faktoren zur Optimierung der

Versorgungsqualität schwer kranker Patienten: Ein Teamansatz zur

Qualitätsverbesserung [53]



Barriers and supportive conditions to improve quality of care for critically
ill patients: A team approach to quality improvement
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Purpose: Despite the fact that Quality Improvement (QI) teams are widespread tools for improving performance
inmedical settings, little is known aboutwhatmakes teams effective and successful. The goal of this studywas to
identify barriers and supportive conditions for QI teams to implement an effective and successful QI project to
improve quality of care.
Materials andmethods:Multicenter expert interviewswith17 team leaderswere conducted in a cluster randomized
trial. Interviews were based on a semistructured interview guide and were recorded and transcribed. Qualitative
analysis was performed according to the principles of grounded theory.
Results: The major findings of our study can be summarized in a framework of conditions that support the imple-
mentation of changes by QI teams. This framework can be divided into 5 core categories: the availability of external
support, an interdisciplinary QI team, staff characteristics such as dedicated employees who are aware and ex-
perienced, and generally supportive structural circumstances. Furthermore, the interviewees reported that
changes should be disseminated through, for example, repeating key elements or addressing employees directly.
Conclusions: Using a grounded theory–based qualitative approach, we identified a framework of conditions sup-
portive of QI-related change,which can help project initiators to create environments that are supportive of change.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

In recent years, medical science and technology, as well as the com-
plexity of the health care system, have been growing and changing
rapidly [1]. These changes have significantly increased the demands
for the implementation of research into practice, and the lack of this
implementation has become more and more evident [2]. The Institute
of Medicine summarized this trend with the statement that “between
the health care we have and the care we could have lies not just a
gap, but a chasm” [1].

Incidence of sepsis is high and is associated with a high risk of death
[3]. The Surviving Sepsis Campaign has developed guidelines for the
management of severe sepsis and septic shock,with the goal of reducing
the mortality of this medical condition [4]. A number of studies have
examined sepsis guideline adherence [5–9]. Overall, they have found
that noncompliance with guideline recommendations is high.

Batalden and Davidoff are convinced “[…] that healthcare will not
realize its full potential unless change making becomes an intrinsic
part of everyone’s job, every day, in all parts of the system.” Based on
this assumption, the authors defined Quality Improvement (QI) as the
efforts of every involved person to change their actions to get better
patient outcomes (ie, health), better system performance (ie, care),
and better professional development (ie, learning) [10]. Building QI
teams is a widespread tool to implement guidelines into practice.
Usually, staff from different health care departments participate in a
QI team to identify best practices, consider change strategies, apply
improvement methods, give feedback, and share information [11,12].
Quality Improvement teams are usually part of a QI collaborative. A QI
collaborative is an organized, multifaceted approach to QI and involves
5 essential features: (1) a specific topic or gap between best and current
practices, (2) clinical and QI experts who provide ideas and support,
(3) QI teams from multiple sites who are willing to improve care,
(4) measurable targets, and (5) a series of structured activities to take
place within a given time frame [12]. Schouten et al [12] evaluated
the effectiveness of QI collaboratives; they found that, of 9 controlled
studies, 7 showed positive effects and 2 showed no effects. Limitations
of these studies included differences in baseline measurements, a lack
of data about the characteristics of control sites, and possible data
contamination. Fifty-three out of 60 uncontrolled before-and-after trials
reported improvements in patient care and organizational performance;
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however, these results are limited by lack of baseline data, no accounting
for secular trends, and the drawing of samples from self-selected sites
[12]. Considering the substantial investments of funding and time
involved and the limited evidence for efficacy, the authors concluded
that further knowledge regarding the basic components of effectiveness
and success factors is crucial to determine the value of QI collaboratives.
Further, Hulscher et al [11] systematically reviewed the potential deter-
minants of team success in QI collaboratives and how they relate to
effectiveness. The authors identified 23 publications that provided in-
formation on the potential determinants of team success and their rela-
tionshipwith the short-term and long-term effectiveness of QI teams in
QI collaboratives; however, few of these studies tested effectiveness
through empirical methods. Therefore, Hulscher et al propose a more
systematic exploration of potential determinants of success by applying
theory- and practice-based knowledge as well as by performing
methodologically sound studies that clearly set out to test such factors.

Diverse methods to implement evidence-based practice have been
used, and improvement efforts differ widely across various settings. For
example, whereas Pronovost et al [13] considerably improved their
patient outcomes through an evidence-based intervention, other studies
showed modest or no improvements [14,15]. Various causes may serve
as an explanation for this variation in success. Alexander and Hearld
[16] reviewed research methods used to study QI effectiveness in 185
articles; they reported that improvement efforts vary widely with re-
spect to the study designs used. Improvements in randomized controlled
trials were 51% compared to 68% in observational studies. Less change
was reported for multiple-organization studies as compared to single-
organization studies (56% vs 67%), and using longitudinal analyses vs
cross-sectional studies resulted in lower rates of positive quality out-
comes (56% vs 77%). The authors concluded that, given the fact that
more rigorous designs are more likely to find no differences associated
with the use of QI teams, the impact of QI teams may be overstated
[16]. Kaplan et al [17] also indicated the need for better knowledge
about how to improve care consistently. Traditionally conducted
randomized controlled trials evaluated their results following Cochrane’s
epidemiological approach, whereby an organization is treated as a black
box and the investigation focuses only on quantifiable results [18].

Drabble et al [19] reported a growing recognition of the value of qual-
itative inquiry in health research, noting how this qualitative research is
presented in grant proposals. Durlak and DuPre [20] reviewed research
on the influence of implementation on program outcomes as well as on
factors affecting implementation. They argue that the collection of imple-
mentation data is an essential feature of program evaluation and empha-
sized the need for more information on how various factors influence
implementation in different settings.

The present study aimed to identify barriers and supportive condi-
tions for QI teams to implement an effective and successful QI project
and to improve quality of care for critically ill patients. A further goal
was to obtain insights into change activities in a QI project regarding
the primary care of patients with severe sepsis or septic shock.

2. Material and methods

This exploratory study interviewed hospital staff participating in QI
teams to gather information about their QI team collaboration and
supportive conditions for guideline implementation. Additionally, the
external change counselors’ documentation of their interactions with
and impressions of each QI team was analyzed.

2.1. Background of the study

The present study was conducted within the Medical Education for
Sepsis Source Control and Antibiotics trial (MEDUSA; ClinicalTrials.gov
Identifier NCT01187134)—a cluster randomized study involving 42
hospitals. The MEDUSA study aims to improve early sepsis recognition
and therapy. MEDUSA also aims to compare a multimodal educational

program, which includes the establishment of QI teams (intervention
group), with traditional Continuing Medical Education (control group).

2.2. Participants

All 20 hospitals in the intervention group of the MEDUSA trial
established QI teams. The shared main goals of all QI teams were (a)
early detection of severe sepsis, (b) initiation of intravenous broad-
spectrum antimicrobial therapy within 1 hour after onset of severe
sepsis or septic shock, and (c) taking 2 sets of blood cultures before
beginning antimicrobial therapy. To achieve these goals, QI teams
were supported byMEDUSA study personnel and received regular visits
during the 2-year intervention period. Topics of the external visits
included change management, benchmark analyses, and cutting-edge
information about sepsis therapy. All QI team leaders were eligible for
participation in this interview study. The interviews were conducted
at the end of the first of 2 intervention periods in an ongoing study.
Information concerning the actual success of the QI teams is currently
not available.

2.3. Data acquisition

We conducted telephone interviews with QI team leaders at the end
of the 2-year intervention period to get information about their QI team
collaboration and supportive conditions for guideline implementation
by QI teams. We used the qualitative data collection method of
semistructured expert interviews to obtain the maximum amount of
relevant information, enabling us to gain a comprehensive understanding
of both the problem and the setting [21]. Expert interviews enable
researchers to develop theory with regard to a specific issue through
process reconstruction and the context-specific knowledge of diverse
experts [22,23]. The MEDUSA study personnel also documented their
interactions with and impressions of each QI team immediately after
each QI team meeting. MEDUSA study personnel were trained in how
to answer the questions before starting the intervention period, and
results were primarily used as process evaluations.

2.4. Expert interviews: characteristics and setting

The semistructured interview guide focused on 5 major core
categories: intervention characteristics, outer setting, inner setting,
characteristics of the individuals involved, and implementation process.
These core categories represent the Consolidated Framework for Imple-
mentation Research, which was developed by Damschroder and col-
leagues [24]. Aiming to identify a framework with which to guide the
development of diagnostic assessments of implementation contexts
and help explain findings in research studies and QI programs, these re-
searchers conducted an overview of research through 2008 that aimed
to facilitate the translation of health care research into practice.

Interviews were conducted by a social scientist (CTMK; credential:
MA in educational science, psychology, sociology) who had extensive
experience in conducting and analyzing interviews in different settings
(ie, process evaluations of social organizations, network research, adult
attachment research). The interview guide was first pilot tested; topics
included QI team composition, change activities, and barriers to and
facilitators of change (Table 1). With 2 exceptions, there was no prior
contact between the interviewer and interviewees. Before they were
interviewed, participants were informed of the interviewer’s role as a
social scientist in the MEDUSA study. Telephone interviews were
conducted at the clinic, for which only the interviewer and interviewee
were present.

2.5. Expert interviews: data analysis

All interviews were audiorecorded and transcribed. After transcrip-
tion, interviews were analyzed according to the principles of grounded
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theory, an inductive methodology that aims to systematically generate
theory based on research findings [25]. Interview transcripts were
analyzed in 3 steps: (1) the open coding of text segments, (2) the
generation of categories and relationships between codes through
axial coding, and (3) the creation of core categories through selective
coding [25]. Based on these steps, complementary positive and negative
codeswere summarized in a framework. Summarized codesmentioned
fewer than 3 timeswere excluded. The framework identifies only condi-
tions that were discussed by QI team leaders but makes no statement
about the actual quality of these conditions in the respective QI team.
Memos were made both while interviews were being conducted and

during subsequent analysis. All data were analyzed using the statistical
software R (R Foundation for Statistical Computing, Vienna, Austria;
Version 3.0.0) [26]. Definitions and excerpts from the interviews are
presented in the Electronic Supplement 1 (Tables).Methods are reported
according to the consolidated criteria for reporting qualitative research
checklist [27].

2.6. Evaluation database: characteristics and setting

The database comprised open-ended questions regarding measures
implemented during QI team meetings, the reaction of the QI team to

Table 1
Interview guide

Interview guide

Intro: Welcome interviewee; introduce the interviewer; inform interviewee that responses are confidential; clarify interview duration, etc.
Beginning of the interview
To start, I have some questions regarding your Quality Improvement (QI) team and your role as QI team leader.

