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Critical Role of Laboratory Medicine in Healthcare Delivery

Laboratory Medicine is
part of the multi-disciplinary ) o
The quality of the Clinical Laboratory

team at the centre of healthcare
Service is critically dependent on:

Identify risk factors

* Quality Lab Operations
Accurate/Precise Testing Process (validated

& symptoms
methods/systems)

Diagnose
disease

Evaluate
response

» Appropriate Reference Intervals/Decision Limits
Accurate interpretation of lab results based on
appropriate reference intervals or decision limits

Determine
appropriate
treatment

Key to ensuring Postanalytical Quality
of Laboratory Reports




Laboratory Medicine and Clinical Decision Making: Reference Intervals

e Reference Intervals: health associated benchmarks that assist in clinical decision-making and are defined
as the 2.5 and 97.5™ percentiles established in a healthy reference population

e Methods for establishing reference intervals::

. 8 4 o o
Direct Method: Involves recruiting healthy Y 1‘ 1 ﬁ ﬁ\_l_ J
Robust & Accurate
~N

subjects into a study in which samples are

collected for the sole purpose of determining a LR T (I (T (S)Costs & Resources |
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reference interval )_> RI Establishment
Data-mining
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Indirect Method: Involves using results of a U_ @Mimmizescomm )
[ S— _/(—) Accurate? J

database established for another purpose (i.e.

. . Laboratory information syst
laboratory information systems) aborafory Information systems

Clinical Chemistry and Laboratory Medicine (CCLM), 57(1), pp.20-29.



Due to the extensive resources required for reference interval establishment, critical gaps in reference

intervals continue to exist in specific populations:

Pediatrics

Challenges:
« Difficult to recruit large pediatric populations

* The need for many partitions due to growth and
development throughout childhood

Covariates to consider:
« Chronological age & sex
« Tanner stage, BMI, and ethnicity

Current gaps:
» Neonates, infants and young children

Pregnancy

Challenges:
» Can be difficult to recruit large maternal populations

» Increasing need for many partitions due to
development throughout pregnancy

Covariates to consider:
* Chronological age
» Gestational age, BMI, and ethnicity

Current Gaps:
+ Data is based mostly on small samples, outdated
analytical platforms, other populations



A comprehensive and robust database for the interpretation of laboratory test results in pregnancy and
infancy is essential, allowing for more accurate clinical decision-making and improved health outcomes

Altered Major organ
hormonal maturation
secretion

Altered thyroid Rapid changes

function in body weight
significant enlargement of the and Iength
thyroid gland Body weight doubles in first six
months of life
Increase in Transition to
cardiac output extrauterine life
~30-50% above baseline )
Accompanied by several pulmonary
and endocrine changes
Hemodilution Physiological

plasma volume increases by 40-50% anemia of infan cy
and red blood cell volume increases
only by 20-30%
Immune
Immune

. alterations
alterations /

Critical care clinics. 2004 Oct 1;20(4):609-15



Children are NOT small adults

* Body weight:

» Doubles by 6 months of age
» Triples by the first birthday

* Body length increases by 50% during the first year

* Major organ systems grow and mature

 |mportant changes take place during puberty
» Accelerated growth and sexual maturation occur

Pediatric Reference Intervals Need to reflect differences in:

e Development & physiologic function at different ages
e Key covariates including gender, age, BMI, sexual development (Tanner stage), and ethnicity

Shaw JL et al. Crit Rev Clin Lab Sci 2013; Adeli K et al. BMJ 2018



Global Reference Interval Initiatives in Pediatrics

Stud Count R::ge - Statistical Examples of Groups of Biomarkers
Y v ea?s Method Studied

Australia and New All age Both Central 95% Commc_:n blood analytes (mostly
Zealand groups ions and enzymes)
Common biochemical markers
Endocrine markers
Tumor markers
Vitamins
Metabolic disease biomarkers
Testosterone indices
Enzymes
Coagulation tests
Hormones
Vitamins
Bone markers

AACB

CALIPER Canada 0-18 Both Central 95%

CALIPER%

‘ARM’ us with the knowledge to help others

Median, mean

CHILDx United States 0.5-17  Both and central 95%

ngE:H Denmark 5-20 Both Central 95% Common blood analytes
Nutrient deficiency markers

