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ABSTRACT

The cost of healthcare in the United States is on an upward trajectory towards an
unsustainablevel.In order to address this, Congress and the Obama Administration passed the
American Recovery and Reinvestment Act (ARRA) of 2009 to begin the prmréssllofg these
costs. Within the RRA is the Health Information Technology for Economic and Clinical Health
(HITECH) section which creates financial incentives to invest in Health Information Technology
(HIT) and to develop a meangiteasure the Meagiinl Use of specific functions of Electronic
Health Records (EHRS). This research examines the widely used Joint Commission datasets to
determine their suitability as a basis of meeting the government mandated measuring of Meaningful
Use. The datasets u$edthis study consists bbspital level performance measwittsa sample
size of 370 hospital sampde$1IT Use Intensity and Cardiovascular Performata@ed from
the Veterans Health Administration (VHA). An Organizational Network Theoreticathppas
applied to the data in a rerperimental, samplesample design to data collected in 2007. A
Structural Equation Model (SEM) was built to test for the strength of the correlation between HIT
Use Intensity an@ardiovascular Performance andgtent Growth Curve Model (LGM) was built
to examine the effect of the trajectory of HIT Use Intensity on the trajectory of Cardiovascular
Performance. The SEM found a weak (.18) correlation between HIT Use Intensity and
Cardiovascular Performance drarhodel only captured 12 percent of the varigthed. GM
found no convergence between the trajectories of HIT Use Intensity and Cardiovascular
Performance. This may have been the result of the data bemugmalty distributed and heavily

skewed to théigh end of the scale. The policy implications of this study itldatkile Joint



Commission data capture only a small amount of the variance attributed to HIT Use it @oes show
weak but positive correlation between increases in HIT Use Inteth$itgraases in

Cardiovascular Performance at the hospital level. Future research into adjustments to Joint
Commission data measu@sothersynay prove to be valuable in measuring the Meaningful Use

of HIT systems in order to help hospitals make edutedtesions on which HIT systems to

purchase and the potential benefits associated with them.

Vi
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CHAPTER 1: INTRODJCTION

Needfor the Sudy

There is little doubt that there is a need to control the cost of healthcare in the United States.
According to Hewitt Associates, the average employer premiums are projected to increase this year
(2011) by 8.8 percent in comgamito 6.9 percent in 2010 and 6.0 percent inRO@5 percent
increase is expected for Preferred Provider Organizations (PPOs) and Point Of Service (POS)
organizations. Additionally, Health Maintenance Organizations expect to see an increae in 2011 o
9.4percen{Kanter & MacKenzie, 2010).2007, the Congressional Budget Office (CBO
projected that, without any changes in the law, the total amount spent on healthcare in the United
States would account for 25 percent of ®PR025 and 49 percent by 2082 with Medicare and
Medicaid rising to 7 percent of GDP in 2025 and 19 percent by 2082 (Orszag, 2008). Additionally,
the United States Census Bureau estimates that there were 50.7 million uninsured Americans in
2010, 15.4 pezat of the total population with the average cost to insure a family of four of $14,000

(Wolf, 2010).

To help address this unsustainable healthcare situation, the Obama administration and
Congress passed the American Recovery and Reinvestment AgtofARBAto begin the
process of controlling healthcare costs in the United States. In this act is the Health Information
Technology for Economic and Clinical Health (HITEES&ttion, which creates financial incentives
to investm heath information technology and a means to measuoreahimgful okspecific

functions of Electronic Health Records (EjifHoga& Kissam, 2010).



This act invests up to $27 billion in incentives to encourage the adoption eitBHRS
individual physicians eligible for up to $44,000 in subsidies to offset costs. An additional $2 billion
was earmarked for the development and adoption of EHR standards. These incentives are in
addition to an estimated $1.9 billion spent on EHR texdynby U.S. hospitals and billions more
by HMOs as calculated by the Healthcare Information and Management Systems Socjety (HIMSS

(CMAJ, 2010a).

While this new incentive program hopes to expand the adoption of Electronic Health
Records (ERs) and Health Information Exchange (FtEe adoption of these systems has been
slow in the United States. Severalgigtiity surveys have estimated that only about 25% of
ambulatory care physicians use EHRs and betwe&t?%%Use Compuieed Physician Order
Entry (CPOB (Jha, Doolan, Grandt, Scott & Bates, 2008). While adoption of health information
technology has seen some success in large public healthcare systems such as the Veterans Health
Administration (VHAthe private sector has encountered numerous barriers to successful
implementation of these systems which may be limiting the growth in Clinical Integration and
Continuity of Care. The cost of purchasing a system is a primary barrier in adoption of health
information technologies. These costs go beyond the initial investment to include annual licensing
fees, training, and reliable hegleed T1 lines for data exchange. These additional costs are
particularly prohibitive to smaller rural healthcare sy§temaine, Zink, Boyle & Kralewski,
2010). Physicians who work in afeeservice system and use health information technology to
delegate patient contact to other caregivers also may lose income opportunities for which they could

bill (CMAJ, 2010b).



