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ABSTRACT

Introduction : Measuremet of health car@erformance is important for quality assurance

and improvement of health services. With regular monitoring and falf@wnwarranted

variations in performance can be reduced. For performance measurement to have the desired
effects, meamigful indicators dperformance need to be selected, methods that ensure
comparability between hospitaieed to be employednd information must adequately be

fed back to providers and profession8lsth care is one of the most common cause
hospitalisaton and largeariations in practice have been obsemuaith highlights the

relevance of pédormance measurement in this afélare knowledge is needed bow to ug
indicatorsand apprpriate method$or measuremerdf performancendhow this

information can be used to improve clinical practice.

Aim: The overall aim of this thesis is $how how routinely collected data can be used
measurdiealth cargerformancen the area of birth carnd to assess how such
measurementan supportquality improvement.

Method: Three of thdour studies are based on quantitative analyses of a research database
with extensive informatioon patient characteristiceare processesource useandhealth

outcomes for almost 14W0 womergiving birth Regression analysegere employedo

investigate the importance of case mix adjustment and the variations in performance between
Swedish birth clinics. The fourth stuthbased ornterviews withmanagers and staff in a

hospital departmend uncerstand howthey perceived the usé technology for feedback of
performance dati& improvement efforts.

Findings: Patient characteristics have a significant effect on birth care performance
indicators anédjustment for differences in patient pagtidnsis aprerequisite for
meaningfulperformance measurememhere ardarge variations itase mix adjusted
performance between birth clinics in Sweden in terms ofthetlcare process and the health
outcomesachievedlIf all clinics performed as the tof®%0, around 2200aesarean sections
would be avoided annually in the regions studied. Similarly, almost 900 perineal tears of
grade 3 or 4 and 1500 pgsrtum infections would be avoidethere area number of
factorsthat facilitate or hinder the adoptioftechnology for timely feedback of relevant
performance datdManagersandstaff perceivethat such feedbaaif datasupportgjuality
improvement.

Conclusions Adjustment for patient characteristics is a preretpfsr meaningful
comparisons of perfmance between hospitaad can be used &malyseunwarranted
variations Analysis of case mix adjusted variations in performance between Swedish birth
clinics revealssignificantpotential for improvement of outcomand reduced costs.
Continuous use gderformance dateansupportquality improvemenand lead to reduced
variations in performance
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1 BACKGROUND

1.1 THE CHALLENGE FOR HEALTH CARE

Human kealth has improved tremendously over a long period of tintle life-expectancy
and quality of lifeincreasing dramatically worddidee fA The 20t h century ha
transformation in human health uamt ¢ h e d i[1h Thik degelopmeny is id part due to
rapid advancements in medicine and the provision of heatéhduring the last hundred
yearsWhile health care is still continuously improviaga high pacehere are concerns
over large variations inace practicendthe increasing costs associated with health care
provision.Today, we have a situation whemsts of health care have been risingnwst
countries foiseveradecades and are projected to incedagherduring the coming years.
Thisdevelopmenthas been explainda/ factors such as demographic trends, new
technologiesand increasing demands Ik increag in health careostshasalso been
attributed to inappropriate use of medical services and unwarranted variations in clinical
pradice [2, 3].

Recent evidence suggests that both overuse atatuse of medical services are fundamental
problems in health care delivery worldwidar example, the rate of inappropriate total
knee replacementtes has been estimated at 26% in Spain and 34% Winited States
and rate of inappropriaf@rcutaneous coronary interventi@ml coronary angiography in
Italy has been estimated to 22% and 30%, respec{@kelyheWHO has estimated that
each year 6.2 million excess caesarean sections are performed wofklwidlederuse of
available medical services also contributesubstantial costs and patient hafinisis
caused by limited access and availabilityerf/gces as well as failure of providets deliver
services and failure of patients to use ttj@mResearch suggestst the average time for
research evidence to reach clinical practice is 17 yéa®ne widey cited examplef the
slow diffusion of best practice in health ce&s@ study by Eisenberg et,akhichobserved
large variations in use of eviderbased medical therapy in patients undergoing
percutaneous coronary revascularization in both tiitetdStates Canada and Europand
which found significant deviations from treatment guidelji@s

The term Aunwarranted vari at JobniAMennbenffl.heal t h
As opposed to warranted variation, which are differences that can be attributed to the needs

of the populatiorservel, unwarranted variation is dieéd asvariatiorsin the utilisation of

health care services that cannot be explainatiffgrences in patient characteristigs o
patientpreferencedJnwarranted variations health care have been pointed out as a major
obstacle to achieving an effeai health system where resources are put to the best possible
use:i Un wa r vaaahohi®udacceptablat wastegesourcesandit is the hallmarkof

poorquality andlower-valuehealthcarelnvestigatinghe cause®f variation offersthe

opportunityof identifying andeliminatinglower-valuea ¢ t i {10]tpRQ) 0



1.2 PERFORMANCE MANAGEMENT

The fundamental goal of health systems is to improve the health of patients and ditizens.
objective & performancaneasurement in health case¢o evaluaé andcommunicateo what
extentthe health care systems meet these key objectives. This afieteim aspects such as
health status achieved, responsiveness to patient prefer@mdesficiency intie use of

health care resourcgkl]. Ideas about organizational performance are largely rooted in
rationalist and mechanistic model of organizati@isen the large complexity of health

systems and thnumber of stakeholders involved, analysis and management of organizational
performance is challenginglowever, performance managemeniealth cardas been

gaining momentum due to a multitude of different factors such as decreased information
asymmety between different stakeholders in the systems, changes in social norms, the
enormous development of IT systems for collection and analyda#®and the increasing
awareness of unacceptable variations in performd¢eThe importance of systematic

analysis of performance and health system funcigpisinvell phrased by the frequently
guoted words of Donal d Ber wi ¢tolachieve therresulty sy st er
it acHh3leveso

Stakeholder needs and
demands

\‘ Organizational Objectives /

Wider environment

Performance indicators and
measurement systems

A

Performance management
systems

Figure 1 An analytic framework for performance managemg&notirce: Adapted from Walshe [12]

Figurel presents a framework for performance management in healtiThare.

organizational objectives are shaped both bythg a n i zst@akeholdansdssich as patients,

providers and @yers) and by the wider environment (such as societal norms, ecpandic
politicaldrivers) The dotted box describes the organi z
inputs (incudingfacilities, human capital, knowledgad information), processesétivay

in which health care is delivere@dnd outputs (both in terms of number of patients treated,

the volume of patient contactind also the outcomes achieved for those paiiesush as



reduced morbidity and mortalifyand improved health status andctioning). The

Donabedian model for evaluating quality of care, which will be used in this thesis to classify
performance indicators, categorizes performance measures into indicators wifestruct

(Inputs), care processes (Processey) outcomes (Outfs) [14]. Perfamance indicators

and measurement systems servanalyse the organizational performance in terms of both
inputs, processes, and outputs, while performance management systems are mechanisms put
in place to use indicators to influence the organizatiohange and improve.

1.3 HEALTH CARE PERFORMANCE MEASUREMENT AND IMPROVEMENT

The practice of performance measurement is not a new phenomenon. There is evidence of
collection of patient outcome data more than 250 years ago and already in the early 1900s
Ernest @dman proposed a detailed system of follguy identification of best surgeons

based on the actual results of their care, and interhospital comp§tspisowever, given
current demographic trends, increasing availability of technplogyincreasing complexity

of health sgtems, the need for improved performance measutandriransparency is as

great as eveExamples of largscale initiatives for monitoring of performance and

variations in health care include the Dartmouth atlas of health carelimitieel State§16],

the NHS Atlas of Vaation in Healthcare in the UKLO], and also Open comparisons (Oppna
jamforelser) in Swedeji7].

