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Management summary

Currently,Dutch hospitalhavedifficulties managingheir financialperformanceTo getthe
increasing health expenditur@s control, the Dutch hospital funding changed radically in
January 2005The Diagnostic Treatment Combination (DT@hich compriseshe complete
treatment of a patient, was introduceéthwever, the complexity of the DTC system makes it
difficult for hospitals to see how well they are performing with respect togteeraentswith

health insurers. As a result, the Dutch hospitalsofien faced with high costishich cannot

be reimbursed by the health insurers. To control and manage the hospital funding there is a
need for a decision support systehalvice is needed to eate a Business IntelligencéBl)
applicationfor optimizing management decisions regarding the production of DTCs in Dutch

hospitals.Therefore, the research objective is:

What is the potential of applying a Bl application to Dutch hospitals in ordeptimnize

strategic and tactical management decisions on hospital funding.

By elaboratinghe history of theDutch hospital fundingthe Dutch DTGsystem, and Health
Information Technologyinsightsare gainean the possibilities of Bl ithe Dutchhealth@re
and howthe required data can be obtainedl. literature study was conducted usitige
systematic and rigorous approach oftetey Wolfswinkel et al. (2013). This provides an
extensive review oBl in healthcareas well aghe management of hospitalogiuction This
literature study raised questions whethesétbeoretical findings are also applicable to the

Dutch healthcare system.

Subsequently, a stakeholder analysis regarding the control of hospital production was
performed. Thee interviews made clearthe objective of the hospital funding system,
information needs, control options and the key figuré® fesults provided an insigint the
negotiations between health insurers and hospitals, and the information needs regarding

hospital funding of thetakeholders.

Based on the literature study and the stakeholder analysis a Bl application was designed.
Performance management was used as designing method. The key performance indicator of
the Bl application is the quantity of DTCs produced per yeathérplanning stage the BI
application provides in the need for cost calculations per DTC and a forecast on the expected
guantities. The performance can be monitored by the proposediroMi¢éP grouper and by

deriving final DTCs by care pathways. Taking cornsetaction can be done by adjusting the




waiting time per DTC per health insurer. Also, policy recommendations were made on how to

implement the Bl application.

It can be conclude@| has the potential to improve the financial performance of the Dutch
hospitals by delivering actionable management information by using a data warehouse,
analytical tools and dashboards. Together with performance management, as iderthied in
design of the applicatiorthis is the basis for a hospital to assess how wed firogressing
towards its predeterminestrategicobjectives It will helpto identify area®f strengths and
weaknesses, helps to decide futuredirections, and enables taking corrective action for
tactical decisionsimportantpreconditionis the availabilityof sufficient reliable historical

dataas input for the Bl application
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1. Introduction
One of the most discussed topics in recent scientific research on healthcare are the growing

health expenditures of mostodern industrial countrie¥Vith a percentage of 1% of the

gross domestic product (GDBje United States allocated therld highest share of its GDP

to health in 2012That same year The Netherlands became the highest spending European
country, with 11.86 of its GDP spent on healthhis share of the GDBn health spending is
considerabledrger than the average of 8.7% of the EU member stat@912 With an
average spending of 7.3% of the EU member states in 2000, the growth of the spending on
health is significanfl].

To getthe increasing health expenditur@s control, the Dutch hospital funding changed
radically in January 2005. Before this date all hospitadese assigned a budget by the Dutch
Healthcare Authority. Because a part of this budget was variable it was profitable
specialiststo carry out more medical procedures than necessary. And because the hospitals
did notwant to exceed the fixed part thfe productiorbudget this led to long waiting lists.
These waiting lists decreased the accessibility of healthcare. Ther#iereDiagnostic
Treatment Combination (DTC)yvhich comprisegshe complete treatment of a patient, was
introduced. From this timen only a DTC could be claimed for a patient, with a fixed
reimbursement. This should be a stimulant to more efficient medical proceshareshorter
waiting lists At the same timdahe Ministry of Public Health stimulated regulatedfree
market betweendspitals,with the result thathe reimbursementf approximately 70% of the
DTCs are nowadays negotiable for the health insufgfs The aim of this negotiable
reimbursement is competition between hospitals in quality and price, what ideally will lead to

maintaining affordable healthrewith increasing quality.

The health insurerpurchase care faheir insured in terms of DT&Cby making greements

with careproviders, includinghe hospitals. Thesegaeements consist of the preeand the
guantities of the DTE per calendar year. The lowte prices of the purchag DTG, the

lower abasic premium can be offered to the insured, which maintains affordable care. This
also stimulates the hospitals to work more efficient, the less hospitalized days per treatment
the less costs and more profit. Tingrchasedjuantitieswill reflect the quality of care, if the
quality of care does not meet the requirements of the health insurers, they will not purchase
care in this hospital. The purchase of quantities by the health insurers is based on historical
production of the hospts and the changes in the market. It isa@gedthat when the

hospitals exceed the agtuponquantity of claims for a DTC, the hospitals will not receive a




reimbursement for these extra D¥@nd will have to pay the incurred costs themseles.
the other hand if the hospitg@roducs less than thegreed quantity, there is a chance that the
fixed costs are not covered. Therefore, good insights in the production of hospitals is very

important.

However, he complexity othe DTC system makes it difficufor hospitals to see howell

they are performing with respect to thgreed quantities with health insureiss a resultthe
Dutch hospitals often are facedthvhigh costswhich cannot bereimbursed by the health
insurers. To control and manage thesgital funding there is a nedor a decision support
system. Thikind of management information can be provided by Business Intelligence (BI).
Bl can be thought of as getting the right information to the right people at the right time and
place to enabléactbased decisiong3]. By means of a structured approachpogparing and
using the obtainedinformation, the business activities can be controllddinkRoccade
Healthcaredelivers a Bl solution to tle Dutch hogpitals. Advice is needed to creatn
additional Bl applicationfor optimizing managenent decisionsregardingthe production of
DTCs inthe Dutch lospitals.

By means of a literature study aadtakeholdersnalysis thalecision making process the
hospital productiorwill be elaborated, and the information needs will be identifiethis
thesis. By combining these needs a Bipplication will be designed and policy
recommendationsn the implementatioaf the application will bg@rovided




1.1 Research context

1.1.1. PinkRoccade Healthcare

PinkRoccade is a Dutch service providing company that is operating in the ICT industry. The
company consists of two main divisions; Local Government and Healthcare, which are part of
the parentcompany Toth Specific Solutions. PinkRoccade Healthcare consists of three
marketoriented segments; Hospitals, Mental Health, and Care. Each of these segments has
three main activities; Service and Support, Consultancy and Projects, and Implementation and
Integration This research is directed to the Healthcare division of PinkRoccade and will
specifically be focused on hospitals located in the NetherldidkRoccade Healthcare is
familiar with the primary process of hospitals, and the hospital information sysiedrdnic

health record (HIS/EHRyom suppliers, which are most frequently used in Dutch hospitals.

