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Abstract

In light of the ever-growing importance and usability of medical information systems (1S), the
healthcare sector has been investing heavily in these technologies in recent years, with the aim of
improving decision-making through improved medical processes, reduced costs and integration of
medical data. However, these systems are extremely costly. In addition, the overall contribution of
these technologies to the medical field is not obvious, especially, in high-stress environments such as
emergency departments (EDs). The objective of this research is to explore whether investing in health
information technology (HIT) in an ED is financially rewarding in general, and specifically the
circumstances under which such an investment is more rewarding and vice versa. A cost-effectiveness
analysis served as the selected tool for return on investment (ROI) estimations of certain integrative
medical IS that serves seven main hospitals in Isragl. We evaluated the overall profitability of this
medical 1S by balancing the quality gained from information (retrieved from medical 1S) against the
costs of providing this information.

The results of the cost-effectiveness analysis show that our specific medical cases of chest pain
received a clear cost-effective reading since the results (AQuality/ACosts) were lower than the range
of all common threshold values. Furthermore, the use of HIT in the ED improved the quality units per
patient for each chosen admission decisions

The findings of this study may also contribute to policy makers in the healthcare sector regarding the
advisahility of investing in such systems.

Keywords: Cost-Effectiveness, Information Economy, Medical Decision-Making



1. INTRODUCTIONAND MOTIVATION

The healthcare sector has been investing heavilgéhnologies in recent years, with the aim of
improving medical decision-making through improvededical processes, reduced costs and
integration of data on patients. Goldschmidt (200Bimed that the increase in national health
expenditures and the desire to improve the qualfityealthcare are driving the widespread adoptfon o
health information technology (HIT). Indeed, inf@tion retrieved by information systems can also
improve the quality of the decisions made and redbte risks and uncertainties that stem from the
lack of information (Ahituv et al. 1994). By shagimeal-time information, medical staff can make
critical decisions resulting in safer and morecdidfint care. However, the new integrative medical IS
are extremely costly. In addition, as the produigtiparadox suggests, the overall contribution of
information technologies to the field is not alwagsnediately obvious (Brynjolfsson et al. 1996,
Brynjolfsson 1993). Their impact on high-stress immnments such as healthcare emergency
departments (EDs), which often have to deal wittkeaormous number of patients under heavy time
constraints, is even less obvious. The overcrowdingDs often results in inferior clinical outcomes
and reported medical errors in many aspect of eemesg care, including: diagnostic errors,
malfunctioning administrative procedures and wrdogumentation (Fordyce et al. 2003, Hwang et
al. 2004). Many of these malfunctions may have bgmvented by using medical IS. Testing the
contribution of medical IS is therefore a difficalbhd complex matter, as is estimating their reamn
investment (ROI). The purpose of this study wagxamine the current performance of integrative
medical systems and the capacity of medical 1Stdribute to the field under the constraints of EDs
This purpose was accomplished by conducting a effsttiveness analysis of medical IS as the
selected tool for ROI estimations.

2. BACKGROUND

The effects of medical information systems at tloéntp of care have been studied in previous
researches from different aspects. Yet, despiténttreasing use of these systems by cliniciansethe
has been little research documenting the effectisemf their use. Especially rare are studies mpali

with the impact of online medical systems on decisinaking in the stressful ED environment.

The impact of using HIT on medical decision-makimgs been studied in many past researches
(Westbrook et al. 2005, Redelmeier et al. 1995bkmyicz et al. 2004). Additionally, general
implications and outcomes of HIT have been studiedorder to determining diagnostic and
therapeutic strategies (Shortliffe 1987, Wyattlett890) and measuring the effectiveness of triggin
patients in the ED by using medical IS (Michalowski al. 2005, Michalowski et al. 2007).
Goldschmidt (2005) claims that though until recertbie field of HIT has been mostly the realm of
enthusiasts, and the future trends include a vitlah HIT can transform the healthcare system —
thereby simultaneously improving quality and pradity. He concluded that the increase in national
health expenditures and the desire to improve thaditgy of healthcare are driving the widespread
adoption of HIT but we should further researchrtibeitcomes.

