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., Es ist nicht genug zu wissen, man muss auch anwenden;

s

es ist nicht genug zu wollen, man muss auch tun

(X3

nowing is not enough, we must apply.

Willing is not enough, we must do.”

—Johann Wolfgang von Goethe, Wilhelm Meister’s Wanderjahre
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Zusammenfassung

Hintergrund und Ziele: Aufgrund hoher Informationsasymmetrien zwischen Patienten und

behandelnden Arzten haben Patienten nur geringe Moglichkeiten, die Behandlung im
Krankenhaus und deren Erfolgsaussichten ex ante einzuschitzen. Qualitdtstransparenz kann
helfen, Informationsasymmetrien zu reduzieren und Patientenmiindigkeit zu stirken. Jedoch ist
das Wissen iiber Qualitdtstransparenz und deren Wirkung fragmentiert, veraltet und im
deutschen Kontext nur ansatzweise vorhanden. Die Qualitdt im Krankenhaus soll gesteigert
werden, doch ist der Zusammenhang zwischen vielen Strukturfaktoren und Ergebnisqualitit
unzureichend erforscht. Diese Forschungsarbeit soll die wissenschaftliche Grundlage fiir den
politischen Diskurs zu Transparenz und Verbesserung von Behandlungsqualitit im
Krankenhaus ausbauen und konkrete Empfehlungen fiir die Weiterentwicklung der

Qualitétssicherung und den Ausbau qualititsfordernder Strukturfaktoren in Deutschland geben.

Methodik: Als primére empirische Grundlage fungiert eine umfassende Datenbank, welche die
in Deutschland verfligbaren Struktur-, Prozess- und Ergebnisdaten auf Krankenhaus- und
Fachabteilungsebene integriert. Zusétzlich werden Nutzerdaten des weisse-liste.de Public
Reporting Portals verwendet. Methodisch interdisziplindr nutzt diese Arbeit verschiedene
Ansitze und Techniken aus der Versorgungsforschung, der Gesundheitstkonomie und Big
Data Marketing Forschung. Zum einen werden Qualititstransparenzsysteme qualitativ
untersucht. Dabei stehen insbesondere die Messung, Verodffentlichung und Incentivierung von
Behandlungsqualitdt im Krankenhaus im Mittelpunkt eines internationalen Vergleiches. Zum
anderen untersuchen Regressionsanalysen und eine stochastische Analyse der Effizienzgrenzen
den Einfluss bestimmter Strukturfaktoren auf Qualitit wund Effizienz in der

Krankenhausversorgung. Als Zielvariable wird primér Ergebnisqualitét betrachtet.

Ergebnisse: Kapitel 1 untersucht die Einflussfaktoren auf Behandlungsqualitét aus Patienten-
und Leistungserbringersicht und erldutert die Konzepte Qualititssicherung und Public
Reporting. Als internationale Vergleichsarbeit identifiziert Kapitel 2 gesundheitspolitische
Ansitze zur Steigerung von Qualitétstransparenz in fiinf OECD Léndern. Unter anderem
spielen Regierungen eine zentrale Rolle in der Etablierung von Standards und Anreizen fiir
Qualitédtstransparenz  und integrierte Datensysteme in der Gesundheitsversorgung.
Qualitétstransparenz bendtigt einen stirkeren Fokus auf Ergebnisqualitdt und sollte sich auf
Krankenhaus- und Leistungsbereichsebene konzentrieren, um Vergleichbarkeit und sinnvolle
Wahlmoglichkeiten fiir Patienten zu garantieren. Kapitel 3 richtet den Fokus auf Deutschland

und zeigt grofBe Unterschiede in der risiko-adjustieren Qualitdt zwischen Krankenhdusern auf
\



nationaler und regionaler Ebene fiir ausgewéhlte Notfall- und elektive Leistungsbereiche. Je
nach Leistungsbereich liegt das risiko-adjustierte Mortalitéts- bzw. Komplikationsrisiko bis zu
50-mal hoher in Krankenhdusern mit schlechter Qualitdt im Vergleich zu den qualitativbesten
Krankenhdusern. Kapitel 4 untersucht Nutzerverhalten in der Krankenhaussuche auf dem
Public Reporting Portal ,,WeisseListe.de*. Die Nutzung ist im Zeitraum von 2013 bis 2015 um
38% auf2 750 Nutzer pro Tag angestiegen. Nutzer suchen insbesondere Qualititsinformationen
fiir onkologische und orthopddische Leistungsbereiche, doch sind fiir nur 5 der 20
meistgesuchten Leistungsbereiche Prozess- oder Ergebnisindikatoren verfiigbar. Dicht
besiedelte Gebiete in Westdeutschland mit hoherer Krankenhausdichte weisen eine stérkere
Portalnutzung auf als Ost- oder Siiddeutschland. Unterschiedliche Nutzergruppen mit
spezifischen Charakteristika konnten identifiziert werden und verdeutlichen die Notwendigkeit
fiir nutzerorientiertes Public Reporting. Kapitel 5 untersucht den systematischen Einfluss von
Spezialisierung der Krankenhausinfrastruktur und -prozesse und von Zertifizierung auf Qualitét
am Beispiel der Schlaganfallbehandlung. Krankenhduser mit einer Stroke Unit haben eine 6%
geringere Schlaganfallsterblichkeit. Ein zusétzlicher systematischer Einfluss fiir ein Stroke Unit
Zertifikat kann nicht festgestellt werden. Kapitel 6 richtet den Fokus auf den Krankenhausmarkt
als Ganzes und analysiert den Einfluss von Qualitidtswettbewerb auf die Behandlungsqualitit
in den Leistungsbereichen Schlaganfall, Herzinfarkt und Hiift-Total-Endoprothetik. Ein
signifikanter Einfluss von Krankenhauswettbewerb auf die Qualitit der Versorgung kann nicht
festgestellt werden, was moglicherweise auf das weiterhin unzureichende 6ffentliche
Bewusstsein fiir Qualitatsunterschiede und gegenldufige Effekte durch
Krankenhauszentralisierung und Spezialisierung zuriickzuftihren ist. Letztlich kombiniert
Kapitel 7 Qualitdit und Ressourceneffizienz in einer neuen Methode zur Bestimmung
qualititsadjustierter ~ technischer  Krankenhauseffizienz. Dabei  werden  deutliche
Effizienzpotentiale identifiziert, welche insbesondere durch Spezialisierung und Konzentration

von Leistungen zu adressieren sind.

Fazit: Die Arbeit verdeutlicht Verbesserungspotentiale im Qualitdtstransparenzsystem und in
der Versorgungsqualitit und Effizienz deutscher Krankenhduser. Neben den aktuellen
Bestrebungen im Rahmen des Krankenhausstrukturgesetzes kann ein internationaler Best
Practice Austausch, Qualitdtssicherung mit tatsdchlichen Konsequenzen fiir schlechte Qualitit,
ein stirkerer Fokus auf Ergebnisqualitit, Spezialisierung und Zentralisierung in der
Versorgung, eine nutzenorientierte Verbesserung des Public Reportings und eine weitere

Starkung des Qualitdtswettbewerbs die Versorgungsqualitit in Deutschland nachhaltig steigern.

Vi



Abstract

Background and objectives: Due to large information asymmetries between patients and

physicians, patients often have limited opportunity to assess treatment options, process of care
and their prospective treatment outcomes in advance. Quality of care transparency can help to
reduce information asymmetries and increase patient autonomy. Yet, the scientific knowledge
around quality of care transparency and its effects on outcomes is fragmented, outdated and, in
the German context, rudimentary. In order to enhance quality transparency and to improve
hospital outcome quality, the dynamics around quality of care transparency and the relationship
between important structural factors and outcomes must be better understood. This research
project aims to expand the scientific foundation for policymaking on quality transparency and
quality improvement in hospital care. The goal is to provide concrete policy recommendations
for improvement of quality transparency and the expansion of quality-enhancing structural

factors in the German hospital sector and beyond.

Methods: The empirical foundation for this project is a comprehensive database, which
integrates the available structural, procedural and outcome quality metrics at both a hospital
and medical department level. In addition, website data for the weisse-liste.de public reporting
portal is used. Based on an interdisciplinary health economics approach, this project employs
different methodologies from health systems research, health economics and big data e-
commerce marketing research. First, this project investigates quality of care transparency
systems qualitatively by analyzing how they measure, report and incentivize better outcomes.
Second, this project uses regression analysis and stochastic efficiency modeling to examine the
influence of certain structural factors on quality and efficiency in hospital service delivery.

Outcome quality, as opposed to process quality, is the main focus and dependent variable.

Results: Chapter 1 examines the factors impacting quality of care on the patient demand side
and the care provider supply side, as well as reviews quality assurance and public reporting in
the German context. As an international comparison, Chapter 2 examines health policy
approaches to enhance quality of care in five mature OECD health systems. Among others, the
results suggest governments play an essential role in establishing standards and incentives for
quality of care transparency and integrated IT systems in heath service delivery. Furthermore,
quality transparency needs a stronger emphasis on outcome quality and should focus at the
medical condition and hospital level to ensure patients are empowered with accessible and
meaningful information to guide healthcare decisions. Chapter 3 sets the focus on Germany and

uncovers large differences in risk-adjusted outcomes between hospitals—both at a national and

Vi



regional level—as well as for emergency and elective conditions. Depending on the treatment
area, the risk-adjusted mortality or complication risk is up to 50 times higher in hospitals with
poor outcome quality, relative to hospitals with the best outcome quality of care. Chapter 4
examines website user patterns for the hospital search function of the public reporting portal
weisse-liste.de. Between 2013 and 2015, usage of the website increased by 38% annually, to
2,750 user sessions per day. In particular, users searched for quality of care information for
oncological and orthopedic treatment areas. Process and outcome quality metrics are only
available for 5 of 20 most searched-for treatment areas. In Western Germany, users from
densely populated areas with a high number of hospitals conducted relatively more searches
than users in Southern and Eastern Germany. From the website data, user groups with distinct
characteristics could be identified and confirm the need for customized public reporting options.
Chapter 5 evaluates the systematic influence of hospital certification, hospital infrastructure,
and process specialization on stroke care outcome quality. Hospitals with a dedicated stroke
unit have, on average, a 6% lower risk-adjusted 30-day stroke mortality, ceterius paribus.
However, a stroke unit certification showed no systematic influence on 30-day stroke mortality.
Chapter 6 focuses on the provider market at large—examining the influence of provider
competition on outcomes for hip replacement surgery, and stroke and heart attack emergency
care. The influence of provider competition on outcomes remains unclear and insignificant,
which can be partially attributed to currently insufficient awareness about outcome differences
and where to access the right information. It also hints at the potentially countervailing
outcomes influences of hospital centralization and specialization. Chapter 7 combines the
concepts of quality and efficiency of care in hospital service provision in a new stochastic
frontier analysis model, estimating quality-adjusted technical hospital efficiency. Large
inefficiencies are identified, which can be addressed in part through specialization and

concentration in care delivery.

Conclusions: This research project illustrates substantial potential for improvement in the
German quality transparency system, as well as opportunities to enhance the quality of care and
efficiency in German hospital service delivery. Possible solutions to increase quality of care in
Germany may include, among others: an international best practice exchange, stronger focus
on outcome quality, actual regulatory consequences for hospitals with insufficient quality of
care, specialization and centralization in hospital care, a user oriented public reporting system,

and a substantial strengthening of hospital quality of care competition.
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Einleitung

Die Qualitdt in der Leistungserbringung ist in den letzten Jahren national und international zu
einem der wichtigsten Themen der Versorgungsforschung und der Gesundheitspolitik
geworden. FEin wichtiges Anzeichen fiir die unzureichende Qualitit in den
Gesundheitssystemen ist die hohe Anzahl vermeidbarer Sterbefdlle aufgrund von
medizinischen Behandlungsfehlern. Der Report “To Err is Human' des Institute of Medicine
(IOM) aus dem Jahr 2000 hat erstmals das Ausmal3 der vermeidbaren, iatrogenischen (d.h.
durch drztliche Behandlung verursachten) Sterbefiélle in den USA aufgezeigt. Er schitzt diese
auf 44 000 bis 98 000 Fille [1]. Eine weitere, aktuellere Studie aus den USA erhoht die Zahl
auf mindestens 210 000 — 400 000 vermeidbare Sterbefille [2], womit iatrogenische Sterbefille

die dritthdufigste Todesursache in den USA sind.

Auch Deutschland hat trotz des hohen Ressourceneinsatzes im Gesundheitssystem
Nachholbedarf beziiglich der Behandlungsqualitit [3, 4]. Nach Schétzungen des
Aktionsbiindnisses Patientensicherheit treten in Deutschland in 5-10% aller Krankenhausfille
vermeidbare medizinische Fehler auf, welche in 0,1% aller Behandlungsfille — bei 19 Millionen
stationdren Patienten' im Jahr 2015 19 000 Fille — zu vermeidbaren Sterbefillen fiihren [5-7].
Mehr als 70% der vermeidbaren medizinischen Fehler verteilen sich dabei auf chirurgische und
internistische Facher [8]. Medizinische Behandlungsfehler sind eine hdufige Todesursache und
erfordern einen stiarkeren Fokus auf die unzureichende Qualitit und eine Fehlervermeidung in

der Leistungserbringung.

Als Reaktion auf die unzureichende Qualitdt in der Leistungserbringung hat die deutsche
Bundesregierung im Zuge ihrer Qualitédtsoffensive Ende 2015 das Krankenhausstrukturgesetz

(KHSG) zur Starkung der Qualitdt im Krankenhaus verabschiedet [9]. Deutschland folgt damit

! Aus Griinden der besseren Lesbarkeit wird auf die gleichzeitige Verwendung ménnlicher und
weiblicher Sprachformen verzichtet. Simtliche Personenbezeichnungen gelten fiir beide Geschlechter.



einem Trend, der auch in anderen Léndern zu beobachten ist. In den USA treibt das Center for
Medicare and Medicaid Services (CMS) im Zuge der Implementierung des Affordable Care
Acts (ACA) die qualitétsorientierte Vergiitung voran [10]. Die US-amerikanischen privaten
Krankenkassen und Versorger entwickeln immer umfassendere Erstattungsansitze, in denen
der komplette Behandlungsverlauf inklusive der Nachversorgung in einem Erstattungsbiindel
enthalten ist [11, 12]. Ebenso hat die niederldndische Regierung das Jahr 2015 zum Jahr der
Qualititstransparenz erkliart und weitreichende Reformen zur verbesserten Messung und

Veroffentlichung von Krankenhaus-Qualitdtsindikatoren angestof3en [13].

Neben der hohen Anzahl an vermeidbaren Sterbefillen reagieren Deutschland und andere
Lénder damit auch auf andere Erkenntnisse. Erstens wachsen die Ausgaben fiir Gesundheit
weiterhin stark [14]. Einmal mehr setzt sich die Erkenntnis durch, dass die umfangreichen
Mittel im Gesundheitssystem effizienter eingesetzt werden miissen, um den langfristig
steigenden Gesundheitsausgaben zu entgegnen [ 15, 16]. Zweitens zeigen sich immer deutlicher
Qualititsunterschiede zwischen und innerhalb einzelner Gesundheitssysteme [17].
Unterschiede zwischen Leistungserbringern innerhalb eines Landes beunruhigen Patienten,

Krankenkassen und Versorgungsforscher [18-21].

Als eine der wichtigsten und erfolgversprechendsten Reformen im Gesundheitswesen wird
dabei die Qualititstransparenz — die Messung und Ver6ffentlichung von Qualitétsindikatoren
wie Mortalitits- und Komplikationsraten — angesehen [15, 21-24]. Transparenz soll den
Qualitatswettbewerb fordern und Leistungsanbieter so zu mehr Investitionen in
Qualititsverbesserung bewegen [25]. Dies soll die Behandlungsqualitdt erhohen [26].
Qualitétstransparenz kann helfen, Strukturfaktoren mit besonderer Bedeutung fiir eine hohe
Ergebnisqualitit (d.h. Mortalitéts- oder Komplikationsraten) zu identifizieren. Durch induzierte
Qualitatssteigerung kann Transparenz dariiber hinaus die Folgekosten schlechter medizinischer

Behandlung reduzieren [15, 24] Zusitzlich kann Qualitdtstransparenz den ineffizienten Einsatz



von Ressourcen aufzeigen [15]. Dennoch sind Qualitétstransparenz und Qualitdtswettbewerb
zwischen Leistungserbringern in Deutschland als auch international umstritten und deren
wissenschaftliche Fundierung wie im Folgenden erldutert unzureichend [27, 28]. Die stirkere
Integration von Qualitdt in den Krankenhauswettbewerb fiihrt zu Unsicherheiten {iber

Potentiale und Konsequenzen bei den Leistungserbringern [29, 30].

Obwohl alle Gesundheitssysteme mit Qualititsunterschieden und dem ineffizienten Einsatz von
Ressourcen zu kdmpfen haben, hat sich die Forschung zum Thema Qualititsmessung und -
transparenz lange hauptsidchlich auf das US-amerikanische Gesundheitssystem und den
britischen National Health Service (NHS) konzentriert. Die vorliegende Arbeit schliet an diese
Studien an und ergénzt die internationale Forschung zum Thema Qualitétstransparenz um einen

umfassenden Beitrag zum deutschen Gesundheitswesen.

In Deutschland gibt es zwar einzelne Arbeiten zum Thema, so zum Beispiel die
Krankenhausreports 2005 und 2014 [6, 23] oder zur Entwicklung der Qualitdt im Zuge der
Qualitétssicherung [31, 32], aber Fundierung der wissenschaftlichen Grundlagen fehlen in
wichtigen Bereichen. Dies ist u.a. darin begriindet, dass die standardisierte
Qualititsdatenmessung erst 2006 gestartet wurde und Zeitreihenanalysen {iber einen ldngeren
Zeitraum daher erst seit Kurzem moglich sind. Daher soll nun den aktuellen
gesundheitspolitischen Bemiihungen zur Steigerung der Qualitdtstransparenz in Deutschland
eine umfangreichere wissenschaftliche Grundlage geboten werden. Der Wirkungsmechanismus
von Qualititstransparenz und Qualititsverbesserung im Krankenhaus soll dabei moglichst
ganzheitlich  analysiert ~werden. Wichtige  Strukturfaktoren fiir eine positive
Qualititsentwicklung werden identifiziert. Darauf basierend werden fundierte Empfehlungen
fir den Ausbau von Qualitéitstransparenz und qualitdtssteigernden Strukturfaktoren in

Deutschland gegeben.



Relevante Forschungsliicken zu Qualitdtstransparenz und Qualitdtssteigerung

Gemessen an dem hohen Grad der Abhédngigkeit zwischen Messung, Verdffentlichung und
Incentivierungsmoglichkeiten von Behandlungsqualitit gibt es auch international bisher wenig
Uberblicksarbeiten, die mehrere der Kernelemente von Qualititstransparenz gleichzeitig
betrachten [33-36]. Zum Beispiel sind sowohl Veroffentlichungen als auch Systeme zur
qualititsorientierten Vergiitung abhidngig davon, welche Qualititsindikatoren gemessen und

durch Risikoadjustierung vergleichbar gemacht werden [37, 38].

In Deutschland gibt es trotz der Verfiigbarkeit von Daten {iber einen Zeitraum von 10 Jahren
im Rahmen der externen Qualitdtssicherung und anderer Qualitdtstranparenzinitiativen bis jetzt
nur wenige Studien, welche die Qualitidtsentwicklung, insbesondere fiir die Ergebnisqualitit,
iiber die Zeit hinweg betrachten [31, 32]. Die AQUA und IQTIG Qualititsberichte vergleichen
die Qualitdt ausschlieBlich zum vorherigen Jahr und referenzieren nur vereinzelt lingere
Zeitraume [39—41], obwohl eine Vergleichbarkeit der Indikatoren {iber die Jahre gerade auch
ein Anliegen der externen Qualitdtssicherung ist. Eine Analyse der Indikatoren der externen
Qualititssicherung fiir die Jahre 2006 bis 2008 fand eine Verbesserung fiir die
Prozessindikatoren, aber eine Verschlechterung fiir nicht risikoadjustierte Ergebnisindikatoren
[42]. Eine fiir 2006-2013 durchgefiihrte Trendanalyse der Indikatoren fiir die gesetzliche
Qualititssicherung in Bayern hat fiir eine Mehrheit der 123 untersuchten Indikatoren einen
signifikanten positiven Trend festgestellt [32]. Jedoch gab es auch einige Indikatoren,
insbesondere Ergebnisindikatoren, welche sich negativ entwickelt haben. Eine Analyse von
sechs Indikatoren — 2 Diagnose-, 3 Prozess- und 1 Ergebnisindikator — der externen
Qualititssicherung hat eine positive Verdnderung ergeben und diese auch in den
Zusammenhang mit der Ver6ffentlichung der Daten gebracht [31]. Untersuchungen auf Basis
von DRG Routinedaten und nationale Registerdaten haben fiir verschiedene Leistungsbereiche

positive als auch negative Ergebnisqualititstrends identifiziert [43—46]. Auch im



internationalen Kontext liefern Studien widerspriichliche Ergebnisse in Bezug auf die
Verbesserung von Ergebnisqualitidt [19, 47-54] und den Einfluss von Public Reporting

Systemen [37, 55, 56].

Die Bundesregierung und die Organe der Selbstverwaltung gehen davon aus, dass die
Informationen fiir Patienten schnell und einfach zuginglich sind und diese die Informationen
in ihre Krankenhauswahlentscheidung als wichtige Kriterien integrieren [57]. Doch gibt es
sowohl in Deutschland als auch international keine Studien, die untersuchen, wie Public
Reporting Portale tatsdchlich genutzt werden und wie sich typische Nutzergruppen auf
Onlineportalen verhalten, welche Informationen sie suchen und wann und warum sie ihre
Informationssuche abbrechen [37, 58, 59]. Als eine Ausnahme gilt eine aktuelle Studie aus den
USA, welche aggregierte Website Analytics Daten von USA-basierten Public Reporting
Portalen und Umfrageergebnisse von Nutzern dieser Portale untersucht hat [60]. Diese Studie
identifizierte eine hohe Bereitschaft zur Krankenhauswahl auf Basis von Public Reporting
Informationen und eine tendenziell bessere Erfahrung fiir Nutzer mit medizinischer
Fachexpertise. Insgesamt gibt es grofen Nachholbedarf bzgl. des Nutzungsverhaltens von
Patienten und Arzten auf Reporting Portalen und des damit verbundenen Informationsgewinns.
Patienten haben ein starkes Eigeninteresse an der Auswahl der besten Leistungsanbieter. Und
gerade weil Preissignale im deutschen als auch anderen europidischen Gesundheitssystemen
fehlen, wiirden sich Patienten bei entsprechender Informationsverfligbarkeit und -

verstandlichkeit zusétzlich auf das Auswahlkriterium Qualitadt fokussieren[61].

Ein funktionierendes Public Reporting gilt als Schliissel fiir den Qualitétswettbewerb zwischen
Krankenhdusern. Die Auswirkungen von Krankenhauswettbewerb zwischen Kliniken wurden
bisher primér im US-amerikanischen Gesundheitssystem und britischen NHS untersucht [62—
66]. Fiir Einheitspreissysteme, wie dem amerikanischen Medicare oder dem NHS System,

wurde oft ein positiver Effekt des Wettbewerbs auf die Qualitdt identifiziert [64], doch gibt es



auch widerspriichliche Ergebnisse [67]. Neben den unklaren Resultaten auf internationaler
Ebene gibt es in Deutschland nur wenige Studien, die sich mit der Krankenhausmarktstruktur
beschiftigen [68-70] wund keine Studien, welche die Auswirkungen von
Krankenhauswettbewerb auf Behandlungsqualitit empirisch im deutschen Krankenhausmarkt
untersuchen. Diese Forschungsliicke wird auch durch eine groBangelegt Studie des
Bundeskartellamtes zu den Auswirkungen von Krankenhauswettbewerb auf die Qualitdt der

Behandlung und Wahlméglichkeit von Patienten evident [71].

Neben dem Public Reporting von Qualitdtsindikatoren und dem darauf basierenden
Qualitatswettbewerb zwischen Leistungserbringern wird Behandlungsqualitit auch durch
Spezialisierung auf bestimmte Leistungsbereiche gesteigert [72]. Diese Spezialisierung wird
oft durch eine Zertifizierung auf Leistungsbereichsebene, wie z.B. die Stroke Unit Zertifikate
der Deutschen Schlaganfallgesellschaft (DSG) und die Zentren Zertifikate der Deutschen
Krebsgesellschaft, von aullen verifiziert. Zertifikate bestimmen Infrastruktur-, Personal-, und
Prozessanforderungen, welche zu besserer Behandlungsqualitdt fiihren sollen. Sie haben
Signalwirkung und sollen damit, wie auch Public Reporting, Patienten besondere
Leistungszentren mit hoher Erfahrung und Behandlungsqualitit verdeutlichen. Oft werden die
hohen Kosten fiir Zertifikate auch mit dadurch verbesserter Behandlungsqualitit begriindet.
Doch fragen sich viele Krankenhausmanager und Gesundheitspolitiker, wie stark Zertifizierung
zur Verbesserung der Qualitdt beitragen kann, zusétzlich zur Spezialisierung, die meist vorher
schon stattgefunden hat. Aber gerade in der fehlenden Unterscheidung zwischen
Spezialisierung und Zertifizierung und deren jeweilige Auswirkung auf die Ergebnisqualitdt
besteht eine wichtige Forschungsliicke. Zusétzlich wird in der Literatur Spezialisierung oft
gleichgesetzt mit der Fallzahl, doch ist es auch wichtig zu unterscheiden zwischen Infrastruktur-
und Prozessspezialisierung und reiner Volumensteigerung [73]. Letztlich sind Spezialisierung

und Zertifizierung mit hohen Investitionsmitteln und operativen Kosten verbunden und rufen



im Zusammenhang mit dem steigenden Kostendruck im Gesundheitswesen die Frage nach

Effizienz in der Krankenhausbehandlung auf.

Die Effizienzliteratur im Bereich Krankenhaus auf Basis von Dateneinhiillanalyse (DEA) und
stochastischer Grenzwertanalyse (Stochastic-Frontier Analysis, SFA) Modellen ist
umfangreich, doch findet Behandlungsqualitét hier bisher unzureichende Betrachtung. [74, 75].
Dies ist einer der Hauptgriinde, warum bisher keine Ubersetzung der Erkenntnisse der
Effizienzliteratur in gesundheitspolitische MaBnahmen stattgefunden hat [75]. Zusétzlich
basieren existierende Studien meist auf limitierten Krankenhausstichproben und
Datenzeitraumen, untersuchen Effizienz auf Ebene des Gesamtkrankenhauses und nicht auf
Ebene eines Leistungsbereiches und haben meist rdumliche Zusammenhédnge auflen
vorgelassen  [74, 76-79]. Eine  Adressierung  dieser  Defizite in  der
Krankenhauseffizienzschétzung ist wichtig, um mogliche Fehlerquellen auszuschlieBen und die

Relevanz fiir Anwender in Gesundheitspolitik und Unternehmen zu erhdhen.

Zum Zeitpunkt der Einfiihrung der externen Qualititssicherung hat der Krankenhausreport

2004 schon dhnliche grundséatzliche Fragen formuliert [23]:
1. Welchen Wert haben Qualitétsindikatoren und deren Darstellungsform fiir Patienten?

2. Welche Auswirkung haben die interne Verwendung und externe Veroffentlichung von

Qualititsindikatoren auf die Versorgung?
3. Funktioniert der durch Qualitétstransparenz angestofene Qualititswettbewerb?

Obwohl diese Fragen eine hohe und weiter steigende Bedeutung fiir das deutsche

Gesundheitssystem haben, sind sie bisher unzureichend beantwortet wurden.

Um die Arbeit des IQTIGs zu unterstiitzen und die Moglichkeiten und Gefahren von
Qualitdtstransparenz in Deutschland umféinglich zu beleuchten, hat eine Adressierung der

identifizierten Forschungsliicken eine hohe Prioritét fiir die deutsche Versorgungsforschung



und Gesundheitsokonomie. Gleichzeitig gilt es die bisherigen Maflnahmen im Bereich der
Qualititssicherung zu evaluieren und darauf basierend Methoden zu entwickeln, um relevante
Struktur- und Prozessfaktoren mit klarer positiver Wirkung auf die Behandlungsqualitét zu

identifizieren und damit auch einen wichtigen internationalen Forschungsbeitrag zu leisten.

Ziele und Methoden

Die Arbeit adressiert Forschungsliicken entlang dreier Dimensionen von Qualitit im
Krankenhaus (vgl. Abbildung 1). Die erste Dimension — die Messung von Qualitdt — bereitet
die Grundlage von Qualititstransparenz. Sie entscheidet liber Umfang (Anzahl der
Krankenhiuser) und Detaillevel (Leistungsbereiche und Indikatoren von Qualititstransparenz).
Dimension zwei — die Verdffentlichung (Public Reporting) — ermoglicht eine
qualititsorientierte Krankenhaussuche und entsprechende Krankenhausvergleiche. Die
Verbesserung der Qualitdt als dritte Dimension und ergebnisorientierte Anwendung der
Dimensionen eins und zwei beinhaltet Qualititssteigerung aufgrund eines von Transparenz
beforderten Qualitidtswettbewerbs und die durch Transparenz ermdglichte Identifikation von

wichtigen Strukturfaktoren fiir die Steigerung der Ergebnisqualitit.



Abbildung 1: Ubersicht der Arbeit und der einzelnen Beitriige
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Legende: Die Werkzeuge fungieren als Grundlage fiir die Dissertation. Die Forschungsergebnisse unterteilen sich in sechs
Beitrége in internationalen Fachzeitschriften. Quelle: Eigene Darstellung

Als Hintergrund fiir die Evaluation und Anwendung des deutschen Qualitétstransparenzsystems
wird in Kapitel 1 die theoretische Grundlage fiir die gesundheitsokonomische Betrachtung der
Qualitdit im Krankenhaus gelegt. Daran anschliefend wird in Kapitel 2 die Messung,
Verotfentlichung und Incentivierung von Qualitdt in Deutschland und vier weiteren Landern
betrachtet und wichtige MalBlnahmen zur Steigerung der Qualitétstransparenz abgeleitet. Im
ndchsten Schritt werden in Kapitel 3 und 4 wichtige Aspekte der aktuellen Entwicklung und
Performanz des Qualitétstransparenzsystems untersucht und Vorschlidge zur Verbesserung des

Systems aufgezeigt.

Qualitétstransparenz ermoglicht die Evaluation von Strukturfaktoren und deren Einfluss auf die
Ergebnisqualitdt im Krankenhaus frei nach der Managementmaxime ,Was man nicht messen
kann, kann man nicht lenken‘. Daher soll die bisher erreichte Transparenz iiber Struktur- und
Ergebnisqualitdt daflir genutzt werden, Strukturfaktoren zu identifizieren, die einen

systematischen und positiven Einfluss auf die Ergebnisqualitit haben und damit zu einer



Verbesserung (vgl. Abbildung 1) der Qualitit und Ressourceneffizienz im Krankenhaus

beitragen konnen.

Auf der Ebene des Krankenhauses wird in Kapitel 5 exemplarisch am Beispiel Schlaganfall der
Effekt von Stroke Unit und Zertifizierung auf die Schlaganfallmortalitit untersucht. In Kapitel
6 wird untersucht ob es in Deutschland bereits einen Qualititswettbewerb zwischen
Krankenhdusern gibt. Letztlich wird in Kapitel 7 eine Methode zur Schitzung von
qualititsadjustierter, technischer Krankenhauseffizienz entwickelt und am Beispiel
Schlaganfall angewandt, um Strukturfaktoren zur Steigerung von Qualitdit und

Ressourceneffizienz zu evaluieren.

Die Umsetzung der Forschungsziele basiert auf der Unterstiitzung durch ein
Forschungsnetzwerk, einer umfangreichen Krankenhausdatenbank und der Anwendung von
einem interdisziplindren Spektrum an Methoden aus der Gesundheitsokonomie und
Versorgungsforschung. Im ersten Schritt wurde ein Forschungsnetzwerk (vgl. Abbildung 1,
Werkzeug a) mit verschiedenen Partnern aufgebaut, die als Wissenstrager und Datenlieferanten
das Forschungsprojekt unterstiitzten. Dazu zéhlen das Wissenschaftliche Institut der
Ortskrankenkassen (WIdO) mit der Initiative Qualitédtssicherung mit Routinedaten (QSR), die
Weisse Liste.de gGmbH (WL.de), die Deutsche Schlaganfallgesellschaft (DSG) und die
Kooperation fiir Transparenz und Qualitdt im Gesundheitswesen (KTQ). Mit Hilfe dieser
Partner, den 6ffentlich-verfligbaren G-BA Qualitétsberichten der deutschen Krankenhduser und
der Unterstiitzung von Programmierern und Datenbankexperten der Boston Consulting Group
(BCG) wurde eine umfangreiche MySQL Krankenhaus-Datenbank (vgl. Abbildung 1,
Werkzeug b) aufgebaut. Sie integriert einen GroBteil der in Deutschland fiir Krankenhduser
verfligbaren Struktur-, Prozess- und Ergebnisdaten und macht sie iiber die Jahre 2006 - 2014
vergleichbar. Gleichzeitig wurde eine weitere MySQL Datenbank (vgl. Abbildung 1, Werkzeug

c) erstellt, die Nutzerdaten der Public Reporting Webseite WL.de analysierbar macht.
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Hauptbestandteil der Krankenhausdatenbank sind die im XML-Format freizugidnglichen G-BA
Qualititsberichte. Die Datengrundlage von sechs Jahresintervallen (2006, 2008, 2010, 2012,
2013, 2014) umfasst Strukturdaten wie Art des Trigers, Adressdaten, Anzahl der Arzte und
Pflegekrifte, medizinische Ausstattung und Fallzahlen. Zusétzlich umfassen die
Qualitdtsberichte Prozessindikatoren wie Antibiotikaprophylaxe bei Hysterektomie und
Bestimmung der postoperativen Beweglichkeit nach Neutral-Null-Methode und
Ergebnisindikatoren wie Mortalitdt und risikoadjustierte Mortalitdt, Komplikationsrate, Re-
operationsrate fiir 30 Leistungsbereiche wie Cholezystektomie, Hiift- und Knie-Endoprothesen-
Implantation und Herzschrittmacher-Implantation [80, 81]. Die Qualitdtsberichte wurden auf
der Basis von Institutskennzeichen und anderen Krankenhausinformationen tiber die Jahre
hinweg integriert. Sie enthalten auch Informationen auf Fachabteilungsebene wie Anzahl ICD

Diagnosen, OPS Prozeduren und Arzt- und Pflegepersonal.

Auf Krankenhausebene wurde die Datenbank um weitere relevante Struktur- und
Qualitdtsparameter erweitert. QSR Ergebnisindikatoren fiir die Leistungsbereiche Schlaganfall
und Herzinfarkt wurden integriert. Die Informationen der QSR Initiative enthalten fiir beide
Leistungsbereiche die Anzahl behandelter Patienten, die 30-Tage Mortalitit, den
Erwartungswert fiir die 30-Tage Mortalitdt und die Anzahl an Patienten mit Wiedereinlieferung
nach 30, 90 und 365 Tagen. Der Erwartungswert wurde auf zwei Arten berechnet. Auf der einen
Seite wurde eine jdhrliche Risikoadjustierung auf Basis eines jahresspezifischen Modells
durchgefiihrt. Auf der anderen Seite wurden die Krankenhaus- und jahresspezifischen
Erwartungswerte auf Basis des 2014er Modells zur Risikoadjustierung fiir alle anderen Jahre
rickwirkend berechnet, um eine Vergleichbarkeit sicherzustellen. Aus dem Verhéltnis der
realisierten mit der erwarteten 30-Tages-Mortalitdt errechnet sich die standardisierte

Mortalitétsrate (SMR) [82, 83].
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Neben den QSR Indikatoren wurden Informationen zu DSG und KTQ Zertifikaten fiir den
Zeitraum 2006 — 2014 eingespielt. Diese Informationen geben wieder, welche Krankenhduser
in welchem Jahr die Zertifikate erhalten haben und erlauben die Bildung von Variablen zu
Zertifizierungsstatus und Alter des Zertifikats. Zusdtzlich wurden Daten aus den AOK
Krankenhaus Directories und als letzter Bestandteil Indikatoren zur rdumlichen Entwicklung

aus der INKAR Datenbank des Bundesamtes fiir Raumwesen und Raumordnung integriert.

Die primédre Analyseebene dieser Arbeit sind das Krankenhaus und die entsprechenden
Leistungsbereiche. Regionale Versorgungsqualitdt oder Qualitét auf der Ebene eines einzelnen
Arztes wird nicht betrachtet. Qualitdtsdaten sind nur auf Krankenhausebene vorhanden, da die
Daten schon vor Erhalt von der Patientenebene auf die Krankenhausebene aggregiert wurden.
Da in den Qualitédtsberichten der deutschen Krankenhduser wichtige Strukturfaktoren, wie
Anzahl von Arzten und Pflegekriften, auch auf Fachabteilungsebene zur Verfiigung stehen,
konnen auch Mehrebenenmodelle geschitzt werden. Die Betrachtung der relevanten

Fachabteilungen ist zum Beispiel fiir eine Effizienzanalyse der Schlaganfallversorgung wichtig.

Das Thema Qualitétstransparenz zeichnet sich durch eine hohe Interdisziplinaritit aus.
Dementsprechend sind auch die verwendeten Methoden interdisziplindr und umfassen einfache
und komplexere quantitative Methoden sowie qualitative Ansétze. Auf der einen Seite helfen
Experteninterviews, Recherchen wissenschaftlicher und grauer Literatur und Analysen von
Public Reporting Portalen fiir den Landervergleich zu Qualitdtstransparenz in Kapitel 2. Auf
der anderen Seite werden einfache deskriptive und komplexere quantitative Methoden
angewandt. Kapitel 3 nutzt Box Plots und einfache lineare Regressionen zur
Qualitdtstrendanalyse. Kapitel 4 nutzt die hierarchische Clustering Ward-Minimum-Varianz-
Methode auf Basis von Nutzungsvariablen zur Erstellung von Nutzerprofilen. Mit Hilfe der
Markov-Ketten-Modellierung zeigen wir die hdufigsten Navigationspfade und Ausstiegspunkte

auf den Public Reporting Portal WeisseListe.de. Kapitel 5 und 6 nutzen Fixed-Effets-
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Regressionsmodelle, um die Wirkung von Krankenhauspezialisierung, Zertifizierung und

Krankenhauswettbewerb auf Ergebnisqualitit zu untersuchen.

Neben bestehenden Methoden werden auch methodische Grundlagen entwickelt, mit denen
fortlaufend die Qualitdt und die wichtigsten Einflussfaktoren auf Qualitdtsverbesserung in
verschiedenen Leistungsbereichen evaluiert werden konnen. So wird zum Beispiel in Kapitel 7
ein geoadditives Stochastic Frontier Analyse (SFA) Modell zur Schitzung qualitdtsadjustierter
Effizienz im Krankenhaus entwickelt. Diese Methoden konnen in anderen Landern mit

dhnlicher Datengrundlage angewandt werden.

Der weitere Aufbau der Arbeit ist wie folgt: Kapitel 1 préisentiert die Determinanten von
Qualititsentscheidungen fiir Patienten (d.h. Nachfrage) und Leistungserbringer (d.h. Anbieter).
Kapitel 2-7 beinhalten die zur Verdffentlichung eingereichten Artikel in englischer Sprache.
Jedem Artikel vorangestellt ist eine deutsche Zusammenfassung. Abschlieend diskutiert
Kapitel 8 Ergebnisse und Empfehlungen, beschreibt die Limitationen und gibt einen Ausblick

zur Forschungsagenda.
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Kapitel 1: Qualitit im Spannungsfeld zwischen Patienten und

Leistungserbringern

Ein zentrales Anliegen in Bezug auf die Funktion des Gesundheitsmarktes ist, ob der
Wettbewerb zwischen Leistungserbringern und dessen Regulierung das gesellschaftlich
optimale Mal} an Versorgungsqualitdt liefert. Dazu gilt es die verwendete Definition von
Qualitit zu kldren, die Determinanten von Qualitdt auf Nachfrage- und Angebotsseite zu
beleuchten, die Grundfunktion des Public Reporting und den aktuellen Stand der
Qualititssicherung in Deutschland zu betrachten. Mit diesem Hintergrund kdnnen dann die

identifizierten Forschungsliicken adressiert werden.

Was ist Qualitdt im Gesundheitswesen?

Fiir die meisten Menschen ist Gesundheit das hochste Gut? und dementsprechend ist der
Anspruch hoch, Gesundheit bei Krankheit wiederherzustellen. Dieser Anspruch begriindet auch
das in Deutschland solidarisch organisierte Gesundheitssystem, in dem jedem Menschen ein
hohes Maf} an Quantitdt und Qualitit der Gesundheitsleistungen zugesichert wird, egal ob er
dafiir zahlen kann oder nicht. Doch ist Qualitdt im Gesundheitswesen keineswegs eindeutig
definiert. Definitionen sind nicht statisch, sondern von Interessen, Wertvorstellungen und
Zielen der definierenden Akteure abhéngig [84, 85]. Auch wird Qualitdt in den verschiedenen
medizinischen Anwendungsbereichen priventive, Akut- oder palliative Versorgung von akuten

oder chronischen Krankheiten und der anschlieenden Rehabilitation unterschiedlich definiert.

In Deutschland wird oft auf Definitionen der International Organization of Standardization
(ISO) und des US-amerikanischen IOMs verwiesen [86]. Die ISO definiert Qualitét als ,,die

Gesamtheit von Eigenschaften und Merkmalen eines Produkts oder einer Dienstleistung, die

2, Gesundheit ist zwar nicht alles, aber ohne Gesundheit ist alles nichts.* Arthur Schopenhauer
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sich auf deren Eignung zur Erfiillung festgelegter oder vorausgesetzter Erfordernisse beziehen®.
Das IOM beschreibt Qualitit von Gesundheitsleistungen als das ,MaBl in dem
Gesundheitsleistungen fiir einzelne Personen und ganze Bevolkerungen die Wahrscheinlichkeit
von erwiinschten Ergebnissen erhéhen und dem aktuellen professionellen Wissensstand
entsprechen® [87]. Dazu definiert das IOM sechs Dimensionen, die Qualitit auszeichnen: 1.
Patientensicherheit, 2. Behandlungseffektivitidt, 3. Patienten-Zentriertheit, 4. Versorgung
entsprechend dem aktuellen Wissensstand, 5. Effizienz und 6. gerechter Zugang zu

Gesundheitsleistungen [88].

Die im Sozialgesetzbuch (SGB) V festgehaltenen Qualititsanspriiche beriicksichtigend,
definiert Ruprecht (1993) Qualitdit im Gesundheitswesen als ,eine ausreichende und
zweckmaéfBige, d.h. patienten- und bedarfsgerechte, an der Lebensqualitdt orientierte, fachlich
qualifizierte, aber auch wirtschaftliche medizinische Versorgung mit dem Ziel, die
Wahrscheinlichkeit erwiinschter Behandlungsergebnisse bei Individuen und in der
Gesamtbevolkerung zu erhohen [89]. In der Lesehilfe fiir die Qualititsberichte der
Krankenhduser schreibt der Gemeinsame Bundesausschuss (G-BA) deutlich offener ,,Unter
Qualitit kann man die Eignung einer Sache zu einem vorgegeben Zweck verstehen* [90].
Sowohl die Eigenschaft der Sache als auch der Zweck ist anwendungsspezifisch zu definieren
und zu evaluieren. Weiterhin verwendet der G-BA zur Qualitdtssicherung in Deutschland das
Qualititsmodell von Alexis Donabedian [90], welches Qualitit in der Medizin grundsétzlich in

die drei Elemente Struktur-, Prozess- und Ergebnisqualitét unterteilt [91].

Die vorliegende Arbeit beschiftigt sich primir mit der Qualitdt der Leistungserbringung im
stationdren Sektor. Sie schlieft dabei an die Praxis des G-BA an und bedient sich der
Donabedianischen Unterscheidung zwischen Struktur-, Prozess- und Ergebnisqualitét und dem
Zusammenhang dieser drei Elemente [91, 92] (vgl. Abbildung 2). Strukturqualitét bezeichnet

das Vorhandensein von relevanten Versorgungsstrukturen wie die Anzahl der Arzte und
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Krankenschwestern, die Verfligbarkeit von medizintechnischen Instrumenten und die
Organisationsstruktur. ~ Prozessqualitit  beschreibt  die  Leitlinienadhdrenz ~ der
Versorgungsabldufe und beinhaltet z.B. den Anteil der Patienten, die entsprechend der
Indikation und Leitlinie mit Antibiotika behandelt werden oder den Anteil der Patienten, bei
denen bei entsprechender Indikation innerhalb von 48 Stunden eine Hiiftoperation initiiert
wurde. Zusétzlich umfasst die Prozessqualitit auch die Koordination der medizinischen
Versorgung innerhalb und {iber Abteilungen hinweg und den korrekten Umgang mit
medizintechnischen Geriten. Ergebnisqualitdt beschreibt die Auswirkungen bzw. den Erfolg
der medizinischen Versorgung. Als Ergebnisindikatoren gelten Sterblichkeits-, Komplikations-
und Infektionsraten sowie Patienteneinschitzungen (engl. patient-reported outcome measures,
PROMs) wie Schmerzempfinden oder funktionale Verbesserung nach Knieoperationen (z.B.

Oxford-Knee-Scores oder Euro-Quol 5D).

Abbildung 2: Struktur-, Prozess- und Ergebnisqualitit im Gesundheitswesen

Strukturqualitit Prozessqualitit Ergebnisqualitit
+ Rahmenbedingungen = Leitlinienadharenz, = \eranderung des
und Mitteleinsatz im Koordination der Gesundheitszustandes
Behandlungsprozess Behandlungsablaufe des Patienten
+ Beispiele sind = Beispiele sind + Beispiele sind
— Infrastruktur, medizin- — Anteil Pafienten mit — Mortalitat
technische Ausstaliung Hift-0F nach 24 h — Kompilikation
— Personelle Ressourcen — Antibiotikagabe bei — Funktioneller
— Ausbildung/Training relevanter Indikation Patientenstatus
— Organisationsstruktur — Wartezeiten — Patientenerfahrungen’

Legende: Struktur- und Prozessqualitit beeinflussen die letztendlich im Behandlungsprozess erreichte Ergebnisqualitit.,
eigene Darstellung nach Donabedian (1966 und 1992)

Donabedian legt seinem Modell eine gegenseitige Beeinflussung der drei Elemente zugrunde
Doch sind letztlich gute Struktur- und Prozessqualitit notwendige, aber keine hinreichenden
Bedingungen fiir gute Ergebnisqualitit. Neben Patienten-rapportierten Ergebnisindikatoren
werden oft auch Patientenerfahrungen als Qualititsindikatoren herangezogen, doch ist die

medizinische Aussagekraft und Relevanz dieser umstritten, da Patientenerfahrungen subjektiv
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und durch andere Faktoren als lediglich die Behandlung beeinflussbar sind [93]. Als
Achillesferse der Ergebnisindikatoren gilt die Risikoadjustierung. Durch diese wird die
Ergebnisqualitit verschiedener Krankenhéduser mit Patientenpopulationen mit unterschiedlicher

Altersstruktur, Begleiterkrankungen und anderen Risikofaktoren vergleichbar.

Die vorliegende Arbeit legt den Fokus auf diese Ergebnisindikatoren als Zielvariablen. Die
wissenschaftliche Evidenz fiir den kausalen Zusammenhang zwischen Prozess — und
Ergebnisindikatoren ist limitiert [15, 94, 95]. Die medizinische Versorgung kann in fast allen
Prozessvariablen optimal sein, doch kann ein einzelner Fehler zu desastrdsen
Behandlungsergebnissen flir Patienten und zusdtzlichen unndtigen Kosten filir das
Gesundheitssystem fithren. Da Behandlungsergebnisse einen konkreten Endpunkt darstellen,
haben sie auch den hochsten Nutzen fiir Patienten. Letztlich sind Ergebnisse die ultimative

Bestitigung von Wirkungsgrad und Qualitét einer Behandlung [96].
Einflussfaktoren auf die Ergebnisqualitdt in der Gesundheitsversorgung

Der Gesundheitsmarkt ist im Vergleich zu Markten fiir andere Produkte und Dienstleistungen
ist sowohl auf der Nachfrageseite als auch auf der Angebotsseite mit zahlreichen
Besonderheiten versehenen. Diese verstarken Informationsasymmetrien im Prinzipal-Agenten-
Modell zwischen Patienten und Leitungserbringern und verhindern ein Marktgleichgewicht in
Bezug auf das wichtige Produktkriterium Ergebnisqualitit. Staatliche MafBlnahmen zur
Qualitatssicherung adressieren dieses Ungleichgewichte im Prinzipal-Agenten-Modell und
daraus resultierenden Marktversagen. Dabei soll Qualitédtstransparenz die im verborgenen

liegende Qualitét der Leistungserbringung fiir alle Marktteilnehmer sichtbar machen.

Qualitatsregulativ auf Nachfrageseite limitiert

Entsprechend der gewohnlichen volkswirtschaftlichen Rolle des Konsumenten sollten
Patienten im Gesundheitssystem in der Lage sein, durch ihre Nachfragepriferenzen das

angebotene Mal} an Qualitdt mitzubestimmen. In der Gesundheitsversorgung und insbesondere
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im Akutbereich ist diese Qualititsregulierung durch die Nachfrageseite jedoch stark limitiert.
Ein Hauptproblem liegt darin, dass die Beurteilung medizinischer Qualitdt ein hohes Mal} an
medizinischem Fachwissen erfordert [97]. Dieses Fachwissen ist bei Patienten in der Regel
nicht vorhanden, was zu starken Informationsasymmetrien zwischen Patient (Prinzipal) und
Leistungserbringer (Arzt) fiihrt [98]. Diese Informationsasymmetrien wiederrum fiihren zu den
in der Gesundheitsversorgung besonders relevanten und in der Prinzipal-Agenten-Theorie als
,Verborgene Eigenschaften®, ,Verborgenes Handel‘ und ,verborgende Information‘ bekannten
Problemen [97, 100]. ,Verborgene Eigenschaften® beschreiben das Problem, dass zu Beginn
der Behandlung der Leistungserbringer und dessen Eigenschaften dem Patienten in der Regel
relativ unbekannt sind. ,Verborgendes Handeln‘ und ,verborgende Informationen* fithren dazu,
dass Patienten wihrend und nach der Behandlung die Behandlung selbst als auch das Ergebnis
nur bedingt einschétzen kdnnen. Sie konnen nicht unterscheiden, ob die Behandlung selbst oder
duBere Umstinde zu dem Ergebnis gefiihrt haben und ob das Ergebnis unter den gegebenen

Umsténden das maximal erreichbare positive Ergebnis ist.

Die besondere Relevanz dieser Thematik in der Gesundheitsversorgung kann an einem
beispielhaften Vergleich mit anderen Giitern — einem T-Shirt und einem Auto — verdeutlicht
werden [99]. Konsumenten konnen mit groBer Sicherheit die Qualitit eines T-Shirts
einschétzen. Falls die Qualitdt im Markt nicht ausreicht, werden neue Produzenten in den Markt
eintreten und T-Shirts mit hoherer Qualitdt anbieten. Es findet eine Aufficherung des Angebots
mit entsprechend hoherem Preis fiir bessere Qualitdt statt. T-Shirts gelten als Suchgiiter (engl.

search goods).

Beim Autokauf kénnen die meisten Konsumenten relativ klar sagen, was filir ein Auto sie
suchen. Dennoch kdnnen sie sich erst durch Testfahrten und die héufige Nutzung des Autos
von der Qualitdt des Produktes iiberzeugen. Autos gelten daher als Erfahrungsgiiter (engl.

experience goods). Die Verfligbarkeit von privaten und staatlichen Verbrauchs-, Sicherheits-
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und Fahrtests und Zertifizierungen wandelt aber auch Autos zunehmend zu Suchgiitern® und

fordert so ein Marktgleichgewicht zwischen nachgefragter und angebotener Qualitit.

In Bezug auf Gesundheitsdienstleistungen konnen Konsumenten aufgrund des fehlenden
medizinischen Fachwissens oft weder vor noch nach der Behandlung deren Qualitdt richtig
einschitzen. Die Qualititskontrollfunktion der Nachfrage wird bei Gesundleistungen weiter
erschwert, da diese Nachfrage auf Ebene des individuellen Konsumenten irreguldr, meist
unvorhersehbar und mit einem hohen Mal3 an Unsicherheit verbunden ist [97] — ex ante
Information des Konsumenten findet kaum statt. Medizinische Behandlungen gelten daher als
Vertrauensgiiter (engl. credence goods). Bei Vertrauensgiitern wiegt das Problem der
Informationsasymmetrien zwischen den Patienten und dem &rztlichen Fachpersonal besonders

schwer, welches zu volkswirtschaftlichem Marktversagen fithren kann [97, 101].

Im deutschen Gesundheitssystem als auch in anderen europdischen Léndern ergeben sich
weitere, spezifische Probleme fiir die qualitétssichernde Wirkung der Nachfrage: Patienten sind
durch das DRG Fallpauschalensystem, welches keine Korrelation zwischen Preis und Qualitit
zuldsst, und dem GKV System, als Mittler zwischen konsumierenden Patienten und
produzierenden Leistungserbringern, vom Preissignal und der damit einhergehenden
automatischen Produktevaluation abgeschnitten. Patienten konnen den Preis nicht als Zeichen
fiir Qualitdt verwenden und ihre unterschiedliche Zahlungsbereitschaft fiir das Gut Qualitét

nicht zum Ausdruck bringen.

Obwohl sich GKV Patienten rechtlich deutschlandweit behandeln lassen konnen, ist die
Gesundheitsversorgung aufgrund der mit Distanz steigenden Transportkosten lokal begrenzt
[68, 102, 103]. Auch wenn die Reisebereitschaft je nach Patient und Erkrankung variiert, fiihren

Transportkosten und das Bediirfnis in Erreichbarkeit der Familie behandelt zu werden zu lokal

3 Bestimmte Autosegmente wie Sportwagen sind aber weiterhin klare Erfahrungsgiiter.
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begrenzten Gesundheitsmérkten und damit auch zu einer Begrenzung eines moglichen

Qualititswettbewerbs zwischen Leistungserbringern [ 104—106].

Okonomische Qualititsanreize auf der Angebotsseite limitiert

Wie auf der Nachfrageseite priagen auch auf der Angebotsseite mehrere entscheidende Aspekte
die Ausprigung von Qualitit im deutschen Gesundheitswesen. Die freie Arzt- und
Krankenhauswahl ermdglicht im Grundsatz allen Krankenhdusern, durch ein mehr an Qualitit
zusitzliche Patienten anzulocken und das finanzielle Ergebnis des Krankenhauses, so lange der
marginale Ertrag pro zusitzlichem Patient positiv ist, als wirtschaftende Einheit zu steigern.
Doch sorgen Kollektivvertrage gleichzeitig dafiir, dass die Krankenkassen jede im Rahmen des

Leistungskataloges erbrachte Leistung vergiiten miissen, unabhédngig von deren Qualitéit [107].

Informationsasymmetrien und der Einfluss von statistischem Zufall fithren zur Differenzierung
zwischen Aspekten, die in Vertrdgen festgehalten (engl. contractible) und die nicht festgehalten
werden (engl. non-contractible) konnen [108]. Bei einem Krankenhausaufenthalt gehoren zum
Beispiel die Verpflegung, die Grofle des Bettes, die Pridsenz und der Ausbildungsgrad von
medizinischem Fachpersonal zu erster Kategorie. Fleil und Sorgfalt, Fahigkeit des Arztes und
die Héufigkeit des Handewaschens gehoren dagegen zu zweiter Kategorie. Da sowohl
vertraglich festlegbare als auch nicht-vertragliche greifbare Qualitit mit Ressourceneinsatz
verbunden sind und Patienten als Konsumenten und Krankenversicherer als Kostenerstatter
nicht kontrahierbare Leistungen nur schwer bis gar nicht einschitzen kdnnen, kann es bei den
wichtigen nicht-vertragstauglichen Aspekten von Qualitét zu einer Qualititsunterversorgung

kommen [64, 99, 108].

Dagegen spricht die intrinsische Motivation von Arzten und medizinischem Personal, welche
in der konomischen Literatur als Altruismus zusammengefasst wird. Wenn Leistungserbringer
altruistisch agieren, haben sie eine intrinsische Motivation die Qualitdt moglichst hoch zu halten

[109]. Auf Ebene einzelner Arzte oder Krankenschwestern mag diese intrinsische Motivation
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zwar noch ausgepragt sein, aber auf der aggregierten Krankenhausebene, wo Sachzwénge wie
wirtschaftliche Ziele und Personalnot vorherrschen, ist die Steigerung von Qualitét aufgrund

von Altruismus fraglich [110-112].