• Please tell me about your QI team members (eg, name, profession, ward affiliation).
○ Were you missing anyone in your QI team (eg, staff from different wards)? Who would have been important for you to be successful?

• How did you work together in the QI team (eg, type of contact, participation of team members, frequency of meetings both with and without external counselors)?
○ What worked well or not so well in your collaboration?
○ What should have been changed to promote better collaboration?

We thought about promoting more exchange between different QI teams.
• What benefits might this have had for your QI team?
• How could such an exchange have been implemented?

Now I would like to ask some questions to learn more about what your QI team has done to implement changes in your hospital.
• What change activities has your QI team done specifically…
○ to detect severe sepsis earlier?
○ to treat patients with severe sepsis faster?
○ to take more than two sets of blood culture bottles before commencing antimicrobial therapy?

• To what extent were the change activities of your QI team relevant for different areas of the hospital (eg, ICU, ER, general ward, operating room)?
○ What have you done where?
○ Where else would changes have been useful?
○ Why were certain change activities not implemented in [specific area of the hospital]?

• In what way were other wards involved in the planning or implementation of change activities?
○ To what extent were the heads of other departments involved?
○ To what extent was your department head involved?

• Did you feel supported by your leader?
○ How was this support demonstrated?
○ What additional support would you have liked?

• Did you feel supported by the heads of other departments?
○ How was this support demonstrated?
○ What additional support would you have liked?

• Was your QI team able to implement your change activities as planned?
○ If yes, what was helpful in implementing change activities?
○ If not, why not?
○ What should been different to implement all change activities?

• Was your QI team able to improve patient care through its change activities?
○ If not, what should have been different?
○ Are there other change activities that you might find useful?
○ What hindered your QI team in their ability to implement these additional change activities?

One possible way to promote change activities is to give attending physicians feedback about ways to improve, for example, with patients undergoing delayed antimicrobial therapy.
• Have you had this experience? If yes, how did you proceed? If not, how would you proceed?

You have told me about the following changes you made to your activities … (list named changes to activities)
• What outcome was each intervention associated with?
• How did employees from different areas respond to these changes?
○ Were there differences between the reactions of nurses and physicians?

• Why might some people not have been motivated to participate in implementing these change activities?
○ Did you notice differences between different wards?
○ Were there differences between physicians and nurses?
○ In your opinion, what motivated employees to implement change activities?
○ What needs to change so that staff is motivated to participate?

• What do you think hinders staff’s ability or desire to change?
Referring to our collaboration, please tell me what activities, materials, and tools that we offered supported you and your QI team in implementing change activities.

• What else would you have liked, or what would have been particularly helpful for your work?
Our counselors visited you and your QI team regularly.

• What were the most important aspects of our QI team meetings?
○ What did you find particularly useful? What was less helpful?
○ What was missing?
○ What else could we do to increase the benefits of QI team meetings?

Finally, we would really appreciate an overall assessment.
• What were the biggest barriers that prevented changes in your hospital?
• What conditions supported implementing change activities?
• What needs to change to ensure that change projects are successful in your hospital?

Thank and end of the interview!
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visits by external personnel, and perceived problems of the local
QI teams.

2.7. Evaluation database: data analysis

Data were extracted, analyzed according to the principles of content
analysis by a social scientist (CTMK), and validated intersubjectively by
a medical doctor with experience in social science (DOTR). Content
analysis is a systematic, rule-guided approach to qualitative text analy-
sis. The aim of content analysis is to reduce the material through
paraphrasing and summarizing without the loss of core contents [28].
All data were analyzed using the statistical software R with the package
RQDA (R-based Qualitative Data Analysis; Version 0.2-3) [26]. Relevant
definitions and excerpts from the database are shown in the Electronic
Supplement 2 (Tables).

3. Results

Characteristics of participating hospitals and QI teams are shown in
Table 2. Out of the 20 hospitals in the MEDUSA intervention group, 1
QI team leader did not agree to give an interview and 2 hospitals from
the intervention group withdrew their study participation, resulting in
17 interviews. Interviews ranged in length from 7 to 52 minutes, with
a median length of 35 minutes.

Documented visits per participating hospital ranged between 1 and
7, with a median of 4. Centers with fewer than 2 visits were excluded,
yielding 83 visits for 16 participating hospitals. From the point of view
of external change counselors, the reaction of QI teams to visits was
generally positive, with 45 mentions of positive reactions in the entire
sample (16 for hospitals included in the final analysis). Perceived
problems of QI teams and the number of times they are mentioned
are given in Table 3. The main perceived problems, according to the ex-
ternal change counselors, were visits conducted with incomplete QI
teams, a low degree of initiative, and weak or missing team structures.

All of the change activities discussed by QI team leaders are shown in
Table 4. Overall, QI teams tried to implement changes through distribut-
ing continuing education (lectures,workshops) andeducationalmaterials
(pocket cards, posters), giving directions and instructions (eg, instructing
staff to take 2 pairs of blood cultures before beginning antimicrobial
therapy), using staff rotation to reach other wards (long term), and

implementing a sepsis hotline to support staff from other wards (eg, the
general ward) who had less knowledge of and experience with sepsis
treatment. Furthermore, repeating key elements of sepsis treatment in
regular meetings, providing treatment instructions (eg, on storage
cabinets), discussing cases of substandard inpatient care with the staff
involved, and equipping all staff with easily accessible antibiotics or
bundled blood culture sets (ie, in ambulances, operating rooms, the emer-
gency department, and the intensive care unit [ICU]) were widely
mentioned as the most successful change activities (Table 4).

Fig. 1 shows the framework of supportive conditions for implementing
changes by QI teams. Core categories of supportive conditions were
external supports, QI team characteristics, dissemination of change,
staff characteristics, and structural circumstances in general. The
availability of educational materials, external support from change
counselors, and benchmark data were categorized as supportive condi-
tions within the core category of external supports. The second core
category describes a supportive QI team as being an interdisciplinary
team composed of dedicated members who meet regularly, share
goals, distribute responsibilities, and involve decision-making authori-
ties. The dissemination of changes was described as being supported
by repeating key elements, addressing employees directly, simplifying
work processes, disseminating information through staff rotation, and
including key elements in existing curricula. A supportive staff was
described as being made up of dedicated employees who were aware
of the topic of interest and who were highly qualified and experienced.
Finally, structural circumstances meant sufficient time and human
resources, holistic and interdisciplinary thinking, flat hierarchies,
concise and informal information sharing, and leadership support.

Table 5 lists both supportive conditions and barriers as well as the
number of times each was mentioned. Commonly identified barriers
to change were a lack of leadership support, inexperienced and poorly
qualified young staff, a lack of staff commitment, and shortages of
time and personnel. Repeating key elements of sepsis treatment regu-
larly, distributing educational materials, external support by change
counselors, and tracking changes via benchmark data were the most
frequently named facilitators of change. In summary, the most

Table 2
Characteristics of participating hospitals and QI teams (N = 17)

Hospital characteristics
University hospital 3 (17.6%) a

Levels of care
Primary 5 (29.4%)
Secondary 5 (29.4%)
Tertiary 7 (41.2%)

Hospital beds 568 (429-1100)
Number of ICUs 2 (1-4)
ICU beds 14 (10-24)
ICU patients per annum 1121 (1000-1911)

QI team characteristics
Number of participating members 7 (1-12) b

Ward affiliation
Only ICU 2 (11.8%)
ICU & ED 10 (58.8%)
ICU & several departments 5 (29.4%)

Professional makeup c

Only physicians 4 (25%)
Physicians & nurses 10 (62.5%)
Physicians, nurses, & nonmedical staff 2 (12.5%)

ED indicates emergency department.
a Data are shown as frequencies for categorical data or median and interquartile range

for continuous data.
b One QI team consisted of all medical staff of that hospital’s ICU.
c Information of professional makeup of 1 QI team is missing.

Table 3
Perceived problems according to external change counselors (N = 16)

Perceived problems according to external change counselors Number of mentions

Low degree of self-initiative 9
Lack of team structure 9
Incomplete QI team meetings 8
Poor cooperation with colleagues from other departments
outside of the QI team

6

Non-interdisciplinary QI Team 5
Lack of resources 5
Lack of time for QI team members at QI team meetings 4
Low quality of benchmark data 4
Overly strong hierarchy 3
Lack of knowledge regarding QI 3

Table 4
Change activities of QI teams

Change activities Number of mentions

Distribution of continuing education (lectures, workshops) 15
Distribution of educational materials (pocket cards, poster) 14
Discussing cases of substandard care 14a

Bundling of Sepsis-Sets (areas: ambulance, operating room,
emergency department, ICU)

9a

Repeating key elements of sepsis detection and
treatment regularly

9a

Providing sepsis treatment instructions 7a

Directions and instructions from leadership 4
Using rotating staff to reach other wards (long term) 3
Implementation of a sepsis hotline 2

a Marked change activities were mentioned as most successful.
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commonly discussed supportive conditions were repeating key ele-
ments regularly, bringing in dedicated employees from different
wards, distributing educational materials (eg, pocket cards, posters),
external support from change counselors, collecting benchmark data,
involving dedicated members in QI teams, sufficient time and human
resources, and sharing information informally and concisely.

4. Discussion

Themajor findings of our study can be summarized in the framework
of supportive conditions for implementing changes by QI teams. This
framework canbedivided into 5 core categories: (1) the availability of ex-
ternal supports from change counselors, including educational materials
and benchmarks; (2) interdisciplinary QI teamswith dedicated members;
QI team must have decision-making authority, shared goals, articulated
responsibilities, and meet regularly; (3) staff characteristics including

dedicated employees who are aware, qualified, and experienced; and
(4) generally supportive structural circumstances, such as sufficient time
and human resources, holistic and interdisciplinary thinking, flat hierar-
chies, informal and concise information sharing, and leadership support.
Furthermore, the interviewees reported (5) that changes should be
disseminated through addressing employees directly and through repeat-
ing key elements, including key elements in existing curricula. They also
advocated for simplifying work processes and disseminating information
through staff rotation.

Frameworks should be thought of as maps or travel plans, incorpo-
rating as much knowledge as possible about the best way to travel
and making use of the previous experiences of others who have been
on similar trips [29]. Different frameworks focusing on the successful
implementation of research into practice have been developed. Some
have focused on QI in specific areas (eg, the ICU), whereas others
have aimed to facilitate different kinds of dissemination methods

Fig. 1. Framework of supportive conditions to implement changes by QI teams.

