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Abstract

Proliferation of health information technologies creates opportunities to improve clinical and

public health, including high quality, safer care and lower costs. To maximize such potential

benefits, health information technologies must readily and reliably exchange information with

other systems. However, evidence from public health surveillance programs in two states suggests

that operational clinical information systems often fail to use available standards, a barrier to

semantic interoperability. Furthermore, analysis of existing policies incentivizing semantic

interoperability suggests they have limited impact and are fragmented. In this essay, we discuss

three approaches for increasing semantic interoperability to support national goals for using health

information technologies. A clear, comprehensive strategy requiring collaborative efforts by

clinical and public health stakeholders is suggested as a guide for the long road towards better

population health data and outcomes.
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1. Introduction

Health information technology (health IT) is increasingly vital to the public’s health. [1]

Health IT, including electronic health record (EHR) systems, telemedicine and clinical
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decision support, has the potential to support achievement of the triple aim: improving the

quality of and satisfaction with patient care while improving the health of populations and

reducing the per capita cost of health care. [2, 3] For example, delivering the right

information to the right person at the right time using health IT has the potential to reduce up

to 18% of patient safety errors and as many as 70% of adverse drug events. [4] Health IT is

further estimated to play a key role in health systems transformation by enabling care

coordination initiatives, including patient-centered medical homes and accountable care

organizations. [5, 6]

Recognizing known benefits and greater potential for improving health care, the Health

Information Technology for Clinical and Economic Health (HITECH) legislation in the U.S.

[7] incentivizes adoption and ‘meaningful use’ of health IT amongst hospitals and physician

practices. The meaningful use program, administered by the Centers for Medicare and

Medicaid Services (CMS), provides financial payments to hospitals and providers who

adopt EHR systems that comply with criteria established by the federal government. The

most recent published criteria from CMS [8] require eligible hospitals and providers to

submit electronic health data to local and state health departments.

To maximize the value of health IT to clinical and public health, semantic interoperability is

necessary. Semantic interoperability can be broadly defined as the ability for one IT system

to receive information from another IT system and reliably apply its business rules against

the information received. [9] This definition represents a well-established, consensus-based

view from the international health information exchange community for shared messaging

(syntax) and meaning (semantics) between health IT systems. The Center for IT Leadership

estimates that among various health IT investments, introducing semantic interoperability

would produce the greatest economic benefit to the U.S. health system. [10] To achieve

semantic interoperability, the U.S. health system must adopt consistent clinical messaging

and data standards that provide a framework and language for communicating shared

meaning. While messaging (syntax) is critically important, we focus this essay on the

semantic (meaning, data) aspects of interoperability.

Despite being a requirement for the nation’s emerging health information infrastructure, a

clear approach to achieving semantic interoperability remains elusive. Although clinical data

standards are available, most hospitals, laboratories, and physician offices continue to rely

on local, idiosyncratic and incompatible ways of identifying clinical observations (e.g.,

laboratory tests, clinical measurements) and their results. This may be due in part to the fact

that translation of local terminology into available standards is a complex, costly and

resource intensive process. [11, 12]

Given that semantic interoperability is necessary but lacking, we argue that the U.S. needs a

clear strategy for achieving semantic interoperability among health IT systems. Similar to

strategies published in recent years for the adoption of e-health [13] as well as clinical

decision support [14–16], a strategy for semantic interoperability should outline principles

and a roadmap that stakeholders can measurably apply to adopt standard vocabularies. An

ideal strategy provides an equitable, acceptable pathway that is efficiently implemented at a

reasonable cost. The dimensions of equity, acceptability, efficiency, and bureaucracy (e.g.,
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implementation) are adopted from the field of policy analysis [17], and they represent

criteria by which a government or public entity can weigh alternative strategies for

achieving semantic interoperability.

In this essay, we illustrate the current state of semantic interoperability using a case example

drawn from public health and discuss three policy strategies for strengthening

interoperability. Public health is a representative subset of the health care system with

information needs and challenges that are similar to the clinical care enterprise. Thus, the

example is applicable to the health care system writ-large. We first present the current

landscape for our public health example, then analyze alternative strategies for achieving

semantic interoperability using the above criteria, and finally present recommendations for

improving the use of clinical data and information for public health, including disease

surveillance, community assessment and measurement of care quality. We conclude by

discussing how enabling interoperability for public health and other clinical care contexts

will support the broader aims of national health IT adoption to achieve the triple aim in the

U.S. and other nations.

2. The Current State of Semantic Interoperability

Electronic laboratory reporting (ELR) provides an illustrative use case. ELR involves the

direct, electronic submission of communicable disease case information, following

laboratory-confirmed diagnosis, to public health authorities. ELR can significantly improve

disease surveillance by increasing the timeliness and completeness of case reports submitted

to public health agencies. [18, 19] We chose ELR as an exemplar use case because

surveillance of disease remains the “foundation of public health practice,” [20] and the

concepts illustrated by ELR apply to the broad spectrum of information exchange.

