
www.fh-joanneum.at APPLIED COMPUTER SCIENCES 
Institute for eHealth 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 

FH-Prof. Dr. Jozef Aerts 



www.fh-joanneum.at APPLIED COMPUTER SCIENCES 
Institute for eHealth 

Use of LOINC in Healthcare 

• Healthcare uses HL7 Standards for exchange 
• HL7: Health Level 7 

• Worldwide organization 
• With headquartes in the USA 
• Develops semantic and syntactic standards for 

healthcare 
 

• Major groups of standards: 
• HL7-v2: bar delimited exchange format 
• HL7-v3: XML based exchange format 
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HL7 v2 

• Messages between systems 

• Mostly between systems in the same hospital 

• E.g. Lab results from Lab to Hospital Information 
System 

• Sometimes also between hospitals / other 
organizations 

• E.g. immunization information 
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HL7-v2 example 
Laboratory Result 
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Usage of LOINC in healthcare 

• Used in HL7-v2 messages 
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• MSH: message header 
• GHH LAB: sender 
• GHH OE: receiver 
• 200202150930: Datetime 
• ORU^R01: message type: Observation Result - unsollicited 
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HL7-v2 example 
Laboratory Result - Details 

• OBR: Observation Request 

• 15545^GLUCOSE: "please execute Glucose 
test with test code 15545" 
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HL7-v2 example 
Laboratory Result - Details 

• OBX: Observation Result 
• 1554-5^GLUCOSE^POST 12H CFST:MCNC:PT:SER/PLAS:QN 
• Meaning: 

• I have executed test with LOINC Code 1554-4 which is a glucose 
test, 12 hours calory fasting as a mass concentration as a point 
in time, in serum or plasma as a quantitative test 
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LOINC is not only lab tests … 
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HL7-v2 example 
Laboratory Result 

• 1554-5^GLUCOSE^POST 12H CFST :MCNC:PT:SER/PLAS:QN 
• Test is very granular 

 
• From the LOINC manual: 
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HL7-v2 example 
Laboratory Result 

• LOINC code details: 
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DOES CDISC USE LOINC ?  

Well, somehow … 
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Source: Study Data Tabulation Model v.1.3 
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OIDs: object identifiers 

• Object identifiers used in healthcare 
• But not only there 

• Tree structure 
• An organization that has an OID is allowed to 

assign further OIDs to … 
• Associated (sub)organizations 
• Documents 
• Persons 
• … 
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OID tree structure 
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OID tree structure 
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Microsoft = 1.3.6.1.4.1.311 
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OID ISO country codes and ISO-3166-1 
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1.2.840 = ISO USA 
1.2.40 = ISO Österreich 
1.2.276 = ISO Deutschland 
1.2.756 = ISO Schweiz 
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OIDs Germany 
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• 1.2.276 = ISO Germany 

• But! 2.16.840.1.113883.2.6 = HL7 Germany 

2.16.840 = USA 
2.16.840.1 = US Organization 
2.16.840.1.113883 = HL7 USA 
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HL7 Austria 

• OID = 2.16.840.1.113883.2.16 
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Organisations can assign OIDs based 
on their own OID - ELGA Austria 

(Elektronische Gesundheitsakte) 

• eHealth-Austria: 1.2.40.0.34 

• ELGA CDA Implementierungsleitfaden: 
1.2.40.0.34.7.1.1 

• ELGA CDA Implementierungsleitfäden 
Entlassungsbrief (Ärztlich):  
1.2.40.0.34.7.2.1  
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7 = "Documents" 
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OIDs and Coding Systems 

• OID = Maschine-readable and unique  

• Each Coding System used in healthcare has an 
OID 

• ICD-10 = 2.16.840.1.113883.6.3 

• SNOMED-CT = 2.16.840.1.113883.6.96 

• LOINC = 2.16.840.1.113883.6.1 
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Use of LOINC in EHRs 
(HL7-CDA) 
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Use of LOINC in EHRs 
(HL7-CDA) 
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LOINC Code 11488-4 
in codeSystem 2.16.840.1.113883.6.1 
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In the same CDA … 
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In the same CDA … 
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Hey! A UCUM 
Unit! 
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Does CDISC use Object Identifiers? 
(OIDs) 

• The CDISC Organization does not have an OID 

• So CDISC coding systems (like CT) do not have an 
OID either 

• So CDISC-CT Code is only valid … within CDISC 
• And can e.g. not be stored in an EHR … 

 

• Why? 
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Use of LOINC in  
SDTM and SEND 

• From the SDTM-IG 3.1.3: 

Use of LOINC and UCUM 
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• Dictionary-derived (!!!) 