Non-commuhicable diseases and

Germany 0-18 Both  Medianand lipids
ﬂ central 90%

EE Immunology markers
S Thyroid hormones
Australia 8,10 and Both Median and Cardiac Biomarker

12 central 95% Common blood analytes

Adapted from Tahmasebi et al. (2017)]
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Stu dy Specimens collected since 2002 Overall

Blood and urine specimens were collected from
healthy children 6 months through 17 years G OA L

of age. Demographic information .
and health histories were 6,000
obtained from each Specimens
subject. Collected

92 %
O

(ARUP Laboratories) Completed

Fasting blood was collected
for children 6 months through
6 years of age, with a goal of

co.leCt.ons 240 males anc; 240 females from

each year of life, totaling 3,360
healthy children. Reference

intervals for over 35
m ==
analytes established. 6 onths 6 FEEESS

3,360 Samples Collected

Serum, plasma, and urine 35+ Intervals Established

were collected from children
7 years through 17 years of 85% Completed
age, with a goal of 120 males
and 120 females from each
vear of life, totaling
2,640 healthy
7 years » 17 years children. Reference

intervals for over 55 Children 7 years to
17 years also received:

~——

2,640 Samples Collected analytes established.
Fou ysical exam
Tovwer staqi ~
100% Completed (Determmned by q(:_.?ﬂ‘:\ﬂ@wu)

S ecum collection —

Eot rrcre e Plaswa_ collection «—
imnforrmation. visit: | rae Y
Ucine collection —

aruplab.com/ PRI

55+ Intervals Established
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| Hospltal Melbourne
Harmonising Age Pathology

Parameters in Kids

Aimed to collect blood samples from around 5000 children between birth and
18 years, so we can establish normative data for age appropriate reference
Intervals in haematology, immunology, and biochemistry for the paediatric
population for RCH and for laboratories throughout the state of Victoria.



Indirect Reference Interval
PEDREF Calculation using Patient Data

Next-Generation Pediatric Reference Intervals (T M |_ Stat| St| Cal M Eth Od)

https://www.pedref.org/index.html

The PEDREF study
« Improving children’s health assessment using data-mining of laboratory information systems —
the multi-center PEDREF study to create next-generation reference intervals for laboratory

analytes in pediatrics
» Access the web application accompanying our publication Next-generation reference intervals for

pediatric hematology.
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CALIPER Initiative in Canada
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CALIPER Initiative iIn Canada

CALIPER = Canadian Laboratory Initiative on Pediatric Reference Intervals

« Nation-wide initiative to improve the diagnosis and care of children, in
children hospitals and healthcare centres across Canada and globally

« Main Objectives:

1.

To develop a comprehensive database of covariate stratified reference
intervals

To determine the effects of key covariates (age, sex, ethnicity, BMI) on
laboratory reference intervals in healthy children and adolescents

. To disseminate new reference data to pediatric healthcare community

worldwide via novel knowledge translation tools (WebApp & Mobile App)




CALIPER: a canadian initiative to Close the Evidence Gap in
Pediatric Reference Intervals for Biomarkers of Health & Disease

* CALIPER (CANADIAN LABORATORY INITIATIVE ON PEDIATRIC REFERENCE o
INTERVALS: A CIHR Funded Initiative (2010-present) CALI PER f

‘ARM’ us with the knowledge to help others &

* OBIJECTIVE: To establish a comprehensive database of healthy reference standards for

biomarkers of health and disease in children and adolescents. GA.LL'_’.EB’i
el BN
« STUDY COHORT: >12000 Children and adolescents (birth to 18 years) recruited over o

v——
—

the past decade through various community-based programs including:

e Schools
* Community Centre
* Art & Sport events and festivals

www.caliperdatabase.org
www.caliperproject.org

* STUDY BIOBANK: Pediatric biobank of collected serum specimens (-80C)

4 8 0




CALIPER Initiative: Recruitment

Recruitment

Community centers
Schools

Day Cares

Summer Camps

Promotional
Materials:

Information packages
Brochures
Postcards




CALIPER Community Clinics




CALIPER
Participants




CALIPER
Participants
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CALIPER
Participants




CALIPER Website

Brand new website now live!

www.caliperproject.ca

« New information for: . .
» Participants and families WWW.C&lIDGI’DI’O]GCt_OI’Q

« Community partners no
» Healthcare professionals

. SiCkKidS® Welcome Our History Children & Families Community Partners & Volunteers Healthcare Professionals CALIPER Database  Contact Us
* Learn more about current work and ongoing

substudies
Welcome to CALIPER CALIPER

‘ARM' us with the knowledge to help others

« Information on our processes for pediatric
reference intervals is also provided!

