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Case Report �

The Development of a Highly Constrained Health Level 7
Implementation Guide to Facilitate Electronic Laboratory
Reporting to Ambulatory Electronic Health Record Systems

WALTER V. SUJANSKY, MD, PHD, J. MARC OVERHAGE, MD, PHD, SOPHIA CHANG, MD, MPH,
JONAH FROHLICH, MPH, SAMUEL A. FAUS, MS

A b s t r a c t Electronic laboratory interfaces can significantly increase the value of ambulatory electronic
health record (EHR) systems by providing laboratory result data automatically and in a computable form.
However, many ambulatory EHRs cannot implement electronic laboratory interfaces despite the existence of
messaging standards, such as Health Level 7, version 2 (HL7). Among several barriers to implementing laboratory
interfaces is the extensive optionality within the HL7 message standard. This paper describes the rationale for and
development of an HL7 implementation guide that seeks to eliminate most of the optionality inherent in HL7, but
retain the information content required for reporting outpatient laboratory results. A work group of heterogeneous
stakeholders developed the implementation guide based on a set of design principles that emphasized parsimony,
practical requirements, and near-term adoption. The resulting implementation guide contains 93% fewer optional
data elements than HL7. This guide was successfully implemented by 15 organizations during an initial testing
phase and has been approved by the HL7 standards body as an implementation guide for outpatient laboratory
reporting. Further testing is required to determine whether widespread adoption of the implementation guide by
laboratories and EHR systems can facilitate the implementation of electronic laboratory interfaces.
� J Am Med Inform Assoc. 2009;16:285–290. DOI 10.1197/jamia.M2610.
Introduction and Background
The use of Electronic Health Record systems (EHRs) in small
physician practices remains relatively uncommon.2–4 Al-
though various barriers to EHR adoption exist,5,6 observers
have identified the major technical barrier as the absence of
widely adopted and effective data standards for interoper-
ability.5–8 Interoperability is important to EHR adoption
because the ability to conveniently send and receive clinical
data is among the key benefits of “digitizing” health infor-
mation management.9 Among the most important applica-
tions of interoperability in the outpatient setting is the
reporting of laboratory test results. Office physicians spend
an average of 74 minutes daily managing laboratory results,
and most physicians are dissatisfied with their current
paper-based processes for handling laboratory data.10 Elec-
tronic data management can save physicians (and their
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staffs) time, avoiding paper-based routing, filing, and re-
trieving of laboratory results. Electronic data also allows
easier review of laboratory results via search, flow chart, and
graphing functions that are provided by many EHRs. Prac-
ticing physicians have cited the ability to import and display
laboratory results electronically as one of the most desirable,11

frequently used,12 and productive13 features of ambulatory
EHR systems. Beyond convenience, the computer-aided
management of laboratory-result data (via “decision sup-
port”) is also important for patient safety and quality
improvement. The EHRs receiving digitized laboratory re-
sults can alert physicians to significant abnormal values,10

suggest needed laboratory tests when medications are pre-
scribed,14 and support adherence to preventive screening
and disease-management guidelines.15–17 One study indi-
cated that use of an EHR, per se, does not improve the
quality of care in the absence of appropriate decision-
support capabilities.18

Many practices with EHRs, however, cannot realize the
benefits enabled by electronic laboratory reporting. A small
informal survey conducted by the primary author indicated
that many practices that use EHRs lack electronic interfaces
(such as those based on HL71) with their laboratories (see
Table 1). Further, small practices may be especially disad-
vantaged in this regard because laboratories are less likely to
develop custom interfaces to EHRs in small practices,5

which provide less testing volume to offset the expense.
Also, small practices generally have fewer resources to
finance the customization required to interface their EHR to

a laboratory (cost range U.S. $3,000–$15,000).19,20
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The challenge of developing custom laboratory interfaces is
compounded by fragmentation among the markets for lab-
oratory services and EHR systems in the United States. The
United States Department of Health and Human Services
has certified 8,680 hospital laboratories, 5,400 independent
commercial laboratories, and 6,500 clinic laboratories to
perform testing.21 At least 35 different laboratory informa-
tion systems (LISs) are used by laboratories in the United
States.22 In addition, many practices receive test results from
multiple laboratories, necessitating multiple interfaces.