• Permissible 
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Use of LOINC in  
SDTM and SEND 

• --LOINC should not be used in: 
• EG  (ECG Test Results) 

• IE  (Inclusion/Exclusion Exceptions) 

• PE  (Physical Examination) 

• QS   (Questionnaires) 

• SC  (Subject Characteristics) 

• DA  (Drug Accountability) 
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--LOINC is permissible 

• Description says: 
"Dictionary-derived LOINC Code for LBTEST" 
 
• Meaning: "from the value of LBTEST", look for a LOINC 

code in the dictionary" 

• This is however impossible, as there is a 1:n relationship 

• So sponsors do not use LBLOINC 
 

• However, the LOINC code is in the LIS, HIS or EHR!   

 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 

Jozef Aerts 28 

LIS = Laboratory Information System - HIS = hospital information system 
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LBLOINC in SDTM - possible process 
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Investigator 
requests Lab 

test 

Lab executes 
test - stores info 

using LOINC 

Lab sends test 
results with or 
without LOINC 
(investigator 

never asked for 
LOINC) 

Investigator 
enters Lab 

results in EDC 

(with or without 
LOINC) 

CRO or Sponsor 
maps EDC test 
code to CDISC-

CT 

Sponsor 
submits Lab 
information 

using CDISC-CT 

Somewhere 
here: 

information loss 
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CDISC decided to develop its own CT 
for Laboratory tests 

• LBTESTCD 
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CDISC-CT for Lab tests 

• Latest version: 2013-07-08 

• 975 test codes 

• LOINC  

• > 70000 test codes 

• CDISC-CT cannot be mapped well to LOINC 

• We tried … 

• Granularity is completely different 

Use of LOINC and UCUM 
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CDISC-CT versus LOINC for Lab tests 
An example 
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Source: CDISC SDTM-IG 3.1.3 
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CDISC-CT versus LOINC for Lab tests 

Use of LOINC and UCUM 
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CDISC CT Code 
(LBTESTCD) 

CDISC CT Name 
(LBTEST) 

Nr. of LOINC Codes 

ALB Albumin 51 (++) 

ALP Alkaline Phosphatase 12  (++) 

WBC Leukocytes 81  (++) 

LYMLE Lymphocytes 24  (++) 

NEUT Neutrophils 33  (++) 

PH pH 3 

CHOL Cholesterol 21  (++) 

PROT Protein 36  (++) 

++ : Exclusing similar tests, e.g. excluding "Cholesterol crystals". 
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CDISC-CT versus LOINC 
Example GLUC (Glucose) 

• LBTESTCD = GLUC 
• 68 LOINC Codes 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 

Jozef Aerts 34 



www.fh-joanneum.at APPLIED COMPUTER SCIENCES 
Institute for eHealth 

OK, but we have LBCAT, LBMETHOD … 

• LBCAT, LBSCAT, LBMETHOD, LBSPEC do not 
have controlled terminology! 

• Example glucose test 
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LBTESTCD LBCAT LBSPEC LBMETHOD 

Sponsor 1 GLUC CHEMISTRY BLD QUANT 

Sponsor 2 GLUC CHEM WHOLE 
BLOOD 

ENZYMATIC 

Sponsor 3 GLUC CHEMI BLOOD HEXOKINASE 

Where these the same test? 

LBLOINC 

2339-0 

15074-8   
 

2339-0 
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Use of LOINC by the FDA 

• Even if there is consistency in LBCAT, 
LBMETHOD, … within a study or even a 
submission, how can FDA reviewers compare 
different submissions? 

• If LBLOINC was made "expected" instead of 
"permissible" they could. 

Use of LOINC and UCUM 
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Arguments heard against using LOINC  
in FDA submissions 

• Preclinical is not well covered by LOINC 
• => make separate LBTESTCD-CT for SEND 

• Not each combination of 5 variables has a test 
code 
• => see following slides 

• LOINC does not always make a distinction 
between Serum and Plasma 
• => Does CDISC? 

 Use of LOINC and UCUM 
in CDISC SDTM and SEND 

Jozef Aerts 37 



www.fh-joanneum.at APPLIED COMPUTER SCIENCES 
Institute for eHealth 

Once upon a time … 
CDISC tried … 

• 2005 Document by LOINC: "Common LOINC 
codes used in clinical research" 
• http://loinc.org/discussion-

documents/CDISCcommonLOINCtests20050214.pdf 

• Never updated afterwoods 

• No mapping with CDISC-CT 

Use of LOINC and UCUM 
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http://loinc.org/discussion-documents/CDISCcommonLOINCtests20050214.pdf
http://loinc.org/discussion-documents/CDISCcommonLOINCtests20050214.pdf
http://loinc.org/discussion-documents/CDISCcommonLOINCtests20050214.pdf
http://loinc.org/discussion-documents/CDISCcommonLOINCtests20050214.pdf
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Common LOINC codes used in clinical research 
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REMARK: 
The CDISC-CT Code is 
not mentioned 
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Common LOINC codes used in clinical research 
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An alterntive for the LB domain 

