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Abstract

The healthcare industry in the United States (U9 purchased and installed high-tech
diagnostic imaging (HTDI) equipment, such as coragubmography, magnetic resonance
imaging and ultrasonography, at an astounding catgacing all other countries. Although
HTDI has significantly enhanced a physician's #pito diagnose and treat a variety of
diseases, studies have suggested that today beR@eten30 percent of the U.S. HTDI tests
do not contribute to treatment, which representgaate of $4 to $6 billions annually and
exposure patients to unnecessary radiation. h@ghbls problem, healthcare IT vendors have
developed high-tech diagnostic imaging clinical isien support (DS) tools to reduce the
inappropriate and unnecessary use of HTDI testsis 3creening process should lower the
overall HTDI costs and increase the quality of catdowever, despite obvious benefits,
adoption of the DS tools has been lower than expectThe aim of this research is to
understand the current DS tools adoption proceti®it).S. healthcare system and to identify

potential strategies that vendors could implememdrease adoption in the future.

The system dynamics methodology is used to expl@eounterintuitive behaviour vis-a-vis

the adoption of DS tools. This choice is motivabgdthe natural fit of this methodology to

study large complex systems, such as the U.S loaadthsystem. A detailed study of the
underlying dynamics of the whole system, includihg interactions of key stakeholders
provides a deeper understanding of the problense®a&n the review of DS tools literature
and multiple discussions with experts in healthcar®S tools adoption qualitative system
dynamics model is created to represent the majoptauh factors, their causal relationships
and their effects on the overall adoption proce$te proposed model offers key insights
about the adoption process, including possibleomsasvhy adoption is muted and what
vendors could do to increase adoption. Based isnsthdy, we recommend that the vendors
should shift their current focus from the Providemho are their main customers, to the

Private Insurers/Payers, Government & General Bublincrease adoption.
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1 Introduction

1.1 Problem Description and Research Goals

The United States (U.S.) healthcare system isdatges$t and the most expensive healthcare
system in the world. In 2008, the U.S. healthcgpending was $2.3 trillions, which
corresponds to $7,681 per person or 16.2 percettteotountry’s gross domestic product
(GDP) (CMS 2010). With current consumption rat®s2019 the U.S. healthcare spending is

expected to reach $4.5 trillion and account foBXfrcent of GDP (ibid).

During the past two decades, no other branch oficaktechnology has experienced the
explosive growth in volume and variety of availabkrvices as radiology. The healthcare
industry in the U.S. has purchased and installegh-tech diagnostic imaging (HTDI)

equipment, such as computed tomography (CT), megmnesonance imaging (MRI) and

ultrasonography, at an astounding rate, outpadingttzer countries (Iglehart 2009; Sistrom,
Dang et al. 2009). As shown in Figure 1, from 20602007, the high-tech diagnostic
imaging costs grew by about 10% per year comparddam average yearly cost increase for
all other healthcare services of 3.3%. Consequethte U.S. has almost twice as many MRI

units per million persons as any other industredizountry - see Figure 2.
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Figure 1 — Rates of Use of Imaging Services, as Compared with Rates of Other Physician-Ordered
Services, per Medicare Beneficiary (2000-2007)
Source: (lglehart 2009)
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Figure 2 — Number of Magnetic Resonance Imaging Units per Million Persons (2006)
Source: (lglehart 2009)

Although HTDI has led to significant enhancemengiphysician's ability to diagnose and
treat a variety of diseases, studies have suggésatdoday between 20 to 30 percent of the

U.S. HTDI tests do not contribute to treatment,alihiepresents a waste of $4 to $6 billions



High-tech diagnostic imaging clinical decision support tools adoption: Study using a System Dynamics approach

annually (Holzberger 2009; Wiley 2009) and exposatents to unnecessary radiation. The
most commonly cited reasons contributing to therase of HTDI in the U.S. are

inappropriate use of HTDI tests, unnecessary daiitio of HTDI tests, patients demanding
the technology, physician self-referrals, and defenmedicine practices (Vasko 2008; Hole-

Curry 2009; Vinz 2009).

To solve this problem, healthcare IT vendors hasgeetbped high-tech diagnostic imaging
clinical decision support (DS) tools that reduce thappropriate and unnecessary use of
HTDI tests. This screening process will lower theerall HTDI procedure volumes and
costs, and will decrease patient exposure to ulsacg radiation. However, despite the

obvious benefits of the DS tools, adoption has bewer than expected.

Certain about the benefits of the DS tools, oneomlgalthcare IT vendor offered free DS
tools implementations to 10 providers in return floeir willingness to publish the results.
The rationale behind this decision by the vendos that by providing incentives to the early
adopters to implement the DS tools, they wouldhie o publish the results motivating other

providers to follow. Figure 3 depicts the venddhsught process to increase adoption.

Give free DS tools New adopters wil publish Other providers wil implement
implementations to 16—~ 5 icles with overal benefiis ™ ONce they are aware of the
Providers overal benefits

Figure 3 — Vendor’s thought process to increase adoption

This strategy did not yield the expected resulwéver. After 6 months, the vendor

discontinued this offer because no provider accepte

Despite the significant benefits of the DS toold #me vendor’s incentives, there are only few

adoption cases in the United States. Hence, ¢ésisarch is an attempt to understand the DS
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tools adoption process and identify potential egegs that vendors could implement to

increase adoption.

1.2 Methodology and Framework

The U.S. healthcare system is a very complex systémmultiple stakeholders driven by
conflicting interests and different levels of owsleip and power. In order to understand the
DS tools adoption process, it is necessary to utateisthe dynamics of the system as a

whole, including the interactions between various keyestaklers.

System dynamics methodology was selected to cornflisctresearch because of its natural
applicability for framing, understanding, and dissimg complex systems. It offers the right
tools to capture the stakeholders’ interactions tanghow the dynamics of the whole system.
Developed during the mid-1950s to help corporateagears improve their understanding of
the industrial enterprise dynamics (Forrester 196y3tem dynamics is currently being used
to study a wide range of complex problems. Thesdude modeling of environmental

systems (Meadows, Meadows et al. 1992), public palifiee 2005), national networking

technology systems (Kelic 2005), national electrmaver systems (Black 2005), global air
transportation systems (Bonnefoy 2008), etc. Thethodology has also been used in the
analysis of healthcare issues, such as the studpstf access and quality problems in the
U.S. healthcare system (Hirsch, Homer et al. 2005)stity of the German health insurance
system (Grosser 2005), the study of the Ugandanummation system (Rwashana and

Williams 2008), etc.
The research was conducted by following the steps outlielesvb

1. Gather data from each of the key U.S. healthcareestd#ters using semi-structured

interviews, discussions and presentations from @yariposium for evidence-based
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medicine as the foundation to better cArahd articles from medical journals and

healthcare web site.

2. Create the DS tools adoption qualitative systemadyns model by following four

iterative steps:

Define the purpose of the model;

Define the model boundary and identify key variables;

Describe the behavior or draw the reference modes of theskiaples;

Diagram the basic mechanisms, the feedback loops, of thensyste
3. Analyze the DS tools adoption qualitative system dynamiadel.

4. Identify potential strategies to increase adopbgrusing the insights from the model

and by conducting brainstorming sessions with vendors.

1.3 Ouitline of the Thesis

The thesis is divided into five chapters as follov@@hapter 1 presents a brief summary of the
research problem and goals, and explains why system dyamibodology was selected for
this research. Summary of the most relevant infiomafrom the literature reviewed
regarding the DS tools is discussed in Chapter R2includes a brief overview, the most
known adoption cases, the main benefits and the adoption barriers. Chapter 3 provides
details on the system dynamics methodology inclydime main concepts, tools and the
framework used in this research. The creation ef@$ tools adoption qualitative system

dynamics model is shown in Chapter 4. Discussieganding the major sources of data used

! “Symposium for evidence-based medicine as thedation to better care” held in July 2009 in SeattleS.
and organized by General Electric Healthcare.
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in this research are also included. In additiors tiapter analyzes the model and presents
some strategies that vendors could implement toease adoption. Conclusions and
recommendations are presented in Chapter 5. A fweaspective on the problem and

contributions of this research and future researchrypities are also highlighted.
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2 High-Tech Diagnostic Imaging Clinical Decision Su  pport Tools

This chapter summarizes the most relevant infoomasibout high-tech diagnostic imaging
clinical decision support tools. It includes a boeerview, the most known adoption cases,

the main benefits and the biggest adoption barriers.