Conversely, between 200 and 350 vendors offer ambulatory
EHR products in the United States.19,23,24 Hence, potentially
thousands of pairwise interfaces may be required between
ambulatory EHR products in physician offices and LIS
products in clinical laboratories. In the absence of effective
interoperability standards that are widely supported by LIS
and EHR products, many of these interfaces will require
custom implementation at substantial effort and cost.

In general, four steps are required to implement a laboratory-
to-EHR interface25:

1. The establishment of a business relationship between the
EHR vendor and the clinical laboratory.

2. The implementation of a secure electronic communica-
tion platform between the laboratory and EHR, including
choice of networking protocols (e.g., TCP/IP sockets,
FTP) and security mechanisms (e.g., Virtual Private Net-
work, SSL).

3. The negotiation, documentation and implementation of a
common messaging format, i.e., the agreed-upon length
of records, sequence of fields, meaning of fields, optional
fields, and the allowed data types, identifiers, and codes
that may appear within fields.

4. The testing and debugging of the interface to ensure that
transmitted laboratory results are received and displayed
correctly by the EHR.

A highly constrained messaging standard that is supported
by most EHR and LIS vendors could greatly reduce the ad
hoc negotiation, documentation, and implementation tasks
associated with step 3. Although many lab information
systems and ambulatory EHR products support the existing
HL7 version 2.x messaging standards for laboratory report-
ing—specifically, the “Observation Report—Unsolicited”
(ORU) message type�26 this standard has not sufficiently
reduced the effort inherent in developing laboratory-to-EHR

Table 1 y Prevalence of Electronic Lab Interfaces
Among the Installed Physician Practices of Several
EHR Vendors (informal survey of five EHR vendors
conducted by primary author, June 2007)

Number of Installed
Practices

Installed Practices An
Electronic Lab Interface

(i.e., HL7 or similar)

EHR Vendor 1 1650 25%
EHR Vendor 2 26 35%
EHR Vendor 3 3000 40%
EHR Vendor 4 1432 64%
EHR Vendor 5 1600 90%

EHR � electronic health record.
interfaces. One reason for this shortcoming is the extensive
optionality within the HL7 standard, a characteristic noted
by other developers of HL7-based interfaces.27

The optionality of a message standard can be characterized
as the number of data elements within the standard that are
designated as “optional”, i.e., that may either be populated
or left NULL in a conformant message instance. The ORU
message type in HL7 version 2.5.1 includes 4,132 data
elements, counting all the segments, fields, components, and
subcomponents (primary author’s analysis). Of this total,
3,468 data elements (85%) are designated as optional.* A
practical significance of a message standard’s optionality is
that it increases the number of data elements that interop-
erating partners must consider, agree upon, and implement
identically to build a functioning interface based on the
message standard. Greater optionality, therefore, can in-
crease the time and effort required to complete steps 3 and
4 of the interface-development process. If many of the
optional data elements are never needed or always required
for a very specific type of communication (such as the
reporting of laboratory results to ambulatory EHRs), then
the effort of steps 3 and 4 could be theoretically reduced by
defining a subset of the standard for use in that type of
communication.

Past recognition of this opportunity has led to the definition
of previous HL7 “implementation guides” for laboratory
messaging.28–31 However, none of these implementation
guides has been specifically designed for the reporting of
laboratory results to ambulatory EHRs in the United States.
The project described in this paper sought to develop an
HL7 implementation guide that greatly minimized option-
ality while effectively supporting ambulatory laboratory
reporting in the United States.