Table 5
Summarized supportive conditions to implement changes by QI teams

Core category Supportive conditions Barriers Summarized number of mentionsa

External supports Educational materials (12) 12
External supports Support by change counselors (12) 12
External supports Benchmarks (11) 11
QI team Dedicated members (7) Lack of staff commitment

(QI team) (3)
10

QI team Regular meetings (9) 9
QI team Interdisciplinary team composition (7) 7
QI team Decision-making authority (3) Lack of decision-making authority (1) 4
QI team Shared goals (3) Missed shared goals

(QI team) (1)
4

QI team Distributed responsibilities (3) 3
Dissemination Repeating key elements (13) 13
Dissemination Addressing employees directly (8) 8
Dissemination Simplifying work processes (5) Entrenched work processes (2) 7
Dissemination Disseminating information through staff rotation (6) 6
Dissemination Including key elements in existing curricula (3) 3
Staff Dedicated employees (7) Lack of staff commitment (wards) (6) 13
Staff High awareness (5) Lack of awareness (4) 9
Staff Qualified/experienced staff (2) Young staff with less experiences/qualifications (6) 8
Structural Enough resources (time, human) (4) Less time, shortage of personnel (6) 10
Structural Informal and concise information (10) 10
Structural Holistic and interdisciplinary thinking/working (6) Lack of holistically thinking/working (3) 9
Structural Leadership support (2) Lack of leadership support (6) 8
Structural Strong hierarchies (5) 5

a If one interviewee named more than one complemented barrier or supportive condition, only one was counted.
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(eg, guideline dissemination using QI collaboratives [30–33]). However,
no frameworks have yet focused specifically on the potential determi-
nants of team success in QI collaboratives [11].

Knowledge regarding team organization and supportive conditions
has been stressed as something that has considerable value for parties
involved in QI collaborative efforts [34]. In the present study, external
supports were identified as supportive conditions for implementing
changes by QI teams. In prior research, QI team training was described
as a determinant of success for team-based implementation [35]. Simi-
larly to our results, several studies have also confirmed the need for
usable monitoring tools and appropriate measures to guide changes
[36–38]. Kaplan et al [17] conducted a systematic review of the
influence of context on QI success in health care; they found a positive
association between the existence of a data information system like
benchmarking and QI success in 57% of reviewed cases. External change
counselors should therefore address the gap between actual and
perceived situations and high performance expectations, as well as the
benefits of implementing changes for QI teams [37,39].

Interviewees in the present study found that supportive interdisci-
plinary QI teams involved dedicated members, had decision-making
authority, shared goals, articulated responsibilities, and met regularly.
Santana et al [40] examined the behaviors of successful hospital QI
teams using a positive deviance approach; their results were consistent
with ours regarding the positive effect of an interdisciplinary team com-
position. In the study of Santana et al [40], representatives of different
wards were able to motivate frontline staff, knew processes, provided
insights into daily work, and implemented changes effectively. The
importance of QI efforts having decision-making authority is also well
established in the literature [34,41].

Repeating key elements, providing treatment instructions, discussing
cases of substandard care, and equipping wards with easily accessible
antibiotics and bundled blood culture sets were categorized as the
most successful change activities. Nguyen et al [42] investigated the
utility of a QI bundle in bridging the gap between research and standard
sepsis care; similar to our results, the authors found combining
retrospective chart review with additional education and prompt
individual feedback (eg, discussing cases of substandard care) to be
very effective. However, existing studies in this area have not examined
a wide enough range of possible QI methods [17]. Alexander and Hearld
[16] confirmed the insufficient range of QI research to date in a review,
showing that multiple interventions and their effects could not be
independently identified.

Additional resources, such as time and staff, were categorized as
being supportive conditions on the structural level to implementing
changes by hospital QI teams. The external change counselors indicated
that it was not possible to mobilize the resources needed to support the
QI teams in the best possible manner. However, Hulscher et al [11] also
reviewed the importance of resources and time and, contrary to the
interviewees in the present study, found no relationship between QI
team success and these 2 factors. Another factor—holistic thinking—was
also cited by our QI team leaders. There is a need for effective collabora-
tion between the emergency department and critical care services,
as well as between administrators and health care providers; this is
particularly true with regard to improving the detection and treatment
of severe sepsis and septic shock [43–45]. Above all, in our study and in
the existing literature, leadership support was an important supportive
condition. In a systematic review, 15 articles examined the role of
leadership from top management in QI success. Although these articles
explored different aspects of this area, associations between QI success
and leadership from top management were consistently positive, with
significant positive associations in 72% of the cases reviewed [17].

The present study has both strengths and weaknesses. Notable
study strengthswere ourmulticenter approach and the use of grounded
theory–based analysis. Our multicenter study design gave us insight
into various hospitals settings (ie, teaching hospitals vs nonteaching
hospitals; primary, secondary, and tertiary care). Grounded theory–

based analysis allowed us to identify a framework of supportive condi-
tions for QI teams. Furthermore, we used the qualitative data collection
method of semistructured expert interviews with QI team leaders who
had participated in the MEDUSA project for at least 2 years. Experienced
change counselors also documented their perceptions immediately after
QI teammeetings. This combination of data sources allowed us to obtain
enough relevant information to gain a comprehensive understanding of
both the problem and the setting [21]. This study was limited by the fact
that we only interviewed QI team leaders, as opposed to all QI team
members, which might have somewhat limited our perspective on
local change processes. For example, it is possible that other QI team
members would havementioned leadership characteristics as an impor-
tant parameter in implementing an effective and successful QI project—a
parameter that was, understandably, not cited by team leaders.
Conducting individual interviews with all QI team members would
have been prohibitively time consuming. We therefore aimed to com-
pensate for this limitation by analyzing the impressions of external
change counselors on QI team processes. Had resources permitted,
gathering data from all team members might have yielded interesting
information. One possible compromise that could be made by future
investigations would be to use group interviews. Our final limitation
was that, as this was an observational qualitative analysis to identify
barriers and supportive conditions and not an experimental manipula-
tion, we cannot comment on the possible impact of the supportive
conditions or barriers on the actual change processes.

5. Conclusions

Finally, our grounded theory–based qualitative approach allows us
to identify a framework of conditions supportive of QI-related change.
This framework can help QI project initiators to create environments
that are supportive of change. Significant factors that were found to
support or impede QI were divided into 5 core categories: (1) the
availability of external supports from change counselors, including
educational materials and benchmarks; (2) an interdisciplinary QI
team with dedicated members that has decision-making authority,
shared goals, and articulated responsibilities and that meets regularly;
(3) staff characteristics, including dedicated employees who are
aware, qualified, and experienced; and (4) generally supportive struc-
tural circumstances, such as sufficient time and human resources,
holistic and interdisciplinary thinking, flat hierarchies, informal and
concise information sharing, and leadership support. Furthermore, the
interviewees reported that (5) changes should bedisseminated through
addressing employees directly and through repeating key elements,
including key elements in existing curricula. They also advocated for
simplifying work processes and disseminating information through
staff rotation.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jcrc.2015.03.022.
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Definitions of core categories and categories derived from expert interviews 

Core category Definition 

External supports Externally implemented conditions which have supported or hindered implementing changes. 
QI team characteristics QI team characteristics which have supported or hindered implementing changes. 
Staff characteristics Staff characteristics which have supported or hindered implementing changes. 
Structural circumstances Structural circumstances of the participating hospital which have supported or hindered implementing changes. 
Dissemination strategies Dissemination strategies which have supported implementing changes. 
Interdisciplinary QI team 
composition 

Interdisciplinary composition of the QI team. 

Interdisciplinary QI team 
composition 

Interprofessional composition of the QI team. 

Missing QI team members Whether representatives from other wards have been absent from the QI team. 
Change activities Activities that the QI teams have engaged in to implement changes. 

 

Category Definition 

Barriers Conditions which have hampered the QI team in implementing changes successfully. 
Supportive conditions Conditions which have supported the QI team in implementing changes successfully. 
QI Team composition Properties of QI team composition. 

1 
 



 

Codes, definitions, and quotations from the expert interviews 

Code Definition Quotation 

Educational materials The available of educational materials 
was perceived as helpful. 

“The new anesthesiologists that go into the shift work of 
the intensive care were trained, and quite often got these 
pocket cards. So great, that was really very good.” 
 

Support by external change counselors The external support of the MEDUSA 
study team was perceived as helpful. 

“From my perspective, you always benefit, no matter what 
your reasons are, when you connect yourself with others 
and learn from their experiences. You can learn, and 
maybe not have to have the negative experiences that 
others have had. It saves time, it saves resources, you get 
new perspectives. The challenge of this work is that you 
yourself are a part of this system, and you must position 
yourself, so to speak, so that you can take a look at your 
own system from a distance. To put it another way, 
sometimes you can get caught up in your own problems, 
and follow the law that: this will never change, we have 
always done it this way. But if someone is able to take a 
step back, and have a totally different perspective on our 
processes, because this person doesn’t work in this clinic, 
they I think that could help us achieve our goals faster.” 
 

Benchmark data The distribution of benchmark data was 
perceived as supportive. 

“... you can show people just with numbers whether or not 
something helps. And if you [do this], then people are 
pretty shocked at how bad the numbers are, and you can 
say, “Look at the numbers, this is how it is.” 
 

Dedicated members (QI team) The staff of dedicated colleagues in the 
QI team was perceived as helpful. 

“If, for some reason, the commitment no longer works, 
then it all comes apart again.” 
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Code Definition Quotation 

Regular meetings Regular meetings of the QI teams 
supported QI teams in implementing 
changes. 

“Regular meetings, maybe, on important topics, to discuss 
current issues.” 

Interdisciplinary QI team composition The interdisciplinary composition of the 
QI team was perceived as helpful. 

“So if I had had a solid representative of the respective 
wards, that would have been enough.” 
 

Decision-making authority QI team members having decision-
making authority in their own wards 
was perceived as helpful.  

“And in the ICU, it just worked, because everything is 
under the same management and I had a bit of influence to 
fix some things, to determine some things. It all depends 
on how much agency you have in a hospital, and if I can 
decide certain things for my ward, then those things can 
be implemented in the ward. “ 
 

Shared goals Tracking shared goals was perceived as 
helpful. 

“But I think, ultimately, it was a group that found itself, 
that moved in the same direction.” 
 

Distributed responsibilities Assigning direct responsibilities and 
clear tasks was perceived as supportive. 
 

“Clarify the division of tasks from the beginning.” 

Repeating key elements The regular repetition of and response to 
core elements of sepsis detection and 
treatment (e.g., through routine 
meetings) was perceived to be helpful. 
 

“And you have to go to the people and keep trying to 
explain, again and again. You cannot say it often enough, 
until the last person has understood.” 

Addressing employees directly Addressing employees directly (e.g., in 
the case of non-conformance with 
treatment guidelines for septic patients) 
was perceived as supportive. 
 

“Direct contact! So, don’t try anything else, but really talk 
with people directly.” 