2.1 Overview

High-tech diagnostic imaging clinical decision sagptools are clinical systems that help
physicians order the most appropriate HTDI tests gogviding an appropriateness
score/information at the time a clinician submhg request. The appropriateness score is
calculated based on the clinical indications predithy the clinician. If applicable, alternate
examinations are also suggested along with theirescfor comparison. The sets of clinical
indications for specific examinations and the appedeness scores/information are based on
widely accepted evidence-based criteria, such asAimerican College of Radiology

Appropriateness Criteria (ACR 2010). Figure 4 shows an pbaaif a DS tool screen.

The DS tools can be embedded into the ElectronilthidRecord (EHR), the computerized
physician order entry (CPOE), the computerized tagyorder entry (ROE) or available via
a Web site to facilitate ease of use by the progidéigure 5 shows an example of a DS tool

embedded into an EHR.
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3 Percipio - Microsoft Internet Explorer provided by Partners HealthCare System = |EI|5|
Pmedicalis | BWH office Staff: Marchello, Dana ~ Site: [TEST PRAGTICE i Logoft
s Welcome to Percipio - bwfappd-ORM1
B - Decision Support Order Placement
® Search for MNew
(=5
Patient
I"‘“l |Patient Name OETEST, CATHY |BWH hRMN 00000091
g f [Birth Date: January 1, 2002 |Age: 6 years |Gender Female [Phone Mumber: (617)522-7089
E Creatigrder Ordering Frovider: Khorasani, Ramin, M.D. |Pay0r MK OWYIN
,.J Exam: MRI L-Spine [Order ID: 11788974
E . geaDCRh forrt [Signs and Symptoms: Pain severity(Specify:moderate), Pain duration(Specify: Acute (< 4 weeks))
E ! ersmepo 3 |Relevant History: Course of conservative treatment during this episode(Specify:None)
_U A [Created By. NIA [Ordering Site: TEST PRACTICE
Batch Order
= -
] ﬁ |Decision Support
Schedule Based on published evidence MRl is not recommended in the absence of clinical "red flags”. f symptoms
Order are disabling, consider consultation with the comprehensive spine center at 617 732-6600.
3} Clinical guidelines from the American College of Physicians and American Pain Society: =
Preview Clinicians should perform diagnostic imaging and testing for patients with low back pain when severe or (69}
Schedule progressive neurologic deficits are present or when serious underlying conditions are suspected on the Wore lnfa
basis of history and physical examination (strong recommendation, moderate-quality evidence). .
Please note that the information is presented to assist you in providing care to your patients. We do not provide advice &5
Result View regarding the appropriateness of coding, billing or claims processing. YWe make no representations regarding the payment or | Eeedback
reimbursement for services rendered.
o]
Creaié Lener Add Indications Ignore Cancel
s
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Print
Logoff
‘-g'] Daone: ’_ ’_l_ E Local intranet 4
Slide 60F 12 Defaulk Design 854

Figure 4 — Example of a DS tool screen
Source: (Khorasani 2009)
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Neg order Order Validation
Order mode: | Stanclard [} The following information is missing or may need your attention

Procedures (1 order)
CT LUMBAR SPINE

@ Alternative Suggested Exam
s ol

Conditions: L
Questians:

. Cinical Clinical indications selected include "red flags." Normal plain lumbar
X-rays are considered to be sufficient for the initial evaluation of the
currently described condition.

Recommended exam: X-ray Lumbar Spine AP/Lat ]

Comments:

i 4

Current estimated radiation dose: 1.3 mSv
-> Recommended exam dose: 0.02 mSv @ medicalis

b Additional Order Details
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Yer | Mo

Auth Prov: SEEGER MARTY [111]

Figure 5 — Example of a DS tool embedded into an EHR
Source: (Fisher 2009)
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The most commonly cited DS tools benefits inclueléuced overall costs, increased patient
safety and quality of care and increased providarsess to the latest evidence-based criteria,
to be detailed in section 2.3 (Vasko 2008; Fished920Gifford 2009; Hole-Curry 2009;
Holzberger 2009; Khorasani 2009; Sistrom, Dang.e2@09; Vasko 2009; Vinz 2009; Wiley
2009; Moan 2010). However, despite significant biéndfiere are only few adoption cases,

which will be explored in the next section.

2.2 Adoption Cases

Two types of adoption cases are discussed in ttenekterature. The first type is related to
the early adopters, those institutions that seetgw a differentiator, such as Massachusetts
General Hospital or Brigham and Women’s Hospitalhe Becond type includes instances
where the insurers/payers allowed the provideras® DS tools instead of working with a
radiology benefit management (RBM) company, asppleaed in Minnesota. In this section,
two of the most well known cases will be presentedietail, namely the Massachusetts

General Hospital case and the Minnesota case.

Case Type | - The Massachusetts General Hospital ca se

From 2001 until 2007, the Massachusetts General itbbgMGH) studied the effect of an

ROE system and DS tool on growth rate of outpatwemputed tomography (CT), magnetic
resonance imaging (MRI), and ultrasonography proedwlumes over time at a large
metropolitan academic medical center (Sistrom, Detrg). 2009). In late 2001 a web-based
computerized ROE system was implemented to allderniag physicians to request and
schedule outpatient diagnostic imaging studies.thénlast quarter of 2004, a DS tool was
integrated into the ROE system. The ROE and DSassikted in ordering HTDI tests (MR,

CT, and nuclear cardiology) by providing an apprafgmess score on 1-9 scale at the time a
9
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clinician submitted the request. The appropriatersepres were based on the American

College of Radiology Appropriateness Criteria. g8 shows an example of a DS feedback

screen after submitting a request for an MRI.

(Lumbar Spine MRI has low utility for the clinical
lindications provided

v
987654...

Indicated 7-9 Marginal 4-6 Lows Utility 1-3

'Alternate procedures to consider:
. X_Ray CcT
_ _ ] 0ption3;
o Proceed with exam

« Cancel or select new exam
« Change indications and resubmit

Order patient decision aids

(only available to PCP's with OnCall accounts):
Acute Low Back Pain: Manaqing Your Pain Through Self Care
Chronic Low Back Pain: Managing Your Pain and Your Life
Herniated Discs: Treating Low Back and Leg Pain

Spinal Stenosis: Treating Low Back and Leg Symptoms

Figure 6 — Example of a DS feedback screen after submitting a request for a MRI of the lumbar spine

Source: (Sistrom, Dang et al. 2009)

As reported at the end of this study (Sistrom, Dah@l. 2009), there was a significant
decrease in CT volume growth (274 units per quaged growth rate (2.75% per quarter)
after the ROE and DS tool implementation (p-valu®@®l), as shown in Figure 7. For MR,
the growth rate decreased significantly (1.2%, p =6)0after ROE and DS tool
implementation; however, there was no significarsnge in quarterly volume growth. With
ultrasonography, quarterly volume growth (n = 98, P#) and growth rate (1.3%, p = .001)
decreased significantly after ROE implementatiorhese changes occurred during a steady

growth in clinic visit volumes in the associated referrakcpices.

10
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Figure 7 — Scatterplot of outpatient CT examination volumes (y-axis) per calendar quarter (x-axis)
represented by red diamonds. Dotted line and teal circles depict number of CT examinations ordered
through ROE.

Source: (Sistrom, Dang et al. 2009)

With this study, MGH demonstrated that implemeptatof an ROE system and DS tool in
their large urban academic health center led tg@ifeant and substantial decrease in the
growth rate of outpatient diagnostic CT, MRI, andradonography examination volume,
despite continued steady growth in outpatient \asitivity. The study was published in
February 2009 in the Radiology Journal (Sistrom, &b al. 2009), and it was a big
milestone for the DS tools. According to Thrall (& 2009): “This article is an important
milestone in shaping the conversation nationallyntil this, we did not have scientific
evidence of an alternative to RBMs, but now, we halearly demonstrated that a less
intrusive and more patient-friendly option existsThat is the point-of-care—decision

approach.”