Furthermore, ELR is a core requirement of the meaningful use initiative driving the adoption

and use of health IT in the U.S. [21]

2.1 Vocabulary Standards for Electronic Laboratory Reporting

Standard vocabularies for representing clinical data exist, and the current versions of

available standards are mature. [22] Logical Observation Identifiers Names and Codes

(LOINC) provides universal identifiers for laboratory tests and other clinical observations.

[23] Systematized Nomenclature of Medicine-Clinical Terms (SNOMED CT) provides

universal identifiers for organisms, substances, diseases, and other findings that may be

recorded in the medical record or identified in test results. [24] Together, LOINC and

SNOMED CT are internationally recognized vocabulary standards for communicating tests

(LOINC) and results (SNOMED CT) for notifiable disease reporting using ELR. [25] Many

commercial health IT systems claim to support these standards, and the meaningful use

criteria for ELR require ‘certified’ EHR systems to support them.

2.2 Quantifying use of vocabulary standards in operational systems

Given a lack of published evidence on the use of current standards for ELR, we sought to

gauge the use of LOINC and SNOMED CT using operational systems in two states: Indiana

and Wisconsin. Regenstrief is the birthplace of the Indiana Network for Patient Care
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(INPC), one of the largest and longest tenured regional health information exchange (HIE)

networks in the U.S. [26, 27] The INPC processes over 5 million ELR messages each

month, and the HIE forwards ELR messages for reportable conditions to the Indiana State

Department of Health on behalf of its members. Atlas Public Health, a division of Atlas

Development Corporation, develops and deploys solutions for public agencies and health

care providers. Atlas provides operational ELR services that receive data for the Wisconsin

Department of Health Services (WDHS).

We examined over 7 million ELR messages between 2010 and 2011 for test results reported

to the INPC or WDHS [28]. Analysis focused on the applicable data fields where LOINC

and SNOMED CT values are expected, which according to Health Level 7 version 2

specifications are OBX-3 (identifies the test performed) and OBX-5 (identifies the result of

the test performed). Using data from each state, we calculated the proportion of field values

that appropriately contained either LOINC or SNOMED CT codes in cases where a

semantically interoperable code was expected.

Less than 17% of incoming Indiana ELR messages contained a standardized LOINC code

identifying the test performed, and none of the results contained a standardized SNOMED

identifier. For the Wisconsin dataset, none of the ELR messages contain a standardized

LOINC code for identifying the test performed, and less than 13% of the test results contain

a standardized SNOMED identifier. [29]

Our analysis demonstrates that very few real-world ELR messages emanating from

operational laboratory systems contain standardized codes, even post-meaningful use

regulations. To effectively use the data in ELR messages, Indiana and Wisconsin state health

departments employ software and personnel to translate the incoming data into standardized

LOINC and SNOMED CT concepts that can be utilized by the states’ surveillance systems.

In Indiana, the INPC performs the translation of the lab-provided test identifier to LOINC

code prior to forwarding the ELR data to the state health department. In Wisconsin, the

WDHS implemented commercial software from Atlas Public Health to translate the lab-

provided test identifiers and test results to LOINC and SNOMED CT respectively. Similar

terminology mediation strategies have been used for data exchange between the U.S.

Veterans Administration and the U.S. Department of Defense. [30]

2.3 Mapping Local Codes to Standards is Challenging and Costly

Mapping local terms to concepts in standard vocabularies is challenging because it is a

complex and resource intensive process. [11, 12] Identifying the correct concept from the

standard vocabulary requires both specific domain knowledge and knowledge of the target

vocabulary standards. In practice, even physicians and laboratory personnel with a good

understanding of the tests at their institution often lack the resolution of knowledge required

to successfully map all of their local concepts to standard vocabularies. [12]

Unfortunately, local test names often lack information needed to appropriately identify the

correct standard concept. [12, 31] For example, test names may lack an indication of the

specimen type or whether the result returned is quantitative or ordinal (e.g. positive/

negative). Similarly, the units of measure associated with the result value may not be
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available during mapping. Several studies have evaluated different automated tools to assist

with the process of mapping local laboratory tests to LOINC. [32–36] Yet, even with the

best available automated tools, expert human review is still needed to resolve computer-

generated candidate mappings.

In addition, because local and standard vocabularies evolve, the burden of maintaining the

mappings is significant, ongoing, and easy to underestimate. [37] We have found that

mapping local terms to vocabulary standards can be a rate-limiting step in creating semantic

interoperability between systems.