Corsistent standards of defining an EHR system are another major barrier to health
information technology implementation. Healthcare organizations are leery of making major
investments in technology if the system is incompatible with the otherwsitbtarhish they wish
to exchange informatioithe HITECH section of the American Recovery and Reinvestment Act of
2009 attempts to address this by directing the U.S. Department of Health and Human Services
(HHS) to set the criteria for a system as hadeagingif UseThe definition of a basic System that
meets the criteria for meaningful use contains the functions of (1) patient record, (2) clinical decision

support, (3) information exchange, and (4) public health reporting (Hogan & Kissam, 2010).

For privatesector healthcare organizations that have implemented Electronic Health
Information systems the cost and technological challenges were overshadowed by cultural issues
within each organization. Changing over from fimgsed to computdrased systems cesat
large cultural shift that requires supportive leadership and clinical champions to-fiodtenbuy
all actors. Studies have found that a gradual roll out is more effective for gaimingcauge it
avoids the o0too mu o,hegulat coromusicatmmb@tiveemn tepdeveisiarmin . Al
departments is critical so that the people who are actually working with the systday deayve
input into making the system work. Improving efficiency alone was found to be not a major
motivator for buyin from clinical staff but improvements in quality and safety were (DeVore &

Figlioli, 2010).

The reluctance to broddised Health Information Technology (HIT) adodton
improving the delivery of clinical care in the private sector may lie inritahrsits. Initially,
those organizations that were early adopters of HIT used it primarily for financial and administrative

transactions with physicians delegating substantial amounts of time to documenting their practice



based on billing and legal dtads (Schiff & Bates, 2010) (Chaundhry, Wang, Wu, Maglione,

Mojica, Roth, Morton & Shekelle, 2006). The proprietary nature of this data makes it difficult to
conduct research on the overall-bestefits and cosfffectiveness estimates of implementifg Hl

Without access to this information, those healthcare organizations find it difficult to determine the
overall costs of implementing the new technologies and are reluctant to make such large investments
based on the limited amount of information theg Favdetermining their returns in efficiencies

and effectiveness (Schiff & Bates, 2010).

It is not hard to conceptualize h&WR adoptioncould positively impact clinical
integration i mprove a hospit al &mscélprotadisi whiet y t o
strengthening the or ganmedi@alcar@onganszatibns aenadfaren a me .
these benefits and support the concept, few have yet to take one of the most necessary steps toward
clinical integration: service reconfiguration. Service reconfiguration is the shifting of clinical services
within a multisite integrated delivery syst The hospital must eliminate redundant services and
change where and how services are delivered. The creation of ambulatory care sites and the

elimination of duplicative hospital services are often the results (Mason, 1998).

The multiinstitutional sstems that have been in existence have teniteedi@te
horizontallyrather tharverticallyThis horizontal integration coordinates the various actors at the
same time during the process of patient se(Yiocaag & Barrett, 199%)Vhile these institioins
have horizontally integrated, Clinical Integration subsumes that it also include vertical integration
where thectors are coordinatedd#ferestages of the patient serviegamples of vertical
integration include linking hospitals with singllespecialty group or single practices, ambulatory

clinics, , medical equipment and supply vendors,-aochecare providers. Anotligmension to

4



integrationis whether it istructuredorwartbward the customer or patiemt,backward toward the
producers of inputdVith healthcare costs rapidly risingatoknts with chronic illnesses
increasing, demand has increased for vertical integration; both towards the patient and back to
resourceslhedominant reliance updwrizontal integratiothrough he same stagekthe

continuum of care appears taitmufficient(Gillies, Shortell, Anderson, Mitchell & Morgan, 1993).

TheoreticaFramework
The way that healthcare systems are organized has been changing from one of multiple
hospitals to an integrdtdelivery system (Wan & Wang, 2003). The traditionally fragmented
systemarebeing integrated through the procegsiningthe separate and independent functions,
resources, and organizations and combining them into a united giraet&r&/an, 200ZJhe
ideal system would integrate all elements of healthcare, from insurance processing and
administration, inpatient and ambulatory care, tedomgcare. The SMG Marketing Group

defines such an idyllic healthcare delivery system as;

0 é an o rwhiehptiiraughtownership or formal agreements, aligns health care facilities in
order to deliver integrated healthcare services by improving quality and reducing costs to a defil
geographic area (as cited in Wan & Waag, 2003).

These changesanganizational structures can be understood from the Organizational

Networks theoretical framework. Organizational networks are characterized as;

0é diverse groups of organizations | inked
populatisrcollectively. They are unique in the extent to which they facilitate learning among
individual participating organizations, using the requirements of social interaction, including
reciprocal and collaborative patterns of communication andexenemmeld¥etwo
multidimensional, resilient relationships dominated by horizontal exchange and characterized b
preferential and mutually beneficial actiodd Banaszak EI ms & Gr azman, 20



Integration at the clinical level coordinates servieasalty and its interactions with the
external environment. As hospitals transform themselves away from isolated entities the status of
integration might not be optimally developed (Lee & Wan, 2003). Further research is needed to
understand how emerging#dth Information Technologies (HITs, including EHRS) are influencing

effectiveness and efficiencies as healthcare moves to more integrated systems.

