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WHY REFERENCE INTERVALS MATTER

A laboratory result becomes useful only in context

Measured result Reference interval (RI) Clinical interpretation

number mesurand + method + population actionable meaning

The central 95% reference interval describes a defined reference population 
under specified preanalytical and analytical conditions. 

It is not a diagnostic cutoff and does not replace clinical judgment.

Sources: Biochem Med 2016;26:5-16. (Ozarda Y.), Crit Rev Clin Lab Sci. 2023;60:466-482. (Doyle K, Bunch DR.) 



WHY REFERENCE INTERVALS MATTER

A reference interval is not “just a range”

“Can I safely use this reference interval for the patients
population and measurement system in laboratory?”

Everyday 
question

A number becomes clinically 
meaningful only after we decide 
what we are comparing it with.

• A transferred reference interval is a 
hypothesis - local verification tests whether 
it works

• The goal is defensible interpretation for 
local patients

Source: CLSI EP28-A3c (published 2010; reaffirmed as suitable without content revision in 2020).



Why EP28-A3c remains the practical foundation

Source: CLSI EP28-A3c (published 2010; reaffirmed as suitable without content revision in 2020).

IFCC/ CLSI

EP28-A3c
Defining, 
Establishing,
and Verifying 
Reference
Intervals in the 
Clinical
Laboratory
Approved Guideline
-Third Edition

Covers the whole lifecycle: 
define → establish → transfer → verify

Offers a protocol for determining reference intervals that 
meet the minimum requirements for reliability and 
usefulness.

Discusses the transfer of established reference values 
from one laboratory to another.

ROUTINE LABORATORY REALITY



ROUTINE LABORATORY REALITY

Most laboratories transfer an RI - then must verify it locally

Potential source Evidence strength and transparency Local action

Harmonized RI studies 
/ expert group

standardized protocol 
broader population
explicit analytical method

VERIFY

Peer-reviewed single - 
or multicenter study

defined population 
defined analytical system

ASSESS + 
VERIFY

Manufacturer 
instructions

often limited population detail 
may be platform- specific

VERIFY – DO NOT 
ACCEPT 
AUTOMATICALLY

Transfer - “where did the interval come from?” Verify - “does it fit here?”

Sources: Biochem Med 2016;26:5-16. (Ozarda Y), Crit Rev Clin Lab Sci. 2023;60:466-482. (Doyle K, Bunch DR), Clin Chem. 2023;69:991-
1008. (Bohn MK et al.), Clin Chem. 2015;61:1012-1015. (Tate JR, Yen T, Jones GRD), Scand J Clin Lab Invest. 2021;81:264-271. (Xu P, Zhou
Q, Xu J.). 



DIRECT APPROACH

Direct establishment starts with selected reference individuals

≥ 120
per partition 

for a robust nonparametric RI

1 Define population / measurand / specimen/ method

2 Recruit apparently healthy individuals

3 Standardize collection / handling and analysis

4 Exclude / 
partition a priori and / or a posteriori criteria

5 Estimate 2.5th - 97.5th percentiles + confidence intervals

Strength: 
clean provenance 
controlled conditions

Constraint: 
recruitment
time

 cost
 hard-to-access partitions

Sources: Biochem Med 2016;26:5-16. (Ozarda Y.), Crit Rev Clin Lab Sci. 2023;60:466-482. (Doyle K, Bunch DR.), CLSI EP28-
A3c (published 2010; reaffirmed as suitable without content revision in 2020).



CHANGE OF EVERYDAY PRACTICE

≥ 120
per partition 

for a robust nonparametric RI

Source: CLSI EP28-A3c (published 2010; reaffirmed as suitable without content revision in 2020).

EP28- A3c guideline turned into an actionable laboratory process

It is not necessary to rebuild every interval from zero. 
You have to show that the interval is appropriate for 
population and measurement procedure.

Meaning ?

„With as few as 20 samples 
from reference individuals, a 
laboratory can verify 
reasonably well the applicability 
of a reference interval to its own 
population and methodology."

CLSI EP28-A3c sample, Section 11 context

„A laboratory can verify a 
reference interval, established 
by more stringent techniques 
elsewhere, by collecting as few 
as 20 samples from qualified 
reference individuals."