Simplifying work processes Simplifying work processes (e.g., “So I think it was good that there is no additional work for 
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Code Definition Quotation 

through the bundling of antibiotics and 
blood culture bottles in sets) was 
perceived as supportive. 

anyone that ultimately compromises care to the patient. 
[Staff] can take the set out of the closet and use it, they 
does not need to gather more blood cultures, they do not 
need to arrange for Meropenem from the ICU, it is right 
there, already prepared. It is pretty palatably prepared, and 
I think that is important, that everyday people can 
incorporate it, that they can use it directly without having 
to make calls and send someone.” 
 

Disseminating information through staff 
rotation 

The QI team leader perceived the 
involvement of rotating staff as 
supportive, as these staff members can 
implement changes in other wards. 

“This followed the trickle-down principle, who noticed it. 
For example, the trauma surgeons noticed it, and also the 
general surgeons. So, on one rotation, naturally, they were 
in the QI team at the beginning. And then, of course, we 
have general surgery residents in the ICU, and also trauma 
surgical residents, and they create ever-widening circles of 
acceptance of taking blood cultures and adopting basic 
measures.” 
 

Including key elements in existing curricula The use of established educational 
structures (e.g., weekly nursing training) 
was perceived as beneficial in 
implementing changes. 

“So in the emergency department, training was conducted 
in a cycle, with this understanding that every four weeks, 
there is a training, and this time it’s MEDUSA. And since 
they’re coming to the training anyway, they just come.” 
 

Dedicated employees Dedicated, interested colleagues outside 
the QI teams were required to 
implement changes. 

“But, of course, it is always a problem, especially for 
many peripheral wards that have run their own studies; of 
course, this limits even further the willingness and the 
interest to do something extra.” 
 

High awareness Having colleagues who had already 
recognized the need for change on the 

“You have to keep trying to inform people about what this 
disease is, how bad it is, what devastating consequences it 
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Code Definition Quotation 

wards was perceived as helpful. can have, even for young people.” 
 

Qualified, experienced staff Having qualified colleagues outside the 
QI teams who were perceived to be 
open to implementing changes was 
perceived as helpful. 
 

“... so the old hands, they can do just fine.” 

Enough resources (time, human) The provision of remote staff and off-
duty times (e.g., to attend training) was 
perceived both within the QI teams and 
at staff level as supportive. 

“So we are already getting (one evening) that is freed up 
for studying something that we’re doing here, mainly 
sepsis ... people are always excused to attend training, and 
that’s really a lot, lots of hospitals don’t have anything 
like that.” 
 

Informal and concise information Short, informal service paths that did 
not require the participation of all 
supervisors was perceived both within 
the QI teams and at staff level as 
supportive. 

“Well, these short pathways, with the emergency room 
practically around the corner of the ICU, this means we 
can always times run back over and watch. It would be 
good to have a cooperative working relationship, that way, 
you can really get to know people; large hospitals get 
really isolated.” 
 

Holistic and interdisciplinary thinking / 
working 

Goal tracking to provide holistic patient-
based care, as opposed to to gather 
information on the clinic-wide level, 
was perceived as being an important 
condition in bringing about change, both 
within the QI team and in the entire 
clinic. 
 

“And lots of different roadblocks get put in the way, 
because not everyone thinks or feels the same way. Each 
department would rather have their own way, and have a 
certain level of assurance that certain processes will not be 
disturbed in their department.” 
 

Leadership support The support of the leader was perceived 
as helpful. 

“So the boss has to go from the top and has to say how it 
will go… that’s just how it goes, and nothing works 
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Code Definition Quotation 

without this approval.” 
 

Lack of leadership support A lack of support from leadership was 
named as a barrier. 

“... [The boss] sometimes could have said, ‘Okay team, at 
4 pm you have to go to the training.” That would have 
helped, because you could also get direct contact with 
people.” 
 

Strong hierarchies The QI team leaders perceived strong 
hierarchies, both within and outside of 
the QI team, as a barrier. 
 

“The hierarchies must be dismantled.” 

Lack of holistically thinking / working Colleagues who did not think 
interdisciplinarily were perceived as a 
hindrance. 

“So, no one, so to speak, is looking out from beyond his 
or her own clinic to work together interactively, to 
cooperate, that is the fundamental problem.” 
 

Insufficient time and personnel Lack of resources (e.g., staff, time) was 
perceived as a hindrance both inside and 
outside of the QI teams. 

“So, it is definitely a problem that [doing quality 
improvement] is always in addition to the regular work, in 
addition to the actual time [that you need].” 
 

Young staff with less experience / 
qualifications 

A low level of professional experience 
hindered employee effectiveness in 
bringing about change. 
 

“It’s striking that these days a lot of young nurses start out 
in the ICU, and they simply lack knowledge.” 

Lack of awareness Employees see no need for change and 
do not realize the severity of the sepsis 
problem. 

“So now we really must work on it further and stay on the 
ball, so that the topic is hammered into the skull and never 
comes out again. That is the point.” 
 

Lack of staff commitment (wards) Employees outside of the QI teams who 
have little commitment to their work 
were perceived as a hindrance. 

“[Quality improvement] is certainly something what we 
have to work on here, and to some extent, what lies ahead. 
This comes, to some extent, from the fact that, in our 
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Code Definition Quotation 

hospital—and I fear this is representative of the [German] 
Republic—that the nursing staff is pretty burnt out. As a 
result, anything that smells even a little bit like more 
commitment is naturally initially rejected. And people 
say, ‘We really have a lot to do and we’re doing our 
work.’ And here comes someone with new ideas that 
don’t really mean much work, just that one must pay a 
little more attention to things. So, I believe that we really 
have to invest more work. This is something that, from my 
point of view, hasn’t yet been satisfactorily implemented.” 
 

Entrenched work processes Entrenched work processes and the will 
to maintain these processes were 
perceived as barriers to bringing about 
change. 

“You can not implement everything at once, you realize 
that you also encounter internal resistance, so to say, 
simply entrenched or everyday situations where 
something has been done in a certain way for years.” 
 

Lack of shared goals 
(QI team) 

An unstructured approach and a lack of 
defined goals hampered the work of the 
QI teams. 

“But as I said, when your colleagues are here [in QI 
meetings], they just all sit together, and then go their 
separate ways.” 
 

Lack of decision-making authority A lack of decision-making power 
regarding one’s home ward was a 
hindrance to bringing about change in 
this ward. 
 

“But I cannot just go into other clinics as an 
anesthesiologist, that’s my problem.” 

Lack of staff commitment 
(QI team) 

When QI team members were not 
involved enough, collaborations were 
not successful. 

“I’m not the sole champion. And I have to say that some 
of the the nursing staff have also shown personal 
initiative. However, on the medical level, the organization, 
the reaction to everything depends on me.” 
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Code Definition Quotation 

Offering continuing education (e.g., 
lectures, workshops) 

Continuing education was offered. ”We have offered training courses for both nursing and 
medical staff.” 
 

Distribution of educational materials (e.g., 
pocket cards, posters) 

The QI team distributed educational 
materials (e.g., pocket cards, posters). 

“So I’ve got this coat, and we had enough materials to 
hang the posters in all of the wards. I have handed out 
these pocket cards to all of the physicians, so that they are 
also informed about what they must pay particular 
attention to.” 
 

Discussing cases of substandard care (Fast 
feedback) 

Patients who were not treated according 
to guidelines were noted and discussed 
by the attending staff. 

“Well, finally getting in touch with the go-betweens. Talk 
with colleagues who work in the emergency department, 
the colleagues who work here in the OR. 
So if the OR keeps coming across septic patients, then this 
ultimately gets back to all of the emergency services, who 
are responsible for the hospital and for the emergency 
services after 4 pm, that you have talked to them again 
and again.” 
 

Bundling of Sepsis-Sets for ambulances, 
operating rooms, the emergency 
department, and the intensive care unit 

The QI team bundled sepsis sets and 
stored them in selected treatment areas. 
These sets include, for example, two 
sets of blood culture bottles and 
antibiotics (sepsis kits varied). 

“Another measure was that we made a specific package 
for the OR, for if is a patient there is identified as septic, 
or maybe becomes septic while in the OR, which has 
happened a few times. So, we have put together a simple 
box containing broad-spectrum antibiotics and four blood 
culture bottles.” 
 

Regularly repeating key elements of sepsis 
detection and treatment  

The QI team regularly addressed the 
core elements of sepsis detection and 
treatment (e.g., during routine meetings 
or morning rounds). 

“In our own department, we have repeatedly drawn 
attention [to the core elements of sepsis detection and 
treatment], both in early meetings and during routine 
visits.” 
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Code Definition Quotation 

Providing sepsis treatment instructions 
(standard operating procedures; SOPs) 

The QI team developed and 
implemented SOPs for the detection and 
treatment of sepsis. 

“Within the context of MEDUSA, we have, maybe not 
exclusively… but [program staff] helped us develop our 
own prescription antibiotics, and brought some in-house 
guidelines for the use of antibiotics, specifically for our 
staff.” 
 

Directions and instructions from leadership Directions and instructions from 
leadership to enforce standards and to 
give instructions for dealing with septic 
patients. 
 

“We have commanded staff to do so. Always there and 
afterwards as assistant medical device.” 

Using rotating staff to reach other wards 
(long-term) 

QI team members included rotating staff 
on their ward in QI work; this was done 
to ensure a long-term effect on the 
detection and treatment of septic 
patients in rotating staff members’ home 
wards. 
 

“And an exchange with intensive care, the surgical staff 
that were within that rotation.” 

Implementation of a sepsis hotline The QI team set up a phone number for 
all wards, which colleagues can use to 
seek professional advice in sepsis 
treatment and support. 
 

“Then we have specifically set up a sepsis hotline, which 
is also published in the employee newsletter.” 
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Code, definitions, and quotations from the evaluation database 

Codes Definition Quotations 

Incomplete QI team meetings  Key representatives from the QI teams were not 
present during meetings with the external 
change counselor. 

“But the QI team is crumbling a bit—a student 
away, the head nurse of the ICU away, Prof. 
XXX with appointments.” 
 

Low degree of self-initiative  The QI team shows little self-initiative. “The team could really increase its own 
initiative regarding change management, and 
really must present itself better in this regard.” 
 

No existing team structure  The essence of a QI team was not understood; 
based on the study definition, there is no QI 
team. 
 

“At the end of the visit, the team always looks 
motivated accordingly. But it’s just not a 
team!”„ 

Non-interdisciplinary QI Team  The team consists only of staff from the ICU and 
anesthesiology. 

“In the room sat 16 people, of which two were 
nurses from the ICU, and all the rest (!) 
Anesthesiologists, most of whom were assistant 
physicians. The clinic consists of several 
operating units, of which only one took part.” 
 

Poor cooperation with colleagues from other 
departments outside of the QI team 

There are problems in the cooperation between 
the QI team and other departments within the 
center. 