Systemati@nalysisof hospitalperformanceffersopportunitiedor identificationof best
practiceandfor clinical improvementHowever thereis no automatidink between
performanceneasuremerdandimprovementn careprovidedby healthcareprofesgonals
Severalifferentpossiblemethodgwhich canobviouslybe combined)or achievingclinical
improvementhroughperformanceneasuremeritavebeendiscussedh theinternational
literatureandarepresentedbelow.

1.3.1 Accreditation and recertification

Performance measurentenay be used as a requirement in accreditation of provider
institutions and recertification of individual providelrsthe Uhited States the NCQA and
Joint Commissiomre two major accreditors who systematicallyemtlperformance data
from bothhealthplans and hospita[48]. Since 1999 he Inernational Society foQuality in
Health Care alsbas an international programethat provides accreditation in over 40
countries for regulatory bodies and for organizatibasperform accreditation and
certification[19]. Owing to the wide variation in accreditation and certification and the
complex context in which it is performetigre isarelativescardty of evidence ofts impact
Thereare, however, studiesdicating thataccreditation and certificatiatoeshave a positive
impact on clinical practicas several casd20].

1.3.2 Public reporting

Public reporting of performance data is increasinging used talrive health care
improvanent with certain evidence that transparency around hospital performance to the



general publicanimprove quality One commonly mentioned example of this is widely
available riskadjusted mortality rates followingpronaryartery bypass grafting ((BG) in
the United States[21].

Berwick et al [22] have investigatedhelink betweerreportingof healthcareperformance
dataandqualityimprovementinddiscusswo possible mechanismsmprovementhrough
selectiomndimprovementhroughchangesn care.Improvementhroughselectionworks
by patientfl owsreactingto thereportedperformancelata. Thereareseveralifferent
potentialwaysfor patientflows to be affectedby reportingof data,includingindividual
patientchoice selectivecontractingby healthcarepayers or selectivereferralsby providers.
Hence this pathwaycanimprovequality by gettingthe bestout of the currentdistributionof
performanceThe secondpathway on the otherhand ,worksby impactingthe actual
underlyingdistributionof performanceln thechangesn carepathway improved
performances achievedy alteringbehaviourandprocesseamongthoseresponsibldor
healthcareprovision. While thereis limited evidencefor the selectionpathway thereis afair
amountof evidencesupportinghechangesn carepathway[23].

1.3.3 Pay for performance

Tying financial in@ntives to performance has also been widely employed to improve health
care deliveryConrad[24] describes several different dimensions along which financial
incentivesmay vary such as

Thenature of incentive (rewamr penalty)

The target entity (group or individual)

The type of incentivégeneral or specific)

The magnitude of the incentive

The certainty around incentive levels

Frequency and duration of incentiyssort-term or longterm)

= 4 4 4 -4 A

There is an abundance of literature on the topic of linking financial incentives to

performanceWhi | e A[t] here is no doubt that clinici
generally respond as e[l p6ro, theevileoce hasloeannci al i r
mixed on the exact effect of different financial incentives that have been put into practice.

This should not come as a surpriseeg the enormous number of possipémutations of
differentdesignaspects described above. In fact,tty@c of payment for performandeas

received suckvidespreadnterest in the literature that systematic reviews of systematic

reviews have been cduacted[25].

1.3.4 Clinical audit, feedback and quality improvement

The practices odiccreditatiorand recertificationpublic reporting andpayfor performance
described above can be delsed as mechanisms through which governmental actors and
payers impact providers through regulation, provider selectmhfinancial incentives.
However, performance measuremeaalso be used tstimulateefforts for continuous



improvement and devgbment Manybelieve that measurement is better used for learning
rather than for selection, reward, or punishnjg8}: i [ EBrewill beno predictableand
systemati@rogressn improvingquality unlessheseprofessionalbecomesngagedn
collectingandusingperformancealatato effectc h a n([d.8%, p613).Providers may be more
willing to change their practice if they receive feedback showing that they perform below
some establishdaenchmark othe norm. The practices atidit and feedback investigated in
the literature have to a large extent been in the form of feedback to individual health care
professionals on their performance relative to other professionals. The resultssehiraas
involving this type of auditrad feedback have been mixed and many different factors may
impact their effect, including the baseline performance, the format of feedback (e.g. verbal or
written), the source of feedback (e.g. supervisor or colleaguogloyer), the frequency of
feedbackthe profession of the recipieaind also whether feedback is accompanied by
instructions for improvement and action pl§26).

Beyond feedback to individual professionalgasuremerdand feedbackf performancés

also anntegral part of quality improveme(®I). QI has been defineak the combined and
unceasing efforts of everyone to make changes that lead to better patient outcomes, better
system performance and better professional develog@igniMost health care organizations
claim to consstently engage in Qbut few QI efforts manage to consistently impromd a
sustain improvements over tirf28].

Data is a fundamental component of Rth in terms of informing where therepiatential

for improvement, offer a motivation for changad to provide meaurements that allow for
evaluating the impact of implemented changeste practicg27]. However, therer@ many
characteristics of performance data that imgagt usefulness for driving QI. One aspect

that has been identified is timeliness of feedbhtk. systematic review of homedical

registries provide feedback to providaran der Veer et afound that timeliness of feedback
from registers varied substantially, with time lags up to three J22jtsA systematic review

of the application of the PDSA cycle for QI observed that a large majority of studies did not
have access to data at monthly or more frequent inteAslksconsequete, it was not

possibleto continuously evaluate chan@®]. Another critical aspect is data quality, with
several studies observing that trust by users in the quality of the data used for feedback is of
utmost importancf9, 31] As discussedh sectionl.4.2 adjustment for case mix has also
been identified as an important factor pooviding effective feedbadk9, 31}

1.3.5 Potential risks associated with performance measurement

There areseveralpotential pitfalls related to the use of performance measurement. While
some of these are clearly dependenhow the measurement is used to improve
performance, there asemegeneral themes in the literaguPotentialrisks havemost
frequently beemliscussed in relation to public reporting of performance data and when
linking financial incentives tperformance measures.



One potential risk with performance measurement that has been raised is that #otors i
systems may be inclined to game dateeceive financial gains or good results in public
report cards. This gaming may include miscoding afjdoses or excessive coding of
comorbid condition§23, 24}

Another factor that should be considered is thetfatfocus on a certain number of
indicatorscanlead to excessivemphasi®n the specific indicators being measured and
consequently that indicatorstrbeing measudecould get ignoredThere iscertainevidence
thatthe incentivization of specific measureaylead to a deterioration in tincentivized
measures. However, thasmalsosome evidencthatincentivization of certain measures can
lead topositive spillover effects onto other measygsg.