SIDE-BY-SIDE COMPARISON

Direct and indirect approaches answer the same question 
with different evidence

DIRECT WHAT TO CHECK

Prospective reference 
individuals

Retrospective routine 
results

Source population

Strong preanalytical 
control Real- world heterogeneity Specimen + workflow

Lower N; higher 
recruitment burden

Very large N; informatics 
burden

Feasibility

Transparent exclusions Algorithm- dependent 
separation

Pathology removal

Best for de novo, 
well- defined studies

Best for local, 
continuous RIs

Intended use

Sources: Crit Rev Clin Lab Sci. 2023;60:466-482. (Doyle K, Bunch DR), Crit Rev Clin Lab Sci. 2023;60:427–441. (Ma S, Yu J, 
Qin X, Liu J.), Clin Chem. 2023;69:991-1008. (Bohn MK et al.), Clin Chem. 2023;69:945–947. (Ceriotti F, Vidali M.)

INDIRECT



IFCC HARMONIZATION ADDS VALUE

Harmonization before local verification

Source: https://ifcc.org/ifcc-scientific-division/sd-committees/c-ridl/ (accessed 31sth of August 2026) 

The IFCC Committee
on Reference Intervals
and Decision Limits

C-RIDL
harmonized protocols

global studies
standardization and education

best- practice strategies

The IFCC Task Force
on Global Reference 

Interval Database

TF-GRID

centralised global RI database
for CC/hematology

harmonized calculation tools
cross- country comparisons

Verification remains esential before use in clinical practice
due to population and laboratory specific conditions.

Local clinical
laboratory verification

confirms population fit

confirms analytical
method/platform fit

verifies before 
implementation in clinical
practice

https://ifcc.org/ifcc-scientific-division/sd-committees/c-ridl/


A PRACTICAL EP28-A3c TRANSFER & VERIFICATION PATHWAY 

Verification process flow that most laboratories can apply

Source: CLSI EP28-A3c (published 2010; reaffirmed as suitable without content revision in 2020)

If the second set also fails → investigate analytical/biological differences 
→ choose a better source or establish an RI locally



A PRACTICAL EP28-A3c TRANSFER & VERIFICATION PATHWAY AT NATIONAL LEVEL

Croatia built a harmonized foundation and continued targeted RIs
verification

08

Zagreb reference state-
population

RIs for 56 hematological and biochemical 
constituents of blood and serum from reference 
individuals

2004 Croatian RIs harmonization project
Croatian Ris harmonization project 
expanded

Croatian Chamber of Medical Biochemists (CCMB) 
initiative - first publications of nationally
harmonized RIs for general, specialized and highly 
specialized biochemistry

1993

2007



Croatia built a harmonized foundation and has continued targeted 
verification

2010 Targeted adult verification RIs for serum creatinine 
standardized IFCC AST/ALT methods with PLP

2016

Reference Center of the Ministry of Health of the Republic of Croatia for 
the development of reference values in the field of general medical 
biochemistry

2000

A PRACTICAL EP28-A3c TRANSFER & VERIFICATION PATHWAY AT NATIONAL LEVEL



Croatia built a harmonized foundation and has continued targeted 
verification

2024 Harmonized
neonatal RIs
transfer and
verification

Transfer and verification of CALIPER RIs to the Croatian newborn 
population

2026

Reference Center of the Ministry of Health of the Republic of Croatia for 
the development and application of biological reference intervals for 
medical biochemical tests

2018

Verification of
national
harmonized RIs

A PRACTICAL EP28-A3c TRANSFER & VERIFICATION PATHWAY AT NATIONAL LEVEL



Defined population RIs transfer and verification Defined analytical systems/ 
measurands

EXAMPLE 1 – FROM GUIDELINES TO EVERYDAY APPLICATION  

Automated Hematology 
Analyzer

(hemoglobin and platelet 
count)

Automated Clinical Chemistry 
Analyzer

(19 biochemical analytes)
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EXAMPLE 1 – FROM GUIDELINES TO EVERYDAY APPLICATION  



EXAMPLE 1 – FROM GUIDELINES TO EVERYDAY APPLICATION  

Transfer Verification
“where did the interval come from?” “does it fit here?”



