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Abstract— Electronic Health Records (EHRS) together with
supporting information systems offer myriad possihities for
system wide improvements to data access, work flovand
integrated information exchange. Parallel to theselevelopments
providers must implement supply chain based data ahdards to
their operations in order to realize system interoprability and
comprehensive data integration. Supply chain datatandards are
universal, unique and unambiguous identifiers for poducts and
locations. Integrating supply chain standards in povider
processes, clinical workflow, and ultimately in EHR offers an
ability to track products, serves as a basis for @ and clinical
effectiveness, improves patient safety and qualitputcomes. In
this paper, we present the significance and beneditof adopting
and transacting using supply chain data standardsmprovement
areas within provider operations, potential advantges of
integrating supply chain standards with EHRs and bariers to
healthcare provider implementation.

Keywords— Healthcare supply chains, EHR, Point-of-
care, GS1 Data standards, Traceability, Clinical skeflow

I. INTRODUCTION

Healthcare systems throughout the world are undeggapid
transformation by implementing new information teclogy
products and software systems in an effort to pl®wost
effective and sustainable delivery of care. Thet cob
healthcare delivery has been steadily increasirag the past
years forcing healthcare providers to find innoxativays to
improve their operations. Over the past severahdes rapid
advancements in Information and Communication Teldgy
(ICT), automation, and a host of technology enalslediices
have made significant advances and improvementaany
industries. It is a strange paradox in healthched éven the
most sophisticated healthcare systems are affligi¢i poor
data quality, manual ordering system, errors anafusion.
Examining healthcare systems holistically offerstical
insights on areas of improvement and the need fdeiment
systems such as EHRs, Computerized Physician Gy

chain and related activities constitute the secdeudgjest
expenditure for providers, offers abundant oppaties to
provide tangible benefits such as cost savings,rong
treatment outcomes, service quality, patient safatyd
satisfaction. Most global industries have undemdttie value
of streamlining operations and competitively pasiing their
supply chains by implementing supply chain datandsiads.
Supply chain data standards are unique, univedssttifiers
for products and locations that are used by aKettalders in
supply chain processes and transactions. It han dieen
argued that HCSC is quite different from traditibsapply
chains, yet these differences are due to the laekitomation,
highly fragmented structure, presence of internmggia lack
of use of supply chain data standards, limited datal
information sharing between trading partners. A idgp
healthcare supply chain includes manufacturergrilgiigors,
third party logistics, group purchasing organizasiq GPOS)
and providers. Unlike most industries where stalddis
work together create value, to eliminate procesd data
redundancies to achieve lower costs, in healthcare
intermediaries largely benefit from the disconndotss and
the prevailing confusion. A recent study in the tddi States
by Moses et al., 2013 on healthcare performancesunea
reports 17.9% of GDP being spent on healthcare,uatimg
to approximately $2.7 trillion per year. Successsulpply
chain practices adopted in most industries cannbéated to
address the current needs of healthcare indughg.objective
of this paper is to provide (i) directional insighin areas of
process improvement due to implementing supply rchai
standards within provider operations, (ii) the némdihtegrate
supply chain standards with EHRs, and (jii) critioarriers to
provider adoption.

EHRs promise a variety of improvements including
cost containment, improved patient safety, benchimgr
comparative effectiveness of available treatmentibap, data
portability and information exchange in a continsioand

(CPOE), Clinical Decision Support System (CDSS) ancfecure manner. In the United States, the earliest o
supply chain based automation. Healthcare supplginch implement EHRs can be traced back to a 1991 Itstio
(HCSC) has often been overlooked when it comes tdledicine (IOM) report (Dick et al., 1997). In 2003ffice of
achieving cost Savings and measurable improvem&mts the National Coordinator for Health Information -ﬁeology
deliver overall value. The supply chain processesl a (ONCHIT) was created to oversee the progress afuaitty a

practices in healthcare providers that procure mphaeuticals,
medical devices, and vaccines and deliver it topof-care
are often manual, ad-hoc, and outdated. Healthsapply

This research was supported $9ed funding received from KU-
KAIST Institute.