3. Potential Strategies for Improving Semantic Interoperability

At present, the United States lacks a comprehensive strategy for broadly leveraging

standardized vocabularies necessary for full semantic interoperability of health IT systems.

As meaningful use drives more clinical systems to exchange data with public health

agencies, both senders and receivers must increase their capacity for semantic

interoperability. Informed by our experiences in managing and supporting standardized

vocabularies and health IT systems used in public health settings, we describe and discuss

three potential strategies for increasing semantic interoperability capacity for surveillance

and other public health functions. For our examples, senders are clinical care systems, and

receivers represent public health stakeholders.

First, the data sender could be solely charged with the responsibility for translating local

codes to standardized concepts. In the case of ELR, this would mean that CMS or public

health agencies by fiat would require labs, hospitals, and physician practices to translate

outbound ELR message content to specified standards. Second, the onus for translation

could be placed on the data receiver. In this case, public health agencies receiving data

would accept local or standard codes and perform the necessary translation. A third option

would involve a collaborative strategy in which data senders and receivers together work

towards semantic integration.

3.1 Option 1: Require Data Senders to Use Standards

If policy mandates that data senders translate their local codes into standard codes by fiat,

then the cost and burden solely falls to labs, hospitals, and physician offices. This is

consistent with the approach established by the Stage 2 meaningful use regulations, [8] in

which CMS requires hospitals to submit ELR data to public health agencies. The

requirements for this objective specify that laboratory tests must be identified using a

LOINC code and non-numeric result values be coded with SNOMED CT (where such codes

exist for the items being reported). Therefore this policy is not equitable in the sense burden

falls to just one stakeholder group. Furthermore, its acceptance by the affected stakeholder

group may be limited. As observed with the final rule for the implementation of ICD-10 in

the U.S., [38] health care providers are resistant to one-sided policy solutions that require

significant cost and burden. [39]

Under this scenario, labs, hospitals and physician offices will continue to primarily use

idiosyncratic terms in local concept dictionaries created locally or provided by EHR system
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vendors. When data from the EHR is to be sent to public health for reporting purposes, the

locally used terms will be translated into the required standard terminologies. Translating

existing concept dictionaries and maintaining them over time will require dedicated and

sustained resources. This would include employing highly trained human resources to

perform translation services, or the outsourcing of translation services to a third-party

vendor. Allocation of ongoing financial and human resources to maintain translation tables

and services will require hospitals, laboratories, and physician practices to rationalize these

expenses to their stakeholders.

Several existing health IT initiatives suggest this option to be the default choice or status

quo. While hospitals eligible for stage 1 meaningful use incentives could opt to choose ELR

as one of several menu set options, Stage 2 meaningful use criteria mandate ELR as a core

objective. [8] The standard vocabularies for the Stage 2 criteria specify use of LOINC and

SNOMED CT, so hospitals seeking to qualify for this objective must map to these standards.

Also through HITECH, the U.S. Centers for Disease Control and Prevention (CDC) has

funded the Lab Interoperability Cooperative (LIC), a consortium that includes the American

Hospital Association, the College of American Pathologists, and Surescripts, [40, 41] to

support achievement of the meaningful use criteria by enabling 500 hospitals in the U.S. to

participate in ELR over a two-year period. To accelerate ELR, the LIC offers education,

training, and technical support services to assist hospitals in their mapping efforts.

Expanding the existing policy of placing burden on providers makes it easy to implement

from the perspective of the government as it requires expansion of operational programs

such as meaningful use. Yet it presents a daunting, under-funded challenge for providers,

and it would likely result in fragmented silos of translated terms. While the LIC has been

successful in recruiting hospitals to participate in its pilot work, the proportion of pilot

participants which will be operational in ELR by then end of 2014 remains unknown.

Furthermore, the LIC’s target enrollment of 500 hospitals represents only 8.7% of the

nation’s 5,724 registered hospitals. [42] This means that the vast majority of hospitals will

need to hire, train, or outsource resources for translating their local dictionaries to the

standards required for the meaningful use program. It is unlikely that EHR adoption

incentives will provide sufficient resources to cover these costs, which are well beyond the

costs associated with EHR system implementation. In addition, both the LIC and meaningful

use program currently only support translation of local terms for hospitals. There are more

than 5,800 clinical laboratories that are independent of hospitals but support non-affiliated

physician practices. [43] We are not aware of any current initiatives focused on vocabulary

standardization for these kinds of laboratories or physician practice EHR systems. Thus

current policies fragment semantic interoperability, excluding the systems used in the

settings where the majority of Americans receive their care. [44]

3.2 Option 2: Public Health Solely Responsible for Translation

In the second scenario, the responsibility to ensure use of standardized codes lies with the

“receiver”. Public health agencies would be responsible for hiring, training, and maintaining

human and technical resources for translating concepts from the various data senders. While

many health departments currently allocate staff to support ELR, significant additional
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resources would be required for public health to assume full responsibility for translating

local concepts for all providers within a jurisdiction.