1.1.2. Geniq department
This research will be conducted at the management information department Geniq of

PinkRoccade.The Geniq department is delivering business solution for integrated
management information. The Geniq solution is currently used in more than 40 healthcare
organisations (hospitals, mental health and cavbgre itmeetstheir needfor information.

With this information the healthcarerganisations are supported in making management
decisions and in their pursuit of efficiency and quality. The different modules in the Geniq

solution are displayed in figure 1.

Planning and Budget

Performance Monitor

Menlal health
Value monitor Value monitor Value monitor
Hospitals Mental health Care
Personal Market and Production Production
production Mental health Care

Health logistics Health logistics

Hospitals Mental health

Business Intelligence service and training

Figure 1: Thiifferent modules of the healthcare business solution Genig.




1.2. Problem Statement

1.2.1 Problem description

The currentprocedureof hospital funding in The Netherlands caused that hospital®ften
faced with high costs whichre not reimbursed by theealth insurers. With a resutat
already two hospitals we forcedto file for bankruptcy. Rsearch by the accounty firm
BDO showed that even 27 of the 76 otbbserved hospitals would have a negative operating

result in the year 2012, if they were not compensated by the government tHd{ year

The uncertainty abouhe lospital funding is caused by tlwemplexity of the DTC system.
Until January 2015 a DTC haal maximum copletion time of 365 days and in cathe
treatment wa not completed ahat time a new DTC woulde opened. The starting date of a
DTC is the date thpatient requests for care. The hospital wiily receive a reimbursement
from the health insurewhen theDTC is completed. In theory it wapossible thaa DTC
stared on the 3f' of December 2014nd wouldbe claimed the 31of December 2015This
means that at the earliest thé' @f January 201@ is known what the exact productiovas
over the year 2014In order to get earlier insights in the cost of the provided care the
maximum completion timef a DTCin 2015is reduced from 365 days to 120 daysingthe
previous example this means thatcording to the new rulesn the 38' of April 2016 it
should beknown what the exactrpduction was wer the year 2015his change in maximum

completion timas illustrated in figure 2.

1-1-2014 1-1-2015 1-1-2016 1-1-2017
Figure 2An illusation of the changes in the maximum completion time of DTCs from 365 days to 120 days.

In order to intervene in the productiorinformation is needed on how the hospital is
performng with respect to thegaeed quantitiesduring the yearBesides the pradtion of
2014 the hospitalalso needto know what the expected production of 2015 will be, as the

agreementswith the health insurerfor 2016arealreadymade before November 2015
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The problem statement is as follows:

Dutch hospitals do not have suffiient information on the production of DTCs during
the year. This makes it difficult to control the hospital funding and to make well
founded agreements with health insures for the upcoming years. With theresult that

many hospitals maygetinto financial trouble.

1.2.2. Framework for planning and control
The framework of planning and control developed by Hans, van Houdenhamadulshof

(2012) is useful to describe the scope of thisaedemore clearly. Ais framework can be

found in figure 2 The framework consists of four hierarchical levels of control and four
managerial areas. The managerial areas are medical planning, resource planning, materials
planning and financial planning. The contribution of thismework in contrast to other
frameworksis that it encompassesall managerial areas, including medical planning and
financial planning that are ignored by otherfie$e areas should not be overlooked when
healthcare processes are to be optimiZé6f]l The researchers mentiomformation
management asfdth managerial area that should go hand in hand thigtdevelopment of
innovative organizatiomide planning approacheshis researcton the hospital8production

of DTCs is part ofthe managerial area of financial planninginancial planning addresses

how an organization should manage its costs and revenues to achieve its objectives under
current and future organizational and economic circumstanddse hierarchical
decompositiorof the frameworks split ina strategic, tetical and operational levef control

The operational level can be split up in the offline and online .IéM@k research will be
conducted on the strategic level as well as on the tactical THvelscope of thisesearch is

indicated in figure dy means of the boldorders.

11



Medical Resource capacity Materials Financial ~
planning planning planning planning

-
Research, Case mix planning, Sipsiv eraimand Investment plans, 2
Strategic development of capacity dimensioning, Wafephiuse desian contracting with Q
medical protocols workforce planning g insurance companies 8
=
: Block planning, ) ) Q
Tactical Treatment selection, stiffing. adriission Supplier selection, Budget and cost Q

actica protocol selection g, ad tendering allocation
planning a
D
Eh . ; _ 9
Offline Dlagn.osrs and Appomtment Materlals- pvurchasmg, DRG billing, cash flow 3

X planning of an scheduling, workforce determining order aralieis
operational | individual treatment scheduling sizes y '8
@,
Online T;:gfé:r:?:igeeloas:]ndg g;';':;;':f}; Rush ordering, Billing complications g
operatlonal complications coordination inventory replenishing and changes =3

< managerial areas =2
Figure 3TheFramework for Health Care Planning and Control by Hans ehath(2@li@atése scope of this research.

Strategic financial planning addresses structural decision mhk&égnvestments plans, and
insurance contractsThese decisions are thendamentof a hospital, tiinvolves defining the

hospitafs strategy and direction. Strategic planning has a long planning horizon and is based

on highly aggregated information and forecasts. Inrédggarch, theroduction of DTG has
to be forecastedn order to makeagreementswith health insurerdor upcoming years.
Strategy and direction of the hospital can change by thgenaents.Tactical financial
planning focusseson the healthcare delivery proce&is level is located betweethe
strategic and operational level. The decisions on this level are made oneanediate
planning horizon. The focus of this reseanshon the need or insight inh o s p i
performancewith respect tdhe gjreed quantitieof DTCs. In order tocontrol the production
of DTCs of the current year the decisions are located at this tactical [Eveloperational

level involves the shotterm decision makingyhichwill not be addressed in this study.

1.3. Research objective and research questions
More information isneeded on the production of D$@o optimize thecontrol on hospital

funding of Dutch hospitals.Therefore PinkRoccade Healthcarstrives to deliver the
necessary information to the hospitals by medrasBI soluton. By providing infomation on
the production of DTE during the yeahospital managers aréla to control the production
of the required quantitiesand hencerevent unexpded costs oflepartmentdy under or
overproduction In order to optimize theontracting with health insurews forecast of the
production ofthe hospitals desirableto havethe necessary information for negotiatiorhe

wayto obtain the essential inforii@an will be displayed ithe design o& Bl application

t
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Based on theroblem statement the research objective is as follows:

What is the potential of applying a Blapplication to Dutch hospitalsin order to optimize

strategic and tacticalmanagement decisions on hospital funding.

