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1 Introduction
Over the course of time, many different technologies have been explored and developed. One such

technology idblockchain. Blockchain is seen as a technology with an important, and potential disruptive,

implication for companies and governntsrin different sectors in the time to come (Webb, 2015).

Furthermore blockchain is a type of distributed ledger, where fdcitain consist of blocks of data,
distributed ledger is a database spread across different nodes. In distributed ledger eacipaatréan
access this database, also called a shared ledger (@Ines, Ubacht, & JansseMa6tElly when
initiating a trarsaction,a third party is needed to concludbe transaction between the principle
parties. In most cases this will pass as a cuydransaction, needing a bank, credit card provider or
middleman to complete the transaction. This is exactly what thelgloain technology tries to
eliminate by creating a decentralized environment where no third party is needed to complete the
transection (YkHuumo, Ko, Choi, Park, & Smolander, 2016).

Over the lifespan of thelockchain technology, different versiohave emerged.The very first example
of such a blockchain technology is Bitcoin, a gegpeer version of electronic cash. Bitcoirbased on

a whitepaper published by Satoshi Nakamoto on October 31, 2008. It allows for online payments to be
made directly letween different parties, without the need of a financial institution (Nakamoto, 2019).
This application has amassed a lot of papity over the past years, which led to many other
applications of blockchain technologhhe first applications of blockcimaafter the Bitcoin example are
categorized under Blockchain 1After that, a newer generation of blockchain, named Blockchdin 2.
included smart properties and smart contracts (Swan, 2015). Smart properties elude to the digital
properties or assets wrge ownership can be controlled by thiockchainapplication. Smart contracts,
first introduced by Nick Szabo in 1994, are a new wfadefining contracts between different parties. In
its core, a smart contract is a computer code between the differentigmthat runs on the blockchain
application and contains a set of rules determined by the parties. If the predetermined rulesegre
the smart contract will automatically execute itself. This makes digital relationships more functional
than paperbasedcontracts (Szabo, 1997). After Blockchain 2.0, the current generatidoakchain
emerged, Blockchain 3.0. This new generatianainly focused on the nafinancial applications of
blockchain (Swan, 2013).is this newer generation of blockchain techogy that will be observed in
this study. Mt all the implications of blockchain are the sagrhewever, here exist several diffent
blockchain structures one can work with. The most important distinction one should make, is the
difference between an opeand a closed blockchaim other words is the ledger open to all or are only
predefined members allowed to read the ledger.udtlier distinction can be made between a rron

permission based blockchain and a permission based blockchain. To distingleshwitm can have



more power and additional tasks (Mainelli & Smith, 2015}his study a closed permission based

blockchain apptiation is observed.

Since the success of bitcoin, different sectors are looking for a way to harness the possibilities and
advantages of blockchain technology. These sectors are trying to digitalize and enhance their businesses
using the benefits of blodkain technology. One such benefit is the possibility to carry out transactions

in a distributed setting without the need afthird-party. This transaction happens in a secure and

trusted environment, caused by the inherent properties of blockchain. Aftemformation on a block

is immutable and the blockchain is identical for each entity in the network. In order to updateange

any information on the blockchain, a new block has to be created, leaving a trail of the chaades

Another direct begfit blockchain technology offerss the improvement of transaction speed. Without

the need of a thirebarty, transactions can flow directly from the involved entities, removing the delay of

the intermediate party (Agbo, Mahmoud & Eklund, 2019).

Especidy nonfinancial applications dflockchain have emerged in different sectors. Some examples
include the energy sector using a blockchbérsed solution to organize the sharing of energy produced
by consumer solar panels (Plaza et al, 2018). Another exarophes from the supply chain sect
developing an agifiood supply chain traceability system using blockchain technology (Tian, 2016).

final example exists ithe healthcare sector. A potential application in this sector, is the development of
a mobileapplication based on blockchairhere patients own, control and can share their personal data
(Yue et al 2016). Nevertheless, these are not the only application of blockchain technology in each of
these sectors; energy sector (Burger, Kuhimann, Richavde&amann, 2016; Lavrijssen & Glaxy

2017), supply chains & logistics (lansiti &Lakhani, 2017; Tian, 2016) to ultimately the healthcare sector
(Hoy, 2017; Agbo, C. C., Mahmoud, Q. H., & Eklund, J. M. ,2019), the possibilities seem endless.

Thedevelopnent and implementationhoweverof such ablockchain application is very difficult and
costly (Catalini & Gans, 2016urthermore the nonfinancial applications dflockchain technology is
relatively new, making it hard to actuallyovethe addedvalueit brings. There is a lack of idde
business cases to actually measure all the benefits it supposedly brings (Agbo, Mahmoud & Eklund,
2019).

To determine if such a neimancial blockchain application reai/worthwhile,this study will research

one sector that would supposedly grty benefit from such an application. This sector being the
healthcare setting. In the medical sector, blockchain technology would mainly be used to securely share
healthcare data. The sharing of this healthcare data dallow for, amongst othersa beter user

experience, quality of data and healthcare, reduce costs, better prescriptions of medithitbn&

Husain, 2015). According to Hillestad et al. (2005), the implementation of such a framework could save



billionson a yearly basighe impact obuch a blockchain application, howevieasnot been proven on
a real life business case and is solely an expectation based on theoegpeatationsMoreover, the
impact of a certain blockchain framework in the headtre sector is very difficult to nasure. This is
mainly due to the fact thasuch a blockchain application would not only impact one aspect of the
business but could influence the entire healthcare ecosystem. Additiotiaytmprovement in quality,
userexperience and recommendations afificult to express in monetary values. This matkes study

on blockchain technology in the healthcare seatthe more interesting.

Even more, the healthcare sector is a sector that is fairly behind on digitalstiaamd strongly regulated.
Additionally, many healthcare providers use different information systems to manage their data flows.
Whichcould, potentially,be solved byan implementation of lnckchain technology. After abjockchain
technologywould allowfor atrusted environment for (ptent) information to be shared between
different health care providers. Mainly, because every healthcare proti@grhas the same

information available concerning a shared patient, without the power to alter any infiomanseen.
Blockchain technologyalso,allows for a framework where different entities have different rights, all
thanks to the smart contracts. All this, helps protect the privacy of a patient. It also allows for a cheaper
and faster way of sharing gant information. No longer doesnehealthcare provider have to call

another provider to access certain medical information about a patient. This is now automatically
regulated and fetched by the smart contracts. All these benefits help contribute to e efificient

digital healthcare sysm, that will help healthcare providers and other related parties to increase the

accessibility to data in a secure manner.

This patient information is shared in the form of electronic health records (BtHRjectronichealth
recordisthe(RA IAGEFE &0d2N)r3S 2F YSRAOIE REFEGI® | SHEGK Ay
critical in improving the health care industry. Most of its benefits are seen in the improvement of quality

and efficiency in information managemt. However, the imgmentation of such a health information

system is not without its difficulties (Chaudhry et al, 2006). The availability of digital medical information

is susceptible for security breaches. Also, the sharing of such electronic rexaitids leads to

interoperability challenges. Often the involved parties have different information systems that store

these9 | wQa 0+ SNR2 Yy Glgreby, totkeh§iri técnolegwauld liesbpotentialcandidate to

tackle these problems.

In order toassess such a ndmancial blockchain business case in the healthcare sector, a use case will
be modelled in the/alueManagementlatform (VMP). The VMP is developed by the Dutch company
VDMbee and provides a visual representatimol for the Value Delivery ModellingLanguag@ (VDML).

This language offers a standardized representation for developing conceptual models used for the



analysis and design of value creation and value capture in enterprise operations (Poels et al, 2018). This
platform will allowthis study to represetwhat values the different parties interchange with otkar a
blockchain use cas€urthermore, dfferent monetary pricegan be assignet these values antle

aggregate from each otherThis would nake it easier tovisualizethe benefits and the costassociated

with the healthcare blockchain use casewthermore, VMP differentiates itself from other modelling

tools with their comprehensive view. Where other modelling tools would only focus on one business

unit in the case studge.g. I'TUnit or careunit), VMP allows for an entire coherent ecosystem to be
modelled (de Man H., Gmunder VDMbee). Additionally ytinvestigating a use ca#igis studycan

focus on the aspects important to this research. Hence, use cases reduamntpegity of certain

scenarios by specifying what and under what conditions a scenario occurs (Bittner, 2002).

For the actual use case, multiple candidates are possible. In the academic literature, there exist several
different studies that examine the usd blockchain in a tedthcare settingSome examples are Medrec
developed by Azaria et €2016),D dz NR G A Y S & Q the dnalysié of dnERR périnigsdn
management system by Verdonck and Poels (2020) and.mioese exampleshowever often limit
themselves to pure theetical studies, making it hard to implement them in VMP as manylifeal

values are missing. Moreover, the usage of a pure theoretical study would defeat the aim of this study
as described hereaftdr h y f @ Ddzl NR G Aas% @rectichl {mpleehtafian(iUnforfunatd|g,

no resultsof such cases were found publicly availabistead amore suitable case was found through a
connection of VDMbegeShariq Ata, Director Enterprise Architecture at the University of Chicago
Medicine Together with a majokidwest medicatentreand Sirius Computer Solutions Inc., Shariq Ata
conducted a proof of concept of a blockchain application in a patient comsanagement settingThe

case adopted in this study is based upon this Healthcaezaperability whitepaper (Kannan & Holmes,
2019), supplemented with additional information and knowledge from Shariq Ata himsklitional
assumptions and limitations hawbeen imposed on the use case, to achieve a scope that is feasible for

the purposeof the master thesis project. It is tried nevertheless to do full justice to the use case.

Considering thisase studyn the Value Management Platform, the purpose of stisdy is twofold.

First of allthe main objectiveadd to existing literature onlbckchain in healthcare setting by providing

a VMP model of alockchairmproof of concepin the healthcare sectoByvisualizing the impact of this
technology in a praatal business casthe model build in this study can serve as a start for stakeslde

AY I KSIFfGKOINBE aSOG2NI GKIFG OF yMoedver,kdShnaalRey | £ AT SR
delivery modebuilt in VMPcanhelp elevate the business case anayasanalysts can anticipate to the

effects of the blockchain technology on the ness visible in the modeknd translate them to

integrated business valueSecondourpose is taaddavaluable case stydn the Value Management

Patform with the implanentation of a high technologic innovatiokloreover, show the capabilities of

4



the platform due to the complexity of such a blockchain use c@kerefore this study does not only
provide a structured value model, visualising the impact of afirancialblockchain case, but also
deliversa hightechnological case study to show the potiahof the Value Management Platform.
Alongside the proof of usability for highchnological cases, this study hopes to offer some suggestions

to improve VMP with the experience gathered while modelling the EHR on blockchain case.



2 Research methodology

In order to visualise the impact of a ndinancial blockchain application, a qualitative research approach
was handledA qualitative research approach wakosen as the focus is @single blockchain

application described ithe choserwhitepaper, the backbone of this studyAccording to Recker (2013)
such a qualitative approach is preferred when you want to study specific phenomena and for
explanatory research on less researched topi¢e.visualisatiorof this new phenomenomwasthen

achieved throup a VMP case study, as no blockchain use case has been modelled in the tool before.

A case study has been chosen as research mdtiratie insights they can offer compared to other

approachegRowley, 2002). Yin (1994) p. 13 defines a case study as:

0A case study is an empirical inquiry that:

w LygSadAiarasSa + 02y dSyYLR cahtexBesdeifalyyvBe Sy I A GKAY A
w ¢KS 02dzyRFNASa 06Si(6SSy LKSei@evitdy2y | yR O2yGSEN

The research method in this study meets this definigsna norfinancial blockchain application in the
healthcare sector has been researched, where the influence of the blockchain technology is not clearly
defined, instead influences multiple business units and factors. Yin (1194) also depicts a casgatudy a
dza ST dzZf NB a S| NB Kow ¥rSvhya@eRiondsk&ng ¥sked about a contemporary set of
events over which the investigator has little or no con#r¢h.9)For this study, these two questions

translate in:

T Howwill this patient management blockain application be implemented in the healthcare
ecosystem?
1 Whyis such a noiffinancial blockchain application interesting for the healthcare sector? What

advantages does it brifig

2.1 Data collection
Data for the VMP model is based upon a blockchain use Easéhis use case, a whitepaper describing

the proof of concept of patient data management with blockchain in the healthcare sector was chosen.
This specific use case in the healthcare sector was chosergrasaite not many other options of this
calibre publicly available, as well as a direct contact associated with the whitepaper would prove to be
very valuableThiswhitepaperalone howeverJacked some critical information, to make a full

integration in VMP possible.

Therefore, additional informati in this study was drawn frofiour main sourceswebsites of included

entities, input from Shariq Atanput from Henk de Maand own assumptions. Here, the whitepaper



provided the general idea of the blockchain application and basis @dbsystem. Thibasis is then
supplemented with additional insights of Shariq Ata, as well as background inforpraigsing in the
whitepaper. Whereas online sources were primarily used to estimate missing values and parameters.
Whenever any of the othettata sourcegould not provide an answers, assumptions and estimation
were made. Nonetheless, all the data taken into account had to make sense in the grand scheme of
things before it was implemented in the todlloreover, in order to put these values mperspective,
arithmetical data has been taken into account. Here the focus was primarily on values that have equal

proportions, information that would throw the model out of balanieas been left out.

Considering this is a case study based uposexase, the modefocuses only on the aspects relevant
for the blockchain applicatiorather than taking the whole healthcare operation into account.
According to Yin (2009), a case study is preferred when dealingwitinew phenomenan a specific

context

2.2 Modelling
The design of this study consistedfolir steps (1) Before the case could be modelled in VMFyasic

knowledge of blockchain and VMWsrequired Background information of blockchain was obtained
through online sources and academic litera, as seemithe introduction. Whereas, the learning

process of VMP was done via explanatory videos, provided by VDMbee itsedlldwexdfor a proper

base to understand the case and imagine a potential implementation in YARiter this basic

knowledge was aagired, the actual modelling in VMP could begin. For this modellingtirginuous
Business ModellBnning(CBMRP process was used his process allows the users to build a fully
comprehensive and interactive model in the VMP. In order to obtain such aretvesive and

interactive model three stages have to be completed (i.e. Discovery stage, Prototype stage and Adopt
stage) each anprising of different steps. Not all these steps, however, have to completed, as well as
the order is of less importance, mokey F 2 NXY' | A2y 2y GKA& LINROSaa OFy
section. (3)Off course, the implementation of such a complicatede is very challenging for a first time
user. To facilitate this implementation, Henk de Man, gamder provided his expése throughout

the whole processRoughly estimatedevery other two weeks a meeting was planned to show the
progress made. Herdenk de Man would give feedback and tips for the use of the program and his own
vision regarding the representation of the blkahain case. Also, three different meetings with Shariq

Ata were initiated to review the model thus far, give additional infotimaand adjust where necessary.
Allinteractionswith the contacts vere done via onlineneetingtools as it was difficult to raet

physically due to geographical limitatiorfherefore the third step of this study comprisedtiog

processing of feedbaclkdYAfter completing the VMP model, the results could be reviewed via the

dashboardslinteractive interfaces that allow the useto compile all the necessary information in one



place.Moreover, the assessment of the blockchain application could be strengthwith the
implementation of Whaif scenariosThese Whatif scenarios alter certain input values to evaluate the

model inthe event of specific situations.

As this is a singlease study, it is hard to generalize these findings to otherfir@ncialblockchain
applications. Nonetheless, this stutstainsl OSNIiF Ay @Ff ARAGE YR NBEt ALl 0A
interpretation of the case and explaining the thought process behind the essential parts of the model in

detail. This study could thus be seas a guideline for future similar studies on other cases.



