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¾ In the 1968 , Grasbeck  and Fellman  published a 

paper entitled ôNormal Values and Statistics õ as an 

initial study in the field of reference intervals (RIs) 

 

¾ The terminology of ônormal valuesõ was not adequate  

and even partially incorrect , so the term ôreference 

valuesõ came into use 

 

¾ IFCC was recommended that each laboratory follow 

defined procedures to produce its own reference 

values  (1987 to 1991) and implementation  between 

the 1990s and 2008 
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CLSI / IFCC 

C28-A3 

November 

2008  
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¾ In 2008, the C28-A3 guideline, published by CLSI and IFCC 

constituted the most significant step in the development of RIs and 

is still in current use 

 

¾ Multicenter RI studies derive to  ôcommonõ or ôharmonizedõ RIs 

on a national level from multicenter studies that follow a 

common protocol  

 

¾ For pediatric and geriatric RIs , the challenges  are even greater 

since samples  from reference individuals are difficult to obtain  

 

¾ Future studies of RIs, the genetic effect would seem to be the 

most challenging area  

 

Y. Ozarda, Biochemia Medica, 5ï16 (2016). HKKI ð Miswar Fattah 2017 
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Reference 
I nterval 

Interested  
Parties 

Manufac
-tures  

The European Directive 98/79 on 

IVD medical devices, diagnostic kit 

manufacturers are obliged to 

supply their clients with appropriate 

reference RIs for use with their 

assay platforms and reagents 

Clinical 
Laboratory  

ISO 15189 standard for 

clinical laboratory 

accreditation states that 

each laboratory 

should periodically 

reevaluate its own RIs 
Clinicians  

Å Different RI from 

Different Laboratories 

Å Confusion between RI 

and Decision Limit 

Patients  

Same value can be 

considered ñnormalò 

or ñabnormalò in 

different laboratory 



¾ RIs  have an important role in laboratory reports in 

aiding the clinician in interpreting test results in reference 

to values for healthy populations  

 

¾ Very important to transform number to valuable clinical 

information  

 

¾ RIs  are derived from reference distribution , usually of 

95% interval, and describe a specific population  

 

¾ The classical cascade is defined from reference 

individuals , a reference sample group, reference values , 

reference distribution, reference limits and RIs 
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¾Unfortunately, many laboratories  use Rls 

supplied by the manufacturer , Old 

Books  

¾No clear indication of the population 

from which the interval was derived with 

respect to age , sex , ethnicity  or sample 

size  from manufacturer  

¾Many laboratories use out -dated Rls  , 

using much older technologies ,  
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Limitation  
of 

current 
RI  

Out-dated 
Rls  

Older 
Technology  

Less 
accurate 
Method  

Supplied by 
the 

manufacturer  

Old Text 
Books 

No clear 
indication 

of the 
population  

age, sex, 

ethnicity or 

sample size 

from 

manufacturer 
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òIs this reference 

interval  suitable for my 

collection processes, my 

method , and my 

population ?ó 



¾Can be any population  

¾Typically (often unstated) a òhealthy 

population ó 

¾Other populations:  
¶Ages : pediatric , geriatric,  

¶Stages of pregnancy  (by trimester, month, week)  

¶Stage of menstrual cycle  

¾Partitioning : different intervals  for different 

sub -populations  



¾ Ilmu  perbintangan  di laboratorium  medik  

(Asteriskology * ) 

 

¾Sains , seni  dan keahilan  menempatkan  

bintang  pada hasil  laboratorium  

 

* * 
Minimal 120  

individu sehat 

Reference interval 

Reference range HKKI ð Miswar Fattah 2017 



¾Is it appropriate for my patient?  
Åis my patients member of the reference 

population  

 

¾Is it appropriate for my result?  
Åis the method used for the result the same as  

was used to set the reference interval  

 

¾Does comparison with  the reference 

interval  help me clinically ? 
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  Reference Intervals  

 NOT TO BE CONFUSED WITH  

       Clinical Decision Points  

¾Established on the basis of clinical 

studies (cannot verify/check  in your 

own lab ) 

¾Examples : 
ÅDiagnosis of diabetes (glucose, A1c ) 

ÅLipid treatment targets  

ÅDrug therapeutic intervals  
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¾Do not define  the presence  of disease . 