Another issue that has been evoked in the literature is that performance measurement could
lead to adverse selection of patients caused by providers having incentives to treat patients
with better prerequisites. This topic has belewestigated extensively, not least in relation to
the public reporting of mdality rates following CABG discussebove. While the

conclusions from those investigations partially conflict, there have been reports that this
public reporting led physiciarie selecting patients with lower risk and that the access to care
for severely ill patients was decrea$e8, 23]

A potential riskassociateavith tying financial incentives to performance is that extrinsic
incentives, such as financial ones, may crowd out intrinsentivesii n di vinmeu al s 6
motivation to perform well).For that reason, the financial incentives should optimally be as
aligned as podsle with the inner motivation of the health care professidi4ls25]



1.4 METHODOLOGICAL ASPECTS OF PERFORMANCE MEASUREMENT

1.4.1 Selection and classification of indicators

Identification of relevant indicators of performance faradamental componefar

meaningfume asur ement . I
system as

about a

ndi

cators

a rrieeaginsuahc c i
p 0 s s ([32], peb). indicat@rssf peffoemvancg o i nt s

measurement are oftelivided into three broad categoriédlowing the Donabedian model

[14, 33]

STRUCTURE

Describes attributes of the

setting in which care is
delivered, including
resources and
organizational structure

h 4

PROCESS

Describes what is being
done throughout the

process of care

OUTCOME

Describes some aspect of

* the patient’s health status

following the care process

Figure 2 Description of the Donabedian model foeasuring quality of care

nct

Traditionally, performance measurement has focused on process indicators to a larger extent
than outcomeshat matter to patien{84]. Indicators of the carprocess areeryrelevant to
measureadherence to guidelines and best praclitese indicatorarealsomore directly
impacted by the provider tharatient healtoutcomeg35]. However, care process indiors
do not have the same intrinsic value to patients as do indicators of health outcome and they

al so donot

ref |

ect

t he

f Histadically, eunconses

goal

measurement hadargelyfocusedon objectiveclinical endpoints, but thiast decadesave
seen an increasing interestlie use of patiereported outcome measures (PR€N4,
36]. Initiatives are also being takengtandardie outcome measusénternationally for

increased transpency angbossibilities obbenchmarking34].

To ensure relevance of indicatansterms of capturing health care qualitye following
criteria for selection of performance measuraselh@en proposelly the Institute of

Medicine[33]:

1 Scientifically sound: The measure should be reliable and valid
1 Feasible: The measure should be possible to collect without too high burden of

measurement

1 Important: The measure should be important in terms of heafésource use
1 Alignment: The measure should optimally be aligned with existing measures to
reduce redundancy and burden of reporting

1 Comprehensiveness: The selected measures gboilg address the way the care is

delivered and the quality

As desciibed above, adjustment for patient characteristics is also important to ensure
reliability and relevance performance measurement.

of



1.4.2 Adjustment for differences in case mix

One obstacle imany previous initiatives for anaigsof variations in health care hasen

their failure to deal with the differences in the patient population across regions and hospitals
Thishas led to discussions around whether variations are acitaalignted and caused by
variations in underlying patient characteristics. To overctns, adjustment for case mix
(sometimes also called risk adjustment) has been proposed. Case mix adjustment is a
statistical method which allows data to be modifiedatatiol for variations in patient

populations, making it possible to take these diffiees into account when resource use and
health outcomes are comp-dorae@@, etsioe rc[@aghyp aali Is@wmisr
cases where fimzial incentives are linked to performance measures, case mix adjustment
canremovet he i ncentives of selecting fieasiero pat
When usingperformance measurase usedor benchmarkingfailure to adjust for

differencesn patient populationsanhamper attempts to engage providers in meaningful
dialogueabout the potential for improving performanbkethe absence of case mix
adjustmentdiscussions with providers tend to centre around the unfairness of unadjusted data
ard theinability of data to reflect the underlying characteristics of their pati€hts
phenomenoihas been dubbed tfimy patients are sickeésyndrome29]. Case mix

adjustment aims at distinguishing factors ttiaticians can control from factors that are

outside their control, such as ungag patient characteristics, tmderstandctual

performance antb stimulate dscussions around improvement stratef& A study

performed in maternity units in Englandsconcluded thatse of benchmarking data for

clinical improvement is contingent on data being reliable and adequately adjusted for
differences in case m{81].

Despite cae mix adjustment being widely accepted and increasingly used, methodological
advancements are still neededlo wever i ntuitive case mix adjus
straightforward purpose belies the complexity of devising clinically credible and widely

accepted risk adjustment methods, especially when resulting performance measures might be
reported publicly or [3dspeil).to determine paymer

1.5 CHALLENGES TO THE USE OF TECHNOLOGY FOR PERFORMANCE
MEASUREMENT

The cover page of this thesisowshow the AkademiskaJniversity Hospitain Uppsala

manualy followed up their birth care in 1978 using a ballpoint pen and a notebuk.

important driver for increasagse ofperformance measurement is the technological

transformatiorof our ability to capture, process,ayse and present data. The amountadad

generated in all sectors of society is growing exponentially, with health care being one of the

fastestgrowing segments. A report from 2014 estimakedthe total amount of data in the

health care sectovouldincrease from 153 exabytes in year 2613314 exabytes in year

2020[38]. From asituation where health care documentation was completely-papedit

is now possible to gather huge volumes of patient level data from different sources such as

digital clinical records, other routine data sourcessamdeys. In addition to increasing



amounts of data being available, the capacity of processing datdvsased dramatically
and techniques for making sense out of heterogeneous and complex data sets for
measurement of performance have also impr¢i/2[d

However, despite the incredible technological adeaents made over the last decades,
healthcare has struggled to fudlglopttechnical innovations andake them an integral part
of health care delivery. This problem may arise from a variety of different reasons, such as
unwillingness of patients and piders tousethe technology or difficulties in integrating
with pre-existing technological solutions éestablished routines. Even when new
technology is adopted, there are challenges associated with abandonment by individuals, or
failure to scale up, spad and sustain innovatiofa9]. An explanation for this problem is
that health care is becoming increasingly complex, with a multitude of differerisagaose
acts and interactions within a changing context are not predi¢d&hldhe inherent
complexity of implementing technology in this health care setting is oftdarestimatedio
enable a systematic assessment of batoeadoption of technology terms of complexity
Greenhalgh etladeveloped the NASSS3Ipn-adoption or Abandonment of technology by
individuals and difficulties achieving Scalg@, Spread and Sustainability) framework to help
predict and evaluate the success of a technedagported health care prognama[39, 41]

6A Political / policy context

7. EMBEDDING AND ADAPTATION OVER TIME
7A Scope for adaptation over time 7B Organisational resilience
6B Regulatory / legal issues
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- overall value chain

6. WIDER SYSTEM e.g.

6. Wider system

5. Health / care
organization(s) \ |\

implementation work, L
adaptation, tinkering

4. Adopter system 3. Value

: staff : _ -=" _ proposition
patient caregivers v

/

< /
1. Condition

2. Technology

1. CONDITION
1A Nature of condition or illness
1B Comorbidities 1C Socio-cultural factors

2. TECHNOLOGY 2A Material properties
2B Knowledge to use 2C Knowledge generated
2D Supply model 2E Who owns the IP?

Figure 3 The NASSS framework for considering influences on the adopticadaption, abandonment, spread, scafe
and sustainability of health and care technologies. Image reproduced with permission
(https://creativecommons.org/licenses/by/4.0/) from Greenhalgh et al. BMC Medicine (2018) 16:66.



As illustrated inFigure3, the frameworlconsistof seven domains, each with several

subdomainsEach domain can be classifieds si mpl e (fAstraightforward
componentso), compdtiicmg eado mifiomud nti |l cer iingd sueas o
(Adynamic, unpredictable, not easily disaggr e
Technologysupported innovations face padiar challenges in situations where there is a

high degree of complexity in a large numbé&these domains:

1. Condition: Concerns the nature or characteristics of the iliness that the technological
innovation addresses.

2. Technology Refers to the materiahd technical complexity of the innovation used,
such as its design, the data it generaase of usend also questions of how it fits
with pre-existing technology and intellectual property.

3. Value proposition: Relates to the value of the innovation biodm the supfy-side
(revenue for the developer) and the derrsidé (strongevidence that the technology
is desirable and adds value)

4. Adopter system Concerns the need for intended adopters to learn new skills and take
on new roles. The domainalsoimal e s pati entsdé or their car e
identity in innovation adofin.