11
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Case Type Il - The Minnesota case

In 2004, three Minnesota insurers/payers (HealtnBest Blue Cross Blue Shield and
Medica) were planning to implement a prior-authatian program administered by a third-
party radiology benefit management (RBM) compangid¢orease the inappropriate utilization
of HTDI. However, due to the Minnesota DS solutipiist results, in the end, they chose a
different route: offering medical groups the optionrun providers-focused decision support

solutions (Vinz 2009).

The Minnesota DS solutions pilot was developedd@&by the Institute for Clinical Systems
Improvement. This pilot included more than 2300 Misota providers, from 5 medical
groups, using point-of-order decision support cat¢o order HTDI tests. The criteria were
based on American College of Radiology and the AscaarCollege of Cardiology standards.
The DS solutions were either embedded into theigen\s EHR or available via a Web site.
As shown in Figure 8, the Minnesota pilot reducedHtlaims among five insurers/payers
by 3% in 2007 versus 2006. And based on the pegjdaacrease stemming from the previous
four-year trend line, the reduction in claims wasnested to be 9%. When the pilot ended,
the five participating medical groups continuedngsthe DS solution option and were not

subject to a prior-authorization processes administeredtbird-party RBM.

12
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Aggregate HTDI Utilization Rate per 1,000 Members, 1Q03-4Q08
Aggregate Data Include: BCBS, HealthPartners, Medic  a, UCare and DHS
Claims and Membership Data (Hospital Inpatient and ER Claims Excluded)

*Membership profile differs across health plans.
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Figure 8 — Minnesota DS pilot results
Source: (Vinz 2009)

Based on the Minnesota case, if the providers Haweption between the RBM process and

the DS tool process, they would prefer to use thierldbecause it eliminates expenses and

inefficiencies of the RBM process. As shown in Feg9, the DS tool process reduces the

hassle of rescheduling scans and enhances physigaision making effectiveness by

providing immediate feedback on appropriateness.

13
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Figure 9 — DS and RBM workflows
Source: (Vinz 2009)
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2.3 Benefits

As discussed in Section 2.1, the main benefits oft@® are improved quality of care and
reduced overall costs (Vasko 2008; Fisher 2009%0@&if2009; Hole-Curry 2009; Holzberger
2009; Khorasani 2009; Sistrom, Dang et al. 2009; Vasko 2002;2009; Wiley 2009; Moan

2010). Here we discuss these benefits in more detail.

Improved quality of care

The DS tools ensure that the right HTDI test iseoed at the right time for the right reason
using widely accepted evidence-based criteria @t jpd care. This reduces the inappropriate
and unnecessary HTDI tests and the risk of careesed by unnecessary radiation (Gifford

2009; Hole-Curry 2009; Holzberger 2009; Khorasani 2008z \2009).

The DS tools also enhance the patient-physiciatiogiship because it provides education to
the physician and the patient, at the point of cang, allow them to engage in the decision-
making process (Gifford 2009; Khorasani 2009; V2909; Wiley 2009). As Courneya notes
about this joint ownership of the decision (Wile§08): “That becomes an important tool as
the patient and the provider decide if a studyeisassary. By having good information in the
exam room, the physician can show the patient that a scallysnmet going to be helpful and

tell the patient what to watch for when a scan might be needeeé future.”

The speed with which the latest medical knowledgdisseminated through the deployment
of the DS tool is another key factor contributimgthe improvement in the quality of care.
Without DS tools it takes between 5-14 years totigetlatest evidence-based guidelines into
practice, with DS tools, evidence-based guideliress lie adopted and enforced within 4-8
weeks (Khorasani 2009). According to Courneya (dag008): “Uses for imaging
technology change so rapidly these days that it can beutfiffor referring physicians to keep

up with best uses, but with clinical decision supporew information can be rapidly

15
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disseminated. For example, the American Cancer §&xigecent revisions to its breast-
cancer screening guidelines. We were able to malethe new criteria were implemented
in the decision-support process so that women wédeded the test were getting it more
consistently, and women who did not were having adgoonversation with their primary

care physicians.”

When compared with the RBM process, the DS toolsqe® is faster and more efficient, as
shown in Figure 9. It utilizes the latest knowledgfemedical practices to eliminate the
approval time and reduce the rescheduling of ssartkat diagnosis and initiation of care can

start earlier (Vinz 2009).

Reduced overall costs

A key objective of the DS tools is to eliminate ppaopriate and unnecessary HTDI tests,
thereby lowering the overall HTDI procedure volumed costs (Vasko 2008; Hole-Curry
2009; Vasko 2009; Vinz 2009; Wiley 2009). For exden the Minnesota adoption pilot,
presented in Section 2.2, reduced the HTDI claims ngméive insurers/payers by
approximately 9%, which represented an overall ggviof around $28 million. The
Minnesota Institute for Clinical Systems Improvemestimated that the DS tools solution

has the potential to save $60 million annually when implaed statewide (Vinz 2009).

When compared with the RBM process, the DS tool processris efftcient, patient centered
and cheaper (Vasko 2009; Vinz 2009; Wiley 2009). Pasiza mentioned in Wiley (Wiley
2009): “The decision-support reductions in imaguodume give results comparable to those
of RBMs at a fraction of the cost. When healtmplaee how this works, it will be hard for
them to pay the RBMs 25 to 30 cents (per memberpqerth) when they can get this for a

nickel.”
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2.4 Adoption Barriers

The most commonly cited DS tools adoption barrsgesmisaligned financial incentives, lack
of research evidence, lack of market education, aodigers’ resistance to change (Vasko
2008; Blumen and Nemiccolo 2009; Khorasani 2009sK#a2009; Wiley 2009). In this

section, each of these hurdles is explained in detail.

Misaligned financial incentives

Misaligned financial incentives are the most powkeibarriers influencing the DS tools
adoption process (Vasko 2008; Khorasani 2009) héncurrent payment structure of the U.S.
healthcare system, the insurers/payers are theigainoeneficiaries of the DS tools (due to
the reduction in the HTDI claims or the eliminatiointhe RBM costs) while the providers are
expected to pay all costs associated with the amlogivhich includes the implementation
costs & the maintenance costs). Moreover, the peosidilso lose revenue due to the
reduction of the HTDI volume. As Tierney points ¢udasko 2008): “The health plans’ costs
have decreased. As for us, when our volume’s dowridb%%, our revenue’s down 5% to

15%, but our expense base stays the same.”

Lack of research evidence

Another major barrier to adoption is the lack oeawvhelming research evidence about the
DS tools benefits (Wiley 2009). As referred in $mti2.1, today there are only few adoption
cases, which is not enough to clearly demonstrateDI$ tools are the most efficient way to

reduce the HTDI costs and increase the quality of care.

To increase research evidence, in 2010 the U.S. gmeminis providing grants to the

National Institutes of Health organizations for tharpose of studying the impact and
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effectiveness of DS tools (US_Government 2010). TAsgall mentioned in Wiley (Wiley
2009): “In passing the Medicare Improvement andeRaProtection Act of 2008, Congress
authorized a demonstration program for physiciavetiged imaging-appropriateness criteria
such as those demonstrated in the MGH study of RX3E—While the MGH study won’t
suffice as a demonstration project, it can serva ggide to the outside entity that eventually

conducts such a demonstration. That demonstration maydse away.”

Lack of market education

A lack of published articles, seminars, documentaaesertisement and other such outlets
that inform the market about the DS tools and benef another barrier to adoption (Vasko
2009). Today, not all the parties involved in theg@tn process are aware that DS tools
exist. As Cowsill notes (ibid): “We began to gatsapport for the coalition and hired a firm
in Washington, DC, to help us educate people on Glagil. What we heard from people is

that this is the option they’'d been looking for, but they némew it existed.”