There are few works that studied the financial iogilons and the outcomes of HIT, however, this
topics are getting more academic attention onlyinduthe last years. For instance, theoretical
frameworks to assess the potential value of medidatmation have been established only in the
recent years (Claxton et al. 2005, Basu et al. RGDiaxton (2002) and Walker et al. (2005) assessed
the value of information exchange and interopeitgbibetween healthcare providers and other
providers such as: independent laboratories, ragjokcenters and pharmacies. They showed that
interoperability between these organizations wandble reduction of redundant tests, delays and
additional costs. Shabtai et al. (2007) evaludtedcontribution of HIT to improvement in the medica
decision-making and concluded that: physicians wifierent expertise use different information
components and that medical history of patientsigmove decision-making and its outcomes.



An important issue to mention in our research ésgéneral implications of special HIT, the eleciton
medical record (EMR) systems. EMRs are usually ssax via a computer, often over a network. It
may be constructed of many different locations aadrces. Among the many forms of data often
included in EMRs are patient medical history, clicairugs, allergy lists, laboratory test resultsd a
billing records. Ovretveit et al. (2007) statedtthi#ere is little research and a lack of theoryuibo
implementation of EMR systems and the measurenoéiits financial rewording.

The literature survey leads us to various implaitl explicit recommendations for further research.
One of the main avenues for further research ivipus research is the economic evaluations of
implementing IT in the healthcare sectors. Addiilbn by following recent trends, we investigated

the relationship between the use of medical ISkaotld of the financial and medical outcomes.

3. RESEARCH QUESTION

The objective of this research is to explore wheitingesting in HIT in an ED is financially rewardjn
in general, and specifically the circumstances umdech such an investment is more rewarding and
vice versa. Hence, the main research question is: What isthe ROI of integrative medical | S?

A cost-effectiveness analysis served as the seldgo@ for ROI estimations of certain integrative
medical IS that serves seven main hospitals irelstiche cost-effectiveness analysis was conducted
by balancing the quality gained from informatiogaeding past medical history against the costs of
providing that information. The analysis was basedhe two most frequent chest pain ED cases, and
compared the assessment of the results againisimgatments in the system.

4. METHODOLOGY

The assessment of the cost-effectiveness of ourcald® was carried out after two main stages:

* Performing an experimental study using our anaytimodel — We performed controlled
experiments that simulate the complicated realftaro ED environment, representing the main
decision process in EDs (whether to admit or diggdnghe patient).

« Developing a theoretical analytical model that espnts the admission decision in EDs — We
developed our model using medical decision treassad by Golan et al. (2005) and Dotan et al.
(2009) and as presented by Pauker et al. (1987gviuating the expected value of the medical
IS. The evaluation of this normative value of imh@tion was based on the medical literature and
on the clinical decisions made by physicians wintigipated in our experimental study.

« Comparing the results of the experimental study thiedanalytical model and conducting a cost-
effectiveness using the results of the two fornagess.

4.1 TheExperimental Study

In the experimental study, we compared the perfaomaf physicians who had access to complete
clinical information on patients to that of physias who lacked such access. The main stages were:
e Selecting the medical scenarios — The cases haae tfgosen from the most common clinical
scenarios in the national center for health stesigNCHS). The selected scenarios also appeared
on the books of the educational commission forifprenedical graduaté§ECFMG) in order to
be recognized as having optimal credibility. Aceogdto the NCHS, we chose the most common
specific principal reason given by adult patietsvisiting the ED, the chest pain.

1 NCHS is the United States' principal health siatisagency. It designs and maintains a number stemys that produce
data related to health concerns. Seéatsp://www.cdc.gov/nchs

2 The ECFMG assesses the readiness of internatioedicai graduates to enter residency or fellowshiggm@ms in the
USA. See athttp://www.ecfmg.org




» Constructing the medical scenarios - The cases deareloped by a panel of six senior physicians
in cooperation with an international medical sintiola center (MSR institutioh and were
finalized with a pilot study. The technical datav&deen added to the ECFMG instructions from
previous relevant researches on chest pain anauie anyocardial infraction (AMI) differential
diagnosis (DD) (Goldman et al. 2003, Lee et al.®&anju et al. 1998, Pope et al. 2000).

« The research took place in the form of a websisetapplication. The tested physician randomly
received three cases with one of the following asgaatterns: with a full access to the medical IS
or lack of any access to the medical IS. The pieysidecided on the medical strategy including:
viewing the medical history and the physical exation, designing the diagnostic workup plan
and deciding on the main DD and whether to admitiecharge the patient.