5. Organization:. Rel ates to the organizationds read
the decision to implement the technology into the organization was made and how
that decign was motivated. Disruptions to established work routines and the amount
of work required to adopt the new technol@gyalso affect organizational response.

6. Wider system Refers to the broader context in terms of policy, finance, the
regulatory settingand whether the legal status of new technology is unclear. This
domain alsancludes the involvement of professional bodies as well as networking
and knowledge sharing between organizations.

7. Embedding and alaptation over time: Refers to the possibilitp adapt and
coevolve technology and organizations using the technology ngicigpexternal
conditions over time

Use of technology for performance measurement anebdaten QI may involve complexity
in all of the domains above and the framework pravaleseful structure to understand
under what circumstances technolamabledoerformance measurement is more likely to
succeed.

1.6 PERFORMANCE MEASUREMENT AND VARIATIONS IN CHILDBIRTH

CARE
Pregnancy and childbirth is one of the most common causes fotdliagtion in Europe
[42] and giving bith constitutesaningpr t ant event | fhefgesvolumexe opl ed s
of childbirth care and the associated sosbupled with observed variations in practices and
outcomesnationally and internationallynake childbirth care an extremely relevardga for
performanceneasurement.
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1.6.1 Selection of indicators

In international comparisons of health system performance, maternal and neonatal mortality
constitute the most widely used quality indicatfrenaternity care. However, in developed
countries ratesf maternal and neaal mortality are low. In Swedegthe rate of neonatal
mortality was 1.6 cases per 1000 live biith2015 while the rate of maternal mortality was

as low as 4 cases per 1000 live birthd43]. While these are still fundamental indicators to
improvefurther,they need to be complemented with additional indicators of quality and
performance to reflect tHevel of maternal care providekh. the words of the WHO

Assistant DirecteGeneral for Family, Women, Children and Adolescen018:i To me et
Sustainabl®evelopment Goal 3 of ensuring healthy lives and promotinghvegtig for all at

all ages, we carot keep our focus solely on survival. High quality care for all pregnant
women and their newborns, throughout pregnancy, childbirth and the postnatal, eriods
essential to ensure that mot[#Mers and chil dr

Numerous international and national organizations have developed recommendations for
indicators to beised for quality assessment of maternity care. Escuriet{ébjprovide an
overview of proposed performance indicatbm®ughout maternity care. The 10 most
frequently measured everkeyidentifiedin the teratureare summarized below:

Caesarean section

Vaginal delivery with instrument (type of instrument)
Maternalpostnatatomplications

Perineal tears

Method of infant feeding

Inductionandaugmentatiormf labour

Vaginal delivery without instrumen{snay include normal birth)
Apgarscore

. Other neonatatomplications

10. Modeof labouronset

© o N OhsWDRE

The European Board and College of Obstetrics@ymhecology (EBCOG)6] have
proposedhe llowing set of indicators for assessment of intrapartum care:

1. Percentage of induction of labour

2. Mode of delivery by age groups apdrity (spontaneous, operative vaginal, elective
and emergency &

3. Percentage of women by parity receiving augmentatidgour with oxytocin

infusion

Percentage of women by parity having episiotomy

Percentage of women by parity having grade thregaate four perineal tears

Rate of intrapartum stillbirths

Percentage of newborns with Apgar sdostow7 at 5 minutes

Perceage of babies born with weight less than 1500 grams

© N o A
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9. Percentage of neonatal deaths attributable to congenital anomalies

10. Percentag of women with postpartum haemorrhage of 1000 ml or more and/or
requiring transfusion

11. Percentage of women allowed trial ofyirzal birth following previous caesarean
section

12. Rate of women having emergency caesarean hysterectomy for severe postpartum
haemaerhage

13. Rate of women requiring intensive care unit admission following delivery

14. Rate of babies with neonatal birth injurypnatal encephalopathy and pdsiivery
transfer taneonatal intensive care unit

Given that maternity care covers different typesare over a long period of timantenatal
care, intrapartum care, postnatal care and neonatal care) it is not surpasuttfdrent
initiatives for assessing quality have slightly different focus and thereby have slightly
diverging proposals for ext indicators for assessmadbwever, in terms of intrapartum
care, there is a relatively large consistency around thereiegant quality indicators,
including mode of labour onset, mode of delivery and rates of maternal and neonatal
complications.

As described above, theuse of PR&XMo capt ure i nformation on pat
wellbeing has been widespread in many theuéip areas. In maternity care, PROMs could

be usedo capture outcomes important to women with a holistic rather than stridilgat!

assessment of their health throughout pregnancy, labour, and the postparturid period

However, to date little work hdmeen done in terms of systematic use of PR@N\naternity

care even though initiatives are currently ongoing at international (through 1Gé&)\and

national leves (through the Pregnancy registéfhere is ao increasing interest in

measurement of Patient reported eigeare measures (PREM. Womends experi enc
childbirth has significant shotierm and longerm effects on welbeing and health, and has

also been shown to impact future reproducf#®j. Ther is a variety of different scales

available for assessment of PR&M relation to childbirtircare,but systematic collection of

such data iimited [50].

1.6.2 Analyses of case mix impact and variations in caesarean section rate

Themostfrequentlyinvestigatedhspecbf childbirth careis the useof caesareasection
(CS) Ratesof CShasbeenincreasingglobally without obviouspositiveeffecton healthand
with substantiavariationsbetweercountriesandbetweerhospitald51]. CS rate is a well
established indicator @haternity carguality [46, 52, 53Jandin light of the maternalkand
neonatatomplicationsandhigherresourcaisethatareassociateavith CS[54-57], it is an
importantindicatorto understangberformance.

Monitoring of CSrateat hospitallevel hasoftenbeenperformedusingthe Robson
classification.The objectiveof the Robsorclassifications to provideatool for clinical
improvementpy allowing for comparisondetweerhospitalsandincreasinghe
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understanithg of contributorso CSrateg[58]. However the Robsorclassificationdoesnot
fully accountfor differencedn casemix betweerhospitalsandthe needfor usingrisk-
adjustedCSratesin interhospitalcomparisorhasfrequentlybeenpointedout [46, 59, 60].

Thereis anabundancef literatureavailableregardingooththeimpactof casemix onthe
risk of CS,aswell asestimate®f casemix adjustedifferencesetweerhospitas. One of
thefirst and most frequently cited studies is the onéimn etal. [61] from 1998.They
includeda broadsetof clinical predictorsandfoundsignificanteffectsof manyobstetrical
conditionsandcomplicationgduringpregnancyn therisk of CS. Theyalsodemonstratethe
importanceof incorporatingpre-existingcomorbidconditionsin risk adjustmentTheir study
alsohighlightedimportantunwarantedvariationin CSratesandshowedhatranking
hospitalsafterunadjustecandadjustedCSratesgavedifferentresults. Anotherearly study
from the United Statesvasperformedby Glantzetal. [62], who foundfactorssuchas
nonvertexpresentationpreviousCs, parity, anda numberof differentcomplicationsduring
pregnancyverefoundto beassociateavith higherrisk of CS.In additionto theseearly
studiesseveraadditionalinvestigationsof casemix adjustedCSratesin the United States
havebeenpublished63-65].