Statement of the Problem

As healthcare in the United States moves toward more clinically integrated s/stem
important that communication between actors is fluent, accurate, and readily accessible. But, as
stated earlier, the literature poiata sluggish adoption of Hidige to uncertainty of what, if any,
improvements in effectiveness will result saah a high investment in these technologies. What is
needed is study of largeale healthcare systems tha hahistory of working with HéTand have
a high use rate to determine what effects they are having on the overall hospital performance .
Having a measmof measuring the impactof SIT on per f or mance coul d | ea:
measured i n or de reffdctvaneshandcaminefinanadyses af Hedlth ¢ o s t

Information Technologies as they evolve in the marketplace.

Definition of Terms

Meaningful Use
As stated earlier the U.S. Department of Health and Human ServicesetHktScriteria
for an Electronic Health Record system as hMeagingful Usea basic systehine definition of
a basic System that meets the eiterimeaningful use contains the functions of (1) patient record,
(2) clinical decision support, (3) information exchange, and (4) public health reporting (Hogan &

Kissam, 2010). This must also includ&#dabilty or o6 qual ity aceceptadsed. Thi



measure within the software development community of such things as execution time,
performance, user satisfaction and ease of learning. It also represents the effectiveness, efficiency
and satisfaction by the individual actors in their atteraphitve their specific goals (Karahoca,
Bayraktar, Tatoglu & Karahoca, 2010). If the level of Usability of an EHR system is such that actors
become frustrated with it there may be at limited level-of Bog possibility of begut over time

if issues ught up by subordinate actors are not properly addressed by upper management.

The meaningful use program is in the process of being implemented in three stages. The first
stage, which began in January, 2011, and will continue through 2012, isticdesahgping a
measure for capturing health data in a useful format that can be used to track specific clinical
conditions, the success rate of information exchange used for care cooedidatereloping a
system to communicate quality measures suregaublic health (Centers for Medicare and
Medicaid Services, 2010). For professional caregivers to qualify for incentives during this time they
must meet 20 of 25 meaningful use objectives. Of the 20, 15 are required core objectives with the
remaningbei ng chosen from a |ist of 10 objective:
specialties. Facilities must meet 19 of 24 core objectives to qualify for incentive payment. Fourteen
are core objectives with the other five selected from a menu othlorddessionals and facilities
must also report Clinical Quality Measures specific to their specialties. Professionals must submit six
clinical quality measures of which three are core objectives and 3 from a list of 38, and facilities must
submit all 1®f the clinical quality measures for facilities (Centers for Medicare and Medicaid

Services, 2011).

Stage 2, which begins in 2013 through 2014, expands into improved clinical decision

support, patient handoffs between departments, disease manageenéicqegs to their health



information in a secure manner, andita@ctional information exchange between
facilities/professionals and public health entities. The final stage (3) is scheduled to begin in 2015
and focuses on improving the quality, safetyefficiency of care, use of decision support systems

for controlling higkpriority conditions nationally, secure patient access to a comprehensive EHR

for health self management, and improving health outcomes throughout the population (Centers for

Medi@are and Medicaid Services, 2010).

For an EHR system to be technologically certified it must contain three primary
component s; (1) it must be used in a Omeaning
improves the quality of care by allowirathenformation to be successfully exchanged; and (3)
submits measures such as clinical quality to public health departments (Centers for Medicare and

Medicaid Services, 2011).

While the federal government is the primary issuer of financial inceaiilgs to
Meaningful Use EHRs, the private sector may also play a role in these incentives. For example,
insurance entities could entice patients to get care at a facility and/or physician who used a
Meaningful Use EHR system by lowering copayments. Thialsouté done for private sector
businesses. Healthcare facilities and professionals could also be incentivized by requiring them to be
certified in Meaningful Use and use a certified EHR system in order to qualify for financial

reimbursement (Jain, SeidmaBlumenthal, 2010).

Many professional healthcare organizations have recognized how their certification criteria
overlap with the criteria for meaningful use. The American Board of Medical Specialt)dsa@\BMS

set up a taskforce with thenArican Board of Family Medicine (ABFiie American Board of



Internal Medicine (ABIMand the American Board of Pediatrics JA&BRe joined efforts to
develommew knowledge selfsessment modulestoinorderéduewe ndi vi dual physic
competency in Health Information Technology (HIT) for improving their practices. They
discovered many overlaps in their Maintenance of Certificatior) ghM@sures and the

Meaningful Use objectives. There areosexabmpetencies measured in MOC that consistently
overlap with meaningful use objectives; (1) quatigtient care; (2) medical knowledge; (3)
interpersonal and communication skills; (4) professionalism; (5)-sgsthmactice; and (6)
practiceba®d learning and improvemehn effort has beguto adjust these measures to meet th
objectives of Meaningful U&eise & Horowitz, 2010). This may indicate that other, more
universally accepted measures, such as Joint Commission measures, matabledde

adjustments to meet the Meaningful Use objectives of the American Recovery and Reinvestment

Act of 2009.

Clinical Integration

In the context of an integrated care delivery system, Wan and Lee state that an ideal system
is characterized by 1) providatighe elements of the care continuum; from health insurance, to
ambulatory and inpatient services, to preventative care and disease management and 2)
developing systemide administrative, clinical, HIT, and financial integrated systegrated
Healthcare Btworks (IHNs)have tried to integrate multiple organizations both by developing
partnerships and algdegrating internal functigh® stepsought by integrated healthcare delivery

systems as they try to demonstrate unique values as a competitive advantage (Lee & Wan, 2003).