However, public health funding has been dramatically reduced in recent years with more

than half of all and 73 percent of large (population >500,000) local health departments

reporting core funding cuts, necessitating reductions in staff and program resources. [45]

Increased resources needed to support semantic interoperability are therefore unlikely due to

the associated economic and political challenges. If our nation is to invest more resources

into public health, those dollars will more likely be spent on disease prevention rather than

translating local codes into standardized vocabulary concepts. Moreover, given existing

momentum towards requiring data senders to translate local codes it is impractical to reverse

course towards standardization at the terminal end.

Therefore this policy option is neither equitable in its distribution of responsibility, nor is it

likely to be acceptable as an unfunded mandate to state government who individually fund

public health activities in the U.S. Bureaucracy would be redundant and fragmented given

that each state would manage its own implementation plan, and the strategy is inefficient as

costs would not scale across states for providers who operate regionally or cross-nationally.

3.3 Option Three: A Strategic, Cooperative Approach

Under a third scenario, public health would collaboratively develop a strategic plan with

data sharing partners whereby all stakeholders that generate and report clinical data would

partner to improve semantic interoperability. The onus of translation would not fall

disproportionately to any one group, making it equitable. Instead each stakeholder group

would invest time and resources into the process of translation to enable full semantic

interoperability across the myriad health IT systems and scenarios for public health

reporting. So while implementation might be somewhat more complex in this scenario, it is

likely to be more acceptable to all stakeholders and incur the lowest cost.

Public health organizations would seek to cooperatively develop minimum requirements for

data senders that align with a core set of business processes for streamlining the reporting of

clinical data. It is not uncommon in the U.S. for local, state, and federal public health

organizations to ask clinical providers to report very similar data sets using disparate

methods and formats. For example, infection preventionists in Indiana hospitals were asked

to fax information on communicable diseases to the local health department in addition to

reporting the same information to the state health department using an Internet-based

application that requires manual data entry [46].

To reduce the scope and redundancy of concepts that require translation into standard

vocabularies, public health organizations need to strategically develop core ‘value sets’ into

which common concepts are consolidated. An example of a value set is the Reportable

Conditions Mapping Table, a consolidated list of all possible tests for diseases of interest to

CDC and state health departments. [47, 48] If a hospital lab were to map its local test

dictionary to the CDC-maintained value set, then reportable results would more easily be

electronically identified and transmitted to public health authorities. Yet the value set

contains over 200 tests for Lyme disease, many of which are not performed on a regular
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basis. Therefore such value sets need to be regularly updated with new concepts and aligned

with best practice. [49] An alternate to “all inclusive” value set approach is to create sets

representing the most commonly used concepts. [50] Focusing the mapping effort on use

case driven value sets will save time and energy with respect to translation, improving the

strategy’s efficiency. Policies that require data reporting, including future efforts aimed at

achieving meaningful use and accountable care, should require use of available, appropriate

value sets to encourage adoption of standard vocabularies.

Providers should, in parallel, agree to incrementally transition from idiosyncratic concepts in

favor of standard concepts. While there will always be a need for local codes to support

special cases in clinical practice, standard terms should become the default. Further,

providers must insist that their health IT systems not only “bolt-on” standards—e.g., allow

standards to be mapped to local terms—but utilize standards a-priori wherever possible as

the native identifier of a test or result. Thus when a routine hemoglobin test result is reported

for a patient with diabetes, a LOINC code representing the hemoglobin test is used natively,

rather than a local code that later needs to be translated to LOINC. The same should be true

for other commonly performed tests such as chlamydia screens and blood pressure

measurements. Local policy in the form of governance by a Chief Medical Informatics

Officer may be more effective than federal policy to implement this part of the strategic

plan.

Cooperative action by public health organizations and providers will require support from

upstream suppliers of electronic data—other stakeholders that may require policy-driven

encouragement. For example, physician offices receive test result data from clinical

laboratories. If laboratories utilize LOINC and SNOMED CT codes in their electronic

messages, clinical decision support systems and public health IT systems could leverage the

standardized codes without translation by the EHR or a third-party health IT system. If

standardized codes could not be directly inserted into electronic clinical messages, then the

reference laboratory could publish the mappings of its proprietary test codes to LOINC on

its website as several do today. [51–53] When standard codes or translation tables are

available, downstream health IT systems can more efficiently deliver or act upon clinical

information as it is exchanged. Revisions to the Clinical Laboratory Improvement

Amendments (CLIA) program could include requirements for using standards in all

electronic messages to health IT systems or the publication and maintenance of translation

tables in the public domain that could be easily accessed by health IT systems.