3 Case

This section gives one background information of the stotgld in the whitepapeysupplemented with
the own interpretation of this story to implement in the VMP. Moreover, the assumptioade with
regards to the ecosystemare explainedin the current situation, the situation where the blockchain
applicationis introduced and a followp situation three years after the initial introduction of the

blockchain application.

3.1 General
The need for a healthcare interoperability system originally sprouted frgnowing trendin the US

where bigger academic hospisahre acquiring community hospitals, small medical groups and solo
practitionersin a geographic region. According to Sharig A&ause of this trendhe needto share
medical record$n a secure settingas increased substantiallfothis day,however, most healthcare
providers operate independently, making access to medicalrdscacross providers rather restricted.
There are several interoperability challenges related to the sharing of data between different
information systems storindigital medical records Not all systems offer an option to share with other
systemsThe request to exchange these medical recordalvery time consumingeven more

existing initiatives require a new intermediate party and added formalities. Therefore, thenecied

for a secure medical record sharing framework that consistently giveagbropriate access to the

right participant. While the healthcare providers or participants may manage the patients records, the
patients retain full control of their own datEvidentially, such a secure framework has to be financially

viable, especiaflcompared to existing alternatives.

The retention of data primarily entails which providers can exchange the records, how much they can
exchange and for how long they haveettights to exchange the medical records. Ideally, patients are
able to controltheir medical records in a remote setting, like a mobile application for exarSpleh a
framework can be realized withe inherent characteristics dflockchain technologgnd the properties

of its smart contractslt is, however,jmportant to note thatthe use of blockchain technology in this
interoperability challenge is only possible thanks to some lavestuted by the US government,

regarding digital medical records.

As a part of theRecoveryAct in 2009, the United States Department of Health and Human Services
launched the HITECH Act (Health Information Technology for Economic and Clinical Hedtthvasct).
created to promote and create a nationwide network of EKactronic health recorgsThis neans

that every healthcare providexas persuadedb make use of certified EHR technolofdmderson,

2010) Additionally, the Medicare and Medicaid promoting interoperability programs, formerly known
as theameaningful selawg, set a list of car requirements in order to have a certified EHR.tRiwruse

casethe requirement to freely share electronic recordeidremely important Without this



requirement, EHR software providers could limit the sharing of recordsatiter EHR software
providers.( U.S. Centres for Medicare & Medicaid Services,.irdr)hermore, there exists an
international standard, named HL{Health Level Seven), that sets the standards of sharing clinical or
administrative datawith FHIRKag Healthcarelnteroperablity Resources) as the latest adaptation.

(HL7, n.d.)This means that most records will have the same structure, making it easier to share them

across EHR software systems.

In order to fully assess the impact of blockchain tedhgg in ahealthcare setting, three phases where
modelled in VMP

1. The ASS scenario, whickhows howEHRSs currently are being shared.

2. The TGBE scenario, which gives an introduction in the EHR on blockchain application.

3. The third phaseakes a look attte situatbn three years after the implementation of the
blockchain technology. A more detailed description and usage of the phases functionality in

VMP can be found in the section dedicated to VMP.

As said earlier, different healthcare providers or pap@ants hae their own rights for accessing and
AKINAY3I | LI GASYdiQa YSRAOFIE NBO2NRad® ¢KIFyla G2
executed in a consistent and automated manner. Based upon these rights, three groups of healthcare
providerscan be i@ntified: Member hospitals, Affiliate (participating) hospitals and Fpedty

providers. Off course, it is assumed that the patient still owns its own record data and can influence
these rightsHgure 1 andrigure2 from the whitepaper give minitial explanation of each healthcare
providerand their rights Throughout this case explanation, all aspects of these figures will be handled in

detall, linked to their implication for the VMP model.

Lhttps://www.hl7.org/
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Patient-Concentric Provider Consortium

Patient

Patient EHR

Blockchain-Enabled
Master Patient Index -
(Patient-Consented

Contractual Data Sharing)

atient EHR

Figurel: Organisatiorof Consaiium

Key Elements

Patient EHRs: Include patient demographics, medical history, prescriptions, allergies,
and other health-related information.

Master Patient Index: Patient record index stored in blockchain that is hash-coded and
encrypted. Hash code uniquely identifies the patient and enables
interoperability across the provider network.

Member Hospitals: Members of the health system. Data-sharing contracts are governed
through the restrictions of being a Member Hospital; all member hospitals
typically share data without restriction.

Participating Hospitals: Data-sharing contracts are governed through the restrictions of being
Affiliate or Partner Hospitals.

Third-Party Providers: Any third-party hospitals that are not typically part of the consortium but
would like to access the Master Patient Index on an on-demand basis.
Third-party providers are not in scope for proof-of-concept purposes.

Patients: Patients of the consortium hospitals who give exclusive consent to view
their health records.

Figure2: EHR on blockchain important terms

It is important to note that the Academic hospital, involved in the writing of the white paper, belongs to
the Member hospitals and the other types are based upon legationships with this Academic

hospital. Essentially the datharing rights enforcetly the smart contracts are based upon the legal
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relationship between two healthcare providers. The following figure defines the possible relationships a

healthcare povider can have with the Academic hospital.

AFFILIATIONS

* Most flexible form
of consolidation,
though option of a
weak vs. strong
affiliation exists

* Utilized to increase
footprint, gain
economy of scale,
create referrals,
supplement an
already successful
set of services,
exchange best
practices

* Do not necessarily
change
management or
governance

* A mildly flexible
arrangement

* Used to create
something new
(limited inpatient or
outpatient activity,
service, purpose)
that may be
overwhelming to do
solo

* Shared governance
between two
hospitals

* Contains some form
of profit/risk
sharing

JOINT OPERATING e

* Virtual Mergers,
where assets may
separate but
services are
coordinated

* New overarching
governing board is
created but
hospitals maintain
independent boards
as well

* May borrow for
capital investments
as one organization

* Similar to a joint
venture, but larger.
Extends past just a
specific service or
activity

* Mutual decision of
two companies to
combine

¢ Leadership may be
a combination of
the two hospitals or
from an outside
source

* Hospital’s absorb
each other’s assets
and debts

* Goal is to increase
economy of scale,
improve quality,
increase market
share

Figure3: Legal relationships between healthcare providers

* Purchase of one
hospital by another

* Usually smaller
acquired by larger,
but not always

* Goals: increase
market share,
footprint, acquire
additional services,
financial stability

* Hospitals may
continue to
function semi-
independently or
make
transformational
changes to match
buying hospital

Only the affiliations relationship will form a new type of healthcare provider. The other relationships will

all be placed within the Member hospitals (i.e. Joint venture, Joint operating Agreement, Merger

(Comnunity hospital) , Acquisition), together with the Academic hospital. The reasoning behind this

divisions comes from the fact that the Academic hospital wants to fully share all the data across these

other healthcare providers. Obviously the Thpdrty providers are missing from thfigure of

relationships, as they have no legal relationship with the Academic hospital. Together with the Affiliate

hospitals, the Member hospitals will form a consortium, an alliance to realize this blockchain

implication. Tls consortium is then responsible for everything regarding the blockchain technology.

More information regarding these three types of healthcare providers and the Consortium will be given

in the TOBE scenatrio.

Defining these three types of healthcare prders is only relevant for the blockchain scenarios.

Nonetheless, the same division will be made in thd@&Scenario to facilitate a comparison with the

other scenarios.

The three phases will be further explained in the following paragraphs.dtadaio will be supported

by a figure of thaBusines&cosystemMap from the app. SuchBusiness ¢osystemMap allows users

G2 @AradztAl S
Network concep{(Allee, 208), wh2 Q &
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implemented by VMPThis will improve the readers ability to comprehend the different scenaios.
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bigger picture of these Business Ecosystem Maps can also be foipgendix 3this ensuredetter

readabilityof the ecosystems.

3.2 ASIS scenario

— NATIONAL S
= S CANCER T 8
L INSTITUTE \

|

Figure4: ASIS Business Ecosystem Map

As can be seen igure4, there arefour key-participants in the A$S scenario (i.e. Affiliate hospitals,
Member hospitals, Thirgarty provders and CareQuality) complemented by the patients, customers of

the healthcare providers.

3.2.1 Healthcare providers
The initial reasoning behind the healdre provider classification (i.e. Affiliate hospitals, Member

hospitals and Thirgharty providers) caie found in the introduction to the use case. A more detailed
description will be given in the TBE scenario, since the classification is not relevamthie ASIS

scenario and is only present for comparison purposes between the scenarios. Nonetihé&gssssible
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to sketch some assumed characteristics of these three healthcare providers to increase

comprehensibility of the providers across the scéosr

3.2.2 Healthcare providers characteristics
For the first healthcare provider, the Affiliate hospitatsyre specialised providers are assumédey

deliverspeciality care to their patients, like cancer treatments for example. Therefore the logo of a
national cancerinstitute is used to symbolize the Affiliate hospitals. The second type of healthcare
providers is the Member hospitalthe only keyparticipantcomprising of other kinds of healthcare
providers,consisting of the Academic hospital, Joint ventures, Joint operating Agreements, Mergers and
AcquisitionsDueto their close relationship with the Ademic hospitahnd rights in the T@E scenario,

all of them are bundled under the member hospital branEbr the sake of simplicityh&seother

providers are simply named after the legal relation they have with the beating heart of the Member
hospitals the Academic hospital herefore the Academic hostal is the most important member of the
Member hospitals, making it the logo of the Member hospitals. As a result of their importiece,
Member hospitalsare also assumed to account for the biggestts@nd revenues compared to the

other types of healthare providers. The last type of healthcare provider, Fphady providers, is

assumed to be a group of smaller healthcare practitioners (e.g. private clinics, smaller clinics,
physiotherapistsindivdual doctors)ln practice this could as well be an@hlarger, potential academic
hospital, healthcare provider. For the case study five Affiliate hospitals, fourteen Member hospitals and
twenty-five Thirdparty providers are assumed in the-F§&sand T@BE scenario. This distribution was

approved by Sharigta.

3.2.3 CareQuality
The fourth keyparticipant in the A$S scenario is CareQualitZareQuality launched an initiative that

hopes to improve interoperability between systems in the US, by establishiiagionwide framework

that enables exchange of daleetween health data sharing networks. In order to accomplish this,
CareQuality sets technical and policy agreements amongst the different networks through a consensus
based process with the help of regmentatives. The following analogy used by CareQ@uaditps to put
GKA&E AyiG2 LISNELSOGAOGS® G2KIFIG AF &2dz KIR | OSft f
& 2 dzNJ OThididNtheS&hE pdoblem healthcare providers face in thé\Senario. Therefore,
CareQuality hopes to lift this litation with their interoperability framework. Unfortunately, this

initiative requires the cooperation of every player in the EHR distribution, from the software provision to
the usage by healthcare priolers, while also needing additional regulations e&plained earlier, there

are already a couple of standards and regulations provithexishave to abide to. Additionally,

CareQuality is now an outside party involved in the exchange of medical reaivasdm healthcare

2 https://carequality.org/
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providers, potentially raising segty questions. Patients would lose all their confidence in a healthcare

provider when private medical data would be sold or leakedngother party.

3.2.4 EHR software providers
Besides the four kegartiOA LJ- yG & | YR (KS K Busihe§sitcdadystiddiapin Fgdire®A Sy G & .

comprises of three other entities. These are the EHR software proviget€ Cerner* andall other

smaller comparesthat deliver EHR software. As stated by HIEECH Athe majority of healthcare
providers in the United States of Amerida, persuaded to make use of EHRs. In order to do so, the
healthcare sector needs the appropriate software. Therefore, it is assumed that the healthcare
providers in this case contrattte biggest players in the EHR software s¢arithn EPIC controlling the
majority of the market. Unfortunately, these services are far from cheap, leading to almost 25% of the
total IT-costs (Ata, Director, enterprise architect UCM). Hereby smaller headthproviders are not able

to afford the services of these larger EHR software providers. Therefore, it is assumed that the group of
Third-party providers will turn to lesser known EHR software providers, with potgnigsis

sophisticated serviceédditionally, the small acquired clinics acquired by the Academic hospital will

have ongoing contracts with different smaller EHR software providers. Whereas, the Academic hospital
itself will use EPIC. In due time, the Academic hospital will convert them@delee the ongoing

contracts are finishedAs of now, however, this difference in EHR software provider can lead to certain

interoperability challenges.

3.2.5 Interoperability
To further display the interoperability problem, it is assumed that the Affilimspitals and the

community hospital of the Member hospitals use Cerner instead of BBt@ reality, this is not

necessarily the cas&he main reason for #seassumptions, stems from the extra services EPIC offers

its users to share EHRs betweenati#ht healthcare providersvhich solve part of the interoperability

problem. Most notable are EpicCare Link and EpicBamg/where. EpicCare Link is a wadsed

application that gives users secure access to select patient records in Epic via a welbtirtkintely it

only allows the user to read the select information, tmtopy orto store the data. Whereas EpicCare
EOSNEGKSNBE A& 9tL/ Q& AYGSNRPLISNI oAt AGE | LILIX AOFGAZ
healthcare providers. As EQlae EAS NE 6 KSNBE adzLJLR2 NI a /I NBvdzZ ft AGeQa
follows the HL7 standards, EHRs can also be exchanged with other EHR software than ERi€siéself.

serviceshowever,are very time intensive as the EHRs have to be requested mgaunallare only

3 https://www.epic.com/software#Clinicals
4 https://www.cerner.com/
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available for a limited time. The following figure, obtained by Shariq Ata evaluates the usage

recommendation of these EPIC services for the different types of healthcare providers.

Lol Affilistions | Joint Venture |1°iRE OPerating
Agreement
EpicCare Link

9 » > | o »
Web-based; Select patient information access.
EpicCare Everywhere

Epic's interoperability (HL7) application. Non transactional. On é & & & &

Demand

b Preferred &> Notrecommended

Figure5: Assessment of EPIC services

Based uporrgure 5it would thus be viable to use Epiag€d&verywhere to exchange EHRs between
healthcare providers. Nonetheless, as every currently available alieen&xchanging EHRs via an EPIC
infrastructure is very expensive, time consuming, only for a limited time and requires an intermediate

party towork at its full potential In this study, CareQuality would then be the intermediate party.
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3.3 TOBE scenario
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Figure6: TGBE Business Ecosystem Map

3.3.1 The Consortium
The purpose of the TBE scenario is to visualise the use of blockchain technadogychangeEHRS

between healthcare providset The most notable difference between thel&¢Figure 4and TOBE
Business ébsystemMap (Figure 6)s the disappearance of CareQuality and the appearance of the
Consortiumwhich islinked to three other entities (i.€System integrator, Hyperledgealiric and
Amazon web servicedjor this studythe consortium is created by the Member and Affiliate hospitals,
ideally on a city or state level. In reality this consortium is not a separate entity, hoviewver

clarificaion purposes it is visualized saptely in theBusiness &ébsystemMap. Furthermore, it is

assumed that this consortium entity will develop the EHR on blockchain application, with the help of the
System integrator. The System integrator in this case studiso the ceauthor of the usecase, Sirius.

The composition of this consortium is specific for this study, other initiatives could use a governmental
institution or private organisation that provides the ndinancial blockchain application (like the

examples ofVerdonck & Poels (2020)y R D dzI NR G A Y S.8&3idds the Systeyhinfedrdtoi, hed S 0

Consortium has two other suppliers. First of all, the Consortium partners with Hypertedger

5 https://www.hyperledger.org/use/fabric
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Hyperledger will supply the distributed ledger technologyown as Hyperledger Fabric. Thikwas the
Consortium to build the blockchain application. The second partner is Athalwaugh theirweb
services the Consortium is able to build the application on a cloud solution rather than develop it on
inhouse stoage systemsWith the help ofthis consortium, healthcare providers will then be able to
exchange EHRs via the blockchain applicatieaking CareQuality and EpicCa&erywhere
unnecessary. Therefore the role of the Consortium is to develop and math&alBHR on blockchain
application,providing it to the involved healthcare providers. This also includes offering training and

customer support regarding the usability of the software.