By definition, Integrated Delivery Syst@®Ss) vertically integrat&ctors such as

insurance providers, hospitals, physician practices, and other healiiteadmentitiehatprovide



healthcare for a defined population. Additionally, they coordinate preventative care to minimize the
chances of enrollees becomingep#giand discharge patients from a hospital to an appropHate sub
acute care setting at the appropriate time. Integrated Delivery Systems represent an evolution of
managed care. For many I0Be,implementation @linical integration is where emsiucion is

achievedather than relying on economies of scope or(¥ealag &Barrett, 1997).

Integrated integratié® commonly viewed as a cadch | term, representing
continuum of the various levels and types of interrelationshipsircanyw i ce i nt asgr at ed
ameang o achieve the organizationds missions and
developing a new organizational entity by taking what were previously separate and independent

resources, actors, and functiand creating a coordinated complementary structure.

Clinical integratiois a strategic behavior that coordinates services internally within the
environmenbf the hospital and ligkt with the external environmemhe generic concept of
integration isefined as the degree of successful coordination of functions and activities between
actoswithin the system involved in the healthcare delivery process. Such actors include acute and
specialty care facilities, home health coordinators, nursing hdmeaspas group practices which

are coordinated to maximize the value of services delivered.

Three types of integration are the primary interest; clinical integration, ygtenan
integration, and functional integration. Clinical integratiefined as the level of coordination of
patient care in the various functions, activities, and actors within theT$ystepth of care
coordination is, for the most part, dependpont he nature of a patientds

made by the atteimd) care giver. The consensus of most healthcare researchers is that care
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coordination is the most important type of integration because it isqeatiergéd rather than
departmentor hospitakcentered. In the hospital industry, there has been ad &moent of

research into the coordination of hospital services and the integration of health services strategies
yet integration is assumed to have positive effects on organizational efficiency and on patient

outcomes (effectiveness), as well (Lee & 20a8).

Organizational Performance
Organizational Perforinagiced ef i ned i n this study as owhat
fulfillment of a contract, promise, or obligation (dictionary.reference.com) Organizational

performance as a representation ettffeness was chosen rather than organizational efficiency as

the endogenous variable as it is more represe
(VHAGs) mission statement, vision, values and
Amei cads veterans by providing exceptional hea
lts vision is oO0to be a patient centered integ

excellence in health care, research, and education; aat@gaviiere people choose to work; an

active community partnerandabagk f or Nati onal emergencies. 0 T
excellence, commitment and compassion function as the core of actions and interactions with
patients, their families, tass, employees and stakeholders. Finally, there are five primary goals

driving decisions and actions that function as the organizing framework: (1) satisfying veterans; (2)
deliver safe, high quality care; (3) develop employees; (4) remain findtityalndgd) enhance

relationships with the community (US Department of Veterans Affairs, 2007).

Effectiveness and efficiency have quite different meanings. Efficiency represents saving time,

money or effort while effectiveness represents the qualigrobgtputs (Kelly, 2001). The

11



primary concern of efficiency is with minimizing costs and improving operational margins while
effectiveness occurs when an organization creates measures of itself and its activities that
stakeholders find acceptable (Mgu2@86). Unlike the introspective output to input ratio of
efficiency, effectiveness | ooks outward to de
desired from the organization by society (Mendelow, 1983). Scott (2003) states thttrteere are
basic types of indicators of effectiveness th
and Outcomes{80O) . Structur al indicators measure the
performance through the measure of such thinggaszational features, participant

characteristics, and accreditation reviews and licensing. Process measures assess efforts in quality or
guantity enhasement andwicome measures focus on materials or objects which the organization

has performed a parlar operation.

Multiple models for determining organizational performance (effectiveness) may be relevant
within the same facility at the same time: (1) Rational goal models of effectiveness would address
whether the organization has been effectivaonmglishing its stated goals; (2) the open system
model examines the degree to which the organization acquires desired inputs from the environment
it functions in and the acceptance of 1ts out
focusis on the effectiveness of the internal transformation process; and (4) The development of
personnel within the organization is the focus of the human relations model. The balance and
tensions between these four models of organizational effectivensssocaynulatively examined

through the competing values model (Field, 2002).

The full implementation of EHRs and HIT systems that allow for a secure, high level of

meaningful use may play a key role in fully integrating health care delivery in thatemifEldeS

12



role of these systems may also have a major impact of-#féectiseness and cdmtnefits of

health care delivery. What is not known fully at this time is what impact on effectiveness and
efficiency these systems have had and if a systezasaire may be in place to determine this

impact. There are many components to effectiveness and efficiency but this research focuses on an
organi zational systemds performance. I f a r el
performancgdt may be possible to tie the performance measures to billing codes to gain an insight

to the cosbenefits of a fully implemented and highly usable Electronic Health Record System.