4.2 Thetheoretical analytical model

We begin this section with a presentation of oucigien tree (most of the explanations of the
calculations in the tree are not shown here in rotdeavoid data overload). We then provide
explanations on our selected payoff approach, #dmeigl expected utility (EU) using the quality
adjusted life years (QALY) measurement. Finally,as@aduct the cost-effectiveness analysis.

Discussion on the use of expected utility and thethreshold decision

We wish to initiate a discussion on the payoff ale alternative, by using the EU method. Figure 1
shows the main decision node of our model:

Guyatt et al. (2006) have emphasized the

. Abl ur1 | importance of the threshold-value approach (in
Admit < o a accordance with Pauker et al. 1980, Pauker et al.
J— . - u1z | 1987) on medical resource allocation issues.
mission Decision . . -
Al Similarly, we used one threshold probability

Discharge U211 (having the AMI disease), which represents an

Mo AMI U2 indifference point between admission and
discharge decisions. We added a few more
variable definitions as follows:

Figure 1. Admission decisions and general utilities

P- The probability of having the AMI DD. This thredd probability could be calculated by
comparing the EU of admission to the EU of dischafg (V) = Eo(U)

E.U) - The EU of an admission decision; EU) - The EU of a discharge decision.

According to figure 1, The EU of admission and Hege would be calculated as follows:
Admit EU; EaU) =P, +1-P)W,,, Discharge EUEo(U) = P[U; + (1= P) U,
Payoff by the QALY approach using Markov model

The QALY is a measure used worldwide in the medieakarch field, based on the principle that a
year of poor health is of lower utility than a yedrlife with a good health quality. QALY units are
used to measure improvement in health care, whilabining the predicted life expectancy with
ethical values (Williams 1995). The QALY is alse@mmon choice in decision analysis and in cost-
effectiveness studies (Weinstein 2006). We will lakp the impact of the QALY utilities on the
medical paradox question of whether to admit ocltisge a patient. We implemented the decision
tree using a Markov model to estimate the diffeesnibetween individuals admitted and discharged

3 MSR organization, the Israel international centemfiedical simulation,. See &ittp://www.msr.org.il




from the ED, in order to simulate the long-termgmession of diseases via examination of the events
associated with an ongoing risk (Sonnenberg lt%83, Sesso et al. 2003). We included assessments
of the probabilities and the outcomes of the denisiee by using this approach.

We implemented a Markov model to estimate the difiees between individuals admitted and
discharged from the ED. The basic assumption cfetimodels is that each individual belongs, at any
given time, to one of a finite number of healthessawhich allows for transitions from one heattites

to another during a predefined interval of timegS&eet al. 2003). We used the model based on the

possible transitions between the predefined hestiites outlined by Sesso et al. (2003) for the

progression of cardiovascular disease (CVD) asval "No CVD", no history of CVD; "CVD",
history of a CVD-related event. The transition frdo CVD" state to "CVD" state occurs via an
event of a non fatal stroke (STRK), nonfatal AMIIfMor via revascularization (RV). There are
additional assumptions in integrating the Markowdeio

e Transitions between health states occur only agcebabove. Additionally, secondary CVD-
related events may occur more than once (Ses$028108, Dotan et al. 2009).

« Firstly, the probability of a secondary CVD-relaeent is independent of the type of preceding
CVD events. Secondly, after a period of 6 montbanfthe primary event, secondary events occur
at a constant annual rate (D’Agostino et al. 2@X5so et al. 2003). Finally, for patients starting
in the "No CVD" state and the "CVD" state, we udbd data from these primary prevention
studies to estimate the risk of primary CVD evesgxondary CVD events and death.

* We also used the data available in major regis{iee et al. 1997, Rothwell et al. 2005) and in
life-tables published by the NCH8&t{p://www.cdc.gov/nchsto calibrate the rates of mortality.

Figure 2 shows the structure of the tree for thdQAnalysis using Markov model.
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Figure 2. The decision tree using QALY Approach and Markov model
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Assessments of the probabilities and the outcomes

We further clarify the related assessments of tbabilities and the outcomes that have been added
to the tree as a result of the integration withNtegkov Model.