Providers resistance to change

The last barrier highlighted in the literature whs providers/physician resistance to change
(Blumen and Nemiccolo 2009). Physicians resistusgeof DS tools for a variety of reasons,
but the main reason is the belief that the usendElHR and DS tools will decrease clinical
productivity and affect financial reimbursement.h@t reasons range from not wanting a
computer system to infringe on their decision mgkio something known as alert fatigue.
Alert fatigue is when physicians have been expdsegoborly implemented EHRs that warn
them continuously of possible problems as they sctee system. Moreover, many of the
DS tools used today have been developed withonic@n input, increasing resistance to

their use.
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3 System Dynamics Methodology

This chapter summarizes relevant literature orsffstem dynamics methodology. It will not
be possible to extend a detailed review of theesysdynamics domain, as it is a rich field of
study. We refer interested reader to Sterman (Sie2000) for a comprehensive discussion

on this topic.

3.1 Overview

System dynamics is a methodology and computer sitonl modeling technique for framing,
understanding, and discussing complex systems. \Wiaaes system dynamics different
from other approaches to studying complex systentba use of feedback loops, stocks and
flows. Stocks and flows help describe how a systenonnected by feedback loops, which

create the nonlinearity found so frequently in modern dalglpms.

The system dynamics methodology was developed byessor Jay W. Forrester of the
Massachusetts Institute of Technology in mid 1950siginally developed to help corporate
managers improving their understanding of the itrtalsenterprise dynamics (Forrester
1961), system dynamics is currently being usedvinda range of complex problem domains.
These domains include modeling of environmentaiesys (Meadows, Meadows et al. 1992),
public policies (Lee 2005), national networking teclogy systems (Kelic 2005), national
electric power systems (Black 2005), global air sportation systems (Bonnefoy 2008), etc.
This methodology has also been used in the analy$isalthcare issues, such as the study of
cost, access and quality problems in the U.S. heaéiteystem (Hirsch, Homer et al. 2005),
the study of the German health insurance systerds&r 2005), the study of the Ugandan

immunization system (Rwashana and Williams 2008), etc.
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The system dynamics methodology was chosen to cbritlis research because the U.S.
healthcare system is a very complex system comgrisiultiple stakeholders with conflicting
interests and different levels of ownership and g@owin order to understand the DS tools
adoption process, it is necessary to understanddyinamics of the system as a whole,
including the interactions of all the key stakeholders. dikeussion in the following sections
will make it amply clear why system dynamics to@ese most suited to capture the

interactions central to our inquiry.

System dynamics methodology has two distinct asp€utalitative and quantitative. Due to
absence of “good” quantitative data about the D@st@adoption process, the quantitative
analysis of the DS tools adoption process is ouhefscope for this research, and therefore
this study only uses the system dynamics qualgatoncepts, tools and framework. In
section 4.3 we revisit this point and argue that thuthe nascent nature of the problem and
absence of “good” quantitative data, the qualitaswelysis is, in fact, better suitable for

studying the DS tools adoption process challenge.

3.2 Qualitative Concepts and Tools

According to Sterman (Sterman 2000), people haveeih@ency to interpret experience as a
series of events. Every event has a cause, whitlrrnis an effect of some earlier cause.
This event-oriented worldview leads to an oftennta@iented approach to problem solving -

see Figure 10.
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Goals
Problem——» Decision——» Results

Situation

Figure 10 — Event-oriented view of the world
Source: (Sterman 2000), p. 10

However, in reality, the decisions alter the envinent, leading to new decisions, and also
trigger side effects, delayed reactions, changg®ats and interventions by others. All these
feedbacks often lead to unanticipated results. urgigll shows this feedback structure.
Feedback is one of the core concepts of systemnaiggaand discussed in more detail in the

following section.

/E Decision

Goals Side Effects
:> Environme nﬂ/
Goals of Other,
Agents

Actions of Others

Figure 11 — The feedback view of the world
Source: (Sterman 2000), p. 11

Causal loop diagram

Causal loop diagrams are central to the applicaifdhe system dynamics approach to study
any complex problem. The goal of this tool is thv@nce the understanding of a problem by
exposing the structure of the system and the ogigliips present between relevant system

elements. As Sterman explains (Sterman 2000)dyalamics of a system arise from the
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interaction of two types of feedback loops, reiniog (positive) and balancing (negative)
loops. Reinforcing loops tend to reinforce or aiflgplvhatever is happening in the system.

Figure 12 shows an example of a reinforcing loogh explains the key concepts.

Reinforcing loop: Reinforcing loops are self-reinforcing. In this
example, more chickens lay more eggs, which hatchaald to
the chicken population, leading to still more eggsd so on
The arrows indicate the causal relationships. #lsggns at the
arrowheads indicate that the effect is positivediated to the

cause: an increase in the chicken population catrgesumber

L

of eggs laid each day to rise above what it woaldehbeen (an Eqas @ (;Lhickens
vice versa: a decrease in the chicken populatiarses egg +

laying to fall below what it would have been). Tioep is self-
reinforcing, hence the loop polarity identifier Rf this loop
were the only one operating, the chicken and equulption
would both grow exponentially. Of course, no rg@aantity can
grow forever. There must be limits to growth. 3&dimits are

created by balancing loops.

Figure 12 — Reinforcing loop
Source: (Sterman 2000), p. 13

On the other hand, balancing loops counteract qmbs®e change. Figure 13 presents an

example of a balancing loop and explains the keygepts.
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Balancing loop: Balancing loops are self-correcting. Th
counteract change. As the chicken population groxasious
balancing loops will act to balance the chickenaton with
its carrying capacity. One classic feedback isnshbere: The
more chickens, the more road crossings they wiénapt. If
there is any traffic, more road crossings will letd fewer
chickens (hence the negative — polarity for thé firom road
crossings to chickens). An increase in the chickepulation
causes more risky road crossings, which then khegchicken
population back down. The B in the center of thapl denotes
balancing feedback. If the road-crossing loop t&sonly one
operating (say because the farmer sells all the)etjie numbe

of chickens would gradually decline until none ramed.

o

ey

Chickens @

+

Road
Crossings

Figure 13 — Balancing loop
Source: (Sterman 2000), p. 13

A system typically comprises many such causal loopghen combined to represent the

system, a comprehensive view of the system becanakable to the decision maker. Figure

14 shows the causal loop diagram that capturefetiiback structure of the “eggs-chickens-

road crossings” system.

+

+
; Road
E995+ @ Chickens @ R

Figure 14 — Feedback structure of the “eggs-chickens-road crossings” system

Source: (Sterman 2000), p. 14
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Guidelines for building causal loop diagrams

Building causal loop diagrams is not an easy tabhke literature reviewed contains multiple

guidelines for building causal loop diagrams. Tdwndation of these guidelines is built upon

insights from cognitive psychology, which increasles level of complexity that individuals

and groups can deal with. Here we present a suynofathe key guidelines proposed by

Sterman (Sterman 2000).

Causation versus Correlation — Every link in thagdam must represent causal

relationships between the variables. Do not inelodrrelations between variables.

Labeling link polarity — Label the polarity of ewelink in the diagram (+/-) and every

feedback loops (R/B).

Determining loop polarity — Count the number of a@ge links in the loop. If the
number of negative links is even, the loop is anRecing loop (R); if the number is

odd, the loop is a Balancing loop (B).

Name your loops — Give each feedback loop a nurabdra name. Numbering the
loops R1, R2, B1, B2, and so on help the readet &ach loop as we discuss it.
Naming the loops helps the reader understand thetitun of each loop and provides

useful shorthand for discussion.

Indicate important delays in causal links — Thesahualiagrams should include delays

that are important to the dynamic hypothesis amniant relative to the time horizon.

Variable Names — Variables names should be nounsoons phrases, the actions
(verbs) are captured by the causal links connedtiegvariables. Choose variable
names for which the meaning of an increase or dserés clear. Choose variables

whose normal sense of direction is positive.

24



High-tech diagnostic imaging clinical decision support tools adoption: Study using a System Dynamics approach

e Causal loop diagram layout - Maximize the claritydampact of the causal loop
diagrams: Use curved lines for information feeddsac Organize the diagrams to

minimize crossed lines.

e Choose the right level of aggregation — Causal lolggrams are designed to
communicate the central feedback structure of gnadhic hypothesis. They are not
intended to be descriptions of a model at the etdevel of the equations. Having
too much detail makes it hard to see the overallilifack loop structure and how the

different loops interact.

