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Semantic Interoperability

Semantic interoperability is about ensuring that the meaning of the 
information exchanged is not lost in the process, that it is retained and 
understood by the people, applications and institutions involved.
COMMISSION OF THE EUROPEAN COMMUNITIES, Brussels, 13.2.2006

COMMUNICATION FROM THE COMMISSION TO THE COUNCIL AND THE EUROPEAN PARLIAMENT: Interoperability for Pan-European eGovernment Services

• Share Knowledge to improve patient care

• Use of standardized and certified solutions

Standard create the opportunity for Interoperability

Nawanan Theera-Ampornpunt, “HL7 Standards”, Mahidol University.
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LOINC Italia

• Since 2010 we realize the LOINC Italian version

• Biannual updates

• Revisions and adjustments according to the Italian context of use

• Italian translation of the LOINC online websearch and users’ guide

• 2014: Memorandum of understanding between Regenstrief Institute and IIT CNR

• Cooperation agreement with HL7 Italia (2015)
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LOINC Italia activities

• Support for LOINC implementation

• Education, training and mapping 
validation

• Online helpdesk
• Over 40 opened tickets

• Over 50 helping requests via email

• 18 new codes requests to the 
Regenstrief, 16 accepted
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www.loincitalia.it

http://www.loincitalia.it/


Coding Systems in the Italian e-health context

• Prime Minister Decree N. 178/2015 on the Italian Federated EHR

• Addresses medical terminologies / standards use in two specific clinical documents: 
Patient Summary and Laboratory reports

ICD-9-CM
(International Classification of Diseases, Clinical Modification)  

for diagnoses coding in the Problem list 
and for interventions coding in the Patient 
Summary

LOINC 
(Logical Observation Identifiers Names and Codes)

for laboratory tests and  observations 
coding in the Laboratory report

ATC 
(Anatomical Therapeutic Chemical Classification)

for medications’active ingredient coding

AIC 

(Autorizzazione all’Immissione in Commercio)

for medications’commercial name 
coding
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LOINC Italian and the National EHR Project

Project Objective: 

To Design and validate the national federated ICT infrastructure to guarantee national and international 
interoperability of the local electronic health record systems

LOINC Italia activities:

• Implementation of LOINC as national standard for laboratory observations 
and document types encoding, enhancing its use in the HL7 CDA 2 IG

• Support to the Ministry of Health, AgID and HL7 Italy for the request of new 
LOINC codes for clinical documents

• Definition of a standardized Document type coding system mapped to 
LOINC

• Definition of terminology services and coding support tools to facilitate 
coding systems management and coding practice

For details: http://www.fascicolosanitario.gov.it
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Terminology Service (STI) in the Italian EHR framework

• Based on HL7 Common Terminology Services Release 2 (CTS2)

• Devoted to: Healthcare operators, GPs, laboratorians, Applications/services  and regional 
referents

• Provides a common platform for terminology updates

• Can include local catalogues and allows for their mapping to Standards

• Allows the possibility to include bilingual resources 

• It’s an open source sw promoted by stakeholders for experimental reuse by Public 
Administration in Italy

STI has the aim to facilitate the use, management, and integration of clinical 
standards within the Italian EHR and represent it in a semantically consistent format 

Features
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Terminology Service (STI) in the Italian EHR framework
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The Lingua Franca of clinical and laboratory observations exchange 

Logical
Observation
Identifiers
Names and
Codes
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LOINC codes over time and space

First release
24-4-1995

Less than 10,000 codes

Last release 2.71
23-08-2021

More than 96,635 
codes

More than 135,142 
registered users 

from 185 Countries 
in the world

Actually 
translated in 13 

languages and 18 
linguistic variants
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Why using LOINC?

Domain experts communication

Human-machine communication

If the same thing is named differently?

Machine-machine communication
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Benefits in using LOINC

• High level of details in the identification of a clinical text

• Understandeable and reusable results

• Aids data interoperability

• Improves analysis and reporting

• Useful for Clinical Decision Support and for a good administrative planning of the 
healthcare facility/laboratory

• Links clinical and billing data

• It is free
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Sparkling or Soda?