The AMI probabilities:

P_AMI_With _HI: The probability in the case where the DD is AMD+) when history was
available and after a negative result was obtained frloobth of the examinations used in our
experiment (electrocardiogram (ECG) as T1 and aardnzymes (CE) as T2). Hence, the results of
the post-prior probabilit),s(D+ T Tz_) (calculated by the following equations and the appate values

from the experimental studyhen history was available are:

In experiment case numberd6% . The range for sensitivity analysis: [5% - 15%]

In experiment case number21%. The range for sensitivity analysis: [0.5% - 5%]

These are the post prior probabilities equations:

( . +)_ p(r, T, )EP(D*)_ p(r,"|o*)ep(r, |0 )p(D ) )
PP - P, T,") "R, o))+ Pl T, o )P0 )
p(r,'|p " )re(r, 0" )P(D ) ,

p(r, o Jp(r. o Jop )+ - plr o - p(r. o ch-Plo )]
Letting:
p(Tl" D+): senT,- The sensitivit§ of the T1 examination (ECG).
p(Tl“D-): speT,- The specificity of the T1 examination (ECG).
P(D+ ) senT, [3enT, (P(D")
$Te 7 o, e, D" )+ [1-sper, - spe, J-P(D° )

And in a similar way:

P(D+ _)= senT, [{1-senT, ) (P(D"
VT ) ot fumsen T JP{pJ+ - et pet, fi-P0")
ol )= (L- senT,) C3enT, [P(D")
+ 2 17 [1- sent, | enT, P[D )+speT[[rL speT, |- P(D7)]
P(D ) (L-senT, ) ({1~ sen, ) P(D")
[1-sen, - sen, | P(D )+speTE%peTE11 PD")]

P_AMI_Without_HI: The probability in the case where the DD is anlABt) when history was

not available (after a negative result was obtained from botthefexaminations (ECG as T1 and the
CE as T2) in experiment case # 1, and, when aip®sésult was obtained from the ECG examination
and a negative result was obtained from the CE mdian in experiment case # 2). Hence:

In case 1the post-prior probabilityp(D+T-T2-) derived from the calculations of equations shown

above, when history wawt available is0.5%. The range for sensitivity analysis: [0.1% - 5%].

4 Sensitivity of medical examination - The sensitivineasures the proportion of actual positives tvhace correctly
identified in the medical examinations (i.e. thegeatage of sick people who are identified as hathe condition).

® Specificity of medical examination - The spectficmeasures the proportion of negatives which areectly identified in
the medical examinations (i.e. the percentage altime people who are identified as not having ymagtoms).



In case 2the post-prior probabilitp([)+ Tsz_) derived from the calculations of equations showovab

when history wasiot available is38.7%. The range for sensitivity analysis: [30% - 46%].

P_Die_ AMI: The probability of a death of a patient within &8ys in the case where the DD is AMI
(D+). In our study this probability has two optiotigat are derived from the admission decision:
P_Die_AMI_Admin and P_Die_AMI_Discharge:

P_Die AMI_Admin - The probability of a death of a patient withid @ays in the case where the DD
is AMI (D+) when a decision to admit was made.

We chose to adopt a mortality ratio within 30 d&gsn Pope et al. (2000)'s large data set which was
appropriate and in the range of mortality ratestber studies as well. We set the P_Die_ AMI_Admin
t0 5.7%. The range for sensitivity analysis: [3.5% - 7.9%)]

P_Die AMI_Discharge - The probability of a death of a patient withid @ays in the case where the
DD is AMI (D+) when a dischar ge decision was made.

We used the previous research that explored th&aeships between the two derived probabilities of
P_Die_AMI, since the direct probability without ngithis relationship was very difficult to find ihe
literature. The risk-adjusted mortality ratio amshndischargegbatients with AMI is about twice (1.9)
as much as the risk-adjusted mortality ratio ambadmittedpatients with AMI within 30 days (Pope
et al. 2000). Consequently, we set the P_Die_ AMicBarge tdl0.83% (2* P_Die_ AMI_Admin=
5.7%*1.9). The range for sensitivity analysis: [8%:%].

The Markov model probabilities and outcomes

The rates used in our model (edited in table 3voeleere extracted from many clinical studies listed
in the Meta analysis made by Dotan et al. (2009Yirny the simulation (i.e, at runtime), we convdrte
these rates to probabilities by using the methostrileed by Disch et al. (1994), in the form of
triangular distributions, to generate probabilitveshin the Monte Carlo simulations, as proposed by
Hunink et al. (2001). Table 3 below shows thesenevates computed at runtime according to a
triangular distribution and a decreasing life expacy.