The growing interest in vocabulary standards observed among other key stakeholders

including laboratory instrument and test kit vendors is encouraging. Many of the large in

vitro diagnostic (IVD) vendors have joined the IVD Industry Connectivity Consortium

(IICC, http://www.ivdconnectivity.org), which is focused on modernizing instrument

interface and interoperability standards. IICC members have committed to or are migrating

toward the Health Level 7 messaging standard and LOINC observation identifier standard

for their products. In addition, Regenstrief has had direct interactions with more than 15

laboratory testing vendors as they seek to identify the LOINC codes appropriate for their

tests. Policies that promote and incentivize coordination, as well as leadership from public

Dixon et al. Page 8

J Biomed Inform. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.ivdconnectivity.org


health, would enable downstream data recipients to benefit both from standardization at the

point of testing and access to translation tables for historical codes.

4. Discussion

While this essay has primarily focused on ELR and public health reporting processes, the

notion of semantic interoperability and the strategies described are applicable to a range of

use cases in clinical and population health. For example, community health assessments,

historically performed by health departments and now required of accountable care

organizations (ACOs), may be easier if ACOs can quickly extract data from their

information systems using vocabulary standards. Additionally, measuring quality of care is

also supported by the use of standards. Several initiatives aim to create ‘e-Measures’ where

quality indicators are automatically extracted from EHR systems. [54] Such initiatives will

be hindered if they are unable to compare blood pressure values or hemoglobin tests when

calculating numerators and denominators as outlined by the National Quality Forum. Native

support for clinical data standards enables these and similar efforts that increasingly desire

to use the growing volumes of clinical data captured by health IT systems.

Because both clinical and public health organizations benefit from semantic interoperability,

a case can be made that they should work together to prevent data pollutants from entering

the pipes feeding the informational waters of the health care system. Collaborative action to

achieve common goals further shares costs and risks, making the third option the most

equitable, acceptable, and efficient. A summary of all three options with their relative

ratings on each of the criteria for policy analysis is presented in Table 1.

Given that many hospitals, laboratories, and public health agencies are already engaged in

translation activities at some level, now is the time to create a comprehensive set of policies

to create an infrastructure with semantic interoperability that reduces redundant efforts and

maximizes available financial and human resources. Moreover, a clear roadmap with

thoughtful, strategic investment in the necessary human and technical resources will

maximize the likelihood for a sustainable coordinated pathway to semantic interoperability.

Providers and public health organizations are likely to rely on third-party organizations for

assistance under any policy scenario for data exchange in the short term. In Indiana,

providers rely on the INPC to assist with terminology mapping. In Wisconsin, the state

health department relies on Atlas Public Health for terminology services. Foreign ministries

of health are looking to large multi-national organizations to support national initiatives.

These observations beg the question whether national efforts in the U.S. could benefit from

a publically funded and managed terminology service operated by an entity such as the U.S.

National Library of Medicine (NLM). Economies of scale could be created if large-scale

mapping efforts were supported nationwide, and created mappings could be shared across

EHR vendor platforms. Furthermore, concentrated public efforts could prevent further

creation of idiosyncratic intermediary mappings created for specific efforts like meaningful

use. While new funding at the national level is unlikely to be popular, it is a policy option

worth considering.
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Finally, while this analysis highlights priorities for the U.S., the evaluation framework we

have outlined can inform strategy formation for non-U.S. entities seeking to develop and

implement national eHealth strategies. [55–57] While varying country priorities may result

in the selection of different specific strategies, this framework can assist a spectrum of

stakeholders by providing a rational approach for evaluating relationships among various

semantic interoperability approaches and their corresponding policy dimensions. For

example, if a strong central government drives adoption of e-health, it may be preferable to

choose the second option where standardization is performed centrally by the ministry of

health. Strategy alternatives and criteria must be analyzed through a policy lens consistent

with the vision and priorities of a given nation.

5. Conclusions

The adoption and use of health IT to improve population health is a journey, not a

destination. There are a number of initiatives and health agencies advancing the goal of

interoperable health IT. As an important stakeholder in the U.S. healthcare system, the

public health community is well positioned to inform policy related to achieving semantic

interoperability. Collaborating with clinical providers and laboratories to incrementally

improve the adoption and use of standardized vocabularies will not only support public

health reporting and surveillance activities, but also impact broader public health activities

and costs associated with using electronic information systems.