3.3.2 dMeaningful use lagv
Thanks to the meaningful use law it is possifle tSE OK | y 3§ LI G uéh bléckzehalB 02 NR &

application. As said earlier this law dictates that EHRs have to meet certain restrictions. Most
importantly, EHRs have to be freely exchangeatnkaning that EHR software companies cannot limit
the EHR#0 only work on their software. Fthermore, with the HL7 standard, most EHRs will have a

standard format This ensures that EHRs from different EHR software providers are interchangeable.

3.3.3 Master Patient Index
It is important to note that the healthcangroviders keep their existing EldBftware from the ASS

scenario. The EHR on blockchain application will not replace their EPIC or Cerner software. In its
essence, no patient data is stored on the blockchélirthe records remain in the inhouse stomag
systemsinsteada Master Patientndex is created for every patient, on the blockchain application, that
links the correct record to the patient. This index contains the meta data and link to where the needed
dataarestored. Therefore, no EHRs are stored in blocks erbtbckchain, oyl metadata.This also

means that patient datare only stored once, reducing data redundan8yvisual representation of this

Master Patient Index van be found in Figure 1.

3.3.4 Data sharing rights
Not all three healthcare providers (i.e. Aitite hospitalsMember hospitals, Thirgarty providers) are

allowed to exchange all data equally. Earlier it was already said that this classification is based upon the
legal relationship with the Academic hospitéthere is a second reasaied into this split of healtleare
providers, regarding their rights for exchanging d&tamely,not every group is allowed to exchange all
records equally. These rights are based upon the contract the healthcare provider will have with the
Consortium. As so, all themtities in the Member hospitals have an exclusive contract to share all EHRs
across healthcare providers. The Affiliate hospitals, on the other hand, have a certain agreement to only

exchange a set of patient data (e.g. allergies, prescribed medicingsreatments, et). What the

6 https://aws.amazon.com/
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content of this data will be, depends on the specific legal contract. Of course, in this case study it is
impossible to work with types of datanstead percentages are used. gt is assumed thathe

Affiliate hospita inthis study areed £ S 2 SEOKI y3S withifreir drifracthérdasS y (1 Qa |
Member hospitals can exchange 100%. Lastly, the Jaairy providers, are not a part of the

Consortium and therefore have no specific contrddteywill only be able to acess the MastelPatient

Index on an ordemand basis. Patients will have to grant consent to these airty providers,

preferably via a mobile application, as they are the owner of their own data. Through this mobile

application, patients will be abl®tsee who has aessed their records, what they have added or

updated and who has requested access. In a similar fashion, Affiliate hospitals can request consent to
exchange data not included in their contractis request to the patient can be foundtire Business

Ecod aliSY allld 6 CAIdzNB couod LG faz AYLRNIFydG G2 Yy
relation with the patient, as they do not need &As to be expected, these contracts havé

respected in a secure and consistent mannéisTs done viahte smart contracts, an invaluable feature

of blockchain technology. These smart contracts will automatically assign consent, if and only if the

correct clauses are fulfilled. As no EHRs havwet@sked manually anymore, waiting times are

drastically redaed.

3.3.5 Advantages of blockchain technology in the case study
It is clear that the blockchain technology offers several advantages in #igET€@enario compared to

the ASIS scenario. Three main advantages can be identified; trust, cogimaernance andrared

control.

Trust refers to the inherent characteristics of blockchain technology that allows a secure environment,
together withproviding the participants with wmo-date information. If healthcare providers have the
most recent infemation availablethe chance of errors due to incorrect or outdated information
decreases. The second advantage, contract governance, refers to the consistency thanks to the smart
contracts automatically applying the correct legal contracts. Lastly,théthelp of blockhain

technology, data can be safely shared with other parties by solving the shared control responsibility in
terms of data the healthcare providers can acceas,own andcanshare. Ultimately, it is assumed that
these advantages traregk in a higher ecess of data compared to the cost to achieve ithtseasethus
reducing costs in the long riand improving care serviceglainly due to immediate availability of

recordsand a higher transparency towards the patients and other heafthpaoviders.
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3.4 After 3 years
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Figure7: After 3 years Business Ecosystem Map

The purpose of this phase is to take a look at the EHR on blockchain applitageryears afterthe
introductory phaseSeveral assumpticgare made with regards dhe evolution of the application, as it

is impossible to fully predict the future.

First of all, it is assumed that the effectiveness of the blockchain implementation improves over the

years. Healthcare providers will rack up more experiema@s time byusing the application

CdzNI KSNX2NBX +Fa | LI GASy i Qamoe fregli and eadikkaccessiflS I £ G KO
Master Patient Indices will be more complete and detailed. This can further reduce treatment errors

due to outdated or missing pati¢ information. The second assumptions concerns itself with the

amount of healthcare praders willing to join th&Sonsortium. Thanks to the added benefits of the

blockchain technology, this method will start to gain popularity and more providers will twgoin the

initiative. This will increase th@nsortium in member size, but also canee previous Thirgharty

providers tojoin either the Member hospitals dhe Affiliate hospitals. Thereforthe member size of

ten Affiliate hospitals, twentghree Member hospitals and forty Thisgarty providers is assumed in this
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scenario.And finaly, once patients see the benefits of the implementation, more patients will allow the

sharing of their EHRs through the blockchain application.

Another difference witlthe TOBE scenario lies with the choice of EHR software provégecan be
seen in Figre 7. Once the previous contracts are terminated, the Academic hospital will tratefier
merged and acquired companies to the same EHR software provider, bein@§@EHing this, the case
study assumes that the entire group will receive a group disttorm EPIC, resulting in lower EHR

software costs.
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4 VMP approach

Here, more information of the tool itself will be given, complete with a detailed explanatioreof th
Continuous Business Modelling Planning process. To further illustrate this process, all the used stages

and steps will be backed with a figure of the mogtelde in this study.

4.1 Value Delivery Modelling Language
The global market is characterized by aerechanging environmeniNew technologies, enhancements

and ideas pogup every day. This forces entrepreneurs to react to their changing market segment with
innovative ideas, business changes and strategic idé&scan be very challengingowever,andit
increasesthe complexity of businesses. With the impact of these strategic decisionthamtianges
transcending the boundaries of one company, the ctaxity increases even more (Cummins, 2016). In
order to help entrepreneurs face this complexityet®bject Management Group (OMG) adopted the

Value Delivery Modelling Language (VDML) as a standard business modelling specification (OMG, 2015).
VDML enablemodelling of value creation and exchange on a strategic |®etzger, Terzidis &

Kraemer, 2015)urthermore, VDML supports several existing value and business modelling approaches
(e.g. Business Model Canv&sterwalder & Pigneur, 201 Value Network Christensen &

Rosenbloom, 199%)Hereby, VDML tries to fill the gap between strategy and bsgsipeocesses on an
operational leveletzger et al, 2015)Business and value modelling both serve a purpose to fill this gap
and form a cohesive overviewBtarting with value modelling, where the goal is to identify the

appropriate stakeholders in a nebrk, by defining the creation and exchange of values in a given
business network (Souza et al, 2018). It is important to note that VDML considers thesegedtha

values to be measurable (OMG, 2015). On the other hand, the business modelling approaeh is mo
used to describe the underlying logic of the separate entities for creating, delivering and capturing this

value, in line with the Business Model Ontold@gterwalder, Pigneu: Tucci, 2005).

4.2 Value Management Platform
With the Value Management Platim (VMP), the Dutch company VDMBemables in practice

application of the VDMIBYy wsing VMP, business leaders have the possibility to evaluate fututegica

decisions with the help of canvasses, maps and storytelling. Through the visual interfees of

a2FTldgt NBE G(G22f% dzaSNA ¢Aff ONBIGIS | x5a[ THERSt o4A

increagsthe ease of use and remesthe need fa a technologyoriented profile.(Poelset al, 2018).
With the help of VMPbusiness leaders can thevisualize a response to their everchanging market

segments, potentially planning one step ahead.

7 https://vdmbee.com/
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In order to evaluate strategic implementation and assess the impact on future business structures and
value objectives, VMP makes use of theBMP appmyach. The CBMP process provides a-teghbl
structured roadmap for cohesive business modtiaf can be compared and further developed on a

strategic level. This modelling process is realised through three stages: Discover, Prototype and Adopt.

Discover Prototype Adopt
Bus iness Eco Map
Ecosystem of BMs Dashboard
Busm«i Canvas
[ { \ g - > -
5"3“’?1 MJD Value Stream Map ‘
". ‘ Data repository
' : A VDML by OM(G
o5 " .,
Capability Map Process model V& casomose
[ l=1=1=]
EEEEE] » ‘
E-Eaas bt
-2 N | !
[->- ] = ==

Figure8: CBMPprocess

Figure 8gives an overview of thiaree stages, combined with the appropriate techniques used in the
platform. (Poels et al, 2019)

Additionally, users can spread the evolution of a strategic decision across different pdilas@ag for

a comparison between ansAs phase and Fbe phase, with a potential followp phase as can be seen
in Figure 9Futhermore, a certain phase can be divided into different alternatives, to allow a
visualization of different strategies in a certain phase. In practice, only caephill be built from
scratch. Other phases or potential alternatives will be based upapw af the original phase, modified
with the necessary changes. This allows for a linkageanadgregation of values across the phases.

Thisalsohelps the platbrm compare similar values in different phases.

EHR on blockchain case study Baseline Introduction After 3 years

Figure9: Phases overview
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4.3 CBMP process
The different stages (i.e. Discover, Prototype and Adapd) their different steps, visible in Figurevdll

be explained with the helpfadhe EHR oblockchain case study. In the case of suctewa technological
implementation, VDMbee advises users to start from theBBgphaseT hisis mainly because this
scenario is the reason for modelling this case in VMP. Therefore, the startingopting exposition is
the situation where patients EHRdlvbe shared over hlockchain application (labelled &sroduction
in Figure 9, rather than any of the other 2 phases. In thtsdyno alternativeswill be addresseds

there were nonanodelledor necessary for any of the phases.

4.3.1 Discover stage
The discover stage visualizes the exploration and understanding of trseafigl TeBe business models

(PoelsRoelensde Man & van Donge, 201&ccording to Poelfioelensde Man & van Dongg019)
this stage can be divided in 5 stef®: context detemination; () business ecosystem and business
model description; ) value stream mappingd) value creatiordesign and €) call to actionwith an
overview in Figure 10t is important to note thathe steps are not mandatory or fixed in this specific
order. This order however,s to be recommended. VDMbee (de Man, 204l8padvises users to
involvethe appropriatestakeholders while visualizing the strategic initiativeroughout this stage,
VMPmakes use of certain well known views (e.g. Busiiessystem map, Business Model canvas,
Value Stream Map and Strategy Map). These popular \iawkelp new users to start with VDML, as
they mayalreadybe familiar with these established concepts.dtalso important to note that all these
different views form one integrated VDML metamodel, as explained by PRelensde Man & van
Donge(2018).

Discover

Context(4) Ecosystem & BM(4) Value Stream(6) Value Creation(3) Call To Action(0)

FigurelO: Discover stage overview

a. Context
The first stepcontext determinabn, dictates the users to extensively describe the strategic initiative,

including the problems, goals, opportunities, relevant parties, assumptions, constraints and other
relevant detail{Poelset al, 2019). Basically, the context determinations forrie very basis for the

following steps and stages. tinis case study the report was usealWordlike functionality. This can be

as detailed athe modellerwants. The more detailedhis report,however,the smoother the next steps

will be. In this study the report isfilled with information about tle cas@ ecosystem, reasons for the

initiative, whatis blockchainmonetary valuesetc.Example2 ¥ (G KA & & dzRé Qa NBLI2 NI
Appendix 1Users can also use the SWOT analysis and Capability Meg#/Lfunctionality during this
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step, two additional techniques who can help describe the context of the strategic initiative. The SWOT
analysis can be implemented via a SWOT Analysis Canvas, where the strengths (S), weaknesses (W),
opportunities (O) andhreats (T) can be described in a tlvgtwo matrix.In the Capability Map, on the
other hand, a hierarchy of capabilities is visualised. These capabilities are defined in the Capability
Libraries and are specific for the organization or a certain se@aels et al, 2019). Both of these
functionalities were not used in this study, as too mirmkial information had to benoted to

understand the case. The report functionality was therefore a better suited candidate. Moreover, often
own designations werased, rathetthan based on industrgpecific reference models, eliminating the

advantage of a Capability library.

b. Ecosym & Business Model

I. Ecosystem
The second stefusiness ecosystem and business model descrjpatilows users to visualize and

identify the business network with the participating actovdMP bases itBusinesscosystemMapon

1 ffSSQa =+ f dpf(AllecS 20882 Where @reeyténal view of the important actors is made,
together with all thecorrespondingralues they exchang®erna Allee's Value Network was subsumed
by VDML, and became the basis of the Collaboration Diagram in VIbidLDiagraman be divided in
two levels of abstraction, one level of exchanging business items, and another level of exchanging
complete servicespackages, modelled as exchanges of value proposifiongDMLthese arecalled
"Value Proposition Exchange”, typicalynducted in Business Network$MP only implemented the
level of exchanging complete services/ packages, as this is the level mbstdusiness model

analyses/ planning concerns are located. (Henk de Man).
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Figurell: Exampleof Business Ecosystem Map

As explained before folkey participantsan be identifiedn this study Affiliate hospitals, Academic

hospitals, Thiregparty hospitals and the Consortium. The other actegresentessential suppliers (i.e.

System integrator, Hyperledger fabric, Amazon, Cerner, EPIC and a small EHR providefieand

LJ- NI A Qdleldistymer tie patientsThis all ivisible in the Business Ecosystem Map (Figure 11).

VMP also allows for the use of different colours in Buesiness ésystemMap, this helps distinguish

value propositions ( the values exchanged between the actorscan see in Figure 11 that the most

important participants have their own colour for their respective value propositions (The Consortium

KFra fA3IKG ofdzS OFftdzS LINRPLRaAAGAZ2YaS ¢KS aSYoSNI K2
colour, and smn). Furthermore, users can givlee connections between actors different colours. In

this casestudythe colour code isised to visualize the different networks preseblack for the

blockchain network, green for the EHR network and red for the caneorét

ii. Business Model
Thedescrif A2y 2F (KS 1S@ LINIAOALIY(GaQ odzaAySaa Y2RS
S

business canvases. One such business canvasBaghmesModeld- y @ 4> o6 SR 2y had§
Business Model Ontology (Osterwalded02).This Business Model Canviaeif is not a normative

model in VDML, but VDML does give an informative mapping from Business Model Canvas to VDML. It is
this informative mapping that is implemented in VMAMP also supports other business canvases (e.

Integrated reporting canvas, pgonal business model canvas, SWOT analysis canvas, etc.). In the EHR on
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blockchain case, thBusinessModel canvas was used, as this is the most popular. The following figure

shows such 8usiness Modeld&hvas for the Aademic hospitals.