Numerousstudieshavealsobeenperformedn a Europearsetting.Paranjothyetal. [66]
performeda studyof 216 maternityunitsin EnglandandWalesandestimatedhat34%of the
differencein CSratesacrosaunitswasattributableto differencesin casemix. In anothetUK
study,Braggetal. [67] studiedcasemix adjustedvariationsin CSratesbetweerNHS trusts
Theyobservedactorssuchbreechposition,placentgoraeviaor placentabbruption parity
andpreviousCSto bestrongpredictorsof CSandconcludedhatii € ¢ o mp anadjustegl
ratesof caesareamectionshouldbea v o i dreltdlianstudyby Masoetal. [68] also
reportedstrongeffectsof casemix factorssuchasmaternalage,BMI, gestatimal ageand
parity on CSrate Their analysisshowedhatrisk stratifying basedn theRobson
classificationprovidedareasonablyoodadjustmenbut thatthe adjustmentvasimproved
by includingadditionalmaternakcharacteristicén therisk adjustmentSeveraktudiesof
variationsin CSrateshavebeenperformedn differentltalian settingg60, 69, 70].
Elsewheren Europe variationsin CSrateswith casemix adjustmenhavebeenpresented
for Denmark{71], Finland[72], andIreland[73] while datahasalsobeenreportedor
Australia[74].

1.6.3 Analyses of case mix impact and variations in other performance
indicators
As describedhbove CSrateis a universallyacceptedndicatorof quality in maternitycare.
However, the extremely large dominance of C&laisth care performance indicator ikdly
to a large extent driven by the relative ease with which it cangtered:lt 6 s a wi del vy
available indicator whicbanbe identified through diagnosis codes and procedure codes
available in essentially any patient administrative data and theseaimibiguity around its
definition. However while it is linked to outcomesandresourcause[54-57], it is formally

only ameasuref the careprocessanddespitebeingby far the moststudiedquality indicator

13



in childbirth care,it is by nomeangheonly relevantindicator.To adequatyg assess and
improve performance in childbirth camebroadspectrumof indicatorsof careprocess
resourcaise healthoutcomesandexperiencesf womengiving birth areneededAs
discussed in sectidh6.], severadifferentindicatorsof relevancdor studyingchildbirth
careperformancdavebeenproposedA numberof thesehavebeeninvestigatedn the
literature

In terms of healtloutcomes, atudyfrom the United Statdavestigated/ariationsin both
maternaldverseutcomegpostpartunrhaemorrhageperipartuminfection, perineal
lacerationspnda compositaneasuref neonatahdverseoutcomeg75]. Thatstudy
observedhge,BMI andobstetrichistoryto bestrongrisk factorsof virtually all adverse
outcomesThe Royal College of Obstetricians and Gynaecologists in the UK has presented
case mix adjusted data for obstetric anal sphincter injuries (OASISnaergency
readmissiorj76]. Risk adjustment modefer improved benchmarkinigave also been
investigated fosevereperinealtearsin Australia[77]. Factorssuchasmaternakhge,

nulliparity andhigher birth weightwereall foundto berisk factorsof severeperinealtears

Inductionof labourhasbeenproposedsquality indicatorbecausé& hasanimpacton care
processandoutcomeg52]. A studyfrom the United Statesdemonstratethrgevariationsin
labourinductionratesandobservedactorssuchaspreeclampsiagligohydramnios
polyhydramniosandposttermpregnancyo berisk factorsfor inductionof labour[78].

Lengthof hospitalstayis an importantindicatorto understandesourcausein relationto
childbirth care.However the impactof demographi@ndclinical risk factorson lengthof
stay andvariatiors in lengthof staybetweerhospitals hasreceivedimited attentionin the
literature.This couldbedueto a perceptiorthatlengthof stayis of lower clinical relevance
comparedo otherindicatorsof careprocessandoutcomesNeverthelessa Canadiarstudy
[79] demonstratethrgeinterprovincialvariationin lengthof stay albeitwith limited
adjustmentor casemix. A studyfrom the United Stateddentifiedsignificantvariationsin
lengthof stay Thatstudythoroughlyinvestigatedheimpactof casemix andfoundthatmost
obstetriccomplicationsandpre-existingmedica conditionswerelinked to alongerlengthof
stay demonstratinghatadjustmentor maternakharacteristicareimportantfor the
relevanceof suchinterhospitacomparison$§79].

1.6.4 Performance measurement and improvement in childbirth care

Therearefew documente@xamplesn scientificliteratureof targetedmprovement
programmes in childbirth careinvolving performancemonitoring.Oneexample however js
ProvenCaré@erinatala progranmeintendedo reduceunwarranted/ariationandincrease
adherencéo evidencebasedcare wheretimely datafeedbacks anintegralcomponent.
Early evidencandicatedpositiveresultsfrom theprogranme includingalargedecreasan
CSrateat oneof two studiedmedicalcentre4d80]. Anotherexamplefrom the United Statess
theuseof areportgeneratingcomputersystemat CaliforniaPacificMedical Center
Intensivefeedbaclon CSratesandoutcomesvasprovidedto themedicalandnursingstaff
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atoneinterventionhospitalandwascomparedo a controlhospitalwerethe systemwas
introducedat a later stage The primaryendpointinvestigatedvasCSrate,wherethe system
wasobservedo contributeto reductiondgn CS ratesfrom 24-25%to 20-21%[81]. In
SwedenRegionOstergétlands the regionwith the lowestcurrentrateof CS (around12%).
Theyhada CSrateof almost19%in 2006[82]. Thelargestunitin thatregionobtaineda
sharpdecreasén CSratethrougha structuredorogranmeincludingcontinuousnonitoring,
organizationathangesndtraining[83].

1.7 SVEUS

Sveus is a Swedish national prograewhich is central tdhisthesis and therefore warrants

a brief introduction. Sveus was initiated in 2013 by the Ministry of HealthSocial Affairs

to develop valudased governance tools for the hezdtle system. The background to the
initiative was an ambition to collaborate ssoegionally to face common challenges such as
increasing costs and variations in results. Among reasons for theegassal collaboration
were to enable better possibégifor benchmarking and comparisons, to have more data
available for developmewtf case mix adjustment algorithpad to share development costs
in the projectSeven regions participated in Svelénitland Harjedalen, Ostergétland
Dalarna, Uppsala, Skane, Stockholm and Vastra Gétatand)ing aroundwo thirdsof the
Swedish poplation.Sveus took inspiration from the framework vahsased health care,
which is a framework for health care management that has gained atterttion bot
internationally and in Swedd84]. Within this framework, vale is defined as patient
relevant health outcomes achieved in relation to the costs of achieving ttuzaes.

Among proposed solutions for achieving higher value are improved transparency and
reimbursement for entire cycles of cf88]. Initially, both reimbursement and transparency
were core parts of Sveus, but over time reimbursement was deemed of lower relevance for a
national collaboration. Thefore, the main focus of Sveus has been on development of
methodology and systems to enable advancalyi#es and continuous monitoring of case
mix adjusted health care performance, with instant feedback to providers.

In 2016, a technical platform for gnuous analysis and benchmarking of regions and
hospitals was launched as part of Sv@be platformis continuously fed with new data from
administrative systems and quality registers and captures all health care contacts (primary
care, outpatient spetized care and inpatient care) Byoundtwo thirdsof the Swedish
population. Both payers and prders have accessaaveb-based interface and can
continuouslymonitor results in relation to resour@ajusted for differences in case mix

Sveus as project ende®1 December2017 and the collaboration has now transitioned into a
continuous phase. Toughout the five years, a total of around 150 participants and 50
different organizations were involved in Sveus. Childbirth care constituted one tohéigh
patient groups in Sveus. A crgssofessional expert group comprising representatives from
professional organizations, payers, providers and quality registers were invited to participate
in Sveus childbirth care, with the objective of designisgsiem for monitoring of childbirth
care. A total of 17 meetings were held with the expert group Anegust 2013 through 2016.
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As part of the work, the scope of the episode of care was defined and relevant indicators of
health outcomes, care processpugse useand patient characteristics were identified

through a combination of previous literatureplexatory quantitative analysiand expert
opinion.