Auch langfristig wirkt sich fehlende Transparenz auf der Angebotsseite negativ auf die Qualitit
aus: Wenn gute Behandlungsqualitit nicht erkennbar bzw. kontrahierbar ist und
Qualitdtsunterschiede im Verborgenen bleiben, kann es zu einem Investitionsmangel kommen,
da privatwirtschaftlichen Akteuren ohne zusitzliche Incentivierung der Anreiz fehlt, in
qualitdtsfordernde, kostenintensive Infrastruktur, medizinisch-technische Ausstattung oder
Personalstrukturen zu investieren. So leiden zum Beispiel viele Krankenhduser an einem
Investitionsmangel im Bereich der elektronischen Patientenakte, obwohl diese Technologie
Qualitdt durch standardisierte Speicherung und Weitergabe von Patienteninformationen und
den FEinsatz als Arzt-Entscheidungshilfe-System fordert [113, 114]. Sobald Qualitdt aber fiir
Patienten und Krankenkassen, welche zunehmend die Patientensteuerung iibernehmen, sichtbar
wird, haben Leistungserbringer einen Anreiz in Qualitit zu investieren, um im

Qualititswettbewerb erfolgreich zu sein.

Der entstehende Qualitidtswettbewerb in Deutschland wird aktuell primér durch private Triager
wie die HELIOS Kliniken vorangetrieben [115]. Zu diesem Zweck hat Helios die Initiative
Qualititsmedizin federfiihrend gegriindet.* Da viele Wettbewerbsparameter wie Standort,
Preis, Personal und Ausstattung im deutschen Krankenhausmarkt stark reguliert sind, wird
Qualitit von einigen Krankenhdusern zusehends als Wettbewerbsvariable anerkannt. Der
mogliche Qualitdtswettbewerb ist natiirlich abhéngig von der Anzahl der Krankenhduser und

deren Leistungsbereiche in einem lokalen Markt [62, 102]. Damit Qualititswettbewerb

4 Gleichzeitig haben sich die Helios Kliniken im Rahmen der Dachorganisation Stiftung Initiative
Qualitatskliniken klar gegen Referenzportale positioniert.
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funktioniert, bedarf es einer umféinglichen Transparenz {iber die Qualitit der

Leistungserbringung fiir alle Marktteilnehmer.

Gute Leistungserbringer mit hoher Behandlungsqualitdt haben einen inhdrenten Anreiz, ihre
Qualitdt sichtbar und vergleichbar zu machen, um Reputation und zusétzliche Patienten durch
ihre bessere Qualitit zu gewinnen [57]. Dementsprechend konnen auch auf der Angebotsseite
Drittanbieter helfen, medizinische Behandlungsqualitdt sichtbar zu machen. Dies geschieht
primdr iiber Zertifikate, die an Krankenhduser vergeben werden, wenn diese bestimmte
Struktur- und Prozessvoraussetzungen erfiillen. In Deutschland sind es primdr die
Qualitditsmanagement Zertifikate der Kooperation fiir Qualitdit und Transparenz im
Gesundheitsweisen (KTQ) und die ISO 9001 Zertifikate [116]. Gleichzeitig gibt es auch auf
Fachabteilungsebene weitere Zertifikate, die eine Spezialisierung und damit hohere Qualitét
aufzeigen sollen. Dazu gehdren das Stroke Unit Zertifikat der Deutschen Schlaganfallhilfe
[117] und die Zentren-Zertifikate der Deutschen Krebsgesellschaft [118]. Allen Zertifikaten ist
gemein, dass in Peer Reviews die Behandlungsvoraussetzungen und das Qualitdtsmanagement
eines Krankenhauses bzw. einer Fachabteilung durch "Peers” (d.h. Fachérzte aus dem gleichen

Leistungsbereich aus anderen Krankenhdusern) evaluiert und bestétigt werden [119].

Aufgrund der hohen  Bedeutung von  Informationen zur  Qualitdit  von
Gesundheitsdienstleistungen wird Qualitétstransparenz zu einem o6ffentlichen Gut [99], das
entweder von Leistungserbringern selbst, Dritten privatwirtschaftlich oder vom Staat durch
Regulierung oder eigenes Angebot bereitgestellt wird. Zwar gibt es z.B. in den USA
privatwirtschaftliche Losungen wie healthgrades.com und consumerreports.org; doch stellen
die Komplexitit der Daten [99], hdufig fehlende strukturierte Informationsstandards fiir den
Informationsaustausch [15] und die Interessenkonflikte der verschiedenen Stakeholder Hiirden
fiir eine privatwirtschaftliche Losung dar. In Deutschland wirken zusétzlich der hohe

Regulierungsgrad, die langsamen Prozesse in der Selbstverwaltung, die hohen Anspriiche an
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Datenschutz und das stirkere Vertrauen in und die Erwartungen an den Staat gegen stdrkere
privatwirtschaftliche Losungen zur Qualitéitstransparenz und eine Reduktion der

Informationsasymmetrien auf der Nachfrageseite [120, 121]

Qualititssicherung in Deutschland

In Deutschland sind die Begriffe der Behandlungsqualitdt und Qualititstransparenz eng mit
dem Konzept der Qualitdtssicherung verkniipft. Erste Qualitdtssicherungsansitze in
Deutschland waren die Miinchener Perinatalstudie (1975-1977) und einzelne Register auf
Landerebene Ende der 1970er Jahre [4]. Seit Anfang der 1990er Jahre sind Krankenhéuser
gesetzlich  verpflichtet, in einer minimalen wund nicht-standardisierten = Form
Qualitditsmanagement  durchzufiihren. Mitte der 1990er Jahre haben sie erste
Qualitédtsindikatoren zur Qualitdtsmessung eingefiihrt [4]. Im Zuge der Einfithrung des DRG
Systems wurde die Qualitdtssicherung durch die GKV-Gesundheitsreform im Jahr 2000
institutionalisiert und ausgebaut, um der Gefahr einer Verschlechterung der
Patientenversorgung durch Kostendruck und Volumenanreize im DRG Fallpauschalensystem

entgegenzuwirken [86, 122] und Mindestanforderungen an die Qualitét sicherzustellen.

Im Zuge des in 2016 verabschiedeten KHSG wurden die Anforderungen der im
Aufgabenbereich des G-BA liegenden externen Qualitdtssicherung deutlich erweitert. Das
fiinfte Sozialgesetzbuch (SGB V, Paragraphen 135 — 139d) reguliert verpflichtende
Anforderungen im Rahmen der externen Qualitdtssicherung an Krankenhduser, die nach §108
SGB V fiir die Behandlung von GKV Patienten zugelassenen sind. Dazu gehoren insbesondere

folgende in §136b zusammengefasste Anforderungen:

1. Erfiillungsnachweise zu den Fortbildungspflichten des medizinischen Fachpersonals;

2. Mindestmengen fiir Leistungsbereiche, in denen Behandlungsergebnisse abhidngig

von der Menge der erbrachten Leistungen sind;

23



3. jahrliche, strukturierte und vergleichbare Qualititsberichte;

4. vier auszuwéhlende Leistungsbereiche, in denen qualititsbasierte Selektivvertriage

erprobt werden und
5. eine qualitétsorientierte Vergiitung flir geeignete Leistungsbereiche.

Fiir die Umsetzung und Weiterentwicklung der externen Qualitatssicherung hat der G-BA 2015
das Institut fiir Qualititssicherung und Transparenz im Gesundheitswesen (IQTIG) gegriindet.
Das IQTIG soll die staatlichen MaBnahmen zur Qualititssicherung konsolidieren und
weiterentwickeln. Die Qualitétssicherung soll zukiinftig sektoreniibergreifend stattfinden,
Patientenbefragungen einbeziehen und mdglichst sparsam beziiglich des zusdtzlichen
Dokumentationsaufwandes erfolgen. Die zu verwendenden Qualitdtsindikatoren sollen
justiziable sein, um darauf aufbauend qualititsorientierte Vergiitungssysteme zu entwickeln
und Qualitdt noch stirker in die auf Landerebene stattfindende Krankenhausplanung zu
integrieren. Das IQTIG soll auBerdem Qualitétsergebnisse allgemeinverstdndlich und zwischen
Krankenhdusern vergleichend verdffentlichen. Letztlich soll das IQTIG Kriterien fiir die
Bewertung von Zertifikaten und Qualitatssiegeln entwickeln und auf Basis dieser Kriterien iiber
die Aussagekraft der Zertifikate urteilen (SGB V § 137a). Der Gesetzgeber und der G-BA haben
damit dem IQTIG einen anspruchsvollen Aufgabenkatalog definiert. Dieser kann vom IQTIG
nur iber mehrere Jahre und unter Einbezug des nationalen und internationalen
Forschungsstandes umgesetzt werden. Der erste Bericht zu planungsrelevanten
Qualitdtsindikatoren und die starke Kritik daran verdeutlichen die Komplexitit des

Unterfangens [123, 124].

Zusitzlich zur gesetzlichen Qualitétssicherung gibt es noch weitere privatwirtschaftliche
Ansitze. So errechnet die AOK QSR Ergebnisindikatoren auf Basis von Patientendaten fiir 16
Leistungsbereiche [125, 126]. Des Weiteren messen die von privaten Leistungserbringern

gegriindeten Organisationen Initiative fiir Qualitdtsmedizin (IQM) und Qualititskliniken.de
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Prozess- und Ergebnisindikatoren, die auf Basis von Routinedaten berechnet werden [127,
128]. Neben der Sicherstellung von minimalen Qualititsstandards verfolgen alle Initiativen

zusitzlich auch einen Public Reporting Ansatz.

Public Reporting zur Steigerung der Transparenz von Ergebnisqualitit

Public Reporting beschreibt die Verdffentlichung von Informationen zur Behandlungsqualitét
— wie Indikatoren, Berichte und Bewertungen — einzelner Leistungserbringer. Diese Daten
sollen Patienten und Einweiser ebenso informieren wie Leistungserbringer. Letztere sollen in
die Lage versetzt und incentiviert werden, ihre eigene Behandlungsqualitit zu verbessern fiir

ein bestehendes Patientenaufkommen und um zusétzliche Patienten zu gewinnen [37, 58].

Der Wirkungsmechanismus zwischen Ergebnistransparenz und Qualititsverbesserung wird in

der Literatur durch drei Wirkungspfade beschrieben:

Die ex-ante Verbesserung tritt bereits durch die Erwartung der Veroffentlichung ein. Diese
Erwartung bringt Leistungserbringer dazu, die Behandlungsqualitit durch Kontrolle und
stirkere Befolgung der etablierten Behandlungsprotokolle, zusitzliche Investitionen in
Prozesse und medizinische Ausstattung sowie durch qualitdtsfokussierte Anreizstrukturen zu

steigern [129, 130].

In der ex-post Systemverbesserung evaluieren die Mediziner und das Krankenhausmanagement
die Leistung der eigenen Fachabteilungen anhand verdffentlichter Ergebnisse und auf Basis der
Vergleichsmoglichkeiten. Sie versuchen die Behandlungsergebnisse durch Adressierung der
identifizierten Schwachstellen zu verbessern. Zusitzlich gibt es die Mdglichkeit, die Best
Practices der Qualititsfithrer in die eigenen Behandlungsabldufe zu integrieren. Oftmals
enthalten die Transparenzinitiativen auch Mechanismen, um nach einer Identifizierung der
Schwachstellen die unzureichende Qualitdt durch klinikiibergreifende Evaluations- und
Verbesserungsinitiativen zu steigern (z.B. Strukturierte Dialoge im Rahmen der externen

stationdren Qualititssicherung des G-BA und IQM ,,Peer Reviews*) [131-133].
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In der Angebotsselektion wihlen Patienten und Einweiser nach Analyse und Abwigung
offentlich verfligbarer Qualitatsinformationen von Krankenhdusern, Leistungsbereichen und
anderen Entscheidungskriterien (z. B. Distanz) das Krankenhaus mit den vergleichsweise
besseren Behandlungsergebnissen (sog. ,voting with feet). Uber die Zeit wird
Qualitatsfiihrerschaft durch einen Zuwachs an Patienten und einen hoheren Marktanteil
belohnt. Qualitétsriickstinde werden durch entsprechende Riickgénge bestraft. Dies setzt
allerdings voraus, dass Patienten direkten und einfachen Zugang zu verdffentlichten
Qualititsinformationen haben, diese verstehen und einordnen konnen sowie der neue
Informationsgehalt von den bereits bestehenden Auffassungen zur Qualitdt der Krankenhiuser

abweicht und dadurch zu einer Verhaltensinderung fithren kann [28, 36, 37, 56, 134, 135].

Neben dem positiven Potential zur Steigerung des Qualititswettbewerbs zwischen
Leistungserbringern gibt es auch mdgliche negative Nebeneffekte von Qualititstransparenz.
Als wichtigste negative Folge ist die Adverse Selektion durch Arzte und Krankenhiuser
anzufilhren: Um  moglichst gute Qualititsergebnisse zu prisentieren, konnen
Leistungserbringer Hochrisikopatienten abweisen [28]. Dieses kann zu negativen
Wohlfahrtseffekten und insgesamt schlechterer Behandlungsqualitét fiihren. Ferner kdnnen
Leistungserbringer zusitzliche Begleiterkrankungen kodieren, welche ihre Behandlung relativ
zu anderen Leistungserbringern besser erscheinen lésst (sog. Upcoding) [136]. Ferner sind die
hohen Kosten zu nennen, die mit der Messung von klinischen Daten im Zuge der externen
Qualititssicherung fiir behandelnde Arzte und das Krankenhaus entstehen. Qualititssicherung
auf Basis von Routinedaten kann diese Kosten reduzieren [29, 137]. Des Weiteren ist es
aufgrund statistischer Zufélle und der fiir valide Aussagen notwendigen hoheren Fallzahlen oft
schwer, juristisch rechtssichere Indikatoren zu entwickeln ohne dabei zusitzlich auch auf

Prozess- oder Strukturfaktoren zuriickzugreifen [123].
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Zusammenfassend verdeutlicht Abbildung 3 schematisch das Marktversagen in der
Bereitstellung von Qualitit im Gesundheitswesen und das Wirken von Qualititssicherung und
Qualitdtstransparenz. Im DRG Einheitspreisumfeld und ohne Qualitétssicherung und
Qualitdtstransparenz liegt das von den Leistungserbringern angebotene Qualitdtsniveau bei Qs
und damit weit unter dem von Patienten nachgefragten Level Qp. Die Qualititsnachfrage ist
relativ unelastisch, da Konsumenten Qualitit nur sehr limitiert einschidtzen konnen und in
Bezug auf Gesundheit grundséitzlich ein hohes Mal3 an Qualitdt fordern. Gleichzeitig ist die
Nachfrage nicht génzlich unelastisch, da Konsumenten immer auch eine Abwigung treffen
zwischen ihrer Nachfrage nach Gesundheit und den damit verbundenen Opportunitdtskosten
Transport, Suchkosten (inklusive Einschédtzung des Qualitétsniveaus) und dem finanziellen
Aufwand, auch wenn Patienten die direkten Kosten nicht selbst tragen. Zum Beispiel variiert
zwischen Patienten die Bereitschaft weite Fahrtwege fiir ein bestimmtes Level an
Behandlungsqualitét auf sich zunehmen. Patienten investieren auch unterschiedlich viel Zeit in

die Suche nach Qualititsinformationen iiber Leistungserbringer [106, 122, 138].

Neben der Nachfragekurve ist auch die Qualititsangebotskurve relativ unelastisch, da Anreize
fiir zusidtzliche Qualitdtsanstrengungen auf Seiten der Leistungserbringer nur sehr limitiert
vorhanden sind. Qualititssicherung kann die Qualititsanforderungen an Leistungserbringer
erh6hen und die Qualititsangebotskurve nach aulen verschieben, so dass bei jedem Preislevel,
inklusive des DRG Einheitspreises, ein hoheres Level an Qualitit (Qsingr) angeboten wird.
Zusitzlich zu Minimalanforderungen durch eine Qualititssicherung kann eine privat oder
staatlich organisierte Qualitétstransparenz die Qualititsangebotskurve elastischer machen und
zu einem Qualitdtsniveau {iiber den Minimalanforderungen filihren (Qsingc+or). Fiir
Leistungserbringer lohnt es sich bessere Qualitdt bereitzustellen, weil die Qualitdt im Zuge der
Qualitdtstransparenz fiir Patienten und Krankenkassen erkennbar wird und starker in Wahl bzw.
Kaufentscheidung einflieBen kann. Abbildung 3 lédsst auch eine kurze Veranschaulichung der

Qualitdtsorientierten Vergiitung (d.h. Pay-for-Performance) und des Qualitdts-Kosten-Trade-
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offs zu. Bei ersterem wird ein hoherer Preis fiir bessere Qualitit gezahlt, was den DRG
Einheitspreis um einen entsprechenden Qualititszuschlag nach oben schieben wiirde. Bei
letzterem konnte bessere Qualitdt durch eine kostensenkende Wirkung auch einen negativen
Einfluss auf den DRG Einheitspreis (d.h. Kostendurchschnitt einer Gruppe von mehr als 250
DRG Referenzkrankenhdusern) bei geringer und mittlerer Qualitdt haben. Bei sehr hoher
Qualitit 14sst sich wiederum ein positiver Einfluss auf den DRG Einheitspreis durch hohere
Kosten bei der Bereitstellung von Spitzenqualitit vermuten. Dies wiirde zu einer U-Kurve fiir

den DRG Einheitspreis fiithren.

Abbildung 3: Schematische Darstellung Qualitdtsnachfrage und -angebot ohne und mit
Qualititssicherung und Qualitdtstransparenz

Preis

Angebotg Angebotgings

Angebotanar.ac
- »
CQlualitats-

T E—
sicherung

DRG DRG
Einheitspreis

achfrageg

Qs Qsmitos Qsmans.ar Qo Versorgungs
-qualitat

Legende: Darstellung des Marktungleichgewichtes in Nachfrage nach und Angebot von Qualitdt in der
Krankenhausbehandlung. Preis beinhaltet nicht nur direkte Kosten, sondern auch indirekte Kosten (z.B. Suchkosten), eigene
Darstellung
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Kapitel 2: Qualititstransparenz im internationalen Vergleich

Christoph Pross, Alexander Geissler, Reinhard Busse

Postprint, erschienen im Mirz 2017 als: Pross C, Geissler A, Busse R. Measuring, Reporting,
and Rewarding Quality of Care in 5 Nations: 5 Policy Levers to Enhance Hospital Quality

Accountability. Milbank Quarterly. 2017;95:136-83. http://dx.doi.org/10.1111/1468-

0009.12248

Hintergrund: In den letzten Jahren haben zahlreiche Studien in verschiedenen Léndern
gravierende Unterschiede in der Ergebnisqualitit zwischen Leistungserbringern festgestellt.
Als Antwort darauf haben Gesundheitssysteme die Qualitdtstransparenz durch systematische
Messung und Veroffentlichung von Struktur-, Prozess- und Ergebnisindikatoren erhoht.
Patienten und einweisende Arzte sollen befihigt werden, bessere Krankenhiuser auszuwihlen.
Der Handlungsdruck auf Krankenhduser mit unterdurchschnittlicher Qualitdt soll erhoht
werden. Neben der Veroffentlichung von Indikatoren werden zunehmend qualitétsorientierte
Vergiitungsmodelle entwickelt und implementiert. Obwohl es zahlreiche Initiativen in
verschiedenen Léndern, erste Erfahrungen mit diesen Initiativen und ein hohes Potential fiir die
Identifizierung und Adaption ldnderiibergreifender Best Practices gibt, sind aktuelle
internationale Studien, welche Qualititstransparenz holistisch entlang der Ebenen Messung,
Verotfentlichung und Incentivierung betrachten, Mangelware.

Ziele: Fiir die finf in der Qualitdtstransparenz fithrenden Lander Deutschland, England,
Niederlande, Schweden und die USA werden die wichtigsten Initiativen und deren Umfang
entlang der Dimensionen Messung, Verdffentlichung und Incentivierung von Qualitét
identifiziert. Die Ergebnisse werden grafisch anschaulich und komprimiert dargestellt, um die

Zuganglichkeit fiir Gesundheitspolitiker und Experten zu erhohen. Auf Basis der
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Lénderanalysen werden fiinf wichtige gesundheitspolitische Ansitze identifiziert, mit denen die
Qualitatstransparenz entscheidend verbessert werden kann.

Methoden: Auf Basis von Experteninterviews und einer umfangreichen Literaturrecherche
wurde ein Analysenrahmen entlang der Dimensionen Messung, Veroffentlichung und
Incentivierung von Qualitit entwickelt. Fiir jede der drei Dimensionen wurden zwei wichtige
Subdimensionen identifiziert. Fiir Qualitditsmessung sind das Art der Indikatoren und
Datenquellen. Fiir Qualitatsveroffentlichung sind das Grad der Zentralisierung und Art des
Datenzugangs. Fiir Qualitdtsanreizstrukturen sind das Grad der Anwendung und Art der
qualititsorientierten Vergiitung. Die Ergebnisse der Lénderanalysen werden in drei
verschiedenen Detaillierungsgraden (grafische Ubersicht, tabellarische Ubersicht und
detaillierter Bericht) dargestellt. Die Politikempfehlungen werden auf dieser Grundlage
hergeleitet und mit Positiv- und Negativbeispielen aus den Landeranalysen illustriert.
Ergebnisse: Die Messung von Qualitdt ist iiber die Lander hinweg vergleichbarer als die
Verdffentlichung und die Incentivierung. Viele Lander fokussieren ihre Verdffentlichung und
Incentivierung stark auf Prozessindikatoren. Deutschland hat bisher nur kleine Pilotprojekte zur
qualititsorientierten Verglitung gestartet; in Schweden, den Niederlanden und England sind
diese Pilotprojekte schon deutlich umfangreicher und finden teilweise auf nationaler Ebene
statt. In den USA ist qualititsorientierte Vergiitung bereits ein wichtiger und umfangreicher
Teil des Krankenhausvergiitungssystems. Um Qualitdtstransparenz zu fordern, sind flinf
Ansitze wichtig: 1) Staatliche Fiihrung ist notwendig um Standards und Anreize festzulegen.
2) Die richtige Balance zwischen Zentralisierung und Dezentralisierung ist entscheidend fiir
nationale Vergleichbarkeit und gleichzeitig fiir Innovation und lokale Teilhabe. 3)
Gesundheitssysteme sollten sich stirker auf Ergebnisindikatoren und weniger auf
Prozessindikatoren konzentrieren. 4) Leistungserbringer spielen eine zentrale Rolle in der
Qualitdtstransparenz und miissen als Unterstiitzer gewonnen werden. 5) Qualititstransparenz

sollte auf der Ebene eines Krankenhauses und von medizinischen Leistungsbereichen ansetzen.
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Policy Points:

® Similarities and disparities between countries and initiatives are identi-
fied. Measuring, reporting, and rewarding quality is heavily focused on
process measures. Hospital-level benchmarking is not always available
publicly. Quality-related payment schemes vary widely, with several
countries only piloting small-scale initiatives.

® To increase quality accountability, the government has to set standards
and incentives. The right balance between system centralization and
decentralization has to be struck. Accountability needs to be based
on outcomes, not process measures, and focus should be on hospital
and medical condition levels. Providers have a central role as quality
accountability advocates.

Context: Studies have documented wide quality variation among hospitals
within and across countries. Increasing quality-of-care accountability for hos-
pitals, especially for patients and the general public, is an important policy
objective, but no study has yet systematically and comprehensively compared
leading countries’ initiatives in this regard.

Methods: Based on expert interviews and an extensive literature review, we
investigate hospital quality accountability in England, Germany, the Nether-
lands, Sweden, and the United States. The underlying framework includes 3
elements: measuring quality, reporting quality, and rewarding quality. Each el-
ement is subdivided into 2 dimensions, with measuring composed of indicator
type and data source, reporting composed of degree of reporting centralization
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and data accessibility, and rewarding composed of extent of application and
type of quality-related payments.

Findings: The results show a wide spectrum of approaches and progress levels.
Measuring strategies are more similar across countries, while quality reporting
and financial rewards are more dissimilar. Reporting of process indicators is
more prevalent than reporting of outcomes. Most countries have introduced
some quality-related payment schemes, with the United States having the most
comprehensive approach. Based on the cross-country assessment, 5 policy levers
to enhance quality transparency are identified and illustrated through country-
specific examples: (1) the government should take a central role in establishing
standards and incentives for quality transparency and health IT system inte-
gration; (2) system centralization and decentralization need to be balanced to
ensure both national comparability and local innovation; (3) health systems need
to focus more on outcome transparency and less on process measures; (4) health
systems need to engage providers as proponents of quality transparency; and (5)
reporting should focus on hospital and condition levels to ensure comparability
and enable meaningful patient choice.

Conclusions: The findings facilitate cross-country learning and best-practice
adoption by assessing hospital quality accountability strategies in 5 countries in
a structured and comparative manner. The identified policy levers are relevant
for enhancing breadth, depth, and value of quality accountability.

Keywords: health care quality assessment, quality accountability, pay-for-
performance, hospital quality of care, public reporting, comparative health

policy.

ECENT STUDIES INDICATE THAT QUALITY OF CARE VARIES

considerably across providers and medical conditions.' Ad-

vanced health systems are thus encouraging quality account-
ability both to stimulate provider competition around quality and to
support patient choice through public reporting of quality variation
among providers. Many providers, however, resist the increased pressure
and resource impact associated with collection of clinical quality data
and quality-related payments.*> Likewise, patients often lack awareness
of existing accountability initiatives or encounter confusing results for
the same provider across different initiatives.®’

Since the early 2000s, England, Germany, Sweden, the United States,
and, more recently, the Netherlands have particularly championed qual-
ity accountability. There are similarities in how these countries organize
measurement, reporting, and incentivization of quality; there are also
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important differences, including underlying data and indicators, degrees
of mandatory versus voluntary reporting, and approaches to quality-
related payments (QRP).® These are partially determined by dispari-
ties in health system features such as insurance and payment schemes,
size of inpatient versus outpatient sector, and private sector service
provision.”!?

Health systems still lack standardization and integration across
countries regarding quality accountability, with limited learning and
adaptation from international comparison.''!? Thorough cross-country
analysis of quality accountability approaches is rare and, where exis-
tent, outdated.® Furthermore, the dimensions of quality accountability
have primarily been examined in isolation,"? and a broad framework
to describe and analyze the policy status of quality accountability in
a comparative manner across countries is lacking. Likewise, an up-to-
date analysis of key policy levers to improve quality accountability is
needed, as health systems have gathered first experiences with qual-

1415 and key questions on the mechanisms of quality

6,7,16,17

ity accountability
accountability remain unclear.

Policymakers and other stakeholders in the 5 countries are examining
their hospital quality accountability approaches and preparing to initi-
ate the next phase, in which quality will become more transparent for all
stakeholders and relevant for provider payment. Countries can benefit
substantially from an international comparative analysis of policy ap-
proaches and experiences; best-practice identification and adoption; and
harmonization of indicators measured, reported, and included in QRP
schemes to facilitate comparison.

This study addresses this research gap by introducing a more com-
prehensive, policy-oriented hospital quality accountability framework,
which is then used to provide a cross-country perspective on the state
of the art of measuring, reporting, and rewarding hospital quality, in-
formed by in-depth country research. We also identify 5 policy levers
important for the advancement of quality accountability and illustrate
these with country examples.

Methods

The key elements of quality accountability are (1) measuring provider
quality; (2) reporting provider quality; and (3), based on the obtained
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data, incentivizing providers through QRPs. Each of these elements
comprises a range of components and approaches, heavily influenced
by individual health system parameters. To comprehensively assess the
quality accountability systems and the 3 key elements, we conducted
country reviews based on expert interviews, a review of academic and
gray literature, and an examination of public reporting online portals.

In each of the countries (other than Germany), we conducted 4-6
interviews with academic, regulatory, and industry experts (displayed
in Appendix Table Al). We engaged experts both at the start of our
country analysis to understand key elements and institutions of quality
accountability, as well as at later points to collect detailed informa-
tion and to review and comment on finalized sections. We reviewed
the relevant academic literature based on a PubMed search strategy
that included terms such as “quality of care,” “outcome measurement,”
“quality reporting,” and “value-based payments” (including different
varieties thereof) linked with the terms “hospital” and “health care” and
the respective country names. In addition, we investigated gray litera-
ture (eg, reports, documentations, and press releases), which we found
through online desk research and on the websites of the relevant portals
and agencies. We mostly included literature from 2005 onward, with
a focus on more recent material to account for the constantly changing
policy environment and evolving research and academic positions. We
also received literature from our interviewed country experts. Lastly,
we reviewed and tested the public reporting and benchmarking por-
tals (eg, by conducting test hospital benchmarking) in the different
countries.

We synthesized the assessment along an a priori outlined and con-
tinuously refined framework that captures the aforementioned elements
and their most important dimensions:

1. Measuring Quality: Composed of indicator type (structural, pro-
cess, outcome, or risk-adjusted outcome) and dasa source (clinical,
administrative, or patient-reported).

2. Reporting Quality: Composed of reporting centralization (indi-
vidual by medical condition, some grouping of conditions, or
centralized for all conditions) and data accessibility (internal re-
porting, public reporting, or public benchmarking).

3. Rewarding Quality: Composed of extent of QRP application
(pilots only, regional application or for several conditions,
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large-scale or multicondition) and #ype of quality-related payment
(bonus-malus, bundled payments, or capitation payments).

For all 3 quality accountability elements, we separately assessed the
status for each country to paint a comprehensive picture for measure-
ment, reporting, and rewarding of quality of care. Thus, we aimed to
inform the use and further development of each. The 3 elements and
their respective subdimensions across the 5 countries are also illustrated
in 2-dimensional matrices, which convey the scope of the approaches
to measuring, reporting, and rewarding quality, and indicate overlaps
among country strategies.

This analysis focused on inpatient hospital care, which is most com-
parable across countries and it is where quality accountability is most
advanced. Additionally, the analysis concentrated on hospital-level qual-
ity measuring and reporting, often captured in provider report cards, and
less on national, regional, or physician-level reporting.

The framework was initially drafted after a preliminary literature
review and after first discussions with experts in each country. After
testing and with additional research insights, we refined the framework
and used it to structure, record, and report both the academic and gray
literature review as well as the expert interviews. As an organizing struc-
ture, we targeted a simple and easily accessible framework to maximize
accessibility and comprehensibility for policymakers.

Results

Measuring Quality

Quality measurement is the foundation of quality accountability.
The national approach to evaluate hospital quality determines which
indicators can be utilized for reporting as well as rewarding providers.
Countries make choices regarding voluntary versus mandatory, national
versus regional, and public versus private measurement initiatives.
Moreover, countries choose between using administrative, clinical, and
patient-reported data as well as patient reporting and a combination
of structural, process, outcome, and risk-adjusted outcome indicators.
These decisions influence the width (ie, number of hospitals covered)
and depth (ie, number of indicators measured) of quality measurement.
They also determine the resource impact on providers necessary to
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collect the data. Based on different choices along these parameters, each
country has a distinct quality measurement ecosystem.

England. The National Health Service (NHS) standard contract re-
quires all NHS trusts and contractors to participate in all clinical audits,
clinical outcome review programs, and registries on the NHS England
Quality Accounts List. The audits and registries included in the Health-
care Quality Improvement Partnership (HQIP) Quality Accounts oblige
providers to measure results across a variety of treatment areas and indica-
tors that are based on administrative, clinical, and patient-reported data.
For 2015-2016, the Quality Accounts List included 41 hospital-level
programs such as the National Joint Registry (NJR) and the National
Adult Cardiac Surgery Audit (see Appendix Table A2 for a list of abbre-
viations by country). In addition, the Commissioning for Quality and
Innovation (CQUIN), set up by the Department of Health in 2009, mea-
sures 52 indicators, consisting mostly of structural and process metrics
and a few selected outcomes. The CQUIN indicators, however, are some-
times seen as complex and not comparable across trusts. Furthermore,
Public Health England, an executive agency of the UK Department of
Health, collects hospital-level infection rates for Staphylococcus aunreus, C.
difficile, and other hospital-acquired infections.

The Health and Social Care Information Centre (HSCIC) functions as
the central data clearing house for NHS and its contractors. The HSCIC
administers the Hospital Episode Statistics, a routine data collection,
during a patient’s hospital stay. The HSCIC also generates quarterly
the widely used Summary Hospital-level Mortality Indicator (SHMI),
which is a risk-adjusted mortality rate at the NHS trust level. The
SHMI is defined as death occurring in the hospital and up to 30 days
after discharge, and it included 137 trusts in 2014. In-hospital and
post-discharge administrative information are linked together through
the NHS number, which is a unique patient ID and is required for
all NHS services. The HSCIC also collects patient-reported outcome
measures (PROM) for the treatment areas of hip and knee replacements,
groin hernia, and varicose veins.'®

The NJR covers hip, knee, ankle, elbow, and shoulder joint re-
placements and collects quality measures at the hospital and physi-
cian level. Indicators include case volume, clinical outcomes (eg, 90-day
risk-adjusted mortality and readmission rates), PROMs such as Ox-
ford Score and quality of life (eg, EQ-5D), and patient characteristics.
The National Institute for Cardiovascular Outcomes Research operates
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6 clinical cardiac audits, including cardiac surgery, percutaneous coro-
nary intervention (PCI), and heart failure. Indicators include mortality
for emergency operations, risk-adjusted coronary artery bypass grafting
(CABG) and aortic valve replacement surgery, and patient population
risk factors. While clinical registry participation is widespread, it varies
between providers in scope and thoroughness. Moreover, the annual
NHS Inpatient Survey, conducted by the Care Quality Commission,
measures patient experience at each NHS service hospital across treat-
ment areas and includes measures such as trust in clinicians, patient
involvement, cleanliness, received respect and dignity, and an overall
composite measure.

Germany.  Along with the introduction of diagnosis-related groups
(DRG) in the early 2000s, the self-governance system of payers and
providers and its highest body, the Gemeinsamer Bundesausschuss (Fed-
eral Joint Committee; G-BA), propelled by correspondent legislation,
introduced a statutory quality assurance system.'? Annual, self-reported
provider report cards compile structural, process, and outcome indicators
at the hospital and medical department level for 30 tracer diagnoses and
procedures, covering less than 30% of all inpatient cases across all 1,600
acute hospitals in the country.’’ More than 350 process and outcome
indicators are collected, including evidence-based care compliance rates;
readmission, infection, and mortality rates; and risk-adjusted readmis-
sion and mortality rates. Indicators are based on clinical data for the
inpatient episode only. Further development and implementation of the
quality assurance system has recently been centralized with the Institute
for Quality and Transparency in Health Care (IQTIG).

Besides mandatory, national quality assurance, 3 notable measurement
initiatives are Qualitdtssicherung mit Routinedaten (QSR), which is
operated by Allgemeine Ortskrankenkassen (AOK), the largest sickness
fund, and Initiative Qualititsmedizin IQM) and Qualititskliniken.de
(4QD), which were both initiated by leading private hospital chains.
QSR calculates risk-adjusted outcome indicators, such as 30-, 90-, and
365-day mortality rates; readmission and reoperation rates; and a com-
posite indicator for 14 medical conditions and procedures such as acute
myocardial infarction (AMI), PCI, stroke, appendicitis, prostate surgery,
and hip and knee implants. The QSR initiative uses AOK administrative
patient data and includes complications after hospital discharge.

IQM and 4QD, which both had around 300 member hospi-
tals in 2015, pursue similar administrative data-based approaches to
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measurement. IQM calculates its indicators, primarily case volume
and raw and risk-adjusted mortality rates, for 40 treatment areas such
as stroke, chronic obstructive pulmonary disease (COPD), and spine
surgery. It uses the German Inpatient Quality Indicator set, which is
calculated with administrative inpatient data based on the US Agency for
Healthcare Research and Quality (AHRQ) inpatient quality measures.?!
4QD calculates process and outcome indicators such as blood infection
postsurgery, pulmonary embolism postsurgery or colorectal cancer mor-
tality rates, also based on administrative hospital data. IQM and 4QD, as
well as the mandatory quality assurance system, strongly emphasize peer
reviews to facilitate quality improvement through error identification
and best-practice adoption.

Germany'’s registry infrastructure is currently limited, often volun-
tary, and primarily regionally based. Recently, however, some national
registers, such as the German Joint Replacement Register and a nation-
wide standardized Cancer Registry, have been established. Furthermore,
the patient experience questionnaire (PEQ) captures patient-reported
experience measures (PREM) for all German hospitals at the medical
department level. It consists of 15 questions in the categories of med-
ical care, nursing care, hospital stay, and global hospital assessment.
In Germany, no patient-reported outcome indicators are collected in a
standardized, large-scale fashion.

The Netherlands. 'The Dutch Health Care Inspectorate IGZ) super-
vises quality, safety, and access in Dutch medical care providers.”? All
hospitals submit a mandatory set of IGZ quality indicators annually
to the Dutch Healthcare Authority (NZa). These include structural,
process, outcome, and PROM indicators, such as surgery volumes, post-
operative controls, reoperation rates, and postsurgery pain levels, with
mortality and length of stay risk-adjusted. In 2014, 42 tracer treat-
ment areas—such as cardiac and birth care, hip fracture, and cataract
surgery—were covered. The Dutch Hospital Data (DHD) foundation,
a consortium of the Dutch Hospital Association (NVZ) and the Feder-
ation of University Medical Centers, functions as a data clearing house
for administrative data-based indicators and transfers mandatory data to
the NZa. Hospital standardized mortality ratios (HSMR) are calculated
by the Central Bureau of Statistics for 50 diagnosis groups based on
administrative data from DHD. Based on the UK SHMI, the HSMR
is a risk-adjusted outcome measure that compares observed death with
expected death, adjusting for the underlying patient population.
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Several provider initiatives exist as well. The Dutch Institute for
Clinical Auditing (DICA) combines 13 registries for conditions such
as colorectal and breast cancer, lung and thoracic surgery, and gyneco-
logical oncology. DICA covers structural, process, outcome, and PROM
indicators. Hospital membership is not mandatory, but due to IGZ
pressure and increased public awareness, most hospitals have joined.
Meetbaar Beter (measurably better) is another provider-led voluntary
registry initiative; it covers cardiovascular diseases and collects clinical
outcome and PROM indicators. In 2015, it included 14 out of 16 heart
centers. In addition, the voluntary health insurer initiative Consumer
Quality Index (CQI) measures PREMs by distributing, collecting, and
aggregating questionnaires for 18 medical conditions and care processes.

Sweden. Sweden’s National Board of Health and Welfare (Social-
styrelsen) compiles administrative information in the National Patient
Register for all hospital treatments. Data include a unique patient ID,
patient demographic and geographical information, and clinical data. In
the Cause of Death Register, Socialstyrelsen collects ICD-10 codes and
patient data that can be linked through the patient’s ID with Health
Care Quality Register data. Traditionally, Swedish quality measure-
ment is based on condition-specific registers. With the first registers
established in the 1970s, 100 quality registers exist today and collect
structural, process, and outcome indicators from hospitals on a volun-
tary and mandatory basis for relevant inpatient conditions. Registers
are generally based on clinical data, but 75% of registers also collect
some PROMs.”> SWEDEHEART, one of the most prominent regis-
ters, also introduced partially risk-adjusted quality indices for its main
treatment areas. For example, the TAVI Quality Index is a composite in-
dex reflecting structural factors, case volume, serious complications, and
risk-adjusted mortality.”* While SWEDEHEART has 100% coverage
for all its cardiovascular conditions, other registers are less comprehen-
sive. However, about 70% of registers cover more than 80% of their
target population.””?

The Swedish central and regional governments currently fund
these registers with around €30 million annually.?’ To standardize
outcome measurement across regions and medical conditions, Sweden
consolidated its quality registers in 7 regional competence centers, with
the stated purpose of enhancing IT infrastructure and sharing statistical
expertise and methodologies across registers.?” For example, the Uppsala
Clinical Research Center operates 18 nationwide quality registers,
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including SWEDEHEART and SWEDVASC, the vascular surgery
register.

United States. The National Quality Forum (NQF), a consensus-
driven, all-stakeholder body, endorses most quality indicators used in
public reporting and QRPs in the United States. NQF measures are
preferred by federal programs as well as many state and private initia-
tives. Indicator development and measurement, however, is undertaken
by numerous other organizations.

The AHRQ administers inpatient quality and patient safety indicators
(IQI and PSI), which are calculated using Medicare hospital discharge
data for 3,500 Medicare-registered, acute care hospitals. The 2015 1QI
set includes 34 provider-level and regional indicators such as volume,
utilization, and risk- and non-risk-adjusted mortality. With regards to
mortality, the IQI indicator set covers esophageal and pancreatic resec-
tion, abdominal aortic aneurysm repair, CABG surgery, PCI, carotid
endarterectomy procedures, AMI, heart failure, acute stroke, gastroin-
testinal hemorrhage, hip fracture, and pneumonia. The PSI indicator set
includes 26 provider-level complication indicators, which are partially
risk-adjusted and only cover complications treated in the same hospi-
tal as the initial care episode. Hospital-level PSI indicators cover areas
such as pressure ulcer, bloodstream infections, sepsis, postoperative hip
fracture, perioperative hemorrhage, postoperative deep vein thrombosis,
and birth and obstetric traumas. About 75% of AHRQ provider-level
indicators measure outcomes.

The Joint Commission annually collects quality information from its
3,300 member hospitals. The 2015 manual included 73 active indica-
tors, with 56 process indicators in areas like surgical and emergency
department care and 15 risk-adjusted outcome indicators from the Cen-
ters for Medicare & Medicaid Services (CMS) mortality and readmission
measures.”®

While most registries are regional and/or voluntary, the United States
does have a few national mandatory registries. The Centers for Disease
Control and Prevention (CDC) runs a mandatory national registry for
assisted reproductive technology (ART) procedures. The Society of Tho-
racic Surgeons (STS) National Database collects voluntarily submitted
quality process and outcome metrics for CABG, isolated aortic valve
replacement, combined aortic valve replacement, and CABG at the sur-
geon and hospital level. It covers 90% of all adult cardiac surgery centers
in the United States. New York’s PCI and CABG registries collect data on
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PCI and CABG procedures, including readmission rates, mortality rates,
40 patient risk factors, hospital and physician information, and patients’
discharge status. With this data, the New York State Department of
Health calculates risk-adjusted 30-day readmission and mortality rates.
For CABG, similar statewide registry initiatives exist in Massachusetts,
New Jersey, Pennsylvania, and California.

Furthermore, the Hospital Consumer Assessment of Healthcare
Providers and Systems (HCAHPS) is a standardized, national survey
instrument for collecting PREMs. A total of 32 questions are admin-
istered to a random sample of adult patients across medical conditions
and address aspects of patients’ hospital stay, such as pain management,
overall hospital rating, and hospital recommendation.

Table 1 (left column) summarizes the quality measurement results
for each country; Figure 1 illustrates each country’s scope of quality
measurement vis-a-vis indicator types employed and underlying data
source.

Reporting Quality

Internal reporting provides performance feedback to hospital clini-
cians and administrators. Public reporting through provider websites or
benchmarking portals allows patients and admitting physicians to assess
specific hospitals for certain procedures. It also facilitates benchmarking
and best-practice sharing among providers. But clinicians often resist
public reporting as they doubt the accuracy and comprehensiveness of
risk-adjustment methodologies, citing possible negative welfare effects
such as patient selection and up-coding.” Yet, public reporting can
refocus provider competition away from pure volume to a more patient-
centric model that includes quality of care.* Some countries provide
public access to reports (eg, in PDF format) that list the performance
of different regions or hospitals along selected quality indicators. More
generally, public reporting is often implemented via internet portals
that allow specific hospital searches and at times benchmarking. The
latest consumer information technology trends also include applications
(eg, consumer reports, mobile apps) to make access to publicly available
information more intuitive and faster. While most countries today have
some public reporting, the information provided, the ability to bench-
mark hospitals, ease of use, and public and clinical acceptance levels
differ widely.
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Figure 1. Two-dimensional Overview for the Dimension Measuring
Quality, Showing Which Type of Quality Indicators Are Collected and
Which Data Type Is Used for Indicator Calculation
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England. The English health care quality reporting system has ex-
panded substantially and shifted from private, internal reporting to
public reporting due to the open data policies between 2007 and 2010.
Launched in 2007, NHS Choices integrates all NHS online services.
For quality of care, the internet portal enables benchmarking of hos-
pital trusts along a variety of indicators and by geography and service
area. Similarly, MyNHS integrates publicly available data for patients
to monitor their clinical commissioning group and NHS trust. How-
ever, relevant quality indicators are overall composite measure based and
not condition based (eg, risk-adjusted hospital mortality rate for the
NHS Trust, recommendations by own staff, and ratings of patient safety
events). Trust benchmarking is possible, but only for the composite mea-
sures and not at the medical condition level. PREMs from the National
Inpatient Experience Survey and Care Quality Commission inspection
results are also reported on NHS Choices. Several other more focused
NHS-affiliated websites report hospital quality information online. For
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example, Public Health England publishes spreadsheets on infection
rates for all English trusts. In addition, the HQIP Quality Accounts are
published online on a hospital’s website.

Beyond NHS Choices, Dr Foster Intelligence publishes SHMI rates
as well as its own standardized mortality rate HSMR, which captures in-
patient mortality only. The Dr Foster Hospital Guide allows searches by
NHS trust and downloads of league tables. Further, the portal includes
benchmarking information on the quality of weekend care and commis-
sioning care results for general practitioner groups. The latest report was
published in 2013. HSCIC provides a public portal comparing PROMs
for hip and knee replacement and groin hernia and varicose vein treat-
ment. The hip and knee data is also published through a web portal run
by the NJR, which allows hospital-specific searches and displays general
volume information and clinical indicators such as 90-day, risk-adjusted
mortality and revision rates, and PROMs. In general, several highly
publicized reports (eg, the Francis report) of investigations into failings
at NHS trusts®® and strong political commitments to transparency”’
have strengthened support for public reporting of hospital quality.

Germany. The Weisse Liste.de (WeLi) portal, based on a public man-
date, provides access to the searchable and more user-friendly hospital
report cards from the national G-BA quality monitoring system. PEQ
PREM results are also integrated in the WeLi benchmarking tool. Based
on medical and geographical information, users can benchmark hos-
pitals on structural data and quality indicators at a medical condition
level. Out of 351 indicators, only around 233 indicators are published
(2016/2017), with 30% being process, 55% simple outcome, and 15%
risk-adjusted outcome indicators. Moreover, all major sickness funds run
individual transparency portals, such as the TK Klinikfiihrer (hospital
guide), or adapted versions of the WeLi portal. All sickness fund portals
publish data from the mandatory quality assurance system, with the
AOK portal supplemented by QSR results for 8 conditions and selected
registry hospital participation information.

4QD provides a web-based, public benchmarking portal for its mem-
ber hospitals for 30 conditions based on the public quality assurance
scheme and other conditions with indicators based on administrative
data. 4QD lists a composite quality score that comprises subscores for
medical quality, patient safety, patient experience, admitting physician
satisfaction, and ethical concerns. In contrast, IQM only requires its
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member hospitals to publish their standardized IQM report cards on
their individual websites.

Similar to the US News & World Report Best Hospitals rankings, the
Focus Klinikliste reports rankings of hospitals for 15 medical indications
and departments, including breast and colorectal cancer, cardiology, and
orthopedics. Rankings are based mainly on reputation and volume and
not on outcome data, and they are available only in magazine or in
PDF format. Skepticism toward public reporting within the clinical
community’ is still rather high, but political pressure and nonprofit
activism® in favor of public reporting and its integration into care
pathways are increasing.

The Netherlands. Based on a public mandate, the IGZ monitors
hospital quality and investigates complaints and accidents, alerting
providers of identified shortcomings in their quality and provision of
care. IGZ compiles hospital-level annual reports for all hospitals and
reports these back privately. The website, ziekenhuizentransparant.nl
(“transparent hospital”), operated by the DHD, publishes IGZ quality
indicators; however, no hospital benchmarking is possible. Both DHD
and DICA provide hospital internal-quality monitoring. DICA further
aims to make its PROMs accessible to patients via a public DICA pa-
tient portal. Each hospital is also mandated to publish condition-based
HSMR rates on its own website. In contrast, some disease-specific ini-
tiatives provide more thorough and consolidated public access to quality
results. For example, Meetbaar Beter publishes an annual report provid-
ing mortality, readmission, reoperation, chest pain, and quality-of-life
metrics for heart conditions—including coronary artery disease, atrial
fibrillation, and aortic valve disease—at the hospital level.

Hosted by the National Health Care Institute, KiesBeter.nl (“choose
better”) is one of two transparency portals. On a voluntary basis, hospitals
submit IGZ and registry data, CQI, and their own quality and patient
experience information. An aggregated individual provider report card
is generated, which includes data on case volumes, number of wound
infections, number of hospital-acquired infections, and mortality rates.
Likewise, NVZ administers a website called nvz-kwaliteitsvenster.nl
(“quality window”) that enables patients to review hospital quality
along 10 dimensions across 114 hospitals and rehabilitation centers.
Dimensions include patient experience, employee satisfaction, hospital
infections, and the HSMR. The portal shows only the global HSMR, but
provides a link for detailed HSMR reports by condition on respective
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provider homepages. The NVZ portal offers a breadth of information;
however, actual quality information by condition and direct provider
benchmarking is limited.

Sweden. No mandatory national initiative exists in Sweden, but reg-
isters have increased public reporting of provider-level quality indicators
in past years. For example, since 2008, SWEDEHEART has published
annual reports providing hospital-level process and outcomes data. Many
of the register reports, however, are targeted at researchers and expert
clinicians, with information that is difficult for patients to process and
data that are often not consistently provided at the hospital level, but
instead at the regional level. Socialstyrelsen publishes an annual report
entitled “Quality and Efficiency in Swedish Health Care” to make pub-
lic health care more transparent and accountable. The report primarily
showcases comparisons of Swedish regions, but hospital comparisons are
also presented. In the 2012 report, 169 different quality and efficiency
indicators across treatment areas were presented, of which 50 are also
shown at the hospital level.”®

The Vardguiden (“guide to care”) website publishes quality and
access information at the provider level, but no quality indicator
benchmarking is provided. The web portals Vardenisiffror.se (“care
in numbers”) and Omvard.se (“about care”) also publish quality
information, but the information is limited to mortality and com-
plication rates at the regional level and patient experience results,
respectively. While public and clinical support for public reporting is
strong,>® limited availability of risk-adjusted outcome indicators makes
benchmarking of different hospitals more difficult than it is in other
countries.

United States. 'The web portal Hospital Compare reports AHRQ
indicator-based complication, readmission, and mortality rates for all
3,500 Medicare-certified acute care hospitals based on Medicare patient
data. It also provides mandatory hospital-level patient survey data and
structural information. Hospitals are benchmarked along the above cri-
teria, with some verbal statements of whether a hospital is above, at, or
below the national average. Further details, such as numeric rates and
patient volumes, can be found by looking deeper into the data. In 2015,
CMS for the first time published Hospital Compare Star Ratings based
on patient experience as measured by the HCAHPS survey. For example,
CMS awarded the top 5-star rating to 251 (7%) of the 3,500 hospitals
assessed.
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US News compiles the Best Hospitals national and regional rank-
ings for 17 overarching medical specialties such as cancer, cardiol-
ogy and heart surgery, gastroenterology, gynecology, and orthopedics.
Among others, criteria include specialists’ reputation over a 3-year
period, 30-day risk-adjusted survival rates, 7 dimensions of patient
safety, patient volume, and nursing intensity. All dimensions are ag-
gregated in an overall ranking score. Further, the US News website
allows a geographic search and report card—based benchmarking of hos-
pitals. Healthgrades and Consumer Reports provide subscriber-based
access to hospital report cards with composite indicators on mortal-
ity, complication, safety, infections, readmission, and adverse surgery
events.

The Joint Commission Quality Check allows patients and physicians
to search hospitals based on geographic information and accreditation
and certification program, but not by medical condition. The portal
lists different accredited and certified service lines and Joint Commission
quality awards and gives access to accreditation and certification reports.
Users can also download Joint Commission quality indicators in Excel
format for all certified hospitals. The Leapfrog Group, based on its
Hospital Survey results, assigns a Hospital Safety Score to more than
2,500 US hospitals annually. The score aggregates 28 publicly available,
primarily process indicators.

Registries publish their results on single-condition, registry-specific
websites or in annual reports. The CDC publishes annual ART Suc-
cess Rates reports and allows specific clinic searches. The regional New
York State and other state CABG and PCI registries and departments
of health publish annual reports (in PDF format) based on the provider-
level report card results. In contrast, the STS provides primarily pri-
vate reporting to its member hospitals, with a voluntary online pub-
lic reporting option. In addition, the STS teamed up with Consumer
Reports to publish voluntary heart surgery report cards, including overall
performance, survival, and complications. Public and professional atti-
tudes toward public reporting are mixed, with health consumers and
employers demanding hospital quality information and benchmark-
ing to inform their provider choice, but there is continued provider
skepticism.?>’

Table 1 (middle column) summarizes the quality reporting results
and Figure 2 illustrates the different reporting strategies, with regards
to degree of reporting centralization and data accessibility.
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Figure 2. Two-dimensional Overview for the Framework Element
Reporting Quality, Showing the Degree of Reporting Centralization
and Data Accessibility
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Rewarding Quality

Measuring and reporting quality provides the basis for the introduction
of QRPs, also termed pay-for-performance (P4P) or value-based
payments (VBP). QRP programs generally reward providers for
superior quality or penalize them for inferior quality. QRP programs
can be implemented at a national or regional level and take mandatory
or voluntary forms. They can comprise the entire reimbursement
package (eg, bundled payments) or a share of reimbursement and base
performance on structural, process, or outcome indicators.’®*? They can
focus on a single medical condition or aim to improve inpatient quality
of care more broadly across conditions.*” The QRP timing can range
from immediate payment reduction to reduction only after continued,
multiyear subpar performance or continued indirect financial pressure
through bundled payments.
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Different QRP models can play different roles depending on type of
medical condition and procedure. Chronic diseases are more likely to see
capitation payments with focus on outpatient care, possibly with bonus-
malus payments for avoidance of hospitalization. In contrast, acute care
consists of more discrete interventions and is thus more fitting for bun-
dled payments or bonus-malus payments, which reward providers with
a bonus per patient if quality performance is above average or meets pre-
defined thresholds. If complications, readmissions, and outpatient care
are covered in the bundled payment, providers also have financial incen-
tives to coordinate care, improve outcomes, and avoid underprovision
of care.*! Furthermore, bundled payments are sometimes coupled with
a bonus-malus component or close monitoring of quality standards to
avoid negative effects on quality. Based on differences in measuring and
reporting quality and varied degrees of P4P acceptance, the examined
countries show a wide variation in scope and type of QRP application.

England. NHS England has implemented several QRPs, both in
hospital care and in ambulatory general practitioner care (not discussed
here). CQUIN allows NHS health commissioners to hold back 2.5%
of the hospital payments contingent on quality; one-fifth is assessed
according to 4 national metrics, with four-fifths assessed according to
locally defined metrics. At the national level, CQUIN’s clinical focus is
on sepsis reduction, antimicrobial resistance, and medical care for the
mentally ill. Indicators are mostly process indicators. Local measures
focus primarily on overarching or population health areas and indica-
tors, such as mental health or reduction in inappropriate emergency
department visits and transfers.

Best practice tariffs (BPTs) pay hospitals higher-than-average fees for
certain high-volume medical conditions depending on process quality
achieved. Introduced in 2010, BPTs cover stroke, fragility hip fracture,
cataract, knee fracture, interventional radiology, and day-case chole-
cystectomy. Each BPT consists of a base payment and a premium if
predefined, condition-specific best practices are met. For example, for
stroke care, the 2 process criteria are treatment in a stroke unit and
immediate brain imaging. Participation in the BPT program is volun-
tary for hospitals, but clinicians often prefer BPT to CQUIN due to its
clarity and standardization.*? Early analysis of BPT-associated quality
indicates mixed results. For example, process and outcome indicators
improved for hip fracture, but no improvements were seen in the more

complex treatment of stroke patients.*’
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Lastly, the voluntary program Advancing Quality in Northwest
England provides incentives for process improvement in the care of
13 conditions—such as heart attack, dementia, and diabetes—to re-
duce mortality and hospital cost. Up to 4% of the hospital budget is
withheld and only paid out if certain process goals are achieved.****

Germany. QRP components are present today in a few local inte-
grated care and selective contracting programs. In Germany’s integrated
care pilots, sickness funds pay a cross-sectoral group of providers (eg,
one or more hospitals, one or more specialists or general practitioners
in the ambulatory sector, and/or a rehabilitation provider) a fixed fee
per patient. The integrated care models have been primarily applied for
chronic diseases and in 2011 included 6,400 contracts, 1.9 million pa-
tients, and €1.4 billion in reimbursements.”> Also, AOK Hessen’s stroke
integrated care contract includes bonus-malus payments depending on
30-day mortality or 1-year readmission rates. In addition, AOK Hes-
sen’s selective hip and knee implantation contracts, for example, require
baseline standards on QSR quality indicators.

More broadly, recent hospital legislation stipulates that from 2018
onward, hospitals will receive bonuses or penalties depending on their
performance above or below national averages on newly developed qual-
ity indicators. Likewise, quality will be integrated as a key dimension
in sickness funds, inpatient medical services, annual contracting, and
state hospital capacity planning processes, with the potential to ex-
clude hospitals from medical service lines or to close hospitals if quality
performance is continuously substandard.