The aim of this research is taliscover the potential of a Bl applicationto optimize
management decisions on hospital funding in Dutch hospigglasng the Blapplicationthe
hospital will be provided witlessential information to respond adequately on dpwedmts in
the production of DTE. The propo®d Bl applicationincludes analytic toolswhich will
provide the information. This will help hospitals t@ontrol theirfunding and it will prevent
hospitals tabe confronted with financidbssesIn orderto reach theesearchobjective, the

following reseech questions will be answered:

1. What kind of Bl applications arepresentin scientific literature?
By mean®f a literature reviewinformationneeds and establish&l solutions can be
identified.

2. What are theinformation needsof the stakeholdes?
A stakeholder analysis will be conduct&®y means othe contacts of PinkRoccade
Healthcare several spokesman of the relevastakeholdes will be interviewedon
their thoughtsaboutthe needor information.

3. How can theBI application be designed®
By using the results of the interviews, together with available scientific literatBte a
applicationwill be designed

4. How to provide inthes t a k e h mforohagionnéed®
By explaining howthe reaqiired data of the application can be obtainedthe
information needs will be provided. Thiscludes analytical toolsand descriptive
models.

5. Does thedesigred Bl application deliver useful information?
PinkRoccade Halthcare will providean anonymized hospitalataset that can be used
to validate the proposedhethods othe application Data from me careproduct
group within the hospitalwill be applied to the Bl applicationto assessthe
performance

6. What should the policy be to implement the Bl application?
Policy recommendationill be providedon the impementation of the Bl application

13



1.4 Outline
This thesis consists of eight chapters. After this introduction chapter, a background analysis

on the subject will be provided. Subsequently, a literature study on business intelligence in
healthcare, and magament of hospital production is elaborated. The fourth chapter contains
a stakeholder analysis from the conducted interviews. Followed up by the description of the
design of the BI application. The sixth chapter, discusses the policy recommendations to be
able to implement the BI application. The last chapter is the conclokibis research, with

a discussion and recommendations for future research. Finally, the reference material is

presented and the appendices are attached.
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2. Background analysis
For a better understanding thie complexity ofhe Dutch hospital funding anthe decisions

made for the Business Intelligenagplication some background knowledge is required. First
the history of theDutch hospital funding will be discussed to untemd the reforms made
over the years. Secondly the Dutch D3@tem will be elaborated and compared to the
internationalmore common DR&ystem. This will illustrate the uniqueness of the Dutch
hospital funding gstem. Subsequently the Healtiformation Technologywill be discussed

to give insights on the possibilities of Bl in healthcare and Hwwequired data can be
obtained.

2.1 History of the Dutch hospital funding
To narrow thescope of this subchaptemly the recent healthcare systemcmnsdered

Background information on the history of the Dutch hospital funding from the beginning to

the caskon-the-nail system of 200is elaboratedh Appendix A.

In the functiorbased budgeting modethich was introduced in 198&ere was no direct
relation between costs of treatments and the reimbursements. To create this direct relation, in
2000 the creation of a new system based on-mar@uctswas initiated The so called
Diagnostic Treatment Combinations (Diagnose Behandel Combinaties in Dsitot).2005

all Dutch hospitals are obliged to invoice claims using this systemidea is that these care
products can bdirectly linked to the product prices, ahéncethese can be directly linked to

the cost prices. In order to keep the system managealeleariff is reimbursed for the
complete DTC and not for all stgyoducts[6]. Only the fees of the specialists were
negotiated individuallySince2015 the fees of specialists are aitsduded in the tariff of the

DTCs. Therefore, hospitals will need to negaiatith the specialists about thevel of their

fees.

With the introduction of the Health Insurance Act (Zorgverzekeringswe@nuary2006 the
distinction between mandatory sickness fund and voluntary private insureceehistory.

From this time orthe Dutch government made it obligatory for all citizens of the Netherlands

to have a health insurance. The insured is free to choose the health insurer of their choice and
these health insurers are obliged to accept everyone who has chosen for theinsigahce

[7]. At the same timéhe regulatedrée market in the Dutch healthcavas introducedThe
governmenthad no longerdirect @ntrol over thequantitiess and prices, but will set the

regulationand will supervisewhether the markets are working properkhis made the

15



patient, the health insuee and the hospital the market players for hospital cane. three
markets that occur between these market players are the health insurance market, the
healthcare provision markeand thehealthcare purchasing marlfé]. These narkets are

displayed in figure 4

(regulation and supervision)

f Hospital j

[ Government J

health care health care
purchasing market provision market

@ealth insurea

L Patient ]

health insurance
market

Figuret: Markets and market players in the Dutch regulated free hospital care market.

For hospital funding two markets are important. In the healthcare purchasing market health
insurers can negotiate with hospitals on price, volume and quality.IN®T@s arecovered

by these greements Nowadaysthe reimbursement and voluntd approximately 70% of the
DTCs are negotiable. Due to these negotiating capabilities the health insurers have an
increasing influence on the production and income of hosp@hlin the healthare provision
market the hospital is delivering care to patients. The patients are free to ahgbsspital

for their care, but restrictions can be imposed by the type of health insurance. Theatetal
delivered in terms of DTEto the patients togethwith the prices negotiated for teeBTCs

maket oday 6 s h o sThis ¢am lbe displayed in thg standardrecoic formula of

total revenue TR = P x ,Qvhere the price of a DTC iexpressed iP and Qexpresseshe
guantity of this DTC delivered tthe patiats. In a hospital multiple DT are delivered
during a year, making the formula for hospital fundifi@ = x; X B); . However, a

maximumcan be sebn thequantityof DTCsor onthe complete hospital funding.

16



A hospital wil only receive thereimbursementfrom the health insurewhen the DTC is
completed.The correct DTC is derived automatically with the use of a so called grouper, a
centralized computer programm&.hospital delivers datan the delivered care products to

the grouper, which deMes adeclarableDTC and/or care product3he outcome is returdeo

the hospital with @ electronicseal,or elseit camot be declaredo the health insuref9]. Till

2015 aDTC had a maximum completion time of 365 days and in case the treatment was not
compkted at that time a new DTC woulie openedSince January 2015 this maximum

completion time is reduced to 120 days.