universal, interoperable EHR by the year 2014. &hes
initiatives were further accelerated with fundingorh
legislative policies, (i) 2009 American Reform and
Reinvestment Act (ARRA) with provisions for enactrhef



Health Information Technology for Economic and @ai
Health (HITECH) Act, (ii) 2010 Affordable Care AGACA),
(i) meaningful use criteria for hospitals, amholy care,
individual and group practice to qualify for finaak
incentives by demonstrating the use of EHRs acvas®us
stages. Over the last decade healthcare providers heen

assessment of benefits on adoption of UniversalirioCode
(UPC) in retail industry resulted in $17 billionviiags over 25
years, combined with several productivity and pern@nce
enhancements (Garg et al, 1999). Rosenfeld andzeBtel
(2005) discuss data synchronization issues in nemié
industry and advocate the adoption of supply chddta

engaged in several projects aimed to implement EHRstandards in provider operations. Chen and Pra2d3)

offering connectivity and exchange information tmgh
healthcare information backbone, Nationwide
Information Network (NwHIT). Although considerable

explained the benefits of implementing Global Data

HealthSynchronization Network (GDSN) in pharmaceuticaby

chain such as reduced counterfeiting, decreasedcatigh

progress has been reported regarding EHR adoptipn lerrors, and increased supply chain efficiency. Dal.e (2012)

healthcare providers, actual usage rates vary based
functional capabilities. Based on recent data flOMCHIT,
adoption rate of providers demonstrating basic SeEHR
functions with clinician notes has increased from9% in
2008 to 44.4% in 2012. Several articles have higitdid the
role of EHRs in transforming the landscape of treate from
a paper-based system to an organized and systemices
despite these positive developments several eatbptars
have also struggled to realize the value and @shgs based
on the defined meaningful use criteria. Stephealet2012
expressed strong suspicions over achievable coshgsa
despite spending $1 trillion on Health Informatieechnology
(HIT), as evidenced by reported failures of
implementation by several progressive healthcamvigers

studied the role of information sharing, and thetdes that
affect the willingness of companies to share infation in
supply chain networks. Musa et al. (2014) survethedrecent
trends and developments on various architecturéshal
standards, technologies and software for prodacking that
enhances visibility at item level and aggregateeleyv this
study compares and analyzes the importance of ptodu
visibility in supply chains along with design cheg
Steinfield et al, (2011) argue that to achieve afée Inter
Organizational Systems (I0S) and solve information
transparency problems; data and process standarels a
necessary, but insufficient. Standards need to uppated

EHRwith suitable information technology architecturdmt are

shared by stakeholders in the global supply ch&oskef et

(Flood (2013), McCann (2013), Schectman (2012))e Thal, (2011) prescribe Global Data Synchronizatiortwdek,

reasons for the failed
attributed to poor vendor relations, inadequacye@ngineer
the workflow process, rejection by end-users, iadée
planning of the implementation, lack of trainingdasupport,
governance, technology projects treated as Infoomat
Technology(IT) related without the need for
reengineering. It is noteworthy that several pples in the
meaningful use criteria establish a vital link beém clinical
information systems and provider supply chain pssce
(Barlow, 2013). The recent meaningful use crit&i@d has an
indirect effect that reinforces the role of suppglyain data
standards in improving efficiency, patient safefqyality in
continuum of healthcare delivery (Barlow, 2010)heTrest of
the paper is organized as follows, in section Il present
relevant literature on supply chain data standard EHRS.
In section Ill we define types and attributes op@y chain
based data standards and its applications to lteadthsection
IV we present improvement areas within healthcawmvider
operations due to implementation of supply chaangéards.
In section V the effects of improvements in EHRs do
supply chain standards is discussed and sectiamg¥lights
potential barriers to provider adoption. Finally pesent our
conclusions.