The Netherlands. QRPs in the Netherlands are in their infancy. The
Dutch DRG system—diagnosis treatment combinations (DBC)—covers
inpatient care, with some minor components of outpatient care and
some aspects of a bundled payment. After a significant reduction, the
DBC system today consists of 4,400 multidisciplinary DBCs.*” Health
insurers are free to selectively contract with providers. For 70% of DBCs,
they can negotiate prices. While competition is still mainly price-based,
quality is increasingly taken into consideration.*®

Bundled payments were introduced in 2010 for chronic disease areas,
including diabetes, COPD, and vascular risk management.*” A principal
contracting agent, most often a general practitioner within a larger care
group, provides the medical care in-house or subcontracts with provider
partners, which include hospitals for the needed inpatient care. The
principal agent has responsibility for care organization, delivery, and
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quality. Prices for the care group bundles are freely negotiated between
care group leaders and insurers. Likewise, capitation payment pilots have
been introduced in treatment of Parkinson’s disease.

Sweden. In Sweden, QRPs are focused on bundled payments, which
also have a bonus-malus aspect. In 2009, the Stockholm County Council
(SCC) introduced payment bundles for cataract surgery and hip and knee
replacements. The hip and knee OrthoChoice bundles cover treatment
steps, diagnostics, surgery with postoperative care, implant, and follow-
up checks. They include only patients from the lowest risk categories
without comorbidities (ASA 1 and 2). Providers are responsible for
nonacute complications of up to 5 years after surgery. A total of 3% of
the €6,300 fee is paid depending on achievement of predefined outcome
quality goals (eg, patient pain assessments). Patients are free to choose
providers based on quality information provided on the SCC website.”
Initial results have shown a positive effect for both outcomes and cost
within the OrthoChoice program. Complication rates fell by almost
40% over the 2 years after OrthoChoice introduction and per-patient
costs were reduced by 17% due to lower payments to providers.’' At the
same time, SCC analysis based on data from the national case-costing
database also indicates that, between 2008 and 2011, cost per procedure
for hip and knee replacements for SCC acute-care hospitals increased by
19% due to higher fixed costs per procedure. New, private operators
perform the less complicated procedures while acute hospitals provide
care for the more complex procedures.’”

Based on the OrthoChoice experience, Stockholm County introduced
additional, more advanced bundles. The spine bundle, for example, cov-
ers the entire care chain, payments are risk- and outcome-adjusted, and
the provider covers cost of complications up to 2 years after treatment.’’
Other Swedish counties, guided by the joint value-based health care
knowledge development and sharing project SVEUS, have introduced
or are planning to introduce QRPs (eg, Skine County in cataract and
bypass surgery).

United States. Out of the 5 health systems examined, the United
States has the most comprehensive QRP programs. On the one hand,
Medicare has initiated large value-based payment programs including
bonus-malus payments for good and bad quality and bundled payment
elements. On the other hand, many large integrated-care delivery sys-
tems, compelled through the accountable care organization stipulations
of the Affordable Care Act, introduced bundled payment programs
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or, in conjunction with their own health insurance plan, introduced
population-based, capitated payment programs.

Medicare pays for value primarily through 3 programs, the Hospital
Value-Based Purchasing (HVBP) program, the Hospital Readmission
Reduction Program (HRRP), and the Hospital-Acquired Condition
Reduction Program (HACRP). In fiscal year 2015-2016, the HVBP
program adjusted 1.75% of Medicare DRG payments, or about $1.6
billion, according to whether hospitals performed below or above
national average.’*>> The HRRP reduces all condition-specific DRG
payments for AMI, heart failure, pneumonia, COPD, and total hip and
knee arthroplasty by an amount determined by the condition-specific,
risk-adjusted, 30-day readmission rate. If the hospital performs in line
with or better than expected based on its patient population, no penalty
payment is deducted. The HACRP adjusts payments according to a hos-
pital’s performance with regards to hospital-acquired infections based on
the AHRQ PSI #90 Composite Indicator. At the end of 2015, CMS also
started to publish the HACRP indicators on Hospital Compare, linking
its quality reporting and QRP components.’® While all these measures
are applied to a broad number of hospitals and a large number of patient
cases, the actual value at risk for inferior performance is marginal.

In 2012, CMS commenced the Bundled Payments for Care Improve-
ment (BPCI) initiative, which includes 4 new bundled payment models
that each cover different elements of the care cycle. The most advanced
bundled care model includes the acute period plus 30-day readmission
for 48 pilot conditions. A BPCI assessment is difficult due to the short
time horizon since implementation and the small number of partic-
ipating hospitals. Some early results indicate spending reduction for
postacute care, signaling a possible alignment of incentives across differ-
ent providers, but inpatient episode spending between BPCI hospitals
and non-BPCI hospitals remained equivalent.”’

QRP innovation by large, private provider organizations is substan-
tial. Geisinger Health System introduced a bundled payment model
for elective coronary artery bypass graft surgery, which included pre-
operative, hospital, and postoperative care and resulted in significant
savings for the health plan and increased profitability for Geisinger.’®
Likewise, several providers—including Cleveland Clinic, Mayo Clinic,
and Virginia Mason—have engaged in bundled payment contracts with
larger US employers, such as Boeing, Wal-Mart, and Lowes, for complex,
elective care such as cardiac surgery.”
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Figure 3. Two-dimensional Overview for the Framework Element
Rewarding Quality, Showing the Extent of QRP Application and the
Type of QRPs Employed

Pilot

c DE
] Ll
® o :
o ! :
= 3 | R SE ‘
r} T v ! y NE
g
oS 1
= 82 [
o 5,0 | !
2 &°
[=
% e E | England
w zg | 7 Germany
5g !
i
$8 . e Netherlands
SE
3
s us Sweden
B Bundled Capitation
Malus Payment* Pa’;/ment“ ‘ l USA

Type of Quality-related Payments

Source: Authors’ analysis based on country research and expert interviews.

Accountable care organization agreements between insurers and
providers, where providers care for certain patient populations within
a shared risk payment model, have become more prevalent, with the
Medicare Shared Savings Program the most widespread. Key character-
istics are bonus payment for providers if cost objectives are met, quality
indicators determining size of bonus payments, and free provider choice
for patients.”® Likewise, the Alternative Quality Contract between Blue
Cross Blue Shield of Massachusetts and 11 provider groups includes
global, capitated payments per patient and a time period to providers
and P4P premiums if quality targets are met. The explicit control of
and incentives for quality, with up to 10% of the total monthly member
payment tied to quality goals, address some of the historic concern with
global payment models.!

Table 1 (right column) summarizes the rewarding quality results;
Figure 3 illustrates which type of QRPs have been employed and their
degree of application.
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Discussion

This section summarizes results across countries and identifies similar-
ities, differences, and unique features of country strategies for quality
measurement, public reporting, and quality-related payments. Based on
country results and observation of best practices and commonly faced
challenges, 5 general policy levers to enhance quality accountability
were identified. These are illustrated with examples from the examined
countries.

Measuring Quality

Approaches in quality measurement exhibit the most similarities across
countries. The countries examined in this study use an overlapping
set of structural, process, and outcome measures. Germany and the
Netherlands cover the widest set of structural indicators, including
physician staff levels and medical equipment. All countries measure
case volume metrics, the structural indicator with the strongest link
to quality,’” with each debating the trade-offs between clinical and
administrative data, since more detailed clinical data enable t-discharge
events in data coverage, as a way to reduce the burden of measurement
on providers. National governments play an essential role, mandating
some quality measurement in all countries.

Yet differences in measurements have emerged. Quality indicators
commonly cover only the inpatient hospital stay, but QSR indicators
in Germany and the SHMI in England cover periods of 30 days or a
longer time frame post-discharge. While PROMs are increasingly being
collected in England, Sweden, and the Netherlands, this occurs only in
a very limited fashion in Germany and the United States. Other unique
features to country approaches are noteworthy: Germany has the most
comprehensive set of risk-adjusted outcome indicators, based on both
clinical and administrative data, while Sweden and England benefit from
unique patient IDs that allow patient data integration across regions and
systems. Sweden is also the only country with a comprehensive registry
infrastructure.

Reporting Quality

While quality reporting varies across countries, substantial overlap
exists. Each country publishes at least some hospital-level quality
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information; however, analysts and patient groups have expressed some
concern about differing results for hospitals across initiatives and the
quality of data representation.’ Some countries have web portals that
allow comprehensive benchmarking of hospitals across a spectrum of
quality indicators and treatment areas (eg, Germany and the United
States); others are more hesitant on public hospital-level benchmark-
ing (eg, the Netherlands and Sweden). Composite quality measures are
also used differently across countries. England and the United States, for
example, often focus on these while Germany, the Netherlands, and Swe-
den use fewer composite measures. Centralization and representations
of reporting vary across countries. In Germany, one portal centrally re-
ports data from mandatory measuring initiatives while in Sweden and
the Netherlands reporting is diffused across registry platforms or annual
reports. Due to the fragmented US health care system, several quality
reporting (as well as measurement) initiatives have been introduced in
parallel on national, state, or regional levels, covering public and/or
private insurance programs and suffering from a lack of alignment.
With Dr Foster Intelligence, England attempts to improve the visual
representation of data for patients. At the same time, England has a mul-
titude of different reporting systems (eg, NHS Choices and MyNHS)
due to its open data policy; however, the plethora of platforms and
information download options can potentially confuse patients. Impor-
tantly, physician and provider support for public reporting is strongest in
Sweden.

Rewarding Quality

For the 5 study countries, QRP strategies exhibit the greatest diversity.
Similarities are limited to an awareness of QRP relevance and pilots
for selected medical conditions. But countries differ in their reliance
on process and/or outcomes measures. Process measures are primarily
used, but indicator application differs across scope and type of QRPs
employed. The United States introduced outcome measures into
selected QRP programs; England still relies exclusively on process
measures. Further, countries focus on different QRP elements. Sweden,
for example, emphasizes bundled payments, while England employs
large-scale bonus-malus payments, but has not implemented bundled
payments. The United States focuses equally on bonus-malus and
bundled payments. Germany operates integrated-care bundle pilots and
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plans to introduce a large-scale bonus-malus system by the end of 2018.
The United States has the most advanced and comprehensive strategy
vis-a-vis number of QRP elements employed, breadth of medical con-
dition coverage, and financial impact on providers. Indeed, the United
States is creating a market for quality information, where measurement,
reporting, and quality improvements result in higher payments for
providers. In response, private hospital chains (eg, Cleveland Clinic and
Geisinger) are producing innovative measurement, reporting, and QRP
approaches.

This assessment reveals diverse progress levels and policy approaches
concerning hospital quality accountability and its 3 critical components:
measurement, reporting, and incentivization of quality. Gathering dis-
tinct quality accountability approaches within a systematic framework
facilitates international comparisons and allows the identification of gen-
eral cross-country policy points. Countries less advanced in some aspects
of quality accountability can adopt policies and best-practice approaches
that have been found to be successful in other countries. Furthermore,
the international discourse on quality of care measurement, reporting,
7164065 brovides the latest insights and the backdrop
on which the country results are assessed and more general policy lessons

and incentivization

are developed.

Policy Levers

Based on the observed best practices and challenges and the widespread
international debate around these issues, we can glean 5 policy levers
that enhance breadth, depth, and value of quality accountability systems
internationally. They are as follows:

1. Government support and standard setting for quality
accountability

Balancing system centralization and decentralization

Provider involvement and support for quality accountability
Focusing on outcome indicators over process indicators

N W N

Quality reporting at hospital and disease levels
Government Support and Standard Setting for Quality Accountability.

Health care is a public good. Combined with the complexity of health
care markets in general and market inefficiencies in quality of care in
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particular, governments must assume responsibility for promoting qual-
ity accountability and implementing the necessary measures for its ful-
fillment. Similarly, health systems struggle under the diverging interests
of multiple stakeholders, and governments should facilitate interest con-
vergence on quality accountability and quality improvement objectives.”

In the United States, for example, the Affordable Care Act substan-
tially accelerated the shift toward quality accountability, compelling
CMS and AHRQ to develop condition-specific, patient-relevant, and
provider-level indicators and requiring CMS to expand its QRP systems
to create the first-ever market for quality information. With the Medi-
care and Medicaid programs, CMS has both strong bargaining power and
a standard-setting role as the largest single payer of hospitals’ annual
budgets in the country. In the Netherlands, quality accountability is a
political priority for the government, which named 2015 “The Year of
Transparency for Dutch Health Care.” Significant resources have been
invested to develop and implement quality indicators for provider-level
measurement of quality.64 Based on consensus among health care stake-
holders, the Netherlands Transparency Calendar delineates a manda-
tory phase-in of provider-level quality indicators across conditions. In
Sweden, the previous central government assumed an important role in
consolidating a quality accountability system. The national and regional
governments have provided registers and other system elements with
significant financial support, direction, and standardization pressure.”’

Of all government quality accountability tasks, mandating and fa-
cilitating an integrated health system IT infrastructure and common
information standards are particularly important. Virtually all aspects of
health care delivery and payment is information intensive.* Collecting,
transferring, reporting, and assessing quality data across the entire health
care system places a large burden on health IT infrastructure and hu-
man resources, and it requires hardware and software interoperability and
common standards for indicators, data usage and storage, and algorithms.

In the United States, the Health Information Technology for Eco-
nomic and Clinical Health Act’s incentive program has led to a substan-
tial increase in electronic health record (EHR) adoption. In 2014, 75%
of hospitals had an EHR system implemented, with almost 50% being
comprehensive EHR systems.®> While system interoperability between
different providers is still challenging, widespread adoption of EHR sys-
tems has substantially facilitated electronic documentation and sharing
of quality data.
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In all 5 countries, government mandates, incentives, and standards
have led to more quality accountability and spurred private sector
initiatives. Government policy plays a central role in increasing quality
accountability by setting software, information, and data system stan-
dards and by regulating and incentivizing public reporting and quality
reimbursement. The degree of governmental standard setting varies
across countries and even within a country’s different quality account-
ability initiatives and health system components. However, the evidence
shows that thorough, comparable, and lasting quality accountability
requires a more comprehensive and potent government standard-setting
role.

Balancing System Centralization and Decentralization. Health systems
have substantially different degrees of centralization when it comes to
quality accountability and factors such as decision making, technical
infrastructure, and information standards. A more centralized approach
facilitates national comparability and increases scope for provider quality
competition and best-practice adoption. A less centralized, pluralistic
approach allows more innovation and adoption at the local level and
facilitates support from local providers.

A comparison between US and English quality accountability systems
revealed the trade-offs between centralization and decentralization.®
The United States has a multitude of local, regional, national, private,
and public quality accountability systems that are often not integrated
and have limited comparability. In England, in contrast, the NHS and
associated regulatory agencies have substantial mandatory power and
endow statutory powers to the HSCIC to ensure IT system integra-
tion and data comparability across the entire NHS system. Similarly,
centralization of management structures in the US Veterans Health Ad-
ministration was identified as one of the key enabling factors to quality
improvement since the mid-1990s, especially in contrast to the more
decentralized Medicare system.®’

Quality measurement and reporting are currently undertaken by a
range of organizations in each country. These organizations can focus
on specific medical conditions or procedures such as registries or cover
multiple medical conditions. A condition-based system provides specific
insights for particular medical and patient requirements in different
conditions and procedures; however, it also creates information silos and
does not allow direct benchmarking of providers across diseases and
procedures. Having numerous parallel initiatives that cover multiple or
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all conditions and procedures, such as the mandatory quality assurance
system and the QSR initiative in Germany or Hospital Compare and
the Joint Commission Quality Check in the United States, generates
system competition and associated positive effects including system
innovation, checks and balances, and more responsiveness. At the same
time, this may lead to contradictory results for the same hospital and

6.8 which conflicts with patients’, physicians’, and regulators’

condition,
interest in one accepted information source. Moreover, having multiple,
overlapping public reporting outlets, such as NHS Choices, MyNHS,
registry websites, and data.gov.uk, creates a reporting plethora of sources
that can be hard for patients to navigate.

Balancing the advantages of a consolidated and streamlined quality
accountability system with the innovative power and checks and bal-
ances associated with a more decentralized system are crucial to estab-
lishing an accountability system that generates maximum transparency
for patients, providers, and payers and consistently improves its quality
measuring, reporting, and rewarding strategies.

Provider Involvement in and Support for Quality Accountability. Qual-
ity accountability benefits immensely from provider support and
involvement.® Providers can use quality data to improve their services
by identifying and implementing best practices. Physicians can explain
reported data to their patients and can encourage them to use quality
indicators to inform their health consumer decisions’; recent evidence
showed that patients often require not just quality data but also advice
and interpretation to make sense of the data.®” Hospital management
can institutionalize quality accountability by providing appropriate in-
centives and governance structures in their organizations.

Private provider groups—such as Helios Group in Germany or Cleve-
land Clinic, Partners Healthcare, and Geisinger in the United States—
have started to emphasize quality accountability as a key business ob-
jective. Helios pursued a quality-focused expansion strategy in which
they stressed the benefits of their quality measurement and reporting
system for newly acquired hospitals and their patients.”” The Helios
strategy weakened the more quality accountability-skeptical position of
the German Hospital Federation.

In Sweden, registers have mostly been founded by clinicians and
remain independent and run by medical experts. A large majority of
medical department heads support quality registers and are interested
in expanding scope and usage.** Similarly, clinicians credit quality
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accountability with a positive influence on outcomes and have been in
favor of expanding the range of indicators and treatment areas covered
in public reports. Thus, physician support for quality accountability has
facilitated growth and a more central role of quality registers in Swedish
health care provision.

While the benefits from provider involvement are clear, in practice
providers are often still hesitant about quality accountability. Physicians
often claim that quality cannot be compared across providers and, fur-
ther, that competition on quality is not in line with the traditional,
collaborative mind-set of medicine.”> As such, medical societies often
constrain enhanced quality measurement and reporting. In 2013 and
2014, for example, German hospitals and regional hospital federations
sued the AOK sickness fund to stop public reporting of QSR indica-
tors. Providers criticized the lack of methodological clarity. The German
provider initiatives IQM and 4QD recently combined under one um-
brella organization, with one of its aims to oppose public hospital quality
benchmarking portals.

Similarly, a recent survey of US hospital leaders’ opinions on qual-
ity accountability showed a high degree of opposition, stating major
concerns about validity and utility of quality measures and problems
associated with public reporting.36 A recent survey of US quality im-
provement experts also indicated provider opposition to public reporting
as a major obstacle for quality accountability.”” Physicians often exhibit
a high degree of skepticism with regard to reliability and accuracy of
measuring techniques and insufficient recognition of patients’ rights
to access and use quality performance data. Furthermore, the Ameri-
can Medical Association in June 2015 called for a slower timetable on
introduction of HVBP schemes.

The aforementioned country examples demonstrate both the problem
of continued provider opposition to and the power of provider endorse-
ment of quality accountability. Getting providers and physicians to
support and endorse quality accountability is a crucial step in encour-
aging patients to include publicly available quality benchmarks in their
treatment decisions and provider choice and to focus competition among
providers on quality.

Focusing on Outcome Indicators Over Process Indicators.  As the results
section demonstrates, in most countries, measuring, reporting, and re-
warding quality still focuses on process indicators rather than on out-
comes. While adherence to treatment protocols can contribute to positive
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outcomes, outcomes achieved by following the same protocol may still
differ substantially” due to factors outside the protocol. Care may be
exceptional in most process parts, but overall disastrously inadequate
due to a vital error in one part.”' The scientific evidence for the posi-
tive relationship of process indicators to health outcomes is limited.’?
In contrast, outcome indicators are of more intrinsic interest since they
measure endpoints that directly matter to patients and providers, such
as complication, reoperation, or mortality rates, or self-reported effects
on mobility and pain levels. Outcome indicators, however, require so-
phisticated risk adjustment to ensure fair comparison between hospitals
treating different patients and to avoid patient selection by providers.

Despite the relevance of outcome indicators and advances in risk ad-
justment, comprehensive reporting of risk-adjusted outcomes is scarce.
The US health care system is heavily focused on process and patient expe-
rience measures. From the approximately 450 AHRQ, AMA, and Joint
Commission indicators reviewed, more than 80% are process measures.
Likewise, more than 80% of the 1,958 measures in the broader National
Quality Measures Clearinghouse are process or patient experience mea-
sures and only 7% are actual outcome indicators.”” The consensus-driven
approval process of the NQF puts a premium on process measures favored
by providers,® in part because process comparability between hospitals
is more easily achieved.

The 2015 introduction of star ratings on Hospital Compare is based
only on HCAHPS (patient experience survey) results and not, for ex-
ample, on AHRQ outcome indicators. In 2015, the Joint Commission
suspended the collection of outcome indicators in several conditions and
relaxed its outcome reporting requirements.”® Moreover, the US News
Best Hospitals rankings are almost entirely based on reputation and not,
as stated, on a mix of indicators including outcomes.”

Similarly, the Dutch quality accountability system focuses on struc-
tural and process indicators. The Court of Audits has criticized Dutch
quality indicators, developed through the Zichtbare Zorg program, for
their lack of meaningful, “practical value.”®* Similarly problematic,
Swedish registers have so far developed only few risk-adjusted outcome
indicators, which are important for direct and fair provider-level bench-
marks. In England, QRP systems CQUIN and BPT are exclusively
focused on process measures.

While process measures and patient experience measures are often
easier to agree upon in a consensus-based model, success in health
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care delivery should be measured in better patient results and not
compliance with predefined process standards or best amenities. Health
outcomes are the ultimate validators of quality of hospital care.’!

Quality Reporting at Hospital and Disease Levels. With regards to
breadth, quality data can be reported at the regional, hospital group or
trust, individual hospital, or physician level. With regards to depth, re-
porting can aggregate all diseases and/or procedures in a hospital, group
diseases or procedures (eg, cardiovascular), report individual medical
conditions or procedures (eg, CABG), or report outcomes for individual
physicians.

Quality reporting needs to be meaningful and actionable for patients,
admitting physicians, and treating physicians. Meaningful implies differ-
entiation between diseases and procedures with different complications
and risk profiles. Actionable implies an ability to differentiate between
the relevant care units so patients and physicians can choose the best
providers at the disease or medical department level, and so providers can
assess their own performance relative to national and competitor bench-
marks. Composite measures aggregate individual quality indicators into
summary measures and might provide an ostensibly clearer picture of
overall performance. However, they also average out performance across
departments, reduce visibility for patients mostly interested in a single
procedure, and assume a weighting of underlying indicators, which con-
flicts with the many different preferences across patients’” and admitting
physicians.

Furthermore, the reporting level needs to take into account statistical
constraints of indicators, mainly the risk-adjustment capability and the
need for large case volumes. Both are better served at the hospital as
opposed to the physician level. Quality measures need to be compara-
ble between hospitals to ensure an apples-to-apples comparison. This
implies risk adjustment, but also demands standardized and validated
indicators and data inputs.

In England, many of the indicators collected and reported indicate
quality at the hospital trust level. While most trusts are composed
of only one large hospital, trust consolidation is grouping hospitals
together. Thus, trust-level reporting averages different hospital-level
quality and obscures outcomes at the relevant hospital unit of analysis.
NHS England is also facing sectionalism among NHS trusts and Clinical
Commissioning Groups, which often compose and report their own local
quality indicators on top of national ones.
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While the current Swedish outcome accountability system facilitates
regional health system competition around outcomes, reporting of out-
comes at a hospital level occurs only in isolated circumstances. This
limits both hospital-level competition on outcomes and patients’ ability
to source hospital quality information in an effortless and standardized
fashion. The relevant level of quality-of-care competition is not the
county, but the provider level.

Balancing the need for meaningful indicators against the statistical
and reporting requirements of sound indicators is best achieved at the
hospital level for diseases and procedures. Quality performance has to be
displayed at the relevant unit of production, which is the disease area or
procedure within a hospital.

Conclusion

This study shows that measuring, reporting, and rewarding quality
has evolved substantially. It also identifies considerable differences and
varied progress levels in the quality accountability strategies of the
countries examined. Each country pursues its own policies, often leading
to increased efforts and costs, uncertainty, and worse policy outcomes
than would happen with more cross-country comparison and learning.

Today’s quality accountability systems help to identify substantial
quality variation between health providers and across medical condi-
tions. However, they are often insufficient to truly facilitate provider
competition around quality. They report quality not at the hospital but
at a more aggregated level, focus only on few conditions, and often use
process indicators that are less meaningful to patients. Furthermore, due
to provider resistance, easily accessible hospital quality benchmarking is
not always available. Advancing the 5 aforementioned policy levers will
help to facilitate more comprehensive quality accountability and quality
competition among providers.

This article aims to enhance best-practice learning and data com-
parability across countries. Similar objectives are pursued by interna-
tional institutions like the Organisation for Economic Co-operation and
Development (OECD) and the International Consortium for Health
Outcomes Measurement (ICHOM). Through the Health Care Qual-
ity Indicators project, the OECD measures and compares the qual-
ity of service provision at a system level across countries and fosters a
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harmonization of outcomes data across member states. The OECD strives
to stimulate cross-national learning, in particular with regards to the
effects of certain health system factors on quality of care.” ICHOM
develops international outcome indicators across medical conditions to
facilitate best-practice identification and adoption across geographies.’’
Research institutes such as the Commonwealth Fund, the Rand Cor-
poration, or the European Observatory on Health Systems and Policies
support evidence-based health policymaking through comprehensive
analysis and comparison of health system dynamics across countries.

By learning from strategies and experiences in other countries, health
care stakeholders can apply best practices and avoid others’ mistakes. The
government takes a central role in establishing standards and incentives
for quality accountability and health IT system integration. The benefits
and costs of centralization and decentralization need to be balanced to
ensure both national comparability and continued innovation. Health
systems need to shift toward quality measuring, reporting, and reward-
ing based more on outcomes and less on process measures. Providers
need to become proponents of quality accountability, especially within
their organizations and to their patients. Quality measurement and re-
porting should focus on the hospital and disease or procedure level to
enable meaningful and actionable choices for patients. Operating these
policy levers can enhance quality accountability within each of the 5
examined countries and facilitate integration, comparability, and best-
practice sharing among countries to achieve higher performing health
systems.
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Table A2. List of Abbreviations

AMI
CABG
COPD
DRG
EQ-5D
ICHOM

QRP
PCI
PREM
PROM

England
BPT
CQUIN
HQIP
HSCIC
NJR
SHMI

Germany
AOK

G-BA

IQM
IQTIG

QSR
PEQ
4QD
WelLi

Netherlands
CQI

DBC

DICA

DHD

HSMR

1GZ

NVZ

Acute myocardial infarction

Coronary artery bypass graft

Chronic obstructive pulmonary disease

Diagnosis-related group

EuroQol five dimensions questionnaire

International Consortium for Health Outcomes
Measurement

Quality-related payment

Percutaneous coronary intervention

Patient-reported experience measures

Patient-reported outcome measure

Best practice tariff

Commissioning for Quality and Innovation
Healthcare Quality Improvement Partnership
Health and Social Care Information Centre
National Joint Registry

Summary Hospital-level Mortality Indicator

General Health Insurance (Allgemeine
Ortskrankenkassen)

Federal Joint Committee (Gemeinsamer
Bundesausschuss)

Initiative Qualitdtsmedizin

Institute for Quality and Transparency in Health
Care

Qualitdtssicherung mit Routinedaten

Patient experience questionaire

Qualitdtskliniken.de

Weisse Liste.de

Consumer Quality Index

Diagnosis Treatment Combination
Dutch Institute for Clinical Auditing
Dutch Hospital Data foundation
Hospital standardized mortality ratio
Health Care Inspectorate

Dutch Hospital Association

Continued
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Table A2. Continued

NZa

Sweden
SCC
SVEUS

SWEDEHEART

SWEDVASC
United States
ACA

ACO
AHRQ
AMA

ART

BPCI

CDC

CMS

EHR
HACRP
HCAHPS

HRRP
HVBP
IQI
NQF
PSI
STS

Dutch Healthcare Authority

Stockholm County Council

Swedish national collaboration for value-based
reimbursement and monitoring of health care

Swedish Web-system for Enhancement and
Development ofEvidence-based care in Heart
disease Evaluated According to Recommended
Therapies

National Vascular Surgery Register

Patient Protection and Affordable Care Act

Accountable Care Organization

Agency for Healthcare Research and Quality

American Medical Association

Assisted reproductive technology

Bundled Payment for Care Improvement

Centers for Disease Control and Prevention

Centers for Medicare & Medicaid Services

Electronic Health Record

Hospital-Acquired Condition Reduction Program

Hospital Consumer Assessment of Healthcare
Providers and Systems survey

Hospital Readmission Reduction Program

Hospital Value-Based Purchasing

Inpatient quality indicator

National Quality Forum

Patient safety indicator

Society for Thoracic Surgeons
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Kapitel 3: Qualititsunterschiede zwischen deutschen

Krankenhausern

Christoph Pross, Reinhard Busse, Alexander Geissler

Postprint, erschienen im August 2017 als: Pross C, Busse R, Geissler A. Hospital quality
variation matters: a time-trend and cross-section analysis outcomes in German hospitals from

2006-2014. Health Policy.2017;121(8):842-852. https://doi.org/10.1016/j.healthpol.2017.06.009

Hintergrund: Seit 2006 gibt es in Deutschland im Rahmen der externen Qualitédtssicherung
Qualitdtsberichte  fiir ~ Krankenhduser. = Obwohl  Qualitdtsunterschiede  zwischen
Leistungserbringern international in mehreren Lédndern aufgezeigt wurden, fanden
Qualititsunterschiede zwischen Krankenhdusern in Deutschland bisher nur geringe Beachtung.
Gleichzeitig wurden die verfligbaren Qualititsdaten der externen Qualitétssicherung oder der
Initiative Qualitdtssicherung mit Routinedaten bisher nur eingeschrinkt im Zeitverlauf
betrachtet.

Ziele: Fiir die elektiven Leistungsbereiche Cholezystektomie, Herzschrittmacher-Implantation,
Hiift-Endoprothesen-Implantation und perkutane koronare Intervention (PCI) sowie die
Notfalldiagnosen Herzinfarkt und Schlaganfall werden allgemeine Qualitdtstrends und
Qualititsunterschiede ~ zwischen = Krankenhdusern  dargestellt. ~ Auf  Basis  der
Qualititsunterschiede werden die Relevanz einer sorgfiltigen Krankenhausauswahl fiir
Patienten und einweisende Arzte verdeutlicht und regulative MaBnahmen zur Steigerung der
Krankenhausqualitét diskutiert.

Methoden: Wir verwenden risikoadjustierte und einfache Ergebnisindikatordaten der G-BA

Qualititsberichte und der AOK QSR Initiative fiir deutsche Krankenhduser und ausgewéhlte
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Leistungsbereiche fiir die Jahre 2006 bis 2014. Die Analyse der Entwicklung von allgemeiner
Behandlungsqualitdt und Qualitdtsvarianz erfolgt durch Box-Whisker Plots und einfache
lineare Regressionen jeweils fiir die ausgewidhlten Indikatoren. Fiir die Analyse der
Qualititsunterschiede werden die Werte der risiko-adjustierten Qualititsindikatoren in Quintile
eingeteilt und die Durchschnitte der Quintile gebildet. Darauf basierend wird der Outcome-
Unterschied zwischen dem zweitbesten und dem schlechtesten Quintile gebildet, welches
gleichzeitig die Steigerung des Mortalitéts- oder Reoperationsrisikos darstellt.

Ergebnisse: Die Qualititstrends variieren je nach Leistungsbereich und Indikator.
Cholezystektomie, Herzschrittmacher-Implantation und Hiift-Endoprothesen-Implantation
zeigen positive Trends. Hingegen hat sich die Krankenhaussterblichkeit bei PCI erhoht. Die 30-
Tage-Sterblichkeit bei Schlaganfall und Herzinfarkt hat sich verbessert, aber die 90-Tage
Wiedereinlieferungsrate hat sich verschlechtert. Risiko-adjustierte Qualitétsunterschiede sind
sowohl auf nationalem als auch regionalem Level weiterhin hoch. Fiir Cholezystektomie und
Hiift-Endoprothesen-Implantation erhoht sich das Risiko fiir eine Re-Operation aufgrund von
Komplikationen um das 4,6- und 11,5-fache bei einer Behandlung in einem Krankenhaus aus
dem fiinften und schlechtesten Quintile der Krankenhéuser relativ zu einem Krankenhaus aus
dem zweitbesten Quintile. Fiir PCI erhoht sich das Mortalititsrisiko um das 6,9-fache. Bei
Schlaganfall und Herzinfarkt ist die 30-Tage Sterblichkeit um das 3,1- und 3,2-fache erhoht.
Fiir Herzschrittmacher-Implantation steigt das durchschnittliche Mortalitdtsrisiko um das 7,4-
fache von einem Krankenhaus im dritten zu einem Krankenhaus im fiinften Quintile. Die
Qualititsunterschiede bleiben auch fiir kleinere regionale Mérkte wie Berlin, Hamburg und
Miinchen bestehen. Public Reporting bedarf einer Aufbereitung und pragnanten Présentation
der hohen Qualititsunterschiede, um die Brisanz und den Nutzen von qualitéitsbasierter
Krankenhauswahl zu verdeutlichen. Eine Zentralisierung von Behandlungen sollte
Krankenhduser mit guter Ergebnisqualitit starken und Krankenhduser mit wiederholt schlechter

Qualitit sollten von der Behandlung ausgeschlossen werden.
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ABSTRACT

Awareness of care variation and associated differences in outcome quality is important for patients to
recognize and leverage the benefits of hospital choice and for policy makers, providers, and suppliers
to adapt initiatives to improve hospital quality of care. We examine panel data on outcome quality in
German hospitals between 2006 and 2014 for cholecystectomy, pacemaker implantation, hip replace-
ment, percutaneous coronary intervention (PCI), stroke, and acute myocardial infarction (AMI). We use
risk-adjusted and unadjusted outcomes based on 16 indicators. Median outcome and outcome variation
trends are examined via box plots, simple linear regressions and quintile differences. Outcome trends dif-
fer across treatment areas and indicators. We found positive quality trends for hip replacement surgery,
stroke and AMI 30-day mortality, and negative quality trends for 90-day stroke and AMI readmissions
and PCI inpatient mortality. Variation of risk-adjusted outcomes ranges by a factor of 3-12 between the
2nd and 5th quintile of hospitals, both at the national and regional level. Our results show that simply
measuring and reporting hospital outcomes without clear incentives or regulation - “carrots and sticks”
- to improve performance and to centralize care in high performing hospitals has not led to broad quality
improvements. More substantial efforts must be undertaken to narrow the outcome spread between
high- and low-quality hospitals.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, substantial variation in the quality of hospital
process and outcome indicators has been observed in and across
health systems [ 1-5]. This variation is reported for emergency con-
ditions, such as acute myocardial infarction (AMI) or stroke [4,7],
as well as for elective procedures such as joint replacements and
pacemaker implantation [8].

Across all conditions, outcome variation is often caused by med-
ical errors and adverse events, which can be attributed to structural,
process, and/or training deficiencies [9,10]. Data from European
Union member states show that medical errors and adverse events
occur in 8% to 12% of hospitalizations [11]. Studies analyzing med-
ical errors show that 50-70% of these are preventable through
comprehensive patient safety measures, better communication,
and quality management systems [12].

* Corresponding author at: Berlin University of Technology, Dept. of Health
Care Management, Administrative Office H80, Str. des 17. Juni 135, 10623, Berlin,
Germany.

E-mail address: a.geissler@tu-berlin.de (A. Geissler).

http://dx.doi.org/10.1016/j.healthpol.2017.06.009
0168-8510/© 2017 Elsevier B.V. All rights reserved.

Reducing outcome variation and improving outcomes over-
all are priorities for both policy makers and clinical leaders. In
many countries, significant financial and time resources are cur-
rently being invested to build or enhance quality measurement and
reporting systems, and to operate these systems in clinical practice
[13,14]. Some of these systems were first implemented more than
a decade ago. Examining recent time trends of hospital quality and
inter-hospital variation is critical to evaluate and improve these
measurement and reporting programs since their implementation.

Studies examining United States (US) hospital outcome data
have reported mixed outcome quality trends. A study analyzing
administrative data from 2001 to 2005 and multiple databases
found improved risk-adjusted mortality, but mixed results for
risk-adjusted complications and morbidity results [15]. Likewise,
an analysis using Hospital Compare data from 2003 to 2009
for hospitals in 13 US states deduced no significant improve-
ments in risk-adjusted mortality or complication ratios in Coronary
Artery Bypass Graft (CABG) surgery or hip and knee replace-
ments [16]. Similarly, no improvements in risk-adjusted death
or re-hospitalization for ischemic stroke between 2003 and 2006
were identified [7]. In contrast, Cohen et al. found significant
improvements in adverse, risk-adjusted surgical outcomes such as
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mortality, morbidity, and infection between 2006 and 2013 in hos-
pitals participating in the American College of Surgeons National
Surgical Quality Improvement Program [17]. And a significantly
improved overall standardized in-hospital AMI mortality was iden-
tified in data from the US Nationwide Inpatient Sample between
2001 and 2011 [18]. For a shorter timeframe, Werner and Bradlow
observed improved hospital performance for process and outcome
measures for AMI, heart failure, and pneumonia in CMS Hospital
Compare data between 2004 and 2006 [19]. Results in European
countries are similarly varied [20-24].

Since 2004, all German acute care hospitals are obliged to report
structural, process, and outcome indicators as part of a national
quality monitoring program [25]. The program collects clinical data
for more than 350 indicators in 30 treatment areas, and as such
places substantial administrative and resource-intensive burdens
on hospitals [26]. To expand and improve national quality monitor-
ing, the German government has recently created the Institute for
Quality Assurance and Transparency in Healthcare (IQTIG). Annual
national hospital quality reports summarize quality measures at
a national average and relate them to those from the year prior
for comparability and benchmarking purposes [27]. A study of the
underlying hospital-level data for the 2004-2008 period found an
overall improvement of 50% based on 204 analyzed indicators;
however, this was primarily shaped by process indicators and many
of the outcome indicators showed deterioration [28]. An investiga-
tion of national inpatient diagnosis-related group (DRG) statistics
found AMI mortality rates to remain constant between 2005 and
2009 [29]. In a more recent analysis, Kraska et al. examined two
indication appropriateness, three process, and one unadjusted out-
come indicator from the mandatory hospital reporting from 2006
to 2012 and found significant quality improvements across all six
measures. The data was divided into two-year periods, and he main
improvement was observed to have occurred within the first mea-
surement interval from 2006 to 2008 [30].

Using data for more substantial time periods (i.e. >5 years) and a
greater number of hospitals (e.g. all acute hospitals for one country)
has only recently become possible as many outcome measurement
systems worldwide were only initiated in the last ten years [31]. Yet
the evidence of improved (or deteriorated) outcomes, especially
risk-adjusted outcomes, is mixed in Germany and other countries.
Stroke and AMI outcome indicators in Germany, for example, have
not yet been analyzed comprehensively, nor over time. In the inter-
national context, the analysis of inter-hospital variation over time
is also scarce.

To address some of these research gaps, we analyze outcomes
and their variation between 2006 and 2014 in German hospi-
tals for the inpatient procedures cholecystectomy, pacemaker
implantation, hip joint replacement, and percutaneous coronary
intervention (PCI), and two emergency conditions, stroke and AML
We examine three dimensions: 1) whether raw andy, pacemaker
implantation, hip joint replacement, and percutaneous coronary
intervention (PCI), and two emergency conditions, stroke and AML
We examine three dimensions: 1) whether raw and risk-adjusted
outcomes have improved, 2) whether inter-hospital variation has
declined, and 3) the current magnitude of outcome variation
between hospitals.

2. Methods
2.1. Dataset

We analyze a hospital-level panel dataset with repeated obser-
vations, and integrate 16 outcome indicators for six treatment

areas from the two premier provider quality reporting systems
in Germany. These are the national mandatory quality monitor-
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ing system of the Federal Joint Committee (G-BA) and the Quality
Assurance with Administrative Data (QSR) from Germany’s largest
sickness fund, the AOK (25.3 Mio insured persons, ~35% within
the statutory health insurance scheme in 2016 [32]). We focus on
outcome indicators as they are relevant end-points for patients.
Further, the scientific evidence for the direct relationship between
process and outcome indicators is unclear [33,34].

Indicators from the national quality monitoring system of G-
BA are self-reported by hospitals, documented at the patient level,
and publicly available for research and reporting at an aggregated
hospital level. They comprise indication appropriateness, process,
and outcome indicators for 30 treatment areas, from which we have
selected a subset of ten (see Table 1). The selection considers data
restrictions both in terms of indicator comparability across years
and size of hospital samples.

The ten selected G-BA outcome indicators cover the four
inpatient procedures only. They include six unadjusted outcome
indicators such as mortality and re-intervention rates and four
risk-adjusted outcome indicators such as risk-adjusted mortality
and risk-adjusted re-intervention ratios. Risk-adjusted indicators
compare the number of observed events (e.g. mortalities) with the
number of expected events, with the latter calculated through a
logistic regression that accounts for patient risk-factors such as
age, comorbidities, gender and patient volume [35]. Annual risk-
adjustment is undertaken centrally and ensures comparability of
outcomes across hospitals and their respective patient samples.

The remaining six outcome indicators are from QSR and apply
to the two emergency medical conditions stroke and AMI. They
are centrally calculated by the WIdO Research Institute (a scientific
body of the AOK), based on administrative data of AOK-insured
patients. Stroke includes ICD diagnoses (i) intracerebral hemor-
rhage (ICD Code 161), (ii) ischemic stroke (163), and (iii) stroke
not specified as hemorrhage or ischemic (164). AMI includes the
diagnoses ST and non-ST elevation myocardial infarction (STEMI
and NSTEMI) (I121) and subsequent STEMI and NSTEMI myocar-
dial infarction (122). The 30-day standardized mortality ratio (SMR)
includes events up to 30days after hospital discharge, comparing
number of observed with number of expected events. Expected
events for all data years are calculated based on the latest 2014
risk-adjustment model, via a logistic regression based on patients
treated in each year and their respective risk-factors such as age,
gender and comorbidities [36]. 30-day mortality and 90-day read-
mission rates are unadjusted. The QSR stroke and AMI data is not
available publicly, access was granted only for this study and out-
comes were provided at an aggregated level for each hospital.
We link QSR indicators with the national quality monitoring data
through standardized hospital IDs and hospital address data.

2.2. Statistical analysis

To examine outcome trends over time, we use box and whisker
plots. For each indicator, respective patient volumes are included as
analytical weights. The median illustrates the outcome trend. The
75th and 25th percentiles (box) specifies the interquartile range
(IQR), the upper and lower adjacent values (whisker) are the most
extreme values within 1.5 x IQR of the respective quartile. Both
methods capture outcome variation.

To validate graphically identified time trends, we model indi-
cator time trends using linear, longitudinal regressions. The log of
the respective outcome indicator QI;; for hospital i in year t is the
dependentvariable and YEAR; and a log_dummy;, are predictors. The
time variable is an exogenous variable and the year coefficient sum-
marizes the outcome time trend. Outcomes are log transformed to
reduce skew and approximate normality [37]. We correct for zero
values in the dependent variable, i.e. the optimal level of realized
quality - a zero standardized mortality ratio (SMR) or zero non-



Table 1

Overview on data data sources, quality indicators and available data years.

Treatment Area Indicator Name Indicator Description Data Years
6 8 10 12 13 14
Mandatory National Quality Cholecystectomy Risk-adjusted ratio of re-interventions Ratio of observed vs. expecteted cases * * *
Monitoring; admission-based data (CHOL) due to complications within hospital stay, expected cases
with observations limited to hospital being calculated via logic regression
stay; self-reported by hospitals based on patient volume and patient
aggregated on hospital-level; publicly risk profiles
available Re-interventions due to complications Percentage of cases within hospital * * * * * *
after laparoscopic surgery stay, unadjusted
Pacemaker Risk-adjusted inpatient mortality ratio Standardized Mortality Ratio of * * *
Implantation (SMR) observed vs. expecteted cases within
(PACE) hospital stay, expected cases being
calculated via logic regression based on
patient volume and patient risk profiles
Inpatient mortality Percentage of cases within hospital * * *
stay, unadjusted
Surgical complications Percentage of cases within hospital * * * * * *
stay, unadjusted
Hip replacement Risk-adjusted ratio of re-inter-ventions Ratio of observed vs. expecteted cases * * *
(HIP) due to complications within hospital stay, expected cases
being calculated via logic regression
based on patient volume and patient
risk profiles
* * * * * *

Administrative Data of the AOK
sickness funds; patient-based data
including events after hospital
discharge; calculated centrally by the
WIdO research institute and
aggregated on hospital-level; not
publicly available

Percutaneous Coronary
Intervention
(PCI)

Stroke

Acute Myocardial
Infarction
(AMI)

Revisions due to complications

Risk-adjusted inpatient mortality ratio
(SMR)

Inpatient mortality

Achieving the recanalization target in
PCI

30-day risk-adjusted mortality ratio
(SMR)

30-day mortality
90-day readmissions

30-day risk-adjusted mortality ratio
(SMR)

30-day mortality

90-day readmissions

Percentage of cases within hospital
stay, unadjusted

Standardized Mortality Ratio of *
observed vs. expecteted cases within
hospital stay, expected cases being
calculated via logic regression based on
patient volume and patient risk profiles
Percentage of cases within hospital
stay, unadjusted

Percentage of successfully recanalized
coronary arteries after indication acute
coronary syndrome with ST elevation
up to 24 h, unadjusted

Standardized Mortality Ratio of * * *
observed vs. expecteted cases
including events up to 30 days after
discharge, expected cases being
calculated via logic regression based on
patient volume and patient risk profiles
Percentage of cases including events up
to 30days after discharge, unadjusted
Percentage of cases including events up
to 90 days after discharge, unadjusted
Standardized Mortality Ratio of * * *
observed vs. expecteted cases
including events up to 30 days after
discharge, expected cases being
calculated via logic regression based on
patient volume and patient risk profiles
Percentage of cases including events up
to 30days after discharge, unadjusted
Percentage of cases including events up
to 90 days after discharge, unadjusted
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risk-adjusted outcome ratios - on both sides of the equation [38].
On the right hand of the regression equation, we include a dummy
variable that takes on the value of 1 if the outcome (the dependent
variable) is zero. On the left hand side, we add 1 to the outcome if it
is zero before taking the log to adjust for zero values (optimal qual-
ity) in the hospital-level outcomes since the log of zero is undefined
[38,39].

We use robust Huber-White standard errors &; and respec-
tive patient volumes as analytical weights. To test the robustness
of the simple parametric linear regression, we also model a non-
parametric approach with dummy variables for years 2008, 2010,
2012, 2013, and 2014, depending on available data and base year.

To illustrate outcome variation between top and bottom per-
forming hospitals, we divide the outcome distributions for the most
recent data year into quintiles and calculate mean for each. This
approach allows us to illustrate outcome differences between hos-
pitals [1,4,6] and highlight the on-average higher mortality and
complications rates when receiving treatment in low-quality hos-
pitals rather than high-quality hospitals.

3. Results

To examine the trends in outcome quality, we summarize the
box plots for risk-adjusted and unadjusted outcomes by treatment
area in Fig. 1. The trend differs considerably across treatment areas.
Overall quality improvement can be identified; however, outcome
variation between hospitals has improved to a lesser degree and
remains.

For cholecystectomy, both the risk-adjusted ratio of interven-
tions and mean re-interventions due to complications decreased for
the time period observed, with constant variation among hospitals.
For pacemaker implantation, the median outcome rates improved
for all three indicators examined; however, outcome variation has
only decreased for unadjusted surgical complications. The median
unadjusted ratio of re-interventions of hip replacement surgery
decreased from 1.9% in 2006 to 1.1% in 2014. Variation also reduced
notably. In contrast, both risk-adjusted and unadjusted inpatient
mortality for PCI increased from 2010 to 2013; the variation for
unadjusted mortality increased.

For the emergency condition stroke, risk-adjusted 30-day SMR
and the unadjusted 30-day mortality decreased between 2006 and
2014. Similarly, outcome variation has narrowed. 90-day readmis-
sion on the other hand increased from 22% to 24%, and variation
remained constant. For AMI, the risk-adjusted 30-day SMR and
unadjusted mortality rate have decreased, with a strong decrease
in unadjusted mortality from 15% to 12%. In contrast, AMI readmis-
sions increased substantially both in median and variation.

Table 2 provides descriptive statistics (mean, standard devia-
tion, and number of observations) for the selected risk-adjusted
and unadjusted outcome indicators. Particularly noteworthy is the
decline (from reporting year 2010 onwards) in hospital observa-
tions for the unadjusted indicators reported by the mandatory
national quality monitoring system. The number of observations
declined due to data privacy restrictions imposed in 2010 and 2012,
which limits reporting to hospitals with more than three cases in
the numerator or denominator. As a result, many hospitals with
low case volumes exited the sample (see also Online Appendix).
Table A1 in the Appendix provides additional insights on the overall
composition of the dataset.

Linear parametric and non-parametric regressions allow for
another perspective on the outcome trend. Table 3 presents the
results for the linear regressions by treatment area, indicator, and
for the parametric and non-parametric regression models. The
non-parametric confirms the parametric approach and the regres-
sion coefficients confirm the visual trends identified in the box
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plots for four out of the six treatment areas. The quality improve-
ment trends identified visually for cholecystectomy and pacemaker
implantation could not be confirmed. Instead, the coefficients show
statistically weak deteriorating quality trends. For robustness, we
also ran parametric regressions only with observations that treat
more than 20 patients per year in the respective treatment areas.
The results remain comparable.

By examining the quintile distribution for risk-adjusted out-
comes for2013/2014 in Fig. 2, we highlight the outcome differences
between high and low quality hospitals. Given that all indicators are
risk-adjusted, there is a large amount of unexplained variation.

For cholecystectomy, the best performing (1st) hospital quintile
has a low re-intervention ratio of 0.1. The worst performing (5th)
quintile has an average risk-adjusted ratio of 2.4, which is 140%
higher than expected (standardized ratio of 2.4 vs. 1.0). The risk of
re-interventions is 4.6 times higher in 5th quintile hospitals com-
pared to the 2nd quintile average, and 35 times higher relative to
the average in the best performing quintile.

For hip replacement, the 1st quintile has no re-interventions.
The average standardized ratio of re-interventions in the 5th quin-
tile is 4.3. Compared to the 2nd quintile, the risk of re-interventions
is 12.2 times higher in the 5th quintile. Similar patterns of high
outcome variation can be observed for the procedures pacemaker
implantation and PCIL

Outcome variation is only slightly smaller for the emergency
conditions stroke and AMI. For stroke, the best performing quintile
has an average 30-day SMR of 0.04, while the worst performing
5th quintile has a 30-day SMR ratio of 2.1. On average, 110% more
patients die than expected based on hospitals’ patient populations
in a 5th quintile hospital. When moving from the 2nd quintile to the
5th quintile, mortality risk increases by a factor of 3.3. The jump in
the mortality risk from the 1st compared to the 5th quintile is still
higher. For AMI, the 1st quintile has a 30-day SMR of 0.2, while the
5th hospital quintile has a SMR ratio of 2.1. This is 110% higher than
expected. The mortality risk is 2.9 times higher in the 5th quintile
relative to the 2nd quintile; it is 11 times higher relative to the 1st
quintile of best performing hospitals.

Similar patterns of high outcome variation can be observed
for more confined hospital markets in city regions such as Berlin
(Fig. 3), Hamburg, and Munich (Online Appendix, Figures A2 &
A3). While variation captured through the quintile distributions
decreased from 2006 to 2013/2014 in line with results in Fig. 1,
substantial outcome differences between high and low quality hos-
pitals remain. To test the robustness of the variation results, we
excluded hospitals with less than 10 and 20 patient cases per
annum for the respective procedures or diagnoses. Though the out-
come variation decreases somewhat, it remains high.

4. Discussion

German hospitals exhibit substantial quality variation and
mixed quality trends depending on treatment area and outcome
measure. The three treatment areas cholecystectomy, pacemaker
implantation, and hip replacement surgery show a positive qual-
ity trend over time, while PCI exhibits a negative quality trend. For
the emergency conditions stroke and AMI, 30-day mortality has
decreased, while 90-day readmissions have increased. This trend
was also observed in English hospitals, and can be driven by an
increasing number of severely ill and fragile patients that survive
AIM or stroke, and the higher probability that these patients may
be readmitted [40]. The descriptively identified positive quality
trends for hip replacement surgery, stroke, and AMI 30-day mor-
tality are supported by the results of time trend regression models.
Likewise, the negative quality trend for 90-day stroke, AMI read-
missions, and PCI inpatient mortality could also be verified with a
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Fig. 1. Box plots for risk-adjusted® (left) and unadjusted outcome indicators® (middle and right).

Note: Box plots display median, IQRs and 1.5 x IQR whiskers, with box plot values weighted by patient volume in respective treatment areas as analytical weights; Outside
.Re-interventions due to complications; 2. Re-intervention due
leted annually limiting year on year comparability if crude rate
1 patient volumes due to data privacy concerns (see Table 2 and
Fig. A2); 5. Risk-adjusted ratios compare observed vs. expected evens (1.0 with same number of observed and expected events); expected mortality for all data years calculated
based on the latest 2014 risk-adjustment model ensuring full comparability across years 6. Non-risk-adjusted rates are in%, indicating the mortality or complications share

values excluded (outside values > 1.5* interquartile range above the upper quartile/below the lower quartile); 1
to complications after laparoscopic surgery; 3. Risk factors consistent across years, but standardization comp
exhibits large improvement; 4. Crude outcome indicators loose substantial amount of observations with smal

of all patients treated in the treatment area and hospital.
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Table 2
Descriptive statistics for outcome indicators by treatment area and year (mean and standard deviation, number of observations)

Treat. area Indicator name 2006 2008 2010 2012 2013 2014

Mean SD #hosp. Mean SD #hosp. Mean SD #hosp. Mean SD #hosp. Mean SD #hosp. Mean SD # hosp.

CHOL Risk-adjusted ratio of re-inter-vention due to 1.2 0.9 1088 1.0 0.7 1147 1.1 0.8 1123
complications (O/E)
Re-interventions due to complica-tions after laparoscopic 1.1 1.2 1022 1.1 1.3 1158 0.9 1.2 1129 1.0 1.6 754 0.9 1.5 571 0.9 1.5 555
surgery (%)
PACE Risk-adjusted inpatient mortality ratio (SMR, O/E) 1.1 1.3 982 1.2 1.5 1023 1.0 1.3 995
Inpatient mortality (%) 1.2 1.6 707 1.2 1.6 576 1.1 1.7 574
Surgical complications (%) 0.8 14 735 0.9 1.5 984 1.0 1.5 985 0.7 14 736 0.6 1.5 608 0.5 1.1 634
HIP Risk-adjusted ratio of re-inter-ventions due to 1.0 0.9 1064 1.0 1.0 1117 1.0 1.2 1111
complications (O/E)
Revisions due to complications (%) 2.2 1.7 904 1.9 1.8 1092 1.6 1.6 1084 1.7 1.7 717 1.6 1.7 587 1.5 1.6 551
PCI Risk-adjusted inpatient mortality ratio (SMR, O/E) 0.9 14 711 0.9 1.0 747 1.1 20 815
Inpatient mortality (%) 2.5 1.7 655 2.7 1.6 637 2.9 1.5 597
Achieving the recanalization target in PCI (%) 92.0 113 421 941 41 533 944 4.0 571 944 5.0 599 947 32 592
Stroke 30-day risk-adjusted mortality ratio (SMR, O/E) 1.1 04 1331 1.1 04 1292 1.1 04 1244 1.1 0.3 1228 1.0 03 1204 1.0 03 1161
30-day mortality (%) 147 60 1331 144 59 1292 14.1 59 1244 139 54 1228 135 53 1204 13.1 55 1161
90-day readmissions (%) 224 57 1331 233 6.0 1292 239 0.0 1244 23.7 58 1228 240 57 1204 240 58 1161
AMI 30-day risk-adjusted mortality ratio (SMR, O/E) 1.1 04 1238 1.2 04 1213 1.1 0.5 1141 1.1 04 1146 1.1 04 1130 1.0 04 1093
30-day mortality (%) 16.1 7.6 1238 154 73 1213 145 68 1141 133 63 1146 134 64 1130 124 61 1093
90-day readmissions (%) 284 74 1238 296 75 1213 312 00 1141 320 7.8 1146 325 83 1130 33.1 7.8 1093

Note: Weighted mean and SD (case volumes in each treatment area used analytical weights); Means in this table are higher as medians in Fig. 1 due to distributions being skewed right with many hospitals lower rates and
fewer hospitals with higher rates; SMR = Standardized Mortality Ratio, which compares observed events with expected events, the number of expected events being calculated via logic regression based on patient volume and
patient risk profiles; mean and standard deviation weighted by patient number in respective treatment areas; ' =Outcome indicator representing share of successfully recanalized coronary arteries after indication acute coronary
syndrome with ST elevation up to 24 h; Sources: German National Quality Monitoring System and AOK sickness funds, own calculations.
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Table 3
Results for parametric and non-parametric regression.
Treatm. | | Outcome Parametric Non-parametric Quality
: 1
ares Indicator Beta (p) | | R 2008 2010 2012 2013 2014 Trend
'Rlsk-adju:sted ratio ofire- -0.02 0.25 no data no data base year 0.02 omitted? I:>
cHOL intervention
Re-intetventions due'to 0.02%** 0.16 0.03 -0.03 0.07* 0.16%** 0.17%** %
complications*
Risk adjusted inpatient
mortality ratio (SMR) -0.03 0.02 0.03 -0.06 |:>
nodata [— nodata [—| baseyear
PACE Inpatient mortality 0.05* 0.37 0.11%#* 0.10** %
Surgical complications 0.00 0.14 -0.04 -0.06 -0.01 0.02 0.02 |:>
Blsk-adJU§ted fatioonTe- -0.02 0.46 no data no data base year -0.01 -0.04 |:>
HIP interventions
Revilonsidlerts -0.02%* 005 | | -0.18%** 0.254** -0.19%** 0.15 -0.19 ﬁ
complications
Rlsk-adjusteq inpatient 0.04%* 0.01 0.01 0.14%%* %
mortality ratio (SMR)
nodata | base year
PCI Inpatient mortality 0.08*** 0.08 0.16%*:* 0.26%%* no data %
AChieVing the * kK *% * k% * %k * k%
recanalization target’ 0.00 0.01 0.01 0.02 0.02 0.01 |:>
Risk-adjusted 30-day —_— " e — o
it (s 0.01 0.01 0.02 0.04 0.05 007 0.11 %
Stroke 30-day mortality -0.01%** 0.35 -0.02 -0.03* -0.04** -0.07*** -0.10%** ﬂ
90-day readmissions 0.01*** 0.39 0.04*** 0.07*** 0.06*** 0.08*** 0.08** %
REkanjsted 30-day -0.01%** 0.01 0.03 0.01 -0.06%** -0.04%* -0.12%** ﬁ
i mortality ratio (SMR)
30-day mortality -0.03*** | | 0.24 -0.04* -0.09%%* | | -0.18%** -0.18%** -0.26*** ﬁ
90-day readmissions 0.02%** 0.31 0.04%** 0.1%** 0.12%** 0.14%** 0.16%** %

Note: Patient case volume in treatment areas used as analytical weights; stars indicate the significance level based on p-values ('90%; ""95%; “"99%); 1=trend indication, if
parametric time variable insignificant at 10%, then flat trend; if time coefficient significant at 10% level, then positive quality trend if outcome ratio improves and negative
quality trend if outcome ratio worsens; 2due to collinearity; 3 =Outcome indicator representing share of successfully recanalized coronary arteries after indication acute

coronary syndrome with ST elevation up to 24 h; 4 = after laparoscopic surgery

time trend model. For cholecystectomy and pacemaker implanta-
tion, the visual time trends could not be confirmed. These results
are in line with the few previous studies for selected unadjusted
outcomes in Germany [30,41], which found mixed outcome trends.