Method Description
Design Goals
In 2005, the California HealthCare Foundation32 convened a
technical work group to facilitate outpatient laboratory
reporting to EHRs. The group consisted of fifteen represen-
tatives from ambulatory EHR vendors, clinical laboratories,
physician organizations, government agencies, and HL7.33

The group embarked on this work guided by the following
goals and design principles:

1. specification of a minimally necessary laboratory-result
message

2. preference for parsimony over backward compatibility
3. preference for near-term adoption over technical perfection
4. sufficient structure and coding to support algorithmic

processing of laboratory result data
5. support for the critical requirements of relevant stake-

holder groups
6. support for correct and consistent implementation

The work group proceeded by reviewing the HL7 version
2.4 and 2.5 ORU message types to define the minimum set

*For purposes of this analysis, we classified an element as “Op-
tional” if its designation in the HL7 standard is “Optional” or
“Backward Compatibility.” We classified an element as “Required”
if its designation is “Required,” “Required But May Be Empty,”
“Conditional” or “Conditional But May Be Empty.” For information

about these HL7 designations, refer to endnote [29].
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of data elements that were generally required for ambu-
latory laboratory reporting, i.e., the smallest subset of
data elements from the HL7 ORU message type that could
convey all the technical, clinical, and regulatory informa-
tion needed for electronically reporting outpatient labo-
ratory results to an EHR. The group also determined the
maximum degree of standardized structure and coding
that could be widely supported by the participating
stakeholders. Often, the group had to weigh the expressed
needs of EHR systems for structured and coded data
against the near-term capabilities of clinical laboratories
to provide such data, often compromising to arrive at a
specification that was both useful and broadly implement-
able. For example, the group agreed to require Logical
Observation Identifiers Names and Codes (LOINC)37 as
the identifiers for most tests, but chose not to require the
reporting of cultured organisms using SNOMED-CT
codes because the participating laboratories indicated that
a transition to SNOMED-CT required much greater
changes to their systems and processes.

After meeting via teleconferences and in person for a period
of 4 months, the group published the EHR-Laboratory
Interoperability and Connectivity Specification (“ELINCS”)
version 1.0.34 Over the following two years, the group
completed two additional versions. The most recent version
was approved and published by HL7 in Jul 2008 as an
informative implementation guide for laboratory result re-
porting in ambulatory care.35

Reduction in Optionality
The HL7 has an optionality of 227 data elements, 93% fewer
than that of the standard HL7 ORU message type. The
ELINCS work group achieved this significant reduction by
designating as “not supported” (prohibited) all optional
elements of the ORU message type that it deemed unneces-
sary or not widely supported by laboratories and/or ambu-
latory EHRs. These elements included segments containing
information already known to or not clinically relevant to
the ordering clinician (such as “Next of Kin”, “Patient Visit”,
and “Financial Transaction”), fields containing order-related
information not useful in laboratory results (such as “Order
Callback Phone Number,” “Charge To Practice”, and “Trans-
port Logistics of Collected Sample”), and field components not
widely supported by ambulatory EHRs or laboratories (such as

Table 2 y Participants in the Pilot Projects to Implem
2006 –2007
Project Health Care organization(s) Size (#MDs)

1 Brown and Toland Medical Group 650

2 Southern Sierra Medical Clinic 6

3 Humboldt-Del Norte IPA 87

4 Golden Valley Health Centers
Community Health Clinic Ole

58
12

5 Cedars-Sinai Medical Foundation 75

(GE H
“Name Assembly Order”, “Address Validity Range”, and
“Code Identifying the Check Digit Employed”).

The work group further reduced optionality by changing the
designations of many remaining data elements to “Re-
quired” (i.e., they must always be populated), “Required but
May Be Empty” (i.e., they must be populated if the labora-
tory has the data), or “Conditional” (i.e., they must be
populated if certain other data elements are populated). For
example, the work group designated the field “Performing
Organization Name” (OBX-16) as required, because the
federal Clinical Laboratory Improvement Amendments
(CLIA) regulations require all laboratory reports to specify
the laboratory at which the test was performed.36

The complete ELINCS implementation guide appears in the
online appendix and is available from Health Level Seven
Inc.