As part of the development of logic and methods for monitoring of childbirth care, extensive
data aalysis of historical data was carried out based on a comprehensive research database
including data fran regional Patient Administrative Systems (PAS), the Medical Birth

Register (MBR), the Pregnancy Quality Register, the Neonatal Quality Register and
socbdemographic data from Statistics Sweden.
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2 AIM

The overall aim of this thesis is éamalyseunwarranted/ariations in health care and to assess
how such measurement of performance can enable quality improvement. The specific
research questions are:

1. Whatis the impact opatient characteristics on different indicators of birth care
performance?

2. How much desthe rate otaesareagsectionvary betweerSwedishhospitalsafter
adjustment for differences in case mix

3. How much do different indicators of health outcomes vary betSagtishhospitals
after adjustment for patienharacteristicanddo hospitalghatperform well on one
indicator also perform well on othérs

4. What factors can facilitate or hinder the adoption of technedogpported quality
improvement as perceived by managers and staff at an obstef?ic unit
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3 METHODS

3.1 DATA AND STUDY POPULATION

Study I-1Il were all based on the Sveus childbirth research database. Stnilgl was
focused on investigating the impact of case mix factors on different indicators of performance
in childbirth careStudyll and Il aimed at investigatinigterhopital variations in rate of
caesareasection (II) and in health outcomes (lll). Theagtitative analyses for thestidies
were all based on the same underlying dat@bet database used fBtudyl-Ill was based
onregional and national databases 2009 to 2012Women giving birth during 2011 and
2012 were identified usingD-10 cods 086084 in PASfrom the seven Swedish regions
which participated in Sveus.or each womannformationon diagnosesnd procedures
inpatient care and outpatient sgadist care were extracted from PASmM two yeardefore
until 12 weeks after the datofadmission fodelivery. To capture maternal factors not
available in PAS, such as parity, previous CS and BMI, as well as Apgar score for the
newborn, informatioror these womewasalso extracted from MBIB6]. In addition, data
from Statistics Sweden were useaépturanformation on maternal country of birf&7].

Extremely and very preterm deliveries (around 1% of all deliveries) and women who gave
birth in a region different from the one they lived in at the time of delifa@ound 3% of all
ddiveries)were excluded from analysis.tétal of 140296 deliveries during the study period
wereidentified inPAS For 99.6% of these a match in the MBR could be identified, resulting
in 139756 deliveriesisedfor analysis.

3.2 DEFINITIONS OF INDICATORS

3.2.1 Baseline characteristics (case mix factors)

Based on previous literature and clinical expertise, a nuaitiEseline characteristics

deemed relevant faase mix adjustmemiere identifiedThe objective was to determine the

impact ofpaient characteristicsutside of théd i r t h cantrolomindicaioss of care

process, resource use and health outcod®ce, only factors that were deemed not to be

the result of the delivery wardds care proc

Tablel Patient characteristics used for case mix adjustment

Variable Data source Criteria

Sociodemographic factors

Age PAS Age at admission for delivery

Born outside EU Statistics Sweden

Obstetrical characteristics

First birth MBR

Previous aesarean section MBR/PAS Information in MBR or presence of codes O3:
or O757 in PAS

Noncephalic presentation PAS 0321, 0322, 0641, 0644, 0801, 0830, O83

Multiple birth MBR/PAS Information in MBR or presence of codes O84
in PAS
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Premature delivery (w380 PAS 0601C eller O603C

w36+6)

BMI MBR BMI at first prenatal appointment

Complications during pregnanc

Cervical insufficiency PAS 0343

Infection of amniotic sac PAS 0411

Preeclampsia PAS 014

Postterm pregnancy PAS 0489

Gestational diabetes PAS 0244

Polyhydramnios PAS 0409

Oligohydramnios PAS 0410

Placenta praevia PAS 044

Premature rupture of PAS 042

membranes

Bleeding during pregnancy PAS 046

Placental abruption PAS 045

Herpes PAS N77

Intrauterine growth restriction | PAS 0365

Hepatosis PAS 0266

Comorbidities

Blood diseases PAS D500, D501, D508, D53, D55, D57, D58, D5¢
D6, D7, D8

Substance abuse PAS Z714, 7721, Z715, ZTFA0F19

Endocrine and metabolic PAS EOGEO7, EZES5, E60, E61, E63, E64, E67, E6

diseases

Gynaecologidaliseases PAS N882, N883, D25, N99, NBI37, Q51

Heart and vessel diseases PAS 180, 181, 182, 185, 186, 187D, 19

Infectiousdiseases PAS A5-A9, B1, B2

Liver diseases PAS K70K77

Lung diseases PAS J4eJ47

Neurological diseases PAS G621, G5@555,G57, G58, G59, @B4, G7, G8,
G9

Renal diseases PAS NO, N1, N2, 1120, 1131, N250, Z490, 2491, Z4
Z940, 7992, N18, N19

Mental disorders PAS F204, F302, F31R2315, F341, F412, F432, F2(
F22F25, F28, F29, F32, F33

Musculoskeletal diseases PAS MO05, MG, M3, M6

Bowel diseases PAS K50, K51, K52, K&&5H9, K6

Tumour diseases PAS CXC9

3.2.2 Performance indicators

To understand performanseveraldifferent indicators were used $tudy I-Ill. The

objective was to adequately describe key measures of hettnas, the resource use and
care procesd heperformancendicatorswere selected based arcombination ofeview of
previous research and clinical expertiBke indicators arkstedbelow, along with data

source and definition.
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Indicators of €sourcaise and care process

1 Length of hospital stafPAS;calculatedas date of dischargedate of admission

1 CS (PAS; ICD10 082, 084.2 or procedure codes MCA00,10,20,30,33,96)

1 Induction of labour (PAS; ICELO O61 or procedure codes MAC10, DM002, DT027,
DTO036)

Indicators of health outcomes

1 Perineal tears of degree 3dah (PAS; ICD10 O70.23) in vaginal deliveries
1 Haemorrhagel000 ml (PAS; ICB10 O67.8, O72) up to two weeks ppstrtum
1 Postpartum infections up to 12 weeks following admission for delivaciiding
0 cystitis(PAS; ICD-10 N30, 086.2)
o endometritis (PAS; ICEL0 N71, 085.9)
o other deliveryrelated infections (PAS; IC20 086.0,3,4,8, Y95.9).
1 Apgar<4 at 5 minutes (MBR)

3.3 STATISTICAL ANALYSIS

In Studyl, regression analysis was employed to agbessnpact of case mix factors on the
indicators of interest. Logistic regression was performed for all dichotomous outcomes, while
thelength of stayn days was analysed using ordinary least squares (OLS}segrd he

full set ofcase mix factorsvasused in all regression model® evaluate model fit for the

logistic regression modelthe cstatistic, calculated as the area under the receiver operating
characteristic (ROC) curve, was uskthdel fit for the regression model féength of stay

was &aluated using Bquare.

In Studylland lll,eachh os pi t al 6 s devi at i ostudiedndicatorivdse me a |
estimated using a fixed effects logistic regression analysis with a dummy variadelior

hospital. Effect codingwas used fortheshpi t al dummy vari abl es so
estimate used the overall rate (the population mean) as a referencd oatuely potential

correlations between different indicators, the Spearman correta@fficient was used.

All statistical analysisvas carried out using STATA 13.1 (STATA Corporation, College
Station, TX).