+

Key Partners + | Key Activities Value Propositions + | Customer Relationships + | customer Segments +

Cerner

Base treat patient Care network:
L A\ ’ Primary care [ Patients
Consortium ) -Q:_
Small EHR provider =g
Manage member I

- transactions _
T ' e
= =
\ S}
& Key Resources & % Channels +

EPIC services

Cost Structure Coct \?;:'7';";7 * || Revenue Streams
care -
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(0.05 million § / S Flediation cost
year) (100.00 thousand §
1 year)

2
million § / year) / = EHR software [=
ST (1450.00 thousand LN Member care
P N2
-

Figurel2: Example of Business Model Canvas

This business model canvas of the Academic hosiajare 12)provides a perfect summary of how
and what they need to do busineda.total four Business Model Canvasses were made in tRBHO
phase for each key participant (i.e. Consortium, Affiliate hospitals, Academic hospitalspdriyrd
healthcare providers)These other Business Model Canvasses of thBE@hase can be found in

Appendix 3.

c. Value stream
In the Business€cosystemMap, several value propositions are defined between actors. Most of these

propositions rely on activitiedn addition, activities can also be supported by competentéss is
visualized in the third step/alue stream mappingPoelset al, 2019). Origirally, the Value Stream Map
is not a normative notation in VDML, but due toptgpularityamong Business Architects, and its

compatibility with VDML, it was decided to implement this view in VMP.

Member care mediation

Mediate Provide
framework

EHR on
Customer blockchain
service rep

Figurel3: Example of Value Stream Map
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An example of &alue Sream Map (Fgure 13)can be shown witla value proposition exchanged
between the Consortium and the Academic hospitals, Mendare mediation, as seen in tBeisiness
EcosystenMap (Figure 6) This value proposition is the embodiment of the provision of an EHR on
blockchain application by thenasortium to the Academic hospitals. Essentially giving the Academic

hospitals the ality and rights to use the application developed by the consortium.

Asshownin FHgure 13, the Member care mediation value proposition consists of two activities, Mediate
and Provide framework. Provide framework consists of the provision and rights ®HReon

blockchain application, including all the additional advantages that come with this framework. Whereas,
the Mediate activity is more concerned with the interact®netween the Consortium and the Academic
hospitals. Primarily regarding troubleshawy and training regarding the use of the application. As said
earlier, activities can be supported by competencies, portrayed by the rectangle connected to the
activities These ompetenciesallow the business to perform the associated activity. Thisifipe@lue
stream, has two competencies, one for each activity, which is also the reason for choosing this specific
Value Sream Map. It is thanks to the customer serviapresentative that the Consortium and

Academic hospitals are able to communicatesoAthe EHR on blockchain application is needed before

Al Oy 068 2FFSNBR (2 GKS KSIf(iKOINB LINEOARSNEO

the respectie activitiesIn the TGBE phase, 18 different Value Stream Maps were modelled &h tot

d. Value creation
The fourth stepvalue creation desigwisualizes the value objectives and the main caarsgeffect

influences for these values related to the strgg€de Man, 2017). Here, VMP usgrgtegy Maps, based
2y Yl LX Iy |y RyMagdddcepy{iKnflan{& Noibn) 2D@Aain, Strategy Maps are not a
normative view in VDML, but thanks to its popularity in business management and compatibility with

VDML, it was decided to implement this view in VMP.

Ly SEFYLE S 27 (K SrattgiMaRGrybddinddnFigurd\ldalbiggerdigure, along
with the Strategy Maps of the other key participaatsd written explanation of the valuesn be found

in Appendix 4Four different rows can be distingilied in such &rategyMap (Figure 14)Business
Value, Customer, Value Stream and CompetefioyseSrategy Maps allow users to develop a bottem
to-top view of the business. Starting wittie Competencyrow, here the values or competencies
necessary fothe creation of the businesses values are shoWihrese are ofteprovided by partners.

Like inthis case, the Academic hospitals need the EHR on blockchain application and EHR software
before they can crate their own values. The second row, Value Streaits something more about the
internal processes with the respective values that are created and/or needed. For example, all the
relevant values influencing the cost per treatment are visualised (beulacost, medicine supplies and

medical facilitiey which onits turn determines the cost of primary care. The next row, Customer, shows
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all the values the business offers to its customers, in this case the patients.at¢ne values that

influence te patient satisfactiowan be seepnand how thosevalues are influenced by other rows. At

the top,on can seehe Business Value. This is the end of our bottorop visualisation and shows the
values the business would like to capture as a consequehite strategy. Irthis case study, the focus
ismainly onthe impactof costs and benefits due to the implementation of blockchain in EHR sharing, on

the Business Value level.

Acsstoes: otst

Business Value

‘!‘{; ‘

Customer

Value Stream

The ¥
Consortium

Competency

Figureld: Example of Strategy Map
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e. Call to action
Call to actioris the last step of the discover stage. In order to inform the appropriate stakeholders, users

can make use of the Lean Change Canvas and a customizable dashboard. Both techniques can be used
to summarize the results of the discover staBased upon thesresults, stakeholders can make an
informed decision of the ideaPfelset al, 2019). This step was not utilized in this blockchain case study,

therefore no examples can be given.
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4.3.2 Prototype stage
The overall goal of this stage isttansform the relevant information from the discover stage into a

multi-perspective ecosystem of structured business models, as explaiftlget al(2019). In the

following figure an overview is giventhie four business models preseir the EHR oiblockchain case.

Prototype

®_ € @ ¢

+ Affiliate care Member care Third-party care

Figurel5: Prototype stag@verview

These business models matitte four key participants: Affiliate hospitals, Consortium, Academic

hospitals and Thirgharty hospitals respectivelyjamed after their primary value proposition.

VMP makes use §f A Y RIANB Yy Q& | Cutmd (Rinfi§rén & RasRsen, 2013). The Business Model
Cube, consists of six facdgggure 16)ValuePropositions (including/ly Propositions), Customers,

Partners, Activities, Competencies and Values. This allows for a représertbusiness models/ing

in an ecosystem of interacting business models. Again, an example business model can be given of the
Academic hospitals (Member care).Combined with a figure regarding the different sides, as not all sides

of the cube can be stwn due to space preseation.

Figurel6: Example of Business Model Cube

Participants Value Propositions My Propositions Activities Values Competencies

Figurel7: Overview of Business Model Cube sides
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With the help of a mapping wizard, users can fill in the Model Business cube with information from the
Discover stage. While also linking it to thepegpriate information inthe visualization tools, creating a
two-way traceability between the two stagg®oelset al,2018). Most of this information will already

be available from the discover stagithere the visualization tools in the discover tools are often just
pictures,they become interactive tools after the prototype stages they becomdnked to the same

values indifferent visualisation tools, allowing for the tweay traceability. Additionally, the cause

effect storytelling from the2rategy Maps helps with the dggning of these relationships. The following
example consists of the same value proposition Membee caediation as in the value stream example,

to display the effect of mapping.

Value Proposition Details

Name Member care mediation
Description Member care mediation
Provider Consortium

Provider Role Mediator

Recipient Member hospital
Recipient Role Member data provider
Business Model(s) EHR on Blockchain

Member care

Activities Mediate
Provide framework

Figurel8: Example of Value Proposition detgitat 1

Values:
Show |5 v entries Search:
Baseline Introduction After 3 years
Values “ Baseline
Base / Introduction / After 3 years /
) Base Alternative Base Alternative
Alternative
Availability improvement of data 1.44 1.44
(percentage)
EHR access overview (percentage) - 1.60 1.60
EHR date t i Vi t
ata corec ness improvemen 0.50 0.50
(percentage increase)
FI iR improvement (percentage 746 746
increase)
EHR overview (percentage) - 1.80 1.80
Showing 1 to 5 of 7 entries Previous 1 2 Next

Figurel9: Example of Value Proposition details part 2
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Here the inbrmation of the value proposition Member care mediation in Bgsiness ésystemMap
(Figure 6)s shown, @mplete with its activities form th&alue SreamMap (Figure 13)InFigure 19 and
Figure 20the samevalues can be foundFigure 20however, comesrom the BusinessVlodel Qube,

whereas Figure 18 and 19 come directly out of the Business Ecosystem Map

Enter Value Propositions

Who (Participant) ? Consortium

Who (Participant Role) ? Mediator (Partner) v
Offers What ? Member care mediation

To Whom (Participant) ? Member hospital v
To Whom (Participant Role) ? Member data provider (Business) v
Delivering what Values ? Add Another 0

Availability improvement of data 1.44 percentage ." B

EHR access overview 1.60 percentage ," B

EHR data corectness improvement 0.80 percentage increase ."

EHR improvement 7.46 percentage increase ." 5]

EHR overview 1.80 percentage ." B

Price of access to EHR on Blockchain 100000.00 dollar / node yc-'.]u"

o
Quality improvement of data 1.80 percentage rd

Figure20: Exampleof Value Proposition details part 3

Bothrepresentationglisplay the same information abbthe value proposition, confirming the twaay
traceability.

The last step of the Prototype stage consists of entering value formulas and other measurements to
complete the value aggregation structures. Again, the caaféect storytelling from theSrategyMaps

(Figure 14xan help determine the value formula aggregations. To further show the link between the

value aggregation and tHarategy Map, an example wilbe given, using cost per treatment (also used in

’ /’ e
Cost per
trestmant

the SrategyMap description Figure 14

facilities
[invesiment

Figure21: Aggregation Exaple- Strategy Map
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As carbe seen from the Srategy Map (Figure 14)the cost per treatment is determined by the labour
cost, medicine supplies and the medical facilities costse Heedicine supplies stands for the costs

made while treating a patient concerning all types of medication. Medical facilities (investments)
represent the use of medical equipment, likaay machines or simply the occupation of a room, and
the costs assadated while treating a patient. The term, labour cost speaks for itself. In other words, the
cost per treatment is determined by these threeriables. This can be visualized in the following

aggregation view.

Cost of primary care

Cost per treatment

Medical facilities investments

Medical supplies cost

Labour cost

Figure22: Example of Aggregation Vie

Suchan Aggregation View is an implemefitsh 2y 2 F +5a[ Qa4 aSl adz2NBYSy
Additionally, these Aggregation VieWaveseveral similaritiesvith the notation of System Dynamics

Modelling. A widely known methodology to represent comp#airs.
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Also, as displayed in tig@rategy Map (Figure 14)cost per treatmentitself, determines the cost of

primary care. All this can be done in the business model cube, as shown in the folligwreg f

Source
Covering costs v

Name r:usl per treatment

Enable for Measurement

Va e 3
Value 336.47 dollar / treatmer 4
Value Formula Medical supplies + medical facilities investment+
labour cost
y
Accumulator Sum v
Aggregated From Labour cost Covering Activity ]
costs
Medical Covering Activity ra m
facilities costs
investments
Medical Covering Activity f m
supplies cost costs
Add f‘-'lnil‘aro
Aggregated To Cost of primary Covering Activity f
care costs

Figure23: Example of value formula
The value formula is defined, the accumulator chosen and the variables that make uprthaafor
Again, it can be seen that cost per treatment is aggregated to the cost of primanScatea sheet has
to be filled in for every value in the modekch with their respective measurements, formula,

accumulator and aggregations if needed.

4.3.3 Adopt sage.
The last stage in the CBMP procf@sigure 8) Adopt stage, presents the result of the prototype stage.

Compared to the call to action step in the &iger stage, decisiomakers are now able to see values
across all plan phase and alternatives ag pf the continuous engagement of the CBMP method. Users
can implement these new phases or alternatives to compare actual values to plan values. Bdsed on t
information, decisionsnakers can adjust the strategic plan if needéchile building this casstudy,no

new actual values were available, whereby the model could not be monitored through actual values.

As said earliethe EHR on blockchain casedythasthree phases (i.e. Baseline, Introduction and After 3
years)without anyalternatives as slown in Figure 9 The comparison of these phases is done with the

help of interactive dashboards. These dashboards consist of presentations, bundling tidarfran
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the previous steps and phases. Users can create tables, graphs, implementpddsemthe different

visualization tools and much more. An example of such a presentation is given in the following figure.

Impact of blockchain on care cost structure & .
Show|5 v entries Search:
Baseline Introduction After 3 years
Values
Base Alternative / Base Scenario Base Alternative / Base Scenario Base Alternative / Base Scenario

Uncategorized

Affiliate cost / treatment (dollar / treatment) 800.00 616.50 590.74
Member cost / treatment (dollar / treatment) 450.00 336.47 308.52
Third-party cost / treatment (dollar / treatment) 60.00 54.62 50.78
Showing 1 1o 3 of 3 entries Previous 1 Next

Figure24: Example of dashboard presentation

Here the effect of blockchain on the cost per treatment for epgie of healthcare provider is given
with the help of a table (Figure 24Jhis is perfect to compare the initial cost per tmeant from the AS
IS situation with the T@E situation. This impact of blockchain can also displayed using a graph with

curvescolumns, etqFigure 25 and Figure 26)

. »
Care cost structure evolution 'ﬁ' o
80
Alt-0 450
800
5462
Al-1 336.47
616.5
50.78
Al-2 308.52
590.74
0 100 200 300 400 500 600 700 800 900
dollar | treatment
Affiliate cost / treatment (dollar / treatment) Member cost / treatment (dollar / treatment)
Third-party cost / treatment (dollar / treatment)

Figure25: Example of column presentation

Impact of blockchain on healthcare - Duration &,
12.5
10
10
g 7.72
E 75 6.55
s s
= 5
o 3.47
L] 3 277
25
0
Alt-0 Alt-1 Al-2
Primary care duration (days / treatment) specialty care duration (days / treatment)

Treatment duration (days / treatment)

Figure26: Example of graph presentation

36



Additionally, decisioamakers, can make use of whidtanalyses that create pential future scenarios
and see the differences with the original values. In the EHR on blockchain case study feilir wha
scenarios were considereWisible in Figure 27 and .A8sers can model these scenarios themselves or
import certain scenarios throdgthe import functionalities. In this stugwll scenarios were built from

scratch, to maximise the personalisationtioése scenarios in the overall model.

Baseline (As-Is)

Introduction

Base Alternative (Primary) &+
base scenario (Applied) v
Patients don't trust the initiative-min #patients ,I‘
Consortium break-even ,I‘
No interest from HC providers- min #providers ,I‘

After 3 years

Figure27: Example of Whalf scenarios part 1

Introduction

Base Alternative (Primary) 3

Blockchain costs passed on to patients /‘

Figure28: Example of Whalf scenarios part 2

These scenarios all describe a certain concepossibility that can occur in this specific case study.

VMP allows the development of these scenarios by changing specific input values, with thet@ption
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compare them to the base scenarithese scenarios then have to be manually entered in each separate

presentationof the dashboards.

s " F
Impact of blockchain on direct cost structure & .
Show 10 * entries Search:
Intreduction After 3 years
Vall
alues Base Altemative / base Basge Alternative / Patients don't trust the Base Altemative / base Base Alternative / Patients don't trust the initiative-
scenario initiative-min Fpatients scenario min #patients

Uncategorized

Member total direct cost (million §

year) ELCIRL 3.58 333329 6.49
Cor total direct cost ARE 3 AaE 4304 2 a04 93
th ke 2235.73 2235.73 4304.33 430433
L year)
'\.1..[“."."'. total direct cost (million § 1618.81 21 - -
year)
Third-party total direct cost I .
fird-pa .,!.J.J irect o 28756.81 20540 635735 480 45

(thousand 5 / year)

Showing 110 4 of 4 entries Previous 1

Figure29: Example of comparison between base scenario and \l¥saenario

An example ofucha scenario, where the patients do not trust the blockchain application and the
effects on costs for the keyarticipants, can be found ifigure 29 Here it can beseen that the
dashboard allows for comparison between the base values and the scewduis after only changing

the amount of patients.