Enhanced Structure and Coding
The project team also imposed additional structure and
coding constraints on certain of the remaining data ele-
ments:

1. LOINC coding. The ELINCS implementation guide re-
quires that conforming laboratories use the LOINC cod-
ing standard37 to identify every test analyte in the top 95th

percentile of tests reported in the outpatient setting
(ranked by frequency). The project identified this set of
155 analytes by analyzing test-frequency data from three
large provider organizations in California.38 Confining
the LOINC-coding requirement to only these frequently
reported tests achieved much of the value of standard test
coding without requiring laboratories to LOINC-encode
their entire test catalogs.

2. Structured reporting of result values and units of mea-
sure. The ELINCS specification requires that numeric test
results be reported separately from their units of measure
(rather than as a single text string) to facilitate graphing
and other quantitative processing.

Testing via Pilot Implementations
Given the dramatic reduction of optionality in the ELINCS
implementation guide through the prohibition of many data
elements in the HL7 ORU message type, it was important to
determine whether the remaining data elements were suffi-

ab-reporting Interfaces Using ELINCS v1.1 in
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cient to report laboratory results to ambulatory EHRs in
practice. In 2005, six health care organizations, five EHR
vendors, and seven clinical laboratories participated in pilot
implementation projects based on ELINCS version 1.1 (an
earlier but very similar version of the implementation guide
described above). Table 2 lists the participating organiza-
tions and implementation projects on which they collabo-
rated. The goals of these projects were to determine 1)
whether the defined specification allowed the communica-
tion of all necessary information for laboratory reporting in
the ambulatory setting, and 2) whether multiple laboratory
and EHR systems could technically implement the specifi-
cation. These goals represented the lower threshold of
practical utility for the ELINCS implementation guide.

Following a twelve month testing period, the pilot imple-
mentations yielded the following findings:

• Five of the six health care organizations successfully
implemented laboratory interfaces based on ELINCS
version 1.1, which remain in clinical use. The sixth
organization withdrew from the pilot project because it
switched laboratory vendors (for business reasons) and
did not wish to restart the project with its new vendor.
Hence, one of the EHR vendors and one of the laborato-
ries also dropped out of the pilot.

• The task of implementing the ELINCS interfaces required
various software changes on the part of both EHR vendors
and clinical laboratories, including 1) the mapping of pro-
prietary codes used by vendors and laboratories to the
standard codes required by ELINCS, such as LOINC codes
for test names and HL7 codes for specimen types; 2) the
placement of certain information in different HL7 fields
than previously used, such as sending the ordering provid-
er’s name in the OBR segment rather than the ORC segment
(HL7 allows either, an example of unneeded optionality); 3)
the transmission of certain information as discrete data
within designated fields rather than as free-text strings
within comment fields, such as indicating which compo-
nent of a test had been canceled via the appropriate code in
the observation result status field (OBX-11) rather than a
free-text string in the observation value field (OBX-5).

• None of the laboratory or EHR systems reported that the
ELINCS implementation guide lacked any data elements
that they required from a technical, clinical, or regulatory
perspective.

• Following the pilot implementations, two of the EHR
vendors estimated informally that widespread adoption
of the ELINCS standard would reduce the overall effort
to implement new laboratory-reporting interfaces by
30–60%.25,39

Discussion
Lessons Learned
Some noteworthy lessons emerged from the development
and early testing of the ELINCS implementation guide.

• A surprisingly small subset of the data elements in the
HL7 ORU message type may be adequate to support the
reporting of laboratory test results to ambulatory EHRs
in the United States. Upon analysis, this result is ex-
plained by the fact that the ORU message type includes

all the data elements needed for various types of obser-
vation reporting (e.g., laboratory, imaging, physiological
monitoring) in various contexts (e.g., inpatient, outpa-
tient, various national jurisdictions). Additionally, the
segments that comprise the ORU message type also
appear in various other message types, such as those for
test orders, admission/discharge processing, and billing
transactions. Hence, a great many of the data elements in
the ORU message type are relevant to tasks other than
outpatient laboratory reporting.