Acknowledgments

The research reported here was supported, in part, by a grant (R01HS020909) from the U.S. Agency for Healthcare
Research and Quality (BED and SJG), a contract (HHSN2762008000006C) from the National Library of Medicine
(DJV), and by the Department of Veterans Affairs, Veterans Health Administration, Health Services Research and
Development Service CIN 13-416 (BED). Dr. Dixon is a Health Research Scientist at the Richard L. Roudebush
Veterans Affairs Medical Center in Indianapolis, Indiana. Drs. Dixon and Grannis also receive funding from a
Robert Wood Johnson Foundation (RWJF) Public Health Services and Systems Research (PHSSR) Mentored
Research Scientist Development Award (71596) to study the impact of health information exchange on public
health reporting processes. The views expressed in this article are those of the authors and do not necessarily
represent the views of AHRQ, NLM, RWJF or the Department of Veterans Affairs.

References

1. Thacker SB, Qualters JR, Lee LM. Public health surveillance in the United States: evolution and
challenges. MMWR Surveill Summ. 2012; 61:3–9. [PubMed: 22832990]

2. Berwick DM, Nolan TW, Whittington J. The triple aim: care, health, and cost. Health affairs
(Project Hope). 2008; 27:759–769. [PubMed: 18474969]

3. Baucus M. Looking at the U.S. health care system in the rear-view mirror. Health Affairs. 2005
Suppl Web Exclusives:W5-544-5.

4. Kaelber DC, Bates DW. Health information exchange and patient safety. J Biomed Inform. 2007;
40:S40–S45. [PubMed: 17950041]

5. Devore S, Champion RW. Driving population health through accountable care organizations. Health
affairs (Project Hope). 2011; 30:41–50. [PubMed: 21209436]

6. Stange KC, Nutting PA, Miller WL, Jaen CR, Crabtree BF, Flocke SA, et al. Defining and
measuring the patient-centered medical home. J Gen Intern Med. 2010; 25:601–612. [PubMed:
20467909]

7. The American Recovery and Reinvestment Act of 2009. 111th Congress ed2009.

Dixon et al. Page 10

J Biomed Inform. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



8. Centers for Medicare & Medicaid Services. Federal Register. Washington: Office of the Federal
Register, National Archives and Records Administration; 2012. Medicare and Medicaid Programs;
Electronic Health Record Incentive Program--Stage 2.

9. Dolin RH, Alschuler L. Approaching semantic interoperability in Health Level Seven. J Am Med
Inform Assoc. 2011; 18:99–103. [PubMed: 21106995]

10. Walker J, Pan E, Johnston D, Adler-Milstein J, Bates DW, Middleton B. The value of health care
information exchange and interoperability. Health affairs (Project Hope). 2005 Suppl Web
Exclusives:W5-10-W5-8.

11. Lin MC, Vreeman DJ, McDonald CJ, Huff SM. A characterization of local LOINC mapping for
laboratory tests in three large institutions. Methods of information in medicine. 2011; 50:105–114.
[PubMed: 20725694]

12. Baorto DM, Cimino JJ, Parvin CA, Kahn MG. Combining laboratory data sets from multiple
institutions using the logical observation identifier names and codes (LOINC). Int J Med Inform.
1998; 51:29–37. [PubMed: 9749897]

13. Dixon BE. A Roadmap for the Adoption of e-Health. e-Service Journal. 2007; 5:3–13.

14. Osheroff JA, Teich JM, Middleton B, Steen EB, Wright A, Detmer DE. A roadmap for national
action on clinical decision support. J Am Med Inform Assoc. 2007; 14:141–145. [PubMed:
17213487]

15. Lyman JA, Cohn WF, Bloomrosen M, Detmer DE. Clinical decision support: progress and
opportunities. J Am Med Inform Assoc. 2010; 17:487–492. [PubMed: 20819850]

16. Kawamoto K, Hongsermeier T, Wright A, Lewis J, Bell DS, Middleton B. Key principles for a
national clinical decision support knowledge sharing framework: synthesis of insights from
leading subject matter experts. J Am Med Inform Assoc. 2013; 20:199–207. [PubMed: 22865671]

17. Bardach, E. A Practical Guide for Policy Analysis: The Eightfold Path to More Effective Problem
Solving. 2nd ed.. Washington, DC: CQ Press; 2005.