What you see in the test catalogues

Lab A
Test name: Lyme Disease Sierology

Lab B
Test name: Lyme Disease Antibody

Measures: B. burgdorferi Ab IgG
Method: ELISA
Scale: quantitative
E.g. result: Title 1:40

Measures: B. burgdorferi Ab IgM
Method: Immune blot
Scale: qualitative
E.g. result: Positive

LOINC code = 5062-5

LOINC code = 6321-4
Borrelia burgdorferi IgG Ab [Units/volume] in Serum by Immunoassay

Borrelia burgdorferi IgM Ab [Presence] in Serum by Immunoblot

®Regenstrief Institute, Inc.
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If an observation is a question and the observation value is an answer …

…LOINC provides codes for questions

In most cases the answer is a numeric value and there is no need to have a 
code to represent it

In other cases, the answer can be a coded value, deriving from other 
vocabularies (e.g., ICD, SNOMED, etc.), that provides codes for answers

I.e., Blood culture: will have a LOINC code to identify the test, but observable organisms
could be potentially coded using other terminologies (e.g., SNOMED CT)

®Regenstrief Institute, Inc.

What is coded by LOINC
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What is NOT coded by LOINC

• The tool used to carry out the test;

• Sample specific details;

• Priority;

• Where the test was performed;

• Who performed the test;

• Test Interpretation;

• Anything that is not critical to identifying the measurement.
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LOINC main sections 

1. Laboratory LOINC

2. Clinical LOINC

Measurements and observations on a sample

What is my patient hemoglobin level?

718-7:Hemoglobin:MCnc:Pt:Bld:Qn

Measurements and observations on a patient

How fast does my patient usually walk?

41959-8:Walking speed:Vel:1W^mean:^Patient:Qn:Calculated
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LOINC Names and Term Anatomy

Fully-specified: Contain all the information needed to uniquely identify a test

LOINC code:   Unique ID assigned progressively 

1. Component
2. Property
3. Time
4. System
5. Scale
6. Method

6 LOINC main axes

21



22

Axis 1: Component

<Analyte/component>:<Property>:<time>:<system>:<scale>:<method>

The Substance or measured, evaluated, or 

observed entity

(e.g., Glucose, Hemoglobin, etc.) 

5792-7:Glucose:MCnc:Pt:Urine:Qn:Test strip



Axis 2: Property

<Analyte/component>:<Property>:<time>:<system>:<scale>:<method>

Characteristic or attribute of the analyte
(e.g., substance concentration,

mass, volume)

5792-7:Glucose:MCnc:Pt:Urine:Qn:Test strip

23



Axis 2: Property

It is not always specified in the names in the local test catalog, it is implied!

What is being measured?

• A mass?
• A concentration?
• A substance?
• A catalytic activity?
• A count?
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2. Property (kind of quantity)

There is no one-to-one relationship between the LOINC code and unit of measure, but the 
Property axis gives an indication of which units of measure are admissible by a particular code.

Property generically indicates the relationship that 
the unit of measure expresses in a specific way

Some examples:
MCnc (Mass concentration), e.g., mg/dL = mass/volume; 
MCnt (Mass contents) e.g., mg/g= mass/mass; 
SCnc (Substance concentration) e.g., umol/L= moles/volume;
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Axis 3: Time

<Analyte/component>:<Property>:<time >:<system>:<scale>:<method>

One can either measure a Property at a 
moment (point) in time or measure it 
over a time interval and integrate, in 
the mathematical sense, over time

5792-7:Glucose:MCnc:Pt:Urine:Qn:Test strip
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Axis 3: Time

Example Duration Categories

• Pt: To identify measures at a point in time. This is a synonym for “spot” or 
“random” as applied to urine measurements.

• 12h: measurement over an interval of 12 hours;

• XXX: Not specified; time will be reported in another part of the electronic 
message.
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Axis 4: System

<Analyte/component>:<Property>:<time aspect>:<system>:<scale>:<method>

The system (context) or sample 
on which the observation is

carried out
(e.g., urine, serum, etc.)

5792-7:Glucose:MCnc:Pt:Urine:Qn:Test strip
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4. System

Example Laboratory System/sample Types
• Ser: Serum

• Ser/Plas: Serum/Plasma

• Bld: Whole blood

• BldA: Blood arterial

• PPP: Platelet poor plasma

• Urine: Urine

• Body fld: Body fluid, unspecified

• Tiss: Tissiu unspecified

• XXX: To identify a material that is unknown or not specified)
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Axis 5: Scale

<Analyte/component>:<Property>:<time>:<system>:<scale>:<method>

the Scale of the measure, 
indicates the type of result

(e.g., qualitative, quantitative)

5792-7:Glucose:MCnc:Pt:Urine:Qn:Test strip
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5. Type of Scale

• Qn (Quantitative): The result of the test is a numeric value that relates to a continuous 
numeric scale (an integer, a ratio, a real number, or a range). E.g.: 7, -7, <10, 1-10, 1:256, etc.

• Ord (Ordinal): Ordered categorical responses. E.g.: 1+, 2+, 3+; positive, negative; reactive, 
indeterminate, nonreactive.