The hospitals did not havéhe financial meango finance the uncompleted DEBCby
themselves. Therefore, the health insur@rarially) finance the uncompleted DECin
advance. In théeginning of the DT&ystem the financing in advaneas basedn the
annual production agreemen®hen all of the DTG werereimbursed fol year it could be
calculated whethehe hospital wouldhaveto refund apart of thereceivedfunding With the
introduction ofthe DOT-system(DTCs On their way to Transparency) in January 2012
finance in advance is based on the workprogress @nderhanderwerk in Dutch. On a
monthly basighe work in progres@/NIP), in terms of are products of uncompleted D3Js
send to a WIRyrouper[9]. Thisgrouperwill derive the value of the delivered care products
and the health insureftnance 80% of this value in advance. The main idea is that hospitals
should refundess after all DTG are completed for a yeatowever, this system disregards
the agreements ane on volume or budgeWhich causes that hospitals aséll being
confronted with refunds.

2.2 The Diagnosis Treatment Combination
The Dutch DTGsystem is a casmix basedsystem Casemix refers toa patienitype or a

mix of patientstreated in a hepital or healthcare unifThe first casemix system was
introduced in the 197006s, tvarsity angdimpmgementad iva s c r
collaborationwith the company 3MSince 1983he US healthcare uses a cas& system

based on Diagnosisdiated Groups (DRGsSPRGs are clinical meaningful groups of patients

that have similar clinical characteristics and similar patterns of resource consunjp@ons

DRGs arenowadayswidely used in Europe and ma other countries in the worldike
Australiaand Taiwan Although these countries use the same principles as in the US the
DRGsdiffer in ther characteristics and patterokthe country[11]. Also in the Netherlands a

model based on DRGs was developed already@8b byProf. Nederstigt.He created DRG

profiles using data of the Dutch hospitals and by interviewing specialists. However, the Dutch
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governmentdecided tadevelop an alternativeasemix model instead othe proposed DRG
model of Nederstigf2]. One of the reasor® reject the DRGnodel was the fagt did not
include treatment of outpatient patiendsthe fees of medical speciabst

The develope®TC-system airadto support the market competition between the hospitals in
care delivery.In contrast the DRGsystem was introduced to control the rising healthcare
expenditures.This market competition requiread clear system of DTCen which fealth
insurers and hospitals coultkgotiaeé theprice, volume, and quality of the delivered care.
Moreover, he DTCs alsshould make it possible to benchmark the grantance ohospitals
and to providea clear link between revenues and performahtéhe DRGsystem different
types of hospital admissions or eudtient contacts are defined, but the D3y&tem defines
different types of diagnostic treatment combinations. Thisngi¢hat all hospital services
during the complete process are included in only one DTC. While in the-yR@&m
normally one DRG is assigned per patient according to the most important procedure or
diagnosis , in the DTGystem several DTCs can be opened patient if several diagnoses
require treatment. With the result that a DB&sed system consist of 600 t6@D individual
DRGs, where the DTGystem in 2010 consisted of approximatelyOBO individual DTCs
[11]. This large amount ofndividual DTCs caused the system to be-tmansparentand
sensitive to fraud. With the introduction of the DGystem in January 201the number of
DTCs reduced t0,400DTC-care product§9].

For clear registration of the performed care every DTCahasiquecode that includes all
information. From 2005 till 2012he codes consistedof 14 digits, which cotined
information onthe medical specialtyhe type of care, the demé for care, the diagnosis and
the treatmentTable 1 shows an example of a surgical DTC codiee Thedicakpecialty was
specified in the first four digitcode 0301 to 1900)he type of care was specified in two
digits indicating eithemregular care (@de 11) or continuation of regular care (code 21). The
demand for carespecifiedin two digits was only used in a couple of medical specialities,
namely plastic surgery, urology, gastroenterology and radiother&yg/was onlyregistered

if the demanddr care was expected to result in more than average care consurfipgon.
diagnosis was specified in three digits anaswased on the International Classification of
Diseases I0revision (ICD-10). It describes the diagnosis of the patient in medicaistdthe
treatment waslso specified in three digits, it expresses the treatment setting and treatment

nature. Lastly, the treatment settingvas eitheroutpatient, in day care or with clinical
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episodesThe treatment nature varied per medical speciality @uld be for instance open
surgery or endsurgery[11].

Medical speciall Type of care| Demand for ca Diagnosis Treatment

Table 1: Example of a classification coding of a surgical procedure.

With the ntroduction of the DO®Bystemin 2012 theregistration of performed care changed
significantly. The backbone of the DG3ystem is the new DTgroduct structurewhich is
displayed in figure 5This is the way in which the diagnoses and treatments areizedamnd
grouped into a manageable number of gamalucts. The DTC-careproducts replaced the old

DTCsand aims to deliver better information, and a streamlined registration and declaration

Patients’
DTC dataset
Main diagnosis?

Care-product-group Care-product-group

Main care-activity?

Treatment-group Treatment-group Treatment-group

Hospital days, costs, other care-activities,

DTC-care product DTC-care product DTC-care product DTC-care product DTC-care product

processdy amore compact structure.

Intensive Care Expensive
‘Medication
|

Figure 5The DT@roducstructure of the D&yBtem
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The DOTsystemis characterised bgptimal recognisability and manageability, not only
within the logistics of the DTC process, but also riegotiations between healftovidess
andhealthinsures. Based ortheserequirement@&ndthe globally used ICELO classification
140 careproductgroupswere formed, which includearious treatment groupsThe most
common used DTCs wededuced to 4,400 DT€are products. Because the D&ystem is
based on the diagnoses, the productaire is uniform regardless of the specialigmnd the
DTCsbecame international exchangedldld.

The codes in this system are madeofi® digits of which the first sixdigits represent the
careprodiwct-group The first two digits represent the 22 chapters of the-10Dlassification.

