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Abstract 

Clinical laboratory results are stored in electronic health records (EHRs) as structured data coded with local or 
standard terms. However, laboratory tests that are performed at outside laboratories are often simply labeled 

the actual test name in a free-text result or comment field. After being 
aggregated into clinical data repositories, these ambiguous labels impede the retrieval of specific test results. We 
present a general multi-step solution that can facilitate the identification, standardization, reconciliation, and 
transformation of such test results. We applied our approach to data in the NIH Biomedical Translational Research 
Information System (BTRIS) to identify laboratory tests, map comment values to the LOINC codes that will be 
incorporated into our Research Entities Dictionary (RED), and develop a reference table that can be used in the 
EHR data extract-transform-load (ETL) process.  

Introduction 

Laboratory test results are stored in electronic health records (EHRs) as structured data coded with local or standard 
terms. These formally coded laboratory tests can facilitate retrieval and reuse of EHR data. However, laboratory 
tests conducted at an outside laboratory are often simply labeled or 
with the actual name included in the free text result, comment, or note (e.g. Test requested: Lyme Disease Serology 
Test performed at: Mayo Medical Laboratories Rochester, MN Test result: Lyme Disease Serology, S - Negative 
Expected values  Negative ). As a result, these outside laboratory tests with nonspecific names cannot be 
differentiated during retrieval, impeding tasks such as patient care, data sharing, integration, analysis, and decision 
support. Manual clarification of such data is tedious and redundant. 

Our goal is to develop a generalized method to make outside unspecific laboratory data available for secondary use.
Our approach seeks to code nonspecific tests with appropriate codes and standard terms from the Logical 
Observation Identifiers Names and Codes1 (LOINC) using a fuzzy matching approach2 that comprises four steps: 1) 
identify outside laboratory tests results, 2) based on the text fields, map the test to a specific standard LOINC code,
3) develop local codes, 4) recode outside unspecific laboratory test results proactively when loading new data into 
the EHR. We demonstrate this approach with the Biomedical Translational Research Information System3 (BTRIS),
a repository of EHR data at the National Institutes of Health (NIH). 

Background 

Logical Observation Identifiers, Names and Codes (LOINC) 

LOINC, a standard for reporting clinical observations (including laboratory test results) used in EHR systems, 
includes names and identifiers for more than 68,000 medical terms. Approximately 300 LOINC codes cover more 
than 95% of laboratory test orders in the U.S.4 Based upon available laboratory information (e.g. name, unit of 
measure), we can use the LOINC Mapping Assistant (RELMA5) to match LOINC codes with local codes. Over the 
past two decades, the benefits of LOINC mapping for EHR interoperability have been well discussed, as have the 
challenges in mapping practice6, 7, 8. Basic LOINC mapping guidelines are derived from an accumulated experience 
with MIMIC-II lab codes7. 
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The Biomedical Translational Research Information System (BTRIS) 

BTRIS is a clinical research data repository at the National Institutes of Health (NIH) that collects EHR data from 
over 50 NIH sources3. Laboratory data are obtained from multiple systems including the current hospital laboratory 
system, archived data from previous systems, and institutional clinical trials management systems. All of these 
sources include results from outside laboratories (e.g. Mayo Medical Laboratories). 

All data in BTRIS are coded with the NIH's Research Entities Dictionary (RED), a terminology resource that 
includes the concepts related to laboratory tests or panels in five categories (chemistry, hematology, 
immunology/flow cytometry, microbiology, and transfusion medicine). Like other RED concepts, laboratory test 
concepts have properties, roles, and associations to represent comprehensive knowledge about the tests they 
represent. 

BTRIS uses a hybrid relational and Entity Attribute Value (EAV) database model3, in which most laboratory data 
are represented with columns in two tables: Event_Measurable and Observation_Measurable. The 
Event_Measurable table contains laboratory order information with orderable laboratory tests and panels stored in 
the Event_Name column along with their RED concepts in the Event_Name_CONCEPT column. Laboratory test 
results are recorded in the Observation_Measurable table. Laboratory finding values (results) are in 
Observation_Value_Text or Observation_Value_Numeric columns. Additional textual information is stored in 
Observation_Note and Observation_Value_Name columns. Figure 1 displays a sample of the two tables. Additional 
information (e.g. status flags and reporting time) are stored in the corresponding EVA tables. 