The benefit of the G-BA hospital quality monitoring program as
well as the validity of the quality improvement trends for some
of its indicators are weakened by the decreasing number of hos-
pitals reporting results. Due to data privacy concerns, mandatory
reporting data specifications since 2010 require that if in a specific
hospital the actual number of deaths or other outcomes is below
4 or 5 cases, no outcome data needs to be reported [42]. Smaller
hospitals with low case volumes are primarily affected by this
requirement, raising the possibility that the quality improvement
trend for non-risk-adjusted indicators (Fig. 1) might be associated
with hospitals with inferior outcomes and larger outcome variation
exiting the sample due to data privacy requirements. The reduction
in the number of hospital observations for stroke and AMI is due to
hospital closures and mergers, and is in line with overall reductions
in the number of German hospitals.

For AMI, the positive mortality trend might also be caused by
greater diagnoses of less severe AMIs with lower risk of death as a
result of increased use and dissemination of highly sensitive car-
diac biomarkers [43,44].In our data, the share of severe ST elevation
myocardial infarction (STEMI) decreased to 41% in 2014 from 49%
in 2006, with the share of non-STEMIs increasing accordingly to
59%. The different quality trends for these two different outcomes,
mortality and readmission, also highlight the importance of track-
ing a spectrum of outcomes to comprehensively measure outcome
quality, and to avoid a narrow focus on one measure (e.g. 30-day

mortality) while not paying attention to other important outcomes
(e.g. 90-day readmission).

Outcome variation remains high today, with substantially
higher mortality or re-intervention risks observed in lower per-
forming hospitals as opposed to better performing hospitals. On
average, the risk of a negative outcome is 3-12 times greater in the
5th quintile of the risk-adjusted outcome distribution as opposed
to the 2nd quintile. For the elective procedures cholecystectomy,
pacemaker implantation, hip replacement, and PCI, patients (with
the freedom of choice, aided by their admitting physicians) would
benefit substantially from selecting a 2nd quintile hospital, lower-
ing their adjusted risk of negative outcomes by 70-90% on average
relative to the 5th hospital quintile. Similarly, the category of hospi-
tal to which emergency stroke or AMI patients are admitted matters
significantly for their chances of survival. If a patient is taken to a
2nd quintile hospital, rather than a 5th quintile hospital, the risk of
death is reduced by roughly 70% for both conditions.

4.1. Implications for health policy

Mixed outcome trends and persistent patterns of outcome vari-
ation raise policy questions about the efficiency and effectiveness
of current hospital quality measurement, reporting, and improve-
ment systems. Instruments that help to reduce outcome variation
and support patients to receive the best available care need to
be strengthened. However, considering the existing system of
mandatory quality monitoring and peer reviews, substantial con-
sequences for or sanctions on weaker performing hospitals, e.g.
prohibition from the treatment of certain conditions or public
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hospitals vs. an average 2nd quintile (or 1st quintile) hospital; 1. data from 2013; 2. data from 2014

disclosure of low quality, are rare to non-existent [45-47]. Fur-
thermore, the increasing number of hospitals exempt from full
reporting requirements due to data privacy considerations raises
the concern that smaller hospitals with lower case volumes and
frequently lower outcome quality operate outside the emerging
system of quality transparency.

Focusing on quality measurement, Germany, like many other
countries, is currently pursuing three major policy initiatives to
improve outcomes and reduce quality of care variation in hospitals:
public reporting, care centralization, and quality-related payments.
However, stable or even deteriorating hospital quality trends and
persistent levels of variation suggest that these initiatives need to
be critically reviewed.

4.1.1. Public reporting

Several international studies have raised questions about the
impact of existing public reporting systems on hospital quality
and patient choice [48-51]. For the latter, these studies highlight
the continued, predominantly patient relevant, factors such as dis-
tance to hospital, personal experiences, amenities, and waiting
times [51,52]. Patients are often not aware of quality differences
between hospitals (‘no need’) or the relevant information source
(‘no access’). Further, once patients have accessed the quality data,
they might have difficulty deciding between quality of care and
convenience factors, or may not understand reported results and
potential choice influences (‘no impact’).

In Germany, as in other countries, the use of public reporting
is increasing, though overall it is not meeting many enthusi-
asts' expectations regarding patient choice and hospital quality
improvements [48,53]. Sickness funds and public reporting por-
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tals have conducted various surveys to acquire information about
patients’ evaluations of hospital quality. Results show that patients
are increasingly aware of hospital quality variation and that
patients would travel larger distances for better quality [54]. How-
ever, assessment of quality variation through available public
information can be difficult for patients, who often lack the medical
knowledge and cognitive abilities to understand the information
provided [48,55,56].

Admitting general and specialist physicians play an important
role in shaping quality of care information conveyed to patients and
patient hospital choice. 90% of patients in Germany attribute a large
or very large role to admitting physicians in their own hospital deci-
sions [53]. Admitting physicians’ hospital recommendations thus
need to be regularly informed by independent, publicly reported
hospital outcomes, for example through quality of care newsletters
circulated in their regions or specialty areas (e.g. the AOK Newslet-
ter for admitting physicians), or through their own habitual use
of public reporting portals. Information about outcome variation
between hospitals in local market needs to be made easily accessi-
ble to admitting physicians and patients alike.

A patient literacy and information campaign on substantial
quality of care differences between hospitals, especially within
local markets, can help to increase patient awareness of outcome
differences, and thus their own interest in choosing high over low
performing hospitals. This could also result in increased demand for
information on quality and for related advice from their admitting
physician. While patient involvement in decisions about their own
healthcare should increasingly be the norm, many care profession-
als and provider organizations ignore or even reject the concept
[57,58].
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4.1.2. Care centralization

Quality-based centralization is especially relevant in Germany,
which has significant hospital overcapacities [59,60] and a hospital
payment and capacity planning system that neglects information
on quality [61]. Minimum volume restrictions, quality-based hos-
pital budgets and capacity planning, and selective contracting are
emerging as the three regulatory approaches for quality-based care
centralization. However, in Germany today these policy measures
are ineffective or not yet implemented.

Germany introduced minimum volume standards for 7 treat-
ment areas in 2004 (e.g. knee replacement and coronary
interventions); yet, empirical analysis has shown no concentra-
tion effect. Substantial shares of the selected procedures are still
being performed at hospitals with annual volumes below the mini-
mum volume threshold [62,63]. The limited concentration is in part
due to the lack of regulation or consequences for not implement-
ing - the legislation. Quality-based hospital budgets and hospital
capacity planning processes were introduced with the 2015 Hospi-
tal Structure Law [64]. However, implementation is slow, and the
focus on and benefit for quality of care is unclear. Sickness funds
are currently still obligated to reimburse any service provided by
hospitals, though selective contracting is slowly being allowed. For
example, the 2015 AOK Hessia’s selective hip and knee contracts
require minimum levels of outcome quality.

4.1.3. Quality-related payments

In contrast to countries such as the US and the UK, Germany has
not implemented large-scale quality-related payment or pay-for-
performance (P4P) programs. The recent Hospital Structure Law

introduced a bonus-malus payment based on risk-adjusted hospi-
tal quality indicators [64]. As before, however, scope and timeline
for implementation is unclear. As an alternative to the classic P4P
program, top performing hospitals, for example 1st quintile hospi-
tals in Fig. 2, could receive tied quality bonus payments to expand
capacities and expertise in the treatment areas in which they
achieve the best risk-adjusted outcomes. Similarly, reimbursement
could be denied to hospitals for never- or sentinel events, similar to
the CMS “Never Events” policy [65]. The diverging quality trend for
30-day mortality and 90-day readmission also demonstrates the
need to tie payments to multiple outcome indicators measuring
outcome quality comprehensively and over a longer period.

4.2. Limitations

The results of this study should be interpreted in light of some
data and methodological limitations. The validity of self-reported
hospital data might be compromised, due to reputational con-
cerns by hospitals, competition between hospitals, and/or different
coding practices. Annual, random validity checks such as basic sta-
tistical tests and cross-checks with administrative patient files, has
demonstrated some validity issues affecting 15-60% of the exam-
ined reporting data [27,66] for a small share of hospital reports
(5%).

To prevent false incentives and provide a more comprehensive
perspective on treatment outcomes, quality indicators should also
include negative outcomes that occur only after hospital discharge.
The 30-day SMRs and 90-day readmission rates for stroke and AMI
incorporate a certain timeframe post-discharge, but an extended
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period such as 180 or 365 days might provide additional insights.
The stroke and AMI outcomes are also more robust as they rely on
administrative data and centralized calculation whereas the out-
come data from the public monitoring system relies on clinical
data self-reported and collected by each hospital. Further, while
the AOK QSR indicators have some advantages, they only rely on
data for patients insured by the AOK sickness fund, potentially lead-
ing to biased outcome indicators. However, the high proportion of
AOK insured patients in all German hospitals (35% average market
share), the even higher share among hospital patients (>40%), and
previous studies [67] let us assume representativeness of the AOK
QSR data.

Due to the data privacy restrictions, unadjusted indicators in
later data years have a smaller number of observations. In particu-
lar, smaller hospitals with low case volumes are removed from the
sample. This positively skews the data in two ways and might in
part result in the strong decline in the median mortality or compli-
cation ratios (e.g. zero median for cholecystecomy re-intervetions).
First, many hospitals with 1-3 mortality or complication cases in
the numerator exit the sample. Second, hospitals with lower case
volumes are also likely to have worse outcomes due to the positive
outcome-volume relationship. Data privacy concerns need to be
weighed against the downsides of excluding hospitals with smaller
case volumes from measurement and reporting requirements.

For the risk-adjusted indicators from the public monitoring sys-
tem, comparability across years is limited as the risk-adjustment
is undertaken each year (based on the same risk factors and tech-
nique), and risk-factors are weighted to reach a federal average
risk-adjusted ratio of 1.0, which implies that for all patients treated,
the expected mortality equals the observed mortality. To display a
fully comparable time trend, the underlying unadjusted outcome
rates are provided as well. For stroke and AM], the risk-adjustment
is completed with the latest 2014 risk-adjustment model, which
ensures full comparability across years.

5. Conclusion

Since the introduction of mandatory hospital quality monitor-
ing in 2004, outcomes have improved and outcome variation has
reduced for some conditions, have remained constant for oth-
ers, and even deteriorated for yet other conditions and indicators.
Patients face substantially different risks of death or complications
depending on which hospital they go to for elective procedures or
which they are admitted to for emergency care. Public reporting,
its consumption and use by patients and physicians as well as care
centralization at high quality centers could be two effective levers
for improving quality. This could help shift care towards centers of
excellence and away from hospitals with continued subpar perfor-
mance. In Germany, public reporting, reimbursement, and capacity
planning systems still lack relevant legislative and administrative
“carrots and sticks” to substantially drive improved outcomes and
centralize care. Likewise, patients and admitting physicians lack
awareness and incentives to use information on quality in their
hospital choice decisions.
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Kapitel 4: Nutzerverhalten auf Public Reporting Portalen am Beispiel

Weisse Liste

Christoph Pross, Lars Averdunk, Josip Stjepanovic, Reinhard Busse, Alexander Geissler

Postprint, erschienen im April 2017 als: Pross C, Averdunk L, Stjepanovic J, Busse R, Geissler
A. Health care public reporting utilization - user clusters, web trails, and usage barriers on
Germany’s public reporting portal WeisseListe.de. BMC Medical Informatics and Decision

Making. BMC Series — open, inclusive and trusted, 2017. https://doi.org/10.1186/s12911-017-

0440-6. Dieser Artikel ist veroffentlicht unter der Creative Commons Attribution 4.0

International License (http://creativecommons.org/licenses/by/4.0/).

Hintergrund: Public Reporting verdffentlicht Struktur-, Prozess- und Ergebnisindikatoren,
damit Patienten und Einweiser Krankenhduser mit guter Behandlungsqualitit auswihlen
konnen. Doch nutzen Patienten die verfiigbaren Daten in ihrem Entscheidungsprozess nur
selten, weil das Bewusstsein tiber Datenverfligbarkeit und personlichen Mehrwert fehlt oder die
Darstellung nur schwer verstindlich und widerspriichlich ist. Sowohl in Deutschland als auch
international gibt es bisher keine Studie, die auf Basis von detaillierten Nutzerdaten eines Public
Reporting Webportals analysiert, wie sich Nutzer tatsdchlich verhalten, welche Informationen
sie suchen und wann und warum sie die Informationssuche abbrechen.

Ziele: Die Arbeit analysiert die reale Nutzung von Public Reporting Portalen. Die
Nutzungsentwicklung und regionalen Unterschiede werden dargestellt. Es wird gepriift, ob
angebotene Qualititsinformationen den nachgefragten entsprechen. Auf Basis des
Nutzungsverhaltens werden Nutzergruppen, deren Charakteristika und Klickpfade identifiziert.

Die Erkenntnisse sollen fiir die Verbesserung von Public Reporting genutzt werden.
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Methoden: Die Datengrundlage bilden ca. 17 Millionen Web-Serverlog-Eintrige aus dem
Zeitraum Dezember 2012 bis Mai 2015 des Krankenhausvergleichsportals Weisse Liste.de. Sie
enthalten Informationen iliber Zugriffsdatum und -zeit, Themen der aufgerufenen Seiten,
Suchanfragen sowie anonymisierte IP-Adressen und Systemkonfiguration der Nutzer. Anhand
dieser Daten lassen sich Besuchsverldufe erstellen und eine umfassende Datenbereinigung zum
Ausschluss von fehlerhaften Anfragen durchfiihren. Insgesamt werden drei Analyseblocke
durchgefiihrt. Auf Basis von Postleitzahlen und ICD und OPS Codes analysieren wir regionales
Suchverhalten und Nachfrage/Angebot der Leistungsbereiche. Mit Hilfe der Ward-Minimum-
Varianz -Methode und Variablen, welche die Nutzungscharakteristiken und Interessen
abbilden, erstellen wir spezifische Nutzerprofile. Mit Hilfe der Markov-Ketten-Modellierung
zeigen wir die hdufigsten Navigationspfade und Ausstiegspunkte auf WeisseListe.de.

Ergebnisse: Die Anzahl tiglicher Nutzer ist von 1 445 Nutzern in 2013 auf 2 753 Nutzer in
2015 angestiegen (38% Wachstum pro Jahr). Die Anzahl der Besuche pro 1 000
Krankenhauseinweisungen haben sich im gleichen Zeitraum von 28 auf 52 fast verdoppelt. Die
mobile Nutzung, die Absprungrate und der Anteil der iiber die Suchmaschine Google
gekommenen Nutzer sind stark angestiegen, auf 25%, 38% und 52% in 2015. Der Anteil der
Nutzer, die sich Qualititsinformationen mindestens von einem Krankenhaus anschauen, lag in
2015 bei nur 48%. Die weiterfiihrende Nutzung der Benchmarking-Funktion ist limitiert. Von
den 20 meist gesuchten Diagnosen waren 15 orthopéddische Diagnosen oder Krebsdiagnosen
und nur fiir drei dieser Diagnosen gab es Information zur Ergebnisqualitdt. Das WeiBleListe.de-
Nutzungsverhalten variiert stark, mit einer stirkeren Nutzung in Mairkten mit mehr
Krankenhauswahlmdoglichkeiten. Es konnten zehn Nutzerprofile unterschieden werden, die sich
grob entlang der Dimensionen professionelle, private, unerfahrene und Expertennutzer
differenzieren lassen. Nutzerorientierte Inhalte und Darstellungsformen miissen ausgebaut
werden. Die Vergleichsfunktion sollte vereinfacht und gestdrkt werden. Der Nutzen einer

qualitétsbasierten Krankenhaussuche sollte aktiv kommuniziert werden.
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Abstract

Background: Quality of care public reporting provides structural, process and outcome information to facilitate
hospital choice and strengthen quality competition. Yet, evidence indicates that patients rarely use this information
in their decision-making, due to limited awareness of the data and complex and conflicting information. While
there is enthusiasm among policy makers for public reporting, clinicians and researchers doubt its overall impact.
Almost no study has analyzed how users behave on public reporting portals, which information they seek out and
when they abort their search.

Methods: This study employs web-usage mining techniques on server log data of 17 million user actions from
Germany’s premier provider transparency portal Weisse-Liste.de (WL.de) between 2012 and 2015. Postal code and
ICD search requests facilitate identification of geographical and treatment area usage patterns. User clustering helps
to identify user types based on parameters like session length, referrer and page topic visited. First-level markov
chains illustrate common click paths and premature exits.

Results: In 2015, the WL.de Hospital Search portal had 2,750 daily users, with 25% mobile traffic, a bounce rate of
38% and 48% of users examining hospital quality information. From 2013 to 2015, user traffic grew at 38% annually.
On average users spent 7 min on the portal, with 7.4 clicks and 54 s between clicks. Users request information for
many oncologic and orthopedic conditions, for which no process or outcome quality indicators are available. Ten
distinct user types, with particular usage patterns and interests, are identified. In particular, the different types of
professional and non-professional users need to be addressed differently to avoid high premature exit rates at
several key steps in the information search and view process. Of all users, 37% enter hospital information correctly
upon entry, while 47% require support in their hospital search.

Conclusions: Several onsite and offsite improvement options are identified. Public reporting needs to be directed
at the interests of its users, with more outcome quality information for oncology and orthopedics. Customized
reporting can cater to the different needs and skill levels of professional and non-professional users. Search engine
optimization and hospital quality advocacy can increase website traffic.

Keywords: Public reporting, Quality transparency, Hospital quality, Provider benchmarking portal, Web usage
mining, Cluster analysis, Markov chains, Clickstream analysis
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Background

Initiatives to measure and publicly report hospital qual-
ity have been implemented in many countries. They help
to reduce information deficits and empower patients,
their relatives, and payers to choose and contract with
the most appropriate and highest quality providers. In
particular, public reporting web portals are expanding
rapidly in many OECD countries [1]. In the US, the
CMS website Hospital Compare as well as several con-
sumer reports, such as Healthgrades.org or ConsumerRe-
ports.org, provide quality of care information. In the UK,
MyNHS and others enact the UK open data policy and
the NHS quality transparency objectives. In Germany,
the transparency portal Weisse Liste.de (WL.de) reports
the results of the mandatory quality monitoring system.
While WL.de is the leading German portal, other initia-
tives such as Qualitdtskliniken.de also offer online qual-
ity of care information for participating hospitals. In
total, Germany has eight portals that report hospital
quality a national level and 10 portals that report quality
a regional level [2].

Awareness for quality variation and treatment differ-
ences among patients is rising. In a recent representative
consumer survey in Germany, half of respondents as-
sumed that quality variation between hospitals is large
[3]. In the US, a majority of people (55%) are dissatisfied
with health care quality, and to compare hospital quality,
they seek information on experience in certain proce-
dures (65%), and mortality rates (57%) [4]. If information
is well marketed and sought after, it appears to influence
patients’ hospital decisions. An analysis of the influence
of the regional Hospital Guide Rhine-Ruhr in Germany
found a relative increase in patient market share for hos-
pitals that report higher than average quality [5]. In the
US, higher quality hospitals have been reported to have
higher market shares and to further increase their mar-
ket share over time [6]. Good hospitals have an inherent
self-interest in reporting quality and stimulating quality
competition, as competition in regulated health systems
through other dimensions (i.e. price, staffing, location) is
limited [7].

Yet, public reporting expansion and optimism among
policy makers are contrary to doubts among researchers
and practitioners about the actual impact of public
reporting. A systematic review of 150 public reporting
studies found that most public reporting tools face lim-
ited usage [1]. Overall, evidence for a positive effect of
public reporting on consumer behavior or quality of care
is limited, and public reporting often lacks impact on
the behavior of health care professionals [8]. Reported
outcomes are only one aspect influencing patients’
choice of hospital, with a variety of other hospital char-
acteristics playing a substantial role as well [9]. In an-
other US survey, only 7% of participants actually used

Page 2 of 15

hospital quality of care information to make health care
decisions [10, 11]. In Germany, less than 20% of out-
patient specialists are aware of public reporting websites
and less than 10% use them actively for patient advise
[12]. Causes for the often limited impact of public
reporting include: complexity of quality measures, lim-
ited user-friendliness, lack of physician support and little
integration into the care pathway, missing awareness of
substantial quality difference between hospitals and thus
motivation to search quality information and actually
choose a good hospital, a mismatch between supplied
and demanded information, and confusion about con-
flicting results on different websites for the same pro-
vider [1, 8, 13-19].

In general, studies examining health website user data
are rare [1, 19], although analyzing web customer prefer-
ences is widely spread in other industries such as fashion
retail and hospitality [20-22]. As the only study investi-
gating traffic and user preferences for online public hos-
pital quality information, Bardach et al. (2015) analyze
website analytics data from a US group of hospital or
physician public reporting websites and surveyed real-
time visitors to these websites. Based on aggregated data
(e.g. number of visitors, arrival method) and survey re-
sponses (type of respondent, purpose of visit, and web-
site experience), they found that more than half of
patients are willing to choose providers based on the in-
formation provided and health professionals generally
have a better experience with public reporting than pa-
tients [23].

Past studies have been primarily based on smaller or
regional patient or clinician surveys, examining changes
to hospital case volumes based on reported information
or only analyzed aggregated web usage data. To the best
of our knowledge, there is no study that has examined
in detail, based on large scale and detailed web usage
data, how users actually behave on public reporting web-
sites, which type of content they engage in, and where
they abort their information search. Furthermore, most
research on public reporting has been focused on a few
countries, primarily the US, the UK and the
Netherlands.

This paper aims to provide insights into the actual
usage of online public reporting and identify public
reporting improvement areas based on identified usage
patterns. We first investigate whether information sup-
plied matches patient demand and regional variations in
public reporting usage. We then identify usage frequency
and intensity of different portal sections and key user
groups, their usage characteristics, and usage patterns.
We use descriptive analyses and web mining techniques
— web user clustering and first level Markov chains — on
clickstream data from 17 million user actions from the
WL.de hospital quality transparency portal from 2013 to
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2015. At an overall level, we also contrast WL.de usage
data with new and unpublished usage data from the Hos-
pital Compare website.

Methods

Weisse Liste background

Annual, self-reported hospital report cards are com-
piled as part of the mandatory external quality monitor-
ing system and gather structural information (such as
case volumes, equipment, staff levels) across all medical
specialties as well as process, outcome and risk-
adjusted outcome quality indicators for 30 diseases and
diagnoses, covering around 3.1 million cases or 15% of
the annual case volume in Germany [24]. On behalf of
several major statutory health insurance funds, the
WL.de carries out the government mandate for the
statutory health insurance (SHI) system to publically
report the information in an easily accessible and pa-
tient friendly manner [25].

In 2008, the WL.de project was jointly initiated by the
non-profit Bertelsmann Stiftung and the main patients’
and consumers’ associations. The portal WL.de has be-
come the largest health care quality public reporting
portal in Germany, consisting of a hospital, an out-
patient physician and a nursing care search portal. The
hospital search has gone through several development
rounds, with the latest re-launch in June 2015. WL.de
quality data is also integrated into websites of health in-
surance funds such as the AOK and the BARMER GEK.

Our analysis focuses on the WL.de Hospital Search
portal (see sitemap in Fig. 1). Users search for hospital
quality information by entering geographical (postcode
or city) and disease, diagnosis or procedure information.
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Data is either entered directly or via assisted searches
(via body parts or disease and procedure catalogues).
Searches can be completed for 5-500 km radius or na-
tionwide. After a valid geographical and medical infor-
mation combination is entered, the website returns an
initial results list of hospitals. The user can then either
examine in detail a particular hospital (and generate a
PDF report for the selected hospital) or initiate a bench-
marking by selecting several hospitals for comparison.
Other website elements present background informa-
tion, current news and explanation on information rele-
vance. The re-launch in mid-2015 has slightly changed
the set-up and flow of the website compared to our ob-
servation period.

Usage data

We received preprocessed server log files from the stat-
istic module of the content management system Papaya
CMS for 273 million server requests between 17.12.2012
and 28.05.2015 in a MySQL database dump file. We re-
imported the server log files via MySQL 5.6, re-created a
100 GB MySQL database, and operated the MySQL
database via MySQL Workbench. In addition, we also
received cleaned web user session data from a second
cookie-based tracking program (Piwik) for the period of
April 2013 until April 2015, which we used to validate
the cleaned Papaya CMS data.

We completed extensive data cleaning as the website
is highly frequented by robots originating from search
engines indexing as well as from fraudulent data siphon-
ing. Search engine robots, with a share of 57% of all raw
log file entries, are easily identified and excluded.
Masked, fraudulent robots must be detected manually

outpatient physician
search

search via
body parts

search via
expert catalogue

enter hospital
search

select medical

from 2013-2015

gateway WL.de

start hospital search

condition
select
post code
results list
further information <
(e.g. case volumes) search assistant
PDF download detailed results benchmarking
view view

Fig. 1 WL.de Hospital Search portal sitemap. Legend: Own design based on general website structure and functionality over data period

nursing care
search

diagnosis

your hospital stay patient experience translator

results overview
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by rules-based cleaning. Furthermore, we also excluded
traffic generated by non-human sources, e.g. Ajax-
requests and requests originating from RSS-Readers.
After data cleaning, 17 million user server requests
remained. In order to analyze user behavior, we recon-
structed individual user sessions from the SQL server
log files using established web usage mining methods
[26, 27]. An example of the individual SQL server re-
quests and the associated user sessions are displayed in
Additional file 1.

The WL.de website user data is proprietary and WL.de
competitive concerns as well as data usage restrictions
within the public quality monitoring system do not allow
data sharing beyond the limited and vetted circle of the
author team. Specifically, the WL.de data privacy stipula-
tions as well as the licensing agreement between WL.de
and the SHI funds explicitly disallow data passage to ex-
ternal parties outside the influence of WL.de [28]. More-
over, a data usage agreement between WL.de and the
author team was signed that limits the usage of this data
to the scientific purposes of this study.

Methodology

In online consumer research, clickstreams (i.e. web user
trails or navigational patterns) take an increasingly import-
ant role in helping marketing professionals and re-
searchers to uncover online consumer behavior based on
large scale online shopping data. More precisely, the term
“clickstream” denotes the electronic record of a user’s ac-
tivity through one or more web sites and reflects a series
of choices in navigating the web [20, 29, 30]. We first in-
vestigated the clickstream user session data at a more gen-
eral level with descriptive methodologies for the entire
data period from mid-December 2012 to end of May
2015. Afterwards, we employed e-commerce web usage
mining techniques to infer detailed user patterns, usage
barriers and user information gain and model user trails,
or a sequence of web pages viewed by a user in a certain
timeframe [31, 32]. We limited the time period for the de-
tailed clickstream analyses to the first five months in 2015
to choose a distinct, comparable and recent time period
where the site structure has not changed and to circum-
vent computational limitations. For the detailed analyses,
we also exclude bounce visits — when users leave immedi-
ately after entering the portal [33]— and visits to the AOK
and BARMER WL.de sub-portals.

The aim of the cluster analysis is to identify user
groups according to their usage behavior and interests,
which is captured in their clickstreams. Knowledge of
the different user types, or communities, can facilitate
the improvement of the website by identifying and satis-
fying differentiated user needs and preferences [34, 35].
For our clustering, we include two types of user infor-
mation, displayed in Table 1. On the one hand, usage
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specific clickstream variables such as clicks per session,
time of access, etc. are included. On the other hand,
content related variables are taken into account. There-
fore, a methodology to cluster mixed data is required to
incorporate the different types of variables. To deter-
mine similarities and dissimilarities between the ses-
sions, the Gower’s General Similarity Coefficient is used
as distance measure [36]. The advantage of this measure,
compared to the more frequently used Euclidean dis-
tance measure, is that Gower’s distance measure works
with mixed data types and avoids an aggregation of vari-
ables and associated information loss [37].

We apply a hierarchical clustering algorithm, which is
more resource intensive than the often used k-means al-
gorithm but allows retrospective determination of clus-
ter quantity based on stopping rules such as the Duda-
Hart-Index [38] and graphical interpretation of dendro-
grams. Among several possible hierarchical clustering al-
gorithms, we choose Ward’s minimum variance method
as it is for the data structure fitting algorithm and cap-
able of identifying consistent, actual user groups [37,
39-41]. Other algorithms such as the single-linkage and
complete-linkage algorithms were tested and ruled out
due to high outlier and data noise sensitivity [42].

To visualize navigation paths, we employ Markov chain
modelling, which regards each website content area
(Table 1) as a separate state and links between the topics
as transitions [43]. The model contains the transition
probabilities from one website topic area to another [42].
We use first-order Markov chains, where the probabilities
for the next visited site depend only on the previously vis-
ited site [44]. To ensure stability of results, we ran the
clustering algorithms and the Markov chain clickstream
analysis multiple times for many different data samples
from the first half of 2015 observation period. We also
challenged the clustering and clickstream results in several
workshops with different WL.de experts.

All analyses are conducted at an aggregated or large
group level, with no individual or small user group iden-
tification. The server log files include no data privacy
sensitive information. IP addresses were anonymized
and used only to track returning visitors. To get access
to the web portal user data, the proposed analyses and
methodology were vetted by WL.de in consultation with
its SHI stakeholders and found to comply with the strin-
gent data privacy concerns [28]. Thus, our methodology
and data use comply with the relevant ethical stipulation
and no other approval of an additional ethics committee
is required.

Results

Overall usage pattern

On average, WL.de has 10,000 daily users, of which 30%
search for hospital quality information. Unique website
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Table 1 Clickstream variables and information content for clustering
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Variable Type' Mean SD Description

Number of clicks cont 13 15 User click on website element (request)

Time per click cont 600 909 Time in seconds passed between clicks

Successful visit cat 68% Success = view of hospital search results

Work time access cat 51% weekdays 9.00 am - 6.00 pm

Mobile device cat 17% Use of handheld device

Returning cat 22% Returning visitor with previous visit

Referrer Webpage where the user came from
Direct entry cat 21% WL.de directly entered in URL bar
Search engine cat 68% WL.de entered via search engine (e.g. google)
Health magazines cat 4% Patient health magazines (e.g. Apothekenumschau)
Health insurance cat 3% Statutory health insurance websites
Media cat 2% Online news sites
Internal link cat 2% Other WL.de portals (e.g. nursing care)

Other cat 1%

Website content Content visited by average user (clicks per topic)
Start hospital search cont 10% 15% Initiate search based on medical and geograph. info
Select medical condition cont 5% 12%

Search via body parts cont 3% 11% Select medical condition via human body part map
Search via catalogue cont 1% 7% Select medical condition via ICD/OPS? expert list
Select post code cont 1% 3%

Search results cont 23% 24% List of hospitals offering relevant care in geo area
Detailed results view cont 13% 23% Detailed information about one selected hospital
Benchmarking cont 1% 4% Direct comparison for selected criteria/hospitals
PDF brochure download cont 0% 1% Download info about selected hospital(s)
Diagnosis translator cont 11% 31% Find medical descriptions for ICD/OPS? codes
Your hospital stay cont 1% 5%

Patient experience cont 0% 3% Information about patient experience survey
Background info cont 0% 3% Background info about WL.de transparency project
Latest news cont 0% 2%

Sister sites cont 10% 21% Information on outpatient physicians, nursing care

Clickstreams analyses based on 80,000 session data sample from January to May 2015 excluding bounce visits. Clustering was conducted based on 22 variables
(referrer functioning as one variable); mean and standard deviation calculated for the average session in the sample
1. Variable continuous or categorical (dummy 1 =yes, 0 =no); 2. ICD = International Classification of Diseases, OPS = Operationen- und Prozedurenschlussel (based

on International Classification of Procedures in Medicine)

visits per day have increased from 1,445 in 2013 to 2,753
in 2015 (Table 2), which is an annual compound in-
crease of 38%. In 2015, daily visits added up to 980,000
annual visits. Visits per 1,000 hospital admissions have
almost doubled, from 28 in 2013 to 52 in 2015. In 2015,
on average, visitors spent 6.7 min (399 s) per visit and
conducted 7.4 clicks, with 54 s per click. In 2013, visitors
spent substantially more time on the portal (9.4 min),
conducting more clicks (10.8 clicks per visit), but taking
slightly less time between clicks (52 s). Overall, time
spent on the portal has decreased by 30% from 2013 to
2015. The bounce rate has increased from 22% in 2013
to 38% in 2015, which is a 73% increase and in line with

increased mobile usage (11% in 2013 and 25% in 2015).
During the observation period, the WL.de portal was not
mobile-responsive, while mobile information search on
WL.de and the general internet increased substantially
[45]. The increased bounce rate can be at least partially
attributed to the higher share of mobile users, which
have higher bounce rates and non-successful visits (no
results information).

To put the WL.de results into perspective, we received
US CMS data on overall usage for the Hospital Compare
portal (Table 1), where daily visits increased from 3,476
in 2013 to 3,806 visits in 2015. While absolutely still
lower, usage at the WL.de hospital search has increased
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Table 2 Summary website traffic for WL.de and Hospital Compare hospital search 2013-2015

Weisse Liste.de

Hospital Compare

Variables 2013 2014 2015 2013 2014 2015
Unique visits per day 1,445 2,122 2,753 3,476 3,072 3,806
Growth p.a. [%] - 47 30 - -12 24
Visits per 1,000 hospital adm. 28 40 52 35 32 40

Clicks per visit 10.8 84 74 34 40 38
Time per visit [sec] 566 456 399 91 89 92

Time per click [sec] 52 54 54 - - -
Bounce visits [%] 22 32 38 37 32 34
Successfull visits [%] 66 53 48 - - -
Mobile visits [%] 11 23 25 - - -
Referred via Google search [%] 23 42 38 - - -
Referred via Google adWords [%)] 0 0 14 - - -
Entered directly [%)] 35 27 24 - - -

WL.de data from Q1 for each year 2013, 2014 and 2015 since data for those quarters most complete and comparable across the three years; data comparability
between WL.de and Hospital Compare to the best of our knowledge; data including bounce visits

more rapidly between 2013 and 2015 than for Hospital
Compare. Weighted by the number of hospital admis-
sions, relative WL.de hospital search usage has surpassed
Hospital Compare usage. However, in the US, many
more national websites exist that report hospital quality
information. In particular, Healthgrades.com is more
commonly searched for than Hospital Compare [46],
which implies an overall higher public reporting usage
in the US than in Germany. Bounce rates for both web-
sites are roughly equivalent and within the range of ac-
ceptable bounce rates [47]. Both clicks per visit and
average time per visit are substantially longer at WL.de,
which can be explained by the different public reporting
approaches. WL.de reports at the medical condition,
hospital and single quality indicator level (requiring
more time to make the relevant selections), whereas
Hospital Compare reports more generally at the aggre-
gate hospital level, with composite information across
medical conditions.

The share of hospital search users entering the
website via the Google search engine has increased
from 23% in 2013 to 38% in 2015 while the Google
AdWords has increased from 0% in 2013 to 14% in
2015. In total, the number of daily users arriving
through the Google search engine (market share of
95% in Germany) has increased from 890 in 2013 to
1,430 in 2015, which is an increase of 60% and three
times the increase of use of internet search engines
for consumer information search [48]. Accordingly,
the share of users entering the website directly has
decreased from 35% in 2013 to 24% in 2015. As a
key performance indicator, the share of successful
visits — users viewing hospital search results — has
decreased from 66% in 2013 to 48% in 2015, which

can likely be attributed to the higher share of mobile
visits, as the website was not mobile responsive.

The heat map for the most recent and full year 2014
in Fig. 2 summarizes website usage based on visited
website elements (topic areas). Users conduct most
clicks on the initial results lists (1.1 million clicks),
followed by detailed results for one hospital (0.6 million)
and the hospital search entry mask (0.4 million). The ini-
tial results window is the most popular way of viewing
results while the detailed and benchmarking view op-
tions are substantially less frequented. In contrast, users
spent most time on the benchmarking window (170 s),
followed by the detailed search results (140 s) and the
results window (118 s). Once users have reached the
more detailed search results, they take a longer, more
detailed look.

Hospital quality information supplied vs. demanded

To investigate the fit between publicly reported (i.e.
supplied) hospital quality information and patient de-
mand, we determine the top 20 requested medical
conditions on WL.de and contrast those with the out-
come quality information collected and reported
within the mandatory quality monitoring program
(Table 3). The ranking is based on the number of user
requests weighted by the 2014 disease incidence. The
two primary diagnostic groups for which users want
to compare hospitals are cancer and orthopedics,
contributing 10 and 5 search terms to the top 20
diagnoses, respectively. While these 15 diagnoses gen-
erate substantial patient interest in public reporting
of hospital quality, process or outcome quality of care
indicators are only available for two orthopedic (ar-
throsis in knee or hip) and two cancer diagnoses
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Fig. 2 Heat map displaying number of clicks and usage intensity, fully yea
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rovide consistent results

(breast- and ovarian cancer). For highly demanded
diagnoses, such as prostate, esophageal and colon
cancer or spinal disc herniation, internal derangement
of knee, and depression, no process or outcome qual-
ity indicators are available on WIL.de or the
mandatory quality reporting program.

Table 3 Top 20 diagnosis based on number of search requests wei

Geographical usage patterns

Figure 3 shows regional variation in public reporting
usage patterns, with raw usage figures on the left. Due
to population density, usage (based on search destin-
ation) is highest in the metropolitan areas Berlin, Mun-
ich and Hamburg and the state of North Rhine-

ghted by incidence, 2014

Top 20 diagnosis based on number of search requests weighted by incidence, 2014

outcome

ICD numb. of diagnoses, weighted search indicators

medical condition code searches in 2014 searches® ranking available
osteoarthritis of hip M16 52,575 167,500 0.31 1 ‘/
osteoarthritis of knee M17 49,460 185,399 0.27 2 /
malignant neoplasm of prostate C61 15,720 68,522 0.23 5 X
full-term uncomplicated delivery 080 19,769 91,860 0.22 3 /
cervical disc disorders M50 5,953 29,894 0.20 26 X
Internal derangement of knee M23 17,525 97,990 0.18 4 X
benign prostatic hyperplasia N40 9,349 57,947 0.16 12 X
malignant neoplasm of esophagus C15 3,661 29,504 0.12 41 X
aortic aneurysm and dissection 171 3,639 29,451 0.12 42 X
malignant neoplasm of breast C50 15,091 132,926 0.11 7 o
malignant neoplasm of kidney Cce4 2,416 23,140 0.10 59 X
malignant neoplasm of colon Cc18 8,206 81,421 0.10 15 X
other intervertebral disc disorders M51 15,118 156,893 0.10 6 X
acquired deformities of fingers, toes M20 5,512 57,542 0.10 28 X
malignant melanoma of skin Cc43 2,307 24,148 0.10 64 X
malignant neoplasm of rectum C20 5,828 61,420 0.09 27 X
malignant neoplasm of ovary C56 2,501 26,605 0.09 58 S
malignant neoplasm of pancreas C25 4,566 48,645 0.09 36 X
malignant neoplasm of liver C22 2,630 29,218 0.09 53 X
major depressive disorder F32 11,234 125,623 0.09 10 X

Note: 1. Number of searches weighted by diagnosis incidence in 2014
orthopedics cancer
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Fig. 3 District-level maps of Germany displaying WL.de usage. Legend: Own calculation. Total search requests based on search destination (left),
search requests weighted by number of inhabitants (middle) and search requests weighted by hospital beds/1,000 inhabitants (right)

Westphalia in West. When adjusting for number of in-
habitants (middle), usage becomes more evenly distrib-
uted. However, medium-sized cities with medical
universities, e.g. Magdeburg, Heidelberg und Ulm, have
higher than average usage due to large catchment areas.
Likewise, North Rhine-Westphalia shows higher search
activities than other parts of Germany even after adjust-
ing for population density. When adjusting for hospital
capacity in each district (number of hospital beds per
1,000 inhabitants) (on the right), urban areas with lots of
hospital beds stand out.

User clustering

Results of the clustering algorithm show ten distinct user
types (Table 4). These user types address similar character
differentiations as previous user community studies in a
health information setting [23, 49] and other e-commerce
web trail studies [50, 51]. The two largest groups are the
Intensive Work Time users (19% user share), which have
100% work time usage and a higher share of returning vis-
itors, and the Intensive Free Time users (17%), which have
0% work time usage and have a small share of returning
visitors. Both groups view hospital quality results in 100%
of cases. On average, both groups spent 11-12 min on the
website and conduct 15-16 clicks per visit. Both groups
also have 100% desktop usage and all enter the WL.de
Hospital Search via search engines.

The third largest group is the Diagnosis Translators
(13%), which, on average, only spend 3.2 min during
working hours on the website and do not view any
results, but instead translate their ICD diagnosis or
OPS procedure code into understandable descriptions,
with a 20% share of returning users. No one of the
Diagnosis Translators is using the hospital search
function for the inquired medical condition or re-
spective postal codes.

The fourth largest group, the Challenged Aborts (12%)
abandon their search after only 6 clicks and 4 min on
the website, without viewing any results information. All
enter through search engines, one third uses a mobile
device and most access the page during non-working
hours. Furthermore, the Patient Experts (9%) access the
portal directly, mostly after hours during the week. One
third uses a mobile device and two thirds their desktop
computers. They have the highest number of clicks (17),
spent almost 16 min on the page, have a higher share of
returning visitors and all of them view hospital results.
Similarly, the Professionals (7%) spend more than
16 min on the website, conduct 16 clicks and view re-
sults in 100% of visits, but access the portal 100% during
working hours and 100% through their desktop ma-
chines. Importantly, 100% of Professionals access the
website directly and more than half of them are return-
ing visitors (highest share of all user types).
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Clickstream analysis

Figure 4 displays the overall navigation trails for the
WL.de Hospital Search portal. Most users access the
hospital search portal via the WL.de gateway. From the
hospital search entry page, 37% of users enter hospital
search information correctly and go directly to the hos-
pital results list. 48% of users require support in their
hospital search, with 21% selecting a medical condition
based on a drop down list, 8% via body parts display and
19% hospital search window. From the hospital search
entry page, 55% of users complete the search correctly
and arrive at the initial results view. 13% have to reselect
a medical condition, 10% return to the body parts dis-
play and 3% re-select a post code. 10% of users exit pre-
maturely from the hospital search entry page. When
viewing the initial hospital results, 48% of users click on
a specific hospital to view detailed results, 26% return to
the hospital search page to change their search parame-
ters or conduct a new search, 16% exit without viewing
more detailed results, 7% of users look for more detailed
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explanations via the info popups and only 3% actually
navigate to the benchmarking function.

A large share of users of the diagnosis translator function
(76%) exit without searching for hospital quality results (i.e.
the Diagnosis Translators). Likewise, a significant share of
users exits directly from pages with additional information,
such as background info (13%) and info popups (20%). Fur-
thermore, a considerable share of users exits during the
assisted search process (10% from the hospital search entry
page, 9% while using the body parts display and 7% while
selecting a medical condition from the drop down.

Combining the user cluster and clickstream method-
ology, Additional file 2: Figure S1, Additional file 3: Fig-
ure S2, Additional file 4: Figure S3, Additional file 5:
Figure S4 in the Additional files separately display the
clickstreams for important user clusters. The Intensive
Work Timers as the largest cluster display a similar navi-
gation pattern as the patterns described above for the
average user. However, the Patient Experts as well as the
Professionals use less frequently the assisted search

WL.de gateway

WL.de sister pages

Search Engines

1%

76 %
uov

2%
19 % (12,500

Enter hospital

32%

Start hospital

31%

search

37 %(25,000) __

search ' | |
(79,000) Results list
o, P 2
(116,000) ===
]
1%
38 % (43,500)
Detailed results -
10‘V view (58,000) | 11 % o) .
A 26 %
76 % 10%
32 % 32% 3% 16 % (19,000)
v 7% l l 20%
¥
-21%—| Exit

Fig. 4 Overall navigation trails for all users. Legend: bubble size = clicks
page, arrow grayscale = share of transitions away from topic area (i.e. bub

translator, PC = select post code, E = expert catalogue (ICD/OPS lists), Pop-

per topic area, arrow width = absolute number of transitions for entire
ble), B =background information, BM = benchmarking view, D = diagnosis
up = detail information pop-up
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functionalities. The Challenged Aborts display a very er-
ratic navigational pattern and often return to a previous
node, exit often from the assisted search function, the
hospital search entry page, and the additional informa-
tion pages, and often return to the WL.de gateway or sis-
ter pages without completing a hospital search.

Discussion

WL.de Hospital Search usage has increased substantially,
up to 2,753 daily users in 2015. Compared to 2013, users
have spent less time on the webpage and more frequently
not requested any hospital quality information. Relative to
Hospital Compare, WL.de usage has shown a stronger
growth in usage. However, since the US has several other
equally or even more popular public reporting sites such as
Healthgrades.com public reporting experiences higher usage
in the US. But public reporting usage in Germany is catch-
ing up. The WL.de traffic growth far outpaced the overall
growth of internet users in Germany [45]. As illustrated by
the heat map, the more WL.de detailed results formats (in-
dividual hospital details view or benchmarking view) receive
substantially fewer visits (only 51% and 3% relative to the
1.1 million clicks on the results page, respectively), but
usage intensity is substantially higher (19% and 43% more
time relative to the 118 s on the results view, respectively).

The demand vs. supply analysis has revealed a gap be-
tween hospital quality information demanded by patients on
WL.de and quality indicator information provided by the
quality monitoring system (Table 3). The most-searched-for
diagnostic categories, for which outcome quality information
is missing, are prostate, esophageal and colon cancer and the
orthopedic diagnoses spinal disc herniation and internal de-
rangement of knee, as well as depressive disorders. The lack
of relevant outcome information can hinder the acceptance
of public reporting as users do not find information they are
looking for. Comparing usage across geographic areas,
people living in Western German regions, especially the
state North-Rhine-Westphalia, show a particular affinity for
public reporting. One contributing factor could be the
higher awareness of public reporting and the quality differ-
ence between providers, due to regular publication of the
Hospital Guide Rhine-Ruhr [5, 52], which is one of the earli-
est public reporting products target at the general public.
Another contributing factor could be higher hospital density
and thus more choice relative to other states [53].

The different cluster and click chains illustrate substan-
tial variation in user interests and behaviors, indicating
both the need to provide flexibility in information access,
type and detail and overall improvement potential for
public reporting. On the one hand, a substantial share of
users does not view any hospital results information (32%)
and, on the other hand, many users do not view more de-
tailed and possibly more informative benchmarking or de-
tailed single hospital information. Referrer and amount of
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time spent on the webpage as well as interest in back-
ground and explanatory information vary among clusters.

Public reporting is supposed to encourage patients to
choose high quality providers. Provider selection is also
what fuels quality competition among providers and
drives improvements through changes in care [54]. Since
public reporting should be the basis of provider selection
and the quality improvement pathway, ineffective public
reporting has important consequences. Optimizing pub-
lic reporting has two primary elements. Onsite, the right
content needs to be presented in the best format and de-
tail level for different user groups and their navigation
patterns. Offsite, web traffic management needs to be
optimized to ensure maximum traffic via search engine
optimization and increased awareness of the benefits
and functionality of public reporting via media commu-
nication and expert commentary.

Onsite
The cluster analysis illustrates different usage patterns and
interests for the various user groups. Different user demo-
graphics and purposes require different types and detail
levels of information. For example, elderly patients or
those with lower levels of education generally have more
difficulty in understanding comparative health informa-
tion [55, 56] and thus have distinct information needs.
Certain patient groups, such as younger, highly educated,
or higher income patients or patients without previous
satisfactory provider interaction, have been found to
search more actively for a provider [8]. While the web an-
alytics data does not provide demographic information, a
separate, 2015 WL.de onsite user survey sheds light on
user demographics. One third of WL.de users are above
60 years of age and another third between 50 and 60. Next
to professional and personal use, 25% of users help family
members in their hospital choice. A large share of users
(42%) came to the portal not having chosen a provider yet.
A site that is flexible to adapt to these differences is more
likely to provide information that users want [57]. The
WL.de portal already is an interactive website that allows
personalized searches based on user background (geograph-
ical and medical information). But public reporting needs to
provide more flexible and customizable search and output
displays to allow different user types to navigate the page
and information based on their preferences and skills levels.
An important user differentiation is the professional
(outpatient physicians, health advisor at insurance funds,
patient advocates) vs. patient perspective. Our clustering
results show that at least 7% of users can be classified as
Professionals. In addition, a large share of users in the
Intensive Work Time (19%) and Diagnosis Translators
(13%) groups also have professional backgrounds. In a
WL.de onsite survey, 24% of users identify themselves as
professional users. Professionals and patients have
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different requirements for technical vs. non-technical in-
formation and presentation types. Even among profes-
sional users, different technical backgrounds and the
ability to take in, process, and communicate information
exist. Finding the right way to address Professionals is
critical for public reporting, as admitting physicians play
a large role in patients’ hospital choices, but still harbor
substantial skepticism and resistance towards public
reporting.

Specialists often question the credibility and usefulness
of outcome data [58]. Similarly, general physicians often
have a negative view of public reporting, primarily due
to risks of insufficient risk-adjustments, oversimplifica-
tion and patient skimming by providers [59]. Public
reporting usage among specialists is limited [12]. The
WL.de portal currently has no feature to separately ad-
dress expert physician users, e.g. in tailored micro site.
However, if public reporting differentiates more thor-
oughly between professional and non-professional users,
information search, display, cognitive aids, interpretation
and transfer can be more customized [23].

More customized or even personalized websites could
streamline and ease the information search process for
physicians, but also for patients, as returning visitors will
often search for similar information (e.g. same geo-
graphic area). This information can be preselected in
their personalized profiles (accessible via login). More
generally, three hospital search entry buttons for new
and experienced patient and professional users and cus-
tomized search paths, information display and detail
level can create customized public reporting.

The individual value of public reporting can be ap-
proximated by user behavior, e.g. whether the informa-
tion is considered superficially or in detail. Our results
show that few users navigate to the detailed result view
options (detail or benchmarking view), but these website
areas experience the most intensive engagement. Fur-
thermore, 560 daily users abort the search before view-
ing hospital quality results, exiting prematurely from
website elements such as the search function or back-
ground information.

Research consistently finds that in complex and uncer-
tainty decision environments, consumers often make
better evaluations and decisions when they are presented
with less information and options about their choices.
Furthermore, across display-response studies in the rele-
vant health care literature, numerical formats that in-
cluded extensive text were generally less effective than
simple, more visual formats such as graphs or familiar
icons [56]. Limiting consumers’ choice menu to the most
relevant options, via geographical filtering or additional
filters such as a predetermined quality filter, can support
active decision making. Likewise, ranking information
can improve comprehension, particular with older
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patients, make options easier to assess and reduce faulty
data interpretations. In general, public reporting has
many applications to using nudges to guide better deci-
sion making [14].

More broadly, if consumers have a general under-
standing of the overall paradigm (i.e. quality difference
between hospitals), they will more likely understand
smaller pieces of information and integrate them into
their decision process [60]. Consumers in health care
lack an understanding of what a choice might actually
mean, once the decision is carried out [61]. Getting pa-
tients to form awareness of the benefits of active hospital
choice and choice preferences prior to their actual
choice helps to simplify and improve choice processes
[62]. This implies that public reporting also has a role in
generating more general awareness of quality variation
between hospitals and benefits of hospital choice.

Offsite

When examining public reporting optimization potential
offsite, the three primary levers are search engine
optimization, expert content placement and user-
orientation of quality measurement. In 2013 and 2014,
WL.de portal was optimized for search engines (on- and
off page), which increased the share of Google referrers
from 23% in 2013 to 38% in 2015 (Table 2). In particular,
website URLs were made more distinguishable (e.g. by
including hospital names) and website metadata, which
Google uses for search referencing, was individualized,
by e.g. changing the reference from “Weisse Liste hos-
pital search — detail profile” to “[hospital name] in Berlin
— Weisse Liste”. Tagging specific hospital names in-
creases hit rate and relevance for users and overall traf-
fic. Additionally, at the end of 2014 WL.de started to use
Google Grants, the non-profit edition of Google
AdWords, to advertise its hospital search. This led to a
substantial share of users clicking on sponsored links —
combining the terms hospital search and the requested
city — at the top of the search results (14% in 2015). This
also allows regional targeting to potentially increase pub-
lic reporting in, e.g., areas where hospitals are possibly
consistently underperforming or public reporting usage
is low.

Public reporting websites can also increase their traffic
via promoting expert content placement and associated
media messaging. In November and December 2014, a
regional German television station, the Hessian Broad-
casting Corporation, ran a WL.de-supported program on
quality in five large Hessian hospitals, such as the Uni-
versity Hospital Frankfurt. A central part of the program
was WL.de quality data, which was explained by a WL.de
expert. Furthermore, a short film promoting the WL.de
hospital search was shown. During the first two weeks of
the programming, WL.de Hospital Search traffic was
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30% higher (3,365 visits per day on average) than during
the two weeks before the first show on November 19™
2014. Similarly, the AOK-Hospital Report 2014, released
on January 21%* 2015, included an article about substan-
tial medical errors in Germany. The extensive media at-
tention also covered the AOK and WL.de hospital
quality search portals and led to a usage spike, with 50%
increased daily average traffic in two weeks after
publication.

Orienting mandatory quality measurement schemes
more towards the medical conditions and information
users are actually searching for also increases relevance
and usage of public reporting portals. Currently, patients
search hospital quality information for many medical
conditions for which no outcome quality indicators are
available. Less than 30% of inpatient care is covered by
the mandatory quality reporting [2, 63] and outcome
quality information for many highly sought after onco-
logical and orthopedic conditions are missing. Like any
other industry, health care public reporting needs to
identify and primarily address the needs of patients as
the customers of health care provision.

Limitations

With regards to data and methodology, we consider
some shortcomings. Server log-based user tracking, as
opposed to cookie-based user tracking, relies on user IP
addresses, which can change due to rooter re-start or
service provider maintenance. Servers can also fail to ac-
count for requests that are cached by the users’ com-
puter or proxy servers or information might be lost in
communication with the client [20]. The return user
tracking had to be completed manually, as the automatic
user tracking via Papaya was not activated while the log
files were saved. However, comparison between our
server-log-based user tracking and the Piwik cookie-
based user tracking showed high consistency. Analyzing
web usage data often faces the challenge of changing
web-site structure and content; however, for the more
detailed clustering and clickstream analysis we consider
a narrower timeframe with no major structural changes
and we use web design predefined topic categories that
remain consistent even if content within these topic
changes.