Focus of this Study

As stated earlier, the costs associated with proyidilily healthcare in the United States
are on a trajectory towards unsustainable levels. To help address this condition, this study attempts
to address one of the most common and costly categories; cardiovascular dige&sQ0%,D
17%, @ $253.9 billion was spent on circulatory system treatments with $68.7 billion spent on
coronary heart disease, $23.1 billion on congestive heart failure, and $21.9 billion on dysrhythmias
(Roehrig, Miller, Lake & Bryant, 2009). In 2004, over 450,00)wieatattributed to Coronary
Heart Disease (CHD) and more that 13 million people afflicted with it at an overall cost in excess of
$150 billion (Capewell, Ford, Croft, Critchley, Greenlund & Labarthe, 2010). Cardiovascular disease
is the leading causedafath in the United States with approximately a third of the population (71.3
million) with some degree of it. Ischemic heart disease accounts for approximately 45% of related
deaths. Cardiovascular disease resulted in 70.7 million outpatient offind dig&itmillion visits to
the Emergency Department (EiD 2003. In that same year, it was estimated that the cost to
treatments and lost productivity in the economy was in excess of $400 billion. The Healthcare Costs
and Utilization Project (EIUP) calculated that for a heart valve procedure the mean cost was

$118,656 and for an implantable defibrillator at $103,680 Menshah & Brown, 2007).
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While there isome research pointing to the correlation between socioeconomic status and
the likelihood bdeveloping cardiovascular disease (Karlamangla, Merkin, Crimmins & Seeman,
2010), there is evidence that-tmst preventative treatment may have a significant impact on the
rise of healthcare costs in the United States. Research has found thafli@xemergase of
aspirin prophylaxis and hyperlipidemia medications would prevent approximately fewer 8,000 deaths
per year. Early diagnosis and propeictmst medications in addition to lifestyle counseling have
great potential for people with cardiouksaisease particularly those with high blood pressure and
high cholesterol (Farley, Dalal, Mostashari & Frieden, 2010). This study focuses on how the
adoption of Health Information Technology THaffects treatment outcomes usiagliovascular

diseasas an example.

The Research Hypotheses
This study examines the relationship between the intensity of HIT Use that meets the
American Recovery and Rei nMeaningfuhlegsalthe ducamesof 200
of cardiovascular disease treatnealso attempts to capture the time lag between when the EHR
has been implemented and adopted by users and the changes in the performance of cardiovascular

disease treatment. To accomplish these two goals, the following hypotheses were tested:

H,: Thereis a positive relationship between the HIT Use Intensity and
Cardiovascular Performance at the hospital level.

H,: There is a measureable lag between HIT Use Intensity and Cardiovascular
Performance at the hospital level.

14



Rejection of the null hypothesfdH, would indicate that there is a significant and measureable
correlation between the exogenous and endogenous variables. Rejection of the null hypothesis of H

would indicate that a time lag exists between these two variables.

Limitations of this Sty

The quality of this research is predicated on the quality of widely accepted measures available
to examine the effect of HIT Use on the performance of hospitals. It is limited by what is available
on a national level and the quality ofidta collected, particularly from the Veterans Health Affairs
Depart ment . T hadjustnentsfoecasg mix, aaseyload, or segional/cultural
differences as that information could be in jeopardy of violating privacy as defined by HIPPA laws.
It is limited to only studying the measures readily available and accepted by both private and public
health care organizations of performance to see if there are changes in the performance of disease

treatment as a result of implementing a highly adopkeslylstem in Veterans Medical Centers.
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CHAPTER 2: LITERATURE REVIEW

Background Information

Clinical Integration

Clinical Integration is a relatively new structure for delivering health care and has yet to be
fully implemented in the majority of healthsgstems in the United States beyond Regional Health
Information Organizations (RHED (HIMSS, 2007). This literature review focuses on the
Organizational Networks perspective as a means to understand the shifting from hospitals to
healthcare systems and the resulting changes in effectiveness of treatment. As these systems
integrate int@ver larger organizational networks, there is an increased need for reliable and accurate
means of collecting, storing, and exchanging information in order to optimize the balance between
efficiency and effectiveness of patient care. Health Informati¢scarilddge Management are
explored to gain a greater understanding of h
largest single integrated healthcare system, the Veterans Health Administration, is examined to
discover how they shifted frondividual hospitals to a healthcare system and to what extent Health

Informatics Systems are impacting their quality of care.

Healthcare Informatics

Health Informaticeombinesnformation systems research with medical researcarand
deliveryin orderto manageavailableesources and relevant acttirs also possibte
simultaneously optimize the acquisition, storage, retrieval, and use of the informatiofhegttained.
scope of Health Informatigees beyond computersricludeclinical guidelinemedical data
dictionaries, information systems and communication syBttms& Gardner, 1999). Health
Informatics attempts to address the problems and needs of health care organizations by creating
information systems that are useful for and usgabtakeholders in the organization which
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account for their behavior and values (Biomedical and Health Informatics, 2007). The underlying
theme to these and other definitions of Healdt

and Management . ¢

Socig¢y is increasingly becoming a knowledge society (Sanders, 2005). Advances in modern
health care have placed it on the vanguard of this shift to a knowledge society. One approach to
understanding the underlying mechanisms in the development of knowiedgeasledge

Pyramid model (Figure 1) taken from Information Science

WISDOM

KNOWLEDGE

INFORMATION

DATA

(Hey, 2004)
Figurel: The Knowledge Pyramid

|l ronically, this hierarchyds origin was no

1934, Elliotwr&t t he poem, O0The Rocko6;
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Where is the Life we have lost in living?
Where is the wisdom we have lost in knowledge?
Where is the knowledge we have lost in information?