¾Do not define  the absence  of disease . 

¾Are rarely evaluated  as decision points  

Åð(eg treat or further investigate if result outside 

population reference intervals).  

¾May be insensitive for individuals.  
ÅðEg creatinine  changes within reference interval  

¾Are set up to be òwrongó 5% of the time. 
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¾Biased -against current method 

performance  

¾Too wide/ narrow for actual population  

¾Applied to wrong population  

 ðAge, sex, other  

¾Outcome : asterisks assigned / not -

assigned to wrong patients  
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INGAT  

UMUMNYA KLINISI  HANYA MEMPERHATIKAN BINTANG  

Atau  perubahan  bintang  
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Hypo Asteriks  
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Hyper Asteriks  
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Miswar Fattah 2016 , Base on survey PATELKI SEMILOKA 2016  

N = 91 laboratories 
Mean 70.84 108.9121

SD 5.206649 9.0008

CV 7.349871 8.26428

Minimum 60 99

Maximum 100 150
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Lead to adverse consequences including misdiagnosis  

Patient risk  

Inappropriate treatment  

Higher  healthcare costs  

All of which impact the overall quality of patient 
healthcare  

Inappropriate use of reference intervals Effect: 

Tahmasebi, H. et al. EJIFCC 28, 43ï63 (2017). 



¾Rls are integral to the clinical interpretation 
of laboratory test results  
 

¾Child development and growth  can influence 
Rls for many biomarkers  
 

¾Children are not small adults  
 

¾Children often acquire diseases that differ 
from adults  and are lower in frequency  
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¾Newborns are ôôimmunologically naĔ¨veõõ 

 

¾Children have relatively unique infections  

 

¾They respond to infections in a different way 

from adults  and often require special testing  

 

¾Partitions for children of different age 

groups and/or genders, as well as for 

neonates and premature babies  
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¾Age 

¾Gender  

¾Sexual 

development  

¾ethnic origin  

¾Genetics (future)  
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Differences 
in Children  

vs. Adult  

Physical 
size 

Organ 
maturity  

Body fluid 
compartments  

Rates of 
growth & 

development  

Immune  

Hormone 
responsiveness  

Nutrition  

Metabolism  

Shaw, J.L.V., Marvasti, T.B., Colantonio, D. & 

Adeli, K. Critical Reviews in Clinical Laboratory 

Sciences 50, 37ï50 (2013). 
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The recent CLSI guidelines: focused on 

adult reference intervals , acknowledge 

the special challenges of establishing 

age- and sex -specific pediatric 

reference intervals and recommend 

development  of new initiatives to 

address the current gaps . 

Shaw, J.L.V., Marvasti, T.B., Colantonio, D. & Adeli, K. Critical 

Reviews in Clinical Laboratory Sciences 50, 37ï50 (2013). 



¾ Challenges  mostly related  to volume and quantity  of 

healthy  pediatric samples  

 

¾ Complex physiological factors need more the 

separation of RI to be age - and sex-specific , requiring 

a greater number of reference samples  

 

¾ Gap analyses of pediatric RIs have identified four 

major critical areas in pediatrics  
ÅBone  markers , cardiovascular disease and metabolic syndrome risk 

markers, hormones of thyroid and growth hormone axes , and 

inborn errors of metabolism  
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¾ Data from published  RI studies often suffer from 

limitations in design , small sample sizes , and the 

use of hospitalized  patients  

 

¾ Currently pediatric clinicians and laboratorians  

depend on scattered information and incomplete data 

from published  (scientific journals and textbooks) and 

unpublished  (hospital , private , reference laboratories) sources in 

laboratory test result interpretation  

 

¾ There is an urgent need to establish and update RIs 

for all populations and particularly pediatric 

populations . 
H. Tahmasebi et al., EJIFCC. 28, 43ï63 (2017). HKKI ð Miswar Fattah 2017 



¾ The Clinical Laboratory Standards Institute ( CLSI ) and 

International Federation of Clinical Chemistry and 

Laboratory Medicine (IFCC ) provide a guideline 

(C28-A3) on how to define, establish, and verify 

reference intervals  

¾ Laboratories commonly verify and adopt a RI 

provided by a manufacturer or transfer a pre -existing  

RI with 20 healthy samples 

 