“The emergency room has a strikingly long time 
before administering antibiotics, but this can not 
be addressed according to the QI team.” 
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Codes Definition Quotations 

Lack of time for QI team members during the QI 
team meetings 

The consultant had limited time available during 
on-site visits. 

“The visit with the QI team had a pretty narrow 
time frame (about 90 minutes!), with proper 
discipline that actually went pretty well.” 
 

Lack of resources  There were insufficient resources available (e.g. 
time, personnel) for the MEDUSA trial. 

“The team is trying really hard, but with limited 
funds, limited resources.” 
 

Low quality of benchmark data  The members of the QI teams rate their data 
quality as poor. 

“A big problem is the quality of data (time and 
place of first organ dysfunction).” 
 

Strong hierarchy  Within the QI teams, there is a pronounced 
hierarchy. 

“Internally, quite hierarchical.” 
 
 

Lack of knowledge regarding the trial and QI QI team members have little knowledge about 
some aspects of the study. 

“Tasks of QI teams, times, and nature of the 
study do not seem to have been understood.” 
 

Positive reaction to visit The reaction of QI team members to the visit 
was positive. 

“They look forward with excitement to the 
project and hope to make changes.” 
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Anhang

Manuskript III

Barrieren bei der Früherkennung und zeitgerechten Behandlung der schweren Sepsis

und des septischen Schocks: eine Fokusgruppenstudie [55]



Crossing the handover chasm: Clinicians' perceptions of barriers to the
early detection and timely management of severe sepsis and septic shock

Claudia T. Matthaeus-Kraemer, MA a,⁎, Daniel O. Thomas-Rueddel, MD a,b, Daniel Schwarzkopf, MSc a,
Hendrik Rueddel, MD a,b, Bernhard Poidinger, MD b, Konrad Reinhart, MD a,b, Frank Bloos, MD, PhD a,b

a The Integrated Research and Treatment Center for Sepsis Control and Care (CSCC), Jena University Hospital, Erlanger Allee 101, 07747 Jena, Germany
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Keywords:
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Purpose: The purpose was to identify barriers to the early detection and timely management of severe sepsis
throughout the emergency department (ED), general ward (GW), intermediate care unit (IMC), and the
intensive care unit (ICU).
Materials and methods: Five multicenter focus group discussions with 29 clinicians were conducted. Discussions
were based on amoderation guidewere recorded and transcribed. Qualitative analysis was performed according
to the principles of the concept mapping method and the framework approach.
Results: The major causes of the delayed detection and treatment could be summarized in a framework of
communication errors and handover difficulties throughout patients' course of treatment, which can be divided
into 5 core areas: inadequate histories before hospital admission; poorly coordinated handovers between the
ambulance service and the ED; delayed patient transfer between the ED and the GW as well as delays in patient
transfers between the GW and the ICU by, for example, a lack of bed capacity and a shortage of staff. Generally,
participants from all wards mentioned that the urgency with which septic patients needed to be treated was
not communicated.
Conclusions:Our study shows theneed to improve intra- and interunit handover processes inhospital care,which
would ensure a holistic treatment concept, thereby improving patient care.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Severe sepsis and septic shock are serious medical conditions and
are associated with a high risk of mortality [1]. Over the past years,
the annual incidence of sepsis rose steadily [2,3]. Early recognition and
prompt therapy are associated with improved outcomes [4-7]. The
Surviving Sepsis Campaign guidelines recommend aiming for an
effective antimicrobial therapy within the first hour after recognition
of sepsis [8]. A number of studies have reported delays in antimicrobial
therapy, with median times to an antimicrobial therapy in the range of
115 to 186 minutes after diagnosis [6,9-14]. In a Spanish multicenter
trial, Ferrer et al [5] observed that only 18.4% of patients received their
antimicrobial therapy within the first hour after diagnosis. Likewise,
only 22.5% of patients received their antimicrobial therapy in the first
hour after onset of organ dysfunction in a German study [14].

In light of these troubling findings, Burney et al [15] delivered in-
sights into the barriers to sepsis guideline implementation in emergen-
cy departments (EDs): The authors identified knowledge gaps and
procedural hurdles in sepsis identification and treatment, and conclud-
ed that both educational and process components are core elements in
improving sepsis care in the ED. Data on nursing barriers to implemen-
tation are lacking and represent a large area of need regarding knowl-
edge translation. Adding to this, Mearelli et al [16] reported that there
is particular need formore awareness of the signs and symptomsof sep-
sis if septic patients are treated in general medical wards, as patients in
these wards are mostly older and have higher rates of morbidity than
patients in intensive care units (ICUs), making the identification of the
typical signs and symptoms of sepsis difficult.

Different departments are responsible for diagnosis and treatment;
patients will encounter a large number of staff, with teams changing
several times each day. Prior studies have emphasized the need for ef-
fective collaboration between the ED and critical care services, as well
as between administrators and health care providers; this is particularly
true with regard to improving the detection and treatment of severe
sepsis and septic shock [17-20]. Nevertheless, research in this area is in-
sufficient and has mostly presented how isolated instances of problem-
atic handovers have resulted in the fragmentation of care [21].
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The present study aims to identify barriers to the early identification
and timely management of severe sepsis and septic shock throughout
the ED, general wards (GWs), intermediate care units (IMCs), and
ICUs, as well as their crossing points, using an interdisciplinary
approach. A further goal is to develop solutions to improve the early
detection and timely treatment of these medical conditions.

2. Material and methods

This exploratory study used interdisciplinary and interprofessional
focus group discussions to investigate the causes of delays in the early
detection and timely management of patients with severe sepsis and
septic shock. Data were first analyzed through the concept mapping
method during the focus group discussions [22]; the results of these
focus groups were then analyzed according to the principles of the
framework approach [23].

2.1. Background of the study

The present study was conducted within the second intervention
period in a cluster randomized trial involving a total of 35 hospitals at
that time (first intervention period: 20 hospitals; second intervention
period: 15 hospitals). The Medical Education for Sepsis Source
Control and Antibiotics (MEDUSA) study (ClinicalTrials.gov Identifier
NCT01187134) aims to improve early sepsis recognition and therapy
as well as to compare a multimodal educational program, which in-
cludes the establishment of quality improvement teams, to traditional
Continuing Medical Education. In quality improvement teams, staff
from different health care departments work together to identify best
practices, consider change strategies, apply improvement methods,
give feedback, and share information [24,25].

2.2. Data acquisition

In the period April to June 2014, we conducted a qualitative study
using focus group discussions involving the staff of hospitals that are
participating in the second intervention period of the MEDUSA trial,
with the goal of getting information about barriers to the early detection
and timelymanagement of severe sepsis and septic shock. A focus group
is defined as a group organized around a common characteristic, which
aims to explore a specific issue. The distinguishing feature of such
groups is that the interaction between participants is an essential part
of the research data and can serve as a catalyst [26]. We used the qual-
itative data collection method of focus group discussions to generate
unique insights and to understand differences in perspectives between
hospital wards [27]. Focus groups were recruited until data saturation
was achieved. Data saturation point is reached when the participating
researchers jointly decide “that there is enough information to replicate
the study, when the ability to obtain additional new information has
been attained, and when further coding is no longer feasible” [28].

2.3. Characteristics and setting

A focus groupmoderator guidewas developed according to the con-
cept mapping approach [29], which serves as a useful participatory
method for health researchers interested in both generating hypotheses
and developing theory [22]. First, participants were told to address
“Barriers to the early identification and timely management of severe
sepsis and septic shock.” Timely management include “early quantita-
tive resuscitation of the septic patient during the first 6 hours after rec-
ognition; blood cultures before antibiotic therapy; imaging studies
performed promptly to confirm a potential source of infection, and ad-
ministration of broad-spectrum antimicrobials therapy within 1 hour
of recognition of septic shock and severe sepsis without septic shock”
[8]. Subsequently, the guide focused on 5 major steps: (1) the genera-
tion of statements regarding the focus of the discussion (ie, identifying

the causes of delays in the early detection and timely management of
severe sepsis and septic shock); (2) the description and sorting of
causes; (3) the interpretation of sorted statements and the naming of
clusters of barriers and solutions; (4) the prioritization and scaling
of clusters according to both their importance and their solvability into
a 2-dimensional plot, and (5) the use of high-ranking clusters and collec-
tion of proposed solutions for them (Supplementary Material 1; tables).
The focus groupmoderation guidewas pretested twice in 2 independent
hospitals within the first intervention period of the MEDUSA study.

Focus group discussions were moderated by different teams, with
each team consisting of 2 trained employees of theMEDUSA study (social
scientists and physicians). The participants consisted of staff purposefully
recruited from different wards of the hospital by quality improvement
team members. In selecting employees who were suitable for participa-
tion, we examined benchmark data for the different participating wards
and selected employees who worked in wards that had been identified
as problematic. With the aid of the benchmark data, responsible em-
ployees of the MEDUSA study and the QI team jointly decided which
wardswere considered problematic. Selectedwards were defined as crit-
ical if their benchmark data showed higher needs for improvement activ-
ities than other wards of their hospital. All 15 hospitals of the second
intervention period of the MEDUSA trial were eligible for participation.
We recruited hospitals for participation until data saturation was
achieved. The researchers reviewed the transcripts after each session, ex-
amined whether new themes had been identified, and decided whether
they needed to conduct more focus groups or to terminate recruiting.

There was no prior contact between the moderators and the focus
group participants. All discussionswere audio recorded and transcribed,
with prior participant consent, and remained confidential. Focus group
discussions were conducted at each participating hospital, with only
the moderators and focus group participants present.

2.4. Data analysis

Data analysis consisted of 2 steps. In the first step, participants struc-
tured and analyzed their results themselves during the focus group discus-
sion according to the above-mentioned principles of the concept mapping
approach. In this way, the results were dialogically validated by the partic-
ipants. Validation in qualitative research typically refers to the process of es-
tablishing the trustworthiness of a study [30]. Dialogical validation is
described as a method “where the dialogue refers to something outside a
strict linguistic sense of language namely to an unfolding conversation
about the meaning of utterances” [30]. In the second step, the final data
analysis was conducted by a social scientist (CTM-K; credential: MA in ed-
ucational science, psychology, and sociology) who had extensive experi-
ence in conducting and analyzing interviews and focus group discussions
in different settings (eg, process evaluations of social organizations, net-
work research) according to the principles of the framework approach
[23]. The framework approach consists of 5 stages: (1) familiarization
with the data, (2) identifying a thematic framework of the focus group dis-
cussions, (3) applying the thematic framework to the data, (4) forming
charts, and (5) defining concepts and finding associations [31].