* Don't put all the loops into one large diagram -vBlep a separate diagram for each

important loop.

« Distinguish between actual and perceived conditien®ften there are significant
differences between the true state of affairs dnedperception of that state by the

actors in the system.

3.3 Qualitative Framework

There are various system dynamics modeling appesagublished in the literature. In
general, and as referred in section 1.2, the creati the qualitative system dynamics models

involves four different steps as outlined belowriBers 1980; Sterman 2000).
1. Define the purpose of the model;
2. Define the model boundary and identify key variable
3. Describe the behavior or draw the reference motidsedey variables;

4. Diagram the basic mechanisms, the feedback lodple ®ystem.
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Before we explain each step, it is important toenthiat the four steps are recursive. After
completing each step we have to return to prevateps to incorporate new information or

insights. No strict dividing lines exist betweée tsteps.

The first step of the modeling process, decidingrenmodel purpose, is a two-part decision.
Deciding on the model purpose means focusing omoalgm and narrowing down the
model's audience. By deciding on the model's pagpave make the later choices of both
components and structure feasible. We shoulda@ssider a model's primary audience. |If
the model’s structure and behavior cannot be utmlmisby its audience, or if it does not
answer questions interesting to the audience,ttteemodel is rendered useless

The second step, defining the model boundary ireglselecting components necessary to
generate the behavior of interest as set by theehmdpose. After choosing what problem
area to focus on, we must gather relevant datafamider define the focus of the model.
Relevant data consists not only of measured statistata, but also operating knowledge
from people familiar with the system being analyzdevery feedback system has a closed
boundary within which the behavior of interest isngrated. We must identify all
components we see as necessary for creating a mbtled system, even those of which we

are unsure.

After defining the model boundary and identifyingykvariables, some of the most important
variables are graphed over time as a reference maAdeference mode graph has time on the
horizontal axis and units of the variables on teeéigal axis. The reference mode captures
mental models and historical data on paper, giasscto appropriate model structure, and
can check plausibility once the model is built. @émstruct reference modes to check for the
existence of some phenomenon or behavior worth hmgde The historically observed and

the hypothesized reference modes are the two typesference modes that we may create
during this step. Historical reference modes usgofical data, but when no historical

information is available, we must create a hypatteesreference mode. The hypothesized
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reference mode consists of a simplified curve,dgily drawn by hand, capturing the key
features of the behavior pattern of the importgstesn components. Common hypothesized
reference mode behaviors are exponential growghorential decay, overshoot and collapse,
S-shaped growth, and damped, sustained and exgaraknillations. A hypothesized

reference mode might show the future behavior angigecific policy is carried out.

The final step is deciding on the basic mechanisinthe system. Specifically, the basic
mechanisms are the feedback loops in the modele @dsic mechanisms represent the
smallest set of realistic cause-and-effect relatioapable of generating the reference mode.
The basic mechanisms may also be thought of asiti@est story that explains the dynamic
behavior of the system. When deciding on the bamchanisms, we must first mentally
decide on a dynamic hypothesis. A dynamic hypaghissan explanation of the reference
mode behavior and should be consistent with theeinpdrpose. We must use a dynamic
hypothesis to draw out and test the consequendbe déedback loops. Then we must create
diagrams illustrating the basic mechanisms drithregsystem’s dynamic behavior. The most
common diagrams used in this phase are the canmaldiagrams, which we presented in

section 3.2.

3.4 Qualitative Sources of Data

According to Sterman (Sterman 2000), much of tha @& use during the qualitative phase
comes from interviews and conversations with peopl®rganizations. There are many
techniqgues available to gather data from memberorghnizations, including surveys,
interviews, participant observation, archival daag so on. Surveys generally do not yield
data rich enough to be useful in developing systlymamics models. Interviews are an

effective method to gather data useful in formualgta model. Semi-structured interviews
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(where we have a set of predefined questions tdase are free to depart from the script to

pursue avenues of particular interest) have prowdre particularly effective.

Interviews are almost never sufficient alone andstihe supplemented by other sources of
data. People have only a local, partial understanof the system, so we must interview all
relevant actors, at multiple levels, including thosutside the organization (customer,
suppliers, etc.). Interview data is rich, incluglidescriptions of decision processes, internal
politics, attributions about the motives and chemacof others, and theories to explain events,
but these different types of information are mixiedjether. We must triangulate the
information by using as many sources of data asiplesto gain insights into the structure of
the problems situation and the decision proceghefictors in it. Once we have completed
the interviews, we must be able to extract the alasfructure of the system from the
statements of the interview subjects. The varmbilames are formulated so that they
correspond closely to the actual words used byé#rson interviewed, while still adhering to
the principles for proper variable name selectiesadibed in section 3.2 (noun phrases, a
clear and positive sense of direction). Causéklshould be built with the links suggested by
the interviews and should be supplemented with rotteda sources such as our own
experience and observations, archival data, anohsoln many cases, we will need to add

additional causal links not mentioned in the in@ms or other data sources.

3.5 Software

In 1958, Richard Bennett created the first systgmachics computer modeling language
called SIMPLE (Simulation of Industrial Manageméd®roblems with Lots of Equations).
Later on, in 1959, Jack Pugh wrote the first versado DYNAMO, an improved version of
SIMPLE, which is known as the first system dynansicsulation program. Today, the most

popular system dynamics softwares are iThink/St®ensim, and PowerSim. In this study,
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Vensim 5.9e (Ventana Systems) will be used. Fidirshows the feedback structure of the

“eggs-chickens-road crossings” system using Verisia.

~| ¥ensim:egps-chickens-road crossings system.mdl Yar:Chickens

Eile Edit ‘Wiew L Model  Oplions  windows  Help
BEEH & f BB 5j--E|l3urn:nt |\’)§-% W& B
br[@im chih B W 28 € W
C(E s
Gl
Dioc
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[
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Funs Eggs @ Chickens @ Road
P Crossings
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-
< >
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Figure 15 — Feedback structure of the “eggs-chickens-road crossings” system using Vensim 5.9e
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4 DS Tools Adoption Qualitative System Dynamics Mod el

We present the gqualitative system dynamics modelDi tools adoption in this chapter.
There are four sections that describe the modedldpment and analysis. In the first section,
we explain the major sources of data used in #search. The second section shows the
step-by-step process to create the DS tools adopgtialitative system dynamics model. In
the third section, we analyze and discuss the htsifom the model. And, in the final
section, we identify potential strategies that \@sccould implement to increase adoption by

using the insights from the model and brainstornsi@gsions with vendors.

4.1 Sources of Data

As referred in section 3.4, there are many teclescavailable to gather data from members
of organizations, including surveys, interviewsttiggpant observation, archival data, and so
on. The U.S. healthcare system is a very compjstesn comprising multiple stakeholders,

including vendors, providers, private insurers/paygovernment/payer, etc. To gain insights
into the structure of the problem situation anddkeision process of the key actors we need

to gather data from each of the key stakeholders.

Semi-structured interviews are one of the mostcéffe methods to gather data useful in

formulating a model where limited knowledge abdw system is available. Unfortunately,

we did not have access to all the key stakeholddence, we decided to gather data from the
vendors using semi-structured interviews and gatta¢a from the other key stakeholders
using the discussions and presentations from tip®sium for evidence-based medicine as
the foundation to better care”. The symposium pdotw be an effective source of data
because during the symposium, key healthcare stédests discussed and shared information

about evidence-based medicine, DS tools and DS tadbption, including presentations
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about their initiatives and best practices. Ingmposium, the vendors were represented by
General Electric Healthcare and Medicalis, the gkens were represented by Brigham and
Women’s’ Hospital, the private insurers/payers weepresented by Regence and the
government/payer was represented by Washingtoe Stlth Care Authority. The Institute
for Clinical Systems Improvement also attendedresent the DS tools adoption case from

Minnesota.