As a general methodological limitation, our approach
of using clickstream data (as opposed to user survey data
or experiments) does not allow a clear view on what
users do after they leave the webpage, like whether they
actually use the information to make a decision. Further-
more, we cannot deduce what users feel or experience
while using the webpage. Combining clickstream with
survey response data from the same users might serve as
a solution here. High dimensionality clustering (in our
case 22 variables) can at times provide non-logical,
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impractical results; however, we verified the clustering
by confirming a priori hypotheses on typical user charac-
teristics with the revealed characteristics of our user
groups and extensive discussion of user group character-
istics with multiple WL.de experts.

Conclusions

Presenting public reporting information in a way that is
most accessible for users can help to enhance the role of
quality of care in treatment and hospital decisions, lead-
ing to better outcomes for patients. Public reporting
promises to affect health care markets through the indi-
vidual and collective informed choice of health care con-
sumers. However, non-professionals often find it difficult
to utilize quality data as information is often complex
and the decisions carry high risks. Therefore, patients
seek easily accessible and understandable information to
make informed choices. For public reporting to realize
its promise, further efforts need to be undertaken to
provide context on the need of and motivation for qual-
ity of care information usage, simplify and enhance
reporting portals; provide flexible, customized or even
personalized usage options; offer quality information
that is demanded by users; and embed quality of care in-
formation in the treatment pathway. This is especially
true, since, compared with other consumer choices,
health care and hospital choice decisions are complex
and involve a high degree of uncertainty.

Additional research is needed to understand large sam-
ple, actual web user response to different information dis-
plays, content and detail levels. Compartmentalizing
public reporting websites and monitoring user response to
design and content changes can deliver real world data on
what works best to engage users and facilitate their hos-
pital choice and professional recommendations.

Additional files

Additional file 1: Data example. This supplementary material includes
raw data SQL requests for two user sessions and the associated user
sessions that were created based on the raw data. A short data
explanation describes the data and how it was used to create user
sessions. (DOCX 177 kb)

Additional file 2: Figure S1. Navigational trail for user group Intensive
Work Timers (19% of users). The figure depicts the navigation trail for the
specific user subgroup Intensive Work Timers, indicating clicks per topics
area (bubble size), absolute number of transitions (arrow width) and
share of transitions away from respective topic areas (arrow grayscale).
(TIF 875 kb)

Additional file 3: Figure S2. Navigational trail for user group Patient
Experts (9% of users). The figure depicts the navigation trail for the
specific user subgroup Patient Experts, indicating clicks per topics area
(bubble size), absolute number of transitions (arrow width) and share of
transitions away from respective topic areas (arrow grayscale). (TIF 726 kb)

Additional file 4: Figure S3. Navigational trail for user group
Professionals (7% of users). The figure depicts the navigation trail for the
specific user subgroup Professionals, indicating clicks per topics area
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(bubble size), absolute number of transitions (arrow width) and share of
transitions away from respective topic areas (arrow grayscale). (TIF 86 kb)

Additional file 5: Figure S4. Navigational trail for user group
Challenged Aborts (12% of users). Description: The figure depicts the
navigation trail for the specific user subgroup Challenged Aborts,
indicating clicks per topics area (bubble size), absolute number of
transitions (arrow width) and share of transitions away from respective
topic areas (arrow grayscale). (TIF 784 kb)
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Kapitel 5: Spezialisierung und Zertifizierung im Krankenhaus

Christoph Pross, Elke Berger, Alexander Geissler, Martin Siegel, Reinhard Busse

Preprint, zur Begutachtung eingereicht August 2017 bei Intern. Journal for Quality in Health
Care (Oxford Academic): Pross C, Berger E, Geissler A, Siegel M, Busse R. Stroke Units,
Certification, and Stroke Outcomes in German Hospitals: A Fixed Effects Model for Stroke

Mortality from 2006 — 2014.

Hintergrund: Die Behandlung von Schlaganfallpatienten in spezialisierten Stroke Units (SU)
hat in den letzten Jahren deutlich zugenommen, doch werden mehr als 20% aller
Schlaganfallpatienten noch immer in Krankenhéusern ohne SU behandelt. International lassen
sich hohe Unterschiede in der Schlaganfallmortalitét feststellen; auch in Deutschland variiert
die risiko-adjustierte 30-Tage Sterblichkeitsrate um ein Vielfaches zwischen den
Krankenhdusern. Zwar konnten einige Studien einen positiven Zusammenhang zwischen SU-
Behandlung und Ergebnissen festhalten, doch haben diese Studien oft Limitationen beziiglich
Datenumfang, Zeitreihe und Aussagekraft der statistischen Modelle. Zusétzlich gibt es keine
Studie, welche Behandlungsergebnisse nach Krankenhdusern mit SU, Krankenhdusern mit SU
und  SU-Zertifizierung und  Krankenhdusern mit SUs und  gesamtheitlicher
Qualitdtsmanagement-Zertifizierung unterscheidet.

Ziele: Auf Basis des Donabedianischen Qualitdtsmodells untersuchen wir die Auswirkungen
von Struktur- und Prozessspezialisierung in einer SU auf die Schlaganfallversorgungsqualitét
und evaluieren so den Nutzen von substantiellen Investitionen in SUs auf Krankenhausebene
und eine zentralisierte Behandlung aller Stroke Patienten in SUs auf Versorgungssystemebene.

Zusatzlich untersuchen wir, ob die Ergebnisqualitit in Krankenhdusern mit einer SU-
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Zertifizierung der Deutschen Schlaganfallgesellschaft (DSG) und in Krankenhdusern mit einem
Qualitditsmanagementzertifikat der Kooperation fiir Transparenz und Qualitit im
Gesundheitswesen (KTQ) signifikant besser ist als in Krankenhédusern, die diese Zertifikate
nicht haben. Neben dem moglichen Signaleffekt kann eine bessere Qualitdt durch Zertifizierung
die finanziellen und organisatorischen Investitionen in Zertifikate rechtfertigen.

Methoden: Als Ergebnisindikator wird die 30-Tage risikoadjustierte Mortalitdtsrate der
Initiative Qualitétssicherung mit Routinedaten fiir die Jahre 2006 — 2014 genutzt. Dazu werden
relevante Strukturdaten der Qualitétsberichte der deutschen Krankenhduser und DSG und KTQ
Zertifizierungsdaten verwendet. Krankenhduser mit SU werden anhand der abgerechneten
Schlaganfallkomplexbehandlungen identifiziert. Wir schétzen ein Fixed-Effects-Modell mit
Dummy Variablen fiir SU Spezialisierung, DSG Zertifizierung und von KTQ Zertifizierung
und den entsprechenden Kontrollvariablen.

Ergebnisse: Die Anzahl der Krankenhduser mit SU hat sich von 276 in 2006 auf 436 in 2014
erhoht. Davon haben in 2014 219 Krankenhduser eine DSG Zertifizierung und 74 sowohl ein
DSG als auch ein KTQ Zertifikat. Deskriptive Analysen lassen eine sukzessive hohere Qualitét
in Krankenhdusern mit SU, in Krankenhdusern mit SU und DSG Zertifikat und in
Krankenhdusern mit SU, DSG Zertifikat und KTQ Zertifikat vermuten. Doch lésst sich im
Regressionsmodell nur ein statistisch signifikanter positiver Qualititseffekt fiir die Behandlung
in einem Krankenhaus mit SU feststellen. Die 30-Tage risikoadjustierte Sterblichkeit ist um
5.6% niedriger in Krankenhdusern mit SU als in Krankenhdusern ohne SU. Die Koeffizienten
fiir die Zertifikate Dummy Variablen bleiben in allen Modellen insignifikant. Patienten und
Gesundheitssysteme konnen stark von einer Zentralisierung der Schlaganfallbehandlungen
profitieren. Wenn in Deutschland alle Patienten aus Krankenhdusern ohne SU in
Krankenhdusern mit SU behandelt wiirden, konnte die Schlaganfall-Sterblichkeit um 460 Félle
reduziert werden. Die Resultate zeigen auch, dass Infrastrukturspezialisierung einen deutlich

starkeren Effekt auf die Ergebnisqualitit hat als Zertifizierungen.
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ABSTRACT

Treatment of stroke patients in stroke units (SU) has increased and studies have shown
improved outcomes for SUs. However, a large share of patients is still treated in hospitals
without SU. Inter- and intra-country stroke outcome variation remains substantial. The effects
of service line SU and total hospital quality (THQ) certification on outcomes remain unclear.
We employ 2006—2014 hospital panel data, which includes structural data and 30-day
standardized mortality for 1,100—1,300 German hospitals annually. We estimate hospital- and
time-fixed effects regressions. The main independent variables are dummy variables for SU
infrastructure and SU and THQ certification. The number of hospitals with SU has increased
considerably in our observation period. Descriptive analysis illustrates better stroke outcomes
for non-certified and certified SUs and hospitals with THQ certification. In a fixed effects
model, having a SU has a significant quality-enhancing effect, lowering stroke mortality by
5.6%. SU service line and THQ certification remain insignificant across models. Patients and
health systems may benefit substantially from SU treatment expansion. Installing a
specialized SU appears more important than getting the SU certified or a THQ certification.
Hospitals should prioritize investment in SU infrastructure and health systems should

centralize stroke care in SUs.
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1. INTRODUCTION
Stroke is the second leading cause of death worldwide (GBD 2015 Mortality and

Causes of Death Collaborators, 2016). Recent data shows an incidence of about 16 million
first-ever strokes annually, resulting in 5.7 million deaths, substantial long term disabilities
and high long term care costs (Strong et al., 2007). Stroke incidence, deaths and associated
medical and economic costs are substantial in the US, European countries and developing
countries, making stroke a truly global disease burden (GBD 2015 Mortality and Causes of
Death Collaborators, 2016; Mozaffarian et al., 2015; Nichols et al., 2012).

Latest OECD Health Care Quality Indicator data suggest remarkable cross-country
stroke outcome differences (e.g. mortality rates of 3.2 — 10.2 per 100 patients for ischemic 30-
day stroke) (OECD, 2015). Next to cross-country differences, substantial outcome variation
between hospitals within countries has been uncovered. US hospitals show wide outcome
variation for risk-adjusted stroke mortality and readmissions, with 30-day mortality at 9.8%
for the 10" percentile of hospitals and 17.8% for 90™ percentile (Fonarow et al., 2011).
Likewise, European hospitals show considerable differences for raw and risk-adjusted stroke
survival (Héakkinen et al., 2014). In Germany, stroke outcome data from the AOK sickness
fund indicates substantial hospital variation, with the risk-adjusted 30-day stroke mortality
(observed/expected deaths) at 0.7 for the 2™ quintile and 2.1 for the 5™ quintile (Blinded for
peer review, 2017). Moreover, and despite various quality improvement initiatives, the level
of stroke outcome variation has only been reduced slightly between 2006 and 2014.

To improve stroke care and reduce inter-hospital outcome variation, health policy
makers, hospital stakeholders, and clinicians have developed and implemented several stroke
care improvement initiatives, which are all associated with substantial financial and
organizational costs. Most notably, stroke units (SUs) and their certification as well as total
hospital quality (THQ) certification programs are expected to improve hospital processes and

medical outcomes.
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A SU provides specialized acute and rehabilitation care for stroke patients, with co-
located and dedicated interdisciplinary teams of neurologists, internists, neuro- and vascular
surgeons and radiologists. Round-the-clock access to radiology (e.g. CT scanners) and
thrombectomy equipment as well as rehabilitation care are also generally included (Moon et
al., 2003). SU care has been demonstrated to improve both short and long term stroke
outcomes (Chan et al., 2013; Langhorne et al., 2010; Nimptsch and Mansky, 2014; Reistetter
et al., 2014; Seenan et al., 2007; Stroke Unit Trialists' Collaboration, 2013a; Walter et al.,
2009; Weimar et al., 2007) and reduce overall stroke treatment cost (Grieve et al., 2000; Saka
et al., 2009). However, distributions of SUs and practices therein vary considerably in
different countries, with many hospitals still providing stroke care in a conventional, non-SU
care model (Leys et al., 2007; Moon et al., 2003). Based on a selection of 886 hospitals in 25
European countries in 2005, 5% of hospitals had a comprehensive SU including rehabilitation
care, 4% a primary SU and 40% a minimum level of care required for a hospital admitting
stroke patients (Leys et al., 2007). However, 51% of hospitals provided stroke care without
even the minimum stroke care model set-up. Despite its apparent value, many hospitals and
health systems still hesitate to invest in SUs and their large-scale adaptation.

The evidence for a positive relationship between service line or THQ certification and
outcomes is mixed and incomplete. For stroke and acute myocardial infarction (AMI) as well
as deliveries and hip fractures, a 2014 study has found a positive association between certified
THQ management systems and clinical leadership, systems for patient safety, and clinical
review, but not for clinical practice (Shaw et al., 2014). Similarly, a study on the Joint
Commission on Accreditation of Healthcare Organization (JCAHO) certification found a
positive effect on risk-adjusted mortality rates in a cross-section analysis of 965 hospitals in
1996 and 1997 (Joshi, 2003). Most studies find a weaker or non-existent effect between THQ

and hospital outcomes (Hinchcliff et al., 2012; Shaw et al., 2014; Sunol et al., 2015), and
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more of a significant effect between service line quality systems and quality indicators (e.g.
for stroke and acute myocardial infarction) (Johnson et al., 2014; Lichtman et al., 2009;
Stroke Unit Trialists' Collaboration, 2013a; Sunol et al., 2015).

While the evidence for a positive relationship between SU treatment and stroke
outcomes is more substantiated, studies with a robust fixed effect framework, large hospital
dataset across multiple years and outcome quality data are rare. Even more, while certification
schemes experience continued growth, the relationship between certification and outcomes of
hospital care remains inconclusive (Brubakk et al., 2015; Makai et al., 2009), with the
literature limited both in terms of evidence and quality of studies (Hinchcliff et al., 2012).
Studies have often examined the link between certification and process measures of care and
have not examined the association (or found only a weak association) between certification
and outcome measures of care. Analyses are mostly based on cross-section data of a limited
number of hospitals. To the best of our knowledge, no study exists that differentiates stroke
outcomes for care in (i) a conventional, non-specialized model, (ii) a specialized, non-certified
SU model, (iii) a certified SU care model and (iv) hospitals with certified SU and/or
additional THQ certification, based on a large and multi-year panel dataset.

To examine the influence of SU infrastructure and process specialization and
certification on quality of stroke care, we rely on Donabedian’s structure, process, and
outcome framework, where outcomes are influenced by both hospital structures and processes
(Donabedian, 1966). Stroke care is a particularly good example to test this relationship, as SU
set-up and certification place substantial structural and process requirements with the goal of
achieving improved treatment outcomes. Therefore, we ask whether treatment of stroke
patients in specialized facilities (i.e. SUs) improves quality and thus warrants a substantial
investment at hospital and health system level. Likewise, we ask whether an additional SU

certification further improve stroke outcomes, which could justify the cost of certification.
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Moreover, we examine whether THQ certification and stroke case volumes influence the
relationship between SU specialization, certification, and stroke outcomes. We rely on
hospital-level panel data with hospital structural information and 30-day risk-adjusted stroke
mortality for German acute hospitals from 2006 to 2014. We employ a fixed-effect regression
model with 30-day stroke standardized mortality rate (SMR) as the dependent variable, and
SU infrastructure, SU certification, and THQ certification as the main explanatory variables.
2. METHODS
2.1. Data used

We matched hospital data from different sources based on standardized institutional
codes. First, we obtained structural hospital data for the years 2006, 2008, 2010, 2012, 2013
and 2014 from the German mandatory quality monitoring system, which is operated by the
executive authority of the German health care system, the Federal Joint Committee
(Gemeinsamer Bundesausschuss, G-BA) (G-BA, 2014). Second, we integrate stroke outcome
data from the hospital report card initiative Quality Assurance with Routine Data
(Qualitétssicherung mit Routinedaten, QSR) for the same data years. The QSR scheme is
operated by the largest German sickness fund, the AOK, and employs routine in-hospital and
outpatient data of AOK insured patients. The QSR initiative provides a risk-adjusted 30-day
SMR, comparing observed vs. expected events, and stroke case volumes for AOK patients.
For risk-adjustment purposes, the QSR initiative calculates 30-day expected mortality by
means of logit regressions that include patient-specific risk-factors such as age, gender, and a
set of co-morbidities (WIdO, 2014, 2015). To ensure comparability across years, the 2014
risk-adjustment model was applied to the AOK patient data for all data years. That ensures
fully comparable and risk-adjusted time trend data. The QSR data covers three different
stroke types, L. intracerebral hemorrhage (ICD Code 161), II. ischemic stroke (163), and III.

stroke not specified as hemorrhage or ischemic (164).
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Third, we integrate SU certification information from the German Stroke Society
(Deutsche Schlaganfall Gesellschaft, DSG). The data includes information on which hospitals
have had DSG-certified SUs and the period of certification. The DSG certificate has become
the premier certification scheme for SUs in Germany (Nabavi and Ringelstein, 2015). The
certificate stipulates e.g. high minimum case volume, staff level resources, training
requirements as well as obligatory participation in the national stroke registry (DSG, 2015).
Certification audits are conducted by neurologists and granted for a 3-year period. Beside the
DSG certification, hospitals with non-certified SUs are identifiable by DRG-based
administrative data and two specific procedure codes (OPS 8-891and 8-89b). Both capture
complex stroke care in a SU setting, but the 8-89b procedure can also be coded by internal
medicine departments without constant neurologist presence (Schilling et al., 2008). As in
Nimptsch and Mansky (2014), we assume the existence of a SU when a hospital documents at
least ten of these procedures per year.

Fourth, we integrate data from the THQ management certificate Cooperation for
Transparency and Quality in Health Care (Kooperation fiir Transparenz und Qualitét im
Gesundheitswesen, KTQ), comparable to JCAHO accreditation. Central components of the
KTQ certificate are continuous quality improvement in the dimensions patient orientation,
employee orientation, patient safety, quality management, communication and transparency
as well as leadership (KTQ-GmbH, 2012; Lindlbauer et al., 2016). Key components of the
certification process are a survey-based self-assessment, an external audit, and an annual
quality report summarizing the hospitals quality improvement initiatives. Like the DSG SU
certificate, the certificate is granted for 3 years.

2.2. Empirical strategy
Based on Donabedian’s structure, process, and outcome framework, we hypothesize

better outcome quality for hospitals that organize stroke care through (ii) SU infrastructure
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and process specialization, (iii) SU certification, and (iv) total hospital quality (THQ)
certification, relative to the (i) conventional, non-SU care model We model a fixed effects
regression at the hospital level. To quantify the influence of (certified) SU care on stroke
outcomes, we regress the log of stroke 30-day SMR (SMR;;) on separate dummy variables
specifying the existence of a SU (SU;;), a DSG-certified SU (acc_SU;;) and a KTQ-THQ
certification (acc_THQ;;). In contrast to several dichotomized approaches in previous studies
(Joshi, 2003; Matsui et al., 2015; Wang et al., 2016), we include the numerical SMR as our
dependent variable to exploit the full information content of the quality variable.

We use a log specification to reduce the impact of outliers and account for non-linear
effects. We add the log of stroke case volume (stroke_CV;;) to model stroke treatment
experience and non-linear experience effects. We also add the share of stroke patients relative
to all patients treated to account for relative importance of and organizational focus in stroke
care. We also add hospital beds (beds;;), dummy variables for hospital teaching status and
ownership type, and a category medical specialization (CMS) (Lindlbauer and Schreydgg,
2014) index to account for important time-variant characteristics.

To account for time-variant trends that affect each hospital equally such as
technological advances, regulatory changes, and judicial decisions we specify time effects
(1), excluding 2006 as the reference year. To adjust for the optimal level of stroke quality of
care with a 0 SMR value (0 observed mortality), we adapt Battese’s (1997) approach and
include an additional dummy explanatory variable (D;**), which takes on the value of 1
when the SMR is 0, and add D;;¥® to SMR;, before taking the log. We further adjust for the
fact that hospitals treat different amounts of stroke patients by including the AOK patient

stroke case volume as analytical weights. The main model is specified in equation 1:
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stroke cases

Bs log(strokecy,,) + Be t + B,beds;, + BgCMS;, + Boteach;, + (1)

all cases

Bioprivate; + Liipubliciy + a; + 1+ &

where, in addition to the variables specified above, £, is the intercept, a; are individual time
invariant hospital-fixed effects and ¢&;; is the error term. To ensure robustness of our results
and use the full information content of the SU dummy underlying stroke complex procedures,
we also run a model where we replace the SU dummy SU;; with the log of the SU complex
procedures.

The data comprise repeated measurements at the hospital level which may involve
autocorrelation in the error term ¢;;. The Hausman test performed on the data indicates that a
random effects specification would likely yield inconsistent estimates. We therefore use
hospital fixed effects a; to control for unobserved hospital characteristics and avoid
inconsistencies. Testing the time-fixed effects 7, for joint significance further indicates
systematic differences in mortality between the years. All statistical inferences are based on
heteroscedasticity-and-autocorrelation consistent estimates for the standard errors.

3. RESULTS
3.1. Descriptive results

For 2014, our hospital sample includes 1,162 hospital observations (Table I), which is
a 13% decrease from 2006 and in line with overall closures and mergers of acute care
hospitals in Germany. 726 stroke-treating hospitals did not have a SU, 436 hospitals had a
SU, of which 222 SUs were DSG-certified, and 280 hospitals had a KTQ THQ certification.
On average, hospitals treat 227 stroke patients per annum and have a 30-day stroke SMR of
0.99 (observed/expected mortality). 55% of hospitals have a teaching affiliation and
ownership is distributed 22% private, 41% non-profit and 37% public. For 2014, our hospital

sample includes 86% of all hospitals, which have recorded at least 2 stroke diagnoses. The
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discrepancy (Table 1) results from QSR data availability and the G-BA’s 2010 shift to
reporting at site level, which increases the number of hospitals and sites in the overall, non-
QSR sample.

Insert Table I about here

Figure 1 presents the weighted SMR averages for hospital sub-groups. From 2006 to
2010, hospitals with a DSG-certified SU and hospitals with both a DSG and KTQ THQ
certification had the lowest 30-day SMR. However, from 2010 to 2012, the mean SMR for
hospitals with a non-certified SU decreased from 1.06 to 1.00 while the SMR for hospitals
with a certified SU and both SU and THQ certifications increased to 1.05. More than 30
larger hospitals with a relative high 30-day SMR receive a SU certification between 2010 and
2012. The 30-day SMR of these hospitals improves substantially in the following years,
which causes the average to come back down. Hospitals treating stroke patients without a SU
have the highest SMR for all years. Importantly, for all subgroups the SMR has decreased
(positive quality trend) from 2006 to 2014.

Figure 2 presents box plots and average stroke case volumes for the different hospital
subgroups for the year 2014. Hospitals without a SU treat on average only 70 stroke cases,
with by far the largest outcome variation. Hospitals with SU treat on average 345 stroke
patients, with substantially lower outcome variation. Hospitals with a certified SU and those
with additional THQ certification treat twice as many stroke patients (636 and 675,
respectively) and outcome variation is further reduced. In addition, Table II presents
descriptive statistics for the relevant model variables summing across all years.

Insert Figure 1 about here
Insert Figure 2 about here

Insert Table Il about here
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3.2. Main regression model

Table III presents the regression results. In our main model M1, SU existence is
associated with a 5.6% lower 30-day SMR. SU or THQ certification, however, show no
significant additional effect on stroke outcomes. Stroke volume as well as the share of stroke
cases relative to all inpatient cases do not have a significant effect on the SMR. The time
fixed effects for years 2013 and 2014 have negative and significant coefficients (-0.05***, -
0.08***), We consider M1 our main model as it implements our empirical strategy (equation
1) and has the lowest Bayesian Information Criterion (BIC) (Schwarz, 1978).

In M2, we replace the SU dummy with the log of complex stroke procedures. The
effect of the number of complex SU procedures is significant at the 10% level and has a
quality-enhancing negative effect on standardized 30-day stroke mortality (-0.002*%*). The
BIC increases slightly for model M2. In M3, we add the interaction effect for service line and
THQ certification, which is also insignificant and slightly increases the effect size of the SU
certification dummy variable.

The effects are generally consistent across model specifications, both in size and
significance. The models display low R-squared measures, however, since fixed effects
regressions washout the explanatory effects of the intercepts, they generally show a much
lower R-squared compared to ordinary least squares models.

Insert Table III about here
3.3. Robustness checks

To ensure robustness, we test the consistency of our results when using alternative
variable, sample, and model specifications. Results of the robustness tests are displayed in
Table IV. When limiting the sample to observations with more than 10 or 20 QSR stroke
cases per year (M4 and M5), the effect magnitude is reduced. Increasing the number of QSR

cases required for model inclusion eliminates many hospitals with very small case volumes,
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which can reduce the impact of statistical chance on the SMR (WIdO, 2014). But removing
1,800 and 2,882 of hospital observations from the sample also reduces statistical power and
excludes many of the hospitals with little experience in treating stroke patients. We further
alter the specification of our main SU dummy variable to ensure our results hold with
different SU thresholds. Halving and doubling the complex stroke procedure threshold (M6
and M7) for the SU dummy specification does not change the results noteworthy.

We also test the effect of the two certification schemes without the SU infrastructure
measure (M8). Even without the SU variable, both the SU service line certification and the
THQ certification remain insignificant. Furthermore, to independently check the effect of
THQ certification on AMI as another emergency condition, we estimate equation 1 without
the SU infrastructure and certification dummy variables and replace the relevant stroke
variables with the correspond AMI variables (M9). As before, the coefficient for the THQ
certification dummy remains insignificant. Furthermore, when the 30-day SMR is substituted
by the simple 30-day mortality rate as the dependent variable, the results remain comparable.
Likewise, when the main model (M1) is run without AOK patient case volume as analytical
weights, then the effect size doubles to -10.8% (-0.108***). When replacing the AOK stroke
patient number as analytical weight with the overall stroke ICD patient number, the results
also remain comparable with M1.

Insert Table IV about here
4. DISCUSSION

The stroke SMR trends for the different hospital sub-groups suggest successively
better stroke outcomes in hospitals with SU infrastructure, a SU that is also DSG-certified,
and a certified SU within a THQ certified hospital. However, results of the fixed effects
regression models show that only having a SU significantly enhances outcome quality of care

while service line and THQ certification have no significant separate effects. On average and
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ceteris paribus, hospitals with SU have a 5.6% lower standardized 30-day mortality compared
to hospitals without a SU infrastructure, even after adjusting for stroke treatment experience
(case volume) and share of stroke cases. The results are in line with previous research and
confirm the benefits of treating patients in a specialized SU infrastructure within a multi-year,
large sample fixed effects regression framework (Hinchcliff et al., 2012; Lichtman et al.,
2009; Stroke Unit Trialists' Collaboration, 2013a; Sunol et al., 2015).

In contrast, both the service line SU certification as well as the THQ certification do
not show significant results. The structural and process difference between non-certified and
certified SUs might be too small to cause a significant effect since most hospitals first build
up the SU infrastructure and initiate the certification afterwards for signaling purposes. The
overall hospital quality management improvements associated with the THQ certification
might not be specific enough to impact outcomes in emergency medical condition such as
stroke or AMI. Similarly, signaling might be the primary reason for certification initiation and
the process improvement delta relative to non-THQ hospitals might be too small to be
systematically represented in the analyzed data.

At the hospital level, investment in SUs is associated with significantly better
outcomes, which may in turn result in lower cost due to readmissions and potentially higher
reimbursements in a future quality-based payment environment. Thus, next to lives saved and
disabilities prevented, hospitals can benefit financially from investment in SUs. At a health
system level, our results raise concerns why a large share of German stroke patients are still
treated in non-specialized facilities and the change towards a centralized stroke treatment
model is rather slow (Nimptsch and Mansky, 2014). Centralizing care at SU hospitals can
substantially improve stroke outcomes in Germany. Treating all stroke patients at hospitals
with a SU may result in a ceteris paribus decrease of the absolute 30-day stroke mortality by

5.6% from 16.2% to 15.3%. For those roughly 50,300 stroke patients currently treated at
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hospitals without SUs, this would correspond to 460 fewer annual stroke-related death.
Considerable reductions in stroke-related disabilities as well as in medical and economic costs
could be expected as an additional benefit (Stroke Unit Trialists' Collaboration, 2013b).

Experiences in other European countries such as England, Denmark or the Netherlands
have demonstrated the positive outcome impact of stroke care centralization in SUs (Douw et
al., 2015; Fulop et al., 2013; Lahr et al., 2012; Morris et al., 2014; Ramsay et al., 2015).
Underlying the centralization argument is the positive volume-outcome relationship, which
has also been shown to hold for stroke in the literature (Hannan et al., 1998; Saposnik et al.,
2007; Tsugawa et al., 2013). Our results also show that even when controlling for volume (i.e.
experience), specialized infrastructure and processes still improve outcomes. In the mid-term,
national and regional policy makers should ensure that all stroke patients are treated in SUs,
by requiring a SU infrastructure for stroke care and by centralizing stroke care with hospitals
that already operate a well performing SU. Currently in Germany, as in other countries,
centralization of stroke care in SUs is not implemented at sufficient scale and speed, even
though hospital and emergency planning falls under responsibility of state governments.
Accordingly, German health policy makers, as well as policy makers in other countries,
should centralize care in existing SUs and expanded stroke unit infrastructure where the
number of stroke units is still insufficient.

Although the German certification of SUs sets high procedural, personnel and
infrastructural standards, in contrast to expectations, the SU service line certification shows
no additional significant association with 30-day stroke SMR, when we control for SU
existence. Several explanations are possible here. The DSG certification confirms the SU set-
up externally, with some additional resource and process requirements. Key SU
characteristics such as co-location of a dedicated and interdisciplinary team of experts as well

as access to imagining equipment are already implemented in a SU and the additional
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infrastructure and process enhancements towards a certified SU might not have a large
enough additional effect on the 30-day mortality to be detected in the data.

Although mortality is a valid and well accepted outcome parameter (Walsh et al.,
2002), it is only one of the clinical outcomes that matters in stroke care (AQUA - Institut fiir
angewandte Qualitdtsforderung und Forschung im Gesundheitswesen GmbH, 2015). Others,
such as readmissions, degree of disabilities, and quality of life are important as well (Haacke
et al., 2006; Schubert et al., 2014; Stroke Unit Trialists' Collaboration, 2013a), but currently
standardized and risk-adjusted data for most of these outcome parameters is not available in
Germany. Certified SUs, however, might have better outcomes for these indicators because
the DSG certification has a holistic approach with a focus on reducing disabilities after stroke
(Nabavi and Ringelstein, 2015). Furthermore, certified SU might have better outcomes over a
longer timeframe than the here examined 30 days after hospital admission.

Likewise, certified SU might provide care for more severe patients, as they have on
average substantially higher case volumes (Figure 2). The standardized 30-day stroke
mortality is adjusted for co-morbidities, however, stroke severity may not fully be controlled
for (Wiedmann et al., 2014). Yet, the impact of severity adjustment on risk-adjusted indicators
that already are adjusted for co-morbidities, age and other patient characteristics has been
shown to be limited (Keyhani et al., 2012). Lastly, the suspension of the DSG SU certification
process in 2008 and first months of 2009, which resulted in delays for about 100 re- or new
stroke unit certifications (Busse, 2009), might have also reduced the effectiveness of the DSG
certification for the time span 2008-2012 and the amount of 30-day stroke SMR improvement
attributable to the DSG certification.

Like service line certification, THQ certification, captured through the KTQ
certificate, showed no additional significant effect on 30-day stroke mortality. This is in line

with previous studies in other countries, such as Makai et al. (2009) and Sunol et al.(2015).
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The major target of the KTQ-THQ certification is the general improvement of hospital quality
management. The achievement of this objective might not appropriately be reflected by 30-
day mortality in one specific emergency condition. Other measures such as patient safety,
patient and employee responsiveness and satisfaction, and operational efficiency at the overall
hospital level might be more affected by THQ certification. For example, (Lindlbauer and
Schreydgg, 2014) show improved technical efficiency for KTQ-certified hospitals. A
downward bias of the THQ effect might also be caused by the fact that no consolidated and
standardized data on ISO 9001 certification, which is a universal quality certificate also
applied in hospitals, is available. Hospitals without a KTQ certification might alternatively
have an ISO 9001 THQ certification even though they appear without THQ certification in
our dataset. However, the number of ISO 9001 certifications is likely substantially smaller
compared to the KTQ-certified hospitals (Lindlbauer et al., 2016).

Lastly, there are benefits from certification schemes which are not captured by
outcome quality. In general, consumers of credence and experience goods often rely on third
party evaluators to ascertain quality (Pauly et al., 2012). Both the SU certification and the
THQ certification provide quality signals for patients, emergency response teams, and
admitting physicians, which can facilitate hospital choice decisions and enhance welfare even
though certification schemes might not independently reduce actual hospital mortality.

5. Conclusions

Our results substantiate the positive effect for SU treatment on stroke outcomes, based
on a fixed effects model and large multi-year hospital sample. Hospital and health system
investment in SUs may substantially improve stroke outcomes. SUs may help to save
numerous life years, to reduce stroke associated disabilities, and to lower long-term stroke
treatment cost considerably. Germany can learn from other country examples regarding

centralization and (mandatory) emergency protocols for stroke treatment. As the first study to
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distinguish the potential effects of SU existence, SU certification and THQ certification, we
do not find a significant effect for SU certification or THQ certification on top of the large
and significant effect for SU specialization.

Our research contributes to the literatures on outcomes and operational research and
how hospital quality of care can be improved through structural and process enhancements.
The results have implications for the organization of stroke care in other countries as well as
the academic and professional debate around the benefits of infrastructure specialization and
certification in health care. Additional research can examine the effect of specialization and
service line certification on other stroke outcome measures (e.g. disabilities) and outcomes in
other treatment areas, such as cardiology or oncology specialized treatment units. Likewise,
the effect of THQ can also be examined with other outcome indicators, with additional
information on other THQ certifications and for other more elective treatment areas, where a

THQ certification might possibly show a higher impact.
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Table I: Overview main variable time trends

Variables 2006 2008 2010 2012 2013 2014
Number of hospital observations? 1,331 1,292 1,244 1,228 1,203 1,162
Average 30-day stroke SMR? 1.12 1.09 1.06 1.05 1.02 0.99
Hospitals with SU* (%) 276 337 439 414 423 436
Hospitals with certified SU*> 162 189 177 211 220 222
Hospitals with THQ certification® 383 434 398 360 334 280
Average stroke case volume® 167 188 202 215 219 227
Share stroke cases/inpatient cases, % 3.2 3.3 34 3.5 3.4 3.6
Hospitals with teaching status (%) 511 (38) 557 (43) 581 (47) 619 (50) 625 (52) 642 (55)
Average number of hospital beds 331 334 341 347 348 355
CMS?® specialization index 1.35 1.34 1.46 1.38 1.37 1.40
Private, for-profit hospitals (%) 225 (17) 237 (18) 245 (20) 257 (21) 255 (21) 255 (22)
Private, non-for-profit hospitals (%) 592 (44) 574 (44) 551 (44) 527 (43) 514 (43) 477 (41)
Public hospitals (%) 514 (39) 481 (37) 448 (36) 444 (36) 434 (36) 430 (37)
Number of hosp. with stroke diagnoses’ 1,332 1,362 1,329 1,370 1,341 1,344

Legend: Table I illustrates the time trend for key variables in the data set

Note: 1. all observations that have QSR SMR stroke outcome data; 2. weighted by the AOK stroke patient volume for each hospital; 3. based on more than 10 documented
complex stroke procedures (OPS codes 8_891 und 8_89b), for 2014 461 SU exist in full sample independent on whether QSR data is available; 4. and have QSR SMR stroke
outcome data (especially for THQ overall more certified hospitals in Germany); 5. DSG SU certification suspended in 2008 and part of 2009, which led to a backlog of (re-)
certification applications and a reduction in DSG certified hospitals in data year 2010 6. based on ICD stroke diagnoses 161 (hemorrhage), 163 (ischemic) and 164 (not further
specified); 7. All hospitals which have coded 2 or more stroke ICD cases. Discrepancy in number of observations due to QSR data availability and G-BA reporting for multiple

sites starting in 2010 and becoming mandatory in 2012 and 2013
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Figure 1: Mean 30-day SMR rates for different hospital sub-groups, 2006 — 2014
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Legend: Figure 1 illustrates the 30-day stroke SMR time trend for the different hospital sub-groups of interest

Note: QSR stroke patient volume applied as analytical weights; 30-day stroke standardized mortality rate shown for different hospital
subgroups; 1 = all hospitals that treat stroke patients (and have QSR stroke data); 2 = hospitals that treat stroke patients in a conventional
set-up without SU (coded 10 or less stroke complex procedures); 3 = hospitals with a SU, which have not received a DSG SU certification; 4
= hospitals with SU and a DSG SU certification; 5 = hospitals with a SU, a DSG stroke unit certification and KTQ THQ certification; 6 = More
than 30 larger hospitals with a relative high 30-day SMR receive a SU certification between 2010 and 2012 (16 of these hospitals also have
KTQ THQ certification). These hospitals bring the average 30-day SMR up for the sub-groups “SU hospitals with SU certification” and “SU
hospitals with SU and THQ certification”, but improve substantially in the following years, which causes the average SMR for those
subgroups to come back down.
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Figure 2: Box plots for 30-day SMR for different hospital sub-groups, 2014
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Legend: The box plot in Figure illustrates the median outcome and outcome variation differences between the

different hospital sub-groups. Furthermore, number of hospitals and average stroke patients in the hospital sub-

groups are displayed

Note: QSR stroke patient volume applied as analytical weights; number besides box plot indicated median value;

outside values (values between lower and upper quartile and 1.5* interquartile range above or below lower/upper

quartile) excluded; 1. Hospitals of sub-groups sum to all hospitals by summing all sub-groups, subtracting 74 hospitals

with SU and THQ certification (already included in sub-group hospitals with certified SU) and adding 5 since 5

hospitals have no SU specialization (not coded sufficient stroke complex procedures), but have a DSG SU certification;

2. mean annual hospital stroke case volume for sub-group
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Table II: Descriptive statistics, all years

Variables Mean SD Min Max
Number of observations® (2006-2014) 7462
Average stroke 30-day SMR? 1.06 0.4 0.0 17.8
Log average stroke 30-day SMR? 0.02 0.3 -2.1 2.9
Hospitals with a specialized SU 0.31 0.5 0.0 1.0
Average complex stroke procedures 144.96 303.0 0.0 6443.0
Log average complex stroke procedures? -11.83 12.3 -20.7 8.8
Hospitals with DSG-certified SU 0.16 0.4 0.0 1.0
Hospitals with KTQ-TQH certification 0.29 0.5 0.0 1.0
Average case volume stroke cases 202.17 279.0 0.0 5327.0
Log average case volume stroke cases? 3.84 4.1 -20.7 8.6
Share stroke cases / inpatient cases 0.03 0.1 0.0 0.8
Hospitals with teaching status 0.47 0.5 0.0 1.0
Average number of hospital beds 342.23 302.0 0.0 3213.0
CMS specialization index 1.35 0.8 0.0 4.3
Private, for-profit hospitals 0.20 0.4 0.0 1.0
Private, non-for-profit hospitals 0.43 0.5 0.0 1.0
Public hospitals 0.37 0.5 0.0 1.0

Legend: Table Il displays the descriptive statistics mean, standard deviation, minimum and maximum for the key variables used in
the main regression for all years.

Note: 1. all hospitals that have QSR SMR stroke outcome data; 2. QSR stroke patient volume applied as analytical weights; 3.
0.000000001 or 1 added before taking the log to avoid losing observations with 0 values, results are similar for both
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Table III: Main regression results M1-M3

Variables M1 M2 M3
Log dummy -0.059* -0.059* -0.059*
(0.03) (0.03) (0.03)
Stroke unit (SU) -0.056** -0.056**
(0.02) (0.02)
SU certification -0.005 -0.005 -0.020
(0.02) (0.02) (0.02)
THQ certification 0.016 0.016 -0.002
(0.02) (0.02) (0.02)
Log stroke case volume -0.003 -0.003 -0.003
(0.00) (0.00) (0.00)
Share stroke ICD/all ICD -0.054 -0.063 -0.070
(0.35) (0.35) (0.35)
Hospital beds -0.000 -0.000 -0.000
(0.00) (0.00) (0.00)
Teaching hospital status 0.007 0.008 0.008
(0.02) (0.02) (0.02)
CMS ICD specialization index -0.003 -0.002 -0.003
(0.02) (0.02) (0.02)
Private, for-profit hospitals* -0.022 -0.021 -0.022
(0.06) (0.06) (0.06)
Public hospitals* -0.011 -0.010 -0.013
(0.07) (0.06) (0.06)
Log all OPS stroke procedures -0.002**
(0.00)
Interacted SU and THQ certification 0.055
(0.03)
Constant 0.182* 0.137 0.188*
(0.08) (0.08) (0.08)
Hospital and time fixed effects yes yes yes
Number of observations 7376 7376 7376
R2-within 0.016 0.015 0.017
R2-between 0.032 0.031 0.030
R2-overalll 0.018 0.016 0.017
BIC 1084 1088 1086
Intraclass correlation 0.512 0.512 0.513
F-statistic 3.9 3.8 4.0

Legend: Regression results for main model M1 and its alternatives M2 and M3

Note: QSR stroke patient volume applied as analytical weights; * p<0.05, ** p<0.01, *** p<0.001; time-fixed
effects not displayed separately (in M1, B2008 = -0.02, B 2010 = -0.03, B2012 = -0.03, B2013 = -0.05***, B2o1a = -0.08***),
test for joint significance of time effects in M1 with F-statistic of 5.59; 1. leaving out private, non-profit hospitals

as the reference category
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Table IV: Result Robustness M4-M10

variables M4 M5 M6 m7 m8 M9
Log dummy 0.181*** 0.260** -0.059* -0.060* -0.055*
(0.04) (0.09) (0.03) (0.03) (0.03)
SU infrastructure (> 10 QSR -0.044*
patient cases) (0.02)
SU infrastructure (> 20 QSR -0.042*
patient cases) (0.02)
SU infrastructure (>5 -0.056**
complex stroke procedures) (0.02)
SU infrastructure (>20 -0.056**
complex stroke procedures) (0.02)
SU certification -0.003 -0.003 -0.005 -0.005 -0.008
(0.02) (0.02) (0.02) (0.02) (0.02)
THQ certification 0.018 0.018 0.016 0.016 0.016 -0.020
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Log (stroke case volume) -0.001 -0.001 -0.003 -0.003 -0.004
(0.00) (0.00) (0.00) (0.00) (0.00)
Share stroke ICD/all ICD 0.108 0.357 -0.056 -0.047 -0.104
(0.38) (0.36) (0.35) (0.35) (0.36)
Log (hospital beds) -0.000 -0.000 -0.000 -0.000 -0.000* -0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Teaching hospital status 0.008 0.002 0.007 0.007 0.003 0.019
(0.03) (0.03) (0.02) (0.02) (0.02) (0.03)
CMS ICD -0.004 -0.006 -0.003 -0.003 -0.004 0.014
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Private hospital® -0.029 -0.049 -0.022 -0.022 -0.027 0.092
(0.07) (0.07) (0.06) (0.06) (0.06) (0.08)
Public hospital* -0.019 -0.036 -0.011 -0.011 -0.10 0.100
(0.07) (0.07) (0.07) (0.07) (0.07) (0.08)
Log dummy AMI 0.000
()
log (AMI case volume) -0.016
(0.03)
Share AMI ICD/all ICD -1.300
(2.43)
constant 0.160* 0.176* 0.182* 0.181* 0.163* 0.094
(0.08) (0.09) (0.08) (0.08) (0.08) (0.14)
Hospital and time fixed effects yes yes yes yes yes yes
number of observations 5576 4494 7376 7376 7376 6188
R2-within 0.020 0.021 0.016 0.016 0.014 0.026
R2-between 0.000 0.005 0.032 0.032 0.015 0.030
R2-overalll 0.001 0.000 0.018 0.017 0.009 0.008
BIC 432 -41 1084 1084 1090 2176
Intraclass correlation 0.552 0.615 0.512 0.512 0.516 0.621
F-statistic 5.0 4.0 3.9 3.9 3.4 7.0

Legend: Regression results for alternative regressions as part of the robustness check
Note: QSR stroke patient volume applied as analytical weights; * p<0.05, ** p<0.01, *** p<0.001; 1. Leaving out private, non-profit hospitals as the reference
category
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Kapitel 6: Qualitatswettbewerb im deutschen Krankenhausmarkt

Christoph Pross

Preprint, zur Begutachtung geplant bei European Journal of Health Economics als: Does
competition impact hospital quality of care? A fixed effect analysis of stroke, AMI and hip

replacement outcomes from 2006 — 2014

Hintergrund: In einem hochregulativen und teilweise noch intransparenten Krankenhausmarkt
soll der Krankenhauswettbewerb um Patienten neben dem effizienten Einsatz von Ressourcen
auch zu einer Qualitdtssteigerung fithren. International haben die bisherigen empirischen
Untersuchungen zum Effekt von Krankenhauswettbewerb auf Behandlungsqualitdt zu einem
schwachen Konsensus fiir eine positive Wirkung in Einheitspreissystemen wie dem
amerikanischen Medicare System oder dem britischen NHS System gefiihrt. Doch sind die
Resultate iiber Indikatoren, Leistungsbereiche und Modellansétze hinweg sehr unterschiedlich
und wenig stabil. Auch wurden in Deutschland trotz der hohen Bedeutung dieser
Forschungsfrage und dem zunehmenden regulativen und politischen Fokus auf das Thema
Qualitatswettbewerb in diesem Bereich noch keine empirischen Studien durchgefiihrt.

Ziele: Fiir die Notfallindikationen Schlaganfall und Herzinfarkt und die elektive Prozedur Hiift-
Total-Endoprothesenersatz soll im ersten Schritt die Entwicklung der Marktkonzentration {iber
die Zeit und fiir nicht, mdBig und hochkonzentrierte Méarkte betrachtet werden. Im zweiten
Schritt wird mit Hilfe eines Fixed-Effekt-Modells der Einfluss von Krankenhauswettbewerb

auf die Ergebnisqualitit geschitzt. Damit soll ein Ausgangspunkt fiir die
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versorgungswissenschaftliche Detailierung und weitere empirische Untersuchung etabliert
werden.

Methodik: In Bezug auf den Produktmarkt unterscheiden wir zwischen den Leistungsbereichen
Schlaganfall, Herzinfarkt und Hiift-Total-Endoprothese. Zur Abgrenzung des geographischen
Marktes nutzen wir Adressdaten der Krankenhduser und einen Radius von 30 KM. Wir
inkludieren alle Krankenhéduser und deren leistungsbereichspezifische Fallzahlen in diesem
Markt mit fixiertem Radius und berechnen fiir diese Mérkt den Herfindahl-Hirschman-Index
(HHI) auf Basis der Marktanteile. Zur Messung der Ergebnisqualitit nutzen wir risiko-
adjustierte 30-Tage Sterblichkeit und Komplikationsraten als auch nicht-risiko-adjustierte 90-
Tage Wiedereinlieferung und Re-operationen. Mit Ergebnisqualitdt als abhéngige Variable und
Wettbewerbsintensitidt als relevante erkldrende Variable rechnen wir Fixed-Effects-
Regressionen fiir die verschiedenen Leistungsbereiche und Indikatoren. Um die mogliche
Endogenitit zwischen Qualitit und Wettbewerb zu adressieren verwenden wir auch ein Modell
mit Instrumentenschitzung.

Ergebnisse: Wihrend die Marktkonzentration fiir Schlaganfall zwischen 2006 und 2014
zugenommen hat, ist sie flir Herzinfarkt relativ konstant geblieben und hat leicht abgenommen
fiir Hiift-Total-Endoprothesenersatz. Fiir Schlaganfall und Hiift-Total-Endoprothesenersatz ist
die Ergebnisqualitdt am schlechtesten fiir Krankenhduser in hochkonzentrierten Markten, fiir
Herzinfarkt ist sie am schlechtesten flir Krankenhduser in méfig konzentrierten Mérkten. In
den verschiedenen Regressionsmodellen konnte kein signifikanter Effekt von Wettbewerb auf
Ergebnisqualitit festgestellt werden. Dies mag auf der einen Seite an dem fehlenden geringen
Bewusstsein fiir Qualititsunterschiede zwischen Krankenhdusern und den dazu verfiigbaren
Public Reporting Daten liegen. Auf der anderen Seite konnen sich auch gegenldufig Effekte —
Konzentration und Spezialisierung mit positiver Qualititswirkung bei geringeren Fallzahlen

und Wettbewerbsreduktion mit negativer Qualitdtswirkung — gegenseitig autheben.
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Abstract

We examine the effects of hospital competition on quality of care in Germany for the
emergency medical conditions stroke and acute myocardial infarction and the planned
surgical procedure hip replacement. Based on panel data for 1,100 annual hospital
observations from 2006 to 2014, we estimate a fixed effects model with risk-adjusted
mortality and complications as the dependent variable and the competition level as the main
dependent variable. We find generally no significant effect of competition on quality, both in
normal fixed effects and in instrumental variable fixed effects regression. Patients are still not
fully aware of quality of care differences and their ability to view quality of care results at a
hospital level. This might isolate hospitals from quality competitive pressures. Furthermore,
positive quality effects from care centralization and increased experiences might counteract
negative effects of less competition in more concentrated markets. Quality transparency needs
to be further increased and the effects from care centralization differentiated from competition

dynamics.

Key words Hospital quality of care, hospital competition, HHI, stroke, AMI, hip replacement

surgery
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1. Introduction

Healthcare is one of the largest sectors in the German economy, and hospitals provide
the large majority of health services. Patients in Germany can freely choose their hospitals
and hospitals often do not operate at capacity limited. Germany has a large installed base of
hospitals, with many hospitals facing negative operative margins. This has led to a
consolidation in the German hospital market, both at a local level with local hospital system
emerging and at the national level with hospital chains expanding and increasingly operating
in various local hospital markets (Hentschker et al., 2014). At the same time, quality of care
concerns among policy makers and patients are rising, with recent legislative efforts to
strengthen quality transparency and quality competition among hospitals and research
uncovering substantial and continued outcome variation between hospitals for multiple
treatment areas (Pross, Geissler, Busse, 2017a).

In other OECD countries, regulation and policy interventions in the hospital sector
have increased in recent years, to not only constrain cost increase, but more often to enhance
quality competition between hospitals and encourage patients to more actively choose
between good and bad quality providers (Pross, Geissler, Busse, 2017b). The US Affordable
Care Act has substantially expanded quality-related payment schemes, esp. with regards to
Medicare, and encouraged the creation of Accountable Care organizations and bundled
payments to integrate care across the inpatient, outpatient and rehabilitation setting
(Blumenthal et al., 2015). The English NHS introduced a fixed price, free hospital choice
system in 2005-2006, allowed private providers to treat NHS patients, and increased the
transparency of hospital quality through patient-focused quality benchmarking websites

(Cooper et al., 2011). In Germany, public reporting initiatives are expanding, payers are
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piloting quality-based selective contracting and legislation to introduce quality-based
payments has been recently passed.

Despite the pro-competition political consensus, both theoretical and empirical
investigations of the effect of hospital market competition on quality of care have shown
ambiguous results (Dranove and Satterthwaite, 2012; Gaynor, 2006). Most empirical studies
use a structure-conduct-performance (SCP) specification and hypothesize a causal link
between market structure and hospital conduct with regards to quality of care provided. The
results for the effect of provider competition appear to depend on the degree of price
competition (Gowrisankaran and Town, 2003; Kessler and McClellan, 2000). In markets
where prices are not regulated, the empirical evidence is mixed; however, in markets with
fixed prices competition between providers appears to have a quality enhancing effect (Pauly
et al., 2012); yet, several studies also report negative or no competition effects for different
quality indicators in a fixed price environments (Maeda and Lo Sasso, 2012; Mutter et al.,
2008; Palangkaraya and Yong, 2013). The effect of competition on quality might depend on
how quality is measured and conflict with centralization of care in medical condition-specific
centers of excellence with high treatment volumes. Studies examining the link between
competition and quality are almost exclusively limited to the US and the UK health systems
and focus on a few medical conditions, in particular acute myocardial infarction (AMI).

This paper expands the literature along four primary angles. First and foremost, we
contribute to research on the effects of hospital competition on quality of care and provide the
first study in the German market context as well as for a mix of emergency and planned
hospital conditions. Second, we add to the literature on health reform, and in particular to the
effects on possible downsides from consolidation and selective contracting associated with
reduced competition. Third, we contribute to research on anti-trust proceedings in the
hospitals sector, especially with regards to Germany. Some experts have cited the lack of

country-specific empirical evidence in Germany and other countries as an important reason
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for the reluctance of competition regulators to use advanced econometric analysis (Schmid
and Varkevisser, 2016). Fourth, we provide further empirical evidence on the hospital market
structure in Germany, which is generally scarce (Hentschker et al., 2014).

The rest of the article is organized as follows. Section 2 examines the current state of
the literature and relevant theoretical considerations. Section 3 introduces the dataset and
empirical implementations. Section 4 presents the results, which are subsequently discussed

in Section 5. We conclude in Section 5 with policy implications.
2. Literature review and theoretical considerations

In the past 15 years, an important discussion has emerged on the effects of competition
on quality in health care provider markets. Basic economic theory suggests that competition
will increase product or service quality if prices are regulated and above marginal cost. If
price is fixed, firms compete for consumers on non-price dimensions such as quality. They
will increase quality to gain market share as long as price is above marginal cost (Gaynor et
al., 2012). This concepts has been tested empirically primarily in the US and UK health care
markets. Results depend heavily on the degree of price competition between providers, the
transparency of quality of care and the mobility of patients. With a slight consensus towards a
positive effect of competition on quality of care in a fixed price, empirical results are mixed
and vary across indicator, treatment area and study design.

2.1. Literature Review

In a seminal study in the US, Kessler and McClellan (2000) examine acute myocardial
infarction (AMI) mortality rates for elderly Medicare beneficiaries between 1985 and 1994.
They use patient location to identify the impact of variations in level of competition in
patient’s local hospital markets. Post-1990, they find a clear positive effect of competition on
AMI outcomes and partially explain this with increased enrollment in health maintenance
organizations (HMO), which had a more positive contribution margin than Medicare patients.

Differentiating between high and low severity patients in a fixed price Medicare setting,
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Kessler and Geppert (2005) find more competitive markets to have higher expenditures and
higher quality of care for high risk AMI patients and lower expenditure and but statistically
similar quality for low risk patients. Measuring competition via the Herfindahl-Hirschman-
Index (HHI), Mukamel et al. (2002) find that higher market concentration is associated with
lower spending for a range of high mortality conditions AMI, heart failure, pneumonia and
stroke and lower spending is further associated with increased mortality. Shen (2003) finds
lower market concentration in AMI care for Medicare patients to be associated with reduced
mortality. Tay (2003) finds Medicare patient hospital choice to be positively responsive to
quality of care in AMI. Similarly, Chou et al. (2014) examine Coronary Artery Bypass Graft
outcomes for Medicare patients in hospitals in the US state of Pennsylvania and find hospitals
in more competitive markets achieving better outcomes for more severe patients.

In contrast, Gowrisankaran and Town (2003) find an overall unclear effect from
increased competition on health care provider quality. In particular, they find a negative effect
of competition on quality for Medicare patients (despite its fixed price environment), which
they attribute to often low or negative contribution margins. Likewise, Mukamel et al. (2001)
find no significant association between market concentration and mortality from all causes for
Medicare patients in 1990. Using a fixed effects model for Medicare hospital- and patient-
level data from 2003 to 2006, Maeda and Lo Sasso (2012) find no significant effect of
competition on mortality for Medicare patients with chronic heart failure.

Despite its mixed nature, recent reviews regard the empirical US evidence as a
confirmation of the positive effect of provider competition on quality of care (Gaynor et al.,
2012, 2013; Vogt and Town, 2006). An important limitation of most US studies is the
endogeneity between competition and market structure, captured via market shares and the
associated HHI, and changes in quality of care. If in fact the presence of a high quality
hospital deters market entry or encourages exit, then the direction of the causal effect might

be from quality to market structure and not from market structure on quality.
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Several studies in the UK use changes in competition policy as a setting for a natural
experiment to address the endogeneity. Propper et al. (2004) examined AMI mortality after
two consecutive NHS reforms, which first promoted provider competition between 1991 and
1996 and after 1996 reduced competition between providers. While AMI mortality was
reduced across board, they find a negative relationship between competition and quality of
care, with mortality declining the strongest in most concentrated and least competitive
markets before 1996. After 1996, mortality also declined in competitive markets. A later
study by the same authors confirms the negative relationship between AMI survival and
competition (Propper et al., 2008). In areas where competition is possible (due to number of
hospitals) and heavily promoted by the regulator, hospitals appear to improve observable
measures of quality (i.e. waiting times) at the cost of unobservable measures of quality (i.e.
mortality).