18. Overhage JM, Grannis S, McDonald CJ. A comparison of the completeness and timeliness of
automated electronic laboratory reporting and spontaneous reporting of notifiable conditions. Am J
Public Health. 2008; 98:344–350. [PubMed: 18172157]

19. Dixon BE, McGowan JJ, Grannis SJ. Electronic laboratory data quality and the value of a health
information exchange to support public health reporting processes. AMIA Annu Symp Proc. 2011;
2011:322–330. [PubMed: 22195084]

20. Lee LM, Thacker SB. The cornerstone of public health practice: public health surveillance,
1961--2011. MMWR Surveill Summ. 2011; 60(Suppl 4):15–21. [PubMed: 21976162]

21. Lenert L, Sundwall DN. Public health surveillance and meaningful use regulations: a crisis of
opportunity. Am J Public Health. 2012; 102:e1–e7. [PubMed: 22390523]

22. Bodenreider O. Biomedical ontologies in action: role in knowledge management, data integration
and decision support. Yearb Med Inform. 2008:67–79. [PubMed: 18660879]

23. McDonald CJ, Huff SM, Suico JG, Hill G, Leavelle D, Aller R, et al. LOINC, a universal standard
for identifying laboratory observations: a 5-year update. Clin Chem. 2003; 49:624–633. [PubMed:
12651816]

24. Value Proposition for SNOMED CT. International Health Terminology Standards Organization.

25. Wurtz R, Cameron BJ. Electronic laboratory reporting for the infectious diseases physician and
clinical microbiologist. Clin Infect Dis. 2005; 40:1638–1643. [PubMed: 15889362]

26. Biondich PG, Grannis SJ. The Indiana network for patient care: an integrated clinical information
system informed by over thirty years of experience. J Public Health Manag Pract. 2004;
(Suppl):S81–S86. [PubMed: 15643364]

27. Zafar A, Dixon BE. Pulling back the covers: technical lessons of a real-world health information
exchange. Studies in health technology and informatics. 2007; 129:488–492. [PubMed: 17911765]

28. Dixon BE, Siegel JA, Oemig TV, Grannis SJ. Electronic health information quality challenges and
interventions to improve public health surveillance data and practice. Public Health Rep. 2013;
128:546–553. [PubMed: 24179266]

29. Dixon, BE.; Siegel, JA.; Oemig, TV.; Grannis, SJ. Towards Interoperability for Public Health
Surveillance: Experiences from Two States. International Society for Disease Surveillance 11th
Annual Conference; San Diego, CA. 2012.

Dixon et al. Page 11

J Biomed Inform. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



30. Bouhaddou O, Warnekar P, Parrish F, Do N, Mandel J, Kilbourne J, et al. Exchange of computable
patient data between the Department of Veterans Affairs (VA) and the Department of Defense
(DoD): terminology mediation strategy. J Am Med Inform Assoc. 2008; 15:174–183. [PubMed:
18096911]

31. Kim H, El-Kareh R, Goel A, Vineet FN, Chapman WW. An approach to improve LOINC mapping
through augmentation of local test names. J Biomed Inform. 2012; 45:651–657. [PubMed:
22210167]

32. Zunner C, Burkle T, Prokosch HU, Ganslandt T. Mapping local laboratory interface terms to
LOINC at a German university hospital using RELMA V.5: a semi-automated approach. J Am
Med Inform Assoc. 2012

33. Lau, LM.; Johnson, K.; Monson, K.; Lam, SH.; Huff, SM. A method for the automated mapping of
laboratory results to LOINC; Proceedings / AMIA Annual Symposium; 2000. p. 472-476.

34. Zollo KA, Huff SM. Automated mapping of observation codes using extensional definitions. J Am
Med Inform Assoc. 2000; 7:586–592. [PubMed: 11062232]

35. Khan AN, Griffith SP, Moore C, Russell D, Rosario AC Jr, Bertolli J. Standardizing laboratory
data by mapping to LOINC. J Am Med Inform Assoc. 2006; 13:353–355. [PubMed: 16501183]

36. Sun JY, Sun Y. A system for automated lexical mapping. J Am Med Inform Assoc. 2006; 13:334–
343. [PubMed: 16501186]

37. Vreeman, DJ.; Stark, M.; Tomashefski, GL.; Phillips, DR.; Dexter, PR. Embracing change in a
health information exchange; AMIA Annu Symp Proc; 2008. p. 768-772.

38. Administrative simplification: adoption of a standard for a unique health plan identifier; addition to
the National Provider Identifier requirements; and a change to the compliance date for the
International Classification of Diseases, 10th Edition (ICD-10-CM and ICD-10-PCS) medical data
code sets. Final rule. Fed Regist. 2012; 77:54663–54720.