• Nom (Nominal): Nominal or categorical responses that do not have a natural ordering. E.g.: 
names of bacteria, reported as answers, categories of appearance that do not have a natural 
ordering, such as, yellow, clear, bloody, etc.

• Doc (Document): A document that could be in many formats (e.g., clinical document)

• Nar (Narrative): Text narrative
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Axis 6: Method

<Analyte/component>:<Property>:<time>:<system>:<scale>:<method>

The Method by which the test was 
performed (e.g.,radioimmunoassay - RIA)

5792-7:Glucose:MCnc:Pt:Urine:Qn:Test strip

32



Axis 6: Method

• It is the only optional axis

• It is specified only when the same test, carried out with different methods, 
returns results with different clinical significance

• Generic level of detail:

• HA - Agglutination: includes direct or indirect;

• EIA: includes variants such as ELISA.
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Recap on the LOINC term structure

<Code>:<Component>:<Property>:<Time>:<System>:<Scale>:<Method>

Unique and 
progressive ID 
with a final  
check digit

Measured, 
evaluated or 
observed Substance 
or entity

Analyte 
attribute, 
related to the 
unit of measure

Time interval in 
which the 
observation or 
measurement is 
carried out

Type of sample 
sample on which 
the observation is 
carried out

Measurement 
Scale

Test Method

5792-7:Glucose:MCnc:Pt:Urine:Qn:Test strip
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Other LOINC elements: Panels

35

• Collections of terms to represent specific sets of information

• Use common names (e.g., Short blood count), which correspond to what 
arrives as request to the lab

• Detailed names for the individual test that make up the battery (e.g., 
leukocytes, hemoglobin, etc.), which can be visualized in the laboratory report

• Be careful to the mapping!

• There can be innested panels



To share data from 
different sources ...

… every local term must be 
mapped to a universally 
recognized term

Mapping to LOINC
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Mapping to LOINC: tips and experiences



What is

Between coding systems

Process that establishes unique correspondences between concepts 
having the same meaning but belonging to different resources

• Association of concepts or terms from one coding system (source) 
to concepts or terms in another coding system (target) to define 
their equivalence according to a documented logic and a given 
purpose

• The mappings represent the agreement reached between domain 
experts expressed in the form of correspondence tables

Mapping to LOINC
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• To ensure an unambiguous and effective exchange of 
information

• To maintain data value when migrating to new 
database and schema formats

• To aggregate data from different sources for research 
purposes, quality improvement, epidemiological 
surveillance, etc.

• To avoid multiple entry of the same data, thus reducing 
costs and the possibility of errors

Why mapping?
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Local test 
code X

LOINC 
code

The need

Who should do it

How

Establish unique correspondences
between local codes and LOINC codes

Mapping to LOINC
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From source or starting code system, from which the 
mapping must be carried out ...

… to target or destination code system, towards which 
the starting terminology is to be mapped

Mappings to LOINC are always of type 1 : 1

Local coding system           LOINC

Mapping to LOINC
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• Correct interpretation of the concepts of 
terminology or descriptions of the starting 
classification so as to ensure equivalence 
between different systems

• Equivalence must be based on the meaning to be 
conveyed and not on its graphic form
• Two terms that have the same spelling do not 

necessarily designate the same meaning

Basic criteria
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• It is not just a computer issue

• It is necessary to understand the structure of the 
terminology

• You need to know how the exams are actually 
performed

• Clinical knowledge is needed

Basic criteria
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• Lab A and Lab B can carry out tests that are identical in 
appearance (based only on the name), but different in 
substance (unit of measure, method, etc.)

• For this reason pay attention if you want to put the 
catalogs of n laboratories in common and create mappings 
that are valid for all

• The expertise of those who specifically know the exam is 
required because they perform it, know the machines, 
know the sample, know the type of result

To keep in mind
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Mapping is a process that takes 
once in a consistent way and 
then requires only a few 
periodic updates ...

To keep in mind
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… LOINC codes remain mostly 
transparent to users, who do not 
have to change their work habits, 
because LOINC codes 
complement local ones and bind 
to them thanks to mapping 
operations

To keep in mind
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Mapping tips
and experiences
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1. Always consider the possibility of searching 
through synonyms or alternative names of the 
analyte

2. Always try to map to the LOINC code which 
represents all known information on the exam

3. Pay attention to the method: always specify it 
whenever possible

How to map
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4. Don't fall back too easily to codes that contain 
generic XXX characters, but leave them as a last 
choice

5. If you are sending tests to an external lab, ask them 
for the proper LOINC codes to identify exactly 
which test they perform

6. Always map to method codes if available, 
otherwise granularity of clinical information is lost

How to map
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LOINC Mapping tactics

• Limit effort to one lab section at a time and focus expertise

• Chemistry and hematology will be easiest

• For manufactured assays, use package insert as source information

• Sample results give clue to Property and Scale

• Consider prioritizing by frequency of use

• You may have a test that need to be added to LOINC
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• Indicates the type of measurement carried out in 
relation to the substance or nature of the observation
• It is specified in the second part of the name

• It is the axis to pay more attention to during mapping, 
because:
• Less immediate;
• To be derived from the information in the local 

exam catalog;
• More time is needed to familiarize yourself with 

the acronyms of the axis.