Figure 1. Sample data on the Event_Measurable and Observation_Measurable tables (selected columns only).

Fuzzy Lookup Transformation  

Fuzzy matching or lookup uses mathematical processes to determine the similarities between strings and to find 
similar (non-exact) matches. We expect this method to be sufficient for matching newly received results with similar 
previously encountered results, since they typically share similar patterns and formats. Fuzzy matching can be 
expected to overcome minor differences such as unique numeric results, misspellings, or inconsistent abbreviation 
usage. For example Aspergillus fumigatus Ab IgE 78.4 ku/l laboratory  and Aspergillus Fumigatus Aby Ige 36 
Ku/L .  

The development of fuzzy technology has a wide range of potential uses in health care (e.g. diagnosis, decision 
making); its role in EHR data cleaning and standardization is relevant to the current project9-12. EHR data extract-
transform-load (ETL) processes consolidate disparate clinical data into a data repository3, 13. Microsoft SQL Server 
Integration Services (SSIS) features a fuzzy lookup transformation in the ETL package for data cleaning and 
standardization2, 14. We plan to use the SSIS platform to perform fuzzy matching to recode unspecific laboratory 
data and incorporate it into the ETL processes to check new data during real-time data loading. 

Methods 

As previously described, the nonspecific laboratory tests are those conducted at an outside laboratory and the results 
are stored in clinical databases without specific test names. Our goal is to develop a generalized method that makes 
outside unspecific laboratory data available for secondary use. The following illustrates our four-step approach. 

Step 1: Identifying nonspecific outside laboratory tests 

To find unspecified outside (or reference) laboratory tests, we looked in the RED for suspicious local terms referring 
to outside laboratory tests ).  We then obtained actual laboratory results from BTRIS that were coded 
with these terms.
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Step 2: LOINC mapping  

We selected samples from these laboratory test results and designed mapping strategies according to laboratory test 
types. For microbiology tests, our initial focus in the study, we extracted the laboratory test information from 
Observation_Value_Text or Observation_Note. After a simple normalization (e.g. spacing and capitalization), we
used regular expression functions to parse comment strings into four parts: 1) Test requested; 2) Test results; 3) 
Laboratory location; and 4) Additional information. After removing duplicate test , we used test 
names, laboratory locations, and test results for LOINC mapping. 

For tests performed at a known laboratory (e.g., Mayo Medical Laboratories), we reviewed the Web site 
to obtain test names, synonyms and LOINC codes where they were available. We used RELMA to map additional 
test terms to LOINC codes by matching main parts (e.g. components measured, the unit of amount of substance, 
timing and sample type) with available information found in test results 1, 7. For example, for the test name B.
burgdorferi ELISA serum,  we obtained information from the result IgM-Negative and IgG-Negative  and 
matched 4 LOINC parts: component (B. burgdorferi Ab.IgG & IgM), method (ELISA), system (serum), and Scale 
(Ord). ,

Step 3: Developing local codes  

We checked the RED for existing test terms with the corresponding LOINC codes; where they did not exist, we 
created new local test terms and annotated them with information about the outside laboratory tests.

Step 4: Developing a reference table for fuzzy lookup transformation 

Based on the results of Steps 2 and 3, we created a reference table to associate the text results of outside laboratory 
tests to the mapped LOINC codes and local codes, which will be used for fuzzy lookup transformation in an ETL 
process to code new data. 

Results 

Identified unspecific outside laboratory tests in BTRIS 

We found that the majority of outside laboratory tests had names that conveyed what the tests were being performed 
(e.g. Anti-Influenza Virus B IgG Antibody Serum Test by Mayo ).  We found that nonspecific tests most often 
included in their names. Table 1 shows the summary statistics of distinct RED concepts and patient 
rows for all the records associated with RED concepts for outside laboratory tests in the Event_Measurable table.  

We identified a total of 27 RED concepts used to code outside unspecific laboratory tests. Among them, 4 RED 
concepts are associated with microbiology tests: other microbiology test other mayo clinic microbiology Test
other micro mayo contract laboratory test other micro AML Test.   