Il. LITERATURE REVIEW

Supply chain standards and data synchronizatioe baen in
use for several decades in every major industri siscretail,
manufacturing, transportation and logistics, higldlevant to
healthcare industry. A 2006 industry report fromcéeture®
provides a business case for product data synctatomn
between various stakeholders in a supply chainu@ntjtative

implementations are commonhGDSN to enhance the quality of data exchanged @twe

various stakeholders in supply chain and to stremgtiOS.
Wigand et al, (2011) advocates the use of Radiquercy
Identification RFID and related technologies, imlhg
Electronic Product Code Information Services (EPCGIS a

processdesirable infrastructure for the tracking uniquelgntifiable,

products in pharmaceutical supply chains. Nakatard Ta-
Tao (2012) discusses the deployment of GDSN based
information system in consumer packaged goods tngus
issues stakeholders in global supply chains mudtesd to
improve data quality and efficiency of business rafiens.
Bottani et al, (2010) provides a quantitative assest of the
potential reduction in the bullwhip effect, and etgf stocks
due to real-time visibility in the supply chain eféd by
implementing RFID and the Electronic Product CofteBC)
network, such implementation improves the economic
profitability of a three echelon Fast Moving Conginsoods
FMCG supply chain. Wilson et al, (2012) studied hemefits
of data sharing in perishable goods supply chanedoice out-
of-stock situations and inventory shrinkage, thegatude that
without some fundamental changes to the retailederang
process, data sharing alone does not provide sulmta
operational benefits. Moore (2012) evaluated theetu state
of unique identification of supplies in a large wensity
hospital setting by examining the availability dietGlobal
Trade ldentification Number (GTIN) and GTIN barcdde
medical-surgical supplies and found that over 53Pdhe
products in a sample size of 104 contained a GTitNwsable
barcode. Jayaraman et al, (2013) developed a ded@spport
tool that enables potential healthcare providersevaluate
their readiness requirements to implement suppbinchlata



standards in their operations to quantify the piémpacts
in terms of increased productivity, enhanced pasafety and
reduction in errors. Buyurgan et al, (2011) presemovel
adoption roadmap for healthcare providers to implenGS1
based data standards in their supply chains opastased
on pilot studies at healthcare facilities.

Several recent studies highlight the role and benef
of EHRs to improve quality,
affordability of care. Cresswell et al, (2012) ag&EHR
implementation efforts require effective technolaggoption
to occur in healthcare systems before considedngget-scale
interoperability. Permitting adequate time and ueses
towards process re-design initiatives in
implementation of EHRs in United Kingdom. Staggetsal,
(2011) found that computerized patient summary nepod
the EHRs were minimally used during the handoffs] ¢he
patient summary reports were incomplete and did affar
much help to nurses for encoding information. Xieea al,

(2013) examined EHR adoption among family physigian

using two different data sources to assess vamidtioEHR
adoption and demonstrate the possibility for datariag
among various medical boards and federal agentigsiding
EHR adoption. Herrin et al, (2012) assessed theadinpf
EHR implementation on primary care of diabetes ioslland

health information technology conclude that incessi are
viable means to engage clinicians operating in kmal
independently owned practices that participate umality
improvement programs. Menachemi and Brooks (2006)
described the challenges in measuring the Return of
Investment (ROI) on health IT applications suchEd$Rs,
CPOE, and CDSS and advocate the need for mulipdiisary

cost effectiveness andtechniques for better understanding of ROI fromlithefr.

Ford et al, (2006) studied EHR adoption rates among
physicians in small practices and constructed a eindd
estimate the likelihood of universal EHR adoptionda
potential barriers that must be overcome. Lindealg{2007)

nationwideassessed the association between EHR usage, andatiy

of ambulatory care in a nationally representativesy. Their
study determined that as implemented, EHRs were not
associated with better quality of ambulatory cétesh et al,
(2008) discussed various initiatives of standaotsekchange

of healthcare information.