Defined population RIs transfer and verification Defined analytical systems/ measurands

EXAMPLE 2 – FROM GUIDELINES TO EVERYDAY APPLICATION  



EXAMPLE 2 – FROM  GUIDELINES TO EVERYDAY APPLICATION  



EXAMPLE 2 – FROM GUIDELINES TO EVERYDAY APPLICATION  

Harmonized RIs recommended by the CCMB 
for hematology and coagulation test were 
suitable for the population of apparently

healthy volunteers from our clinical hospital 
center.



EXAMPLE 2 – FROM GUIDELINES TO EVERYDAY APPLICATION  

Verification both data sets met the predefined verification criteria for RIs from harmonized literature sources (Ca, total / UK 
Pathology Harmony RI and ALP / IFCC- traceable harmonized RI) 

as well as those provided by the reagent manufacturer.



EXAMPLE 3 – THE REQUIREMENTS OF EN ISO 15189 FIT INTO THE PRACTICE OF THE RIs

The requirements of the EN ISO 15189 standard fit into the practice of RIs

7.3.2 VERIFICATION 
OF EXAMINATION 
PROCEDURES

Before routine use, the laboratory 
verifies that the examination 
procedure performs as intended in 
its own setting.

7.3.5 BIOLOGICAL 
REFERENCE INTERVALS 
AND CLINICAL 
DECISION LIMITS

RIs must be periodically reviewed 
and reconsidered when the 
method or pre-analytical process 
changes.

7.4.1.6 
REPORTING

Reports should include 
RIs or decision limits 
when needed for 
interpretation, unless the 
laboratory documents 
why they are omitted.

Sources: ISO 15189:2022 overview

Periodic review of RIs is needed due to changes in analytical 
methods and population characteristics.

It means documenting and approving whether the current RI remains fit for use.



EXAMPLE 3 – PERIODIC REEVALUATION DUE TO CHANGES IN ANALYTICAL METHODS

Verification form example 1: serum glucose in adults

Verification of reference intervals for SOP7.1-Glucose in serum for adults (> 19 years)

Verification of reference intervals was performed according to the CLSI 28-A3 protocol by
analyzing 20 samples serum of healthy volunteers. Samples with hemolysis index H < 20 were
used. 
Number in the table corresponds to the project number of respondents.

People aged 20 - 30 years

People aged > 30 years

The following results were obtained:

Conclusion:

The harmonized reference intervals are appropriate for the population 
studied on the Roche Cobas 503 analytical systems.



EXAMPLE 3 – PERIODIC REEVALUATION DUE TO CHANGES IN ANALYTICAL METHODS

Verification form example 1: serum glucose in newborns (< 15 days)

The following results were obtained:

Conclusion: 
The harmonized reference intervals for Siemens Advia analytical 
systems (default in the CALIPER database) are appropriate for the 
study population on the Roche Cobas 503 analytical systems.

The following results were obtained:

Verification of reference intervals was performed according to the CLSI 28-A3 protocol by 
analyzing 20 remaining serum samples from patients from the Department of Neonatology. 
Samples with hemolysis index H < 20, from patients with Apgar index 9/10 and 10/10 with CRP 
concentration and leukocyte count within the reference interval were used.

Verification of reference intervals for SOP7.1-Glucose in serum for 
the population of newborns younger than 15 days



1

2

De novo RIs establishment requires resources; transfer and local verification is often 
a realistic path for daily clinical use.

3

CLSI EP28-A3c guideline - establish when necessary, transfer when justified, 
verify before daily clinical practice.

4

Every RI needs a documented source, verification record and trigger for reevaluation.
The Croatian experience shows the point clearly: verify first, change it only when 
the data tell you to; a harmonized RI is useful only if it is fit for your population and 
measurement procedure. 
Do not ask:

What RI does everyone use?
Do ask:

Does it work for our patients and our method?

Verification is the bridge to safe implementation of RIs in clinical practice.
The use of appropriate RIs provides clinicians with the proper context for interpreting laboratory

test results and has a significant impact on the clinical decision-making process. 

TAKE- HOME MESSAGES
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Thank you for your attention!
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