We extracted patient rows from the joined tables of Event_Measurable and Observation_Measurable where the 
value of Event_Name_CONCEPT was one of these 27 concepts. As a result, we obtained 14,082 unspecified 
laboratory test results that are stored in Observation_Note and Observation_Value_Text columns. We found each of 
the microbiology tests had a specific, consistent report pattern, including units, and reference ranges, although 
naturally the values and interpretations varied. 

Table 1. Counts of distinct RED concepts and incidences in the event table. 
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LOINC mapping  

other microbiology test , we selected 1,000 patient data rows as a convenience sample data set and 
extracted 342 unique laboratory test names from the comment fields. Of these, 298 test names were from 16 known 
laboratories (Table 2). We mapped 329 of 343 (95.9%) laboratory tests to 102 unique LOINC codes through 

Web sites and RELMA. No match was found for 14 tests because of the lack of minimal information,
or a new LOINC code required (see examples in Table 3).
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Table 2. LOINC mapping results. 
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Table 3. Examples of unmapped test terms. 
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Developing local codes 

We added 102 new terms to the RED when no laboratory test name had been represented in the RED, based on 
mapping and information from the outside laboratory. 

Creating a reference table for fuzzy lookup transformation

Multiple columns are included on the reference table for fuzzy lookup transformation, including local code, local 
term, full text string, LOINC code and name for laboratory results. Table 4 shows the structure of the reference table 
with sample data.
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Table 4. Transformation reference table.  

Discussion 

Data in EHRs are often uncoded or coded to a level that is inadequate for re-use. Outside laboratory test results, such 
as those in our study, are commonly found in EHRs and are particularly troublesome, especially when attempting to 
merge such data with data that are more explicitly coded. In this study, we demonstrated that such tests do actually 
have appropriate LOINC codes and automated methods can be used to achieve mapping where neither the outside 
laboratory nor the receiving laboratory system are able to do so. 

LOINC mapping. The LOINC code is an intermediate between local and outside laboratory tests. Our mapping is 
based on textual comments reported by the outside laboratory as results that actually include test names and results,
which are different from mapping local laboratory tests based on the names from data dictionary7. Our mapping
strategy is a specific-general approach. We choose a specific LOINC code for the laboratory result with multi-part
matching. Considering test results with less information, we prefer a relatively general code that can cover 
laboratory results with similar reporting patterns. The laboratory results from well-known laboratories use similar 
report formats for specific tests, so that the mapping results can be shareable within any laboratory system that 
obtains results from these laboratories. Our general mapping strategy produces a high success rate; however, we do
not consider the possibilities of multiple LOINC codes and the influences of specific methods used in the laboratory 
tests. Although our mappings appear correct, we have not conducted a formal evaluation of their accuracy.  

Local coding. We need to add new terms or codes into the list of laboratory tests, if these terms are not in an EHR 
system. In clinical data repositories within the i2b2 model, the i2b2 ontology management cell manages new test 
names under accurate concept paths15. The RED concept structure allows the representation of outside laboratory 
test information in synonym  properties and their associated attributes as local data sources. However, when we 
add as many new terms as we can identify from unspecific outside laboratory test results, we bear the burden of the 
need for additional concepts and an efficient method to manage the concepts.  

Fuzzy lookup transformation. Microsoft SQL server integration services (SSIS)2, 14 provides a platform for ETL 
processes that supports routines for outside laboratory test results transformation into the daily work flow. In 
BTRIS, we will apply the featured fuzzy lookup function in the ETL processes to identify unspecified laboratory 
results to match them with previously encountered text result (perhaps differing only by numeric result or 
punctuation). The input data source is the file with original outside laboratory results. The program will produce 
similarity scores for each sample in the reference table. The input data will be added to the output file with the 
specific laboratory test name with the highest similarity score above a given threshold. So far, we have worked on 
sample data retrieved from BTRIS. Additional experiments on new incoming laboratory data are needed.  

Conclusion 

We identified the meanings of outside unspecified laboratory tests results using medical standards and developed an
outside laboratory test reference table for use in fuzzy lookup transformation processes. This study suggests that a 
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modest effort can lead to improved coding of these outside nonspecific laboratory data, such that we do not have to 
ta to bear on 

data re-use tasks. The heterogeneous and dynamic nature of EHR data reminds us of the challenges in the 
implementation of standards.
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