A more detailed description of the scenarios can be fourskition 5.20f thisdissertation.
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5 EHR on blockchain \fMP
The following paragrapigo in more detail of how the EHR on blockchain case maslelled in the VMP

application allowing for a better understanding of the model gmoksiblereplication This is done by

explaining the different steps taken to visualise the impact blockchain technology can have in the
healthcare sector. The whitepap@@a  LINE 2F 2F 02y OSLIi é6Aftf 0SS dzaSR |
information can be found in this whitepaper. Therefore, information from the whitepaper will be
supplemented with information found online, insights from Sharig At from Henlde Man,

assumptions and personal estimations. One such example of personal estimations, are the input values
and multipliers used to represent the impact of blockchain. These estimations and assumptions can
deviate fromreaf A TS @I f dzS a ¢, haneveraBowsdibeis $ alfeftheskzanfut values and
multipliers, allowing for a better, anore casespecific, representation of a EHRs on blockchain case.
Furthermore, only the EHR software costs, patient care provision costs that are impacted by the

bt 201 OKI Ay (SOKy2ft238 FtyR I 3ISySNrf 20SNKSIR 024
focus is to provide a possible model of blockchain technology and its impact in the healthcare sector.

Even more, only the TBE and After 3 years phasa#l be discussed in detail, as they revolve around

the blockchain application. The AS phase will only be referred to, whenever data from the other

phases integrates with data from the A8 phase, or when comparisons are maflitgerwards some

Whatif scenarios will baddressedexplaining their relevance and interpreting thesults.

5.1 Building the VMP model

The impact visualisation of blockchain technology in the healthcare sector can be divided in two main
components. The first component concerngltsvith the representation of better access to data

thanks to the blockchain application. Whereas the second component focusses more us#ilele
reduction of costs realised by the implementation of blockchain technology. In order to demonstrate

theseimprovements, comparisons will be made with thelS$hase.

5.1.1 Access to data

As described in the case description, there are several challenges associated with the exchange of

patient EHRs. With the help of blockchain technology, healthcare practitionets tackle these

challenges. This EHR on blockchain application would then improve the EHRS, increasing the accessibility
to data for both the healthcare providers as the patients themselves, through the creation of the MPI
(Master Patient Index)Of couse, this improved accessibility is not present in one single value but

obtained through a series of activities, competencies and value propositions. The explanation will be

given for all three healthcare provideiRecurring steps, howevewill only be eplained once.

Additionally, it is important to note that all the results are obtained through formulas.iglais
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considerable functionality of this model, asitows other users to adjust the values in the model to

their liking, by changing certain ntigliers or input values.

5.1.1.1 Member hospitals

5.1.1.1.1 Provision of the EHR on blockchain application

Before blockchain technology can improve any EHRs and create a higher accessibility to data, the EHR
on blockchain application has to be provided to the Memiespitals. This is done by the Consortium,
through the value proposition Member care mediatiasible in the TABEBuUsiness ésystemMap

(Appendix 2),esulting in the followind/alue Sream Map.

Member care mediation

Provide
framework
Customer EHR on
service rep blockchain

Mediate

Figure30: Member care mediation Value Stream Ma

The focus is here primarily on the activity Providerfeavork, made possible by the EHR on blockchain
competency visible in Figure 30rhis activity pvides the Member hospitals with five features, made

possible by blockchain technology, as seen in the figure below.

EHR access in app overview 0.60
(percentage increase) '
EHR data corectness improvement 0.80
(percentage increase) )
EHR easier availability (percentage 0.20
increase) '
EHR in & iew (percents

: in app overview (percentage 0.80
increase)

EHR speed of delivery (percentage 0.20
increase) '

Figure31: Fie features of EHR on blockchain
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EHR access in app overview stands for the ability to see whamgyed or requested the exchange or
patient records via a mobile application, comparable with a logbook. Whereas, EHR in app overview
stands more for EHRs tipatients or healthcare providers will be able to see. EHR easier availability
displayghe fact that EHRs are now easier to exchange between healthcare providers, thus easier and
more freely available. Furthermore, the exchange of these EHRs is now jriktarks to the smart
contracts, this is displayed by EHR speed of delivery. Tied with the daditeery and easier availability

of EHRs is the improvement of data in the records itself. This feature is a more indirect result of the
blockchain technologyas the process to exchange a patient record is now easier. Moreover, through
the shared contrqlfaults in the patient records will be detected faster. Of course, it is very hard to
assign values to these variables, therefore, a percentage increasiimed. This percentage increase

represents how much the curreif@SIS)situation will improve tlanks to these features.

5.1.1.1.2 EHR characteristics
In order to get he appropriate EHR values in this phase, rather than sole percentage increases, new

values have ben created. Values that represent the state of the EHR characteristics in each phase.

... F]
EHR characteristics L o
Show |5 v |entries Search:
Baseline Introduction After 3 years
Values . i ;
Base Alternative Base Alternative Base Alternative
/ base scenario / base scenario / base scenario

Uncategorized

EHR access [Rase treat 0.40 0.72 0.84
patient] (percentage)

EHR access overview [Base 0.10 0.80 0.90
treat patient] (percentage)

EUR da: a_;:ili_l-,' [B].‘:\_ treat 0.60 0.86 0.87
patient] (percentage)

EHR quality [Base treat 0.60 0.86 0.93

patient] (percentage)

Figure32EHR characteristics

Four different values are distinguished, each representing a characteristic of EHRSs, displayed in the
figure éove. The first characteristic, EHR access, represents the ease of obtaining and adapting
information available in the EHRs. EHR access overview, the second EHR characteristic, takes the
traceability into account. In how much detail is het possible to kttementities that accessed, adjusted

or shared the EHRs. The second characteristic, E&dlRllity, compared to EHR access, is more
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concernedwith how easy it is to exchange the EHRs with other entities. The last EHR characteristic, EHR
quality, is a mee general parameter that represents the quality of the data stored in the EHRs. Again,
these values are expressed in percentages, where 100% represents a perfect characteristic with no
chance of available errors. Additionally the use of percentages aftovesuniform comparison with the

other phasesTheidea is that these EHR characteristigill improve thanks to the features made

possible by the EHR on blockchain application. Therefore, the values of the previous phase will be
multiplied with the perentage increases of the blockchain features. Off course, thisARase has no

previous phase, instead, input values will be used.

EHR availability

Availability improvement of data

EHR availability

Figure33: EHR availability Aggregation View

The figure above shows the EHR availabiligm Figure 32in the TOGBE phase (blue circle), calculated
from the EHR ailability in theASIS situation (pink circle) and the improvement thanks to the EHR on
blockchain application. Note that the EHR availability of théSAghase is not directly multiplied with a

feature of the blockchain application, an intermediate wals used instead

5.1.1.1.3 Intermediate values
Unfortunately, as VMP does not support different function in the same formula, intermediate values will

have to be created to replace the five features.

EHR availability

EHR availability

&

Availability improvement of data

\ EHR easier availability

EHR speed of delivery

Figure34: EHR availability extendédygregation View
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A perfect example for the need of such an intermediate value occurs with the EHR availability
characteristidrom Figure 33Here, the availability of EHRs is both influenced by the speed of delivery
and the easier availability the blkchain application providewisible in Figure 3This make#

impossible to take the two features into account, and calculate the improvement with regards to
baseline value. The creati of such an intermediate value is usually not a problem, howetean

pollute more extensivéggregateView Maps with unnecessary variablesn example of such a polluted
Aggregate View can be found in AppendiAS.can be seen in thigopendix,due to all the intermediate

values it becomes difficult to see the desit@ggregation and origin of certain values.

5.1.1.1.4 EHR characteristics in the third phase

As can be saein Hgure32,the EHR characteristics continue to improve in the last phase. The same
calculation method is used as in the-BE8 scenario, however, a miplter is used to contain the effects
of the blockchain application features. Otherwise, the aggregation wouldtteadrealistic values for

this last phase.

Name Availability improvement of data

Aggregate from previous Phase

Value 1.44 percentage
Source Member care
mediation
Source Type Value Proposition
Rescale Multiplier | 0.7 Offset | 0
Operator Select Operator v

Figure35: Example of multiplier toomtain effect
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5.1.1.1.5 Effect on Primary care

Often, investments are made with the intent to improve efficiency aaxvice to the customers.

Therefore, itis assumed that the improved EHR characteristics will eventually impact the care provision
delivered to the patients. The effects of higher accessibility to data can be found in four final values

delivered to thepatients, as can be seen in the figure belo

Impact of blockchain on treatments  * 0%

Show |5 v | entries Search:

Baseline Introduction After 3 years
Values

Base Alternative / base scenario Base Alternative / base scenario Base Alternative / base scenario

Uncategorized

Patient satisfaction [Primary care] (%) 50.00 72.00 86.00
Primary care duration (days / treatment) 5.00 3.47 277
Primary care quality (percentage) D_EO@ 0.79 0.91
Primary care transparancy (blocks / treatment) 5.00 @ 12.16 13.91
Showing 1 to 4 of 4 entries Previous 1 Next

Figure36: Final values delived to patient

Primary care duration is the average amount of days one treatment takes, from preparing the treatment
to finalizing the results. As EHRs are easier and faster obtainable thanks to the blockchain technology.
Primary care quality, on the other hand, conceitself with the overall quality of the treatments, the

closer to 100% the less chance on human errors or failed treatments ( e.g. wrong prescriptions,
unnecessary treatments, ignorance of previous treatmentmecessary waiting times). This percentage
increases as more information becomes available and proves to be more accurate, lowering the
possibility of errors and failures. The third indicator of higher data accessibility is Primary care
transparency. Tis variable displays the amount of informatiobaat the treatment the patient will get

the see. As well as to which patient records the healthcare provider has accessed and requested. This

will then be available to the patient veamobile application.

The same though process is used as for the EldRacteristicfrom Figure 32variables in the TBE

and After 3 years are calculated by multiplying or dividing the value from the previous phase with an
improvement percentage. These improvement percentagesthus made available thanks to the
improvements of the EHRs. Obviously the-liSSscenario has no previous phase and is thus, again,
determined by an input value. In order to contain the effect of the improvement, a multiplier is used. An
example for Amary care quality is given in tliégures 37 ath38 The calculation of Primary care

transparency and duration is done in a similar manner.
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Primary care quality

Primary care guality
Primary care availability and quality improvement

Figure38: Primary care quality Aggregation View

Name Primary care availability and quality improvement

Aggregate from previous Phase

Value 1.44 percentage
Source Base treat
patient
Source Type Activity
Rescale Multiplier | 1.1 Offset | 0
Operator Select Operator v

Figure37: Example of intermediate valderm

Again, ntermediate variables had to be used. To explain the full process, the Primary care quality
example wi be further elaborated. Basically, the improved care quality is thanks to both the increase in
EHR availability and EHR quality. This increase is detrhy dividing the sum of these EHR
characteristics in the TBE phase with the same parametershie tASIS phase. This improvement
variable is then multiplied with the Primary care quality from thel8$haseAll these computations

lead to the folloving formula:

01 Q4 @KIH'A Od Qo 201 "Qa @B A oo ¥ @Y

An overview of this calculatidn VMP itseltan be found in Appendix his method of representation

was chosen over the Aggraiipn View Map, as theaggregation view was rather confusing and polluted.

A similar working manner is true for the other Primary care varidites Figure36.
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5.1.1.1.6 Patient satisfaction

Ultimately, hethree primary carevariables, together with the pricef primary care, will determine the
patient satisfaction. Where 100% displays a perfect satisfaction. Additionally the colour (i.e. red, orange,
green) of the smiley next to the valugsfigure 36determines if these aigomes are acceptable (i.e.

unaccepable, somewhat acceptable, acceptable).
This entire roadmap can be found in the strategy nrappendix4).

5.1.1.2 Affiliate hospitals

As can beseen in the strategy map of the Affiliate hospitédgppendix 4)the story to calculate the EHR
characteristicand Primary care variables is similar to the Member hospitals and, therefore, will not be
repeated.There is one differencehowever that setsthe Affiliate hospitals apart from the Member
hospitals, being the special type of contract they have with thesortium. An agreement that depicts
which types of records they can exchange. This is displayed by the Agreement coverage value in the

competency lanefrom the respective Strategy Maps

' g
nebd
Consortium o

Competency

Figure39: Agreement Coverage in Strategy Map

Since this differentiates the Affiliate hospitals from the Membeshitals, it is important to process this

difference in the VMP model.
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5.1.1.2.1 Agreement coverage
Normally, for a given treatment, an amount of records is needed, and thus requested, but also there is

new information added to the EHRSs. Together these two ftiverecord transaction intensity, the

totality of exchangig EHRs in the blockchain application.

2

record
transaction
intensit

Record
generated
volume

request
volume

Figure40: Record tranaction intensity in  Strategy Ma|

For example in the Member hospitals, 5 blocks would be requested and 10 are generated, resulting in a
transaction intensity of 15 blocks / treatmemn oveniew of this value in the VMP can be found in

Appendix 6.

In the case of the Affiliate hospitalsowever,only records in the agreement can be exchanged.

record transaction intensity

Out of record need

Record generated volume

Visible records due to agreement

request volume Agreement coverage

Figure4l: Record transaction intensity Aggregation View
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This relationis visualised in the aggregation view above. Whereas the healthcare provider would like to
request 6 blocks, only 3.6 blocks will be available with an agreement coverage of 60%. Of course, in
practice such a contract will not caih a percentage but spdid parts of the EHRs. Nonetheless, for

the sake of simplicity and visualisation, a percentage is assumed in the VMP model. In total, this would
then result in a transaction intensity of 13.6 with a generated volume of 10 blincitead of a

transaction mtensity of 16 blocks / treatments. If the healthcare provider needs the other 2.6 blocks
from the initial 6, a request will have to be put forward to the patient in question. This patient will then
decide if he wants to grant theequest and allow the pndder access outside of his contract. This is
visualised in thdusines&cosystemMap (Appendix 2with the Agreement permission value

proposition. The following figure shows thalue Sream Map of this value proposition.

Agreement parmission

Grant out of
agresment
permission

Figure42: Agreement permission Val&tream map

5.1.1.3 Thirdparty providers

The fullroadmap of the Thirebarty providers is the same as the Member hospitals tedAffiliate

hospitals as can be seen in the Strategy Map (AppendiAlp the absent of any agreement with the
consortium will be handled in a similar manner asthe AfflliatK 2 a LA G £ Qa4 adG2NR® Ly a
agreement percentage, a percentage of 0% will be true, as they always have to request access to the
MPI.Patients carthen determine the ThirdlJ- NIi @ Qa4 NAIKGaz Ay GSMNea 2F (A
case studyhowe\er, fortreatmentstaken into account it imssumed that the patient gives consent for

the full transaction intensity value. Basically, if the patient wowdt grant the request of a Thirgarty

provider, the respective treatment will not be able to tadaceand thusbe lessrelevant to the case

study.

5.1.1.4 Overall transaction volume

The total amount of records exchanged for all the healthcare providersualiged irFigure 43 As

more users start to join the healthcare providers and grow accustomedeg@pplication, more EHRs
will be exchangedrhis figure gives a structured overview in how the exchange volume is expected to

grow over the two last phases
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Transaction intensity S|k« 9%

200 20000
172.8 18 750
150 141.75 15000
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S 100 10000 &
o 7875 -
E . 46.75 <000
o 35.7 JHue
()] (
Alt-0 Alt-1
Member record transaction (million blocks [ year) Affiliate record transaction (million blocks | year)

Third-party record transaction (blocks / year)

Alt-0 : Introduction / Base Alternative
Al-1 : After 3 years / Base Alternative

Figure43: Transaction intensitpresentationin Dashboard

Not directy visble in Hgure43is the distribution between requested and generated records. The study
assumes that in the third phase, more information will alngphe available in a patients MPI. Therefore,

more records will be requested for a treatment than gested, compared to the TBE phase.
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5.1.2 Cost reduction

The improved EHR characteristics do not only effect the care delivered to the patients, @ls@an
effect the costs associated with a treatment. Here, the reduction effect is primarily assumed car¢he
provision cost rather than on the3osts considering that the EHR software costs remain in theBEO
scenarios and new mediation costs havetinled, it would be difficult to assume any significant
reduction in ITcosts. In reality, however, it gerfectly possible that the EHR on blockchain application
costs less than any other alternative. Additionally, the reduction of care provision @ssts be put

into perspective, regarding the introduction of the costs associated with the blockchaicatpp.