All data were analyzed using the software MAXQDA (VERBI Software
Consult Berlin;version11).Definitionsandexcerpts fromthe focusgroupdis-
cussionsarepresented inSupplementaryMaterial 2 (tables).Methodsarean-
alyzed and reported according to the consolidated criteria for reporting
qualitative research checklist [32]. Thiswas an observational qualitative anal-
ysis to identify barriers in the early detection and timely treatment of severe
sepsis and septic shock and not an experimental manipulation; as a result,
this work met criteria for exemption from ethics review.

3. Results

In total, 29 participants—11 physicians and 18 nurses—took part in 5
focus groups within 5 independent hospitals. Characteristics of partici-
pating and nonparticipating hospitals are shown in Table 1.
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Participants came in different combinations from the GW, the ED,
the ICU, and the IMC (Table 2). Focus group discussions ranged in length
from 70 to 93 minutes, with a median length of 85 minutes.

3.1. Barriers to the early identification and timely treatment of severe sepsis
and septic shock

During the focus group discussion, participants divided identified
barriers into those that hinder early identification and those that hinder
timelymanagement after detection. All of the barriers to the early iden-
tification of severe sepsis and septic shock discussed by the focus group
participants are shown in Table 3. The numbers of times specific barriers
werementioned are given in total below in parentheses. The availability
of the physicians on the GW (5), the shortness of the contact between
both nurses and patients and between physicians and patients (5),
and poorly coordinated handovers and communication errors
(5) were all mentioned in every discussion round. In addition, a lack
of knowledge about sepsis detection and treatment (4) and the
complexity of this medical condition in general (4) were discussed in
4 of 5 focus groups. Two groups mentioned that patients admitted to
the GW or the ED are attended by employees who are not trained to
recognize the early symptoms of sepsis.

Table 4 shows the barriers that hinder the timely treatment
(eg, prompt administration of an antimicrobial therapy, source control)
after the recognition of severe sepsis or septic shock. The most frequent
barrier mentioned by participants was improper prioritization of the
treatment of severe sepsis and septic shock (4). Waiting for laboratory

results, nurses' lack of authorization to take blood cultures or administer
the first dosage of antimicrobials, and poorly coordinated handovers re-
garding the admission of antimicrobial therapy in the ICU were also
mentioned equally in 3 of 5 discussion rounds as barriers to the timely
management of severe sepsis and septic shock.

3.2. In focus: communication errors and poorly coordinated handovers

The major causes of the delayed detection and treatment of severe
sepsis and septic shock which were discussed as barriers to both the
early identification and timely management are summarized in
Fig. 1—a framework of communication errors and handover difficulties
throughout patients' course of treatment (numbers in brackets refer to
the number of mentions in total). This framework can be divided into
5 categories: prehospital, the ambulance service, the ED, GWs, and
IMC/ICU. Before hospital admission, inadequate histories taken were
discussed (4). Moreover, handovers between the ambulance service
and the nurse of the ED were described as poorly coordinated because
of the absence of the responsible physician (2). A lack of bed capacity
on the GWwasmentioned as a reason for a delayed patient transfer be-
tween the ED and the GW (1). Subsequently, delays in patient transfers
between the GW and the ICU are caused by a shortage of staff [2].
Further discussed barriers were also poorly coordinated handovers be-
tween the GW and the ICU due to the absence of the responsible
physician [2] and that diagnostics and their results are only available
after prolonged waiting periods [2]. Finally, participants from all partic-
ipating wards mentioned that the urgency with which septic patients
needed to be treated was not communicated [4], identifying this as a
major handover error.

3.3. Suggestions for improving early detection and timely treatment

Fig. 2 lists solutions to improve the timely identification and treat-
ment of severe sepsis and septic shock as they were proposed in the
focus group discussion. The 5 categories addressed by the different pro-
posed solutions were identified as knowledge gaps, lack of resources,
handover difficulties, lack of qualifications, and authorization limita-
tions for nurses. Problems relating to knowledge gaps were those
most frequently addressed in proposed solutions, which comprised ad-
ditional obligatory trainings for nurses and physicians (4), providing

Table 1
Characteristics of participating (n = 5) and nonparticipating hospitals (n = 10)

Hospital characteristics Participating hospitals Nonparticipating hospitals

University hospital 2 3
Levels of care

Primary – 3
Secondary 3 2
Tertiary 2 5

Hospital beds 418 (180-1475) 800 (443-1042)
b500 3 2
500-1000 – 5
1001-1500 1 3
N1500 1 –

No. of ICUs 2 (1-7) 2 (1-4)
ICU beds 10 (8-55) 22 (11-39)
ICU patients per annum 1200 (838-3650) 1443 (851-2312)

Data are shown as frequencies for categorical data or asmedian and interquartile range for
continuous data.

Table 2
Characteristics of participating focus groups/focus group composition (N = 5)

Focus group characteristics

Number of participating members 7 (3-8)
Ward affiliation in total

ED 2 (40.0%)
GW 3 (60.0%)
IMC 1 (20.0%)
ICU 2 (40.0%)

Professional make-up in total
Physicians (P) 11 (37.9%)
Nurses (N) 18 (62.1%)

Focus group composition No. of participating members Ward affiliation

Focus group 1 7 (P = 4, N = 3) IMC & ICU
Focus group 2 4 (P = 2, N = 2) GW
Focus group 3 8 (P = 1, N = 7) ED & GW
Focus group 4 3 (P = 1, N = 2) ED & ICU
Focus group 5 7 (P = 3, N = 4) GW

Data are shown as frequencies for categorical data or asmedian and interquartile range for
continuous data.

Table 3
Barriers to the early identification of severe sepsis and septic shock (N = 5)

Perceived barriers to early identification No. of
mentions

Availability of physicians (reported for GW only) 5
Contact between physicians or nurses and patients too short 5
Poorly coordinated handovers or communication errors 5
Lack of knowledge about sepsis 4
Complexity of sepsis 4
Lack of qualifications to identify and treat sepsis (reported for ED and GW) 2

Table 4
Barriers to the timely management of severe sepsis and septic shock (N= 5)

Perceived barriers to timely management No. of
mentions

Prioritization of treatment 4
Waiting for laboratory results 3
Lack of nurse authorization 3
Poorly coordinated handovers for admission and for administration of
antimicrobial therapy (reported for ICU)

3

Uncertainty of inexperienced physicians about treatment procedures 2
Time-consuming patient transfers from the ED to the GW,
or from the GW to the ICU

2

Insufficient equipment
(reported for all units other than intensive care)

2
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checklists and posters (3), discussing cases of substandard in-patient
care with the staff involved (2), welcoming new resident physicians in
the ICUwith training on the redflag elements of the detection and treat-
ment of severe sepsis and septic shock (1), and developing and
implementing standard operating procedures defining how employees
must proceed in cases of suspected sepsis (1). Solutions proposed to ad-
dress the lack of resources included assigning an experienced physician
to conduct ED triage, prioritizing patients who might be suffering from
sepsis (2). Furthermore, a physician should be available for the GW at
all times, or a central point of contact should be made available in case

of an emergency for all wards (2). Handover difficulties could be re-
duced by implementing a sepsis checklist for the admission of new pa-
tients in the ED. The presence of a physician at handovers on the GW, so
as to ensure a comprehensive understanding of the patient's condition,
was also discussed as helpful. Handover-related barriers in the ICU
could be reduced by giving direct, in-person instructions instead of,
for example, by noting only electronically that antimicrobial
therapy had been ordered. Participants also discussed the feasibility of
implementing an alert system within the ED to detect early symptoms
even if less qualified staff admits a patient (1). Finally, authorizing

Urgency of treatment is not conveyed or recognized (4)

Different documentation systems

Fig. 1. Communication errors and handover difficulties in the treatment course of a patient with severe sepsis and septic shock (numbers in brackets refer to the number of mentions in
total; N = 5).

Lack of
knowledge

Obligatory
further training

(4)

Posters / 
Checklists (3)

Feedback (2)

Induction
program (ICU) 

(1)

SOP
(general ward) 

(1)

Lack of
resources

Physician for ED 
triage (3)

Fixed physician
for the GW (2)

Handover
difficulties

Checklist for 
patient admission 

at ED (3)

Interprofessional
handovers GW 

(2)

Direct
instructions ICU 

(2)

Lack of
qualifications

Documentation of 
patient acuity in 

ED (1)

Lack of 
authorization

Extending
nurses’

authorization

(antimicrobial
therapy, blood

cultures; 2)

Fig. 2. Suggestions for improving early detection and timely treatment (numbers in brackets refer to the number of mentions in total; N = 5).
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nurses to take blood cultures and to administer the first dosage of anti-
microbials could reduce the time between the diagnosis and treatment
of severe sepsis and septic shock (2).

4. Discussion

Overall, participating clinicians identified different kinds of
knowledge gaps, a lack of resources, and poorly coordinated handovers
as barriers that hinder the early detection and timely treatment of se-
vere sepsis and septic shock. One approach suggested by prior quality
improvement initiatives is to assign local advocates to establish multi-
disciplinary quality improvement teams to improve sepsis detection
and treatment [9,14,33]. Most prior interventions have attempted to
address knowledge gaps through educational interventions such as
distributing educational materials and holding lectures. Other studies
have emphasized the need to increase awareness by distributing
benchmark data and discussing cases of substandard in-patient care
with the staff involved. However, no interventions to date have focused
specifically on the potential impact of intra- and interunit handover
errors on sepsis detection and treatment.

In this study, the major causes of the delayed detection and treat-
ment of severe sepsis and septic shock identified by the participants
can be summarized in the presented framework of communication
errors and handover difficulties throughout the treatment courses of
patients with severe sepsis or septic shock. The identified problems
may occur at any time, starting before hospital admission and continu-
ing throughout the patient's stay in the ICU, and may result in delays in
the detection and treatment of severe sepsis and septic shock. Through-
out all participating wards, the urgency of treatment necessary in the
initial care of patients with sepsis was not communicated. This was
identified as a major handover error.

In 2001, the Institute ofMedicine described handovers as opportuni-
ties for errors, stating that “in a safe system, information is not lost, in-
accessible, or forgotten in transitions” [34]. The Australian Commission
on Safety & Quality in Health Care defined a clinical handover as “... the
transfer of responsibility and accountability for some or all aspects of
care for a patient, or group of patients, to another person or professional
group on temporary or permanent basis” [35]. During a sepsis episode, a
patientwill be treated bymany health careworkers atmultiple sites, in-
cluding primary care, emergency care, surgical care, or intensive care
settings. Riesenberg et al [36] estimated that an average inpatient will
require 24 handovers during his or her hospital stay. Transferring a pa-
tient between specialized departments is categorized as a high-risk
event in the care process, as poor clinical handovers between health
care professionals can lead to preventable errors and adverse events
[37-39]. Recently, Makary and Daniel [40] discussed medical errors as
the third leading cause of death in the United States. Prior studies
have emphasized the need for effective collaboration between the ED
and critical care services, as well as between administrators and health
care providers; this is particularly truewith regard to improving the de-
tection and treatment of severe sepsis and septic shock [17-20].