To complement the information from the vendor'semtews and the symposium, other
articles from medical journals and healthcare wibwgere also reviewed. Table 1 shows the
major sources of data used in this research. Thedols are not yet commonly used and
therefore not a well documented topic. For futtggearch on this topic, it is recommended
that providers, private insurers/payers and theegowent/payers are interviewed to obtain

primary data.
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Key Stakeholders

Sour ces of Data

Vendors

Semi-structured interviews with General Electriallecare

General Electric Healthcare discussion and presentcom the
Symposium for evidence-based medicine as the fdiomd&o
better care (Holzberger 2009)

Medicalis discussion and presentation from the s for

evidence-based medicine as the foundation to bedter (Fisher

2009)

Providers

Massachusetts General Hospital article from the idRagly
Journal (Sistrom, Dang et al. 2009)

Brigham and Women’s’ Hospital discussion and pregem
from the Symposium for evidence-based medicine laes
foundation to better care (Khorasani 2009)

Private
Insurers/Payers

Regence discussion and presentation from the Syompofor
evidence-based medicine as the foundation to bedter(Gifford
2009)

Government/Paye

=

Washington State Health Care Authority discussiond
presentation from the Symposium for evidence-basedicine
as the foundation to better care (Hole-Curry 2009)

U.S. Department of Health and Human Services agifriom the
U.S. Department of Health and Human Services wels $CMS
2009; CMS 2010; US_Government 2010)

Others

Institute for Clinical Systems Improvement discossiand
presentation from the Symposium for evidence-basedicine
as the foundation to better care (Vinz 2009)

American College of Radiology article from the Anmcan
College of Radiology web site (ACR 2010)

Radiology Business Journal articles from Imaging&im
(Vasko 2008; Vasko 2009; Wiley 2009)

Diagnostic Imaging article from Diagnosticimagirant (Moan
2010)

Milliman research report from Milliman publication®lumen
and Nemiccolo 2009)

The New England journal of medicine article fromeTNew

England journal of medicine (Iglehart 2009)

Table 1 - Sources of data on DS tools

32

a



High-tech diagnostic imaging clinical decision support tools adoption: Study using a System Dynamics approach

4.2 Model Creation

This section discusses the creation of the DS tadtgption qualitative system dynamics
model following the four steps presented in sec8d Although we describe the steps in a
sequential order, the steps are iterative andvilidoe highlighted throughout the section as

needed.

Step 1 - Define the purpose of the model

The first step of the modeling process, definerttaalel purpose, has two parts: Decide the

model purpose and narrow down the model’s audience.

For our research, as discussed in section 1.Jufmose of our model is to understand the DS
tools adoption process and to identify potentiahtegies that vendors could implement to
increase adoption. And the audience for our matie vendors, which are most interested

in insights based on a simple, easy-to-understamdkhwith highly aggregated components.

Step 2 - Define the model boundary and identify key variables:

Considering the large number of variables, develpm one-to-one representation of the
system in study is difficult. Therefore, simpldions and assumptions in the model are
inevitable. In this research, a model that capgtuhe main issues/factors affecting the DS
tools adoption process is the focus. These iskaes been identified with the help of the

vendors’ semi-structured interviews, the “Sympositon evidence-based medicine as the
foundation to better care” and literature reviewdapics that are frequently discussed, issues
that are stressed by experts will be the sourcéacbdrs included in the model. In addition,

while the model mimics the dynamics of the prodeem a system’s perspective, when a
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specific point of view is needed to properly defmeariable and integrate it into the model,

the vendors’ view will be taken into consideration.

Table 2 lists the key variables that were includedhe final DS tools adoption qualitative
system dynamics model. As referred before, theldgwment of system dynamics models is
an iterative process, the original variables listyoincluded factors stressed during the
symposium, highlighted in the literature reviewed aliscussed during the first interview,
such as the DS tools benefits, barriers, etc. Vdmables list changed throughout the

construction of the causal loop diagram (step 4))the multiple interviews with the vendors.

It is important to note that the key variable naro@sespond closely to the actual words used
during the interviews, symposium and the literatteeiewed, while also adhering to the
principles for proper variable name selection descrin section 3.2 (noun phrases, a clear

and positive sense of direction).
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Key Variables

Research evidence & market education about ovesatlquality benefits|

Providers with DS tools

Interest from potential adopters

Providers awareness of quality benefits

Providers awareness of cost increase/revenue decrea

Providers resistance to change

Private insurers/payers awareness of cost reduction

Private insurers/payers provide incentives for éidop

Government/payer awareness of cost/quality benefits

Government intervention/provide incentives for adup

Public awareness of cost/quality benefits

Public pressure

Table 2 — Variables included in the final DS tools adoption qualitative system dynamics model

Step 3 - Describe the behavior or draw the referenc e modes of the key variables:

As referred before, the DS tools is not yet a wettumented topic and therefore no historical
data was found during the data gathering. Howewih, the help of the vendors, we created
hypothesized reference modes for the “providerk WiE tools” variable, as shown in Figure

16.

The “Providers with DS tools — No incentives” linepresents the current behavior of the
“Providers with DS tools” variable: The adoptias increasing at a very slow rate. The
“Provider with DS tools — With incentives” line mggsents the expected behavior if the
private insurers/payers and/or the government/payevide some kind of incentives for

adoption: The adoption should increase with an &stl growth, similar to what happens

with other technologies’ adoption. As is the cagen developing the hypothesized reference
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modes, there are no numerical values on the yedxise graph because the goal is to capture

the hypothesized current and future behavior padter

—— Providers with DS tools - No
incentives

—— Providers with DS tools -
With incentives

Providers

0 10 20 30 40 50

Years

Figure 16 — Hypothesized reference modes for DS tools adoption

Step 4 - Diagram the basic mechanisms, the feedback  loops, of the system:

The final step is defining the causal feedback $ooppable of generating the reference
modes. Starting with the first list of key variab) identified in step 2, causal links were built
with the links suggested in the interviews and $apented with implied links from the

symposium and the literature reviewed. After npldtiiterations, which required multiple

interviews with the vendors, and following the causop diagrams guidelines published in
Sterman (see section 3.2), a DS tools adoptionatdogp diagram was created to represent
the major adoption factors, their causal relatigrstand their effects on the overall adoption

process. Figure 17 shows the final version ofdBetools adoption causal loop diagram.
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+ .
Public awareness of

cost/quality benefits

Research evidence & market + Private insurers/payers
awareness of cost

education about overall
reduction

cost/quality benefits O
/ \' Providers awareness of Government/payer

: awareness of cost/qual
cost increase/revenue

benefits
Providers with 1 decrense
DS tools O Providers awareness +

+ of quality benefits Private insurers/payers
provide incentives for
+ R2 adoption +

Interest from +
potentlal ado R3

Government
intervention/provide Public pressure
incentives for adopﬂow;/

Providers resistance
to change -

Figure 17 — DS tools adoption causal loop diagram
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Below we explain the feedback loops identified ilgufe 17. A loop pad, which is a
graphical representation of the cause and efféatioaship in each loop, is shown. It should
be noted that although the loops are presentedatepa they are not disconnected. On the

contrary, interactions among them is key to deteimgi the system dynamics.

Loop R1 — Providers awareness of quality benefits |  oop

It is safe to assume that as more providers us&oDIS, there would be an increase in the
research evidence and market education (publishéidlea, seminars, documentaries,
advertisement, etc) about the overall DS tools/qaatity benefits. More research evidence
and market education would further increase therigess’ awareness about the quality of
care benefits, which would increase the interesinfpotential adopters, specially those that
see quality as a differentiator. All these cause effect relationships are captured by loop

R1, as shown in Figure 18.

Research evidence & market
education about overall

cost/quality benefits
/ﬁ
+

Providers with R1 .
DS tools Q Providers awareness

+ of quality benefits

Interest from
potential adopters

Figure 18 — Providers awareness of quality benefits loop
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Loop B1 — Providers awareness of cost increase/reve  nue decrease loop

More research evidence and market education wdstdiacrease the providers’ awareness
of their cost increase (implementation & mainteraoasts) and revenue decrease (reduction
in the HTDI volume), which would decrease the iegtrfrom potential adopters. Loop B1, in

Figure 19, represents these causal relationships.