To continue with the former example concerning the diagnosis of appendicitis, see table 1, the
correspondinghgpterin the ICD10 classification is chaptdrl, which includes diseases of

the digestive system. Not all of the I€ID chapters are adopted in the D&ytem. Chapter

16 and 20 are included in other chapters and chapter 22, which includes codes fbr specia
purposes is replaced by chapter 97 and 99, bedhese type of care is typical for the
Netherlands or to further increase the recognisabilitye next two digits represent the
subchapters of the IGO0 classification. In the example this shouldsodéchapter 95 The

last two digits represetiie content of the subchapters. If the content is similar to thelCD
classification the code 01 is used and if the content differs the code 99 is used. In the example
the contenis notsimilar as it includes ta subchapters, resulting in tkareproductgroup

code 119599To define the care products within the epreductgroup a decision tree is
developed. A decision tree is a range of successive choices that ultimadely tedy one
DTC-care product.These choices areapplied automatically via the grouper, which is
elaborated in the previous chaptéhe decision tree within the capeoductgroup diseases

appendix/patoneum is displayed in figure 6

The first step in the decision tree is the distincobthe following careproducts:
1. First is considered if it is an invasive product (surgery or intensive therapy). Further
branches of this branch are often classified on the basis of the costs.
2. If not, it can be a conservative clinical product (without etyly Further branches of
this branch are classified on the basis of the number of hospital days.
3. If not, it can be an outpatient or day care maid Further branches of this branch are

classified on the basis of specific activities.
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Ambulsnt middet/ | | Kinkort Oper zwasr Klinische opname
Licht ambulant 119569002 | | Kiin middel 119599003 Appendectomie Kiinische opname = | 119599004 Met VPLD >28
119599005 119599006 | | 119599007 | | 119599008 119599009 | | 119599010 119599011 MetVPLD>28 | 119599012 | | 119599013

119599014 119599015

Figure 6The dedisn tree within the gareducgroup 119599.

If everything goes according to plan, the decision tree leads to the correetddd @roduct.

The possible correct registered DT@re productsire displayed in green. A limited number

of relatively expensiveare products, especially the intensive care and expensive medication,
is kept out of the DT&@are product and will be declared separatsihythe hospitalsThese
products are called a¢lths.If the decision tree leads to one of the D&&e products thatre
displayed in reglit is called goroduct failure. This product failure cannot be declared, because
of incorrect or incomplete registration of the delivered ca@ree this is resolved the decision
tree can bepplied again.To reduce structural failerof the grouper, adequate recording at

the source is requirdd?].

In designing the DT&ystem as well as the D@&lstem,multiple parties of tie medical
societies were involvedSome of these parties have a prominent role in regulation and
maintenance of the current D&Ystem.The Dutch Healthcare Authority is the supervisor of
the healtlbare and checks whether the healtbvidersand health isurers comply tohe laws

and regulationslt also advices the Ministry of Health and sets the tariffs for the -Dai@
products that are excluded from negotiable reimburseniém®. maintenance of the DOT
system is performed by the independent organizddB& Onderhoud. This organization is
responsible for creating nel@TC-care products and for convieg the DTGsystem to the
DOT-system. They also created the grouper that enables automatic deduction-cA@2TC

products. Another task is to inform the wsef DTCs ando answer their questions.
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2.3 Health Information Technology
Health Information Technology (HIT) is the use of IT in the domain of healthitar@nsists

of management of health information across different information systewist enable
exchangeof this information betweercare providers, health insurers, governmeamd
patients HIT involves bothcomputerhardware and software to store, retrieve, share and use
the health information for communication and decision making. Accordingpaoidhry et al.
(2006) HIT has the ability to improve the quality of healthcare, prevent medical errors,
increase administrative efficiencies, reduce healthcare costs, and maintain affordable
healthcard13]. There are severddIT applicationsbeingusal in the Dutch healthcarehich
havehigh potential

One of the HIT applicationsvhich covers all theactivities performedin the process of
providing the cardor patients in all departments ofhespitalis the Hospital Information
System (HIS)14]. A HIS is an electronic information system which mainly focuses on the
administrative needs of the hospifehe exacpossibilitiesof the HIS depedi on the software
supplier, but it should include at ledke management of administrative patient information
(name, date of birth, place of birth, addresmtact informationgeneral practitionehealth
insurer,etc), support of the health care Istics ¢ecording data, with whom the patient came
in contact, at what location, for how long, and the responsible spéciafist support of the
reimbursement proce$s5]. Cumently, five HIS suppliers are activea ithe Dutchhealthcare

market. The market leader is Chipsdéillowed by CSGSOFT, quCare, Siemens and Epic
[16].

In a hospital up to 200 different information systems can be in use. A HIS manages the
information flows betwen these information systems aildws the healthproviderto work

efficiently. A representatin of themaininformation ystems that areonnected to thellS is

displayed in figure 7From this figure, you may conclude that HIS is an integrated
information system which improves the activities of the hosfitgy | ncr easi ng ¢t h
knowledge. A HIS provides information to specialists, nurses, patient management,
administration and stafft provides therequired information in a usable format to the user to

make accurate and timely decisions. It can be imagdinagdwhen patient information fer
instanceonly availablein the Laboratory Information Systeindoes not meet the definition

of i ncreasing the us e tindelyackessdonte enfbrgnatiotisereforc e t h e
spread of information is necessdfy’]. Each of the information systems that is integrated in

the HIS is designed to control the performance of a specific business process. The gathered
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data is stored penformation system in database, such as administrative data -0&y§ in

the Radiology Information System (RIS).

Radiology Laboratory
RIS/PACS )

Electronic
Health
Records

Pharmacy

Supply
Chain
Manager

Registries

Hospital
Information

Clinical

Clinical System Data
Trials Repository

Manager

Admission
Discharge
Transfer

OR
Manager

Billing
/Claims

Employee
Scheduling

Figure 7Arepresentation of information systems that are includedtier & colours represent different fimdhiersspital

The Electronic Hdéh Record (EHR) is minformationsysten within the HIT and it replaces

the hospital 68s me ddlinmcal infformatienofrthe patiemtdrom pharneagyr at e
radiology and laboratory systenihe clinicians have direct access to the EHR of ptiand

are able to add clinical dafa8]. Some suppliers include the EHR in their HIS, but often

EHR is a sepate system ananly relevant information for administrative and finance
processes areedved from the EHR into the HIBL9]. This data is necessary for the DTC
grouper to determinéhe correct DTC, which ebles to claim the DTC at the laéth insurer

The EHR systems can be in use in individual healthcare organisations, topatational
healthcare organizations, on a regional level, or even nationi@e Although, in the
Netherlands there is no nationwide use due to possiblelysitse lack ofnational standards

for informaion exchange and breach of privacy.

Two otherHIT appications inhosptals arethe clinical decision support syste(@DSS and
thecomputeized providerorder entry(CPOB. A CDSS is a computer system that is designed
to supportthe clinicians in decisiomakingabout individual patientdt includes automated
alerts and reminders for the healfitoviders and patients, clinical guidelines, diagnosis
support, and relevant reference information. Generally the data &HResystems is used
for theevidencebased decision makif@1]. Together with the CDS$he CPOE systems are
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seen as key technology for reducing medical er#ICPOE allows healtproviders to ente
medical orders electronically, instead of using paper, telephone oifyaes of medical
orders are medication, procedure, laboratory, radiology or admission orders. This electronic
input increases patient safeby reducingcommunication errorsAnd if the CPOE system is
connected to a CDSe order can be checked faconsistencies likdrugdrug interactions,

allergies omdosagdg2?].