[Il. DATA STANDARDS IN HEALTHCARE SUPPLY CHAIN

The scope of modern healthcare supply chains iadbias
products are globally produced and sourced for wapsion.
Any adoption of supply chain data standards shpuéderve

conclude EHRs can improve diabetes care and dlinicd@lobal harmony, approved by regulatory agencies lane

outcomes. Appari et al, (2013) estimated the inemtal
effects of transition in EHR system capabilities loospital
process quality scale for heart attack, heartfajlpneumonia,
and surgical care infection prevention. Their stighowed
that hospitals capable of meeting level 3 definitiof
meaningful use saw an increment in the quality, lavhi
hospitals that transitioned to more advanced lersgorted a
reduction. Gilmer et al, (2012) assessed the dtstteveness
of Electronic Medication Record EMR-based CDSSafdults
with diabetes from the perspective of healthcarstesy in

received endorsement from majority of stakehold@isere
are two competing supply chain based standardsatthcare,
(i) GS1 system which is an analogue of the UnivdPsaduct
Code (UPC) in the retail industry and (ii) Healthdustry
Business Communication Council (HIBCC) system. Dae
the limited popularity and fewer endorsements bketholders
in healthcare supply chain for the HIBCC standaedrestrict
our focus to the GS1 system. The US Food and Drug
Administration’s  Uniform Device Identification (UDI
standards guidance supports both GS1 and HIBCGnaiter

United Kingdom to conclude EMR has the potential toWhich standard gets fully adopted the scope of the

modestly improve the quality of care for patienithvehronic
conditions without substantially increasing costghe health
care system. Recently, Tai-Seale et al, (2013)iatuthe
reliability of data in EHRs for measuring proceds care
among Primary Care Physicians (PCPs),
relationship to clinical outcomes to concluded thaicess of

implementation and the roadmap can be easily beectad as
along as all stakeholders agree to identify progluand
locations with a chosen standard.

The central components of GS1 standards are Global

examineid thel rade Identification Number (GTIN) for product idiication

and the Global Location Number (GLN) location

care measures can augment patient-reported measut@gntification. GTINs and GLNs are synchronized amo

associated with clinical outcomes. Encinosa and @&4.3)
studied the impact of adopting five core medicatiose
criteria in EHR helps recoup 22% of informationheology
costs on hospital-acquired adverse drug events E)\DE
Encinosa and Bae (2011) studied whether EMRs caredse
costs in reducing patient safety event concluded EMRs
does not reduce the rate of patient safety evetdsvever,
once an critical event occurs, EMRs can reducend®aB4%,
readmissions by 39%, and spending by $4,850 (1&%6pst
offset of $1.75 per $1 spent on IT capital. ThuMRS can
contain costs by better coordinating care to reguaiients
from medical errors once they occur but not proatyi
Begum et al, (2013) studied clinician attitudes arperiences
in quality recognition and financial incentive pram using

stakeholders via data pools that connect to globgistries,
Global Data Synchronization Network (GDSN) for GEIN
and GLN Registry. GLN provides a unique, unambigud8-
digit identifier for location identification of abtakeholders in
healthcare supply chain. Typically GLNs are asgediavith
ship-to, bill-to and deliver-to locations in heaiéine supply
chain, and GLN registry is a global directory dflatations.
The GLN Registry in healthcare is maintained by G&8tich
provides accurate and reliable information of eviegation
within healthcare supply chain. The granularity Gf.Ns
assignment can can vary widely, for example, sorogigers
may treat individual clinical unit which receive pplies
directly such as operation room, cath. lab etchwitGLN.
The GLN Registry maintains a hierarchical structof&LNs
for large providers and integrated delivery netw@iBi) in a



parent-to-child relationship format. GTINs are urédl4-digit
identifier in both machine readable (barcoded) &odnan
readable format for products including pharmaceilitic
devices and medical surgical supplies. GDSN is @ball
registry that offers a secure, standard, and coaotis
synchronization of product information across vasio
stakeholders in the healthcare supply chains argpitad
Materials Management Information System (MMIS) data
pools. The centralized GDSN repository is accesbgd
stakeholders by connecting through data pools. GTéxe
unique across the different units of measure, whigdans
GTIN of a single dose of injectable drug is differdrom
GTIN in a pack of six or a carton containing twefdyr units
of injectable drug. GDSN also maintains a hierarghi
structure for GTINs of the same product acrossdffit units
of measure. Along with GTINs, dynamic product attites
such as quantity, dimensions, item descriptiorgipgi etc. can