39. Chute CG, Huff SM, Ferguson JA, Walker JM, Halamka JD. There are important reasons for
delaying implementation of the new ICD-10 coding system. Health affairs (Project Hope). 2012;
31:836–842. [PubMed: 22442180]

40. Conn J. CDC awards $5 million grant for 'lab interoperability'. Mod Healthc. 2011 Online.

41. LAB INTEROPERABILITY COOPERATIVE (LIC). American Hospital Association; 2012.

42. American Hospital Association. Fast Facts on US Hospitals. 2012

43. Centers for Disease Control and Prevention. Clinical Laboratory Improvement Amendments
(CLIA) - Laboratory Demographics. 2008

44. Pitts SR, Carrier ER, Rich EC, Kellermann AL. Where Americans Get Acute Care: Increasingly,
It’s Not At Their Doctor’s Office. Health Affairs. 2010; 29:1620–1629. [PubMed: 20820017]

45. Willard R, Shah GH, Leep C, Ku L. Impact of the 2008–2010 economic recession on local health
departments. J Public Health Manag Pract. 2012; 18:106–114. [PubMed: 22217535]

46. Dixon BE, Jones JF, Grannis SJ. Infection preventionists' awareness of and engagement in health
information exchange to improve public health surveillance. American journal of infection control.
2013; 41:787–792. [PubMed: 23415767]

47. CDC. Reportable Condition Mapping Table (RCMT) Another step toward standardizing electronic
laboratory reporting (ELR). Atlanta, GA: Centers for Disease Control and Prevention; 2012.

48. Gamache RE, Dixon BE, Grannis S, Vreeman DJ. Impact of selective mapping strategies on
automated laboratory result notification to public health authorities. AMIA Annu Symp Proc.
2012; 2012:228–236. [PubMed: 23304292]

49. Grannis S, Vreeman D. A vision of the journey ahead: using public health notifiable condition
mapping to illustrate the need to maintain value sets. AMIA Annual Symposium proceedings /
AMIA Symposium AMIA Symposium. 2010; 2010:261–265. [PubMed: 21346981]

50. Vreeman, DJ.; Finnell, JT.; Overhage, JM. A rationale for parsimonious laboratory term mapping
by frequency; AMIA Annu Symp Proc; 2007. p. 771-775.

51. ARUP Laboratories. CPT & LOINC Codes.

52. Laboratory Corporation of America. LabCorp LOINC® Map.

53. Mayo Medical Laboratories. Logical Observation Identifiers Names and Codes (LOINC®).

Dixon et al. Page 12

J Biomed Inform. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



54. Klann JG, Murphy SN. Computing health quality measures using informatics for integrating
biology and the bedside. J Med Internet Res. 2013; 15:e75. [PubMed: 23603227]

55. Rosenalv J, Lundell KH. The Swedish strategy and method for development of a national
healthcare information architecture. Studies in health technology and informatics. 2012; 174:8–16.
[PubMed: 22491102]

56. Kuo MH, Kushniruk AW, Borycki EM, Hsu CY, Lai CL. National strategies for health data
interoperability. Studies in health technology and informatics. 2011; 164:238–242. [PubMed:
21335717]

57. World Health Organization. National eHealth Strategy Toolkit. Geneva, Switzerland: World
Health Organization and International Telecommunication Union; 2012.

Dixon et al. Page 13

J Biomed Inform. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Dixon et al. Page 14

Table 1

Summarization of policy analysis for improving semantic interoperability in the United States for the

electronic laboratory reporting use case

Policy
Scenarios

Equity
Are burden, costs,
and risks shared
fairly among all
stakeholders who
benefit from the
intended
outcome?

Acceptability
Is the policy
politically
acceptable by
the
stakeholders?

Efficiency
Does the policy maximize
benefits to the health system
given the inputs or costs?

Bureaucracy
How likely will the
implementation of the
policy lead to the
desired outcomes?

Option 1:
Require Data
Senders to Use
Standards

Costs, burden, and risk
are the responsibility of
the sender, health care
providers.

Health care providers
in the U.S. resist
unfunded mandates by
the government.

With individual health care
organizations investing time
and resources in a fragmented
manner, net benefits are
unlikely to exceed costs.

While more providers might
adopt standards, it is unlikely
that most small and medium size
organizations will be able to
fully translate to or adopt
standards.

Option 2: Public
Health Solely
Responsible for
Translation

Costs, burden, and risk
are the responsibility of
the receiver, public
health authorities.

State governments
manage public health,
and they are resistant to
unfunded mandates
from the federal
government.

Efforts are centralized within
states, improving efficiency
and lowering costs compared
with Option 1. Costs may be
higher for provider networks
that operate in multiple states
who may need to comply with
different rules.

Almost all states could
implement solutions, leading to
major improvements in ELR
standardization in the U.S.
Most bureaucratic

Option Three: A
Strategic,
Cooperative
Approach

Costs, burden, and risk
are shared by both the
sender and the receiver.
Most equitable

With both sides
incrementally changing
systems, processes, and
resources, this option is
politically feasible.
Most acceptable

Senders and receivers invest
some time and cost to improve
processes and coordinate
activities. Yet benefits are
maximized across the health
system, accruing to both
senders and receivers.
Most efficient

Most states could adopt standard
value sets. Many large providers,
labs, and device makers could
move towards a priori use of
standards. This would lead to
significant improvement in
standardization across ELR in
the United States
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