One of the HIT application outside the hospitalthe DTC Information System (B) by
DBC-OnderhoudThis nationwidesystem receives and manage®rmation ofall DTCs. It
contains data from the basic registration elyson thecarethat is deliveredand hasbeen
declaredby the health providersThe healthproviders are required bkaw to supply the
anonymous data on a monthly ba#ifl.the data that is submitted to the DIS is checked for
errors before being added to the database of DdéSensure correct registratiomet health
provider will be notified when an error is detectBdery quarter of a year the Disipplies a
productionvolume reporto the individual healtlproviders, which include thproduction of
completed DTCsThis production can be plotted against time, specialism or B&€ides the
individual reports the DISIso delivers secterand global reportsThe DIS aims to make the
medical practice and financing more transparent. It monitors market developments and when

necessary DTCs can be adjusi&d].

Although most HIT applications are focused on administrative and financial transactions and
arealreadyin use since the 1960the adoption of IT in healthcare lags behamnpared to

other industries by @ to 15 yeard23]. One of these applications thatwsdely used in
industry, but still fairly new in healthcargis BI. Since the 1970s decision support systems
were dsigned to support decision making. Varialecision supporsystemdike executive
information systems, management information systesnéine analytical processingnd
predictive analyticemergedover the yearsin the 1990s Howard Dressnéniroducedthe
termfBusiness Intelligenaeto describe all of thanalytical applicationsf thesesystemg24,

25]. Negash (2004) defines Bl abe combination ofdata gathering, data storage and
knowledge management with analytical tools to present complegamngetitive information

to planners and decision makg?d].

This definition implies that Bl provides actionable information delivered at the right time, at
the right locationand in the right form in aer to make timely and fattased decisions].

Bl can refer to ofline decision making, this means that the information is instantly delivered
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when requestedut mostof the time Bl narrows the tinfrmme of delivering the information,

so the information is still useful at the moment the decision maker will have to make the
decision.In both cases Bl can be seeraasol to makeroactive instead of reactiviecisions

on strategic andactical level. It convertsthe gathereddata into useful informatiomnd,
through human analysis, into knowledf®d]. One of the tasks performed by BI that is
particularly interesting for this research is the ability of tnggforecasts based on historical
data, past and current performance laypdstimating the directioaf the future

The BI process consists of two primary activities, getting data in and getting data out, which
is illustratedin figure 8 Gatheringraw data for Bl is also known as data warehousing, this
involves moving datarébm multiple source systenisto an integrated data warehoJy2®).

The sources calpe availablevithin the organizatioiffor hospitals the informatiogystems as
displayed in figure ¥ be supplied by an external data providéte the DIS by DBG
Onderhoud)r made available by bhusiness partndfor example aather hospital) The data

of these sourcesan be structured wemistructured. Structured data wilelavailable from
sources that consists of databases, for example a CDSS. But most of the available data will be
semistructured data, data that does not fit neatly into relational or flat files. Examples of
semistructured data are spreadsheet files, tspatemos, and-mails [24]. During the data
warehousing process thgathereddata will be transformed so that it is meaningful for
decision support. For example records from several systems are matchalsoBww fields

can be created during data transfation, such as time period$ activitiesor totals[25].

Getting data in Getting data out
(Data warehousing) (Business Intelligence)

Data

Extract

Warehouse

Transform Data

Access

Load

Metadata

Figure 8The Business Intelligence framework with the two primary activities.
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In some cases the data warehouse consistewdral dependant data marts, which have a
more narrow scope than the data warehol$wesedata marts only focus on a specific
functional area, application or organizational divisibhe metadata is very important in the
data warehouse as it describbe field values, sizes, ranges, field definitions, data owners,
latency and transformation processes. Particularly with multiple sotiveedata warehouse
techniciansand end users must understand the characteristics of the manipulatedusatat
effectively. By combiningthe availabledecision support data of the possible sources in a data

warehouse odatamart it is ensured that only a single version of truth will o¢26}.

Gathering data hasnly limited value for an organizian, only when users or applications
access the gathered data and use it to make decisions it wilereallie for the organization.
Hence turning this data into informationmeost important for organization&enerallyonly

this activity is called BIThe Bl applications access data from the data warehouse to perform
enterprise reporting, eline analytical processing, querying, and predictive analysisiany
departments of hospitals Bl can deliver an assortment of unique reporting and analysis
applications[3]. Some of thdusiness benefits for hospitateentioned by Mach and Salem
(2010) are:

- The ability to optimize resources (like operating rooms, equipment and devices,
staff and supplies) in alhdividual departments of the hospital.

- The ability to develop andmonitor key performance indicators and clinical
indicators to improve performance and quality.

- The ability to effectively understand and managestieply chain and logistics to
maintain cets and ensureonsistent supply.

- The ability to increase patient safety through efficient diagnostics and the
identificaion of best practice treatment protocols.

- The ability to mantain costs and improve performance and quality through human
resources nmagement and physician profiling.

- The ability to conduct planning, budgeting, and forecasting more efficiently and

accurately within the hospital.

This chapter provided a background analysis on the research topic. It provided an overview of
the historyof the Dutch hospital funding. Also the DTC system being used in healthcare in
the Netherlands was explained. Further, tlospital Information Technologyand Business
Intelligencewas discussed. The next chapter will elaborate on the literature study.
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3. Literature study
A literature study is performed in order toeae a theoretical framework otne current

researchon Bl in healthcareand the managemeaft hospitalproduction.For theliterature
reviewthe databaseBubMed,Web of Scienceand Scopubkave beemsed This has resulted
in 14 useful articles.

A well based literature review & important foundation @very scientific research. In order

to ensure the review is reproducible it must be clear how and why theispgaaiples of the
literature have beenbtained. However, this does not mean that all existing literaturt@e
subject has been foundhi§ is not necessary a problem, as long as the obtained literature will
be representativéor the review[26]. To carry out this review the systematic and rigorous
approach offer@ by Wolfswinkel et al. (2013) lsebeenused, which is based on Grounded
Theory and is iterative in nature. The Grounded Thendesigned by Glaser and Straus

1967 and is useful to generateéhorough and theoretically relevant analysis of the topic. The
five-stage approach of Wolfswinkel et al. (2013) is labelled as the Grounded Theory
Literature Review M#hod ands displayel in table 2.