Research evidence & market
education about overall
cost/quality benefits

+

Providers with Providers awareness of
DS tools B1 cost increase/revenue

+ decrease

Interest from
potential adopters

Figure 19 — Providers awareness of cost increase/revenue decrease loop

Loop R2 — Private insurers/payers awareness of cost reduction loop

More research evidence and market education wowdease the private insurers/payers
awareness of their cost reduction (reduction inHA®I claims or elimination of the RBM
costs). Once the private insurers/payers are awhrtheir cost reduction, they would
potentially provide incentives to increase provisl@doption. Figure 20 depicts these causal

relationships.
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Research evidence & market
education about overall
cost/quality benefits .

+ Private insurers/payers
awareness of cost

reduction
Providers with R2
DS tools +

+
Private insurers/payers
provide incentives for
Interest from adoption

potential adopterg” ——

Figure 20 — Private insurers/payers awareness of cost reduction loop

Loop R3 — Government/payer awareness of cost/qualit  y benefits loop

More research evidence and market education woglckase the government awareness of
the overall cost/quality benefits. The governmemuld potentially intervene and would
provide incentives to increase provider's adoptiofhe government is the biggest payer in
the U.S. and accountable for approximately 45%hef total U.S. healthcare costSMS
2010). Once the U.S. government intervene, theyldvimfluence the private insurers/payers
to also provide incentives to increase providermion (Moan 2010). These causal

relationships are represented in Figure 21.
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Research evidence & market +Government/payer
ed ucation about Overa" awareness Of Cost/q ua"‘ty
cost/qualty benefits benefits
+
+
Providers with R3 Private insurers/payers; Government
DS tools provide incentives fora———— intervention/provide
+ adoption incentives for adoption
T
Interest from

potential adopters

Figure 21 — Government/payer awareness of cost/quality benefits loop

Loop R4 — Public awareness of cost/quality benefits loop

Loop R4, in Figure 22, shows that once the Publiaware of the cost/quality benefits, they
would put a lot of pressure on the Private insupangers, Government and Providers. The
Private insurers/payers would potentially provideeintives to increase provider's adoption
(because of the public pressure & government infleeand because of the costs reduction
represented in loop R2). The Government would mi@ky intervene and would provide
incentives for adoption (because of the public gues and because of the overall cost/quality
benefits represented in loop R3). The Providessstance to change should also decrease,

which would increase the potential interest foram.
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/—\‘
Research evidence & market + Public awareness of
education about overall cost/quality benefits
cost/quality benefits
+

Private insurers/payers

provide incentives fo
Providers with @ adoption + +
DS toils + Public pressure

Government
intervention/provide

incentives for adoption
Interest from ‘Jr/ P

potential adopters
Providers resistang
to change

Figure 22 — Public awareness of cost/quality benefits loop

+

The DS tools adoption causal loop diagram (Figure 17) reflecemtigpated behavior of the
overall system (current and future behavior). The feedback logealeow the factors that

influence the process interact, and how these interactions affect the behaveosystem.

4.3 Model Discussion

The concept of building and analyzing qualitative system dynamarels emerged in the
1980's, most prominently in the writings of Eric Wolstenholme, Geofi€€Cand Peter Senge
(Wolstenholme and Coyle 1983; Wolstenholme 1985; Senge 1990; Coyle and Atexande
1996; Coyle 1999; Coyle 2000) as a way of thinking about systems witieuecessity of
developing a quantitative model as is required in conventional system dynanticsiohegy.

While the development and analysis of qualitative system dynamodels is fraught with
potential pitfalls as George Richardson (Richardson 1986; Richardson 1893)ihted out,
Coyle and Wohstenholme argue that the value of the process of degajoilitative models

stimulates probing dialogue that facilitates sharing of insights knowledge across a group
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and for building stronger understanding of the éseuproblem modeled. Groups often find
that building a good qualitative model (with itharent dialogue and discussion) resolves the
issue such that quantitative models may not becatifor gaining insights and strategic
assessment of the issue. Complex problems plagyehigh levels of uncertainty and
information constraints are not good candidates fraditional quantitative model

development and analysis.

The qualitative system dynamics models, particulary the form of causal loops
diagrams, have been shown to stimulate deeper dialdg increase the level of complexity
that individuals and groups can deal with, and to @mdcommunicating and sharing
perceptions and concepts. Today, the majority ohttieles in the system dynamics domain,
such as the presentations at the System DynamicgsahiConferences use qualitative system
models, usually in the form of causal loop diagrafos, presenting model structure and
analysis, supporting the perception that qualitasiygtem models communicate more clearly
and efficiently than conventional quantitative gystdynamics models although the latter can

convey more information.

Accordingly, we propose that studying the DS toasion process challenge is best suited
for the qualitative system dynamics model approaéh.qualitative approach is uniquely
applicable in this instance due to the novel natfréhe problem and absence of ‘good’
quantitative data. By allowing us to gather ricBights much more quickly and efficiently
than the traditional quantitative system dynamicsdets, we will be able to initiate a
structured and productive dialogue to bring attantd key issues plaguing this domain. Itis
important to reiterate that the DS tools are onthefkey developments that hold out hope for
the rapidly deteriorating performance of the health system, which is critical to the overall

health of any economy and society.

43



High-tech diagnostic imaging clinical decision support tools adoption: Study using a System Dynamics approach

Key insights into the DS Tools adoption challenge

In this section, we use the DS tools adoption caloggd diagram to help us presenting the
key insights that we learned from the process geliping the DS tools adoption qualitative

system dynamics model.

The DS tools adoption causal loop diagram (Figufeid a graphical representation of the
feedback structure of the system, and reflects thieipated behavior of the overall system
(current and future behavior). This diagram corgaine balancing loop (B1) competing with
four reinforcing loops (R1, R2, R3 & R4). As Dondlleadows notes (Meadows and Wright
2008): “Systems often have several competing faekidoops operating simultaneously,

those loops that dominate the system will determine thevimeha

Due to the vendors’ effort, the providers seem t@aware of the DS tools, which means that
loops R1 and B1 should be active. Today, howeveradoption of the DS tools in the U.S.
healthcare system is very limited suggesting thap IB1 is currently the dominant loop. This
seems to make sense because all the providers id.§h system are private companies, and
like any other private company, their ultimate gmato maximize profitability. Except the
world-class healthcare providers, such as the Mhssatts General Hospital or the Brigham
and Women'’s Hospital, the implementation of DS talsnost providers is likely to reduce
their profitability due to the cost increase (implkntation & maintenance costs) and revenue
decrease (reduction in the HTDI volume). This atsplains why the original vendor’s

strategy, which was to focus on providers (See Figure 3), digield the expected results.

Through the process of developing the DS tools aologjualitative system dynamics model,
it has become clear that in order to increase amlppthe stakeholders that are the principal
beneficiaries of the DS tools (payers and patiemnts)ld need to be aware of the DS tools and
their benefits so that they could influence adaptioThis is represented in the DS tools
adoption causal loop diagram by loops R2, R3 and B&cause today adoption is very low,

this seems to indicate that loops R2, R3 and R4careently non-active or dormant, and
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therefore to increase adoption, it is importantttergythen these reinforcing loops to make
them the dominant loops and change the system’'svimh Based on this insight, the
vendors, who are trying to increase adoption, shshifd their focus from the Providers, who
are their main customers, to the Private InsureygiBaGovernment/Payer & General Public
to strengthen loops R2, R3 and R4 respectively.thénnext section some strategies that

vendors could implement to strengthen these loops will peed.

As referred before, the development of system dycsmiodels is an iterative process, each
iteration results in a better and more robust mod@ur goal is to continually gain deeper
insights into the structure of the problem to framere effective hypothesis and ideas.
Accordingly, we strive to include the most importéenttors at each iteration, but our model
and it implications are unlikely to ever be "complet However, the process of developing
the DS tools adoption qualitative system dynamicgleh which included data and opinion

from a variety of sources along with a visual mothelt follows guidelines from cognitive

psychology, allow us to better understand the DS toolgtemoprocess in the U.S. healthcare

system.