The outcomes are consisted of the utilities in QAlMts (to measure the "effectiveness”). Table 3
(below) represents the utilities in QALY units pear (ranging from 0 — death until 1 — healthy dive
QALY values were computed according to the procediescribed by Muennig et al. (2001): using
the accepted preference scores catalogue "Theeffestiveness Analysis Registry” (CBA

The cost-effectiveness analysis was performed mstudy by balancing the QALY units gained as
the beneficial effect of admission decision acaugdio the disease conditions against the expected
costs (Gudex et al. 1988, Pliskin et al. 1999, Gatal. 2005, Guyatt et al. 2006) and by using a
Markov model (Shamir et al. 2006, Leshno et al.3300he only missing part for performing such
analysis is the details about the costs:

The evaluation of the costs associated with admission decisions

In general, acute care costs include hospitaliradiod any other related services such as ambulance,
physician services, and rehabilitation costs, andeand performing medical tests. In all of the
medical scenarios we did not include the admirtisgaeferral costs. In order to properly evaludie
additional costs in US Dollars per year, we usexbiséary data from several recent studies (Fitch et
al. 2007, Caro et al. 2007, Heeg et al. 2007, Greteal. 1998) and we used a second assessments of
experts and price-lists from the Israel Ministry ldéalth on this data from the studies mentioned
above. These costs per first year including derieparations for each admission decision are
presented in table 3 below with a wide range fosgiity analyses.

® See athttps://research.tufts-nemc.org/cear/Default.aspx




5. FINDINGS

5.1 TheExperimental Study

The experiments were performed on 102 real physiciBealing with real practical decision-makers
increases the external validity (Jarvenpaa et385) 53 physicians were provided with an access to
the medical IS and 49 physicians were not providéth an access to the medical IS in the
experiments. The difference in the number of phgsi with and without access to the medical IS is
due to the random access patterns of the medichl B&neral we had three simulated cases:

* In case number 1, without any additional informatioom the medical IS, the normative medical
decision of the physician should be to discharge platient and the main DD is not one of the
diagnoses related to AMI. On the contrary, withiiddal information from the medical IS, the
normative medical decision of the physician shduédto admit this patient and the main DD is
one of the diagnoses related to AMI.

« In case number 2, without any additional informatimm the medical IS, the normative medical
decision of a physician should be to admit thisgmatand the main DD is one of the diagnoses
related to AMI. On the contrary, with the additibrinformation from the medical IS, the
normative medical decision of the physician shdddo discharge this patient and the main DD
is not one of the diagnoses related to AMI.

« In case number 3, which serves as a control casépth cases (with or without additional
information from the medical IS) the normative nuadlidecision of the physician should be to
admit this patient and the main DD is one of tregdbses related to AMI. Case no. 3 was verified
to serve as a control case in our results andtishmawn here in order to avoid data overload.

The term "medical history" below concerns to thditiohal information gained from the medical 1S
only for physicians who received an access todt.dther physicians, they were exposed only to the
major complaint and to the limited demographic detaich were equally provided to all the
participants. We compared the number of admissémistbns made by the physicians, of patients with
medical history which was not viewed, and patievith medical history which was viewed.

Per centage of Admissionswhen Per centage of Admissionswhen Increasein value

Medical History Was Not Viewed Medical History Was Viewed Admissions’ P

36.7% (18 physicians) 88.7% (47 physicians) 142.7% <0.001
Table 1. Case 1: Comparing proportions admission rates

Per centage of Admissionswhen Per centage of Admissionswhen Decreasein value

Medical History Was Not Viewed Medical History Was Viewed Admissions P

87.8% (43 physicians) 56.6% (30 physicians) 35.54% <0.001

Table 2. Case 2: Comparing proportions admission rates
Summary of the main findings:

A review of medical history contributes to admissiecisions. Not only does it clearly reduce the
number of unnecessary admissions (case 1), bisoitircreases the necessary admissions (case 2). In
addition, the experiment results supported our riftazal results (in section 5.2) by supplementing
statistical significance

" The result of 36.7% represents the number of plyss who had an admission decision in case 1, wiefical history
was not viewed (18) as a percentage of all pagteip physicians when medical history was not vieimethse 1 (49). And
as a result: 18/49=36.7%. The increase in the ailonis rate is calculated as the difference in #regntage of admissions
between the situations without and with view of mebhistory. And as a result: (36.7%-88.7%)/36.71%2.7%.