Mapping – Property axis
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• Method according to which the test is carried out
• it is indicated only if it serves to distinguish between tests that measure the 

same analyte with methods that have different clinical relevance

• Eg. The DNA / RNA probes:
• Probe (without amplification)
• Probe.amp.tar (Probe and amplification of target nucleic acids)

• PCR or Polymerase Chain Reaction
• TMA or Transcription Mediated Amplification
• CSF or Ligase Chain Reaction   

• Probe.amp.sig (Probe and signal amplification of nucleic acids)
• HPA or Dosage with hybridization protection (applies to RNA)

• branched chain bDNA

Mapping – Method axis
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• To establish equivalence (e.g. for mapping), a user panel must contain 
all of the required elements of a LOINC panel (see the Users’ guide for few 

exceptions). This is not valid for optional elements.

• The predefined panels in the LOINC system do not always correspond 
to the series of exams as they are carried out in Italy

• It is therefore not always possible to find a LOINC code identifying the 
entire panel

• It is therefore necessary to carry out mapping at the level of the 
individual exams that make up the battery

Mapping – Panels
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• Medical information system vendors want to install their systems 
with a usable starter set of standard codes for common orders. They 
also want standard codes to ease the cross communications among 
merging hospitals

• The LOINC/IEEE Medical Device Code Mapping Table: the main file 
contains linkages between LOINC terms and content from IEEE 
11073-10101 ISO standard

Vendors instruments and kits
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May I reuse mappings of the others?

Reference laboratories
• Check your reference lab if you send your test to be examined outside
• In the United States, many large reference laboratories publish the LOINC mappings for each 

test in their online catalog
• it is always a good idea to double-check mappings published by other organizations BUT not 

all laboratories perform the same test or report results in the same way, so review the details 
provided by the reference laboratory to be sure the test is the same as yours

In vitro diagnostics (IVD) vendors
• Many IVD vendors have mapped their orders and test results to LOINC terms
• Some vendors publish these mappings publicly, but more often the specific maps for a 

particular device are available to customers who purchase that device.
• Double-check with your IVD representative if any LOINC mappings are available, but keep in 

mind that the list provided will likely cover all approved uses of the test kit, not just the ones 
implemented in your laboratory
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May I reuse mappings of the others?

National Health Systems

• The ideal situation would be having databases with constrained subsets of 
LOINC terms that are applicable within the context of that country, and lists of 
observations and their associated LOINC terms.

• Several countries also publish mappings from their national billing codes to 
LOINC
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• If we consult the local exam catalog, we will probably find that:
• Many tests are no longer carried out
• There is a lack of detailed information such as units of 

measure, types of results

Suggestions for preparing catalogs

Panels must be disaggregated, specifying in detail each exam that is 
part of the group, even if this should eventually involve repetitions. 
What will be mapped is, in fact, the single test and not the battery of 
exams as a whole.
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Will this code 
be right?

No result! And 
now?
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The wisdom of the crowd
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Mapping of other users

Ascending or 
descending 
order by 
clicking on the 
column 
header 
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Mapping of other users
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Help desk online - www.loincitalia.it
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Help desk online - www.loincitalia.it
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Validation
• It should be performed by a third part which is LOINC expert and with support of lab 

professionals for any need of information about mapped tests
• We adopted a classification system for each mapping: 

• Right
• wrong with indication of the right LOINC
• wrong with requests of more info
• More info to be required to Regenstrief
• Candidate to submission

• Continuous exchange with the mappers until the file is completely correctly mapped

Maintenance
• Both LOINC and local tests continue to evolve
• Replacement and addition in local catalogues
• Check new codes in LOINC each release (Feb and Aug) and the file «map to»

After mapping…validation and maintenance
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• Mapping is not a delegable duty

• If you work together, you go faster

• Starting from a detailed local catalogue can make the difference

• Starting from the branch you are more familiar with will get you in confidence with the LOINC 
naming conventions

• Divide the catalogue according expertise

• If you manage to map local catalogues among them, then it will be easier go together towards
LOINC

• BUT you have to be sure two tests are completely equivalent…remember sparkling or soda?? 

Lessons learnt
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Conclusions and Lessons learnt
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