5.1.2.1 Cost types

The costs for a treatment have been split in three different cost types, to maximize the visualisation of
the cost reduction effeic The first cost type includes any type of labour done during the treatment,
from start to finish. Espeaily the amount of administrative labour and care provision are taken into
account. Thanks to the EHR on blockchain application, EHRs are now excinateygly, massively
reducingthe time intensity. The administration department will not lose any moiraé requesting any
EHRs from other healthcare providers. Also, improved availability and completeness of data can spare
the caregiver time diagnosirtge problem, through detailed knowledge of allergies, past treatments,
etc. The second reduced cost ty@kes all the medicine supplies used during the treatment into
account. Certain patients may be immune or allergic to a specific type of medicatistingvaupplies

and potentially worsening the condition. The third and last cost type revolves arourt ati¢dical
facilities, assets owned by the healthcare provider (e.g. operation chambers, hospital beds, advanced
medical machinery like MRI scans)r Erample, waiting times on hospital beds can be reduced if the
patient EHRs can be accessed instantiytider example, for this cost reduction, can be given regarding
the usage of scanning machinery. It could be that a patient already has had a reemiigcanother
healthcare provider, freeing the occupation of the machinery for more pressing treatn@htaurse,

more types of costs can be distinguished concerning care provigitiis studyhowever,the focus lies

on the costs expected to be irapted by the blockchain application. Additionally, the given explanations
for the cost reduction are onlgssumed effects, and could deviate from any Hdalrelationships

between the costs and the blockchain application.
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The three types can be seen in the following strategy map of the Member hospitals. The same
distinction is made for the other healtheaprovidergas can be seen in the Strategy Maps of Appendix

4), therefore, only an example will be given for the Member hospitals.

=~y Costof
primary

care

EHR
quality

Medical
facilities
investment:

HR data
availability
baseline

~ Medicine
supplies
i
N

Figure44: Cost per treatment distinction Strategy Map

EHR

5.1.2.2 Calculation

The actual calculation of the cost per treatment for the-B®phases is given in the next aggregation

view.

" Cost per treatment

! Medical supplies cost

Labour cost

Labour cost
Medical supplies cost

edical facilities investments

Medical facilities investments

EHR improvernent

Figure45: Cost per treatment Aggregation View

Again, the same method is used, multiplying thel88alues with the improvement in EHR and
controlling the effect with a multiplier. The EHRpimvement itself is calculated by comparing the
values of the different EHR characteristics from thd&plase and TBE phase. Hereby, the EHR
improvement is thus the amount the new EHR characteristics are better than the old EHR

characteristics, givehy a percentage.
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Medical supplies cost

Medical facilities investments

Labour cost

EHR improvement

EHR's

EHR access and overview
EHR access and overview

EHR awallability and quality EHR availability and quality

Figure46: EHR immvement Aggregation View

The EHR characteristics are grouped by two, as this was needed for other calculNtioetheless, the

same result should be acquired with separate EHR chaistitsrin the formula.
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5.1.2.3 Overview
This next figure gives an overview of the impact of EHR improvements on treatment costs. As this figure

is acquired form the dashboard, an ewtdbn of these cost types throughout the three phases can be

shown.

Impact of blockchain on member care cost =l &
structure

500

400
B 37.39
£ 300 : 3428
o
5 200
=
=
100
100 74.77 6856
Q
Alr-0 Alr-1 Alt-2

Labour cost [Covering costs] (dollar / treatment)
M Medical facilities investments [Covering costs] (dollar / treatment)
Medical supplies cost [Covering costs] (dollar / treatment)

Figure47: Impact on treatment costs presentation

Again, similar results can be found for the other healthcare provjdergan be seen in Appendix 7

5.1.3 Main value indicators blockchain application
For decision leaders it is important teesthe overall impact the strategic decision will have, and

whether this investment will be worthwhile. In the EHR on blockchain model several values were taken

into account that seek to represent the impact of thlsckchain application. Rather than mere

LISNDODSy Gt AyONBlFaSaz NBfS@lIyl @FfdzSa oSNB OK2aSy
impact when compared to the AS phaseThese values can be divided in two sections, the impact on
healthcare sevices towards the patients and the impgamn the cost structures. All these values can be

viewed in the dashboards of the VMP madsgither in table form or in a more graphical representation
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below gives, again, an example of the Member hospidie same presentation can be found in

Appendix8 for the Affiliate hospitals an@hird-party HC providers.
Impact of blockchain on treatments < 2%

Show|5 v |entries Search:

Baseline Introduction After 3 years
Values

Base Alternative / base scenario Base Alternative / base scenario Base Alternative / base scenario

Uncategorized

Patient satisfaction [Primary care] (%) 50.00 72.00 86.00
Primary care duration (days / treatment) 5.00 3.47 2.77
Primary care quality (percentage) D_EO@ 0.79 0.91
Primary care transparancy (blocks / treatment) 5_00@ 12.16 13.91
Showing 1 to 4 of 4 entries Previous 1 Next

Figure48: Access to data mairalue indicators

This representation gives a detailed evaluation of severahidyes that will be impreed thanks to the
blockchain application. These kegluesgive the decision leader easily imaginable parameters to work
with. Of course, bfare such an investment can be made the impact on the cost structure has to be
measured, to know if the extra castifis are (seHsustainableAgain, these values are expressed in the
dashboards for the decision leader to evaluder the variables takeimto account in this study, the
following improvements from the AS phase to the TTBE phase can be expressede§dnnumbers are

specific for the Member hospitals.

1 Impact on healthcare services

0 31 % patient treatment duration reduction

0 29 %quality of primary care increase

0 22 % patient satisfaction increase

0 143% transparency of primary care increase
1 Impact on cosstructures

0 21% reduction in primary care cost

o0 3% reduction in FEost

All these improvements are thus made possible thanksiéotilockchain application.
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5.2 Whatif scenarios

A major functionality of VMP is the ability to insert some WihatenariosBy changingpecificinput

values, the impact of a certain scenario can be examinbik dlows users to prepare for certain future
events or adjust the existing strategy based upon current input values. In this study four scenarios have
been implementedThese four scenargowill act as examples to show the usefulness of this

functionality. Therefore, nost the scenarios are negative from nature, primarily because a negative
scenario can reveal more information to decide whether the blockchain applidatiwarth

implementirg, as it helps to prepare for the worstase scenaricAdditionally, three of the four What
scenarios are placed in the general overview dashboard, rather than any dashboard specific to one
entity. The final scenario is implementeadthe Member hospithdashboard, however, a same effect can

be expected for both the Affiliate hospitals and the Tpatty providersUltimately,the Whatif

scenariosareimplemented in the dashboards where the most impaa be spotted.

Baseline (As-Is)

Introduction

Base Alternative (Primary) 'l'
base scenario (Applied) P
Patients don't trust the initiative-min #patients /‘
Consortium break-even /‘
No interest from HC providers- min #providers Ve

After 3 years

Figure49: Whatlf scenarios part 1

Baseline (As-Is)

Introduction

Base Alternative (Primary) 4

Blockchain costs passed on to patients

\

After 3 years

Figure50: WhatIf scenarios part 2

An overvew of the scenarios can be fountdFigure 49 and 50n the following paragraphs, each

scenario will be discussed in detail. Furthermore, it is important to note that all these scenarios can be

55



customized at willMoreover, the obtained results and conslans are specific to this case study

whereby it is not possible to generalize these findings to other cases

5.2.1 Scenario O: base scenario

This scenario contains the initial data of the model built in Vild&efore this scenario is marked as

applied, aseen in Figure 49Normally thiglatasetwould not occupya scenaricslot, however, this

scenario had to be imported from a previous safe file to overwrite an incorrect dataset.

522 { OSY I NR 2

M Y rust thdiiriti&tiyehiaimutn2ayidiit of patients neled

This first scenario explores the possibility of distrust towards the EHR on blockchain application from the

patients. They do not trust this new technology and will not allow their EHRsgbdred across such an

application. Of course, this can beigucatastrophic for the healthcare providers and their consortium,

as the framework will not unlock its full potential without the cooperation form the patients. Therefore,

it would be interestig to determine the minimum amount of patients needed to make investment

worthwhile. To make the investment worthwhijlé is decided thathe healthcare providers have to

reach a brealeven equilibrium in the year of implementation. Whereby, it is assd that, a profit

margin around zero represents a breaken equilibrium.

. . ”
Impact of blockchain on profit margin 2.
Show entries search: [ |
Baseline Introduction After 3 years
Values AI‘teB;'f;w . Base Alternative / Al‘teaﬁa{:w o Base Alternative / A"S:f:m . Base Alternative /
Hiaes Patients don't trust the VEaes Patients don't trust the haes Patients don't trust the
TR initiative-min #patients TR initiative-min #patients ey initiative-rnin #patients
Uncategorized
Affiliate profit
margin 2.1 24 24.79 0.03 27.94 10.19
(percentage)
Consortium
profit margin 6.71 6.71 18.31 18.31
(percentage)
Member profit
margin 4.22 4.22 28.37 0.01 34.33 17.11
(percentage)
Third-party
profit margin 24.81 24.81 31.48 0.04 36.41 9.37
(percentage)
Showing 1to 4 of 4 entries Previous 1 Next

Figure51: Ecosystem profit margins scenario 1

In order to calculate these breaven profit margins, a trisgdnd-error approach was used. Estimating
the minimum amount of patients until the profit margins were@sse to the brealeven equilibrium as

possible Figure 51 shows the amount of patients associated with these zero profit maFginthe
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After 3 years phase, as more patients start to trustdpplication, an increase of forty percent was
handled.

Healthcare provider capacity =l & ¢
Show EI entries Search: | |
Baseline Introduction After 3 years
Values Base Bage Alternative / Base Bage Alternative / Base Bas:t;:I:;nda;:;e /
Alternative Patients don't trust Alternative Patients don't trust Alternative ST
/ base the initiative-min / base the initiative-min / base initiative-min
scenario #patients scenario #patients scenario #patients
Uncategorized
Affiliate
\E]S:LI.I?T[::_‘ 500000.00 500000.00 525000.00 547.00 850000.00 765.80
(patients)
Member
\E]S:LI.I?T[::_‘ 3000000.00 3000000.00  3150000.00 399500  3600000.00 5503.00
(patients)
Third-party
\L:S:LI.I?T[::_‘ 100000.00 100000.00 105000.00 789.00 250000.00 1104.60
(patients)
Showing 1 1o 3 of 3 entries Previous 1 Next

Figure52: Minimum amount of patients

Two conclusions can be made from this scenario. The first conclusion regards to the difference between
the amount of patients in thedse scenario anfcenariol. The difference between these onscenarios

is enormous, meaning that the healthcare providers have to lose quite the amount of patients before

the investment becomes unworthwhile. Secondly, with an increase of 40% inybege Q ,ia MAFS
prosperous profit margin can be obtained ththe ASIS phasestill proving theinvestmentto be

worthwhile, regardless of the patient loss

5.2.3 Scenario 2: Consortium breaken

In the base scenario a set pribas been estimated thahe healthcare providers have to pay the
consortium for the blockhain framework. Eventually this results in a profitable operation for the
ConsortiumAs the Consortium is formed by the Affiliate and Member hospitals, no fupikas to be
assumed for the&Consortium. Moreover, it is perfectly logical that they offeritheervices at base cost.
This can ptentially lower the entrycost to join the consortium. Therefore a breaken scenario is
initiated, meaning a profit margin of zero for the Consortiiso, for this scenario, a more practical

and realistic viewpoinivas handled
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Cost of blockchain service

B .

Shcw@ entries Search: | |
Introduction After 3 years
Values Base Base Alternative / Base Base Alternative /
Alternative / Consortium break- Alternative / Consortium break-
base scenario even base scenario even
Uncategorized
Price of acce}s:s to EHR L\]H blockehain 60.00 56.27 80.00 66.63
(thousand § / node year)
F’.rice of ‘.].L..‘C.(-_‘b:s to EHR gn Blockchain [Member 100000.00 96266.59 110000.00 96634.65
care mediation] (dollar / node year)
Price of access 1_0 EHR on Blruckchmn. [Third- 30000.00 26266.50 50000.00 36634.65
party HC mediation] (dollar / node year)
Showing 110 3 of 3 entries Previous 1 Next

Figure53: Cost of blockchain service presentation

With the above access prices, the Consortium will not generate any proiégning the Consortiunwill

have a profit margin of zero, visible in Figure 53

B.

Impact of blockchain on profit margin

Show entries

Search: | ]

Baseline Introduction After 3 years

Values Base Alternative /

Consortium break-
even

Base
Alternative /
base scenario

Base Alternative /
Consortium break-
even

Base
Alternative /
base scenario

Base Alternative /
Consortium break-
even

Base
Alternative /
base scenario

Uncategorized

Affiliate profit
margin
(percentage)

241 2.41 24.79 24.79 2794 27.94

Consortium profit
margin
(percentage)

6.71 0.00 18.31 0.00

Member profit
margin
(percentage)

422 422 28.37 28.38 3433 34.33

Third-party profit
margin
(percentage)

24.81 24.81 31.48 31.49 36.41 36.42

Showing 1 to 4 of 4 entries Previous 1 Next

Figure54: Ecosystem profit margins scenario 2

As to be expected from the small difference in price between the base scenar&andrio 2, no
significant impact is Misle in the profit margins of the healthcare providers. Esseptidétle costs to
access the blockchain application are rather minimal, compared to other alternatives or existing costs.

This nears, that the impact of moderate changes in this price is tgjk.
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5.2.4 Scenario 3: No interest from HC providerisimum amounbf providers needed

As apparent from the similar naming, this scenario follows the same idea of scenario 1. What if the
Academic hospital had difficulties convincing other healthcare providers to initiate a consortium. It can
be that they do not trust sth a hew innovation atior are comfortable with their current solution¥he
focushere, however,is primarily on the amount of Affiliate hospitals and Thpafty providersSince it

is assumed, that the Academic hospital can apply enough pressuredoguer the other Member

hospitals in joining the initiativéessentiallyhow many Affiliate hospitals and Thiparty providers

would then be needed, considering all else equal.

During the research of this scenario the following healthcare provider salgge implemented.

Blockchain initiative interest &
Show entries Search: [ |
Introduction After 3 years
Values Base Base Alternative / No Base Base Alternative / No
Alternative interest from HC Alternative interest from HC
/ base providers- min / base providers- min
scenario #providers scenario #providers

Uncategorized

Affiliate volume
[Mediation business] 5.00 1.00 10.00 2.00
(providers)

Third-party volume
[Mediation business] 25.00 2.00 40.00 4.00
(providers)

Total Member

. 14.00 14.00 23.00 23.00
volume {providers)

Showing 110 3 of 3 entries Previous 1 Next

Figure56: Minimum amount of healthcare providers

A signiftant difference in amount of providers can be observed. Therefore a significant decline in the

/| 2y &2 NI AdzyQa LINETAG Theloppiite seents 2odw tiRehawbver@danlS O G SR ®
enormous increase in the profit margin is obtained can be seen Figure 561t appears that the

Member hospitals can carry all the essential costs and the other healthcare providers cost more than
they actually gearate, costwise. Off course, this effect is rather extreme and lacks practical relevancy,
as it defeatstie purpose of this framework to exchange EHRs with other healthcare providers.
Nonetheless, this scenario proves that not as many providers are reggessin the base scenario to

make this initiative work. Moreover, this scenario helps show the pow®\®, as not every cause

effect relation is as expected. Naturally, a logical mindset has to be maintained while interpreting these

results.
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Impact of blockchain on profit margin

Show entries Search: |
Baseline Introduction After 3 years
Values Base Base Alternative / No Base Base Alternative / No Base Base Alternative / No
Alternative interest from HC Alternative interest from HC Alternative interest from HC
/ base providers- min / base providers- min / base providers- min
scenario #providers scenario #providers scenario #providers
Uncategorized
Affiliate profit
margin 2.4 2.4 24.79 24.79 27.94 27.94
(percentage)
Consortium
profit margin 6.71 35.44 18.31 36.18
(percentage)
Member profit
margin 4.22 4.22 28.37 28.37 34.33 34.33
(percentage)
Third-party
profit margin 24.81 24.81 31.48 31.48 36.41 36.41

(percentage)

Figure57: Ecosystem profit margins scenario 3

5.2.5 Scenan 4: Blockchain cospmssed ond patients.

The fourth and last scenario explores a common practice with innovations in a business setting.