52 The cost-effectiveness (AQALY /ACOSTS

In this section, we firstly show the variable vauecluding the range for sensitivity analyses and
secondly, we compare the results (in a manner dfYQAnits) between the two admission decisions
(admit and discharge). Finally, we test the comeslence between our QALY results and the
statistical empirical results in the experimentogh above). We focused on the branch with the
availability of information via the IS, although fiyure 2, we also showed the other branch (without
access to the medical 1S). Here are the variabbleesancluding the range for sensitivity analyses:

Variable Definition Value Rangefor
sensitivity analysis
P AMI With HI The probability of having AMI when Case 19.6% | Case 5% - 15%]
— = — History was available Case 22.1% | Case Z0.5% - 5%
. The probability of having AMI when Case 10.5% | Casel[0.1% - 5%]
P_AMI_Without_HI History wasn't available Case 238.7% | Case Z30% -46%]
The probability that the patient dies within
P_Die_AMI_Admin 30 days after having AMI when a decisign5.7% [3.5% - 7.9%]
to admit was made
The probability that the patient dies within
P_Die_AMI_Discharge 30 days after having AMI when a decisign10.83% [8% - 14%)]
to discharge was made
Markov Model: Primary and Secondary CVD (expressed in terms of annual events per 1000)
Non-CVD death (Primary CVD) 7.18 1.11-13.25
CVD death (Primary CVD) 2.4 0.26 — 4.55
Myocardial infarction (MI) (Primary CVD) 1.45 0.18-2.72
Nonfatal stroke (Primary CVD) 1.15 0.87-1.43
Revascularization (Primary CVD) 0.78 0.37-1.19
Non-CVD death (SecondaGVD) 10.98 6.06 — 15.91
CVD death (Secondai@VD) 15.32 11.38-19.26
Myocardial infarction (MI) (Secondar@VD) 11.77 9.08 — 14.46
Nonfatal stroke (SecondaGNVD) 8.67 7.85-9.5
Markov Model: Utility (in QALY units per year)
The patient Admitted or discharged and died 0 -
Discharge decision after Non-AMI DD 1 -
Admission decision after Non-AMI DD (redundant) 0.999 0.998-1
The patient Admitted or discharged after Non-AMI BBd lived (in QALY's per year in Markov Model)
History of Ml 0.7 0.5-0.7
History of Stroke 0.4 0.2-0.7
History of both Stroke and Mi 0.29 0.14-0.43
The additional costsin US Dallar per year used (including admissions and derived operations)
Costs when an 'admit' decision was made after ARl D 15,000% 5,000% — 20,000%
Costs when an ‘admit' decision was made after ndh{2D 500 300$ - 1,000$
(redundant)
Costs when a 'discharge' decision was made aftdrM 8,250% 2,750% — 11,000%
Costs when a 'discharge' decision was made afte Al DD 0% -

Table 3. Variable Values and Sensitivity Analysis



For the analysis of the experiment results, we tisedTreeAge Pro" program in order to analyze the
decision tree (shown in figure 2) with the outcor@d.Y units and with the costs.

Findingsfrom case 1.

The additional QALY units per admitted patient jfied) to the hospital resulting from review of
medical history are measured as the differencedeivihe decision to admit and the decision to
discharge, resulting in: 22.2611 — 22.2008 = 0.0@@3.Y units. These findings correspond, in
the dominancy of admission decision, with the fingdi of the experimental study. The results of
our sensitivity analysis further validate our fings due to many changes in our variables
including Monte Carlo simulation on 100,000 trisdserageAQALY=0.064). Meaning that the
use of medical IS during the period of treatmerthanED improves the QALY units per patient.
The additional costs per admitted patient to thephal resulting from review of medical history
were measured as the difference between the dedsi@dmit and the decision to discharge
resulting in: 1,904.43% — 792% = 1,112.43%. Theanoostly option is to admit the patient as
expected.