In 2006, NHS policy changed back to more competition via free hospital choice,
promotion of hospital quality transparency and a prospective payment system that ties
hospital revenues to the patient volume treated. Gaynor et al. (2013) examine the pro-
competition policy impact on quality of care in more and less concentrated markets via fixed
effect, difference-in-difference framework. Comparing pre-policy year 2003 with post-policy
year 2007 and in contrast with (Propper et al., 2004; Propper et al., 2008), they find a
significant negative effect of competition on AMI 30-day mortality, with a 10% reduction in
the HHI reducing the AMI mortality rate by 3%, and significant but smaller effect on 28-day
all-cause mortality. Also examining the 2006 pro-competition shift, Cooper et al. (2011)
employ a modified difference-in-difference estimator to test whether hospital quality
improved more quickly in more competitive markets after the shift back to patient choice and
hospital competition. For 30-day AMI mortality, they find a 0.3% reduction with one standard

deviation increase in their patient flow and HHI-based competition measure.
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Furthermore, Bloom et al. (2015) investigate the effect of competition on hospital
management quality, and by extension clinical outcomes, in a cross-section study for the year
2006. Since hospital closure is centrally determined by NHS authorities, in part based on
hospital quality of care, they use exogenous variation in hospital closures due to marginality
of election outcomes and associated political power to estimate the causal impact of
competition on management quality. Their results show a positive impact of competition on
management quality, which is associated with lower AMI mortality.

As the most recent study from the UK context, Gutacker et al. (2016) find a substantial
demand response to improvements in patient-reported outcomes for hip replacement, with a
one standard deviation increase in health gains from before- to after-surgery increasing patient
demand by 10%. They also find that patients respond less to cruder outcomes measures such
as readmissions and mortality and conclude that hospital quality competition and its
implications depend on type of quality measure employed.

As one of the few non-US/UK studies, Palangkaraya and Yong (2013) analyze around
Australian 180 hospitals from 2000 and 2005 and find that hospitals in more competitive
markets have lower unplanned re-admission rates, but higher mortality rates, with the former
effect more significant than the later and effects differing greatly between public and private
hospitals. In several studies in the Netherlands, Varkevisser and his co-authors analyze
patient’s willing to choose hospitals. For the Netherlands, they find patients actively choosing
hospitals for non-emergency care in neurosurgery and angioplasty depending on distance,
waiting time, and quality (Varkevisser et al., 2010, 2012; Varkevisser and van der Geest,
2007). With regards to quality of care in angioplasty, a change of readmissions from 8.5% to
7.5% increases demand by 12% (Varkevisser et al., 2012). For other European countries
including Germany, to the best of our knowledge, no study has examined the effect of

hospital competition on quality of care.
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As demonstrated above, empirical results on the impact of hospital market competition
on quality of care provided are contested. In general, there is some consistency that hospital
competition in a fixed price environment enhances competition. However, even the results in
a fixed price environment are mixed. Most studies have examined the emergency condition
heart attack, largely due to data availability and variability of outcomes. Empirical
frameworks vary between countries due to different health system structures and regulation,
policy changes and available data. The different empirical frameworks make comparability of
results difficult.

2.2. Theoretical considerations for competition on quality in the German DRG context

Under prospective payment system with fixed DRG prices within a region and free
patient hospital choice, hospitals compete on quality to attract patients (Pauly et al., 2012). In
highly competitive markets, competition on quality is fiercer, leaving more competitive
markets with on average higher quality of medical services. As (Brekke et al., 2011) identify,
several assumptions underlie the positive effect of competition on quality of hospital care.
These assumptions hold to different degrees for the German market context.

1.  Marginal economic returns from an additional patient treated are positive, which is the
case for surgical DRGs with a higher fixed cost share (e.g. lots of capex required) and
lower marginal costs. DRG payments for stroke, AMI and hip replacement are generally
considered to have positive returns for most hospitals. As DRGs in Germany are
continuously adjusted and designed to include a small positive contribution margin, this
assumption likely holds for the German market context.

2. Providers need spare capacity to be able to treat additional patients without suffering
from increasing marginal costs. In Germany, hospital waiting times are minimal and
hospital beds per capita are high (Geissler et al., 2010), so marginal cost concerns are

generally less relevant.
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3. Non-profit private and public hospitals have sufficient motivation to compete for
patients. Both groups make up together 65% of German acute hospital market and many
of the hospitals have negative profits, which they are trying to minimize by attracting
more patients. All non-profit hospitals operate under the objective to operate at a small
positive EBIT margin. More generally, their objectives is to provide the best care to as
many patients as possible.

4.  Demand for hospital services responds to quality and it responds relatively quickly. In
Germany, public reporting for all acute hospitals has been initiated in 2008 and payers
as well as admitting physicians have started to direct patients to higher quality hospitals.
For some conditions, such as stroke, emergency personal might channel patients to
better hospitals (e.g. those with a stroke unit) and substitute patient choice with
emergency services hospital choice. However, overall awareness of public reporting and
patient hospital choice based on outcome quality dimensions might still be limited
(Pross, Averdunk et al., 2017).

5. Altruistic physician and hospital providers will value treatment benefits, including
quality of care, for patients above the financial reward received from treating an
additional patient (Ellis and McGuire, 1986). Thus, altruistic providers would increase
quality without the incentive of attracting additional patients. While at an individual
level, many physicians might demonstrate altruistic behavior, at a hospital system level,
economic considerations generally prevail.

In general, when these assumptions are relaxed, the effect of competition on quality is

reduced. Moreover, these assumptions might apply to different degrees to elective procedures

and emergency medical conditions, which would result in a different competition effect on

quality for elective and emergency conditions (Chandra et al., 2016; Propper et al., 2004).

In health care markets, location plays an important role for competition between

providers. Health care service provision requires the consumer to travel, which makes
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provider competition geography based (Propper et al., 2008) and leads to substantial
geographic variation in the degree of competition, in particular between urban and more rural
areas. In general, the potential for hospital competition on quality declines quickly with
increasing distance between hospitals (Gutacker et al., 2016). The willingness to travel for
healthcare determines the size of hospital markets, with mobility differing across medical
conditions, patient groups and countries. For more elective, clearly defined and “smaller”
conditions such as hip replacement and cataract surgery willingness to choose and travel will
be higher. For younger patients and patients with more financial resources, willingness to
travel will be higher (Chandra et al., 2016; Friedrich and Beivers, 2009). In Germany, health
care mobility is still more limited (as compared to the US), which can generally result in less
hospital competition and more local or regional hospital markets.

Next to location and associated distance, patient choice of hospitals also considers
several other non-outcome quality dimensions. Patients often choose the hospital that they
have previously attended (Robertson and Burge, 2011; Schwartz et al., 2005). They also
choose the hospital that their outpatient physician has recommended. Further, they often
prefer large hospitals with academic affiliation (Victoor et al., 2012). Other dimensions than
outcome quality can have large influence on hospital choice and might bear on the influence
of competition on quality through their impact on patient hospital choice.

Patients can only exercise choice if they have an option between different hospitals
offering the required medical service. Relative to other European counties, Germany still has
a large number of hospitals with many offering large spectrum of medical services (Busse et
al., 2016; Pross, Geissler, Busse, 2017a). The number of hospitals and their respective service
offering is highly regulated and under jurisdiction of state and local governments, thus slow to

respond to market changes and possibly unaffected by quality performance.
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3. Data used and empirical implementation

We have assembled a comprehensive hospital-level panel dataset, derived from clinical,
administrative and regulatory data sources on a variety of structural and outcome quality
measures at the hospital level as well as demographics at the district level. To date in
Germany, the dataset provides the most comprehensive data foundation for an empirical
examination of the effects of hospital competition on quality of care.

3.1. Data used

We integrate patient-based, risk-adjusted outcome data for two emergency treatment
areas stroke and AMI and admission-based, inpatient outcome data for the elective condition
hip replacement from the two premier provider report card systems in Germany, the QSR
outcome indicators from Germany's largest sickness fund the AOK and the mandatory
hospital quality monitoring system of the Federal Joint Committee (G-BA).

The QSR outcome indicators for the two emergency medical conditions stroke and
AMI are centrally calculated by the WIdO research institute and based on administrative data
of AOK insured patients. The stroke and AMI indicators are available from 2006 to 2014 and
observations vary between 1,000 and 1,200 hospitals per year. 30-day risk-adjusted mortality
includes events up to 30 days after hospital admittance, comparing number of observed with
number of expected events. Expected events are similarly calculated via a logistic regression
based on patient number and attributes such age, gender and comorbidities (QSR Verfahren,
2015).

The public report cards provide outcome data for the treatment area hip replacement as
well as structural hospital information such as ownership type, number of beds and case
volumes. The public report cards provide diagnosis, process and outcome indicators for 30
treatment areas, from which we select hip replacement and a subset of its outcome indicators,
taking into account data restrictions both in terms of indicator comparability across years and

size of hospital samples. We focus on outcome indicators as these are patient-relevant end-
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points and the scientific evidence for the positive relationship between process and outcome
indicators is limited (Copnell et al., 2009; Gandjour et al., 2002).

The hip replacement outcome data from the mandatory public report cards covers the
inpatient hospital stay only and includes unadjusted rate of re-interventions due to
complications from 2006 to 2014 and risk-adjusted rate of re-interventions, available from
2012 — 2014. Risk-adjusted indicators compare the number of observed events (e.g.
mortalities) with the number of expected events, with the latter calculated through a logistic
regression that include patient risk-factors such as age, comorbidities and gender and patient
volume (G-BA, 2014). Risk-adjustment is centrally undertaken and ensures comparability of
outcomes between different hospitals and their respective patient samples. We merge QSR
indicators with the mandatory report card data based on standardized hospital IDs and address
data.

3.2. Empirical implementation

We measure market structure and quality of care at the hospital and medical condition
level. We use hospitals as the unit of analysis, a geographically fixed radius and medical
condition specific competition measures and risk-adjusted outcome quality of care measures.
In general, we estimate how changes in competition between hospital markets and over time
affect the quality of care provided. We employ different fixed effects models and include an
instrumental variable approach.

For emergency conditions AMI and stroke, patients are often taken to the nearest
hospital without any hospital choice and thus much room for competition. However, by using
risk-adjusted 30-day mortality for the two emergency conditions stroke and AMI, we achieve
several benefits. AMI and stroke patients are often fairly sick and thus most influenced by
general quality of care decisions made by the hospital. Overall response to competition and
resulting adjustments in the provision of services will thus affect AMI and stroke patients in

particular (Pauly et al., 2012). AMI and stroke represent complex emergency care situation,
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which can capture the overall organizational choice of quality of care to be provided and
efficiency in diagnostic and therapeutic provision of care. Stroke care organization and quality
has also received substantial management and political attention due to the stroke unit
certification scheme of the German Stroke Society (DSG, 2015; Ringelstein et al., 2011).
Furthermore, AMI and stroke are frequent medical conditions with a high outcome variation
across hospitals (Pross, Geissler, Busse, 2017a). Selection bias will also be less of an issue for
emergency conditions. Including post-discharge data allows us to control for the possibility
that hospitals in more competitive areas discharge patients too early.

We also include risk-adjusted and unadjusted outcome measures for the elective
conditions hip replacement. Here, risk-adjusted measures are only available from 2012 to
2014; however, unadjusted measures are available from 2006 to 2014, which we use for an
additional model specification.

With regards to product markets, we employ a medical diagnosis or procedure specific
competition measure. Based on the case volumes recorded for each hospital, we calculate the
number of hospitals offering the respective procedure, their market share and HHI for each
hospital market. In our empirical analysis, we focus on the HHI as it’s a simple and robust
competition measure, which puts more emphasis on hospitals with a larger market share,
which is more in line with the consumer view (Laine, 1995). As described above, we focus on
the two emergency conditions stroke and AMI and the elective condition hip replacement.

With regards to the geographical market, we employ a geographic radius of 30 km
around each hospital’s geo-location (Figure 1). Patients travel on average 18 km to their
hospital and the third quartile travel distance was 31 km in 2014 (Klauber et al., 2016). In
flexible radius methods, however, articles often include the districts that add up to 80% of the
patient population and a 30 km radius is also an often chosen distance (Bloom et al., 2015).
We also vary our radius geographic market definition to ensure robustness of our results for

10, 20, 40 and 50 km radius.
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Figure 1: Graphical representation of geographical competition measure

Legend: Our competition measure includes all hospital that fall within a 30km radius of a certain hospital H1. H2
and H3 are included in that 30km catchment area. H3 is also included in the catchment area of H4. Any hospital
(A4) with a 60km radius will have a competitive overall (to some degree) with hospital H1.

We characterize the competitive environment of the local hospital using two measures
of competition. First, we consider the number of hospitals in a local market with more of 5
cases in the respective medical condition. Second, we calculate each hospital’s market HHI,
multiplied by 10,000 (Gaynor, 2006). Variation in competitive forces is occurring both with
hospitals closing and local hospitals being acquired and expanded by a larger hospital group
and by hospitals ‘strategic decisions and investments to expand certain treatment areas and
increase case volumes and market share. We also investigate whether a lagged competition
effect might affect quality as quality investments, such as additional staff, infrastructure,
medical equipment and training, might take time to realize their full impact on quality.

Much of the variation in market structure comes from urban vs. rural differences.
Urban areas are more competitive with lower concentration in medical service provision, offer
a higher intensity of services, with higher volumes and more experiences and thus also often
better outcomes. It would be difficult to combine real world medical travel patterns, with

patients travelling from rural to urban centers for medical services, with any other results.
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We do not use HHI generated based on patient flows and the market from which the
hospital draws large share of its patients (e.g. 80%), because reverse causality may result in
endogenous patient flows (Gaynor et al., 2012). Patients may travel further for certain
hospitals and certain medical conditions (e.g. high quality hospitals) and this may result in
larger catchment areas which would appear less concentrated (Chou et al., 2014). At the same
time, higher quality hospitals might also attract more patients within fixed, more refined
market, which would lead to higher market shares for high quality hospitals and less
concentration in markets with one quality leading hospital. Furthermore, patients attracted to
higher quality hospitals might be especially sick, which can bias both outcomes measures (if
risk-adjustment is incomplete) and market shares. This leads to potential reverse causality,
with the regressor degree of competition depending on the dependent variable quality of care.
To address this endogeneity problem, we expand our empirical strategy with an instrumental
variable approach. We instrument the HHI with the in Germany exogenous — due to political
considerations — variable number of hospitals in a respective geographic market.

We include several, in the literature common control variables to account for
important time invariant cofounders. First, we include ownership type to adjust for different
profit maximizing strategies for private for-profit, private non-for-profit and public hospitals.
We also include teaching status to control for possibly faster dissemination of evidence based
care, but also more severe patients being treated in university affiliated hospitals.
Furthermore, we control for overall hospital size, captured through number of hospital beds,
to adjust for large organization advantages (e.g. larger capital budgets) and disadvantages
(organizational complexity). We also adjust for share of patients in the respect treatment area
as part of all patients treated to account for the treatment area’s relative importance. We
account for the general level of hospital specialization via a Category Medical Spezialization

(CMS) index developed by (Lindlbauer and Schreyogg, 2014). To ensure robustness of our
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regression model, we include hospital fixed effects to pick-up observed and unobserved time-
invariant differences between hospitals.
Based on the above theoretical and empirical considerations, our empirical model

takes the following general form:

CV;
log(Q1ie)* = Bo + B1 log(HHI;e)' + B log(CVi)' + Palog(-rr—— Cal;es it)l

+ B4 log(hospital beds);; + f5log(CMS ICD);; + S5 teach;; (1)

+ B¢ private;; + B, publicyy + a; + 1 + €,

CVit
all cases jt

where Qlitk, HHI.X, ¢ Vl-tk ( )kare a set of k outcome quality indicators, K HHI

competition, k absolute case volume, and £ relative case volume share measures for /
treatment areas stroke, AMI and hip replacement. S is the intercept, @; are individual time
invariant hospital-fixed effects and &;; captures robust white standard errors. In addition,
teach;;, private;; and public;; are dummy variables that capture whether a hospital has a
teaching status and has private, for-profit or public ownership, with private, non-profit being
the reference group. The observations are weighted by the case volume to adjust the outcome
quality effect for the relative size and impact of each hospital.

In addition to the general model specified above, we also estimate regression equations

where we replace the same year competition effect HHI F with a lagged competition effect

HHI;_*. This accounts for the possibility that competitive pressures trigger provider
responses such as increased investment in quality-enhancing equipment or changes in internal
quality standards, which affect the level of outcome quality provided only with a 1-2-year
delay due to organizational sluggishness and time required for training and implementation of
new practices.

Furthermore, we instrument for the competition effect on quality of care via the number
of hospitals offering the respective medical service. As described above, the number of

hospitals offering a respective medical services will likely be less influenced by quality of
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care provided, as hospital capacity planning is a lengthy regulatory process upon which
quality of care currently has limited impact (IQTIG, 2016; Pross, Geissler, Busse, 2017a). But
hospitals mergers and the acquisition of publicly owned hospitals by privately owned
hospitals is still often triggered more by financial and political considerations and less so

quality of care considerations.
4. Results

We first examine data patterns for our main competition and outcome quality measures.
Table 1 displays the time trends for average number of competing hospitals, average market
share and average HHI. For stroke, the average number of hospitals in each hospital market
decreases slightly from 19.9 in 2006 to 19.4 in 2014. The average market share increases
slightly, but the HHI increases more substantially to 2393 in 2014 (20% increase). Since the
HHI emphasizes larger market shares, stroke care has further consolidated with hospitals that
had already treated a large share of hospitals before. For AMI, the number of hospital
increases slightly and the HHI remains constant at roughly 2,200 points. For hip replacement
surgery, the number of hospitals offering this procedure in each regional market increases
from 16 to 18 and the HHI declines accordingly to 2140. In 2014, stroke care is relatively

more concentrated than AMI care and hip replacement surgery.
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Table 1: Competition and quality variables time trends, 2006 — 2014

Variables 2006 2008 2010 2012 2013 2014
Stroke number of observations 1288 1245 1200 1183 1166 1125
AMI number of observations 1216 1193 1125 1122 1113 1074
Hip number of observations 1050 1133 1117 1060 1122 1122

Competition measures for 30 km

Stroke care

Number of hospitals (#) 19.9 20.3 19.7 19.9 19.1 19.4
Average market shares (%) 0.10 0.11 0.11 0.11 0.11 0.11
Average HHI (index) 1976 2075 2265 2292 2420 2393
AMI care

Number of hospitals (#) 18.7 19.7 19.3 19.9 19.1 19.5
Average market shares (%) 0.11 0.11 0.11 0.11 0.12 0.12
Average HHI 2227 2238 2247 2179 2233 2206
Hip replacement surgery

Number of hospitals (#) 16.3 17.0 17.5 18.3 18.0 18.3
Average market shares (in %) 0.08 0.08 0.08 0.08 0.08 0.08
Average HHI 2335 2191 2169 2130 2125 2140

Outcome quality of care

Stroke care

30-day SMR (observed/expected) 1.12 1.09 1.06 1.05 1.03 0.99
Unadjusted 30-day mortality (in %) 14.7 14.4 14.1 13.9 13.5 13.2
Unadjusted 90-day readmission (in %) 22.4 233 23.8 23.6 24.0 24.0
AMI care

30-day SMR (observed/expected) 1.12 1.16 1.13 1.05 1.07 1.00
simple 30-day mortality (%) 16.1 15.4 15.4 13.3 134 124
simple 90-day readmission (%) 28.4 29.6 31.2 32.0 325 33.1
Hip replacement surgery

Inpatient risk-adj. rate of re-interventions (obs./exp.) 1.09 1.34 1.11
Inpatient unadj. revisions due to complications (%) 3.36 1.88 1.65 1.68 1.63 1.53

When looking at outcome quality of care trends, we noticed a substantial improvement
for both risk-adjusted and unadjusted 30-day mortality in stroke and AMI care. However, the
unadjusted 90-day readmission rate increases for both. For hip replacement surgery, the
unadjusted rate of revisions due to complications increases substantially from 2006 to 2010,
but remains fairly constant thereafter. The risk-adjusted rate of re-interventions, which is only
available after 2010, increases slightly.

To further examine whether patient flows have changed, we plot kernel density
estimates in 2006 and 2014 for our main measure of market concentration HHI (Figure 1). For

stroke, we can identify a clear rightward shift with concentration increasing from 2006 to
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2014. For AMI, the concentration levels remain roughly comparable. Hip replacement surgery

becomes less concentrated. The results are in line with the trends displayed Table 1.

Figure 1: Kernel density estimates for the distribution of HHI, 2006 vs. 2014
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If competition affects outcome quality of care positively, then we would expect the 30-
day SMR to be higher in more concentrated markets. Table 2 presents the average 30-day
SMR for three different categories of concentration, based on the U.S. Department of Justice
horizontal merger guidelines. For stroke, the 30-day SMR is higher (quality is worse) in more
concentrated markets. For AMI, the SMR increases for moderately concentrated markets, but

decreases again for highly concentrated markets. For hip replacement surgery, outcome

quality is highest in moderately concentrated markets and lowest for highly concentrated

markets. Across treatment areas, no clear pattern emerges.
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Table 2: Risk-adjusted outcome indicators in differently concentrated markets, all years

Moderately Highly
concentrated concentrated
(1500 < HHI < 2500)  (HHI<2500)

All Unconcentrated
hospitals  (HHI < 1500)

30-day SMR 1.06 1.05 1.05 1.07
Stroke care
# of obs. 7207 3017 1871 2319
30-day SMR 1.09 1.08 1.11 1.08
AMI care
# of obs. 6843 2801 1503 2539
Hip Rlsk—a(.jjus.ted
replacement complications 1.2 1.2 0.9 1.3
SUBETY 14 of obs. 3236 1439 907 890

Legend: HHI categories based on department of justice definition, all years included in calculation of HHI
groups, count of hospitals in each group displayed

Before presenting our regression results, we also display descriptive statistics for our
regression variables in Table 3. The overview shows outcome quality measures and
competition measures for each treatment area stroke, AMI, and hip replacement as well as
control variables. Risk-adjusted 30-day mortality and unadjusted 90-day readmissions for
stroke and AMI outcomes have a standard deviation that is 25-30% of the mean. The
distribution for risk-adjusted rate of re-interventions and unadjusted rate of revisions due to
complications for hip replacement surgery has a substantially wider spread. The hip
replacement indicators also have a lower number of observations, with the risk-adjusted hip
outcome indicator only with data from 2012 — 2014 and the unadjusted outcome indicator
with less observations since some hospitals exit the sample due to low case volumes and new

data privacy specifications.
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Table 3. Descriptive statistics (Number of observations, mean, standard deviation, minimum, maximum)

Variables Observations Mean SD Min Max
Outcome quality measures

Risk-adjusted 30-day mortality stroke (SMR) 7207 0.71 0.18 0 2.94
90 day readmissions stroke 7207 3.44 0.90 0 5.08
Risk-adjusted 30-day mortality Ami (SMR) 6843 0.72 0.20 0 3.05
90 day readmissions Ami 6843 3.32 0.88 0 5.12
Risk -adjusted rate of re-interventions 3304 0.40 0.72 0 5.66
Revision due to complications 5154 0.87 0.59 0 7.51
Competition measures

Log (number of hospitals stroke) 9977 2.59 0.86 0 4.50
Log (HHI Stroke) 9977 7.45 0.77 5.42 9.21
Log (number of hospitals AMI) 9971 2.53 0.89 0 4.49
Log (HHI_AMI) 9971 7.42 0.81 5.54 9.21
Log (number of hospitals hip replacement) 9883 1.27 0.88 0 3.69
Log (HHI Hip replacement) 9883 7.41 0.76 5.58 9.21
Control variables

Log (stroke case volume) 8048 4.31 1.63 0 8.58
Log (AMI case volume) 7636 4.28 1.51 0 7.72
Log (Hip replacement case volume) 7616 3.90 1.64 0 7.65
Share stroke ICD/all ICD 9920 0.02 0.05 0 1.21
Share AMI ICD/all ICD 9920 0.01 0.01 0 0.57
Share hip replacement ICD/all ICD 9920 0.01 0.03 0 0.57
Log (hospital beds) 9920 5.41 0.76 3.91 8.07
Teaching hospital 9977 0.07 0.66 -3.14 1.52
CMS ICD 9977 0.43 0.49 0 1.00
Private 9977 0.22 0.42 0 1.00
Public 9977 0.35 0.48 0 1.00

Table 4 displays the first set of regression results. For our three treatment areas stroke,
AMI and hip replacement, we regress risk-adjusted outcome quality on the 30 km HHI for the
ICD case volume market shares. The competition effect on outcome quality for stroke and hip
replacement is positive, for AMI the effect is negative; however, all three do not exhibit
statistical significance. Next to our main predictor of interest, the case volumes as well as the
share of patient cases in the analyzed treatment areas relative to the other treatment are
insignificant. The F statistics for all models indicates overall model significance despite the
lack of individual coefficients. The models display low R-squared measures, however, since

fixed effects regressions washout the explanatory effects of the intercepts, they generally
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show a much lower R-squared compared to ordinary least squares models. The results are

compared for regression with 15km and 45 km radius competition variables.

Table 4. Regression results for risk-adjusted outcome quality indicators

M1 M2 M3
Variables (Stroke) (AMI) (Hip)
Log (HHI Stroke) 0.025
(0.01)
Log (HHI AMI) -0.006
(0.02)
Log (HHI hip replacement) 0.096
(0.21)
Log (stroke case volume) 0.006
(0.01)
Log (AMI case volume) 0.000
(0.01)
Log (hip replacement case volume) -0.038
(0.07)
Share stroke ICD/all ICD 0.008
(0.06)
Share AMI ICD/all ICD -0.257
(0.20)
Share hip replacement ICD/all ICD 0.060
(0.66)
Log (hospital beds) -0.048 -0.031 -0.423%*x*
(0.02) (0.00) (0.12)
Teaching hospital 0.004 0.004 -0.045
(0.01) (0.01) (0.11)
Log (CMS ICD) -0.004 0.013 0.370**
(0.01) (0.02) (0.14)
Private -0.015 0.043 0.006
(0.03) (0.04) (0.12)
Public -0.014 0.048 -0.037
(0.03) (0.04) (0.18)
Constant 0.818***  (0,920%** 2.248
(0.20) (0.26) (1.69)
Hospital fixed effects yes yes yes
Time fixed effects yes yes yes
Number of observations 7044 6688 3248
R2-within 0.017 0.022 0.008
R2-between 0.008 0.004 0.031
R2-overalll 0.002 0.000 0.010
BIC -7411.06 -5876.85 5204.88
Intraclass correlation 0.74 0.73 0.47
F-statistic 5.35 7.44 2.12

Note: * p<0.05, ** p<0.01, *** p<0.001; the coefficients for the time effect show high significance in the stroke and AMI
equation (for stroke the coefficient for 2008 is -0.020**, for 2010 -0.030***, for 2012 -0.033***, for 2013 -0.047***, for
2014 -0.064***; for AMI the coefficient for 2008 is 0.017%*, for 2010 0.006, for 2012 -0.027**, for 2013 -0.018*, for 2014 -

0.054**%)
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Table 5. Regression results for unadjusted outcome quality indicators

M4 M5 M6
Variables (stroke) (AMI) (hip)
Log (HHI_Stroke) -0.074
(0.04)
Log (HHI_AMI) -0.022
(0.06)
Log (HHI hip replacement) -0.150
(0.08)
Log (stroke case volume) 0.411%**
(0.06)
Log (AMI case volume) 0.521%**
(0.05)
Log (hip replacement case volume) 0.027
(0.03)
Share stroke ICD/all ICD 0.213
(0.38)
Share AMI ICD/all ICD -1.486
(0.92)
Share hip replacement ICD/all ICD -1.179*
(0.59)
Log (hospital beds) -0.031 0.026 -0.041
(0.10) (0.09) (0.10)
Teaching hospital -0.068* 0.073* -0.032
(0.03) (0.03) (0.05)
Log (CMS ICD) 0.100%**  -0.137***  -0.036
(0.04) (0.04) (0.04)
Private -0.057 0.024 0.137
(0.06) (0.09) (0.09)
Public 0.045 0.078 0.148
(0.04) (0.08) (0.12)
Constant 1.849* 0.322 2.259%*
(0.82) (0.68) (0.85)
Hospital fixed effects yes yes yes
Time fixed effects yes yes yes
Number of observations 7044 6688 4999
R2-within 0.225 0.301 0.048
R2-between 0.695 0.804 0.003
R2-overalll 0.623 0.718 0.017
BIC 1299.89 1493.59 6038.77
Intraclass correlation 0.87 0.76 0.5
F-statistic 16.21 24.06 10.78

Note: * p<0.05, ** p<0.01, *** p<0.001

172



The results for the unadjusted outcome quality indicator regressions are displayed in
Table 5. The coefficients for the competition variables are negative and, as before,
insignificant. In line with other studies, the case volume becomes highly significant with large
positive coefficients (Pross et al.; Pross, Berger et al., 2017). For both 90-day readmission
rates for stroke and for AMI, a one unit increase in case volumes increases the readmission
rate by 40-50%. This might be attributed to the fact that larger hospitals in tendency will care
for a higher share of more complex cases; however, the magnitude of the effect is surprising.
The fact that these outcome indicators are not risk-adjusted reduces robustness of these
results. However, the independence between hospital competition levels and outcome quality
is also confirmed for these non-risk-adjusted indicators.

Regression models M7 —M11 in Table 6 return to the risk-adjusted outcome measures
30-day standardized mortality rate for stroke and AMI and reintervention rate for hip
replacement. Model M7 and M8 include a 2-year lagged competition effect for the data years
2008, 2010, 2012 and 2014. As before, no significant relationship between competition and
quality of care can be detected.

With M9-M11, we implement an instrumental variable approach. We instrument our
main competition measure 30 km HHI with the number of hospital offering the respective
medical service. The signs for the competition coefficients remain as in M1-M3, the effect
size increases; however, the coefficients remain insignificant.

As robustness checks, we also estimate different model specifications with HHI
competition measures based on the district radius 10 and 20 km and 40 and 50 km. The results

are comparable to the results displayed in Table 4-6.
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Table 6. Regression results for unadjusted outcome quality indicators

M7 M8 M9 M10 M11
Variables (stroke) (AMI) (stroke) (AMI) (hip)
Lagged log (HHI Stroke) 0.009
(0.01)
Lagged log (HHI AMI) 0.011
(0.03)
Log (HHI_Stroke) 0.066
(0.03)
Log (HHI_AMI) -0.030
(0.05)
Log (HHI hip replacement) -0.168
(4.32)
Log (stroke case volume) 0.021 -0.003
(0.01) (0.01)
Log (AMI case volume) -0.004 -0.006
(0.01) (0.01)
Log (hip replacement case volume) -0.043
(0.01)
Share stroke ICD/all ICD -0.170 -0.008
(0.21) (0.09)
Share AMI ICD/all ICD -0.061 -0.065
(0.46) (0.20)
Share hip replacement ICD/all ICD 0.328
(6.38)
Log (hospital beds) -
-0.054 -0.054 -0.035 -0.030 0.420%**
(0.03) (0.04) (0.03) (0.03) (0.03)
Teaching hospital -0.000 0.010 -0.021 -0.014 -0.037
(0.02) (0.02) (0.01) (0.01) (0.18)
log (CMS ICD) -0.012 -0.016 -0.001 0.011 0.377*
(0.02) (0.02) (0.02) (0.02) (0.17)
Private -0.010 0.095* -0.044 0.023 0.022
(0.03) (0.05) (0.03) (0.04) (0.29)
Public -0.046 0.048 -0.021 0.043 -0.033
(0.03) (0.04) (0.03) (0.03) (0.20)
Constant 0.899*** 0.953%*
(0.22) (0.33)
Hospital fixed effects yes yes yes yes yes
Time fixed effects yes yes yes yes yes
Number of observations 4619 4398 6935 6580 3203
R2-within 0.016 0.037
R2-between 0.000 0.018
R2-overalll 0.000 0.001
BIC -5288.84 -4413.31 -7130.99 -5700.73 5156.97
Intraclass correlation 0.75 0.75
F-statistic 3.82 8.75 1.97 5.44 1.75

Note: * p<0.05, ** p<0.01, *** p<0.001
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5. Discussion

From the multivariate fixed-effect as well instrumental variable-enhanced fixed-effect
analyses, we found no significant relationship between market competition measures and
outcome quality for the treatment areas stroke, AMI and hip replacement. Because we
suspected that changes to the market structure might affect quality only after some time, we
also tested a model with lagged competition variables, but the coefficients were similarly
insignificant. To ensure causal robustness, we also instrumented the competition effect via
number of hospitals that offer the respective medical service; however, the results remain
insignificant.

While several previous studies have found significant positive effects of competition on
quality, many other studies have also found mixed effects for different indicators in the same
treatment areas (mortality vs. readmission) (Palangkaraya and Yong, 2013), no effect of
competition on quality of care (Ho and Hamilton, 2000; Maeda and Lo Sasso, 2012) or even a
significant negative effect of competition on quality of care (Propper et al., 2004). Our results
are thus in line with the mixed and contested literature (Goddard, 2015). Furthermore, based
on somewhat altruistic providers and a general cost structure, Brekke et al. (2011) provide a
theoretical underpinning for the empirically mixed effects.

5.1. Factors limiting hospital competition on quality in Germany

The apparently non-existent empirical relationship between competition and quality of
care can also be explained by several important structural limitations on quality of care
competition in Germany. Despite increased public reporting efforts in Germany over the past
years, hospital competition on quality might still be constrained by a lack of a general
awareness on quality differences between providers (Langner et al., 2016) and limited
meaningful and actionable information on quality of care. Current quality of care transparency
has a two-year lag which obscures the quality signal substantially (Pross, Geissler, Busse,

2017a). Furthermore, current public reporting via portals such as Weisse Liste.de might be
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ineffective in guiding patients to high quality hospitals. The number of users is still relative
small, the abortion rate (without seeing hospital quality information) is almost 50%, and the
usage of the benchmarking function is negligible (Pross, Averdunk et al., 2017). A large share
of patients is also not aware of information availabilities (Langner et al., 2016). More
generally, research has shown that many patients still do not actively choose their hospital,
rather they just go to their local hospital or the one they previously attended, even for a totally
different and unrelated condition (Victoor et al., 2012). Patients hospital choice is also heavily
influenced by guidance from their outpatient physicians. However, general practioners as well
specialists often question usefulness and credibility of public reporting data and their usage of
public reporting information (Hermeling and Geraedts, 2013; Pross, Averdunk et al., 2017;
Schneider and Epstein, 1996). Public reporting, which is supposed to make quality of care
transparent to stimulate quality competition, has not had the impact many have hoped or still
expect (Kumpunen et al., 2014).

In Germany, quality competition is further limited by the collective reimbursement, in
which payers have to reimburse hospitals independent of the quality of the health care
provided (GKV Spitzenverband, 2014). Selective reimbursement contracts between payers
and providers have only recently emerged as a possible mechanism to increase quality
competition (AOK Hessen, 2016; BT-Drs. 18/5372, 2015). When selective contracting
increased in the US, many hospitals merged to increase their bargaining power. Between
1997-2006, the HHI increases by 1,000 points or more in 39 metropolitan areas (Pauly et al.,
2012) Part of this competitive pressure, triggered via selective contracting, was channeled into
competition on quality of care (Chou et al., 2014; Kessler and Geppert, 2005; Kessler and
McClellan, 2000).

Provider competition and patient choice of hospitals might occur on other quality of
care dimensions, which we cannot capture with the available hospital data. Patients choose

hospitals that improve their self-reported health. Quality as measured by readmission and
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mortality rates is less important for patients (Gutacker et al., 2016). Patient experiences, e.g.,
captured via the Patient Experience Questionnaire (PEQ) are another dimension, which might
actually be affected by provider competition.

Furthermore, the discrete nature of hospital market boundaries used in this paper
assumes that providers are either fully inside or completely outside of the relevant geographic
market. This leads to measurement error in geographic markets and the associated
competition measure, which in turn can bias the estimated effect of competition toward zero
(Kessler and McClellan, 2000).

Lastly, the trade-off between centralization and competition between providers needs to
be taken into account. The literature shows a robust positive effect of concentration on quality
of care, especially when patient volumes increase from a lower to a medium-high level
(Birkmeyer et al., 2002; Hannan et al., 2005; Hernandez-Boussard et al., 2012). At larger
volumes, the effect is often more ambiguous and might be counterweight by reduced quality
of care competition at very high levels of competition. Care concentration in high volume,
high experience centers necessarily implies even lower volumes or no service offering in
hospitals with originally smaller volumes and experience. The threshold at which point higher
care concentration might actually have a negative impact on quality of care competition is
unclear and needs to be examined more closely. Going forward the benefits of specialization
and centralization of care need to be weighted by the benefits of patient choice and
competition between providers.

In light of these concerns, the German competition authority the Bundeskartellamt
(BKartA — Federal Cartel Office) has recently launched an investigation into the hospital
sector to examine competitive conditions and provide a fact base for the many ongoing and
expected hospital merger control proceedings (Bundeskartellamt, 2016). The examination

focuses in particular on quality competition between hospitals, how patients choose hospitals
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and hospitals” capabilities to respond to market changes within the constrain of state hospital

planning and several other regulations, such as the social law (Bundeskartellamt, 2016).

5.2. Limitations

The degree of market concentration might be inaccurately measured due to two
concerns. On the one hand, as mentioned above, we employ a fixed radius methodology to
calculate market shares due to lack of patient level data. For some hospitals, this will lead to
an overestimation of the market size and thus incorrectly low market shares while other
hospitals will draw from an even larger market, especially for elective medical conditions
such as hip replacement. In fact, the relevant market might differ by condition and region, so
using patient data and choice models for market definition and competition levels will likely
lead to more accurate market sizes (Zwanziger et al., 1994). On the other hand, two hospitals
in one market might owned by the same entity, which we do not control for as we measure
competition at the single hospital or hospital site level and not the ownership group level. Not
taking into account system membership may potential underestimate the level of market
concentration (Hentschker et al., 2014). This is currently being addressed via standardization
of the ownership information across years in the underlying database.

Furthermore, we employ a fixed-effect framework that allows us to indirectly control
for hospital characteristics for which we do not have data, such as hospital management
sophistication and hospital organization culture. However, due to the annual measures of
outcome rates in the panel dataset, we also have to content with the higher noise associated
with annual measures (Propper et al., 2004). This might contribute to the strongly
insignificant results.

Lastly, financial hospital data, at an overall level or at a medical condition level, is not
available in standardized fashion, so the effect of investment capacity or profitability cannot
be accounted for. Since more than a third of Germany operate at negative margins (Augurzky

et al., 2016), the theoretical precondition that medical service for additional patients has
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positive contribution margin might not hold for all hospitals and cannot be controlled for due

to the lack of data availability.

6. Conclusion

We have examined the impact of competition on the quality of care in three different
medical conditions: stroke AMI as an emergency conditions and hip replacement as an
elective procedure. We find no evidence that hospital competition has an effect on quality, not
for the emergency treatment areas stroke and AMI nor for the elective procedure hip
replacement. In line with inconclusive results in some studies and the mixed evidence in the
literature, this study cannot confirm the often-intuitive positive relationship between provider
competition and quality of care.

The theoretical considerations have shown that an important prerequisite for a positive
effect of competition on quality is patients’ awareness for the outcome differences between
hospitals, their willingness to act on this information and thus ‘vote with their feet’ by
choosing high quality hospitals. However, despite ongoing public reporting efforts and mixed
evidence, this mechanism appears still rather weak in Germany.

Studies in the UK have benefited from a quasi-natural experiment due to policy
changes and the streamlined regulatory structure of the NHS to examine how differences in
competition over time and space affect quality before and after quality of care is made public.
In Germany, the publication of hospital report cards in mid-2008 might provide a similar
opportunity. Exploiting this, additional research shall employ propensity score matching and a
difference-in-difference model to examine how outcome quality of care has evolved in
hospitals in competitive districts and concentrated districts, ceterius paribus. In conjunction
with the difference-in-difference approach, a nation-wide patient data for the relevant
treatment areas and associated patient choice models can help to overcome the limitations of

fixed effect radius approach.
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Kapitel 7: Qualitat und Ressourceneffizienz im Krankenhaus

Christoph Pross, Christoph Strumann, Alexander Geissler, Helmut Herwartz, Nadja Klein

Preprint, zur Begutachtung bei Management Science als: Pross C, Strumann C, Geissler A,
Herwartz H, Klein N. Quality and Resource Efficiency in Hospital Service Provision: A

Geoadditive Stochastic Frontier Analysis of Stroke Quality of Care in Germany

Hintergrund: Zunehmender Kostendruck im Krankenhaus fiihrt zu einem Zielkonflikt
zwischen moglichst optimaler Behandlungsqualitit und Kostenreduktion. Daher sorgen sich
Experten und Patienten um die Behandlungsqualitdt im Krankenhaus. Dennoch haben die
meisten Studien zu technischer Krankenhauseffizienz die Qualitit bisher ausgeklammert, weil
umfangreiche und vergleichbare Qualitidtsdaten nicht oder nur schwer verfiigbar waren.
Effizienzstudien mit Behandlungsqualitit als Parameter haben widerspriichliche Ergebnisse
geliefert. Zusidtzlich werden rdumliche Interaktionen in den Krankenhauseffizienzstudien
bisher unzureichend betrachtet, obwohl die Krankenhauseffizienz abhingig von Interaktionen
mit rdumlichen Einfliissen wie Wettbewerb mit anderen Krankenhdusern, der ambulanten
Versorgung und demografischen Faktoren ist.

Ziele: Auf Grundlage des stochastischen Effizienzgrenzansatzes und standardisierter
Ergebnisindikatoren wird eine Methodik entwickelt, mit der die qualititsadjustierte technische
Effizienz und relevante Einflussfaktoren geschitzt werden konnen. Mit Hilfe dieser neuen
Methodik untersucht die Arbeit Effizienz in der Schlaganfallversorgung in Bezug auf
Behandlungsqualitdt und Ressourceneinsatz und evaluiert Struktur- und Raumfaktoren, die
diese Effizienz beeinflussen. Auf Basis der empirischen Ergebnisse werden Empfehlungen zur

Besserung der Effizienz und Qualitit in der Schlaganfallversorgung ausgesprochen.
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Methodik: Die Arbeit nutzt einen Paneldatensatz mit Strukturdaten auf Krankenhaus- und
Fachabteilungsebene (G-BA), standardisierte Ergebnisindikatoren zu Mortalitdit und
Wiedereinlieferung bei Schlaganfall (AOK), DSG Stroke Unit Zertifizierungsdaten und
soziookonomische Daten aus der INKAR Datenbank. Der verfligbare Datenzeitraum reicht von
2006 bis 2013. Die Datenelemente sind verkniipft tiber standardisierte Institutskennzeichen und
Adressdaten der Krankenhduser. Es wird eine Produktionsfunktion mit risikoadjustiertem
Patientenvolumen als  Output, Qualititsfaktoren  (realisierte  Sterbefille  und
Wiedereinlieferungen) und Ressourcen (Personaleinsatz von Arzt- und Pflegepersonal) als zu
minimierende Inputs und Struktur- und Raumfaktoren als Determinanten der Ineffizienz
geschitzt. EffizienzverbesserungsmaBinahmen werden durch Gréfe und Richtung der
marginalen Effekte der Strukturfaktoren auf die Ineffizienz identifiziert.

Ergebnisse: Die Ergebnisse zeigen ein klassisches Trade-off zwischen Behandlungsqualitét
und Ressourceneinsatz, da Krankenhduser mit hoher Behandlungsqualitdt gleichzeitig einen
hohen Ressourceneinsatz vorweisen. Raumliche Faktoren haben einen signifikanten Einfluss
auf die Schitzer. Mit einem durchschnittlichen Effizienzlevel von 0.73 gibt es ein hohes
Effizienzsteigerungspotential, =~ welches  sowohl = durch  die = Reduktion  der
Schlaganfallsterblichkeit als auch durch Ressourceneinsparungen erreicht werden kann.
Insgesamt konnte bei Erreichung der Effizienzgrenze die Schlaganfallsterblichkeit um 2 630
Sterbefdlle und Wiedereinlieferung um 2 951 Fille reduziert werden. Wichtige
effizienzsteigernde Faktoren sind der Aufbau einer SU, eine SU Zertifizierung, die regionale
Zentralisierung der Behandlung und organisatorische Zentralisierung der Behandlung innerhalb
eines Krankenhauses. Die Methodik kann zur Identifikation von Best Practice Krankenhdusern
und fiir die qualititsadjustierte Effizienzschitzung in anderen Leistungsbereichen eingesetzt

werden.
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We specify a Bayesian geoadditive SFA model to assess hospital performance along the
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servations and data from 2006 to 2013 and risk-adjusted patient volume as output, we introduce
a production function that captures quality, resource inputs, hospital inefficiency determinants
and spatial patterns of inefficiencies. We identify performance improvement mechanisms by
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1 Introduction

Most OECD countries are characterized by a steady increase of hospital expenditures,
which account for a substantial and increasing share of overall health care costs (Street
et al., 2014; Martin et al., 2014; OECD, 2015; Levit et al., 2002). Reforms have been
implemented to induce cost containment in the hospital sector, e.g., the introduction
of activity-based hospital budgets (Piacenza et al., 2010). Increasing cost pressures
have triggered concerns that hospitals face a trade-off between quantity of patients
treated and service quality (Grieco and McDevitt, 2016; Wu and Shen, 2014; Pauly,
2011; Picone et al., 2003). As a consequence, the importance of hospital quality in
policy-making and research is increasing. Hospitals have to optimize the relation-
ship between cost and quality in order to provide high quality services using as few

resources as possible.

Both cost and quality of health care have been shown to vary widely among
countries, regions, and providers (Chung et al., 2015; Fonarow et al., 2011; Ghaferi
et al., 2009; Fisher et al., 2003; Hakkinen et al., 2015; Peltola et al., 2015), suggesting
an enormous potential for quality improvements and cost reductions. However, the
importance of service quality has not been fully reflected in the hospital efficiency
literature (McGlynn et al., 2008). Due to the lack of appropriate measures to incor-
porate quality in efficiency analysis (Hussey et al., 2009), and difficulties in hospital
quality measurement itself (Lazar et al., 2013), models of hospital efficiency have
rather focused on ad-hoc output measures such as patient and procedure volumes.
The most important hospital production component, quality of care, has often been

neglected (O’Neill et al., 2008; Hollingsworth, 2008).

In a seminal paper, Zuckerman et al. (1994) apply Stochastic Frontier Analysis
(SFA) to estimate a multi-product cost function. To account for outcome quality
differences and distinct patient populations, they include quality metrics as output
variables, including a case-mix index (CMI) and 30-day risk-adjusted mortality. Their
results emphasize the sensitivity of efficiency estimates with regard to the inclusion
of quality measures. Mutter et al. (2008) highlight the non-trivial impact of including
outcome quality measures or patient burdens of illness on efficiency estimates and
hospital rankings. Based on cross-sectional regressions, Deily and McKay (2006) find

higher cost inefficiency associated with a higher mortality rate in Florida hospitals,
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but in a separate study they fail to detect an association between cost inefficiency
and care outcomes (McKay and Deily, 2008). The authors explain these contradictory
results with regional differences in the relationship between hospital quality and cost
inefficiency. In summary, most approaches to include quality into hospital efficiency
estimations are restricted to stylized Data Envelopment Analysis (DEA) models and
obtain inconclusive results (Nayar et al., 2013; Clement et al., 2008; Hollingsworth,
2008; Jha et al., 2009). As a consequence, little of the hospital efficiency research has
been translated into policy or service delivery (Hollingsworth, 2012; Hollingsworth

and Street, 2006).

The existing studies are often limited to cross-sectional data, hospital samples are
restricted regionally or to a single ownership group. Quality indicators are not always
risk-adjusted, and rarely include extended time-frames after hospital discharge. Like-
wise, outcome quality is often examined for the entire hospital or jointly for several
medical conditions, which is problematic given condition-specific risk and resource
profiles (Bradford et al., 2001). Furthermore, the existing literature has rarely ac-
counted for spatial patterns of hospital performance, which have been detected, e.g.,
for Germany (Felder and Tauchmann, 2013; Herwartz and Strumann, 2012) or for
England (Bloom et al., 2015; Gravelle et al., 2014). Neglecting common performance
patterns of hospitals in the same or neighboring regions might induce systematic bi-
ases to inefficiency scores and estimated effects of their determinants, if quality varies
not only between providers but across regions (Reistetter et al., 2015; Bechtold et al.,

2015; Bech and Lauridsen, 2008).

In this study, we investigate the determinants of hospital performance and incor-
porate both performance dimensions: the efficient use of resources and the quality
of care for a specific medical indication. Our aim is to identify the effects of care
specialization, service line certification and treatment concentration on the efficiency
of care provision for a hospital’s risk-adjusted patient pool. As production output,
we propose a risk-adjusted and medical condition-specific measure of hospital patient
volume. This modification reduces the risk that unmeasured differences in hospital
outputs affect estimated efficiencies. In contrast to Zuckerman et al. (1994), we do
not further adjust the output term by quality, but rather include realized outcome
quality as inputs. Holding the output term constant, hospitals are encouraged to

minimize poor quality (mortality and readmissions) and staff levels (physicians and

190



nurses) in order to treat patients efficiently. Thus, we propose a more comprehensive
notion of (risk-adjusted) hospital performance that includes both quality of care and
resource efficiency. Moreover, technical efficiency is captured at the medical condition
and medical department as the relevant levels of analysis (Porter and Teisberg, 2006).

At the same time, we take correlated spatial patterns among hospitals into account.

We focus our analysis on the acute care for stroke patients, which is characterized
by high variation of quality of care (Wiedmann et al., 2015; Reistetter et al., 2014).
Quality of care in stroke treatment is especially relevant for survival, disability, and
long term cost of care. Stroke is a leading cause of disability, morbidity, and mortality
in both developed and developing countries, with 6.7 million deaths globally each year
due to stroke (WHO, 2014). Due to demographic changes and high costs of treatment,
follow-up, and rehabilitation, stroke care poses a major challenge to all health care
systems. At the same time, advances in stroke care promise improvements in care
outcome quality (Stroke Unit Trialists’ Collaboration, 2013; Donnan et al., 2008;
Saposnik et al., 2008), and associated reductions in long term cost of care (Kalanithi
et al., 2014). Hospitals adopt these care improvements to different degrees, which

creates performance differentials between care providers.

For the empirical implementation, we join an information rich unbalanced panel
data set for the time period 2006 to 2013 with a newly proposed, Bayesian geoadditive
SFA model. The data set includes structural and quality metrics at the hospital
and medical department level, with a focus on standardized stroke mortality (SMR)
and readmissions, as well as the structural determinants of stroke outcomes, such as
stroke unit capacities and certification. In comparison with previous DEA analyses,
flexible SFA models have an important advantage. SFA addresses the concerns that
DEA models quantify all departures from the best practice frontier as inefficiencies,
including those caused by random events and measurement errors (Newhouse, 1994).
This might lead to an overestimation of inefficiency (Rosko and Mutter, 2011). For the
modelling of hospital efficiency including quality of care metrics, random events and
measurement errors are of particular concern. The Bayesian SFA approach allows
a distinguished analysis of individual heterogeneity and observable characteristics
of inefficiency, while accounting for space dependent patterns of local performance
by including geoadditive predictors of technical inefficiencies. Based on estimated

efficiency scores we determine slack resources and estimate the saving potential in
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terms of quality improvements (saved deaths and readmissions) and staff reallocations

if stroke care is provided efficiently.

2 Data and methods

2.1 Data

The empirical approach is based on an unbalanced panel data set, which combines
four distinct data sources and comprises annual observations from 2006 until 2013 for
more than 1,100 stroke treating German acute care hospitals. The panel data set is
unique in time coverage, number of hospitals included, and scope of variables at the

medical department, hospital and regional level.

As a first data source, we process structural hospital and medical department data
(e.g., ownership, number of beds, disease and procedural case volumes) from publicly
available hospital report cards.! Resource inputs (physician and nurse staff levels)
are aggregated from the relevant medical departments and weighted by the share of
stroke patients treated in each department. This provides a more exact measurement

of the resource inputs at the relevant unit of analysis.

As a second data source, we integrate stroke outcome quality, such as the risk-
adjusted 30-day mortality ratio and 30-day readmissions, as well as stroke case vol-
umes, computed by the hospital report card initiative Quality Assurance with Routine
Data (QSR). The QSR scheme is operated by the largest German sickness fund the
AOK (Allgemeine Ortskrankenkasse), and employs administrative in- and outpatient
data of AOK insured patients. The outcome quality measures cover three different
stroke types: Intracerebral hemorrhage (ICD Code 161, 12% of all cases in Germany
in 2014), Ischemic stroke (163, 86%) and Stroke not specified as hemorrhage or is-
chemic stroke (164, 2%). The AOK uses its administrative patient data to calculate
risk-adjusted outcome rates for each hospital. The data enables detailed annual risk-
adjustments by means of logistic regressions that include patient-specific risk-factors
such as age, gender, and co-morbidities (diabetes, hypertension, etc.) (WIdO, 2015).
The indicators cover a 30-day time period after hospital discharge, which is important

for a more comprehensive quality of care assessment.

'The report cards are part of the mandatory external quality monitoring system operated by the
executive authority in the German health care system, the Federal Joint Committee (Gemeinsamer
Bundesausschuss, G-BA).
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As a third data source, we integrate stroke unit information from the German
Stroke Society (Deutsche Schlaganfall Gesellschaft, DSG). The data covers, inter
alia, information on which hospitals operate DSG-certified stroke units and the time
period of certification. The DSG stroke unit certificate stipulates an integrated, co-
located, and high resource stroke care model that takes into account evidence-based
care guidelines (DSG, 2015), which in many dimensions go beyond the average (non-
certified) stroke unit infrastructure. As documented in Table 1, for 2013 the data set
includes 219 hospitals with DSG-certified stroke units (with on average 619 stroke
patients), 235 hospitals with a non DSG-certified stroke unit (340 stroke patients),
and 937 hospitals without a stroke unit (64 stroke patients).

Lastly, we integrate regional district-level data on number of general practice
physicians and economic indicators from the INKAR database hosted by the Federal
Institute for Research on Building, Urban Affairs, and Spatial Development.

msert Table 1 about here

2.2 Stochastic frontier modelling of quality and efficiency

We operationalize the theoretical framework specified in Appendix A via an input-
oriented stroke quality production function. For the output, we utilize the vol-

ume of stroke patients adjusted for their risk-profiles, which is computed by

RisAdjPatVoly = ExpMor;/ObsMorRate;, where ExpMory is the expected 30-

day stroke mortality for hospital i at time ¢ (calculated by the QSR initiative based

on patient risk profiles and patient volumes (WIdO, 2015)) and ObsMor Rate; is the

hospital average annual 30-day observed mortality rate at time ¢.

We specify two distinct types of input variables. First, the 30-day observed mor-
tality (ObsMor;) and the number of readmitted patients after 30 days (ObsReadm;)
serve as measures of quality of care. Second, to account for resource use, we include
the number of (full-time equivalent) physicians (Phys;;) and nurses (Nurs;) as input
variables.

Relying on a Cobb-Douglas production function, we follow Battese (1997) to cor-
rect for zero input values, i.e., the optimal level of realized quality - no deaths or
readmissions - by including two dummy variables (D"M°) and (DZbsfeadm) in the

production function. The variables take on the value of 1 when observed mortality
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or readmission are zero, respectively.? The empirical production function reads as

log(RisAdjPatVoly) = [o+ p1DIPMor 4 g, DQbsheadm (1)
+53log(ObsMor?,) + B4 log(ObsReadm?,)
+05 log(Physi) + Belog(Nurs;)

+A¢ + vy — Uy exp {77@(:)} ,

where Df = 1 if ky = 0, DF = 0 if ky > 0 and k}, = max(ky, DE)

with k& € {ObsMor, ObsReadm}. Year effects are included as A, for ¢t =

{2008, 2010, 2012, 2013}, with 2006 providing the reference year. We specify the in-

efficiency term () in (1) as

ni(f) = fspar(dist;) + 7 + 01 Specy (2)

+0o M SStrDisy + d3NumStrHospDisy + 04 log( PatShaStroke;;)
+d5MedDepCong + 06SUCertyy + 67.SUnonCert;; + 0sGPsPerDis;
+d9 log(HosBed;t) + 010 PrivHos; + 611 NonProf Hosy + d19Teach;,

+513UniHosit + (5145]1@]61“ + (5155[1@[64# + 516DiagC'onit,

where the variables governing hospital inefficiency (m(tu )) allow a classification into six

groups: specialization, certification, centralization, outpatient care, spatial structure
and other control variables. Similar to the production function we also model year

effects for the inefficiencies with 7;.

Stroke specialization We include a hospital-level stroke specialization measure
in form of the stroke patient share of all inpatient cases treated annually in a hospital
(PatShaStroke;). With a relatively high stroke patient share, stroke treatment
process and investment requirements have increased priority for the hospital and
its staff. Likewise, staff is more experienced in and focused on stroke treatment.