3.4 METHODS USED IN STUDY IV

StudylV wasa qualitativestudy, conductedat the obstetricunit at a Swedishuniversity
hospital.Theunit wasselecteecausef its unique and innovate technologysupported QI
progranme Theunit usedan analyticsplatformto supportQIl throughcontinuous
performanceneasuremerdnddatafeedbackTheplatformincludeddataon observednd
predictedbasedn casemix) levelsof indicatorsfrom the Svaus platformandadditional
datafrom local medicalrecordso enable continuous tracking of local performance on a
broad spectrum of indicatorgariousdashboards for performanogeasurement were made
available to the unit througheb-interfacesand wereall updated weekly to ensure timely
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feedbackTherationalefor choosinga qualitativedesignwasto provideanin-depth
understandingf how managersandstaff at the unit perceivedhe adoptionof technologyfor

supportingQI.

Datawascollectedthroughthreesemistructuredocusgroupinterviewscondictedwith
informants(n=16)during SeptembeandOctober2018 Thefocusgroupinterviewwasused
to enabletheinformantsto collectivelydiscusgheir experiencesoncerninghetopic andto
stimulatereflectionsthatmight not haveappearedh anindividual interview[88]. The
interviewswereled by onefacilitator andtwo researcherparticipatedasobservers.
Interviewslasted75to 90 minutesandwereaudiorecordedandtransribedverbatim.The
interviewguideusedis presentedh the Appendix.

Purposivesamplingwasusedto includel) managergn=4; 2 midwives,2 physician$, 2)
staffthatwereactivelyengagedn the QI programmegn=6; 2 midwives 2 physkcians,2
assistanhursesyand3) staff thatwerenot activelyinvolvedin the QI programmen=6; 2
midwives 2 physicians? assistanhurses)Thesamplingandthedivision of participantdnto
separat@roupswerechoserto capturehedissemimtionof the programmetheperception
of it atdifferentorganizationalevels andto avoid powerimbalancehatcouldhinderthe
participantdability to spealfreely [88].

Directedcontentanalysiswasusedwhichis adeductivemethodologywhereexistingtheory
or prior researctabouta phenomenois used[89]. In this studythe datacollectionand
analysisvereguidedby the NonadoptionAbandonmentScaleup, Spreadand
Sustainability NASSS)framework[41]. Theanalysiswvasperformedn five differentsteps:
First, theentireinterviewswerereadby two researcher® getanunderstandingf the
material.Secondthesetwo researchermdependentlyondensethefirst transcribed
interviewinto codingunits (reducingthe numberof wordswhile stayingcloseto thetext) and
comparedesultsto ensue consistencyn level of condensationThenthetwo researchers
eachcondensdoneof interviewstwo andthree.Third, threeresearches sortedthe coding
unitsinto theNASSSdomainsandsubcategoriewerecreated Fourth,the contentof eachof
thesevendomainswvasdiscusse@ndsynthesizediescriptionf theempiricaldatawere
developedy theresearcheam.Fifth, basedn thesedescriptionseachmemberof the
researchieamparticipatedn categorisingeachdomaininto fisimpled, icomplicated or
ficomplexin aprocessvhereeachresearchepresentedheir view, anddiscrepanciesere
discussedndresolved

The Consolidated Crite for Reporting Qualitative Research (CORE(32atem checklist
for interviews and focus groupsas usd to ensuredequate reporting tfie methodology
andanalysiq90].
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3.5 ETHICAL CONSIDERATIONS

Study I-1Il wereall basednregisterdata.For thesea studyprotocolsummarizing
backgrounddatasourcesyariables andproposednethodsvassubmittedto andapproved

by aregionalethicalcommittee Subsequentlyeachdataholderapprovediseof datafor the
study.In the scientificcommunicatioronly aggegatedata,which wasnot possibleto link to
anyspecific individual, waspresentedThe StockholmRegionalEthical ReviewBoard
approvedhestudyprotocol(Dnr 2013/44731/5,2013/168632) for Studyl-IIl. StudylV

was a qualitative study basedfocus group discussi@Each respondent signed an

informed consent form prior to the interview. The Stockholm Regional Ethical Review Board
approved the study protocol (Dnr 2018/16145)

Thisresearch has been carried out as part of my employment inWwhiah is a company
thatdevelops analytics products for the health care satfioite this constitutes a potential
conflict of interest, blsobelieve that combining research with workhe trea of
performance measurement has helped me gain a bedenstanding of the practical aspects
of performance measurement and QI. Getting handsxperience of how both payers and
providers work with data datyp-day and make decisiortsas helped munderstand the
possible applications of the sometimes morertttical research activities.

Study I-1Il are relatively general in nature and are not directly related to any Ivbar product
Study 1V, howeverstudied a technologsupported QI programme wigea technical solution
developed by Ivbar was used. My persanablvement in that particular QI programme was
limited, but | did meet the clinic at several occasieady in the proced® discuss the scope
and design of thevork. To ensure that my p@nal involvement in the work and my role at
Ivbar did not infllence the discussions and interactions among the interviewees, | did not
participate in any of thimterviews
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4 RESULTS

4.1 DESCRIPTIVE STATISTICS (STUDY I-1l1)

Table2 presents the number of deliveries per hospitdiérseven included regions.

Table2 Regions and hospitals included in the analysis

Number of
Region Population* | Hospital Abbreviation deliveries
Jamtand 126 147 Ostersund Hospital RJH OSD 2276
Hérjedalen
Ostergstland 433 462 \L/’rrl‘l'r:’neer\slmO“S;f;fa,llg'rﬂ'(‘gg':g and RO LN 8956
Dalarna 276 379 FalunHospital LTD FL 4728
Uppsala 341 465 AkademiskdJniversity Hospital LUL AS 7010
Helsingborg Hospital RS HBG 5652
Central Hospital Kristiariad RS CSK 3258
Skane 1262 068 Skane University Hospital Lund RS SUSL 6321
SkaneUniversity Hospital Malmo RS SUSM 8757
Ystad Hospital RS YST 2171
BB Stockholm SLL BBSth 7325
Danderyd Hospital SLL DS 12 148
Karolinska University Hosphl Huddinge | SLL K Hudd 8370
Stockholm 2123 337
Karolinska University Hospital Solna | SLL K Solna 7475
Sddertélje Hospital SLL STS 2880
Stockholm South General Hospital SLL SOS 13 616
Sédra Alvsborg Hospital VGR SAS 4810
NU Hospital grop VGR NU 5345
Vastra Goétaland 1 598 70( Skaraborg Hospital VGR SkaS 3897
Sahlgrenska University Hospital M6indd VGR SU/M 7036
Sahlgrenska University Hospital Ostra | VGR SU/O 10 832

*2012 Population numbers from Statistics Swe@dn

Table3 below presents descriptive statistics for the patient population used for analysis in
Studyl-1ll. Mean age at admission for delivery was 30.7 years, while 21% of women were
born outside th&U. Slightly below hHi of women werenulliparous and 10% had a previous
caesareasection Mean BMI at time of first visit to maternity care was 24.5 Kg/finis case
mix factor was missing for 5% of the populatidime most common complicating factor
during pregnancy was ptterm pregnancy, followed by intrauterine growth restriction and

pre-eclampsia
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In terms of care process, the overall rate of CSrahettion of labouwas 17% and 15%,
respectively, while medength of stayas 2.6 days. Among vaginal deliveries, 3.6%
resulted in a degree 3 or 4 perineal tei@emorrhage ovef000 ml occurred in 7.8% of
deliveries. The rate of pepartum infection was 4.2%. Among pgirtum infections,
endometritis was most common (2.2%), followed by other infections and cys&és éhd

0.7%, respectively). An Apgar score below 4 at 5 minutes was obse@&2% of

deliveries.