The first four stages are elaborated in the methodatbgpter of thistudy. In the first stage

the most suitable data set is roughly identified in four steps. In the second stage there is a
search for literature by the boundaries seirst Etage. In the third stage the obtained articles

are reviewed and refined. Hendbe fourth stage shows how qualitatiresseach methods
extract thevalue from the selected studig&7]. The fifth stage is elaborated in the results

chapterof this study, anghows the findings and insights obtained by thieraturereview.

Number Task
1.Define
1.1 Define the criteria for inclusion/exclusion
1.2 Identify the fields of research
1.3 Determine the appropriate sources
1.4 Decide on the specific search terms
2. Search
2.1 Search
3. Select
3.1 Refine the saiep
4. Analyse
4.1 Open coding
4.2 Axial coding
4.3 Selective coding
5. Present
5.1 Represent and structure the content
5.2 Structure the article

Table 2: The Grounded Theory Literature Review Method by Wolfswinkel et al. (2013
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3.1 Methodology of the literature study
As mentioned in the introduction of thchapter the methodology of thditerature study

consists of four siges whichare elaborated step Isyep.This section shows which decisions
were made during the literagireview. By reproducing these stefiee same results should
be obained.

3.1.1 Define
The first step is defining the criteria for inclusion and exclusidre aim of this thesis to

design a BI applicatiotior optimizing management decisions regagdihe production of
DTCs in Dutch hospitals. A literature revieam Bl applicatiors for management decisions
regarding hospital productipwould make the scope too narrowo ive theliterature study
a broader scope it is divided in two paresultingin two different seathes

Business intelligence ia relatively new conceptin theresearcltfield of hospitals Therefore
the first of he two parts of the review h&s providea clear view on the crent researclof

Bl in hospitds. The focuswill be on management decision making and not on clinical
decision making, ashis is not a medical research. Furthermooenot overlookimportant
articles theesearch domain is extended to healthcare.

The second part of the review will have to give an overvidwhe useful articles on
managemenbf hospital production. In this search the research domain is also extended to
healthcare, as the management of care production is not only an issue for hoEpdals.
hospitas 6 pra@ducton is part of thenanageriahrea offinancial plaming, so itis useful to

extend the search with this term

For theliterature reviewdatabase®ubMed,Web of Scienceand Scopusvere usedThese
are the most frequently used databases in the field of healthcare and managemesd. iBubM
the most used and important bibliograghy medicine and its peripheral areas, like nursing
and healthcare. Web of Scienisea bibliography that strives to provide the most reliable,
integrated multidisciplinary literature. And Scopus is the ldrgbstract and citation database

of peerreviewed literature.

The nclusion criteridor eah of the databasestise language of the literatufeund, thathad

to be in EnglishFor PubMed the abstract must be availatff®r Web of Scienceand Scopus
only documendg of the types article, reviewr book (chapter)were included in the search
results.Conference papers and reviewsr&vexcluded because these sources lack background

information and tendo be subjective.
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The decision on the specifsearch termsfdhe first part of the review was cleiar formulate.
The current researcdf business intelligence in healtmeaand hospitals ifound with the

search query

Abusi ness i nthodpiltaiOR ealthae) AND (

For thesecond part of theeview the specific search terms were more broadly defined to

prevent the exclusion oélevant literatureThe field of hospital or healthcare is the same as

in the first part of the review. The financialapning can also be expressed lagiget
planning.But besides planning alscontrol and management are search tehascan obtain
valuable literatureFinancial management waexclided as search term as this mdbe

review tm broad.Useful literature wafound by usinghe search query:

(hospital OR heal t hcar e) AND (Aafinanci al pl g
fiproduction p | a n ni nighou d@Re t ma n a fpeoduetiont nta NGaRy e RN
Afinancial control 06 OR fAbudgét control ¢
3.1.2 Search

In the search stage of The Grounded drigeliterature Review Method an taal search is

conducted irthe identified databases. The results of seiarch are displayed in figure 9

(hospital OR healthcare) AND (“financial planning” OR “budget planning” OR “production planning” OR
“budget ? OR™ " OR “financial control” OR “budget control” OR
‘ “business intelligence” AND (hospital OR healthcare) “production control”)
PubMed Web of Science Scopus PubMed Web of Science Scopus
n=76 n =66 n=84 n=238 n =227 n =396

Figure 9The results of the search after the define stage

In this stage there is theogsibility to redefinesearch querieand related criteria,sanew
seemingly suitable terms may arth@ring the actual searcBven thoughot muchliterature
wasfound on business intelligence in healthcare or hospitadsearch query lsanot been
relaxed Because this ia relatively new research fieldndthe obtained articles will provide

clear view on theurrent statef Bl researchn hospitalsand healthcare
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The searchquery for useful articles on management decisions regarding hgsithiction
was alreadyextensive and thorough. Relaxing the search query wialde mad the
literature search less transparent ksg on topic

3.1.3 Select
In this stage the sample of literature svactually selectedThe _

selectingmethod is displayed in figure 1The selechg stage of this

review differs slightly fromWolfswinkel et al. (2013)Wolfswinkel et Refine based on

title

al. start wih filtering out the doubles, whil@ this reviewthe cdubles
Refine based on

were filtered out atthe end of the selecting stadgy filtering out abstract
doubles at the end, tenwas saved ahe begiming and possible

Refine based on
full text

useful literaturdhadmore chance to be selected

Forward and

The input for the selecting stage is the literatbtained in the search backward

stage. The irrelevant literature is removed from the sample of

More sources

literature on the basid mot fitting the criteria. This is done in three

available ?

steps, first the sample is refined based on the title ohtérature No
. i (o)

Subsequently, the sample is refined based on the abstratt gl b

. . .
eventuallyrefinedbased on théull text of the literatureln orderto
further enrich the sample of literatyferward and backward citations Frelsamee
have been checked.The selecting stage was repeated fortlatee
databases. Figure 1:(Belect stage of reviewing

During the step of refining the sample based on thietdut, it is necessary to have licences of

the publishergo get full access to the text. Six articles were removed from the samples

because there was no licence of the publisher. Also articles withorgct citations were

removed from the samplBorwad citationsyielded the term performance management. This

was not included in the literature study, as it made the scope too broad. However,

performance management is used in upcoming chaptersoverview of the literature
selecting stagesan be foundm figure 11 The finalsamples of articles are displayedtable
3 and table 4
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Business Intelligence in hospitals Management of hospital production

Select Source

PubMed e

Science

PubMed Web of

Science

Refine on title

Refine on abstract

Refine on text

Filter out doubles

Figure 11An overview of the literature search.