IV. PROCESS IMPROVEMENTS IN PROVIDER OPERATIONS

It is common to notice several manual and
processes in procurement, storage and dispenséag af the
healthcare provider supply chain.
processes with automated data capture using stinddr
GTIN barcodes on products (or RFID tags for expenmsi
medical devices) results in significant improvensertb
efficiency and cost savings. Another common concirn
hospital supply chain is to precisely locate a ager unit
within the hospital, to prevent mis-shipments andbng
delivery; GLNs provide ease of location identificat against
which product deliveries can be validated. In 1988icient
Consumer Healthcare Report (ECHR) estimated arbfiidn
saving opportunities from improvements in healtecsupply
chain operations by automating manual requisitioocess,
information sharing with trading partners,
transaction cost and lack of trust among tradingneas.

Substituting  nahnu

excessiv

redundant

be encoded. GDSN improves data accuracy by elim@at Nachimann and Pohl (2009) extended the EHCR stody t

human intervention for product updates and multipleypisin

catalogue numbers for the same product sold thrdiftgrent
vendors and distributors.

healthcare supply chains is due to the presenseaindary
product information, such as expiration date, lomber and
serial number. Products labeled with GTIN and sdeon
information in barcodes enables process automatichyding
data capture and validation at point-of-care, amcyrin
documenting product usage in EHRs. The use of gugmin
standards for pharmaceuticals is prevalent duéde¢ouse of

National Drug Code (NDC) in hospital formulary and

reimbursements. GTIN of a pharmaceutical

producty

specific understanding of cost
improvements in healthcare supply chain and updat¢he

N . . progress from EHCR study. Figure 1 is a represiemtadf
The most significant advantages of using GTIN in

material, financial and informational flow in hdadtre supply
chain both internal and external to the provideheT
complexity of the supply chain representation canfurther
exacerbated when several manufacturers and disirihare
considered.

The crucial driver for the recommended changes
EHCR study relates to the adoption of supply clsé@mdards
in HCSC, particularly by providers. Despite the atile
significance of standards, healthcare providersrnofierceive
ata standards implementation as an exercise ahreering

incorporates the NDCs and there exists a 0ne-t0-ong qqyct inventories and PAR locations or broadéatrit as

relationship between NDCs and GTINs i.e. 10-digdi@ican
be converted into GTINs and vice-versa. GTINs ahil&are
fundamental building blocks in the healthcare sypgiains
that enable track and trace capability for produatsd
locations, critical to identify the origin, enablssrialization
that enhances the product visibility in the supgihain from
manufacturer till point-of-care.
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Figure 1: Material, information and financial flawHCSC

software project. Incorporating supply chain stadda
requires reengineering of clinical and non-clinieadrkflows,

careful identification of the various processes padple that
handle the products within and outside the hospitalthis

section we discuss how several hospital specifierafons
which can be potentially improved due to data shadsl
adoption, contributing to efficiency, cost savingmd

enhanced patient safety.

A. Procurement Process

Procurement process in the healthcare providerlgugain
consists of ordering, receiving, invoicing, storaged
distribution of products to several clinical unitlectronic
requisition (via Electronic Data Interchange EDd)ttansmit
purchase order and receive invoices are quite popahd
widely used by providers. Products that are idetifusing

hospital custom numbers in EDI transactions aresscro

referenced at the receiver's end. By adopting supphin
standards products can be identified uniquely,refédarity on
which product is being ordered, quantity and ufitn@asure.
It is quite common that delivery locations are vijde
distributed within a healthcare provider, the u$e5aNs in
supply chain transactions helps to clearly identtg exact
delivery location, avoid mis-shipments and wrondiveey.
The changing trends in hospital purchasing ledryatives

and quality

n



such as Just-In-Time (JIT) delivery, palletizedpshénts to
clinical units greatly benefit due to GLN implematidn. The
issues discussed are operational and consume mastahd
resources to identify and correct within and owgidoviders
settings. Product data synchronization through G[e8hbles
data integrity and accuracy among various stakehsloh the
healthcare supply chain. The procurement process
pharmacy operations is quite mature and streamléhesl to
widespread use of NDC in the drug formulary.