Table3 Descriptive statistis of patient characteristics and performance indicators

Category of Sub-category of Indicator Population | Number of
indicator indicator average observations
Patient Sociodemographic | Age (mean;sd) 30.7;5.2 139756
characteristics | factors Bornoutside EU 21.3% 139756
Obstetrical factors | BMI (mean;sd) 24.54.7 132917
First birth 44.9% 139701
Previols caesarearection 10.0% 139756
Other position than head first 3.5% 139756
Multiple birth 1.3% 139756
Premature 4.2% 139756
Complications Cervical insufficiency 0.3% 139756
during pregnancy | |nfection of amniotic sac 0.2% 139756
Preeclamsia 3.4% 139756
Postterm pregnancy 5.0% 139756
Gestational diabetes 2.0% 139756
Polyhydramnios 0.5% 139756
Oligohydramnios 1.9% 139756
Placenta praevia 0.7% 139756
Premature rupture of membranes 1.9% 139756
Bleeding during pregnancy 3.0% 139756
Herpes 0.6% 139756
Intrauterine growth restriction 3.7% 139756
Hepatosis 0.8% 139756
Placental abruption 0.3% 139756
Comorbidities Number of comorbidities (mean;sq 0.23;0.52 139756
Care process Care process CS 16.9% 139756
Labour induction 15.0% 139756
Resource use Resource use Length of staymean;sd) 2.60;1.98 139756
Health outcomes| Maternal outcomes | Perineal tear grade 3 or 4 3.6% 114638
Haemorrhage>1000 ml 7.8% 137940
Postpartum infection 4.2% 126387
Neonatal outomes | Apgar< at 5 minutes 0.32% 139198
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4.2 IMPACT OF CASE MIX FACTORS ON IMPORTANT PERFORMANCE

INDICATORS (STUDY I)
Six different indicators of performance were assessed. Measures of health outcomes included
perineal tears of degree 3 and 4 in vaginal deé#gehaemorrhagel000 ml, as well as post
partum infections up to 12 weeks following admission for delivery. The two care process
indicators analysed were CS and induction of labour, while length of hospital stay was used
as resource use indicator.

A large number of baseke characteristics deemed relevant for predicting outcomes and
resource use were identified based on previous literature and based on clinical expertise (see
exact listand definitionsn Tablel).

The importance of different case mix factors varied acrossxiperformance indicators.
Higher maternal age was a consistent risk factor and was observed to incressggtothf
stayand rates of labour induction, CS, perineal teaxdhaemorrhge.Being born outside of
the EU was also a risk factor for labour induction and CS, as svielhgerength of stayand
adverse obstetric even@bstetrical characteristics such as nulliparity and previous CS were
strongly associated withigher risk ofCS, longer hospital stay and with higher risk of severe
perineal teardjaemorrhage and infieens Multiple birth had a strongnpacton risk of
haemorrhageHowever premature deliverwas associated witkignificantlylower risk of

both perineal teamndhaemorrhage.

A Caesarean section

B Labour induction

C Perireal tears

D Haemerrhage > 1 000 ml
E Post-partum infection
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Figure 4 Receiver operating characteristic cunaghe five models with dichotomous outcomes

Generally, the impact of casg@x was largest for indicators of care procé3sth for
caesareasection, labouinduction andength of staymany of the case mix factasbhowed
statistically significant effects. The predictive ability was lower for health outcdfitprse4
illustrates the ability of the models poedict whichpatients received CS, labour induction or
experiencd the different adverse outcomes. The predictive ability was highest for CS
(c-statistic 0.84)followed by labour induction {statistic 0.78)indicating that the model
could reasonably Vilgoredicttheseindicators For perineal tears thestatistic was 0.72,
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while the predictive ability was lower for haemorrhage and-padtuim infections
(c-statistics of 0.61 and 0.63, respectively), indicating that the maternal characteristics
includedhad a smalleimpact on these two indicatoforlength of staythe regression

model was able to explain 28% of the variation.

4.3 CASE MIX ADJUSTED VARIATIONS IN CAESAREAN SECTION RATE

(STUDY 1)

Thesecondstudy was based on same research database that was (&edyfbrThe 23
different sociodemographic and clinical characteristics investigatadyl were used for
case mix adjustment. Analyses were performed for the entire study population as faell
two different subgroupsiulliparous, cephalic, fullerm, singletons (Robson groups 1 and 2)
and multiparous, cephalic, fttérm, singletons, with no previous CS (Robson groups 3 and
4). The potential relationship between CS rate and neonatahogitwas investigated using
Apgar score4 at 5 minutes.

The mea CS rate was 16.9% aadFigure5 showsthe observed hospitivel CS rate

varied from 12.1%o0 22.6%. Differences in case mix caused large variations in expected rate
of CS between hospitals, from 13.7% at @karg hospital to 19.9% at Karolinska university
hospital SolnaAmong the 20 hospats, 7 had significantly lower case mix adjusted CS rate
compared to the population mean, while 6 had significantly higher rate and 7 hospitals did
nothave a statisticallgignificant deviation from the population mean.
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Figure 5 Observedtaesarearsection rate, expectemesarearsection rate and case mix adjusted deviation from mean

caesarearsection rate (all deliveriesjNote: The odds rati¢ OR)

average of all hospita)s

represents

each

hospital 6s

In general, the patterns were relatively similar in the two subgroups investigated. Hence,
hospitals with a higher than expected CS rate in one subgroup tended alsohighar than
expected CS rate in the other subgroup (correlation coefficient@3:=04)52).

27



If all hospitals had performed as many CS as the 20% of hospitals with tasesnix
adjusted ratef would have caused a reduction2200 CS annually in ghregions included in
the studywhich would have entailed cost savingaaf o u n d

admission for delivery alone.

Figure7 shows the relatishipbetween case mix adjusted CS rate 0@ lsand and case mix
adjusted rate of low Apgar score on the other. As the figure shows, there were variations
between hospitalsath in the rate of CS and the proportion newborn with low Apgar, but
there was no evidence of relatstiipbetween the two (ccelation coefficient 0.020; p=0.93)

u7M annual

0.5

Apgar < 4 at 5 minutes
(log odds ratio)

Figure 6 Association on hospital level between CS rate and proportion newborn with<Apggb minutes, both adjusted

forcasemixfot e: The

represents a hospit The area of the bubble corresponds to the number of deliveries during the time period.)

4.4 INTERHOSPITAL VARIATIONS IN HEALTH OUTCOMES IN CHILDBIRTH

CARE (STUDY lII)

This studyusedthe same research databas8taslyl andIl andemployed the sanease
mix factors and statisticahethodology aStudyll to study variations in performandeour
indicators of health outcomes, all of which have leesmed relevant indicators of qualitly
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OR r e pr e s enrhe weigkted average of sllthospitald. Bash bubbler i at i on

maternity care servicg45, 46} were selected for analysis.

As presented ifigure?, statistically significaninterhospitalvariationswere observetbr all
studiedindicators.There was ndospitalwhich had a statistically significant higher or lower

rateon all four outcomesndicators The top 5 hospitals for each indicator were compared to

the remaining 16 hospitals. liésel6 hospitals had performed as theeanix adjusted
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average of the Bospitalshat performed be$br each indicator, a total of 890 OASIS
(-23%), 2700 haemorrhage26%), 1500 infections30%) and 180 newborns with Apgar<4
at 5 minutes-@2%) woutl have been avoided over the two yeaudist.

There was a slight positive correlation between performances across different indicators of
health outcomesven though this was not statistically significant in most cases

Figure 7 Case mix adjusted deviation from ptgiion mean for each health outcome indicator
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