From this hierarchy Information Scientists such as Cleveland (Hey, 2604),Z&heny
and Ackoff added Data as the foundation of the pyramid (Sharma, 2005). The Data, Information,

Knowledge and Wisdom (DIKW) classifications are described as such:

Datai are discreet, atomistic, tiny packets (measurements, or statisticshiettemto
structure or interrelationships (Hey, 2004)

Informatiénis the level where relations between discreet data become apparent. It answers
the questions of who, what, where, and when (Bellinger, Castro & Mills,
2004)

Knowlediges the level in which i@rns emerge in the information. It is the range of the
i nformation (Hey, 2004) and answers t
& Mills, 2004)

Wisdoin is the level in which principles are understood to guide the course of action (Ahsan
& Shah,nd).t answers the question of owhyo
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Figure 2 illustrates the steps through the hierarchy. It is a visual metaphor for the process of
aggregating each level into ever smaller quantities of the previousridseto dtin a greater

level of understanding. Figure 3 illustrates this increase of understanding.

WISDOM
KNOWLEDGE KNOWLEDGE
KNOWLEDGE KNOWLEDGE
INFORMATION INFORMATION INFORMATION INFORMATION
INFORMATION INFORMATION | INFORMATION ‘I l INFORMATION
DATA | DATA | DATA DATA | DATA | DATA DATA | DATA [ DATA | DATA | DATA | DATA
DATA | DATA | DATA DATA | DATA | DATA DATA | DATA DATA! DATA | DATA DATAWJ

DATA DATA I DATA ] I DATA | DATA I DATA | DATA DATA

(Ahsan & Shah, n.d.)
Figure2: DIKW Hierarchy
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CONNECTEDNESS

L WISDOM—UNDERSTANDING PRINCIPLES

KNOWLEDGE—UNDERSTANDING PATTERNS ]

tNFORMA TION—UNDERSTANDING RELATIONS

DATA UNDERSTANDING

(Bellinger, Castro & Mills, 2004)
Figure3: Increase in Undéamding and Connectedness

At each successive level through the hierarchy there is an increase in understanding from
nothing to relations (who, what, when, where) to patterns (how) to principles (why). Additionally
there is an increase in our awarenesgofawi ng oconnectednessd of in
Castro & Mills, 2004). Russell Ackoff, one of the founders of Operations Research and Management
Science (Finnie, 1997), indicates that the levels of Data, Information, and Knowledge temporally
deawi t h the past and present or owhat i s known
future because it allows for the incorporation of design and vision. Yet Wisdom is unachievable

without going through the other levels (Bellinger, Castro &200i4).
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Ackoffal so stated that o0The first fundament al
management should be directed at the interaction of parts and not the actions of the parts taken
separatel yo (Fi nbaseeknowlked8, Knpwledde can takenins of &acit,c e
implicit, and explicit (Figure 4). Tacit knowledge is within the individual person and increases by
doing a task following modes of regular practice (Wan, 2002). It involves the blending of individual
insights through socialization to tee®vel tacit knowledge (Travaille & Hendriks, 2010). Implicit,
or potential knowledge, is the data in a databases that may be aggregated to useful information for
problem solving (Dafginformation in the Knowledge Pyramid). Explicit knowledge is thet whi
has been captured (Wan, 2002), modeled (Travaille & Hendriks, 2010), documented, stored, and

readily retrievable in support of decision making (Wan, 2002).

Socialization
Implicit _ Implicit » Implicit
Knowledge Knowledge Knowledge

/ 1\ /] |
9gE R

..............................

Databases / | \ Document
Management

Knowledge Providers/ Users

(Wan, 2002)
Figured: The Dynamic Nature of Knowledge Management
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The mplicit knowledge in the database becomes tacit through the process of socialization
between stakeholders. It then may become explicit if the knowledge is captured, documented, and
externalized for retrieval through document management. The knowlezgauaithble to

stakeholders to support decismaking (Wan, 2002).

A similar approach has been presented in
creation. Table 1 represents how tacit and explicit knowledge exists and transition between four

modeshrough Socialization, Externalization, Combination, and Internalization.

Tablel: Four Modes of Knowledge Creation
(Sanders, 2005)

} TO
| TACIT EXPLICIT
FROM
TACIT Socialization Externalization
EXPLICIT Internalization Combination

In the Socialization mode, the shared experiences of stakeholders create tacit knowledge
through shared mental models and skill sets. This tacit knowledge becomes explicit when it is
externalized by articulating the knowledge into concepts such asahgpmjleeses, and models.

In the Combination mode, these explicit concepts are systemized into a knowledge system with

previous explicit knowledge. Internalization of the knowledge then changes it from explicit to tacit

22



as it becomes the norm through ddi8anders, 200%his knowledge creation model is thought to

be dynamic as knowledge shifts between modegphaaéclockwork direction (Table 2).