B. Product Visibility and Inventory Management

Hospital Inventory management consists of the ailhg
processes: PAR and cycle counting, replenishmdimical
unit delivery and restocking. Some of the mostidift and
challenging issues in inventory management are thue
inventory inaccuracy, lower inventory turns andeptonally
high stock levels due to limited product visibilitynanual
inspection of on hand inventory and inability tooperly
record product retrievals. Supply chain standardsbke
products and locations to be properly identified elasure
correct product, in correct quantity is ordered alalivered
resulting in reduced inventory shortage. Produgemtory in
healthcare shows stochastic characteristics, Ak013)

and additional financial incentives in the form@®PO loyalty
rebates. Healthcare distributors perform periodlestracings
to determine products sales and contract priceibdity.
Supply chain standards offer a panacea that en&€3s to
monitor contract compliance, and distributors tonaact
accurate sales tracings. Significant cash flowiawvelved in
isales tracing and loyalty incentives, which whemeloight,
translates to cost saving opportunities, reducssrepancy in
PO invoice reconciliation process and offers pgcin
transparency.

E. Patient Billing and Insurance Claims

Supply chain standards enable providers to recoodlyct
usage at the point of care or during product redfie
eliminating inaccuracies in billing. Lack of accaalility and
operational inefficiency are the critical areasimprovement
for healthcare provider. Standards provide thel Vitdkkages
for providers to integrate item master (MMIS) witharge
master (billing) for improved revenue capture ardines
reporting. The need to re-label products with hiadmustom
identifiers for charge capture and patient rec@sdsiminated;
by scanning the standards based barcode presertheon
product. Insurance claims based on actual prods&tjel can

present a simulation-meta model to optimize on handesult in efficient processing and fast settlement.

inventory and order level for providers. Standatzssed

inventory management and barcode automation enables

productivity improvements and real time visibilitpn
inventory status, reducing out of stock, and castsh orders.

C. Paint - of — Care Application

Supply chain standards enable important patiemtgafghts
to ensure right product is used, in right quantly, right
route, in right time on the right patient. Previotesearch
strongly recommends validating a product beforeiepat
administration and documenting clinical use witlanstard
identifiers prevents adverse events. A study bynPebal,
2010, estimated that the use of item level bar cbdsed
medication administration can reduce medicatiororeriby
41.4%. Since product supply chain standards alsutaso
additional attributes related to expiration and barvalidated
before patient administration. Providers can gagmifcant
improvements in process and productivity by levergag
advances in bar code symbologies and informati@odsd in
them using standard identifiers.

D. Contracts and Rebate Process Accuracy
Healthcare providers in US procure bulk of theipdies

Distributor
Product ID
number: Y673145
Location Number:
392083

v

Manufacturer
catalogue number:
S157786
Location Number:
51167

Healthecare Provider
Product ID: MY77514
Location ID: 801568

GPO
Product number:
A377501

Figure 2: Custom number reconciliation betweenedtalders
in HCSC

Figure 2 describes a typical scenario of custom berm
reconciliation process between various stakeholoek$CSC
for products and locations. Currently each stakadmolin

using GPO contracts to leverage volume pricing ang4csc uses custom identifiers to identify products account

discounts. Providers become members of a GPO bngay

numbers for locations resulting in lengthy, redurdand

annual membership fee. GPOs act as an intermediagpstly reconciliation process.

organization that negotiates prices for a produa group of
products from manufacturers by competitively biddion
provider's commitment to purchase minimum volumegro
the contract duration. Once a successful conteasegotiated
with a manufacturer, members of the GPO avail #gotiated
contract price and a distributor is arranged betwelee
manufacture and provider to service the contracmt@act
compliance by hospitals provides favorable produdting