• For usage in case the source data comes from 
a HIS, LIS or EHR 

• Recently proposed to CDISC 

• But with little prospect of being accepted 

• Based on usage of LOINC and UCUM instead 
of CDISC-CT 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 
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HIS = Hospital Information System 
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The alternative proposal 

• Make LBLOINC expected 

• Remove current LBCAT, LBSCAT, LBSPEC, 
LBMETHOD 

• Add (LOINC) LBPROP (property measured), 
LBTIMEAS (time aspect), LBSYSTEM (system), 
LBSCALE (scale), LBCLASS (class), LBMETHOD 
(method, when applicable) 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 
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The alternative proposal 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 
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Sponsor LBLOINC LBCOMP LBPROP LBTIMEAS LBSYSTEM LBSCALE LBCLASS 

Sponsor 1 2339-0 Glucose MCnc Pt Bld Qn CHEM 

Sponsor 2 15074-8 Glucose SCnc Pt Bld Qn CHEM 

Sponsor 3 2339-0 Glucose MCnc Pt Bld  Qn CHEM 

 
 

 LBLOINC LBCOMP LBPROP LBTIMEAS LBSYSTEM LBSCALE LBCLASS 

11217-7 Hexaporphyrin MRat 24H Urine Qn CHEM 

30529-9 Hexaporphyrin ACnc Pt Urine Ord CHEM 

  Hexaporphyrin MRat 12H Urine Qn CHEM 

50856-4 Hexaporphyrin SRat 24H Urine Qn CHEM 

Valid LOINC 
combination 
without LOINC 
code 
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Use of UCUM in CDISC 

• CDISC has own CT [UNIT] 

• Is a list, not a system 

• Latest version (July 2013) contains 516 "units" 

• The list grows and grows … 
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CDISC claims to use a subset of UCUM 

Use of LOINC and UCUM 
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CDISC-
CT 

UCUM 

Not covered 
by UCUM, e.g. 

"TABLET" 

Covered by UCUM 
but not by CDISC, 

e.g. 
"bar",  "hPa" 

Covered by 
both CDISC-CT 

and UCUM, 
with same 

notation, e.g. 
"Pa", 

"kN/cm2",  
"psi" 

Covered by  
both UCUM 

but with 
different 

notation, e.g. 
mmHg - 
mm[Hg] 
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Some differences 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 
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Property CDISC UCUM 

(blood) pressure mmHg mm[Hg] 

pressure cm H2O cm[H2O] 

count 10^9/l 10*9/l 

cell count cells/uL {cells}/ul 

energy Joule J 

time Years a 

non-SI length ft [ft_i] 

non-SI length IN [in_i] 

Code CDISC meaning UCUM meaning 

bar Dosing unit 
(e.g. bar of 
chocolate) 

pressure 
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CDISC [UNIT] list is problematic 

• CDISC-CT contains: 

• ug/g/day,  

• ug/g/h 

• ug/g/min 

• ug/g Creatinine 

• But not  

• ug/g 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 
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CDISC-CT [UNIT] mixes up object and 
unit 

• Object = what is measured 
• E.g "cells", "creatinine" 

• Unit = "ug/g" 
• CDISC-CT: "ug/g Creatinine" 

 

• UCUM: 
• {cre} ug/g 
• or ug/g 

Use of LOINC and UCUM 
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Jozef Aerts 48 



www.fh-joanneum.at APPLIED COMPUTER SCIENCES 
Institute for eHealth 

CDISC-CT [UNIT] 
dosing "units" 

• Dosing units: ampule, tablet, bar, bottle, 
capsule, can, cylinder 

Use of LOINC and UCUM 
in CDISC SDTM and SEND 
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CDISC-CT [UNIT] 
dosing "units" 

• Is a "dosing unit" a "unit"? 

 

• Suggestion to make this a separate codelist has 
been turned down 

Use of LOINC and UCUM 
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Why CDISC does not want to 
accept/support UCUM 

• Investigators are unfamiliar with UCUM notation  
(e.g. "mm[Hg]" versus "mmHg") 

• SEND "units" are not covered by UCUM 

• Some "special" units used in clinical research are not 
covered by UCUM 

• Investigators, sponsors, reviewers would need to learn 
UCUM 
 

• Not invented at CDISC … 
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LOINC and UCUM for CDISC 
submissions - proposals 

• Allow different "flavor" of LB domain (e.g. 
"LBLOINC" for cases where the laboratory 
information comes from LIS, HIS or EHR) 
 

• For these cases, allow UCUM units to be used 
(documented in define.xml - 
"ExternalCodeList") 
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LOINC and UCUM for CDISC submissions -  
why we need this 

Use of LOINC and UCUM 
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Investigator 
requests lab test 

Lab executes test Test results in LIS 

Test results in HIS 

Test results in EHR Test results in eCRF Test results in EDC 

http://jss.uk.com/images/db.jpg
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The end? 
• I don't think so … 

Use of LOINC and UCUM 
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The long and winding road to interoperability … 