Table2: Knowledge Spiral Showing Triggers to Movement around the Model
(Sandes, 2005)

Dialogue
Socialization $ Externalization
Field ) l Linking
Building | ‘ Explicit
Internalization <= Combination Knowledge

Learning by Doing

In the Socialization mode, interaction between stakeholders facilitates the sharing of tacit
knowledge. Through dialogue, that unexpressed tacit knowledge is articulated into new explicit
knowledge. The new explicit knowledge is then combidedorn k eddé t o preexi st i
knowl edge into a new system. Through the proc
internalized and becomes tacit. The final phase begins the clockwise loop all over again in a never

ending spiral of expanded Wnedge (Figure 5) (Sanders, 2005).
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Ontological ~  “®-.,,
Dimension @ Ext?rgahzatlon
4 o
Explicit T
Knowledge
A
Socialization
v Combination
»
v
Tacit
Knowledge
» Epistemological
ivi Dimension
RS Group Organization Inter-Organization

< Knowledge Level P

s

(Sanders, 2005)
Figureb: Spiral of Organizational Knowledge Creation

Both the Knowledge Pyramid and the Knowledge Creation model present concepts that are

important keys for Health Informatfsgstems such as the model presented in Figure 6. In this

model the raw data exists in a multitude of locations and some mode of access to the raw data needs

to be in place that would allow the data to move through the hierarchy of
Data& Informatiomy Knowledye”A Wisdom in a manner that would have a positive impact on best

practice guidelines. It is also important to understand what level of granularity of the data (or

datasets) are needed for i mproved effitodiency

owhendé, owhered), Knowl edge (o0howoé¢), and Wi
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Figure6: Health Information System Model

Nonakeand Takeuchi ds Knowledge Creation spira
during interaction with the Health Informatics System. These systems need the capability to allow
for some level of socialization between actors, collect tacit knowledgerrqdidgtogue),
externalize and aggregate that knowledge into explicit knowledge, combine that new knowledge with
that existing, and provide a mechanism for the new knowledge to be retrieved by the actors in a

manner conducive to internalization and thusamel better tacit knowledge.

Former Vice President Al Gore, in a 1998 s
have an unparalleled opportunity to turn a flood of raw data into understandable information about

our soci ety ap,2006.Healthprdfoamates SysteSaddress this opportunity not
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only to create new knowledge in health care but ultimately to increase both the efficiency and

effectiveness of care.

While this opportunity to improve efficiency and effectiveness btheakervices may
seem quite evident to an outside obseirv@&rt,oth
the practical use of Health Informatics Systems. A major study conducted in 2003 found that
physician acceptance is a significaneharhis reluctance has been attributed tepwielicized
failures of HIS implementations, personal computer illiteracy or lack of efficacy, unstable technical
platforms, and a reduction in physician productivity (Meinert, 2005). There has alsodbeen foun
large discrepancies of HIS use based on physician specialty and whether they practice in a hospital or
an ambulatory setting (Corey & Grossman, 2007). Additionally, reluctance has been found in the

Nursing and Allied Health Staff (McLane, 2005).

A key tosuccessful Informatics Adoption by physicians and staff is the leadership that
directs the transformation of how work is transformed from a papeba$enitsystem to an NIS.
Studies have found that successful Informatics Adoption initiatives are lojyrdotdeadership to
include; 1) quick and useful responses from IT support staff; 2) the system is easy to use and
contains current information; 3) physicians and staff gairharfidséxperience of its usefulness;
and 4) they receive adequate trgisinthat they can internalize the system to make it their own
(Pagliari, Clark, Hunter, Boyle, Cunningham, Morris & Sullivan, 2003). Additionally, leadership plays
a critical role in setting expectations for the staff, defining when a particular it dreefiinae

evident, thus diminishing the disillusionment that may develop during the transition (McLane, 2005).
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The Veterans Health Administration

The Veterans Health Administration (VHA) i
system (Perlifkolodner & Roswell, 2004). A total of 65.2 million or 22.2 percent of Americans are
eligible to receive their health care through the VHA (Rosenfeld & Rasmussen, 2003) of which, as of
2007, 5.8 million people use for at least some of their health ca2®QYErtwdhirds of those
using the VHA are disabled or low SES. In 2001 it employed about 180,000 healthcare professionals
at over 850 community clinics, 163 hospitals, 135 nursing homes, and 206 counseling centers. It is
the largest graduate medidailcation provider affiliated with more than 150 medical schools
providing training for more than half of al/

second largest source for biomedical research funding (Brown, Lincoln, Groen & RO@8ner,

In general, the veteran populations who rely on the VHA for part or their entire healthcare
are older, are unhealthier than the general population in the United States, and have a lower
socioeconomic status (Wallace, MacKenzie, Wright & We@jsS2tde the beginning of
Operation Enduring Freedom (OE&nd Operation Iragi Freedom (QI& 2002 through 2008,
approximately 7% of OEF/OIF veterans have gotten care at a VHA facility out of a total patient
population of 5.5 nlibn. Within this same time frame, 17.1% of OEF/OIF veterans were
diagnosed with circulatory system disease (VHA Office of Public Health and Environmental
Hazards, 2009). These returning veterans are shifting the VHA patient demographics younger. They
arealso healthier and dominated by those from a rural part of the country (Wallace, MacKenzie,

Wright & Weeks, 2010).
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Until the mid 1990s, the VHA was seen as bureaucratically overburdened, inefficient, and
providing moderate to poor care. Each individwsgitad provided general medical, surgical, and
mental care, in addition to letegm care themselves or contracted out to other facilities. Each
facility operated virtually independently providing competing services in the same geographical

region.