F. Recall and Expiration Management

A product recall is initiated by a manufacturer wteeproduct
is defective, contaminated or violates regulatogrnms of
safety and efficacy. Once a recall is notified toviders, it is
crucial to verify whether they have ordered anceiresd the
product in the past. The recall administration pssccan be
simplified and targeted, when providers implemeunppdy



chain standards to query process purchasing damhbaith

specific batch numbers to verify if the recalleaddrct were
ordered, stored, consumed. When a product is souroen

several different vendors, without supply chainnd&ds it

becomes a complicated task to track and trace psiog and
consumption pattern. Supply chain data standardsblen
quick identification of products that are closestiration and
proactive monitoring of on hand inventory to prize

consumption or return for credit to suppliers.

G. Drug Safety & Traceability Framework

Tracking products in healthcare supply chain funelatally
requires the use of supply chain standards andiesifi
information exchange between various stakehold®sviders
being at the receiving end of the supply chain hdve
greatest responsibility to verify and authenticaieducts
which enter their operations, mitigate risks tougaspatient
safety. Supply chain standards facilitate the resgssystem
level components to prevent counterfeiting and enmnt
traceability mechanism.

V. IMPROVEMENTS IN EHR DUE TO SUPPLY CHAIN STANDARDS

A. Interoperable systems

Supply chain standards offer the crucial link tdeefively
exchange and use product information across vadsgarate
systems and databases in provider operations. Aoarative
analogy can be based on banks and financial itistitsl that
use transaction based standards to facilitate megsand
interoperability across ATM machines and proprigetar
software. Supply chain standards permit data shaand
query capabilities for clinicians, pharmacists, apatients
independent of end user application. System
interoperability requires disparate systems to siaath) store
and identify products in the same way within andsile
provider settings, than simply exchanging informati
Integrating supply chain data standards in EHRpshedduce
wasteful expenses by integrating business, funaticand
clinical needs of the healthcare provider.

B. Patient Mobility

The most significant application of EHRs is to sogip
mobility that enhances access to data and bringatedd
patient information on diagnosis, condition anchted factors
independent of location or healthcare provideresystPatient
centric EHRs that contain information on devicesedjs
products consumed helps clinicians to better unaledsthe
patient’s history and improve decision making teeseosts.
EHRs that contain custom numbers or hospital
identifiers for products are not interpretable heyothe
hospital settings and are practically useless.

C. Cost and Quality Comparison

Supply chain standards in EHRs enable studies @t co

comparison, treatment effectiveness and offer thiéitya to
quickly identify patients in the event of a produetall or
malfunction. Merging supply chain data, costs, phgisician
utilization can provide comparative evidence onatimgent
option to make informed decisions and create slgitab

base

interventions for improving overall population hialSupply
chain standards enable cost comparisons on prodarads
services and can eliminate fraudulent claims. Tiemgarity

of information about products consumed in treatment
valuable for both clinical and financial assessmerdata
standards on EHRs can enable longitudinal studias o
treatment effects of specific product classes tading to
effective provider reimbursements. Data on physicia
preference items, costs and outcomes can be lirthed
important metrics such as readmission rates, lenftktay,
effects of drug interaction to compare trends taailitate
prioritized spending for providers.

Operation
Theatre Laboratory
Emergency
Room
Pharmacy/
Formulary

Claims/
Insurance

| Radiology | | Recalls I

Device I Organ Bank I
Regis

Figure 3: Integrating disparate IT systems andldetes

Figure 3 illustrates how various systems and datbavithin
healthcare provider share and store data. Thel lefe
interconnectedness between various systems depends
successful implementation of supply chain baseddstals.
Currently most systems in hospitals exist as inddpet silos
or are loosely interfaced. Supply chain standardsed
information exchange facilitates faster and reBaptocesses
and system wide improvements.

level

VI.

A. Return on Investment

The biggest barrier for healthcare providers to lemznt
supply chain standards is the justification foruret on
investment. Adopting supply chain standards reguire
significant investments in software, hardware isfinacture
(barcode readers, wireless access points), reergigework
flows, training supply chain and other personnela@ifying
the benefits in terms of hard cost savings is diffi to
measure and realize immediately. Initially, provi&lecan
realize a combination of metrics related to pronhitgt
improvements, enhanced patient safety, and reducito
inventory and product expiration. Most providerssiane
adopting supply chain standards is an all or ngtleimice but
ia1$tead providers can implement supply chain statsdan
several stages across their operations and propatély
benefit.