• With respect to available data elements, there is signifi-
cant difference between inpatient and outpatient labora-
tory reporting. In the inpatient setting, laboratory sys-
tems are frequently interfaced with patient-registration
systems and have access to the patient demographic and
admissions data that were recorded upon registration. In
the outpatient setting, reference laboratories have access
to only those patient and encounter data that were
recorded on each laboratory order (which are typically
minimal). Hence, reference laboratories have a “transac-
tion-oriented” view of laboratory results rather than a
“patient-oriented” and “encounter-oriented” view, so
they cannot populate many of the fields pertaining to
patient demographics or patient visits that are part of the
HL7 ORU message type.

• The greatest technical challenge for the smaller laborato-
ries that implemented ELINCS was the mapping of their
proprietary test codes to the LOINC coding system. Tools
and/or assistance for LOINC coding may be required to
achieve widespread adoption of the ELINCS implemen-
tation guide or any implementation guide that requires
LOINC codes.

• The HL7 ORU message type is not entirely consistent
with prevailing practices for ordering and reporting
laboratory tests. For example, the HL7 standard requires
that every test that is ordered be assigned a globally
unique identifier, which is later transmitted in the “Filler
Order Number” field (OBR-3) of the result. However, we
learned that many EHR systems do not generate labora-
tory orders with unique test identifiers, and many labo-
ratories cannot record such identifiers when they appear
on test orders. Also, the “Filler Order Number” field has
a maximum length of 22 characters, which is insufficient
to store certain globally unique identifiers generated by
modern software systems (such as 128 bit GUIDs). The
ELINCS implementation guide specified several exceptions
and extensions to the HL7 standard to accommodate
prevailing practices that were difficult for laboratories
and EHR systems to modify, and certain of these changes
were subsequently incorporated into the HL7 standard.
In this manner, the project balanced the desire to achieve
a highly constrained and HL7-compliant implementation
guide with the capabilities of the stakeholders to im-
plement the resulting artifact in a one to two year time
frame.

Limitations
The limited scale and duration of the pilot implementations
precluded testing whether the adoption of ELINCS as an
industry standard could significantly reduce the effort and
cost of building laboratory-reporting interfaces. Indeed,
there were likely no such savings during the pilot imple-

mentations because all participants were implementing the
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ELINCS implementation guide for the first time. Efficiencies
may be expected only when interfaces are implemented
between systems that already support the ELINCS imple-
mentation guide.

Also, the limited scale of the pilot implementations could
not demonstrate conclusively that the ELINCS specification
retains sufficient optionality to support all ambulatory lab-
oratory-test reporting. Additional implementations involv-
ing other health care organizations, EHR systems, and
clinical laboratories are required to make this case or to
identify potential gaps in the current implementation guide.

Beyond the need for additional evaluation, the ELINCS
implementation guide requires several additional enhance-
ments before it can comprise a “plug and play” interoper-
ability standard for laboratory-result reporting:

1. Standardization of communication protocols, including
transport protocols, encryption/authentication methods,
and message-addressing/routing mechanisms.

2. Further standardized coding of data elements, including
cultured organisms, units of measure, pathology find-
ings, and the identifiers of less frequently ordered tests.

3. Standardization of electronic laboratory ordering to
facilitate structured information exchange throughout the
laboratory-testing process.

Conclusions
The project described in this paper defined an implementa-
tion guide for laboratory-result reporting that manifests
significantly less optionality than the current HL7 version 2
standard. Based on results from a small number of pilot
implementations, several organizations of varying sizes
were able to implement ELINCS successfully and the rela-
tively small set of data elements in ELINCS was sufficient to
convey the required contents of laboratory results. If the
presumed relationship between the degree of optionality in
a message standard and the level of effort required to
implement data interfaces is valid, widespread adoption of
the ELINCS specification among EHR vendors and clinical
laboratories could streamline the development of laboratory-
reporting interfaces. However, further evaluation is re-
quired to demonstrate that the ELINCS implementation
guide can in practice deliver such savings and effectively
support the result-reporting requirements of most labora-
tory and ambulatory facilities.
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