More importantly, we consider the existence of a stroke unit as a specific struc-
tural measure of specialization. In stroke units, care is provided by an interdisciplinary

team of experts, including neurologists, cardiologists, radiologists and neuro- and vas-

2This procedure allows us to preserve a substantial proportion of sample observations with an
optimal level of quality, i.e., zero values for one or both of the variables ObsMor;; and ObsReadm;.
Neglecting these observations might result in seriously biased estimators of the parameters of the
production function (Battese, 1997).
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cular surgeons. These experts are co-located in a specialized site with 24 /7 availability
and dedicated stroke diagnostic equipment such as CT scanners. These infrastructure
and procedural conditions allow accurate and early diagnosis of type and extend of
stroke as well as rapid and appropriate treatment of the different stroke types hem-
morrhage (I61) and ischemic stroke (163). The Stroke Unit Trialists’ Collaboration
(2013) found consistent evidence that more organized stroke care is associated with
improved outcome quality, especially in seperate stroke units with dedicated staff and
facilities. We capture stroke unit specialization through the variable SUnonCert;,
which marks hospitals that perform 10 or more complex stroke procedures (OPS codes
8-891 and 8-89b?)) in a stroke unit annually Nimptsch and Mansky (2014), but have

not received a special stroke service line certification.

Certification Hospital certificates confirm the compliance with general struc-
tural, process, and quality management standards or specific treatment guidelines
set by medical specialty associations. To get approved, hospitals have to reach those
higher-than-normal standards and fix systematic problems, which is supposed to re-
sult in better and more efficient inpatient care. However, empirical evaluations of the
benefits of certification have shown inconclusive results with regard to improvements
of patient safety and quality of care (Brubakk et al., 2015; Mumford et al., 2013;
Nimptsch and Mansky, 2012; Lichtman et al., 2011). In our empirical model, the
stroke unit variable C'ertSU;; differentiates hospitals that have received a stroke unit

certification from the German Stroke Society (DSG) from other hospitals.

Centralization Centralization of service provision has been demonstrated to
improve outcome quality and reduce costs (Prabhakaran et al., 2013; Morris et al.,
2014; Eastaugh, 2001; CIHI, 2005). In particular, centralization can lead to a more op-
timal regional care model based on economic considerations, patient needs, and qual-
ity of care. However, political resistance often hinder centralization of care (Turner
et al., 2016). In this study, we distinguish inter- and intra-hospital centralization.
The former is quantified at the district level via hospital market shares for stroke
patients (M SStrDis;), as well as the number of hospitals in one district treating
stroke patients (NumsStrHospDis;). The latter is included in form of a Herfindahl

Hirschman Index (HHI) of the medical department stroke patient shares within one

30PS is the official German classification system for operations, procedures, and general medical
activities, based on the International Classification of Procedures in Medicine from the World Health
Organization.
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hospital (MedDepCony).

Outpatient care General practitioners (GPs) and specialists in outpatient care
monitor stroke risk factors, such as obesity, high blood pressure, and diabetes. GPs
also provide the continuum of care after hospital discharge, in particular post-hospital
observation and recovery from in-hospital conditions. GP density and continutiy of
care can thus positively affect inpatient outcome quality if outpatient care is readily
available in the hospital district (Barker et al., 2017; Bayliss et al., 2015; Cheng et al.,
2010; Gill and Mainous, 1998).

Underlying spatial structures Several studies find that quality of care varies
across regions (Reistetter et al., 2015; Bechtold et al., 2015). Moreover, as shown
by Herwartz and Strumann (2012), spatial clusters characterize German hospital
performance, and Gravelle et al. (2014) find similar effects for England. Ignor-
ing this form of dependence cannot only affect estimation accuracy, but might also
induce systematic biases to inefficiency scores and estimated effects of their deter-
minants (Anselin, 1988). Moreover, if spatial clusters exist for both the dependent
and explanatory variables, estimated relationships might appear stronger than they
actually are (Bech and Lauridsen, 2008). Due to the difficult definition of a hospital
market, we consider two rival spatial structures to ensure robustness of the empirical
findings. On the one hand, we rely on the districts to define a hospitals’ region and,
on the other hand, on a broader classification based on the NUTS2? level. However,
these artificial market boundaries cannot be assumed to reflect the true hospital mar-
kets, which might have an overlapping structure, e.g., due to patient flows. To capture
both, correlated (overlapping) structures between the regions and region-specific ef-
fects, we separate the geoadditive effects in a structured part assigning a Markov
random field prior, and an unstructured effect with identically distributed Gaussian
prior (see also Section 2 for details). Moreover, through both effects, we are able to

account for regional differences in health status and behaviour.

Control variables The empirical model also includes control variables common
in the empirical hospital literature, such as hospital size measured through the number

of hospital beds (HosBed;;), ownership type (PrivHos; and NonProfHos;), uni-

4The Nomenclature of Units for Territorial Statistics (NUTS) is a geocode standard for referencing
the subdivisions of countries for statistical purposes developed and maintained by the European
Union.
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versity hospital (UniHos; ), teaching status (Teach;) and general, hospital-level spe-
cialization (Spec;;). While other studies include hospital beds as production inputs,
we treat beds as an exogenous efficiency influence for two reasons. First, in Germany
the number of hospital beds for each medical speciality is fixed through state-level
hospital plans in the short- and mid-term (Geissler et al., 2011). Second, the total
number of hospital beds, which aggregates number of beds in the different medical
departments, does not characterize information pertinent to the actual medical de-
partments that treat stroke patients. We control for overall hospital-level specializa-
tion, as specialized hospitals and medical departments can respond more rapidly and
comprehensively to unanticipated and rare treatment complications. Specifically, we
employ the Lindlbauer and Schreyogg (2014) specialization measure, which captures
specialization by treatment area depending on volume thresholds, i.e., the average
number of patients treated nationally (or 80% of the hospital’s patients) in a specific
diagnostic category (Spec;;). Furthermore, the particualar stroke types are associ-
ated with different resource requirements and distinctive survival and complication
risks (Andersen et al., 2009; Lim and Cheon, 2015). To account for this, we include
the composition of stroke patients for each hospital, which is approximated by the
share of hemorrhage stroke relative to ischemic stroke (sh — I61; and sh — 164;), as
well as the distribution of the 3 types (DiagCon;). Lastly, we control for the number
of thrombectomies conducted in each hospital (ShaT RHOM By;) to take into account
high resource requirements, better treatment outcomes and more severe stroke cases

associated with thrombectomy treatments (Bing et al., 2013; Minnerup et al., 2016).

msert Table 2 about here

3 Results

In this section, we discuss our results in five steps. First, in order to base the empirical
analysis on the appropriate model, we evaluate various model specifications, which
differ with regard to the inclusion of unobservable heterogeneity. Second, we display
parameters describing the variation in the quality-expanded notion of hospital per-
formance. The findings are checked for robustness against alternative performance
definitions by excluding some input variables. Third, we analyze spatial patterns
of inefficiencies in care provision when controlling for unobservable local conditions
of hospital efficiency. Fourth, based on estimated efficiency scores and respective
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marginal effects of the underlying explanatory variables, we quantify slack resources
and the associated potential for quality improvements or resource reductions as effi-

ciency improvements. Lastly, we subject our results to a series of robustness checks.

In all models, we employ a total of 120,000 MCMUC iterations. To reduce autocor-
relations, we delete the first 20,000 iterations (burn-in) and store each 100th iterate
(thinning). We check convergence of the chains graphically in terms of the sampling
paths and autocorrelation plots. To ensure numerical stability, we center the output
and input variables by subtracting their means. For the discussion of empirical re-
sults, we regard particular effects to be significant if a certain posterior credibility
interval does not contain zero effects. The models were estimated in the open source
software BayesX (Belitz et al., 2015), where an implementation of the geoadditive

SFA models is provided.

3.1 Model selection

The diagnostic results of alternative models are displayed in Table 3. Starting with
hospital individual effects, we extend the model by random effects varying on a re-
gional level to take unobservable local conditions into account. Germany comprises
438 districts or 38 NUTS2 regions for which we allow spatial dependence patterns of
technical inefficiencies. While each NUTS2 region hosts at least one hospital, the sam-
ple comprises hospitals which are located in 415 of the 438 districts. In consequence,
for the specified spatial effects, the random Markov field (structured spatial pattern)
obtains effects for all districts, while unstructured (random) spatial contributions are

only determined for districts that host at least one hospital.

To assess model fit, we use the deviance information criterion (DIC, Spiegelhalter
et al., 2002). The DIC of the model neglecting any spatial dependence (Model 1)
exceeds the DIC of rival models. The specification of region-specific random effects
to explain variations in inefficiency improves model accuracy substantially. This result
indicates the presence of regional patterns in hospital performance. In general, the
district level (Models 2 - 4) is more appropriate to account for these unobservable
local conditions than the broader NUTS2 level (Models 5 - 7). The specification
of both, a structural and a non-structural spatial random effect at the district level,
achieves the best model fit (i.e., the lowest DIC). This is also confirmed in terms of the

Watanabe-Akaike information criterion (WAIC, Watanabe, 2010). As a consequence,
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the following discussion of the results is mainly based on Model 2.

msert Table 3 about here

3.2 Estimated parameters

Table 4 provides estimated parameters of the best fitting quality-and-resource Model
2 along with the results for two models with alternative input specifications concen-
trating each only on one performance dimension, the quality-only Model 8 or the
resource-only Model 9. On the left hand side of Table 4, we show the estimated co-
efficients for the production function and the model fit results for the three different
models. On the right hand side, we show the estimated coefficient for the inefficiency
terms. In order to analyze potential trade-offs between outcome quality and staff re-
sources, we include the input variables as explanatory variables describing variations
of inefficiencies when they are not incorporated in the production function. We also
display effects (standardized coefficients) resulting from an estimation based on stan-
dardized output and respective input variables (zero mean, unit variance) to facilitate

a comparison of their relative importance.

Production function Across all model specifications, the estimated output
elasticities of the (non-zero) input variables are positive and significant. The coef-
ficients of the dummy variables identifying zero input observations are significantly
negative. These estimates can be interpreted as the mean number of risk-adjusted
stroke patients, i.e., 0.7 (= exp(—0.329)) or 0.8 (= exp(—0.186)), if the observed
mortality or readmission is zero, respectively. The negative year effects relative to
the base year 2006 decrease over time until 2012 and, thus, represent a trend towards
quality improvements, explained through medical technology progress and improved
evidence-based guidelines for care provision. Standardized output elasticities of both
resource variables (physician and nurse staff levels) are smaller than the elasticities
of the quality indicators. The higher proportionality between the output term (risk-
adjusted patient volume, based on the expected 30-day mortality) and the quality
input terms (observed 30-day mortality and readmissions) might serve as an expla-
nation here. The standardized effect of the physician staff level is stronger than
that of nurse staff levels, since physicians are critical for care provision and outcomes

by making the crucial diagnostic and treatment decisions. The output elasticity of

12
199



observed mortality is about 44% higher than that of 30-day readmissions. Relative
to readmissions, observed mortality has a higher proportionality with risk-adjusted

patient volume, which is calculated based on each hospitals expected mortality.

Effects on hospital performance The estimated inefficiency effects for the
different models offer some evidence for a trade-off between quality improvement and
resource reduction. For instance, in Model 9, where quality is neglected in the pro-
duction function, the negative effects of both quality indicators on the inefficiency
term suggest that hospitals offering worse quality are able to provide stroke care
relatively more resource efficient. Similarly, the effects of both dummy variables,
DO¥sMor and DObskeadm jdentify high quality hospitals (no deaths or readmissions)
as relatively less efficient. This result underlines the importance to expand the tradi-
tional approach of considering only costs or resources by integrating quality measures
in hospital performance assessment. The estimated effect of physicians (log(Phys))
differs substantially from that of nurses (log(Nurse)) in Model 8, in which physicians
(nurses) have a positive (negative) effect on quality performance. However, this inter-
pretation might be misleading due to the high correlation of both input terms (> 0.94,

unconditionally), which might explain the negative correlation of the coefficients.’

The two variables measuring centralization have both negative effects on the in-
efficiency. A comparison of the results across the models offers a decomposition of
the efficiency improvements, since the strength of the effects varies across the model
specifications. The impact of market (M SStrDis;) and of the number of stroke
care hospitals in one district (NumStrHospDis) is weaker when quality is not taken
into account (Model 9). The concentration of stroke patients in medical departments
(MedDepCon;) has a stronger effect in comparison with models including quality
(Model 2 and 8). Thus, the internal concentration (of stroke patients within the hos-
pital across medical departments) affects mostly the resource use, while the external
concentration (market share and number of stroke care hospitals) has stronger effects

on the quality component of efficiency.

Specialization in stroke treatment, relative to other conditions (PatShaStroke;),

5To clarify this issue, we have applied a Principal Component analysis to separate potentially
different effects that are masked within both variables. We have found a negative effect on inefficiency
of the component, which explains about 97% of the variation and highly correlates with both input
variables (> 0.99). The second component, which correlates negatively (positively) with nurses
(physicians), has also a negative effect. Although explaining less than 1% of the variation, the
second component might govern the positive effect of the variable log( Nurse) on inefficiency.
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and (non-certified) stroke-units (SUnonCert;) have no effect on resource efficiency.
However, if outcome quality of care is taken into account, both specialization mea-
sures have significantly negative effects on inefficiency. Similarly, the certification of
stroke units (CertSU;;) enhances quality performance (Model 2, Model 8), but not
resource efficiency (Model 9). Hospitals with a DSG-certified stroke unit exhibit less
inefficiencies than hospitals with non-certified stroke units (—1.167 vs. —0.592).

Similar to other literature on hospital performance, private, for-profit hospitals
face higher inefficiencies than public hospitals (Farsi and Filippini, 2008; Herwartz
and Strumann, 2012). In our estimations, the latter result holds for private, non-
profit hospitals only if quality is taken into account. The effect is negative if the
performance is assessed only in terms of resources and contradicts with previous
findings (Herwartz and Strumann, 2012; Herr, 2008). The financial straits for private,
non-profit hospitals (Augurzky et al., 2016) might have provoked cost containment

efforts, by increasing resource efficiency at the cost of quality performance.

The respective performance differential for university hospitals varies over the
input specifications. It is only significant if quality is excluded. On average, university
hospitals treat more severe cases with a higher CMI® compared with non-university
acute care hospitals.” Including quality measures corrects for the more complex and

resource intensive tertiary care provided by university hospitals.

The shares of the different stroke types, sh — I61;; and sh — 164;;, obtain effects
which are in line with expectations. The treatment of intracerebral hemorrhage (161)
is more complex and faces higher risks and mortality for the patients in comparison
with the treatment of the reference group, i.e., ischemic stroke (163). Furthermore,
with a higher share of 161, the critical diagnostic and therapeutic distinction between
161 and 163 needs to be undertaken more frequently, which increases complexities.
However, these complexities do not affect resource efficiency. Patients with an early
stage or preliminary stroke, not classified as hemorrhage or ischemic stroke, (164) are

treated most efficiently, irrespective of whether quality is accounted for or not.

In contrast to our expectation, a higher concentration of stroke type diagnoses

(DiagConj) enhances inefficiencies. Higher concentration on one particular diagno-

6The CMI reflects the average severity and associated resource requirement of cases treated at a
certain hospital, with 1.0 representing the overall German average.

"Based on our dataset, German university hospitals had an average CMI of 1.51 in 2013. In
contrast, non-university hospitals had an average CMI of 1.03.
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sis might result in diseconomies of scale. Hospitals that face a high concentration
of relatively low resource consuming stroke patients (e.g., with diagnosis 164) might
also hold ready fixed resources for eventually more complex stroke admissions. With
regard to the latest treatment innovations, a higher number of thrombectomy pro-
cedures increases resource efficiency, possibly due to a shorter length of stay (Gane-
salingam et al., 2015). However, ShaT RHOM B;; has no significant effect in the
combined quality performance and resource efficiency model, which might be ex-
plained by thrombectomy being used in more severe cases, with severity not directly

captured in the QSR risk-adjustment.

Similar to the centralization of stroke treatment at the district level, hospital beds
have a negative effect on inefficiency only if quality is accounted for. Larger hospitals
with more beds might benefit from improved economies of scale and more experience

resulting in higher quality. Resource efficiency is not affected by hospital size.

insert Table 4 about here

Spatial patterns of hospital performance To visualize the spatial pattern
of the regional effects entering the predictor of the inefficiency term (nz(tu )) in equation
(2), we display its centered posterior mean in Figure 1 for each German district. Non-
colored, white areas indicate districts without hospitals. In contrast to the structural
spatial effect (left hand side), the unstructured spatial effect (center) contributes
to the composite spatial effect (right hand side) with markedly less variation. In
total, favourable local conditions for the treatment of stroke patients are detected,
in particular, for hospitals in Eastern and Southern Germany, while hospitals in

North-Eastern and Western Germany are characterised by higher inefficiencies in the

treatment of stroke patients.

A spatial decomposition of the inefficiencies into quality (deceased patients, Fig-
ure 2) and resources (staff levels, Figure 3) underlines the previous finding that an
efficient use of resources is not always in line with high quality treatment of patients.
While some regions in Western Germany show an efficient use of resources (e.g., within
North Rhine-Westphalia or Rhineland-Palatinate), they lack behind other regions in
Eastern Germany (e.g., within Brandenburg or Saxony) if quality performance is con-
sidered. However, some regions (e.g., within Baden-Wuerttemberg) perform well in
terms of quality performance as well as resource efficiency.
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insert figures 1, 2 and 3 about here

3.3 Estimated (in)efficiencies

Slack resources The overall posterior mean of technical efficiency is 0.730,
indicating a sizeable potential for quality improvement and/or resource reallocation.
To quantify such potentials for an average hospital,® we compute slack resources, i.e.,
resources in excess of those needed under full efficiency (for methodological details
see (12) in Appendix B). We show the respective posterior distributions in Figure 4
for each input variable (in levels). If the average hospital boosts its performance to
an efficient treatment of stroke patients, the mortality can be reduced by up to 6.26
(63.70%) deaths per year,? which is close to the maximum quality improvement for
readmissions. Similarly, we can also compute the slack resources for each observation
evaluated at the (MCMC) posterior mean, obtaining for 2013 total numbers of nation-

wide saved deaths and readmissions of 2630 (24.62%) and 2951 (30.78%).

insert Figure 4 about here

Marginal effects To highlight the economic relevance of those variables that
describe the inefficiency, we provide their marginal effects on both technical efficiency
and slack resources. If the latter are positive or negative, the effect quantifies how
much of an input can be reduced or increased to achieve the same level of output (for
methodological details see (9) and (13) in Appendix B). All effects shown in Table 5
are evaluated at the means of the underlying variables. Of particular interest are
the marginal effects of treating patients in certified and non-certified stroke units,
concentrating stroke treatment in fewer medical departments at the hospital level,

and concentrating stroke treatment in fewer hospitals at the district level.

For example, hospitals with a DSG-certified stroke unit are characterized by a
0.026 (3.3%) higher technical efficiency in comparison with hospitals that treat stroke
patients but do not operate a stroke unit. By closing their lacks of efficiency, these
hospitals could increase their treatment quality by reducing stroke mortality by 0.927

or readmissions by 1.079 per year. When moving stroke treatment from hospitals

8The average hospital is defined by the sample means of all input and explanatory variables.
9In 2013 the means of observed mortality and readmission were 9.83 and 8.82, respectively.
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without a stroke unit to hospitals with a non-certified stroke unit, mortality (read-

missions) can be reduced by 0.401 (0.472).

insert Table 5 about here

3.4 Robustness Checks

To validate our results, we subject our analysis to a series of robustness checks, based
on our best fit quality-and-resource Model 2. Results are presented in Table 6 for key

variables.

As a more general formulation of our Cobb-Douglas production function, we esti-
mate a translog model (10) and obtain very similar results for all relevant coefficients
and model fit diagnostics. Likewise, rescaling the quality measures by adding 0.5 to
each observation prior to log-transformation (Model 11) to handle optimal realized
quality (zero mortality and/or readmissions) inputs achieves identical results as our

first choice dummy variable approach.

To test alternative specifications of the non-certified, stroke unit variable
SUnonCert;;, we half and double the required number of complex stroke procedures
for stroke unit identification, based on our baseline of 10 procedures. As before, the
results of these models (12-13) are qualitatively equivalent. Additionally, we add in
Model 14 variables that differentiate between younger (1-2 years) and older certifi-
cates (3-4 years). The results are comparable, but older certificates show a weaker
effect (—1.070) than younger certificates (—1.252). This is possibly due to the fact
that organizational processes and structural provisions optimized before and during

the certification process might loose some rigour over time.

To test for the robustness of the specified spatial structure, we include in Model 15
several district-level control variables such as annual mortality per 1,000 inhabitants,
the average age of the population and unemployment rate in addition to the spatial
structures. These variables do not improve model accuracy and their estimated effects
are insignificant. This reflects the inclusion of regional health status due to the risk-
adjusted patient population of each hospital and the structured and unstructured
spatial structures. In addition, we examine two mixed-level models with NUTS2-
level structured effects and district-level unstructured effects and vice versa (Models
16-17). Results are identical to our base-line Model 2.
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Lastly, we safeguard the results of our certification variable for causal inference.
Due to a potential self-selection of better performing hospitals pursuing certification,
the existence of reverse causality cannot be excluded (see e.g. the findings of Dick
et al., 2008). We adapt the procedure of Lindlbauer et al. (2016) to the SFA context
and apply in Model 18 a combination of a matching approach and a Difference-
In-Difference (DID) estimation to investigate the impact of certification on hospital
performance. In a first step, we use propensity-score matching to ensure that any
observed differences between certified and non-certified hospitals can be attributed to
certification. To achieve a balance between both groups of hospitals in their baseline
characteristics, we match each hospital becoming certified during the sample period
with a non-certified hospital. In a second step, we estimate a DID specification of
our best fitting Model 2. We include all observations in the estimation to achieve a
comparable production frontier. However, we model specific effects on the inefficiency
term for the pairs of matched hospitals. We also estimate specific effects for non-
matched hospitals. The results confirm the previous finding that hospital inefficiency

is reduced by certification; however, the effect in the DID Model 18 is smaller.
insert Table 6 about here

4 Discussion

In the following, we highlight four main implications. First, we discuss the improved
efficiency for certified stroke units and the potential quality benefits of treating stroke
patients in stroke units only, as well as the possible gains from within-hospital concen-
tration of stroke care. Second, we examine the potential for resource reallocations due
to efficiency improvements associated with specialization, certification and concentra-
tion. Third, we stress the potential benefits from regional concentration of stroke care.
Fourth, we comment on the regional differences in hospital technical inefficiencies. In

addition, we address some shortcomings of dataset and methodology.

Stroke unit specialization and certification In general, health policy mak-
ers, providers and payers could initiate substantial further consolidation and con-
centration of stroke care in certified centers of excellence. In 2013, 136,000 stroke
patients (49%) were treated in certified stroke units while 80,000 patients (29%) were

treated in non-certified stroke units and 60,000 (22%) stroke patients were treated in
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hospitals without a stroke unit (see Table 1). Certified and non-certified stroke units,
on average, have a risk-adjusted stroke mortality of 0.9, while hospitals without a
stroke unit have a risk-adjusted mortality of 1.0. A large share of stroke patients has
not been treated in the best manner. Our results highlight the benefit of (further)

care specialization and certification.

The twice-as-large efficiency gain for hospitals with certified stroke units can be
explained by the increased expertise, better infrastructure and higher service level
requirements for DSG-certified stroke units.!® In preparation for the DSG audits,
the stroke care team reviews and updates process plans, which can lead to improved

outcome quality and efficiency after the certificate is granted.!!

Exploiting the quality differences between the different stroke treating hospitals at
the national level can result in substantial quality of care improvements and reductions
of annual stroke deaths. If all stroke patients that are currently treated at hospitals
without a stroke unit were treated at hospitals with a non-certified stroke unit, the
average 30-day mortality for the 937 hospitals without a stroke unit could be reduced
by 0.401 deaths, ceteris paribus. At the country level, this could result in annually
376 fewer stroke deaths after 30 days (i.e., 1% decrease of German national stroke
mortality in 2013). Even more, if all patients from hospitals without a stroke unit
were treated at hospitals with a certified stroke unit, national stroke mortality could
be reduced by 868 deaths (~2% reduction), ceteris paribus. Similar benefits could
be achieved for readmissions. With regard to optimal resource allocation, not all
currently stroke-treating hospitals shall set-up a (certified) stroke unit, but instead,
centralizing stroke care in those hospitals that run a high-quality (i.e., certified) stroke
unit could result in a more efficient and higher quality stroke care provision. To
implement this concentration, a two stage policy approach appears feasible. In the
first stage, regulators might require that stroke patients can only be treated in stroke

units and, in a second stage, in DSG-certified stroke units only.

Intra-hospital concentration Next to specialization and certification, hospi-

tals can also concentrate their acute and rehabilitative care within a specialized med-

10For example, the DSG requires in its stroke unit manual a minimum of 250 annual stroke patients
treated and a minimum level of 1.5 FTE specialized nursing staff per stroke unit bed for a local
stroke unit (Busse, 2008).

1 As indicated by the certification timing effect identified in the robustness section confirms, the
effect is particular strong in 1-2 year after certification.
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ical department or stroke unit. Depending on size and specialization, hospitals often
undertake care for one treatment area in several medical departments. Stroke care is
a particularly good example as stroke diagnostic and therapeutic interventions can be
performed by, e.g., the internal medicine, cardiology, and neurology departments. In
2013, only 381 hospitals provided stroke care in one medical department, 261 hospi-
tals treated stroke patients in two medical departments, 128 hospitals treated stroke
patients in 3 medical departments, and 339 hospitals treated stroke patients in at

least 4 medical departments.

The negative and significant coefficient for hospital-level stroke care centraliza-
tion (MedDepCon;) in Model (2) (see Table 4) indicates that, in fact, within-hospital
centralization can improve efficiency and care outcome quality. Following acute treat-
ment in a stroke unit, patients can continue to be treated on this same specialized
stroke unit or within a less intensive care setting rather than being relocated to dif-
ferent wards based on free hospital bed capacity. Considering the marginal effect for
observed 30-day mortality of -0.142 and the average level of within-hospital, stroke
care centralization of 0.83, mortality can be reduced by 0.023 deaths for the average
hospital, if within-hospital stroke care centralization is maximally concentrated (at a
HHI of 1). Extrapolating within-hospital effects to the national level, this could have

a mortality reduction effect of 33 deaths per year.

Regional concentration of stroke treatment Regional concentration pro-
vides further potential for efficiency and outcome quality improvements. Currently,
stroke care is undertaken by 1,391 hospitals (in 2013) in 415 districts in Germany.
Case volumes range from 10 or less in the 110 hospitals with lowest volumes to 1,000
or more in the largest 27 stroke hospitals. There are almost 800 hospitals that provide
care for less than 250 patients annually (DSG requirement for regional stroke unit),
and 587 hospitals that provide care for less than 100 stroke patients. Likewise, in 2013
a single district hosts, on average, 7.5 hospitals that provide stroke care. There are
154 districts with 1 or 2 stroke hospitals, 173 districts with 3-5 hospitals, 60 districts
with 6-10 hospitals, and 16 districts with more than 10 stroke hospitals.

To demonstrate the benefits from regional concentration, we highlight the inef-
ficiency reducing effects of district hospital market share for stroke care. With a
marginal effect of 0.013 on technical efficiency and an efficiency increasing elasticity
of -0.453 for the average hospital, increases of the stroke hospital market share can
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substantially enhance efficiency and quality of care. When increasing the market
share for half of the hospitals (696 hospitals) from an average of 30% to a share of
63% (mean plus one SD), annual national stroke mortality and readmissions could be

reduced by 347 deaths and 408 cases per year, respectively, ceterius paribus.

Especially for emergency conditions, elapsed time until treatment is critical. In
many countries, the recommended time window for stroke treatment after the onset
of symptoms is 3.0 to 4.5 hours (Fassbender et al., 2013). In their review of stroke
treatment guidelines and studies, Fassbender et al. (2013) emphasize the benefits
of bypassing hospitals without a stroke unit in favor of treatment at more distant
hospitals with a stroke unit. Similarly, several studies have shown the benefits of
treating stroke patients in a more centralized model with specialized hospitals as
opposed to a decentralized model with several smaller, non-specialized community

hospitals (Lahr et al., 2012; Gladstone et al., 2009).

Regional variation in technical efficiency Focusing on resource efficiency
only, some studies have found higher efficiencies for regions in Western and Northern
Germany (Augursky and Schmitz, 2010). As a methodological distinction, however,
we also include observed quality as an input and risk-adjust the output patient vol-
ume for specific patient risk-factors rather than considering CMIs. Furthermore, we
evaluate efficiency for a specific treatment area and not for the overall hospital, which
avoids the grouping of treatment areas. These methodological advances can possibly
explain the following differences in the results. Including quality in the efficiency esti-
mations, we find sizable inefficiencies for hospitals located in North Rhine-Westphalia
(NRW), and, in particular, in the Rhein-Ruhr region. When excluding quality from
the production function, hospitals located in NRW become relatively more efficient,
which is in line with results in Augursky and Schmitz (2010). Interestingly, several
regions (e.g., in Eastern Germany) with resource inefficiencies show a higher ability

to produce better outcome quality.

Trade-off between quality and resource inputs Our results illustrate the
potential to reduce or reallocate resource inputs while keeping stroke care quality
measured in terms of observed mortality and readmissions constant. As the marginal
effects on the staff slack resources (see Table 5) demonstrate, the efficiency enhancing

effects of specialization, certification, regional concentration, and higher stroke patient
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share are substantial with regard to staff resources. When specialization and concen-
tration increase, the productivity of both nurses and physicians increases, which can
free up resources for reallocation, or as described above, might be invested in quality
improvements. While a difficult choice, medical staff and hospital managers have
to regularly decide on how to allocate limited resources more efficiently. Modelling
such trade-offs can support resource allocation. Ideally, inefficiencies can be reduced
through a combination of quality of care improvements and resource reallocations.
This will achieve the highest reduction of the inefficiency gap since the marginal ef-
fect from reallocated units decreases the closer one gets to the efficiency frontier.

Policy and management interventions should address both dimensions simultanously.

Shortcomings With regards to data and methodology employed, we consider
some shortcomings. The QSR outcome quality indicators are based on AOK patient-
level data and address the quality of care for AOK stroke patients treated in each
hospital. Hence, outcome quality data is limited to AOK insured patients and quality
data for patients insured with other public sickness funds and private health insurers is
not included. However, the AOK is by far the largest health insurer in Germany, with
an overall market share of 35% among publicly insured patients and a range of state-
level market shares between 21% and 51%. This indicates that AOK patient data
covers a large share of inpatient treatments and lets us assume representativeness
of the AOK outcome data.!? Furthermore, the morbidity-oriented risk structure
compensation scheme within the public sickness fund system indicates that AOK
patients, on average, are older and have a weaker health status compared with the rest
of the statutory health insurance (SHI) population (Dietzel et al., 2015). While this
could possibly lead to an overestimation of the potential inefficiencies, the majority

of such a bias is controlled for when using risk-adjusted outcomes.

In addition, risk-adjustment based on administrative data, as opposed to clinical
data, has limitations with regards to risk factors included (Quan et al., 2011; Pine
et al., 2007). Most importantly, administrative data currently does not allow ad-
justments for disease severity levels and the degree of consciousness at admittance.
More general, risk-adjustment only accounts for measurable and reported risk-factors,

with many many important risk factors for adverse outcomes not measurable based

12A study comparing administrative patient data from the AOK sickness funds and hospital
patient data from the HELIOS Group also confirmed comparability and representativeness of the
AOK data (WIdO, 2007).
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on current methods of administrative data-based risk-adjustment, e.g., preoperative

function status, or not consistently reported (e.g., obesity) (AHRQ, 2014).

Furthermore, mortality and readmissions are only two, albeit important, aspects
of stroke quality of care. Other factors such as health-related quality of life (Hopman
and Verner, 2003) and patient-reported outcomes such as pain, selfcare, mobility, and
health gain (Salinas et al., 2016), are also important, and can have even stronger im-
pacts on hospital choice (Gutacker et al., 2016). As our results demonstrate, including
multiple outcome quality aspects is important. When we include 30-day readmission
only as an inefficiency determinant, an increase in 30-day readmissions reduces inef-
ficiencies and indicates a trade-off between mortality and readmission as two distinct

components of outcome quality (Krumholz, 2013).

5 Conclusions

In order to estimate a quality-expanded notion of hospital efficiency, we employ an
innovative geoadditive SFA model with realized quality as an input and risk-adjusted
patient volume as output. Past hospital efficiency research has mostly neglected
quality of care, due to the difficulties in and drawbacks of risk-adjustment techniques
and data availability. Research has also often neglected the potential for spatial
patterns of inefficiency, which is especially problematic in local and regional settings

with specific legislation and demand patterns such as hospital markets.

To address these shortcomings, we expand the notion of technical efficiency in
three important directions. First, we include measures of realized poor quality as
input variables for the production function. Second, we develop a standardized and
risk-adjusted patient volume output measure based on the standardized mortality ra-
tio. Third, we include spatial factors as inefficiency determinants. Altogether, these
three methodological advances improve the applicability of technical efficiency esti-
mations in a hospital service provision setting and can possibly increase the relevance
and adoption of efficiency modelling in health policy making.

Our findings confirm that quality of care as well as spatial structures are highly
important in shaping hospital technical efficiency. An overall hospital efficiency mean
of 0.730 highlights the efficiency losses for the average hospitals, with regard to both

quality and resource usage in stroke care. These inefficiencies have several important
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determinants. Specialization through a stroke unit improves outcome quality of care
and resource efficiency. These effects are further strengthened if the stroke units are
certified in accordance with highest standards (DSG certification). Within-hospital
stroke care concentration at one medical department as well as regional stroke care
concentration can also reduce inefficiencies and annual stroke mortality. Based on the
marginal effects on slack resources, we highlight substantial quality of care improve-

ment potentials at both the hospital and the national level.

In general, this work provides clear evidence for the importance of including qual-
ity of care in hospital efficiency modelling. The examined setting - a regulated mar-
ket with a mix of private for-profit, private non-profit and public hospital ownership,
with fixed prices and in the short-to-mid term fixed capacities - is common in many
health care systems. Operationalizing the increasingly important and widespread con-
cept of risk-adjusted, hospital-level mortality in a quality-enhanced SFA production
function enables more comprehensive technical efficiency estimates in all countries,
with available measures of standardized mortality ratios at a medical condition level
(e.g., Germany, the US, the UK, and the Netherlands). Government agencies, health
care regulators, and larger hospital chains (e.g., NHS Care Quality Commission in
England, or the Hospital Corporation of America) can adopt the methodology to
assess a quality-expanded notion of technical efficiency for their respective markets
and hospitals. Best practice hospitals can be identified for different medical con-
ditions providing optimal quality of care given their patient, resource and regional
market constraints. Furthermore, medical care can be concentrated at these centers
of excellence to increase both the quality of care provided to patients, and optimize
resource utilization in health service provision. Additional research can expand the
methodology to other treatment areas, such as other emergency conditions like acute

myocardinal infarction or elective procedures such as hip and knee replacement.
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linking an output and input variables, and a random deviation from the production technique that
comprises idiosyncratic noise and technical inefficiencies. We rely on a flexible SFA model pro-
posed by Klein et al. (2016) that builds upon earlier contributions, such as Schmidt and Sickles
(1984), Kumbhakar (1991), Kumbhakar et al. (1991), Koop et al. (1997), Greene (2005), Wang and
Schmidt (2002), Wang and Ho (2010). While SFA has become a standard parametric approach
in modelling efficiency and efficiency-enhancing potentials in the provision of goods or services by
economic entities such as firms, households, farms, and hospitals, the incorporation of spatial depen-

dence in SFA models and other deterministic approaches to inefficiency modelling is in its infancy.!3

13For a positioning of the geoadditive approach in the rich literature on SFA modelling we refer
to Klein et al. (2016). They discuss model representation as well as model selection issues in detail,
and illustrate model performance by means of simulated data.
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The model addresses the important distinction between (time-invariant) determinants of inefficiency
from patterns of unobserved heterogeneity by means of scaling of random inefficiency (Wang and
Schmidt, 2002; Wang and Ho, 2010). Formally, the model reads as

yir = 1+ vy —ug,

ni + v — g exp (n)”) (3)

where y;; denotes the (log) output of individual (i.e., hospital) ¢ at time ¢, 771(ty ) and 771(5 ) are predictors

shaping the deterministic component of production and the distribution of technical inefficiencies,
respectively. Concrete specifications of these predictors can be found in equations (1) and (2).
The term v;; is an idiosyncratic noise term and uj, is a positive random variable invoking a wedge
between actual output and its efficient counterpart. Joint with the formalization in (3), the following

assumptions constitute the observation model that we use to evaluate quality of health care provision:

1. The predictor nl(f ) allows to relate the observable output ;; to covariates, and individual and

time effects. Metric covariates may contribute linearly to 772(;’ ) or in a more complex nonlinear
manner which is formalized by means of so-called penalised splines (Eilers and Marx, 1996; Lang
and Brezger, 2004). In addition, the predictor might process information inherent in categorical
variables.!#

2. To describe random deviations of actual output from the efficient frontier, technical inefficiency

uj; obeys the following structure
Uit = uftozit, Qi = exXp (nf:)) , ’U,zt ~ N+ (/J/,Z, (0'2)2) s (4)

where AT is short for the truncated normal distribution nesting the half normal distribution
(ur = 0) as a special case.!> Scaling technical inefficiency as in (4) has been first proposed by
Wang and Schmidt (2002). As an implication, u;; exhibits a truncated normal distribution with

parameters

*

pir = o and (02)i = (03)% . (5)

3. Economic entities providing goods or services are subject to measurable and unobservable local

conditions. Accordingly, the predictor 771(: ) allows a decomposition as

) =0+ Fapar(dist;), (6)

where m(f ) relates inefficiency to observable covariates, and fspq:(dist;) accounts for unobservable

spatial conditions of (in)efficient output provision of the district hosting the é-th entity (denoted

dist;). As formalized in (6), the ‘district’ might be considered to provide a third data dimension

14The composition of the Bayesian regression design is specific for all these effect types. We refer
to Klein et al. (2016) for a more detailed discussion of model representations for geoadditive SFA
regression, as well as further methodological references therein to the broad framework of (Bayesian)
structured additive regression.

15At the empirical side, small means p* > 0 might be difficult to detect in light of the composite
disturbance that describes deviations between actual and efficient output.
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apart from the individual hospital and time dimension. Herwartz and Strumann (2014) provide
strong evidence for the informational content of random regional effects for the modelling of hos-
pital efficiency in Germany. The rightmost component in (6) allows a further distinction into spa-
tially (i.e., positively) connected effects ( fsiruct(dist;)) and purely random effects (funstruct (dist;)),
ie.,

fspat(diSti) - fstruct(diSti) + funstruct(diSti)- (7)

The structured part (fsiuet) refers to a specific neighbourhood structure being a (symmetric but
possibly weighted) relation based on, e.g., common borders, cross-border care models, and cross-
regional academic medical centers. In a Bayesian formulation, such effects can be modelled by
means of Gaussian Markov random field priors (Rue and Held, 2005). Similar to temporal autore-
gressions, the systematic part of spatial dependence shrinks with the distance between districts
so that the positive correlation among neighbouring districts captured by means of fgtryct(dist;)
generalizes similar structures as so-called spatially autoregressive models (Anselin, 1988). Alto-
gether, the complete effect fopq: in (7) subjects economic performance to geographical information,
which likely invokes performance dependence among neighbouring districts, but also allows the
occurrence of pure random effects to capture district-specific differences.

4. As an implication of the nonlinear model structure that results from the scaling of w},, the
predictor structure for 771(? ) and 771(;‘ ) may overlap. For identification purposes 771(: ) does not contain
an intercept, as this is represented by the scale of u},.

5. The idiosyncratic noise v;; and innovations to inefficiency u}, are independent within and across

all entities and time.

In its most flexible specification, the SFA approach in Klein et al. (2016) allows the use of
predictors for all distribution parameters and hence also for o,,, the specification of u}, # 0, nonlinear
effects for metric variables or different prior structures for all involved unknown parameters. In this
analysis, we focus on fg,q: offering a geoadditive resolution of quality of health care and add the
following assumptions to facilitate model identification and interpretation: (i) The predictors for o7,
o, contain solely intercepts while u is set to zero, and (ii) metric covariates are modelled linearly
to capture effects of such variables by a single slope coefficient. On the implementation side, we
(i) assume flat priors for all coefficients of linear effects, while (ii) for the unit and district-specific
random effects we specify multivariate Gaussian priors with zero mean vectors and marginal variances
that themselves are supposed to have inverse gamma prior distributions. To capture the structured
spatial effect by Markov random field priors, (iii) the districts are considered as neighbours if they
share common borders. The strength of the spatial structure is controlled by a variance parameter

with inverse gamma hyperprior.

B Marginal effects

In this section we, firstly, provide the formulas to obtain the marginal effects of the explanatory vari-

ables describing the inefficiency u on the estimated technical efficiency. Secondly, the determination

33
220



of slack resources are derived and, thirdly, the marginal effects on the slack resources are given.

B.1 On technical efficiency

For notational convenience we suppress the indices ¢ and i. The technical efficiency (T'E) of the i-th

hospital at time ¢ is then obtained as (Jondrow et al., 1982)

exp (—f+ 362) @ (% - Er)
TE = Elexp(—ule)] = . =a-b-c (8)
o g)
where
(-++37)
a = exp|—pu—+ =0
2
b o= @(’f—&)
o
-1
o= [+(5)]
o
o —co?
SRR
-2 _ 020,
02402
2 2 xn\2 (uw)) _ 2 1 3(u)
Oy - (Uu) O[—(O'u) exp \n _(Uu) €Xp ZB
€ = y_n(y).

OTE 1
M = = —d — . .
Ey 0o a<2d e> b-c (9)
[
rao(L-5) -1 (10)
—a-b-c? qﬁ(lf) g, (11)
o
respectively, where
=2
d = (u)i
k UE
2 2
e = —65,(:) —TuTv 5
(0% +03)
1 “ _1 _3
;o= souweB (0240870 = (o2 +0%) 7 02)
_ Ge—if
g - 5_2 .
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B.2 On slack resources

To quantify the potential input reduction for a given (risk-adjusted) output level due to improvement

of efficiency, we start by considering a simple SFA model in levels

K
Ey] = [[x¢ - TE,
k=1
where TE = Elexp(—ule)] € (0,1) (see (8)) denotes the technical efficiency. An increase of TE offers
a reduction of the inputs if the output level is not changed. Formally, an increase of TE by ATE
relates to a reduction of the deterministic part of the production function, Hle X 5 k. by %7

since

Bk
HX ‘TE = HXk TE+ATE (TE + ATE).

Defining the reduced part involving the input variable of interest, say X, as

TE XPx
X* Bk — Xﬁk k
(X5) " TE+ATE 1+ AZE

and solving it for the new level of input X*

Xy

X = — =k
1/Bk’
(1+ 5%8) ™

the reduction of X due to an increase of TE by ATFE is given by

1
AXy = XZ—Xk:Xk<1—1>.
78
(1+5%) "

If for ATFE the difference of being efficient, ATE = 1 — TFE, is considered, the slack resources

are determined by
slack, = X — X; =X, (1 - TEl/ﬂk) . (12)

By inserting for AT'E the marginal effect of an explanatory variable describing the inefficiency u on
the technical efficiency TE, ATE = M E, we quantify the marginal effect of z on the slack resources

as

. _ 1
AXy = Xp—Xp=Xg <(1+ME)1/5k—1> (13)
TE
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C Tables

all cert. not cert. no others
SU SU SU
number of hospitals 1883 219 235 937 492
hospital size
beds 270.6 658.5 435.0 226.0 104.4
inpatient cases (in k) 10.1 25.9 17.5 8.7 2.2
stroke patients
sum of stroke patients (in k) 274.5 135.5 79.9 60.0 -
share of stroke patients (in %) 100 49.4 29.1 21.8 -
ICD diagnoses® per hospital 145.8 618.9 339.9 64.0 -
OPS procedures® per hospital 119.0 679.8 322.2 0.2 -
QSR case volume per hospital 70.7 204.9 1171 22.7 -
QSR quality indicators®
standardized mortality ratio? 1.0 0.9 0.9 1.0 -
observed mortality rate (in %) 14.8 12.3 12.8 16.0 -
observed readmission rate (in %) 13.6 11.8 12.2 14.3 -

Table 1: Means and sums of selected variables (2013)

%ncludes ICD codes 161, 163 and 164

bOPS procedure volume can be higher than ICD diagnoses volume because OPS procedures are
also applied in case of other ICD diagnoses not included in this articles set of ICD stroke diagnoses

(e.g., G45 = transient ischemic attack)

¢Simple average across hospitals without weigthening based on patient volume
IThe risk-adjusted mortality ratio relates the observed stroke mortality to the expected stroke
mortality based on the number of patients treated and their risk-profiles.
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Variable 2006 2008 2010 2012 2013
number of hospitals 1133 1121 1085 1096 1087

output variable

log(RisAdjPatVol) | 3.74 3.62 3.39 3.28 3.28
(1.17) (1.31) (1.47) (1.52) (1.59)

input variables

DObsMor 0.08 0.11 0.15 0.15 0.16
(0.27)  (0.31)  (0.36)  (0.36)  (0.36)
DObsticadm 0.09 011 016 018  0.17
(0.29)  (0.32)  (0.36)  (0.38)  (0.37)
log(ObsMor*) 1.80 1.74 1.62 1.56 1.52
(1.11)  (L.17)  (1.25)  (1.27)  (1.29)
log(ObsReadm™) 1.55 1.53 1.47 1.44 1.46
(1.07)  (L17)  (1.23)  (1.24)  (1.25)
log(Phys) —-0.58 —-0.60 -0.67 —-0.65 —0.62
(1.39)  (1.56)  (1.69)  (L.71)  (L.77)
log(Nurse) 0.64 0.54 0.50 0.49 0.53

(1.39) (1.55) (1.73) (1.77) (1.82)

explanatory vartables

Spec 1.37 1.34 1.46 1.36 1.35
(0.75) (0.74) (0.83) (0.81) (0.81)
MSStrDis 0.31 0.31 0.31 0.29 0.30

(0.31) (0.32) (0.33) (0.32) (0.33)

NumStrHospDis 6.69 6.93 6.85 7.52 7.48
(8.13) (8.52) (8.57) (9.15) (9.21)

log(PatShaStroke) | —4.42 —4.50 —4.61 —4.62 —4.66
(1.16) (1.30) (1.44) (1.53) (1.51)

log(HosBed) 5.52 5.51 5.51 5.50 5.51
(0.77) (0.78) (0.80) (0.81) (0.81)
PrivHos 0.17 0.18 0.19 0.21 0.21
(0.38) (0.38) (0.39) (0.41) (0.41)
NonProfHos 0.44 0.44 0.45 0.43 0.43
(0.50) (0.50) (0.50) (0.50) (0.50)
Teach 0.39 0.43 0.47 0.50 0.52
(0.49) (0.49) (0.50) (0.50) (0.50)
UniHos 0.03 0.03 0.03 0.03 0.03
(0.18) (0.18) (0.18) (0.18) (0.18)
MedDepCon 0.87 0.87 0.85 0.84 0.83
(0.19) (0.19) (0.19) (0.20) (0.20)
Shal61 0.09 0.10 0.11 0.11 0.11
(0.10) (0.10) (0.11) (0.11) (0.10)
Shal64 0.18 0.11 0.10 0.09 0.09
(0.22) (0.18) (0.18) (0.18) (0.17)
DiagCon 0.69 0.73 0.73 0.73 0.73
(0.18) (0.17) (0.17) (0.16) (0.16)
SUCert 0.08 0.07 0.11 0.10 0.11
(0.26) (0.25) (0.31) (0.30) (0.32)
SUnonClert 0.14 0.20 0.25 0.24 0.24

(0.35) (0.40) (0.43) (0.42) (0.43)

log(GPsPerDis) 3.93 3.90 3.88 3.86 3.84
(0.16) (0.16) (0.16) (0.16) (0.17)

Table 2: Descriptive statistics: mean and standard deviation (in parentheses)
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districts NUTS2

no spatial | struct & unstruct struct unstruct | struct & unstruct struct unstruct

(1) (2) 3) (4) (5) (6) (7)
DIC 2817.6 2581.7 2591.0  2595.7 2766.7 2768.0  2766.2
WAIC | 2975.8 2742.3 2750.8  2750.9 2933.2 2035.2  2932.3

based on 5522 observations (i.e. 1294 hospitals in 415 district and 38 NUTS2 regions)

Table 3: Model selection criteria for distinct specifications of spatial structures
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()

Production function (n;;’)

(u)

Effects on inefficiency (n;;")

qual & res qual only  resonly |qual & res qual only  res only

Variables (2) (8) (9) (2) () (9)
const 0.470*** 0.490*** 0.609***
ObsMor 0.320%*%  _(0.306*** 0.319%**
ObsReadm _0.186%*  —0.180"** 0.246"**
log(ObsMor*) 0.397*** 0.420*** —0.517**

stand. coeff. 0.339 0.358
log(ObsReadm™*) 0.282***  (.314*** —0.287***

stand. coeff. 0.236 0.262
log(Phys) 0.056*** 0.264*** —0.235"**

stand. coeff. 0.063 0.318
log(Nurse) 0.015* 0.073*** 0.129***

stand. coeff. 0.016 0.077
2008 —0.025"*  —0.025**  —0.053*** 0.064 0.061 —0.076
2010 —0.085***  —0.085***  —0.144*** 0.235*** 0.217**  —0.063
2012 —0.107***  —0.106*** —0.175*** 0.253*** 0.241*** 0.031
2013 —0.056***  —0.052*** —0.116*** 0.362*** 0.352%** 0.146**
MSStrDis —0.829***  —0.743*** —0.136
MedDepCon —0.228**  —0.148 —0.909***
NumStrHospDis 0.009** 0.008**  —0.003
log(PatShaStroke) —0.252***  —0.200***  0.003
SUnonCert —0.592***  —0.584***  —0.020
SUCert —1.167* —1.295*** —0.056
log(GPsPerDis) —0.004 —0.019 0.129
Spec —0.022 —0.001 0.156***
log(HosBed) —0.555"**  —0.482***  —0.036
PrivHos 0.310*** 0.251%** 0.090
NonProfHos 0.158*** 0.133***  —0.107**
Teach —0.069* —0.040 —0.038
UniHos 0.175 0.137 0.455***
ShaT RHOM B 0.052 0.185 —1.144**
Shal61 0.619*** 0.639***  —0.099
Shal64 —0.299***  —0.303*** —0.2568***
DiagCon 0.394*** 0.318*** 0.429***
o2 0.142 0.148 0.141
o2 2.301 1.982 0.439
v=02/(c%+2) 0.9419 0.9305 0.7569
TE (in %) 73.0 72.3 68.2
DIC 2581.7 2856.3 3817.2
WAIC 2742.3 2994.9 3956.7

Significance levels: *** 1%; ** 5%; * 10%; based on 5522 observations

Table 4: Estimated linear effects
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Marginal effect

Marginal effect on slack resources

Variables on TE (x100) mort30d  readm30d phys nurses
Spec 0.027 —0.010 —0.012 —0.016 —0.204
MSStrDis 1.253*** —0.453***  —0.533"** —0.566"** —5.361"
NumStrHospDis —0.015** 0.005** 0.006™* 0.008** 0.110
log(PatShaStroke) 0.400*** —0.148* —0.175*** —0.202*** —2.531*
log(HosBed) 0.888*** —0.324**  —0.382*** —0.420"** —4.455*
PrivHos —0.449*** 0.170***  0.202***  0.255"**  4.267*
NonProfHos —0.258*** 0.097***  0.115**  0.145***  2.227*
Teach 0.092 —0.034 —0.041 —0.049 —0.664
UniHos —0.235 0.089 0.106 0.143 2.157
MedDepCon 0.319** —0.118**  —-0.140**  —0.166™*  —2.058
ShaT'RHOM B —0.016 0.011 0.016 —0.004 0.161
Shal61 —1.000%** 0.384***  0.460***  0.624***  13.159*
Shal64 0.482%** —0.178**  —0.210"** —0.241"** —2.862"
DiagCon —0.627*** 0.239***  0.285***  0.368"**  6.696™
SUCert 2.660"** —0.927**  —1.079*** —-1.012*** —7.016*
SUnonCert 1.105*** —0.401***  —0.472*** —0.508"** —5.027*
log(GPsPerDis) 0.108 —0.040 —0.047 —0.064 —0.841
2008 —0.087 0.033 0.039 0.047 0.668
2010 —0.314*** 0.118***  0.141**  0.174**  2.779*
2012 —0.357*** 0.135***  0.160***  0.200***  3.294*
2013 —0.499*** 0.189***  0.226™*  0.288***  5.014*

Significance levels: *** 1%; ** 5%; * 10%

Table 5: Marginal effects on efficiency and slack resources (Model 2)
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D Figures
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Figure 1: Centered estimated regional random effects of Model 2: quality & resources
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Figure 2: Centered estimated regional random effects of Model 8: quality only

42
229



Structured Unstructured

Y o)

9%

[
—0.08 0  0.09 —0.41 1.06 —0.44 113

Figure 3: Centered estimated regional random effects of Model 9: resources only
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Figure 4: Posterior distribution of slack resources
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Diskussion der Ergebnisse, Limitationen und Ausblick

Die Transparenz hinsichtlich Struktur-, Prozess- und Ergebnisqualitit unterstiitzt den
Qualitdtswettbewerb zwischen Leistungserbringern und erlaubt Patienten und Einweisern eine
faktenbasierte Krankenhauswahl. Sie ermoglicht die Identifikation und Forderung von Best

Practice in der Leistungserbringung und die Korrektur von vorher unentdeckten Méngeln.

Deshalb riickt die Qualitdtstransparenz in Krankenhdusern stirker in den Fokus von
Gesundheitspolitik und -wirtschaft. Jedoch ist der Nachholbedarf in Bezug auf Verfiigbarkeit,
Vergleichbarkeit und Verstindlichkeit von Qualititsinformationen gegeniiber anderen
Branchen grof3. Die Ergebnisse dieser Arbeit tragen dazu bei, diese Liicke zu schliefen. Dazu
nimmt Kapitel 1 den Status Quo von Qualititstransparenz auf und verdeutlicht die
mikrookonomischen Limitationen bei der Bereitstellung von Behandlungsqualitét,
insbesondere auch in dem von Informationsasymmetrien geprigten Prinzipal-Agenten-
Verhiltnis zwischen Patient und Leistungserbringer. Kapitel 2 identifiziert auf Basis eines
internationalen Vergleiches der Messung, Verodffentlichung und Incentivierung von Qualitét
finf MaBnahmen zur Steigerung von Qualititstransparenz. Kapitel 3 findet grofie
Qualititsunterschiede zwischen deutschen Krankenhdusern und diskutiert den Mangel an
regulativen Konsequenzen fiir schlechte Qualitét. Kapitel 4 analysiert das Nutzerverhalten auf
dem Public Reporting Portal Weisse Liste.de und entwickelt Ansétze, um Public Reporting
nutzerfreundlicher zu gestalten und Einfluss auf Krankenhauswahlentscheidungen zu stérken.
AnschlieBend werden in Kapitel 5 und 6 die Daten des Qualitétstransparenzsystems angewandt,
um Strukturfaktoren mit positivem Einfluss auf die Ergebnisqualitidt zu identifizieren. So
konnen eine SU Spezialisierung sowie eine regionale und organisatorische Zentralisierung
innerhalb eines Krankenhauses die Versorgungsqualitit und Effizienz von Krankenhdusern
verbessern. Ein Qualititswettbewerb zwischen Krankenhdusern ist dagegen aktuell nur

schwach ausgepriagt und es ldsst sich kein systematischer Wettbewerbseinfluss auf die
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Behandlungsqualitit feststellen. Ebenso konnte fiir Krankenhaus-Zertifizierungen kein

eindeutiger positiver Effekt auf die Versorgungsqualitit festgestellt werden.