3.1.4 Analyse
The purpose of this stage svid analyse the selected articles and to structure them to obtain

valuable ategories The first step wa to read the selected articles randomly and highlight
every word, entence, or paragraph that seemelgvant for the reviewBased on these
excerptsthe step of open coding toghlace. By rereading all of the exepts some concepts
stared to appear imind. These concepts capture parts of the excerpted data and are ideally
mutually exclusive or well definefl7]. By conceptualizing and articulating, the heafd
aspects of a set of excerptgpeaed The ultimate goal of open coding is to identf set of
categories, with a set of theoretical and methodological insights attEgHedPer article g

to 15 categories were founkh the step of axial coding the interrelations between categories
and their sukcategories were identified. These highbeder categories represent the main
themes of this st uihe s gpodfthissdagenvgseleciiva coding.e dat
The categories found were integrated agithed, so the main categoriemerged. Selective
coding is the process of identifying and developing relations between the main categories.

The findings of the analytical ding steps are displayed in table 3 and table 4.
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3.2 Results of study
This chapter provies an overview of the currently available literature related to BI

applicatiors for management decisions regarding hospgedduction. The firstsection
provides an overview of the literature on Bl inaftecare. The second section pr@sdan
overview of the literature on the management of hospitaduction. This chapter end by
summarizingthe contributios of this study.This chapter covers ¢hfifth stage ofThe
Grounded Theory Literature Review Method of Wolfswinkel et al. (2048)ch aims to

present and structure the results of the literature review

3.2.1 Business Intelligence in h ealthcare
Already in 2009Mettler and Vimarlund mention #b the use of Bl in healthcare is becoming

increasingly relevanand there i s a managerso need for
healthcare performans¢28]. In 2014 a third of the healthcare orgaations in the USA is

not usingBI tools, half of the orgarsations uses single Bl tooland one sixth of the
organizations usemultiple Bl tols Although, there are currentlyess thanl100 articles
available on this topif29].

This might be explained by the fact that Bl is more comimased in other industrighan
healthcarehoweverthe same objectives can be met. Lik@ther industriesBl in healthcare
focuses on revenue, expenses, utilizatiand quality.For instancedemand forecasts and
treatment successes can be deribydanalysing historical datdBut in contrastto other
industries, the obtained information in healthcare influences a range of stakeholders such as
specialists patients, government, insurance companespital administrators, and more.
Together with the large amount of different processes and pgtiemps, his makes the use

of Bl in healthcare more complex than other indus{i2&s30].

A precondition for effective use of Bl is the quality of the dataeYghn other industries the
information technologyis already well developed,the use of hd#ncare information
technologyis still in an early stageAlthough the amount of data generated by and for
healthcare organizations is overwhelmitigg useful dat for improving care or operations
canoften not be accessed wibut timeconsumingprocesse$31]. Especially the quality of
the operationadata is a key success factor 8¢ in healthcare. Howevergccording to
Foshay ad Kuziemsky (2014) itis no exception that much of thisnportant patient
informationis only available on pap&?]. As it is essential to improve thguality of the data

before processing it by Bl tools investments have to be ni2elpite there are good reasons
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to believe this investment will lead to savings and efficiency, esplgcitle smaller

organizations are restrainey the highinitial costsof adoptng new technologig29, 31].

Privacy and security are also concewith Bl in healthcare, as sensitivetdabout patients is

colleced and analysg Al t hough t her e ar e petsanal shealth o prc
information, t does not take away the femlated tothe eletronical storage ofhealthcare

data.To give the patients the confidence that theilthedata is protected and to defend this

data against security leakage, solutian have to be developed. The bettieese solutions

the more charethehealthcare management will be eagentmrporateBl [28, 29].

According to Ashrafi (2014) et alnatherreason for the small amount of research onnBI
healthcare is the usacceptance aoss the organizatiofRoor usecan result in errorghat
threates patient safetycause loss gbroductivity and caustailure to realize the quajitand
efficiency benefits[29]. For proper use collaboration within an organization is necessary.
Establishing clear and defineddeas about the information needed is the basis for trust in the
technology[29, 31]. Without trust in the organization and the outcomes of the technology
there will be little user acceptanf®l]. Therefoer, strong support and leadership from the top
managemens a key success factor for implememdiBl in healthcard32]. Furthermorethe

end users must also be capable to interpret the supplied information and determine what is
relevant to avoid mistakg&d]. Cook and Nagy (2014¢venplead for education on Bl in
healthcare in thstudy programs for radiologistas it has become art of the department

management30].

In spite ofthe aforementionedssues whickexplain the low irplementatiorrates the articles
agee on the neetbr Bl in healthcareBI has the ability tamprove healthcare quality, safety
and effciency[28-33]. According to Karami et al. (2013)any healthcare organizations have
a lot of unusedstrategic informationn their informationsystems. Whethis information is
meaningfully displayed managerswill have a real time view ahe company performance
againstthe strategic objectivesThis applicationcanfor instancebe usedo focuson scarce
resourceg28, 33]. Ferranti et al(2010) claim this will lead to more efficiency and #se
patient populatiorgrows and budgets areorstrained,such efficiency will be crucialo the
success of healthcare organizatig4]. Bl in healthcare will also eliminate information
asymmetry and makes hospitals well informed to respond to environmental changes and
identifying new market opportunitie33]. It enables the organization to understand past

events ad make predictions about the futuead it creates insights for decision maljig§).
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Ashrafi et al. (2014) ention the top five Bl applicationsought by healthcare organizations.
These are the following: (1) enterprise analytics, (2) predictive analytics, (3) accountable care
organization analytics, (4) healthcare data integration/ data warehousing, and (&ji@opu
health[29]. It can be concluded that thereaidiigherneed for management decision support
than clinical decision support.Mettler and Vimarlund (2009) sum up some potential
healthcare aadytical applications, whichare all included in the extensive framework of
Karami et al. (2013). This framework is displayed ableé 5and shows the possibleseful

toolsperBI application in the healthcare doma|B§].

Table 5The possibleolsperBlapplicatianin the healthcare domains by Karami et al. (2013).

According to Karami et al. (2013here are more possibilities to apfyin healthcarethese
can be derived from the applications mentioned in the framewabkk framework is divided
into three BI toodls. First, data warehouse could for instance lead to better disease
managementSecond, malytic tools like data mining or text miningould be used for
marketing purposes, ggedictive analyticgan help by strategimodelling.Third, dashboards

could fa instance givensights in patientlows [33].
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