BARRIERS TO PROVIDER ADOPTION

B. Data Quality Issue

Provider information systems are filled with redant
inconsistent, imprecise information that lead toroes,
duplicative efforts, and additional costs. Althougtata
standards offers a manageable solution, prior fiementing
supply chain standards hospitals should first deadata in
their internal systems to improve supply chain datality.



Removing duplicate numbers and records from pravideproperly identify products, manage expiration datesck in

systems eliminates the need for repeated crossenefes,
reduces errors and maintain several system intesfac

C. Manufacturer's Resistance

Manufacturer compliance of supply chain based staidlis
not 100%, although majority of products used byvplers
carry standardized bar codes containing
identifiable product information. A small portionf o
manufacturers either have implemented HIBCC stahabar
seeking regulatory direction to implement standasd$iave
not implemented any form of standards. Manufactutéat
were having standards based barcodes on some pifdtiects
required specific use case by providers; with theppsed
2012 Unique Device ldentification (UDI) rules by Blhis
reluctance can be overcome. During the transitibilasp,
providers will have to identify a limited subsetmoducts in
their systems using custom numbers, effectivelyntai dual
numbering for limited duration.

D. Resistance to Change

Adopting standards at provider operations
reengineering of clinical workflows on how producise

retrieved, administered, billed, and recorded. (Bagithe buy-
in and communicating throughout the provider orgation

with clinical, non-clinical, administrative and apéonal staff
is an important challenge. Implementing standands/iges

the ability to track and record supply consumptsra part of
clinician’s workflow, but automating operationaldanlinical

processes can add human error. Communicating aaigeh
governance is vital to overcome the resistance tandards
adoption.

E. Information System Readiness

The healthcare MMIS market is an oligopolistic, lwibver

majority of providers using few MMIS products. Is i
interesting to note that none of the MMIS produatsrently

have provision to store and transact with standasdgrimary
fields, ability to query or support supply chairarsdards in
reports. In order to make significant changes mwaumodate
standards, solution providers place the onus fonadel from

providers and regulators. As illustrated in FigGrethere are
several ancillary systems at provider end thatraegfaced to

MMIS system. It will be almost impossible for theopiders

to replace their existing MMIS due to their multye
commitment with existing products or adopt a newdpict

which supports standards. To truly adopt and implem
standards in their operations the provider commyusiitould

work with solution providers to find a suitable ilamentation

plan.

CONCLUSIONS

In this paper we discuss the importance of healthsapply
chain data standards for providers, improvementasarie
provider operations, potential advantages of irdtigg with
EHRs and critical barriers to provider implemermtatiSupply
chain data standards enable productivity improvemenst
saving and enhances patient safety. The globalreabd
healthcare products presents a vital challenggtoviders to

require

the event of a recall and unambiguously interp@infEHRS.
Linking supply chain data with EHRs provides a bdsr cost
and comparative effectiveness of treatment opti@espite
the perceived advantages in adopting standarddthbage
providers are hesitant to implement supply chaamdsrds in
their operations due to deficiencies in their infation system

universallyeadiness, manual and error prone process thaémtrefiaring

information internally and with trading partnerseaithcare
providers are at the delivery end of healthcaregpguphain
and have the greatest concerns on patient safetigehshould
approach supply chain standards implementation gusin
systems engineering methods such as process reengu
workflow improvement, scientific methods of invento
management, waste reduction, and quality tools.|thize
providers often misinterpret supply chain standaslan all or
nothing choice or as an information technology @cbj In
several ways this paper addresses provider concems
standards adoption, return on investment decisants how
standards can help to overcome operational barr@&urpply
chain data standards offers practical solution tovider’s

hard pressing challenges on payment reduction,awgments

to care delivery and process automation needs.
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