Admission | QALY Per patient Costs AQALY AC AC/AQALY
Decision (Life-Expectancy) Per patient ($) | Per patient Per patient
Admit 22.2611 years 1904.43%

_ y 0.0603 1112.43% }112.43$/0.0603
Discharge | 22.2008 years 792% =18448.26%

Table 4. Case 1. Cost-Effectiveness Analysis

Findingsfrom case 2:

The additional QALY units per discharged patientstified) from the hospital resulting from
review of medical history are measured as the rdiffee between the decision to admit and the
decision to discharge resulting in: 32.615 — 32.610.005 QALY units. These findings also
correspond, with the findings of the experimentaldg. The results of the sensitivity analysis
further validate our findings including Monte Cadonulation on 100,000 trials, which yielded
similar results (averageQALY=0.007). Meaning that the use of medical ISidgrthe period of
treatment in the ED improves the QALY units perigyat

The additional costs per discharged patient regulfrom review of medical history were
measured as the difference between the decisiadrit the patient and the decision to discharge
the patient resulting in: 185.68% — 804.5% = -628.8saving 631.25%). The least costly option is
to discharge the patient, meaning that the disehdegision in this case using the medical IS is
the most optimal.

Admission | QALY Per patient Costs AQALY AC AC/AQALY
Decision (Life-Expectancy) Per patient ($) | Per patient | Per patient
Admit 32.615 years 185.68% ,

, 0.005 -618.82% Cost-Saving
Discharge | 32.610 years 804.5%

Table 5. case 2: Cost-Effectiveness Analysis

Discussion on the cost-effectiveness analysis results

The main question is: what the affordable costsioél value is made for adoption of medical IS. In
general, in strategic policy decision-making in bealthcare sector there are accepted rules ithheal
economics policies as explained here below. Acogrdd Medicar organization, any investment in
medical accessory, medicine or treatment whichidethprovement has a cost-effectiveness threshold
of 50,000% for gaining one QALY unit per patieneldw 50,000% it is very cost-effective). The

8 See athttp://www.medicare.gov/




standard practice of Medicare is not a comprehenpnactice but rather a minimal threshold for
benchmark values. Many studies and organizatioms et higher threshold values for which medical
intervention is financially justifiable (such asirtd et al. 2000, Devlin et al. 2004). Accordingtte
World Health Organization(WHO), an intervention is considered to be (allnetary values are in
2008 values in Israel):

e Cost-Saving: if treatment costs averted exceedvietgion costs.

» Very Cost-Effective: if costs per QALY saveder capita GNP (around $27,000).

» Cost-Effective: If costs per QALY saved3 x per capita GNP (around $81,000).

* Not Cost-Effective: If costs per QALY saved > 3ergapita GNP (around $81,000).

Our results varied in both of the medical casescdse 1, the additional costs per patient per one
QALY unit as a result of using integrative medit3lis 18,448.26%uery cost-effective), and in case

2, thesaved costs per patient per one QALY unit as a resultsifig integrative medical IS is 618.82%
(cost-saving). Consequently, in our study, both of our spemiadical cases of chest pain received a
clear cost-effective reading, since the resulteeviewer than the range of the threshold valuescklen

in our specific cases, the investment in our irdége medical IS seems to be financially worthwhile

6. CONCLUSIONS

Our findings lead to these major conclusions:

* Investing in an integrative medical IS is finanlyialvorthwhile (cost-effective and even cost-
saving), provided that medical history was suppt@the physicians at the point of care of an ED
during the triage of the patients in our specifises of chest pain formulated in our experiments.

e The use of integrative medical IS during the pebdreatment in the ED improves the QALY
units per patient for each chosen medical decisions

7. CONTRIBUTIONAND LIMITATIONS

The main purpose of our research was to contritutientific knowledge by providing additional

insight into the various fields such as: informateconomics. We enumerate two main contributions:

* Review of medical history contributes to admissitatisions. This contribution was discovered
both in the theoretical normative model and alsthincourse of an experimental study.

* Proving cost-effectiveness for the use of integeatinedical IS by using a Markov model and
investigating the famous productivity paradox (Bojisson et al. 1996, Brynjolfsson 1993) in the
healthcare sector.

The findings of this study may also contribute tdigy makers in the healthcare sector regarding the
advisability of investing in such systems and mamathem.

It is important to note the limitation that our dings related only to our specific experimentalesas
which represent accepted and very frequent scendmiathe medical literature. However, these
theoretical cases are quite limited in the germatiin option. Hence, although we believe our tesul
are valid, further research is advisable on thigesai.
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