The pocess of reengineering the VHA system began with the passage of the Veterans
Health Care Eligibility Reform Act of 1996 which mandated that there be a structural change from a
hospital system to a health care system (Perlin et al, 2004). This reafingedXgeographic
regions, referred to as Veterans Integrated Service Networks) (MiBNresources allocated to
each region based on the Veterans Equitable Resource Allocatiopg}&i&w actual funding is
contingent onfte frequency of 10 illness categories within each region (Wasserman, Ringel, Wynn,

Zwanziger, Ricci, Newberry, Genovese & Schoenbaum, 2001).

In addition to changing how the VHA healthcare is arranged, from an individual competitive
system to a regional @mvative system, Information Technology\ilds heavily incorporated into
reengineering how processes are performed. Their reinvented health information sysem (HIS
known as the Veterans Health Information Systems and Techrolutgcture (VISTA It uses a
common data dictionary, data base and the same core building blocks on a national scale to provide

security, device access and communication functions.

VISTA (Table 3) comprises almost 100 different proaekages designed for seamless

interaction between clinical, administrative & financial, and infrastructure processes. Additionally,
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patient management and patient care have been significantly updated through the use of the

Computerized Patient Record SysfePRyand Bar Code Medical Administration (BEMA

Table3: Veterans Health Information Systems and Technology Architecture (VISTA)

(Asch et al, 2004)

Minimum Data Set

Vitals / Measurement
Women'’s Health

Scheduling Integrated Patient Funds
Social Work Integrated Billing

Spinal Cord Dysfunction L

S ivary

vIC Missing Patient Registry
VISTA Occurrence Screen

VIST

Patient Representative
PAID

Police / Security
Record Tracking
Voluntary Timekeeping

Clinical Package Administration / Infrastructure Package
Financial Package
Admission, Discharge, Transfer Accounts Receivable Duplicate Record Merge / Patient Merge
(ADT) / Registration AICS HL7
CPRS. AMIE Kernel
g?’:‘sm’ Kernel ToolKit
H:P :tes A§'§T5 i & List Manager
3 Clinical Monitoring System MailMan
Intake / Output CPT MPI
Laboratory DSS MPI/PD
Lexicon Utility DRG MPD
Medicine Engineering NOIS
Mental Health EEO National Patch Module
Nursing NHE
Oncology Equipment / Turn-In Report PDX
PCE Event Capture RPC Broker
';2:;;‘":“ Fee Basis Survey Generator
Prosthebics Generic Code Sheet VA FileMan
QUASAR HINQ
Radiology / Nuclear Medicine Incident Reporting
BOES Income Verification Match
Resident Assessment Instrument Eib

The CPR%unctionsas an umbrella program which integrates data from individual processes
performed and redirects the information when requested, filtering it for security and presenting it in
a Graphic User Interface (QUailor designed to optimize the fumectof the person requesting
the data. For example if a primary care physician calls up data on a particular hospitalized patient,

CPRS retrieves data such as lab reports, progress notes, vital signs, radiology results, or whatever is
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requested andpresents i n a manner that oOmakes the most
information. In addition, the screen has tabs to enlarge images and expand patient data information
such as medical histories, past test results, and drug interaction possibditdish8 patient data

is centrally located in the system, this type of information retrieval is available to the nursing staff,
radiology, the pharmacy, billing, and administration, optimally presented to support their process
responsibilities (Viread). Figure 7 presents the conceptual model of this exchange between the
hospital information systems, the data repository, and the individual applications/devices used in the

providing health care.

Hospital Information Sy J | Health IT & HIE Architecture
|
LAB System |
‘[ Interface ICDY, CPT, Snomed
| Engine CT, LOINC, NDC, etc.
RIS [ HL7/LOINC
DICOM
Pharmacy | NCPDP/NDC -
System | RxNorm
Clinical
X12 < Data
Billing o Repository
System r
Registration !
System i
Applications & Devices
PDA/Tablet Results Reporting CPOE Rules
WEB/ASP Clinical Documentation eMAR =
Bar Coding Patient Management ePrescribing

(Hynes, 2006)
Figure7: Concetual Model of the VHA Health Information Exchange

Figure 8 demonstrates how individual inpatient data is entered into the local VISTA system

and is uploaded to the Austin Automation Center JAAA& compiled into the Medical SAS
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InpatientDatasets of (1) Acute Care; (2) Extended Care; (3) Observation Care; ardAdgaxen

(Hynes, 2006)

(Hynes, 2006)
Figure8: Inpatient Data Flow at the Veterans Health Administration

The BCMA is used to ensure the proper niatlieen patient and medication. Through
the use of bedide computers and scanners, nurses and physicians can scan the patient to verify
their identity, and the medication to be administered. The information is instantly checked by the
Medication Adminisation Record (MARsystem at the point of care. This immediately warns the
care giver of any drug interaction or allergy problems, and assists physicians in tracking the size and
timing of dosage patterns. When the first BCMA system wasemplere d at Col mery Of¢
medical center in Kansas, medical errors dropped by 70 percent (Brown, Lincoln, Groen &

Kolodner, 2003).
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