¾ The Problem  of verification  and transference  of pre -

existing  RIs is the quality of the original RI 

H. Tahmasebi et al., EJIFCC. 28, 43ï63 (2017). 
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Metode Lama 

RI Metode Lama 10 - 40 

RI Metode Baru 30 - 60 

30 

60 

10 40 
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¾ To establish robust  RIs, a de novo RI study with at 

least 120 healthy subjects  per partition  is 

needed  

 

¾ For a pediatric RI study that is divided into  5 age 

groups , it would require 600 healthy subjects or 

1200 healthy subjects if also sex stratified  

 

¾ Very difficult to each laboratory make a de Novo 

RI Study for Pediatric  

 

¾ We Need High Quality RI  using Our Population for 

baseline verification for each lab.  
H. Tahmasebi et al., EJIFCC. 28, 43ï63 (2017). 
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Major 
pediatric 

RI 
studies 

AACB , 
Australia  

CALIPER , 

Canada 

CHILDx , 
USA 

COPENHAGEN , 
Denmark  

KiGGS , 

Germany  

LOOK ,  

Australia  

NHANES , 

USA 

NORIP  
(Nordic Country)  

LOOK = 

Lifestyle of 

Our Kids 

NORIP = Nordic 

Reference Interval 

Project 

Australasian Association 

of Clinical Biochemists 

Canadian 

Laboratory Initiative 

on Paediatric 

Reference Intervals 

Childrenôs Health 

Improvement 

through 

Laboratory 

Diagnostics 

The Copenhagen 

Puberty Study 

National 

Health and 

Nutrition 

Examination 

Survey 



 

HKKI ð Miswar Fattah 2017 



 

HKKI ð Miswar Fattah 2017 



 

HKKI ð Miswar Fattah 2017 



 

www.caliperdatabase.com HKKI ð Miswar Fattah 2017 
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¾ PIPER : Project of Indonesia Pediatric Reference 

Interval  

 

¾ PIPER is a multi - center project among several 

children's site across Indonesia  

¾   

¾ The PIPER project has been initiated by The 

Indonesian Association for Clinical Chemistry 

(IACC -HKKI) and Indonesia Pediatric Society  (IDAI ) 

 

¾ Target population 1200 subjects  
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1. Haemoglobin  

2. Hematokrin  

3. Leukosit  

4. Eritrosit  

5. Trombosit  

6. Fe 

7. Diff count  

8. Total Kolesterol  

9. HDL 

10. LDL 

11. Urea N 

12. Ureum  

13. Kreatinin  

14. Albumin  

15. Bilirubin direk  

16. Bilirubin indirek  

17. SGOT 

18. SGPT 

19. Asam Urat 

20. Gamma GT 

21. Gula Darah Sewaktu 

22. hs-CRP 

23. TSH 

24. FT4 
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¾ The PIPER  is to analyze blood samples and establish or 
verification  comprehensive database of Reference 
Interval for children 0 ð 18 years of age for a wide range of 
blood tests of clinical value in pediatric medicine.  
 

¾ The reference intervals for a particular analyte  will be 
provided specific for age, sex, ethnic background, and 
other physiological parameters (e.g. Tanner stage, BMI)  
if a particular analyte  is significantly affected by any of the 
parameters.  
 

¾ The PIPER i s elaborate  with CALIPER  (Canadian 
Laboratory Initiative on PEdiatric  Reference Intervals)  
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¾ Collaborate on establishment of pediatric reference 
intervals  
 

¾ Coordinate collection of pediatric blood and urine 
samples  from centers across Indonesia  
 

¾ Harmonize protocols for data analysis and publication 
of research data 
 

¾ Hold face -to-face meetings during the Annual 
General Meeting of the IACC & IDAI  
 

¾ Hold occasional conference calls to discuss joint 
projects and research progress  
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¾ INDRI Study : Indonesian Reference 

Interval Study  

¾ INDRI Study Collaborate with Multi center 

Adult RI   Ichihara Project C -RIDL IFCC. 

Target Population 

600 Subjects 

 

Common clinical 

chemistry markers 
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¾What is necessary:  
ÅMethods  are ôthe same õ.  

ÅPopulations  are ôthe same õ 

 

 