Basically, the healthcare providers will pass on the additional costs from the initiative to the clients.

Therefore this scenario willxamine a price increase of 80 dollars per treatment, from theBEphase

onwards.
. 2
Treatment price & .
Show entries Search: | |
Baseline Introduction After 3 years
Base
Values Base Base Alternative Base Base Alternative Base Alternative /
Alternative / Blockchain Alternative / Blockchain Alternative Blockchain
/ base costs passed on / base costs passed on / base costs passed
scenario to patients scenario to patients scenario onto
patients
Uncategorized
Price of primary
care [Primary care] 470.00 470.00 470.00 550.00 470.00 550.00
(dollar / treatment)
Showing 110 1 of 1 entries Previous ‘ 1 ‘ MNext

Figure58: Treatment price increase
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In order to measure the reacn of the patients on this price increase, patient sttction will be used.

This variable is the weighted average of four values.

Patient satisfaction

Primary care quality

Primary care duration

Primary care transparancy
Price of primary care

Figureb9: Patient satisfaction Aggregation View

The following weights were assumed in this caltalg respective in the order of the figure (i.e. Price of
primary care, Primary care transparency, Primary care duratiomaPyicare quality): 10%, 20%, 35%

and 35%. The higher the weight, the more important the value is perceived by the patients.

Baseline Introduction After 3 years

Base

Values Base i Base
Base Alternative / Alternative

Base Alternative /
Alternative Blockchain costs Alternative

Blockchain costs

Base Alternative /

Blockchain costs
/ base : / base : / base ?
scenario passed on to DETIEI'ITS scenario passed onto pﬁTIEI‘ITS scenario passed onto pﬁTIEI‘\TS
Uncategorized
[P;;Jrll'[ﬁ'llr"ﬂ:?;]‘(“'f” 50.00 50.00 72.00 70.00 86.00 84.00
¥ ‘o)

Figure60: Patient satisfaction presenation

As a result of the price increase, only a decrease of 2% in patient satisfaction can be obsEigack

60, from 72% to 70%vieaning that added benefits in TBE phase outweighs the price increase.
Healthcare providers can potentially afford¢barge a higher price, as the patient satisfaction increases
considerably compared to the AS scenario. Obviously, the impact of sagbrice increase is

dependent on the amount it increased t8uch a relation however s not expressed in the model.
Therefore, a price increase of 80 dollars per treatment is assumed to be quite reasonable for the
patients. Moreover, only an importancd ®0% is ascribed to the price of a treatmgwhich also

explains the low impactWhereas the other values are assuntede valued on a higher level of

importance by the patients.
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This impact was examined in the Member hospitals, however, a similat efiade found with the

other healthcare providers.

5.2.6 Conclusiorscenarios

The exposition of these Whdtscenarios prode several takeways, considering the implementation
of the blockchain applicatioThrough the first and third scenario (i.e. minimwamount of patients and
minimum amount of HC providers) it becomes clear that the implementation threshold regarding
initiative participants is rather low, with all else equalsignificant decrease in both the amount of
patients and the amount of healtlace providersseemsto be stillsustainable. Moreover, from the third
scenario it is clear that the Academic hospitaégmot need any Affiliate hospitals or Thidrty
providers to make the investment worthwhile. As long they can persuade the res¢ dlémber
hospitals and a portion of their patients, an initial launch of the blockchain application would be
worthwhile. Of course, in order to enjoy the full benefits of exchanging EHRs over blockchain technology
a more extensive network of participantsdesirable. This should prove to be no problem, if they can

presentthe advantages of the applicatida other healthcae providersover time.

Severatostsand benefitsare assumed to be associatedth the blockchain applicatiorFor examplen
this model, a cost reduction is assumed due to a decreased chance of andisprovement of time
consumption related to EHREven if this is not the cade, this extent the fourth scenario shows that
patients will accept a certain increase in the pricadfeatment with the new blockchain application.
This will help fund the costsom the blockchain application, as wal improve the financial standings.
Moreover, thanks tdhe blockchain applicationreabominable increase in profit margins is visibéth

the help of scenario two, these new profit margins seem to be very robust, dsddbkchain costs are
only marginal compared to the other costs made in healthcare organisafioaditionally, the

healthcare sector knows very low profit margififis means that such improvements in profit margins
are not necessary, whiatpens doors for othepossibilities Instead of using the decrease in errors and
loss of time consumptiofor a higher profit margin, healthcare providers can use these advantages to
further invest in improved healthcare (e.g. more worthwhile investments, better people management,
etc) or invest in further improvements of the blockchain application. All this helps to prove that the
blockchain application is not necessarily somethimbelp the ITinfrastructure but is beneficial for the

entire healthcare business.

Through these scenarios, it is rather safe to assume that the EHR on blockchain application has many
advantages above the current situation, even witib considerable drabacksvisualised in the

different scenarios
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6 Improvement suggestions Value Management Platform
By modelling this case study in VMP, a decent understanding of the tool has been developed. With this

experience, some suggestions for future improvementsheftool can be listed. These suggestions are
based upon a personal opinion to enhance the overall user experience of the tool. In the following
paragraphs a description will be given for each suggestion, complete with the appropriate

argumentation.

6.1 Textwl user guides
VMP has many outstanding functionalities, with the ability to make one integrated VDML metamodel

comprising of different views. In order to build such a model, however viery important to use the

proper method from the start, otherwisseveral important functionalities of the tool will not work as
intended.For this purpose, VDMbee provil@ew users with plenty of video material to master all the
different aspects of the tool. These videos are a great way to learn the tool, comptétehe

underlying theoretical relevance, as well as included examples to further illustrate the functionalities.
Naturally, it is impossible to remember everything from all these videos, whereby it is possible to forget
how certain aspects work while aetlly modelling. For this purposmore detailedtextual user guides

can prove to be more usab#sthe current range of textual user guides is rather limiggdhe time of

making this EHR on blockchain modédareover, these user guides explamdetailwhat you can do

with the tool, butsometimedack the information for howou can achieve thi©f course, video

material is preferred to learn something new, however, textual user guides can offer a fast alternative to
refresh someopics rather than havig to scourge throug video material to find the right timestamps.
Somefunctionalitiescould also use a more detailed textual user guide, besides their initial description
(e.g. Strategy map and Value Stream Ma&ulditionally, some complete written out sasof the entire

(BMP pocesscould further improve the user experience in this area.

6.2 Aggregation formulas
As discussed in section 5.1 Building the VMP model, aggregations can be made between values with the

help formulas. This has proven to be very égcialto build a truly comprehensive model. At times,
however, a desired value can consist of a more complex formula or multiple arithmetic operations, like a
combination of a summation and multiplication. As of now, such formulas are not supported By VM
Thisforces the use of intermediate values, which can pollute a certain aggregation view or model. Such
a polluted aggregation view, can be found in Appendix 5. Therefore, the support of more complex

formulas could reduce the need for intermediate vawend gre the users more freedom.
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6.3 Dashboard

6.3.1 Presentations
In section 4.3.3 the Adopt stage, Figures2Bishow that presentations in the dashboard can be

represented in different manners (e.g. tables, columns, graphs). These presentations are entirely
interactive, the interactivity for tables, however, is more advanced than thattleér representation
alternative. As a matter of fact, through a table, the user canygulihe entire aggregation view of one
certain value. This would be a welcome additionthe other alternatives as well, since graphical

representation methodsan givea better understanding cd presentation than a regular table.

6.3.2 Whatif scenarios
Section 4.3.3 explains the full usage of the Wihatenarios, with some propexamplesn Section 5.2.

As can be seen through the four examples in Section 5.2, this is a fantastic functionality. For these
scenarios to work, they have to be manually added to the desired presentations. For some scenarios,
however, it can be beneficitd seethe impact on multiple presentations. Therefore, it could prove
beneficial to apply a certain scenario to a selection of presentations. Even more, allowing users to save a
certain selection of presentations could prove useful for demonstratiotisetool, as permanently

leaving the desired scenarios in a presentation can cause unclear graphical representations or over
stacked tables. These suggestions waqrlavide asmootheruser experiencevhile working with the

Whatif functionality, primarilywhen denonstrating results to outsider®Of course, this is not always

needed, as such this needs to be an addition, rather than replace the current manner of implementing

scenarios.
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7 Discussion
7.1 Results

7.1.1 First research objective: Develop a modelisualise te impact of a nofinancial

blockchain application in the healthcare setting.
Through the Value Management Platform a model of an EHR on blockchain proof of concept was
developed. This VMP model shows how the ecosystem of such a blockchéia stiictued, complete
with the participants needed to pull off such an implementation of blockchain technology (e.g.
Hyperledger Fabric, Amazon Web Services, Consortium, Patients, different kind of healthcare providers,
etc.).By building this EHR otolekchain cae in a tool like VMRhat lets you build highevel value
deliver models, it is possible to make a better analysis of the business case in the whitepaper. Not only
the obvious effects of the blockchain application are explored, but the eimipact of he blockchain
technology implementation on the business ecosystem is explored. This allows for a better identification
of the effects on the business, and translate these effects into actual business values. Thénefore
study visualises thenpact of Hockchain with the help of some kexalues.These keyalues are divided
in two main subgroupslhe first division visualises the increased asteslata thanks to the EHR on
blockchain applicationvisible in Figure8 Due to this better acess to datathe overall healthcare
towards patients improves, patient satisfaction will increase along with the transparency of the process
behind the treatments and the duration (read: time consumption) of a treatment will decrease
compared to the currehsituation. The second division focuses more on the reduction of ¢casts
blockchain technology can bring, with respect to all the business activities related to healtheaesal
different cost reduction are obtained in the VMP model compared tocilrrent situation, resulting
from a decrease in cost per treatmeras can be seen in Figuré Another VMP functionality taken into
account for this studgre the Whailf scenariosThese scenarios bring extra value to the assessment of
the EHR on blockchain apptica, since the worthwhileness of the application can be put to the test by
only changing some determined input valuEsr the parameters and scenarios specific to the study
the implementation threshold seems to be rather lawd robust. After all, theHR on blockchain
F LILIX AOIF GA2y aSSya G2 0SS 62NIKgKAf ST Bhev8lye  F3GSNI
deliverymodel also allows for elear comparison of the current situation with the desired situation and
even apossible future situation,isce all the respective situations are modelled in the VMP. mbidel
then helps to convince readers of the added benefits of a-financial blockchain application in the
healthcare settingMoreover, the results in this studyre not entirely imited to adopted case, as the
model can be tweaked with light changes through the input values and multipliers to form a basis for
similar cases. Since such a value model says much more than a plain whitepaper, this model can be

benefidal to decision leaders asactually visualises the impact blockchain technology can have in the
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healthcare sector. Decision leaders can alter certain input values to change the model to their needs,
receiving a weltounded basis to assess whether theestment is worth its costThis value model,
however, can also be very valuable to many other stakeholders, not only decision leaders. There are
three groups of stakeholders who come to mind. First of all, the independent interested parties who
want to ectually see what this populdlockchain technology can achieve. Second of all, future
implementers who want to know what is needed to launch such an application can really benefit from
this value model. Last of all, a group more tied to the actual casly sthe consortium can comce

new healthcare providers to join the initiative by implementing actual values in the value model and

showing the obtained benefits of the blockchain technology to potential candidates.

7.1.2 Second research objective: Provideighttechnological case im¢ Value Management
Platform to show its usability

While explaining the EHR on blockchain application in the Value Management Platform throughout this

study,several touchpoints werdiscussedhat explain the usefulness tis tool as a way tmmodelsud

a hightechnological casé€ne of the main advantages of the VMP, compared to other modelling tools,

is the ability to take the entire ecosystem into account, instead of being restricted to only one or a set of

business unitsThis allows users to takbé entire story into account and give a comprehensive view of

all the aspects the technology can influence. For example, in the EHR on blockchain case, the impact on

the IT-side ( EHRs) can be modelled, but also the impaciookbhain technology on healtare towards

patients and different costs aspects can be represented. Even more, all values can be put into relations

to each other with the help of aggregations and arithmetic functions, delivering a fully integrated and

interactive model. Moreover, thealues linked to these formulas are easily changeable by any user of

the model. Furthermore, the Whdt scenarios, were also found to be very useful for such-high

technological cases, as timaplementation of such innovative sas are based upon several

uncertainties and assumptions. After all, the WHilascenarios let the users see outcomes of small

alternations in the base alternativVith this hightechnological case in VMP, also sosaggestions

were made to further impros the tool based upon ownx@eriences whilenodellingthe case studyAs

such, more detailed textual user guides, expansion of the formula support, equal interactivity in the

graphical presentations as the tables and multiple presentation selection options for theitWVhat

scenario finctionality were suggested, thia smoother user experience in mind.

66



7.1.3 Limitations

The primary focus of this study consisted of modelling the EHR on blockchain proof of concept in the
Value Management Platform. Therefore the ecosystem proposed intthdy #ries to represent that of

the story in the whitepaper. This means that not aitibes, who can benefit from the blockchain
application, are taken into account for this model. For example, insurance agencies, governmental
institutions, research cents,and so oncould also benefit of these easier accessibility of medical data.
The same irue for the entire impact of blockchain technology in the healthcare sedtioere could be
many other values that are impacted by blockchain, but are not ieclithis study. Moreover, the

VMP model is obtained through the own interpretation of thhit@paper and can therefore deviate

from the original authors standpoint. Furthermore, several parameters assigned to the different values

can differ from actual umbers, as they are based upon estimations from online sources or Shariq Ata.
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8 Conclusion
The main goal of this study has been to visualise the impact of dimamcial blockchain application. In

order to achieve this visualisation, a model in the ¥aanagement Platform (VMP) was built. This
model is based upon a EHR on blockchain proobotept in the healthcare sector. With the help of

this VMP model, the impact of such a blockchain application on all the different business units can be
shownanda better analysis of the application can be mad@ikrough the complex and high
technologicahature of blockchain technology, it was also possible to showsadilityof the Value
Management Platform for such specific cagkdditionally, based upon thexperienced gathered from

this case study in VMP, some suggestions were given to furtheouaphe tool.

¢KA& adGdzRe &ALINRJziSR TNRY *5a0S5SQa AyiaSNBald Ay

blockchain use case was sought to model in\h&P. Such a blockchain case was found through the

0 f
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setting and findings of a blockchain proof of concept for a blockchain application to manage patient
consent. With the help of Shariq Ata (Enterprise architect director, University of Chicago Medenu
Henk de Man (G&ounder VDMbee) the proof of concept, explained in the whitepaper, was integrated
in the VMP. Through this VMP model, it is then possibigigualise the benefits blockchain technology
can bring in the healthcare sector. Such aaiisation was desired, as the knowledge surrounding-non
financial blockchain applications is rather limited, especially in the healthcare sector. The research
objectives of this study were achieved successfully. The involved parties were delightedenfitiath
modeland results it showsvDMbee concluded that the VMP model is suitable to demonstrate the

potential of their tool, already using the model to convine® potential partners.