Die FErgebnisse dieser Arbeit werden im Folgenden eingehend diskutiert und
Handlungsempfehlungen fiir eine Verbesserung der Qualititstransparenz und Steigerung der
Behandlungsqualitdt vorgebracht. Letztlich werden die Limitationen dieser Arbeit aufgezeigt
und ein Ausblick zur weiteren Forschungsagenda des Projektes ,,Qualitdtstransparenz in
Deutschland und deren Anwendung zur Steigerung der Behandlungsqualitdt im Krankenhaus*

gegeben.
Ergebnisse

Die sechs Kapitel liefern Erkenntnisse zur Steigerung der Qualitdtstransparenz und wichtigen
Krankenhausstrukturfaktoren entlang der Dimensionen: Messung, Verdffentlichung und
Verbesserung von Qualitit im Krankenhaus. Zusammen mit den drei Qualitdtsdimensionen des
Donabedischen Qualitdtsmodells ldsst sich eine 3x3 Matrix entwickeln (vgl. Abbildung 4),
welche als Grundlage fiir die strukturierte Gesamtbetrachtung der Ergebnisse dieser Arbeit

fungiert.
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Abbildung 4: Gesamtbetrachtung der Forschungsergebnisse (Kapitel 2 bis Kapitel 7)

MESSUNG i VEROFFENTLICHUNG |“E VERBESSERUNG nﬂ

Crualitatstransparenz im internaticnalen Hutzerverhalten auf Public Reporting z fE" - 2
STRUKTUR- Vergleich Portal Beispiel weisse-liste.d & 2 2 i3
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Legende: Kapitel 1 als Aufarbeitung der theoretischen Grundlagen wird in der Abbildung nicht separat aufgefiihrt.
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Um Qualitéitstransparenz und deren Anwendung zur Qualititsverbesserung zu analysieren,
wurden zundchst die allgemeinen und in Deutschland spezifischen Grundlagen fiir die
Bereitstellung von Qualitit im Gesundheitsmarkt betrachtet (Kapitel 1 — als Aufarbeitung der
theoretischen Grundlage nicht aufgefiihrt in Abbildung 4). Dabei wurde deutlich, dass sowohl
auf Nachfrageseite (d.h. Patienten und deren Stellvertreter) als auch auf Angebotsseite (d.h.
Leistungserbringer) mehrere wichtige Faktoren die Erreichung des Marktgleichgewichtes in
Hinblick auf die Bereitstellung von Qualitdt behindern. Auf Nachfrageseite sind das
insbesondere die Informationsasymmetrie zwischen Patienten als Agenten und Arzten als
Prinzipalen und die Isolation des Konsumenten vom Preissignal. Der Patient kann vor der
Behandlung durch den Leistungserbringer nur schwer die Eigenschaften des zu behandelnden
Leistungserbringers einschidtzen und wahrend und nach der Behandlung den Einsatz des Arztes

als auch Umfang und Qualitdt des Behandlungsergebnisses nicht oder nur minimal einschétzen.

Trotz der oft vorhandenen altruistischen Motivation des medizinischen Personals fehlen auf
Krankenhausebene — in einem Zielkonflikt mit Kostendruck und Personalmangel — die Anreize,
moglichst optimale Behandlungsqualitit zu liefern. Ohne Qualitétstransparenz ist die
qualititsbasierte Krankenhauswahl durch Patienten und ihren Stellvertretern als auch die
Integration von Qualitdt als Vertragsparameter zwischen Leistungserbringern und

Kostenerstattern nur limitiert moglich.

Diesem Marktversagen werden in Deutschland und in vielen anderen Lédndern staatliche
Qualitdtssicherung und staatlich oder privatwirtschaftlich organisiertes Public Reporting
entgegengesetzt. Die Qualititssicherung misst Struktur-, Prozess- und Ergebnisqualitit und
iiberpriift die Erreichung von ex-ante definierten Zielwerten. Doch werden bisher aus den
gewonnenen Erkenntnissen noch keine systematischen Konsequenzen gezogen. So wurden in
Deutschland bisher keine Krankenhduser von den Planungsbehdrden aufgrund unzureichender

Qualitdt ausgeschlossen. Im langwierigen, strukturierten Dialog mit schriftlichen
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Stellungnahmen gibt es trotz wiederholter Probleme meist keine Konsequenzen. Im Gegensatz
zum regulativen Ansatz der Qualitdtssicherung setzt Public Reporting auf die
Selbstheilungskréfte des Marktes und versucht die Qualitdt in der Leistungserbringung fiir
Patienten und Leistungserbringer transparent zu machen und so als wichtiges
Entscheidungskriterium und Anreiz fiir Patienten und Leistungserbringer zu stirken. Diese
Arbeit analysiert diese MaBnahmen und zeigt Stirken und Schwichen des deutschen
Qualititstransparenzsystems auf Basis eines internationalen Vergleiches, einer retrospektiven
Analyse der Qualitdtsunterschiede zwischen Krankenhdusern und dem Nutzerverhalten auf
dem Public Reporting Portal Weisse Liste.de.

Qualititstransparenz im internationalen Vergleich

Die Stirken des deutschen Ansatzes liegen im Fokus auf Leistungsbereichs- und
Krankenhausebene, das breite Spektrum an Indikatoren insbesondere in Bezug auf risiko-
adjustierte Ergebnisindikatoren und die Krankenhaus-Benchmarking-Moglichkeiten auf
Portalen wie Weisse Liste.de. Die Qualitit im Krankenhaus wird auf Ebene von
Leistungsbereichen wie Hiift- und Knie-Implantationen und fiir einzelne Krankenhduser
dargelegt. Dies erlaubt Patienten und ihren Stellvertretern eine Wahlmoglichkeit zwischen den
relevanten Behandlungseinheiten. Die Vielfalt an Indikatoren ermdglicht die Untersuchungen
des FEinflusses von  Strukturfaktoren auf  Ergebnisqualitit.  Risiko-adjustierte
Ergebnisindikatoren sind Voraussetzung fiir eine Vergleichbarkeit von Ergebnisqualitit
zwischen Krankenhdusern. Die Krankenhaus-Benchmarking-Mdglichkeiten schaffen die
Voraussetzung fiir einen direkten Vergleich der fiir die jeweilige Krankenhauswahl relevanten

Krankenhduser — auf regionaler und auch auf nationaler Ebene.

Entwicklungspotentiale gibt es hingegen bei der Einbeziehung weiterer Leistungsbereiche wie
onkologische Indikationen und weiterer orthopéddischer Krankheitsbilder [1]. Es findet keine

Messung und Veroffentlichung von Patient-Reported-Outcome-Measures (PROM) (z.B.
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Oxford-Knee-Score) statt und die Vergleichbarkeit der Qualitdtsergebnisse iiber Portale hinweg
ist unzureichend [2, 3]. Bei der qualitétsorientierten Vergiitung gibt es in Deutschland aktuell
nur kleinere Pilotprojekte im Rahmen der integrierten Versorgung. Alle anderen Lénder haben
entweder deutlich umfassendere Piloten (z.B. Schweden) oder komplette qualitdtsorientierte
Vergilitungssysteme aufgebaut (z.B. USA). In Deutschland hat das KHSG das Ziel ausgegeben,
bis 2018 ein System fiir qualititsorientierte Zu- und Abschlége einzufiihren [4], doch zeigt sich

die Umsetzung dieser Gesetzesinitiative als schwierig und in vollem Umfang unwahrscheinlich.

Qualititsunterschiede zwischen Krankenhdusern

Auf Basis vorhandener Qualitdtsindikatoren wurden Qualitdtstrends und Unterschiede
zwischen deutschen Krankenhdusern analysiert. Die Behandlungsqualitét hat sich von 2006 bis
2014 je nach Bereich und Indikator unterschiedlich entwickelt [5]. Eine Steigerung der
Ergebnisqualitidt konnte fiir Cholezystektomie, Herzschrittmacher-Implantation und Hiift-
Endoprothesen-Implantation festgestellt werden. Die Krankenhaussterblichkeit fiir PCI hat sich
dagegen verschlechtert. Fiir die Notfallindikatoren Schlaganfall und Herzinfarkt konnte eine
Verbesserung der 30-Tage-Sterblichkeit festgestellt werden, gleichzeitig hat sich aber die 90-

Tage Wiedereinlieferungsrate verschlechtert.

Es bestehen groBe Qualititsunterscheide zwischen Krankenhdusern auf nationaler und
regionaler Ebene. So steigt z.B. das Mortalitits- und Reoperationsrisiko bei Cholezystektomie,
Herzschrittmacher-Implantation, Hiift-Endoprothesen-Implantation und PCI durchschnittlich
um das 5- bis 12-fache, wenn ein Patient in einem durchschnittlichen Krankenhaus aus dem
fiinften Quintil anstelle eines durchschnittlichen Krankenhauses aus dem zweiten Quintil
behandelt wird. Fiir Schlaganfall und Herzinfarkt steigt das 30-Tage Sterblichkeitsrisiko um
das 3-fache bei Einlieferung in ein Krankenhaus aus dem fiinften Quintile relativ zum zweiten
Quintile. Diese Qualitdtsunterschiede bleiben auch bestehen, wenn man von einer nationalen

auf eine regionale Betrachtung herabgeht. Gerade in Stiddten wie Berlin, Miinchen oder
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Hamburg konnten Patienten aufgrund der grofBeren Anzahl erreichbarer Krankenhduser von
einer aktiven, qualitdtsbasierten Steuerung ihrer Krankenhauswahl profitieren. Obwohl die
identifizierten Qualitdtsunterschiede den Mehrwert einer solchen Auswahl verdeutlichen,
duBern sich zahlreiche Studien skeptisch beziiglich der tatsdchlichen Wirkung von Public
Reporting auf die Wahlentscheidungen von Patienten und ihren familidren oder &rztlichen

Vertretern.

Neben den weiterhin hohen Qualititsunterschieden zwischen Krankenhdusern konnten drei
weitere methodische Probleme der externen Qualitétssicherung des G-BA identifiziert werden.
Beide Probleme verdeutlichen die Komplexitit von medizinischer Qualitdtsmessung und
Veroffentlichung. Auf der einen Seite gibt es viele Krankenhéuser, die aufgrund geringer
Fallzahlen aus datenschutzrechtlichen Griinden von Reporting-Verpflichtungen ausgeschlossen
werden. Dies betrifft z.B. im Jahr 2014 ungefihr 600 Krankenhduser im Bereich
Cholezystektomie und 400 Krankenhduser im Bereich PCI [5]. Zusitzlich zu den
datenschutzrechtlichen Bedenken ist die statistische Aussagekraft bei geringen Fallzahlen
reduziert. Trotz der Nachvollziehbarkeit beider Griinde reduziert dieser Ausschluss die
Qualitdtstransparenz bei kleineren Krankenhduser mit geringeren Fallzahlen, die oft eine
schlechtere Ergebnisqualitit aufzeigen [6—8]. Auf der anderen Seite ist die Vergleichbarkeit der
risikoadjustieren Indikatoren zwischen den Jahren nur bedingt gegeben, da die
Risikoadjustierung spezifisch fiir jedes Jahr durchgefiihrt wird [9, 10]. Hier kann fiir die
Analyse des allgemeinen Trends auf die einfachen Ergebnisraten ausgewichen werden, doch
sind fiir den Vergleich zwischen Krankenhdusern risikoadjustierte Indikatoren unabdingbar.
Fiir den Analyse der risiko-adjustieren Ergebnisqualitdt von Krankenhdusern iiber die Zeit
miissen die risikoadjustieren Indikatoren auf Basis eines Adjustierungsmodells und der

Patientendaten von den verschiedenen Jahren fiir alle Jahre vergleichbar berechnet werden.
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Die Qualititsmingel vieler Krankenhéuser sind den Akteuren der Selbstverwaltung und der
Politik grundsétzlich bewusst [11-13]. Sie sind jedoch im Konsens- und verhandlungsbasierten
System der Selbstverwaltung nur schwer zu adressieren. Zusdtzlich liegt die
Krankenhausplanung und die Qualitétssicherung rechtlich im Aufgabenbereich der
Bundeslénder, was eine zentrale Steuerung schwer bis unmdglich macht [14, 15]. Zum Beispiel
haben die 2004 bzw. 2005 eingefiihrten Mindestmengen fiir sechs chirurgische und
orthopiadische Eingriffe bisher zu keiner Konzentration der Behandlung gefiihrt [16, 17], auch

weil Ausnahmen durch die regionalen Planungsbehdrden fast immer gewihrt wurden.

Als alternativen zu regulativen Malnahmen auf Landesebene fiihrt das KHSG
qualititsorientierte Vergiitung und selektive Qualitdtsvertrige zwischen Krankenkassen und
Leistungserbringern ein. Die Implementierung von qualititsorientierter Vergiitung riickt aktuell
im Zuge der schwierigen Diskussion um planungsrelevante Indikatoren in weite Ferne [18-21].
In Bezug auf Selektivvertrage hat das KHSG die groBBere Erprobung von Selektivvertridgen in
vier Leistungsbereichen erlaubt [4] und einzelne Krankenkassen befinden sich bereits in der
Testphase. So setzen die Selektivvertrage der AOK Hessen fiir Versorgung bei krankhafter
Adipositas und alloplastischem Gelenkersatz (Knie und Hiifte) Mindestmengenanforderungen
und spezifische Qualititsanforderungen an die Arzte [22]. Letztere spezifizieren dariiber hinaus
Minimumwerte fiir die im Rahmen des QSR Verfahrens errechneten Hiift- und
Knieendoprothetik Qualititsindikatoren [23]. Ein Ausbau der Selektivvertrige zu Kosten des
Kollektivvertrages ist eine Moglichkeit, eine qualitdtsbasierte Versorgungssteuerung
einzufilhren. Die Schwierigkeiten, Behandlungsqualitdt als wichtiges Kriterium in der

Krankenhausplanung zu etablieren, verdeutlichen die Relevanz des Public Reportings.

Nutzerverhalten auf Public Reporting Portalen am Beispiel weisse-liste.de

Um den Wirkungsmechanismus von Public Reporting besser zu verstehen, untersucht Kapitel

4 das Nutzerverhalten fiir die Krankenhaussuche auf Deutschlands wichtigstem Public
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Reporting Portal Weisse Liste.de. Die Public Reporting Nutzung ist den letzten Jahren von 1
445 Nutzern pro Tag in 2013 auf'2 752 Nutzer in 2015 stark angestiegen. Nutzer verbringen im
Durchschnitt 7 Minuten im Portal, mit 7.4 Klicks und 54 Sekunden zwischen den Klicks. Die
Nutzung der Vergleichsfunktion zwischen Krankenhdusern ist limitiert. Nutzer suchen
Qualititsinformationen insbesondere fiir onkologische und orthopadische Leistungsbereiche,
doch gibt es nur fiir 5 der 20 meistgesuchten Indikatoren Prozess- und Ergebnisindikatoren.
Auf Basis des Klickverhaltens konnten zehn verschiedene Nutzergruppen identifiziert werden.
Die Ergebnisse lassen einen klaren Bedarf zum Ausbau der nutzerorientierten Inhalte und
Darstellungsformen erkennen (z.B. verschiedene Subportale fiir unerfahrene Patientennutzer
und drztliches Fachpersonal). Dies ist insbesondere wichtig, um die hohen Abbruchraten zu
reduzieren und die Nutzung der Vergleichsfunktion auszubauen [1, 24, 25]. So werden die
Informationen, wie sie in den Qualitétsberichten erfasst und ohne grofle Vereinfachung auf
Weisse Liste.de prasentiert werden, von Patienten als komplex und in Aufbereitung wenig
ansprechend gesehen [26]. Die Elastizitit der Nutzerzahlen auf Weisse Liste.de relativ zu
Weisse Liste.de/Public Reporting Experteninhalten in Print und Fernsehen erlauben die
Moglichkeit, die Relevanz der Krankenhauswahl und Public Reporting Portale als Medium

dafiir in der Bevolkerung zu stérken [1].

Spezialisierung und Zertifizierung im Krankenhaus

Die Kapitel 5 bis 7 wenden die durch Qualitdtstransparenz gewonnenen Daten zu Struktur- und
Ergebnisqualitidt an, um bestimme Strukturfaktoren als Moglichkeit zur Verbesserung von
Ergebnisqualitdt und Ressourceneffizienz zu evaluieren. Kapitel 5 untersucht am Beispiel
Schlaganfall den Einfluss von Infrastruktur- und Prozessspezialisierung sowie von
Zertifizierung auf Ergebnisqualitidt. Auf der einen Seite wird eine signifikante Verbesserung
der Schlaganfall 30-Tage Sterblichkeit durch Behandlung in einer SU festgestellt [27]. Auf der

anderen Seite kann kein signifikanter Einfluss durch das DSG SU Zertifikat und das KTQ
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Qualitdtsmanagementzertifikat festgestellt werden. Durch eine Verschiebung der Behandlung
von Schlaganfallpatienten aus Krankenhduser ohne SU in Krankenhduser mit SU und damit
verbundene Zentralisierung kann die deutschlandweite Schlaganfallsterblichkeit um bis zu 460
Fille reduziert werden. Die SU Anzahl hat sich in Deutschland seit 2006 von 276 auf 436 in
2014 stark erhoht. In einigen Regionen bedarf es vielleicht noch einer zusitzlichen SU.
Dennoch sollten Schlaganfallpatienten, die aktuell noch in Krankenhdusern ohne SU behandelt
werden, grundsétzlich in Krankenhdusern mit SU umgelenkt werden, um unnétigen
zusitzlichen Kapazititsaufbau zu vermeiden. Studien haben gezeigt, dass trotz der teilweise
langeren Notfallanfahrtswege zu Krankenhdusern mit SU bessere Outcomes bei einer
iiberregionalen Konzentration der Schlaganfallbehandlung in Krankenhdusern mit SUs zu

erwarten sind [28].

Qualititswettbewerb im deutschen Krankenhausmarkt

Kapitel 6 priift den Einfluss von Krankenhauswettbewerb auf die Qualitdt der Versorgung in
Deutschland am Beispiel der Notfallleistungsbereiche Schlaganfall und Herzinfarkt und des
planbaren Leistungsbereichs Hiift-Total-Endoprothesenersatz. Wiéhrend die
Marktkonzentration fiir Schlaganfall zwischen 2006 und 2014 zugenommen hat, ist sie fiir
Herzinfarkt relativ konstant geblieben und hat leicht abgenommen fiir Hiift-Total-
Endoprothesenersatz. Fiir Schlaganfall und Hiift-Total-Endoprothesenersatz ist die
Ergebnisqualitdt am schlechtesten fiir Krankenhduser in hochkonzentrierten Markten, fiir
Herzinfarkt ist sie am schlechtesten flir Krankenhduser in méfig konzentrierten Mérkten. In
den unterschiedlichen Regressionsmodellen konnte kein signifikanter Effekt von Wettbewerb
auf Ergebnisqualitét festgestellt werden. Dies mag auf der einen Seite an dem fehlenden
geringen Bewusstsein fiir Qualititsunterschiede zwischen Krankenhdusern und den dazu
verfiigbaren Public Reporting Daten liegen. Auf der anderen Seite konnen sich auch

gegenldufig Effekte — Konzentration und Spezialisierung mit positiver Qualititswirkung bei
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geringeren Fallzahlen und Wettbewerbsreduktion mit negativer Qualitdtswirkung — gegenseitig
aufheben. Die Arbeit verdeutlicht die Notwendigkeit des Ausbaus und der Optimierung des
Public Reportings (Kapitel 4) und schafft die Grundlage fiir weitere Untersuchungen des
Wirkungsmechanismus zwischen Wettbewerb und Behandlungsqualitit auf Basis von

Patientenlevel-Daten.

Qualitit und Ressourceneffizienz im Krankenhaus

AbschlieBend wird in Kapitel 7 eine neue Methode zur Schitzung qualitdtsadjustierter,
technischer Krankenhauseffizienz entwickelt und auf die Schlaganfallversorgung angewandt.
Neben den Produktionsfaktoren Qualitit und Ressourceneinsatz flieBen raumliche Faktoren wie
Wettbewerb zwischen Krankenhdusern sowie Faktoren der demografischen Entwicklung und
ambulanten Versorgung in die Bestimmung der Ineffizienz mit ein [29]. Die errechnete
durchschnittliche technische Krankenhauseffizienz liegt bei einem Effizienzmall von 0.73
relativ. zum Optimum 1.0. Diese verdeutlicht hohe Potentiale zur Steigerung der
qualititsadjustierten Effizienz. Durch die Betrachtung der marginalen Effekte auf die Effizienz
fiir das Durchschnittskrankenhaus konnen wichtige Faktoren zur Steigerung der Effizienz
identifiziert werden. Hierzu gehoren insbesondere eine Spezialisierung durch eine Stroke Unit,
eine  Fachabteilungszertifizierung, regionale Zentralisierung und organisatorische
Konsolidierung der Behandlung innerhalb des Krankenhauses. Die Methodik erlaubt zusétzlich
die Identifikation von einzelnen Krankenhdusern, welche die Versorgung von
Schlaganfallpatienten mit einem besonders hohen Maf3 an qualitétsadjustierter Effizienz leisten.
Diese Krankenhduser konnen im Rahmen von Fallstudien untersucht werden, um Best Practices
zu identifizieren und diese auch in anderen Krankenhdusern mit Nachholbedarf einzufiihren.
Durch die Verwendung der standardisierten Mortalitdtsrate (SMR), welche auch fiir andere
Leistungsbereiche wie Herzinfarkt und orthopidische Eingriffe verfligbar ist, kann die

Methodik auch zur Schétzung der qualititsadjustierten Effizienz in anderen Leistungsbereichen
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angewandt werden. Da die SMR auch in anderen Lindern (z.B. England) zur Messung von
Qualitit im Krankenhaus verwendet wird, kann die Methodik auch internationale Anwendung

finden.

Kapitel 7 verdeutlicht dartiber hinaus einen Trade-off zwischen Behandlungsqualitidt und
Kostenreduktion. Effizienzsteigerung durch Spezialisierung, Zertifizierung oder Konzentration
der Behandlung konnen sowohl zur Steigerung der Qualitdt als auch zur Reduktion der
eingesetzten Ressourcen verwenden werden. Letztlich ist eine Anndherung an die
Effizienzgrenze im Okonomischen Sinne nur durch beide Strategien mdglich.
Qualitdtstransparenz ist eine notwendige Bedingung, um die Effizienz der eingesetzten
Ressourcen zu erhohen bzw. den Einsatz von Ressourcen dort zu erhéhen, wo die
Behandlungsqualitit moglichst hoch ist und dort zu reduzieren, wo die Behandlungsqualitét

gering ist.

Der Einfluss von SU Zertifikaten auf die Ergebnisqualitit in der Schlaganfallversorgung ist
unklar bzw. die Ergebnisse dazu unterscheiden sich. In Kapitel 5 kann auf Basis eines Fixed-
Effects-Modells keine signifikante bessere Behandlung fiir SUs mit DSG SU Zertifikat
festgestellt werden. Dahingegen wird in Kapitel 7 ein signifikanter qualitits- und
effizienzsteigernder Zusatzeffekt fiir SU Zertifikate festgestellt. Die genauen Griinde fiir die
unterschiedlichen Ergebnisse lassen sich aufgrund der unterschiedlichen statistischen

Methoden (SFA vs. Fixed-Effekt Regression) nicht beschreiben.

Insgesamt verdeutlicht Abbildung 4 die zielorientierte Ausrichtung in einem
Qualitdtstransparenzsystem. Strukturfaktoren sind die Grundbausteine der
Krankenhausversorgung und jeglicher dazugehorigen Prozesse. Aus der Kombination von
Strukturfaktoren und Prozessfaktoren entsteht die Ergebnisqualitét, welche als Endpunkt das
ultimative Kriterium fiir die Effizienz und die Qualitit der Behandlung ist. Gleichzeitig gilt

Qualitidtsmessung als Startpunkt fiir Qualitdtstransparenz. Die iiber alle Leistungserbringer
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hinweg standardisiert gemessenen Struktur-, Prozess- und Ergebnisindikatoren fungieren als
Grundlage fiir das Public Reporting und die Information von Patienten und ihren Stellvertretern.
Auch fungieren sie als Grundlage fiir interne Verbesserungsprozesse im Krankenhaus (i.e.
Qualitditsmanagement) und die systematische Identifikation von Best Practice Krankenhdusern
und Strukturfaktoren mit hohen Einfluss auf gute Ergebnisqualitdt. So zielt das gesamte System

auf die Verbesserung von Ergebnisqualitét fiir den Patienten.
Handlungsempfehlungen

Aus der Analyse ergeben sich wichtige Empfehlungen zur Verbesserung des deutschen
Qualitétstransparenzsystems und zur Steigerung der Behandlungsqualitit in deutschen
Krankenhdusern. Die verpflichtende Qualitatssicherung des G-BA und das Public Reporting
durch Weisse Liste.de stehen dabei im Zentrum. Aber auch fiir andere
Qualitétstransparenzakteure sind die Empfehlungen relevant. Zusammengenommen kénnen sie
die Aussage- und Wirkungskraft des deutschen Qualitétstransparenzsystems starken und einen
wirksameren Qualititswettbewerb zwischen Leistungserbringern entfachen. Eine Stirkung der
Strukturfaktoren mit positiver Wirkung auf die Ergebnisqualitit kann die Qualitdt in der
Leistungserbringung fordern und mit den entwickelten Methoden kdnnen weitere relevante
Strukturfaktoren identifiziert werden. Im Folgenden werden die Empfehlungen entlang der

Dimensionen Messung, Verdffentlichung und Verbesserung aus Abbildung 4 dargestellt.

Messung von Qualitit

Fiir eine Steigerung der Qualititstransparenz sollte das Indikatoren-Set sowohl in bestehenden
Leistungsbereichen als auch fiir neue Leistungsbereiche ausgebaut werden. Innerhalb
bestehender Leistungsbereiche sollten die Anzahl Betten auf Fachabteilungsebene und
Informationen zur Zentrenbildung (z.B. Prostata- oder Darmzentrum der DKG) als zusétzliche
Strukturfaktoren aufgenommen werden, da sie einen wichtigen Einfluss auf Qualitdt und

Effizienz in die Datenspezifikation der externen Qualitdtssicherung haben [30-32].
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Wichtiger jedoch ist die Einfiihrung von PROM-Indikatoren. Hier hat Deutschland im
internationalen Vergleich grofen Nachholbedarf [2]. Neben ,harten Endpunkten®, wie
Mortalitdt oder Komplikation, zdhlen auch weichere Behandlungsergebnisse wie
Lebensqualitit, Beweglichkeit und motorische Féhigkeiten als wichtige Gradmesser einer
guten Krankenhausqualitdt [33-35] und hoher Relevanz fiir Patienten [36]. Das International
Consortium for Health Outcome Measurement (ICHOM) hat bereits mehr als 20 PROM
Indikatoren-Sets entwickelt und bietet eine anerkannte und in vielen Léndern bereits
angewandte Moglichkeit PROM Indikatoren zu messen [37]. Die ICHOM Indikatoren-Sets
konnen als Grundlage fiir eine PROM Indikator Offensive in Deutschland fungieren. Die
Integration von PROM st eine stirkere Ausrichtung des Gesundheitssystems am Patienten.
Grundsitzlich sollte die Nachfrage nach Informationen als stirkeres Kriterium fiir die
Weiterentwicklung ~ herangezogen  werden, um  die = Nutzerorientierung  des

Qualitdtstransparenzsystems zu stirken [1].

Der Ausbau der Qualitétstransparenz flir weitere Leistungsbereiche sollte dariiber hinaus
hochste Prioritdt haben. Aktuell deckt die externe Qualitdtssicherung mit ihren 27
Leistungsbereichen weniger als 30% aller stationdren Aufnahmen ab [2, 10]. Andere Lénder,
wie die USA oder England, haben hier einen deutlich umfassenderen Ansatz [2]. Prozess- oder
Ergebnisindikatoren sollten insbesondere fiir onkologische (z.B. Darm- oder Brustkrebs) als
auch weitere orthopidische Indikatoren (z.B. Bandscheibenvorfall) ergénzt werden [1]. Das
Qualitdtstransparenzsystem sollte sich grundsédtzlich stirker an der Patientennachfrage und

Interesse orientieren.

Zusitzlich sollte der Ausbau der sektoreniibergreifenden Qualititsmessung vorangetrieben
werden. Aktuell gibt es in der gesetzlichen Qualitétssicherung mit PCI und postoperativer
Wundinfektion nur zwei Leistungsbereiche mit sektoreniibergreifenden Indikatoren. Die

Einbeziehung von Ereignissen nach der Krankenhausentlassung ist essentiell, um ein
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vollstédndiges Bild iiber die geleistete Behandlungsqualitit zu erlangen. Ein zu frithes Entlassen
im Zuge des finanziellen Drucks durch Fallpauschalen kann sich negativ auf langerfristige
Gesundheitsergebnisse auswirken. Zudem sind auch ldngere Zeitrdume als nur 30 Tage von
Bedeutung, da sich die Ergebnisqualitit in kiirzeren und ldngeren Zeitrdumen gegensétzlich
entwickeln kann [5]. Die Entwicklung von sektoreniibergreifenden Indikatoren sollte, wie bei
den QSR Indikatoren, auf Basis von Routinedaten geschehen, um den Dokumentationsaufwand

fiir Krankenhiuser nicht weiter zu erh6éhen.

Methodisch sollte dariiber hinaus der Ausschluss von kleineren Krankenhdusern mit geringen
Fallzahlen aufgrund von Datenschutz tiberdacht werden. Qualitétstransparenz sollte fiir alle
Krankenhduser gleichermallen gelten, insbesondere auch fiir solche Krankenhiduser, die
bestimmte kritische Eingriffe nur selten und in kleinen Fallzahlen vornehmen. Zwei mdgliche
Ansitze um Datenschutzbedenken vorzubeugen, sind das Gruppieren der Fallzahlen und
Ergebnisse iiber 2 Jahre oder die Veroffentlichung von relativen Ergebnissen oder Aussagen
wie unterdurchschnittlich, durchschnittlich und tiberdurchschnittlich fiir Krankenhduser mit

geringen Fallzahlen.

Veroffentlichung von Qualititsinformation

Aktuell werden die gesetzlichen Qualititsindikatoren erst mehr als 14 Monate nach Ende des
Berichtsjahres verdffentlicht [10]. Dieser Zeitraum sollte deutlich verkiirzt werden. Eine
qualititsbasierte Steuerung der Versorgung sowohl durch regulatorische Eingriffe als auch
durch Patientenwahl bedarf moglichst aktuellen Daten. Nur so ist Validitdt der
Entscheidungsgrundlage gewdhrleistet. Mdglich wire sogar ein Qualitétsreporting in Echtzeit.
So bekommen Cheférzte der HELIOS Kliniken monatliche Qualitétsleistungskennzahlen und

treffen auf Basis dieser aktuellen Kennzahlen Managemententscheidungen [38].

Online-Kommunikation durch Public Reporting Portale sollten sowohl kundenspezifischer als

auch nutzerfreundlicher gestaltet werden. Denn die Ergebnisse machen deutlich, dass die
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Fahigkeiten, Qualititsinformationen zu verstehen und richtig einzusetzen, stark zwischen den
einzelnen Nutzergruppen variieren. Die Krankenhaussuche auf Weisse Liste.de konnte mit der
Eingabe des Leistungsbereiches und der Postleitzahl die Option zur freiwilligen
Selbstidentifikation als unerfahrener Patient, erfahrener Patient oder Mediziner erlauben.
Dadurch kdnnten nutzergruppenspezifische Informationen angeboten werden. Zusétzlich sollte
die Option eines Log-Ins die Speicherung von Profil-Informationen (z.B. Nutzertyp,
Suchstandort) erlauben. Innerhalb der Portale sollte die Vergleichsfunktion als zentraler
Bestandteil gestdrkt werden. Nur in dieser Funktion findet wirklich eine Gegeniiberstellung und
Auswahl zwischen verschiedenen Leistungserbringern statt. Ein Vergleich der Krankenhduser
mit der hochsten Behandlungsqualitét sollte einfach und schnell auf eine geringe Zahl an
relevanten (d.h. Leistungsbereiche) und guten (d.h. Ergebnisqualitit) Krankenhdusern zu
reduzieren sein. Dies kann zum Beispiel iiber einen Qualitétsfilter funktionieren. Dieser wird
auf Basis von vordefinierten Kriterien wie Minimumfallzahl und Zugehdorigkeit zum qualitativ
besten Drittel der Krankenhduser die Auswahl an Krankenhdusern auch in Ballungsrdumen

schnell auf die relevanten Krankenhéuser reduzieren [1].

Einfache und intuitive Onlinevergleichsfunktionen sind das Kernstiick von erfolgreichen
Vergleichsportalen wie Booking.com oder Hotel Tonight. Es fillt u.a. auf, dass jedes
Vergleichsportal eine responsive Landkarte (z.B. Google Maps) mit den ausgewdhlten
Objekten (z.B. Hotels) anbietet. Einfaches An- und Ausschalten von Suchkriterien ist auch
weitverbreitete Anwendung auf Hotel -oder Flugsuchportalen. Diese Funktionen und viele
andere einfache und intuitive Funktionen von Vergleichsportalen aus anderen
Wirtschaftszweigen sollten nach entsprechender Priifung auch in Public Reporting Portalen

integriert werden.

Auch die Offline-Kommunikation von Qualititsunterschieden an Patienten und ihre

Stellvertreter sollte ausgeweitet werden. Nach Feststellung des stationdren Behandlungsbedarfs
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konnten die Krankenkassen einfach aufbereitete Public Reporting Informationen zur
Unterstiitzung der Krankenhauswahl zum Patienten nach Hause schicken. Auch konnten
regelmiBige, einfache Beilagen mit Qualititsinformationen zu regionalen Krankenhdusern in
Tageszeitungen die Bekanntheit und das Verstdndnis des Public Reporting stiarken und wichtige
Qualititsinformationen zur Krankenhauswahl an Patienten, vor allem auch élteren Patienten
mit weniger Onlineaffinitét, vermitteln. Noch besser wire eine Integration des Public Reporting
in die Arzt-Patienten Gespriche im ambulanten Sektor. Einweisende Arzte kénnten die
Krankenhauswahl zusammen mit Ihren Patienten am Desktop- oder Tablet-PC besprechen und
so das richtige Krankenhaus identifizieren. Arzte kénnten dabei hilfreichen medizinischen
Kontext zur korrekten Interpretation der Public Reporting Daten beitragen. SchlieBlich bietet
sich auch eine Kombination aus Print und Online Angebot an. Ein erfolgreiches Beispiel bietet
der Klinikfiihrer Rhein-Ruhr: Schon 2005 war dessen Erstauflage mit 10 000 Exemplaren in
weniger als 24 Stunden ausverkauft. Innerhalb von wenigen Monaten hatten zwei Million
Nutzer die Onlineausgabe besucht [39]. In den Folgejahren konnte der Klinikfiihrer seine

Auflage weiter steigern.

Diese Verbesserungsvorschlidge zeigen: Das Public Reporting sollte deutlich einfacher werden,
nédher an den Patienten als Kunden herangefiihrt werden und zusétzlich zur Weiterentwicklung
und Individualisierung der Online-Plattformen auch eine stirkere Print- bzw. Offline-
Komponente bekommen. Ohne eine deutliche Steigerung der Bekanntheit und des Nutzens von
Public Reporting ist die Ubersetzungsfunktion der Verdffentlichung von Krankenhausqualitit
zwischen Messung und Verbesserung begrenzt. Doch letztlich ist Qualittstransparenz kein
Selbstzweck, sondern sollte neben der Stirkung des Krankenhausqualitdtswettbewerbs und der
Durchfiihrung des krankenhausinternen Qualitditsmanagements auch aktiv zur Verbesserung

der Krankenhausqualitdt auf Systemebene genutzt werden.
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Verbesserung von Qualitét

Auf Systemebene konnen die durch Qualititstransparenz gesammelten Struktur- und
Ergebnisindikatoren zur retrospektiven Analyse von Strukturdeterminanten von
Ergebnisqualitit genutzt werden. So konnen wichtige Strukturfaktoren identifiziert, deren
positiver Effekt auf die Ergebnisqualitdt verifiziert und regulative und Vergiitungsanreize fiir
diese Strukturfaktoren gestirkt werden. Zum Beispiel konnte diese Arbeit die bessere
Behandlungsqualitit in  SUs und Nutzen von weiterer Konzentration der

Schlaganfallbehandlung in SU aufzeigen.

Qualitatswettbewerb zwischen Krankenhdusern kann sich positiv auf die Behandlungsqualitét
auswirken. Doch ist die Wirkung in Deutschland noch unklar, auch weil der
Qualitdtswettbewerb noch unzureichend ausgeprégt ist. Daher gilt es den Qualititswettbewerb
zu stirken. Moglich wére dies anhand von drei parallel zu verfolgenden Ansétzen. Die oben
beschriebenen Verbesserungsvorschldge fiir das Public Reporting kdnnen qualitétsbasierte
Krankenhauswahlentscheidungen durch Patienten stdrken. Zusdtzlich konnen durch
qualititsorientierte Vergiitung finanzielle Anreize fiir besser Qualitdt geschaffen werden.
Letztlich konnen qualitétsbasierte Selektivvertrige den Qualititswettbewerb zwischen

Krankenhdusern stiarken [5].

Qualitdtsorientierte Vergiitung schafft einen zusétzlichen Anreiz zur Investition in
qualitétssteigernde Infrastruktur und Prozesse (vgl. Kapitel 1). In Deutschland wurden
qualititsorientierte Vergiitungssysteme bisher nur vereinzelt und in begrenzten Piloten
innerhalb der integrierten Versorgung erprobt. Andere Linder haben dort bereits weitere
Schritte unternommen (vgl. Kapitel 2). Doch ist die wissenschaftliche Fundierung des positiven
Effektes bisher nur schwach, auch aufgrund von methodischen Limitationen [40, 41]. Daher
sollte das System der qualititsorientierten Vergiitung in ein bis zwei Leistungsbereichen auf

nationaler Ebene pilotiert werden, ohne weitere Anderungen am Vergiitungssystem, um
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verzerrende Einfliisse zu minimeren. Als mdgliche Piloten fiir die qualititsorientierte
Verglitung bieten sich elektive und standardisierte Eingriffe wie die Implantation von Knie-
oder Hiift-Endoprothesen an. Das bestehende Qualitétstransparenzsystem sollte dann

angewandt werden, um die Wirkung der qualitdtsorientierten Vergiitung zu evaluieren.

Mit Hilfe von qualitdtsbasierten Selektivvertragen konnen Krankenkassen als Kostenerstatter
die Zentralisierung und Spezialisierung in der Leistungserbringung stirken. Sie kdnnen fiir
elektive Leistungsbereiche wie Hiift- oder Knie-Endroprothesen-Implantationen oder
Herzschrittmacher-Implantationen regionale Versorgungsvertrige mit den qualitativ besten
Kliniken in einer Region abschlielen, um so Hochleistungszentren zu stirken oder aufzubauen.
Auf Basis von Qualitdtstransparenz konnen die Krankenkassen Krankenhduser und
Fachabteilungen mit hoher Ergebnisqualitit identifizieren (Kapitel 3) und gleichzeitig auch die
qualitdtsadjustierte Versorgungseffizienz (Kapitel 7) in die Auswahl der relevanten Kliniken
mit einflieBen lassen. Zusétzlich konnen auf Basis der Qualititstransparenzdaten, angereichert
mit Patientendaten wie Wohnortentfernung zum Krankenhaus, die Auswirkungen von
regulativen Eingriffen in die Versorgungslandschaft auf zu erwartende Ergebnisqualitit,

Leistungsdichte, Fahrtzeiten von Patienten und Notfallversorgung simuliert werden [13, 29].

Eine stirkere Rolle der Krankenkassen in der Auswahl von Krankenhdusern mit
Qualitdtsfiihrerschaft wiirde die Verhandlungsmacht der Kéiufer im Business-to-Business
(B2B) Verhiltnis zwischen Leistungserbringern und Kostenerstattern stirken. Im Vergleich
zum Business-to-Consumer (B2C) Verhéltnis zwischen Leistungserbringern und Patienten sind
die Informationsasymmetrien in einem B2B Verhiltnis zwischen Leistungserbringern und
Krankenkassen geringer. Die AOK Hessen verfolgt diese Strategie bereits fiir die

Leistungsbereiche Hiift- und Knieersatz und Adipositaschirurgie [22, 23].

Zur systematischen Analyse der Verbesserungspotentiale sollte das IQTIG eine Abteilung

aufbauen, die dem G-BA durch Qualititstransparenzdaten informierte Vorschlige zur
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Verbesserung der Versorgungslandschaft unterbreitet. Die vorliegende Arbeit nutzt die
Qualititstransparenzdaten des G-BA und anderer Institute fiir genau diesen
versorgungswissenschaftlichen  Ansatz. Fiir eine breitere Nutzung der durch
Qualititstransparenz generierten Daten wéren eine standardisierte Aufbereitung und ein
einfacher Zugang erforderlich. Aktuell werden die Qualitdtsberichte der deutschen
Krankenhauser als einzelne XML Text Dateien vom G-BA zur Verfiigung gestellt. Technischer
und zeitlicher Aufwand fiir die Datenvalidierung sind hoch. Um diese Hiirde zu reduzieren,
konnte die Integration bereits beim G-BA oder IQTIG erfolgen, wo sowohl Expertise fiir die
Daten als auch das grundsitzliche Interesse an einer entsprechenden Nutzung der Daten hoch
ist. Der G-BA konnte eine standardisierte Datenbank zur Verfiligung stellen, in die auch
zusitzliche Organisationen ihre Daten einspielen (z.B. Zertifizierungsagenturen). Der Zugang
zu dieser Datenbank fiir Forschungszwecke konnte dann iiber ein zentrales G-BA Datenportal

gemanagt werden.

Limitationen

Spezifische Limitationen der einzelnen Studien wurden bereits im Zuge der jeweiligen Kapitel 2
— 7 diskutiert. Dariiber hinaus gibt es weitere Limitationen, die in der Gesamtbetrachtung der
Arbeit anzufiihren sind und thematische Einschrankungen sowie methodische Aspekte betreften.
Die Limitationen konnen teilweise in weiteren Forschungsprojekten adressiert werden. Doch
bedarf es fiir einzelne Aspekte auch einer Weiterentwicklung des Qualitétstransparenzsystems

und einem Ausbau der Datenverfiigbarkeit.

Die vorliegende Arbeit konzentriert sich auf die Qualitdt im Krankenhaus. Sie klammert die
Qualititsmessung und Darstellung auf regionaler Ebene und auf Ebene des einzelnen Arztes aus.
Die Messung regionaler Versorgungsqualitdit hat moglicherweise einen Nutzen flir die
Versorgungsforschung und die Politik. Der Nutzen fiir Patienten ist jedoch limitiert, weil sie nur

wenig Relevanz fiir die Wahl von Leistungserbringern hat. Viele Konsumenten wiinschen sich
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Informationen zur Behandlungsqualitiit einzelner Arzte [42, 43], was sich in der Popularitit von
Arztbewertungsportalen wie Jameda.de ausdriickt. Doch sprechen zahlreiche Griinde gegen die
Messung und Verdffentlichung von Qualititsdaten auf Arztebene: Methodische Griinde gegen
arztbasierte Indikatoren sind die geringe Validitit von Indikatoren auf Basis von kleinen
Patientengruppen und die oft wenig standardisierte Ergebnismessung [2, 44]. Politisch als auch
aus Datenschutzgriinden ist eine Messung und Verdffentlichung auf Arztebene noch deutlich
kontroverser als die Veroffentlichung auf Krankenhausebene. Aus diesen Griinden werden in
Deutschland Qualitédtsindikatoren im stationdren Sektor ausschlieBlich auf der Ebene des
Leistungsbereiches im Krankenhaus gemessen und eine umfangreiche empirische Arbeit ist nur

mit diesen moglich.

Zudem konzentriert sich die vorliegende Arbeit primdr auf die stationdre Versorgung;
sektoreniibergreifende Betrachtungen werden nur im Rahmen der QSR Indikatoren
unternommen. Obwohl die sektoreniibergreifende Betrachtung der Behandlungsqualitit von
Wissenschaft und Politik gefordert wird, ist die Entwicklung und Messung von
sektorentibergreifenden Indikatoren fiir die verpflichtende Qualitétssicherung nach Paragraph
137 SGB V bisher nicht {iber die Pilotphase hinausgegangen. Die Ausnahme in Deutschland sind
die QSR Daten auf Basis von Routinedaten der AOK Patienten. Fiir die Leistungsbereiche
Schlaganfall (Kapitel 3, 5, 6 und 7) und Herzinfarkt (Kapitel 3 und 6) werden auch diese

Indikatoren verwendet.

Weitere, empirische Limitationen ergeben sich durch die beschrinkte Datenverfligbarkeit. So
sind PROM Ergebnisindikatoren nicht zuginglich, obwohl diese wichtigen Aspekte der
Behandlung, neben den Endpunkten Mortalitdt und Komplikation, betrachten. Des Weiteren
spielt die Risikoadjustierung flir die Vergleichbarkeit von Qualitdtsindikatoren zwischen
Krankenhédusern eine entscheidende Rolle. Da die Arbeit ausschlieBlich auf Sekunddrdaten

beruht, wird die bereits durchgefiihrte Risikoadjustierung bei den entsprechenden Indikatoren als
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gegeben betrachtet. Die Komplexitit der Risikoadjustierung konnte in diesem Rahmen
ansatzweise diskutiert werden, da diese eine ganz entscheidende Rolle fiir die Validitdt und

Akzeptanz von Ergebnisindikatoren spielt.

Die Nutzung von Sekundirdaten in der vorliegenden Arbeit unterliegt, wie alle
Sekundirdatenanalysen der Krankenhausangaben, grundsitzliche Limitationen.
Qualititsberichte werden von den Krankenhdusern, auf Basis von detaillierten G-BA Richtlinien,
selbst erstellt [45]. Bei diesem Prozess konnen ungewollte Fehler als auch bewusste
Falschangaben auftreten, da Krankenhduser im Wettbewerb miteinander stehen und sich daher
um lhre Reputation sorgen [5]. So haben stichprobenartige Validititspriifungen auf Basis von
Patientenakten ergeben, dass bei 5% der Krankenhduser Fehler im Reporting fiir 15-60% der
untersuchten Datenaspekte zu verzeichnen sind [46, 47]. Dennoch ldsst sich aufgrund der
detaillierten Berichtregelwerke des G-BA, der unterstiitzenden Software und der standardisierten
Datenvalidierungsverfahren von einer hohen Datenqualitit ausgehen [10]. Die QSR Indikatoren
werden auf Basis von Patientendaten zentral berechnet. Sie sind daher weniger anfillig fiir

krankenhausspezifische Probleme bei Dokumentation und Reporting.

Die Arbeit nutzt ausschlieBlich sekundére Qualitdtsdaten, welche zuvor von Patientenebene auf
die Ebene des Krankenhauses aggregiert wurden. Dies verhindert die Nutzung von
Patientenwahlmodellen, welche in der Literatur verwendet werden, um die Krankenhauswahl
unter Einfluss von Qualitétstransparenz zu modellieren [36, 48—50]. So werden zum Beispiel
Patientenwahlmodelle, auf Basis von Patienteninformation wie Wohnort, Alter, Krankheitsbild
zusitzlich zu den Krankenhaus-Charakteristika, in vielen Analysen zum Effekt von Wettbewerb

auf Krankenhausqualitit genutzt [48, 50-53]. Dies ist in der vorliegenden Arbeit nicht moglich.

Da Qualititstransparenz flir bestimmte Leistungsbereiche und in allen Krankenhduser
gleichzeitig eingefiihrt wurde, besteht nicht die Mdglichkeit Kontrollgruppen zu bilden.

Gleichzeitig sind Qualititsverbesserungsdynamiken in verschiedenen Leistungsbereichen zu
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unterschiedlich, um Leistungsbereiche mit und ohne Qualitétstransparenz miteinander zu
vergleichen. Diese beiden Aspekte erschweren den Autbau eines 6konometrischen Ansatzes zur

Isolierung des kausalen Effektes von Qualitétstransparenz auf die Behandlungsqualitit.

Letztlich kdnnen in dieser Arbeit nur einzelne ausgewéhlte Aspekte von Qualititstransparenz
und darauf Dbasierender Qualititsverbesserung analysiert werden. Das System
Qualititstransparenz und die Anwendung zur Qualitétssteigerung sind zu umfassend, um in
einer Arbeit vollumfinglich betrachtet zu werden. Doch wurden in Bezug auf Messung und
Veroffentlichung  von  Qualitit wichtige Probleme identifiziert und konkrete
Verbesserungsvorschlige entwickelt. Das System Qualitétstransparenz wurde dann angewandt,
um ausgewdhlte Strukturfaktoren filir Qualitétssteigerung zu untersuchen und neue

Analysemethoden auf Basis der Qualitétstransparenzdaten zu entwickeln.
Ausblick Forschungsagenda

Die mikrookonomischen Limitationen in der Bereitstellung von Qualitdt als auch die staatlichen
und privatwirtschaftlichen Losungsanséitze um diese Limitationen zu {iberkommen wurden im
Detail und aus verschiedenen Blickwinkel betrachtet. Wichtige Empfehlungen fiir eine
Steigerung der Qualitétstransparenz und einer Stirkung von wichtigen Strukturfaktoren mit
positiven Einfluss auf Ergebnisqualitit wurden formuliert. Die gewonnenen Erkenntnisse
erlauben den Entwurf einer weiterfilhrenden Forschungsagenda fiir das Projekt
»Qualititstransparenz in Deutschland und deren Anwendung zur Steigerung der
Behandlungsqualitidt im Krankenhaus®“. Auf der einen Seite kniipfen die weiterfiihrenden
Forschungsansitze direkt an die in diese Dissertation eingebrachten wissenschaftlichen Artikel
an, auf der anderen Seite handelt es sich um weiterfithrende Projektideen zur Steigerung von

Qualititstransparenz und Evaluation von Strukturfaktoren zur Qualititsverbesserung.
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Forschungsansitze mit direktem Bezug zu dieser Arbeit

Der internationale Vergleich der Qualitétstransparenzsysteme in Kapitel 2 sollte um zwei
Dimensionen erweitert werden. Um die Weiterentwicklung der Qualititsindikatoren zu
unterstiitzen, bietet sich eine Vergleichsarbeit in Bezug auf Anwendung und genaue Gestaltung
von Qualitdtsindikatoren fiir wichtige Leistungsbereiche wie Kardiologie und Orthopidie an.
Hier wire zu untersuchen welche Indikatoren, vor allem Ergebnisindikatoren und PROMs, zum
Einsatz kommen, auf welchen Daten diese basieren und welche Art von Risikoadjustierung
durchgefiihrt wird. In einem weiteren Schritt wére es fiir die Diskussion innerhalb des deutschen
Gesundheitssystems zur Anwendung der Qualitétsindikatoren hilfreich, international Beispiele
zu identifizieren, bei denen Qualititsindikatoren eine konkrete Auswirkung auf die
Versorgungslandschaft haben. Diese Auswirkung kann durch Restriktion von Leistungen fiir
qualitativ schlechte Krankenhéduser oder eine Reduktion der Vergiitung geschehen. Auf Basis
der fiir den deutschen Versorgungkontext und Datenlandschaft geeignetsten Indikatoren und
verbundenen Mallnahmen konnten dann Szenarien durchgespielt werden, wie eine striktere
Anwendung der Indikatoren mit wirklichen Konsequenzen aussehen konnte und welche

Auswirkungen diese hitte.

Die Untersuchung der Qualitdtsentwicklung und Unterschiede zwischen Krankenhdusern in
Kapitel 3 kann insbesondere durch eine Analyse weiterer Leistungsbereiche und Indikatoren
erginzt werden. Hier bieten sich vor allem eine stirkere Verwendung der QSR Indikatoren an,
die es neben Schlaganfall und Herzinfarkt auch fiir 16 weitere Leistungsbereiche wie
Herzinsuffizienz, Sectio und Vaginale Entbindung gibt [54]. In einer weiteren Kooperation mit
dem WidO konnten die Indikatoren auf Basis eines spezifischen Jahresmodells zur

Risikoadjustierung iiber alle Jahre vergleichbar errechnet werden.

Die Public Reporting Untersuchung im Kapitel 4 wird durch ein bereits initiiertes Folgeprojekt

zusammen mit Weisse Liste.de vertieft. Hier werden fiir ausgewéhlte Leistungsbereiche (z.B.
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Hiift- und Knieersatz, Bypass-Operationen oder Geburten) Fragebogen auf der Webseite
Weisse Liste.de geschaltet, welche Intention, Hintergrund und Datenversténdnis spezifischer
Nutzer eruieren. Die Umfrageantworten werden fiir jeden Teilnehmer mit seinem tatsachlichen
Nutzerverhalten verbunden, um so als erste Studie Informationen zu Hintergrund, Intention,
Verhalten und Verstindnis von Public Reporting Nutzern zu erfassen. So konnen noch
spezifischere Empfehlungen fiir die Weiterentwicklung des Public Reporting hin zu einem

kundenspezifischen und wirksamen Motor des Qualititswettbewerbs entwickelt werden.

Auf Basis eines umfangreichen DRG Patientenlevel-Datensatzes der Forschungsdatenzentren
der Lénder und des Bundes fiir zwei elektive Leistungsbereiche, wie Hiiftimplantation und
Bypass Operation, sollten Patientenwahlmodelle entwickelt und geschitzt werden, um die in
Kapitel 6 untersuchten Auswirkungen von Qualitdtswettbewerb zwischen Krankenhédusern auf
die Versorgungsqualitit und Marktanteile genauer zu untersuchen. Die Patientenwahlmodelle
erlauben eine Berechnung des KonzentrationsmaBes auf Basis eines flexiblen Radius Ansatzes.
Auch erlauben diese Patientendaten eine empirische Uberpriifung der Frage, ob Krankenhiuser
mit besserer Qualitdit mehr Patienten anlocken konnen und somit relativ einen hoheren

Marktanteil erreichen.

Das geoadditive SFA Modell zur Schitzung von qualitidtsadjustierter Effizienz aus Kapitel 7
kann auf der einen Seite durch die Integration weiterer Ressourcen oder Kostendaten, wie
Bettenkapazitdt in den jeweiligen Abteilungen, weiterentwickelt werden. Auf der anderen Seite
kann das Modell zur Schitzung der qualititsadjustieren Effizienz in anderen
Leistungsbereichen, wie die Notfallindikation Herzinfarkt oder die planbaren Prozeduren Hiift-
oder Knieersatz, eingesetzt werden. Neben diesen Forschungsansitzen mit direktem Bezug zu

dieser Arbeit sind drei weitere Forschungsprojekte angedacht.
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Weiterfithrende Forschungsansétze

Zuerst sollte der Zusammenhang zwischen den drei in Deutschland gefiihrten Indikatortypen
zur Krankenhausbewertung untersucht werden. Dazu zdhlen die Qualitdtsindikatoren der
gesetzlichen Qualitédtssicherung, die Ranking Daten der Focus Klinikliste (insbesondere
Reputation) und die Patientenerfahrung aus den Patient Experience Questionaire (PEQ) Daten
der Weisse Liste. Partnerschaften fiir die letzteren beiden Datenblocke konnten bereits
abgeschlossen werden. Einerseits kann die Korrelation zwischen den verschiedenen
Datenwelten untersucht werden. Anderseits kann untersucht werden, wie aussagekriftig das
Focus Klinik Ranking und die Patientenerfahrungen fiir die Ergebnisqualitdt sind. Dies kann
helfen, die Zusammenhidnge zwischen den verschiedenen Datenwelten zu klidren und
Hierarchieebenen bzw. eine Priorisierung fiir die verschiedenen Informationstypen und

Darstellungsformen einzufiihren.

Zusétzlich kann das Zusammenspiel zwischen gesteigerter Erfahrung und Ergebnisqualitit
betrachtet werden. International zeigt sich ein klares Bild fiir den positiven Zusammenhang
zwischen Fallzahlsteigerung und Ergebnisqualitét, doch variiert dies in Stérke und Signifikanz
je nach Leistungsbereich [6, 55-58]. Im deutschen Kontext kann das Mengen-Qualitét
Zusammenspiel fiir Notfall- und planbare Leistungsbereiche untersucht werden. Die
Erkenntnisse konnen insbesondere fiir die Ausgestaltung und Umsetzung von Mindestmengen
(z.B. Identifikation von Schwellwerten) Verwendung finden. Zusitzliche Evidenz fiir die
Qualitatssteigerungspotentiale von Mindestmengen scheinen vor dem Hintergrund der
Aushohlung  bestehender Mindestmengenregelungen angebracht [16, 17]. Diese
Forschungsrichtung kann um einen internationalen Vergleich zur Anwendung und

Ausgestaltung von Mindestmengen erweitert werden.

Letztlich kann die Beziehungen zwischen Behandlungsqualitit und dem Verhéltnis von

Belegirzten zu angestellten Arzten untersucht werden. Das Belegarztsystem ist in Deutschland
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weitverbreitet und mdgliche Qualititsunterschiede zwischen den zwei Formen der
Arztintegration in das Krankenhaus wurden in Deutschland bisher nicht untersucht. Die Frage
ob Krankenhduser und Fachbereiche mit hoherer oder niedriger Belegarztquote bessere
Versorgungsqualitit leisten hat fiir die Versorgungsplanung und Regulierung des
Belegarztsystems, insbesondere auch im landlichen Raum, hohe Relevanz. Scott et al. (2017)
untersuchen diese Beziehung fiir hdufige Krankheiten und haben keinen signifikanten Einfluss
identifiziert [59]. Eine dhnliche Studie konnte auf Basis der in der Projektdatenbank enthaltenen

Variablen fiir Leistungsbereiche wie Orthopddie oder Kardiologie durchgefiihrt werden.

Durch die groBziigige finanzielle Unterstiitzung des Forschungsprojektes ,,Qualitdtstransparenz
in Deutschland und deren Anwendung zur Steigerung der Behandlungsqualitit im
Krankenhaus* durch die Deutsche Forschungsgemeinschaft kann das Forschungsprojekt und

die hier skizzierte Forschungsagenda in den néchsten drei Jahren weiterverfolgt werden.
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