To improve handovers, a range of approaches including, for example,
training and education, process standardization, and use of technology,
was used [41]. Robertson et al [42] reviewed existing literature and
aimed to evaluate the impact of interventions which were developed
to improve the quality and/or safety of intrahospital handover process-
es. Of the 29 included studies, 17 reported a statistically significant
change in at least one of their outcome measures with no differences
between the success rates of single and multimodal interventions. IN
addition, none of the categories defined by the authors, that is, stan-
dardization tools, team training approaches, or quality improvement
programs, seemed to be clearly associatedwith a better chance of a pos-
itive outcome. However, Robertson and colleagues [42] concluded that
the evidence they have found in this review has to be regarded as
very unreliable because the studies were poorly designed and therefore
susceptible to bias. They strongly recommend a more systematic

exploration of handover interventions by performing methodologically
sound studies that clearly set out to test such strategies. Independently
of these results, various reviews have reported the effectiveness of stan-
dardizing tools (eg, standardized handover tools, computerized hand-
over tools) to improve information transfer among different health
care providers [39,43-45].

In the present study, an inadequate medical history before hospital
admission and poorly coordinated handovers from the rescue service
were discussed as major causes of delays in sepsis detection and treat-
ment in the ED. Especially in Europe, a significant proportion of septic
patients are first admitted and treated outside the ICU, such as in EDs
and medical wards [16,46-49]. Fernando et al [50] argued that hand-
overs within the ED are more complex than handovers in the ward en-
vironment because of fluctuations in acuity, an unpredictable patient
load, the undifferentiated or undiagnosed nature of clinical problems,
and compressed time frames. Before and at the time of data collection,
the participating hospitals did not use electronic medical records
(EMRs). The EMR aims to improve intra- and interunit communication
among different health care providers, guideline adherence, and deci-
sion support using an automated collection, usage, and storage of pa-
tient information [34]. Lee et al [51] examined the relationship
betweenbasic EMR adoption and 30-day rehospitalization, 30-daymor-
tality, inpatient mortality, and length of stay at 708 acute-care hospitals
in the US from 2000 to 2007. The authors reported a small but statisti-
cally significant association of EMR adoption with positive outcomes
of hospitalization. Finally, participants of the present study identified
handovers between the ED and theGWas beingmademore difficult be-
cause of the frequent lack of beds.

The crux of the handover difficulties discussed by the focus group
participants was patient transfers between the GWs and the ICUs or
IMCs, with the lack of physician presence during handovers discussed
in 2 of the 5 focus group discussion rounds. During these transitions,
vital information may be lost. Presenting similar findings, van Sluisveld
et al [39] discussed how patient transfers between ICUs and GWs are
particularly vulnerable to poor handovers because of the complex
physiology of the patients' health conditions and significant differences
in monitoring that occur upon transfer, increasing the risks for prevent-
able errors and adverse events. Further barriers in the timely detection
and treatment of sepsis discussed by the participants of the present
study were lengthy waiting times for diagnostics (ie, medical imaging,
laboratory tests), as well as delayed patient transfers between the GW
and the ICU or IMC caused by a shortage of staff.

In addition to communication errors and handover difficulties, par-
ticipants from every discussion round emphasized that difficulties in
reaching physicians on the GW as well as the shortness of contact be-
tween both nurses and patients and between physicians and patients
were major barriers. As a number of prior studies have noted, these
problems develop more impact the less time physicians and nurses
can spend with the patient. Steyrer et al [52] investigated the impact
of the physician-to-patient ratio on medical errors in a prospective, ob-
servational, 48-hour cross-sectional study conducted in 57 ICUs in
Europe. The authors concluded that increased workload and capacity
utilization increase the occurrence of medical errors. In addition,
Pronovost et al [53] examined physician staffing patterns and clinical
outcomes in critically ill patients, concluding that high-intensity (as op-
posed to low-intensity) ICU physician staffing is associated with re-
duced hospital and ICU mortality, as well as with shorter hospital and
ICU stays. By contrast, different research groups investigated the associ-
ation of outcomes with 24/7 intensivist staffing models and concluded
that 24/7 intensivist staffing is not associated with length-of-stay or
mortality benefits [54-58]. The literature also shows that hospital
nurse staffing in general influences bothquality of care and patientmor-
tality; surgical patients, in particular, have been found to experience
higher risk-adjusted 30-day mortality and failure-to-rescue rates in
hospitals with fewer nurses [59,60]. In addition, Needleman et al [61]
conducted a retrospective observational study and reported that
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staffing of registered nurses was associatedwith an increasedmortality.
To date, the association between physician and nurse staffing and sepsis
detection and treatment, in particular, has not been investigated.

Our study has strength and weaknesses. Notable study strengths
were our multicenter approach, the use of focus group discussions,
and data analysis that combined the concept mapping method and
the framework approach. Our multicenter study design gave us insight
into various hospitals settings. Using focus groups involving participants
from different wards and with different professions allowed us to un-
derstand communication errors and handover difficulties throughout
the whole treatment process of a patient with severe sepsis or septic
shock. Focus groups were recruited until data saturation was achieved;
our total of 5 focus groups is within Morgan's [62] finding that most
studies require 4 to 6 focus groups to reach data saturation. However,
the characteristics of participating and nonparticipating hospitals
differed regarding the number of hospital and ICU beds. Therefore, the
results mentioned may represent handover difficulties in smaller or
medium-sized rather than large hospitals. According to the principles
of the concept mapping approach, data were validated during the dis-
cussion by the focus group participants, ensuring high-quality data.
This study was limited by the fact that this was an observational quali-
tative analysis to identify barriers in the early detection and timely
treatment of severe sepsis and septic shock, and not an experimental
manipulation; as a result, we cannot comment on the possible impact
of the identified barriers on the actual treatment processes.

5. Conclusions

The major causes of the delayed detection and treatment could be
summarized in a framework of communication errors and handover dif-
ficulties throughout patients' course of treatment. In light of a lack of in-
terventions focusing specifically on the potential impact of intra- and
interunit handover errors on sepsis detection and treatment, the pres-
ent study offered exploratory insights and will hopefully inform further
investigations. It appears that the improvement of intra- and interunit
handovers in both prehospital and hospital care could positively impact
the early detection and treatment of severe sepsis and septic shock. Fur-
ther research activities should focus on improving handover processes.
Clearly, a holistic and patient-centered approach to handovers is strong-
ly in patients' interests.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jcrc.2016.06.034.
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Supplementary Material 1 Moderation guide
Steps Course of the discussion
Intro: Welcome participants; elucidate objectives and study rationale; introduce the
moderator; inform participants that responses are confidential; clarify focus group discussion
duration, etc.
Step 1:
Generation of
statements

· Identification of causes of delayed antimicrobial therapy

Step 2:
Description / sorting

· Description  and  sorting  of  statements  (one  cause  at  one
moderation card)

Step 3:
Categorization

· Interpretation of sorted statements and naming of clusters;
listing clusters on a flipchart

Step 4:
Priorization

· Prioritization  and  scaling  of  clusters  according  to  their
importance and solvability, creating a two-dimensional plot

Step 5:
Suggested solutions

· Utilization of clusters with high scores and collection of
proposed solutions (one solution at one moderation card)

Completion: Present results, express gratitude for participation, say goodbye, etc.
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Definitions of themes, categories, and codes derived from focus group discussions

Themes Definition

Difficulties of identification and treatment Which hinders early identification and timely treatment?
Difficulties at handover interfaces What handover-related difficulties between nurses and physicians as well as between

different wards hinder the early diagnosis and timely treatment of sepsis?
Proposed solutions Proposed solutions for mentioned difficulties in the identification and treatment of severe

sepsis and septic shock.

Category Definition

Difficulties of identification Which hinders early identification?
Difficulties of treatment Which hinders timely treatment?
Difficulties at handover interfaces: Pre-hospital and
rescue service

Handover issues between actors such as relatives, family practitioners, and the rescue
service.

Difficulties at handover interfaces: Rescue service and
emergency department

Handover issues between the rescue service and the emergency department.

Difficulties at handover interfaces: Emergency
department and general ward

Handover issues between the emergency department and the general ward.

Difficulties at handover interfaces: General ward and
intermediate or intensive care unit

Handover issues between the general ward and the intermediate or intensive care unit.

Proposed solutions Proposed solutions for mentioned difficulties in the identification and treatment of severe
sepsis and septic shock.
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Codes, definitions, and quotations from the focus group discussions (N = 5)

Code Number of
mentions

Definition Quotation

Difficulties of identification
Reachability of physicians 5 Physicians are not reachable for nurses in

the general wards.
“I say it like this, it’s often the case that we take blood—
not blood cultures—from the patients at risk in the morning.
[…] We are waiting for the CRP or the blood count and
then the nurse also looks. The physicians are in the
operating room and I cannot make a decision. Thus, you are
waiting until the physicians get out of the operation room
and there is often a loss of time which goes with it.”

Contact between physician
or nurse and patient too
short

5 Staff do not have enough time to notice
abnormalities and changes in the patient.

“Let’s say I’m the only physician on duty at our hospital. I
think, I can’t look at every patient as closely as necessary—
I just have to say so—because if the ambulance send me a
new patient every ten minutes … I believe a lot is
overlooked.”

Poor coordinated handovers
or communication errors

5 Lack of information sharing at handovers
causes late detection.

“The problem is that one person goes out, the other goes in.
That works okay. But the two do not meet. This is a
communication problem, that the one who goes out and the
other who goes in hardly speak to say what needs to be done
or what you have to watch out for. This works well with
some—with others, due to the mentality, not so good.”

Lack of knowledge 4 Knowledge deficits that complicate the
detection and treatment of sepsis.

“I do also think that a lot of knowledge is missing.”

Complexity of sepsis 4 Regardless of the level of knowledge of
the care providers, the disease appears to

“Yes, sometimes you do not recognize sepsis. I remember
of a case where we made our rounds on Saturday morning.
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Code Number of
mentions

Definition Quotation

be too complex and have too many
different manifestations.

We went into the patient’s room and talked quite normally
with the patient—everything was ok. We were five rooms
away, and she was suddenly in septic shock and died four
hours later, and before that was nothing ... there just was
nothing before, we had looked and had spoken with her. She
was walking around as usual, there was nothing, and also
there was nothing in the previous laboratory parameters—
nothing and then there was such a rapid course, that’s so …
and three hours later she had exploded with all values, but it
was objectively so you would not have thought it was just
too fast ... of course.”

Lack of qualifications 2 Key patient parameters are not detected
during admission by untrained personnel
(e.g., trainees) and are not reported.