4.4 Potential Strategies to Increase Adoption

In this section we present potential strategie$ #esmdors could implement to strengthen
loops R2, R3 and R4, and consequently to increas@tiado These strategies were
formulated by using the insights from the model &ydconducting brainstorming sessions

with vendors.
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Strategies to strengthen the private insurers/payer s awareness loop (R2)

The healthcare IT vendors enjoy strong influenceerothe care delivery practices.
Accordingly, they should leverage the few existirapeas, such as the MGH case and the
Minnesota case presented in Section 2.2, and famue ®f their advertisement/sales efforts

on educating the private insurers/payers market.

Strategies to strengthen the government/payer aware  ness loop (R3)

The government is starting to be aware of the Dffistoost/quality benefits. As part of the
American Recovery & Reinvestment Act, in 2010 the.l$4&ernment is going to provide
grants to the National Institutes of Health orgahans that propose to study the impact and
effectiveness of DS tools (US_Government 2010). VJdrdors should partner with world-
class healthcare providers to apply for these gramnd be part of this study to increase

research evidence and government/payer awareness.

As referred before, in the U.S., the private market economynddes the healthcare industry.
Therefore, unlike other industrialized nations, thie of the government has been minimal in
all areas except regulation and the payment optl#icly funded section of the healthcare
market, which is run by the Centers for Medicare and MaidicServices (CMS), an agency
of the Department of Health and Human Services. régulation, since there are no statutory
health insurance schemes, there has been no stvietrgnent control on the healthcare sector
other than health policies and laws. Due to theeising costs of healthcare, however,
circumstances are pushing the government to rezl@Brrole, and take a firm stand. In this

regard, the government has started to emphasizeotieept of cost vs. quality. Working

2 The publicly funded section of the healthcare reatirgets people who are not employed. Thereveoe
types of publicly funded insurance: Medicare anddidaid. Medicare provides coverage to people Grge
and older and some people with disabilities undge &5; and Medicaid covers selected low-income
individuals who cannot afford private insurance.
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with several government affiliates and/or many poofit organizations, the government is

pushing for improvements in quality of healthcare whitiugeng costs.

As alluded to throughout this research, an ovenagcltrategy is hard to achieve due to
fragmented structure of the U.S. healthcare systelmereTare too many players with different
interests and different levels of ownership and g@owand it is quite difficult to align them.

The U.S. healthcare system does not have a centitabrday that can preside over these
conflicts of interest, and therefore it is critithht the U.S. government, who is the biggest
U.S. healthcare payer, acknowledge that DS tools offier of the most effective ways to

decrease the government/payer HTDI costs and isergaality of care. We believe that the
referred grants are the first government intergerincentive for adoption, however, once the
government/payer acknowledge the importance oDigools, it would potentially enforce

adoption by providing incentives to those providérat demonstrate meaningful use of DS
tools. The idea behind this proposal is similawtat the government is doing to enforce the

EHR adoption (CMS 2009).

Strategies to strengthen the public awareness loop (R4)

Today the general public is not aware of the DSst@md their cost/quality benefits. To
create public awareness, vendors could use soneiofadvertisement budget to educate the
general public. However, to increase the advertis¢nnegpact, the vendors should highlight
how DS tools could reduce some of the key U.S. healéhissues already simmering in the
media and known to the general public. These ircthé issue of increasing U.S. healthcare
costs that can bankrupt families, businesses anddhernment medicare/Medicaid (CMS),
and the overuse of HTDI technologies that can caaseer in the future. Some examples of

the headlines regarding these key U.S. Healthcare issueeseated below.
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“President Obama: Federal Government 'Will Go BapkKrif Health Care Costs Are Not

Reined In” — ABC News (Travers 2009)

“Study Links Medical Costs and Personal Bankrupt¢yarvard researchers say 62% of all
personal bankruptcies in the U.S. in 2007 were cabgédutealth problems - and 78% of those

filers had insurance” — BusinessWeek (Arnst 2009)

“How to Cut Health-Care Costs: Less Care, More DHialth costs are bankrupting small
businesses and even conglomerates like Generalr$la® well as millions of families.
Medicare is on track to go broke by 2017, and ongiterm budget problems are primarily

health-cost problems.” — Time (Grunwald 2009)

“CT Scan Radiation May Cause Cancer Decades Latiedy3F-inds: If CT scan use remains
at its current level or higher, eventually 29,000cems every year could be related to past CT
scan use. That number is equal to about 2 perddahedl.4 million cancers diagnosed each
year in the U.S. The number of CT scans should bh&cesel] they said, citing previous reports

that 30 percent or more may be unnecessary.” — Bloon{@stgow 2009 )

“Radiation from CT scans linked to cancers, deaifisscans deliver far more radiation than
has been believed and may contribute to 29,000 rmewers each year, along with 14,500
deaths, suggest two studies in today's Archivestefrial Medicine. In many cases, CT scans
can be lifesaving. In other cases, there's no eveden€T scan is really better than other

approaches, Smith-Bindman says.” — USA Today (Szabo 2009)

“New Focus on Dangers of CT Scans: Dose of Radiafiaries Greatly from One Hospital to
Another; Skyrocketing Scans Could Lead to 29,000 N&amcer Cases” — CBS Evening

News (LaPook 2009)
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5 Conclusions and Recommendations

The healthcare industry in the United States (U.89 purchased and installed high-tech
diagnostic imaging (HTDI) equipment, such as comghutenography, magnetic resonance
imaging and ultrasonography, at an astounding ratpacing all other countries. Although
HTDI has significantly enhanced a physician's #pito diagnose and treat a variety of
diseases, studies have suggested that today beB@een30 percent of the U.S. HTDI tests
do not contribute to treatment, which representsaatevof $4 to $6 billions annually and
exposure patients to unnecessary radiation. To solvertdbiem, healthcare IT vendors have
developed high-tech diagnostic imaging clinical isien support (DS) tools to reduce the
inappropriate and unnecessary use of HTDI tests.weider, despite obvious benefits,

adoption of the DS tools has been lower than expected.

The aim of this research was to understand the @ tadoption process in the U.S.
healthcare system and to identify potential stiatethat vendors could implement to increase
adoption. To reach these goals, this research hseslystem dynamics methodology because
it enhances the understanding of complex systent$) as the U.S healthcare system, by
showing the dynamics of the whole system, includthg interactions of all the key

stakeholders.

Based on the review of the DS tools literature andtiple discussions with experts in the
healthcare domain, a DS tools adoption qualitafygtem dynamics model was created to
represent the major adoption factors, their cawdationships and their effects on the overall
adoption process. The DS tools adoption qualitagixgtem dynamics model provided some
key insights about the adoption process, includiggreason why adoption is not happening
and what vendors could do to increase adoption.ed@as the insights from this model, the

vendors, who are trying to increase adoption, shshitfd their focus from the Providers, who
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are their main customers, to the Private InsureygiBa Government & General Public to

increase adoption.
The main contributions of this research include:

1. Summarization of the relevant information regardihg DS tools from specialized
literature and discussions with healthcare expeifithis summary was presented in
Chapter 2, and it includes a brief overview, the nkostwn adoption cases, the main

benefits and the main adoption barriers.

2. The DS tools adoption qualitative system dynamicsleh presented in Chapter 4,
which allows us to better understand the DS toalsption process in the U.S.

healthcare system.

3. Increased awareness of the DS tools and formalizadf the DS tools adoption

problem in the U.S healthcare system.

Being one of the first of its kind, this study is bp means comprehensive and without
limitations. One obvious future research effort ldoe to review and validate the proposed
model. Indeed, expanding the DS tools adoption i@k system dynamics model to
include other stakeholders (such as RBMs and pajiefreaking down the existing
stakeholders (such as distinguish providers by &peé size), among others would present

another opportunity to add richness to the model and germrah more powerful insights.

The insights and recommendations presented in shisly were developed based on
gualitative analysis of the system dynamics modéls mentioned in Chapter 3, the
guantitative analysis of the DS tools adoption pescwas out of the scope for this research,
and creates several opportunities for future rebeaOne obvious opportunity would be to
pursue the creation of a system dynamics simulatimadel using the DS tools adoption
gualitative system dynamics model from this redear€he simulation model could be used

to test various vendor strategies suggested in t€hdp This would help identify strategies
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that would yield the best results. The simulatioodel could also be used to test potential
government interventions, such as different reimdament policies, to evaluate their impact

on the DS tools adoption process.
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