With these provisions in mind, this study hopes to contribute ® ditademic knowledge of nen
financial blockchain applications, business transformation and value modelling, as it gives more insight

in what an implementation oflbckchain technology can do, especially in a healthcare sector.

To provide a more accurasssessment of blockchain technology in the healthcare sector, future studies
could expand the current model with a more extensive ecosystem and more accurategiarsiimked

to the values. Furthermore, future research is needed, where different kindkokchain technology
initiatives in the healthcare sector are compared, to determine the best appréacimportant

variable is the approach of the Consortiurm knowwhich entity is best suited to manage such an
application. Moreover, practitioners cold make a critical comparison of blockchain technology

implementations with samgurpose innovations that want to improve the healthcare sector.
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Appendix

Appendix 1: Examples of report functionality

Protected health information sharing with Blockchain technology

Context

Growing trend, in US (more specifically Chicago), where bigger hospitals are acquiring community hospitals, small medical groups and solo practitioners. Hence, there is a growing need to securely

share medical records.

« need for a secure data sharing framework

« framework should allow each participant or provider to manage a patient's records

« patient retains control over which provider can access the data

« Framework should limit data replication within hospital records

« Framework should provide direct access to electronic health record (EHR) data wherever needed

How? —=> with Blockchain technology:

« simplifying collaboration between partner providers and patients
« enhancing collaberaticn between partner providers and patients
« securing collaboration between partner providers and patients

EHR(electronic health record):

digital version of a patient's paper chart

make information available instantly and securely to authorized users

can be inclusive of a broader view of a patient's care compared to standard clinical data.
contain information from all clinicians involved in a patient's care

patient-centered and real-time

Information is available whenever and wherever it is needed

Smart contracts:

« can carry digital assets or tokens between parties
« conditionally transfer digital assets or tokens between parties
« their excecutions run in a predictable and transparant manner

Problem

Heavily depended upon access to patient records across providers in a geographic region.

Interoperability challenges related to the sharing of data between different informations systems storing EHRs where each have their own data format and protocol to share EHRs.
On top, sharing of records have to be asked and provided manually. This is very time consuming.

Today:

« most providers operate independently

« access to medical records is available in a limited manner via point solutions( solving 1 specific problem)
« formal partnerships, access via system integrations

« Success with Health information exchange (HIE) but new entity and formality around integration

Advantages of Blockchain in this consent management of patients setting:

« Trust (ledger framework and cryptography)
« Contract governance (Digital Smart Contracts)
« Shared control (smart contracts, distributed ledgers and key infrastructures)

Figure61: Problem definition



Implementation

Implementation cost: (depends on the number of nodes and amount of data)

— o
|
trf + wmm + = 3
282 — -

D $15 3381 0 $385

Test £30 §$1110 ) $1140 d

F | sa72 52,148 70 $2.420
Total $4036

Assumption:

1. Number of Nodes per EHR System =1

2. Number of Patients across UCMC & Ingalls =4 M

3. Number of Records per Patent =28

4. Average Size of each Record =100 KB

Table represents the hosting cost of 1 node.

Blockchain nodes: These are the annual fixed hosting costs per node.

Storage: storage of meta data for the FHIR services and Access management related info. Cests made from AWS. Roughly estimated= 4M patients * 25records per patient * 100KB. -> depending on
variation in final solution

AM patients in EHR, bound to grow as more hospitals and clinics are added to the node.

Network: 70 network production cost -+ depends on the number of transactions and overall volume

One node is required for each EHR

restriction of 25 records per patients is only for proof of concept. Technically you can have as many records per patient as one wants. No limits. Each record consists of master patient ID, healthcare
and meta data about the FHIR to dynamically fetch the data from various healthcare providers.

We assume 44 nodes in this use case. 14 member, 5 affiliate en 25 third party

Technical details:

Engagement Layer: A view of blockchain data. Visualizing the data of patients who have provided consent for data-sharing between consortia. Ul shows patient information along with
allergies, medications and events.

Integration Layer: Node. js SDK for Hyperledger Fabric. Web app uses the Node.js SDK to query/update the blockchain.

Member HIE Contract: Enables and governs the contractual rules in patient EHR data exchange between Ingalls and UChicago Hospitals

Affiliate HIE Contract: Enables and governs the contractual rules in patient EHR data exchange between Silvercross (Affiliate) and UChicago Hospitals
Hosting Platform: Amazon Web Services, Containerized—=hosting of hyper ledger

-> An EC2 instance is a virtual server in Amazon's Elastic Compute Cloud (EC2) for running applications on the Amazon Web Services (AWS) infrastructure.
Blockchain: Hyperledger Fabric V1.1

Smart Contracts: Golang
Integration: APIs Node. js SDK -= also via AWS (link)
Outsourcing is possible (blended with own input and R&D)

Figure62: Blockchain technology prices in report



Hyperledger fabric:

Hyperledger introduces a completely different idea of a blockchain network that is not transactional at its core. This is to say that the peers within a Hyperledger ecosystem are the various
enterprises locking to exploit the technology.

Among other Hyperledger projects, Hyperledger Fabric is the most popular. What sets Fabric apart from other platforms on the Hyperledger ecosystem is that it enables developers to create
applications using general purpose programming languages like Go, Java, and Node js.

Hyperledger mainly targets the blockchain for enterprises. Moreover, it's designed to suit a higher degree of confidentiality for the platforms. (B2B) Hyperledger will approve a set of predefined
members to get access. Moreover, they will also decide who can join the consensus and who can't. Hyperledger lets the users choose between No-Op, or an agreement protocol (PBFT) to reach the
verdict. So, all the parties agree in such a way that everyone can influence the outcome. So, any third party can't force their decisions on the nodes

There is no mining in Hyperledger Fabric. Instead, you have an arrangement of nodes which enact different roles and aid in the creation of a block.In Permissioned blockchain networks like
Hyperledger, it is the common interests of all participating organizations and entities that go towards creation of a block. Also, since the identity of all participants is known, consensus is typically
very cheap compared to the Bitcoin “trustless” mining. In a Fabric network, you have various nodes carrying out Endorsement, Ordering, Committing peer roles.

https://www.youtube.com/watch?time_continue=28&v=DqtzxJP6Y9k&feature=emb_title

The responsibility of creating new blocks lies with Orderers node in Hyperledger. New block creation in Hyperledger Fabric in brief (Single channel). 1) Client (User) initiates a transaction to peers (
part of organizations specified by the smart contract endorsement policy). 2) Endorsed transaction response generated by the peer (node) and returned to the client application. 3) These all
transactions responses packaged together to forma a fully endorsed transaction, which is distributed to the entire network. 4) Orderer nodes of that network will receive these transactions and will
create the blocks. 5) These blocks will be delivered to all peers which will be validated and appended to the ledger

Medblock:

Solution is business-to-business and comprehensive. Focuses on the privacy of information by adopting the blockehain for access control and encryption purposes. In their design, a certification
authority acts as a system administrator of the blockchain, where the blockchain manages pointers of the record as to find the true storage address of information of the EHR. A processing layer that
is composed of local community hospitals and their servers can access and modify patient records, which are then uploaded to a supervising hospital

MedRec:

They propose a modular design in order to integrate existing, local data storage solutions while facilitating interoperability. Through incentivization (e.g., access to aggregate, anonymized data) of
medical stakeholders such as researchers and public health authorities, they aim to engage these stakeholders in becoming the miners of the blockchain network. 2 incentive models:

« Ethereum's inherent incentivizing model: transactions require Ether. Ether can be earned by mining. Care providers are thus incentivized to participate in mining in order to fund the continuation
of their activities. Patients will also have to pay Ether, or have the destination party fund them.
« second model: Brings medical researchers and health care authorities to mine in the network, in return they gain access to aggregate, anonymized medical data as mining rewards.

By integrating with providers’ existing data storage infrastructure, MedRec facilitate continued use of their existing systems. Medical records are stored locally in separate provider and patient
databases; copies of authorization data are stored on each node in the network. Furthermore, because the medical data stays distributed, our system does not create a new, central target for content
attack.

Ethereum:

Originally not a good solution for enterprises since it is a public blockchain. But several companies have come with an ethereurn enterprise solution. All by all it is more a B2C blockchain. The
transaction on Ethereum is public, so everyone will be able to see your transitions with another party. You can use Ethereum in both ways, public or private. In Ethereum they use Proof of Work as a
consensus algorithm. This mechanism is overly slow and depends on everyone on the network to reach a single point of agreement. Furthermore, this protocol is also power hungry, so it would take
up a lot of your power to reach the agreement.

Transactions are collated into blocks; blocks are chained together using a cryptographic hash

Proof-of-work= is a consensus mechanism. It deters denial-of-service attacks and other service abuses such as spam on a network by requiring some work from the service requester, usually
meaning processing time by a computer (wikipedia)

Mining= Mining is a computationally intensive work that requires a lot of processing power and time. Mining is the act of participating in a given peer distributed cryptocurrency network in
consensus. The miner is subsequently rewarded for providing solutions to challenging math problems. It is done by putting the computer's hardware to use with mining applications.

All the information on cryptocurrency transactions must be embedded in data blocks. Each block is linked internally to several other blocks. This creates the blockchain. These blocks must be
analyzed as fast as possible to ensure a smooth running of transactions on the platform. However, the issuers of such currencies do not have the processing capabilities to handle this alone. It is
where miners come in. Ethereurn Mining is the process of mining Ether. Every developer seeking to engage and make use of smart contracts on the Ethereumn blockchain needs Ether to proceed

Proof-of-work refers to the solving of complex equations, which is a basic requirement for a miner to clear for their block to be added to the blockehain. (https:/www.huffpost.com/entry/ethereum-
mining-101-your-complete-guide_b_58b6e1eee4b02f3f81e44e9f?guccounter=1&guce_referrer=aHROcHM6Ly93d3cuZ 29vZ2xILmNvbS8&guce_referrer_sig=AQAAANg6FJdocjx-
m5P4bzu2i1BA33hLeng80s5chh54r8108kd TRIXDKODZsMK2b0ZwEmozXREWmqqlyX9jXKbjuvg 7n0WIISkzv3 1YAzgNB 5dIr7ValdnSliBBokfTBmInNygQEWAa-

Figure63: blockchain technolgierminologiesn report



AppendixX2: Business Ecosystem maps
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Figure65: TOBE Business Ecosystem Map big
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Appendix 3: Business Model Cassesl OBE phase
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Figure67: Busines Model Canvas Consortium
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Figure68: Business Mod&anvas Affiliate hospitals
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Consortium strategy:

Consortium profit= Revenue - total cost

-> Consortium doesn't really make a profit. They adapt their price 1o keep the price fair for all the invelved parties and break-even themselves.
Revenue= Price of access to EHR on Blockchain * Node volume

-> Fair price. Node volume is the amount of different healthcare entities on the framework.

Total cost= Total direct cost * overhead

HC efficiency: The improvement of HC the different healtcare entities have thanks to the EHR on blockchain and can provide their patients. Influenced by the quality, availabilty, access and
overview.

HC volume= Patient volume * treatment volume per patient

-> the total amount of treatments for a node. This is also influenced by HC efficiency. The more efficient the healthcare provider is, the more patients they can treat and the amount of
treatments per patients go down (unnecessary treatments will go down).

EHR on Blockchain: influenced by the permission coverage

-> coverage is 100% for the member hospitals and adjusted for the other providors

Framework cost= Hosting cost + transaction cost + storage cost + blockchain service cost+ maintenance cost+ development cost

-> All the costs made to maintain and develop the framework. Given by 3 partners: Hyperledger fabric, AWS and the system integrator.
Hosting cost= Node volume * hosting cost per node

Transaction cost= Transaction per node volume * cost per transaction * node volume.

-> the transaction cost is variable, and dependent on the amount of transactions there are made.

Transactions per node volume= Healthcare velume * record transaction intensity.

-> the amount of records there are requested and updated to give out to other entities per node.

storage cost= Node volume and storage service provided by the AWS (hosting web services)

-> assumptie dat dit een vaste kost is en niet verandert.

Blockchain service cost: Set cost the consortium has to pay hyperledger fabric for the provided services.

Maintenance cost= services provided by the system integrator and UCM itself

Development cost= Services provided by the system integrator and UCM, but these costs are depreciated linearly over the years.

Figure74: Consortium Strategy Map values explanation



Healthcare entities:

Profit= Revenue- total cost

Total cost= Total direct cost + overhead

Total direct cost= Cost of primary care + mediation cost

Mediation cost= price per record transaction + record transaction volume

-> this is the cost, the healthcare providers have to pay the consortium for all the services it gives as mediator between the entities.

Cost of primary care= cost of primary care baseline /- primary care volume * cost per treatment

-> thanks to the EHR on blockchain the cost of primary care can go down

Cost (reduction) per treatment= EHR quality and EHR availability

-> the cost can go down, in line with how efficient the treatments get with the EHR on blochchain.

Record transaction velume= Primary care volume * record transaction intensity

-> the amount of records needed to flow between the entities.

record transaction intensity= reguest volume per treatment + record generated volume per treatment.

->Amount of records needed/ produced out of 1 treatment

Revenue= price of primary care * primary care volume

Price of primary care: influenced by the total direct cost, if these go up/down, thanks to the EHR on blockchain, the price can also go up/down.

Primary care volume= patient volume* treatments per patient

-> important to visualize that if the patient satisfaction rises, more patients can be and will be willing to recieve treatment at the hospital. The same goes for the amount of treatments per
patient, if the quality rises, the amount of treatments can reduce.

Patient satisfaction= price of primary care, primary care quality, primary care duration and primary care transparancy.

-= all these factors can make a visit more enjoyable for a patient.

Primary care quality= EHR quality and EHR availabililty. The quality of the primary care goes up, if the quality of the data in the records is better and if there is more data available from a
patients medical history.

-= These 2 also have a baseline, to represent the quality and availability before the blockchain application.

Primary care duration= EHR quality and EHR availabilty. The duration of healthcare goes down, cause they dont have to call other healthcare providers anymore to request data about the
patient. Also, certain research can be skipped because other healthcare providers already performed it recently on the patient.

-= same baseline as primary care quality

Primary care transparancy= EHR overview and EHR access overview. The patients know who can acces their EHR's and who updated certain records. Also they know what each record says.

Permission coverage= idem consortium

Figure75: Healthcare Strategy Map value explanation



Appendix 5: Polluted Aggregm View
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Appendix 6: Value proposition form details

Source Base treat patient v
Name* [Primary care availability and quality improvem l L ]
¥/ Enable for Measurement
g
Value 1.44 percentage 4
Value Formula EHR availabily and quality/ EHR availability and quality
revious
(p ) P
Accumulator Product v
Aggregated From EHR availability Basetreat  Activity v
and quality patient
EHR availability =~ Basetreat  Activity 4
and quality patient
Aggregated To Primary care Primary Value rd
duration care Proposition
Primary care Primary Value rd
quality care Proposition
Figure77: Value form details Primary care quality
Source Manage member transactions v
Name* record transaction intensity i ]
¥/ Enable for Measurernent
g
Value 15.00 *| blocks / treatme 4
Value Formula request volume + record generated volume
4
Accumulator Sum v
Aggregated From record Basetreat  Activity e
generated patient
volume
request Basetreat  Activity Ve
volume patient

Figure78: Record transaction intensity detail form



Appendix 7: Cost péreatment distribution

Impact of blockchain on affiliate care cost is
structure
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Figure79: Cost per treatment distribution Affiliate bpitals
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Appendix8: Main value indicators Dashbdgsresentation

Figure81: Main care value indicators Affiliate hospitals