“Now by that I mean that there are quite often trainees in
the care sector who admit patients; depending on how much
there is to do, I do not look at each value that was measured.
Maybe there is a trainee who needs to complete an
internship, measure the values of the patient, documents
them, but does not say, ‘Hey, he only has a blood pressure
of 80/50 and has a very rapid pulse.’”

Difficulties of treatment
Priorization of treatment 4 The treatment of patients with sepsis does

not have the highest priority in
comparison to other tasks.

“Maybe the patient is not fully conscious or other things are
in the foreground [...] or it’s just too stressful or something
along the lines of, ‘I do not have the time now, someone
else should take care of it.’”

Waiting for laboratory
results

3 Delays in receiving laboratory findings
hinder timely treatment.

“Yes, it is often the case that you wait for specific values
that are also important [...]. I think that the laboratory can
only do so much, and sometimes on weekends only [...] one
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Code Number of
mentions

Definition Quotation

laboratory employee is there, and it’s just too much to
expect.”

Authorization limitations for
nurses

3 Nurses are not allowed to take blood
cultures or to administer the first dose of
antimicrobial therapy.

“[The problem is] that the nurse may not take blood
cultures. There is, for example, during the weekend, again
the congestion of the physicians. Sometimes, they [the
physicians] simply cannot do it [take blood cultures],
because they cannot manage anymore. One physician is
responsible for four general wards and then they should take
blood cultures. But they do not have time and sometimes it
is so that when the [patients] tremble or whatever, then it’s
over.’
----
“The legal position, that the nurse is not permitted to
administer [the first dose of antimicrobial therapy], even if
instructed to do so, is clear. Looking at the legal decisions,
you see cases of nurses who were instructed to administer
an indicated antibiotic [after they had asked patients about
any allergies] and the patient had a bad reaction and the
nurse was condemned. With this information, it is
understandable, that the nurse is not authorized [to
administer this therapy], even if she has done it before. […]
I mean, we [the nurses] have no possibilities to influence the
management. Indeed, such things have a number of aspects,
but I just have to ask whether the administration realizes
that they possibly delaying a life-saving therapy.

Poorly coordinatedhandover:
AdmissionAT (ICU)

3 Lack of information-sharing at nurse
handover from admission of an AT.

“We have this electronic curve. There, the order to
administer antibiotics is registered and the one or the other
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Code Number of
mentions

Definition Quotation

physician believes that it is then administered immediately.
But it is not the case that something eye-catching pops open
in the monitor. Thus, sometimes [administering the
treatment] takes longer than may be necessary.’

Uncertainty of inexperienced
physicians about treatment
procedure

2 Young, inexperienced physicians are
uncertain about sepsis treatment
procedure.

“By that I mean that, for example, in the morning the on-
call duty leaves the unit, although he had seen that, for
example, the values had increased, but he says ‘I don’t want
to be committed. When the senior physician or the head
physician who knows the patient’s history comes for
morning rounds—here, many hours are lost—they should
make the decision about which antimicrobial therapy should
be administered.’”

Time-consuming patient
transfer from emergency
department to general ward,
or from general ward to
intensive care unit

2 Too much time elapses while a patient is
transferred from one station to the final
unit responsible.

“I mean, they have a number that they can call. But with
this number they can really report anything, and then it
takes a long time until the responsible senior physician has
found someone who can come over.”

Insufficient equipment
(outside of the intensive care
unit)

2 Outside of the ICU, insufficient
equipment hinders timely treatment.

“Ultimately, [we are limited by our equipment]. If we need
access, like a central venous catheter or something, then this
is an anesthesiological activity. On the general ward, a
central venous catheter is only available in the emergency
kit, and it’s not great to tear open an emergency kit for
every patient. I also don’t have any peripheral access, which
creates terrible problems. But until the patient is in the
operating room and has a chance to get volume and, for
example antibiotics, it’s difficult. On the general ward, there
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Code Number of
mentions

Definition Quotation

is just a lack of equipment, defective equipment, relatively
out-of-date monitoring devices that do not function
adequately or that do not work reliably.”

Interface and handover difficulties
Pre-hospital and rescue
service: Inadequate
anamnesis

4 Persons such as relatives, family doctors,
and nurses do not pass on the complete
and accurate medical history of the
patient.

“Most patients come from a nursing home or from home
where no one can give information correctly. The caregiver
who sends them in at midnight saying “the patient is in bad
shape”—when this is the only information that is obtained,
it does not lead directly to a diagnosis of sepsis. ... People
are sent in with the emergency rescue employees, they load
them on, ‘Here, please.’”

Rescue service and
emergency department: Lack
of handovers by physicians

2 Poorly coordinated or non-existent
handovers to the responsible physician in
the emergency department.

“So the emergency physicians or rescue personnel make
poor or non-existent handovers; as a result, so much
information is lost, especially if it is a patient who is unable
to express him or herself further.’

Emergency department and
general ward: Time-
consuming patient transfer
due to capacity limits

1 The treatment of a patient with suspected
sepsis is delayed in the emergency
department or on the general ward, due to
waiting for a bed where treatment can be
offered at a higher level of care.

“There are just simply organizational problems. [...]
Transferring to the higher level of care, waiting until a bed
is available, then picking the patient up.”

Normal ward and ICU/IMC:
Lack of handovers by
physicians

2 Handovers are done by non-medical staff. “Maybe you know the situation: surgical patient, surgery
done … so sew everything up, bandage it, everything on the
stretcher, the surgeon is longer there ... and then the ICU
team goes to the transfer elevator and get the handover from
the surgical student.”
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Code Number of
mentions

Definition Quotation

General ward and ICU/IMC:
Time-consuming patient
transfer due to staff shortage

2 The treatment of a patient with suspected
sepsis is delayed in the emergency
department or general ward because the
patient has to wait for further treatment at
a higher level of care, due to a shortage of
staff.

“... and then it takes a long time until the responsible senior
physician has found someone who can come.”

General ward and ICU/IMC:
Requests for diagnostics

1 The treatment of a patient with suspected
sepsis is delayed in the ICU, IMC, or
general ward due to time-consuming
diagnosis process.

“Sometimes I just feel that, for example, getting the patient
X-rayed and getting the results; it takes a long time until
that is in the system.”

Urgency of treatment 4 The urgency of treatment is not
recognized or conveyed.

“It’s just, so to say, that sepsis, sepsis diagnosis, has become
a bit of a fashionable term. This is a broad field and we
therefore often lack the appropriate information: what kind
of sepsis it is, how urgent it is. […] Patients may also enter
on foot because we sometimes lack the appropriate
information.”

Different systems for
documentations

1 Different wards in one hospital have
different ways to document patients’
medical history.

“It’s a complete joke, I’ve got to say: We have so many
different systems, we have a system in the emergency
department, where we type in all medications by hand, then
that is transferred to the emergency ward [...] In-house, that
is, the care personnel of the station type it up by hand in the
curve, and then the patient is transferred, and then it is again
entered manually into the other system.”
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Code Number of
mentions

Definition Quotation

Proposed solutions
Lack of knowledge:
Obligatory further training

4 Fill knowledge gaps by conducting
obligatory further training..

“…more obligatory further training for care personnel and
physicians.”

Lack of knowledge: Posters
or checklists

3 Fill knowledge gaps by providing
checklists, posters, and pocket cards with
the main criteria of sepsis.

“I find it helpful when you have a short flyer—an A4 sheet
where red-flagcriteria are listed, for which you have to think
about sepsis.”

Lack of knowledge:
Feedback

2 Patients whose treatment did not conform
to guidelines should be discussed through
venues such as case conferences.

“Whoever entered the data should also see where it was
delayed; they should look into why it took so long and
report back. Then the case could be briefly reviewed.”

Lack of knowledge:
Induction program in the
ICU

1 To provide focal points of intensive care
an induction program for young
physicians should be developed and
implemented.

“To work through a kind of catalog of skills and
information in one year on the intensive care unit.”

Lack of knowledge: SOPs 1 SOPs should be developed and
implemented to ensure guideline adherent
treatment of patients with sepsis.

“There could be some sort of guidance regarding at which
time blood cultures should be taken … as well as a clear
definition as to which antibiotics should be taken. Yes, if,
who, when, what, and where were all standardized and set.”

Lack of resources: Physician
ED triage

3 Assigning a care employee or physician
who is responsible solely for triage.

“A medical specialist who conducts triage, who keeps track
of such patients. They can better identify patients than a
colleague who does not have a clinical eye.”

Lack of resources: Fixed
physician for the general
ward

2 A physician should be assigned to treat
patients on the general ward only, as
opposed to being responsible for other

“I just think that that’s a personnel problem. I think that a
great concept would be to have, for example, in the surgical
ward, a physician is always on the ward. I think that we
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Code Number of
mentions

Definition Quotation

functional areas. have a big ward and, in the early morning, when all of
physicians go into the OR and don’t come back until the
afternoon, a lot of things don’t happen.”

Handover difficulties:
Patient admission checklist

3 At admission or at internal station
transfers, questions should be asked off of
a checklist or a checklist should be
brought by the admitting station.

“You could just make a checklist of questions if somebody
admits someone. That could be really simple or you can
simply send the referring physicians from the region
something. Say, these are the data we need, when patients
come to us, when they want to admit someone, please fill
out the checklist, for example. Then we would have a
medication list, we would have a referral letter if the patient
is not known at the hospital, and we would have a contact
person, as well as, for example, whether the patient has any
allergies.

Handover difficulties:
Interprofessional handovers

2 On-duty employees should perform
handovers together (physicians and
nurses).

“It’s not bad if a physician is present at handovers… then
you have the possibility to ask if something went wrong or
we get feedback about things we knew nothing about,
because they [the nurses] do not ask every three minutes “ Is
there anything new?’” Then, at the handover we can collect
everything and a problem could be addressed that might
instead be forgotten in the daily routine.”

Handover difficulties: Direct
instructions

2 The giving of medication should not only
be noted in the patient’s chart, but also
communicated directly to staff.

“Exactly, that’s why I had as a solution ‘direct instruction’;
the problem is that it is indeed entered into the curve, but
then nursing personnel may not know that something should
be administered.”

Lack of qualifications: 1 When abnormal values are entered into a “A template where nursing assistants enter the values and it
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Code Number of
mentions

Definition Quotation

Automatic alerts on ED
documentation

computerized system an alarm or warning
should be automatically issued that a
physician must be consulted.

flashes red if I go out of the normal range, and it is totally
clear that I have to give feedback or more information, and
who should be when consulted and how quickly.”

Lack of authorization:
Extending nurse
authorization

2 The authority of nursing staff should be
extended to ensure the timely sampling of
blood cultures and administration of
antimicrobials.

“So I think, with these blood cultures, for example. You
can’t generally do it, but I think that this could be done in
exceptional circumstances.”
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