The Canadian Laboratory Initiative on Pediatric Reference Intervals (CALIPER) is a nation-wide health
initiative to improve the diagnosis and monitoring of children and adolescents with medical concerns. Our main
Pregnancy & COVID-19 Earlv Childt | Obesity & objective is to establish a comprehensive database of reference intervals for blood test results in children and & The CALIPER Database

Infancy Metabolism adolescents. CALIPER is designed to fill the gaps that currently exist in accurately interpreting blood test
results with the ultimate goal of improving the care of children at SickKids and other children’s hospitals
around the world. Since 2009, we have made great progress, including:

f - L \ -
— 44 -
\ "\'\\
~ T o Recruited +12,000 healthy children and adolescents from schools and other community centres
The Mother & Child Health The COVID-19 Seroprevalence The CALIPER Early Childhood The Lipid Metabolam In c Established paediatric reference intervals for +185 laboratery biomarkers of health and disease
Initiative aims to establish a Study aims to monitor antibody Study aims to develop more Adolescents Study aims to examine
comprehensive database of levels after COVID-19 vaccination accurate reference intervals for lipid metabolism blomarkers in . . . . .
healthy reference intervals for in children and adults. young children who are 0-5 years adolescents with insulin resistance c Published +50 peer-rewewed papers in hlghilmpad JOI_I[I’]ﬁ\S to share methods and data worldwide
blood tests in pregnant women. of age. and obesity. . . . .
0 Created an online database and mobile application for free access to CALIPER reference intervals

Learn about the COVID
Learn about the Lipid
(=18 COVID=1Y Learn about the Early Metabolism in Adolescents
Seroprevalence Study Childhood Study Stody

CALIPER would not be possible without the collaboration of community partnerships as well as our CALIPER participants and volunteers. Thank you!


http://www.caliperproject.ca/
http://www.caliperproject.org/

CALIPER Promotional Video |



CALIPER Database of Pediatric Reference Intervals

The CALIPER Web
App has been
d EVE/O,DEO' fOI’ CALIPER Pediatric Reference Interval Database
laboratory
specialists,
paediatricians,
family physicians, TeSTE e s e
(0) th er h eqa / th care interpretation of laboratory test results in pediatric patients. For more information about the CALIPER
Wor k ers project, please use the links provided below.

CALIPER WEBSITE CALIPER PUBLICATIONS ABOUT

# Download on the
® A pp Store
This web application was created and is maintained by Translucent Computing Inc., and is hosted by the Research Institute at

The Hospital for Sick Children. » GETITON
Privacy notice Google Play

Copyright © 1999-2019 The Hospital for Sick Children (SickKids). All rights reserved.

A user friendly and easy tool to view latest reference value database developed based
on thousands of healthy and ethnically diverse children and adolescents.




CALIPER Database Global Reach

Pediatric reference intervals available for over 200 laboratory biomarkers on several analytical platforms based on data
from thousands of healthy children and adolescents from birth to 18 years
CALIPER online database currently has over 5,000 registered users from 3,650 institutions in 100 countries

www.caliperdatabase.orqg

CALIPER Database Users Around the World

® Thyroid-Stimulating Hormone (TSH)
® Alkaline Phosphatase (ALP)
@ Free Thyroxine (FT4)
® Ferritin
® Calcium
® Creatinine (Enzymatic)
@ Alanine Aminotransferase (ALT)
@ Bilirubin (Total)
Gamma-Glutamyl Transferase (GGT)
Aspartate Aminotransferase (AST)
® Phosphate
@ Testosterone
® Free Triiodothyronine (FT3)
® Uric Acid
Bilirubin (Direct)
Creatine Kinase (CK)
Hemoglobin (HGB)
@ Urea Nitrogen
® Creatinine (Jaffe)
® others

—~ : Namibia 2. .
r Madagasca
> ¢ Botsw
S & @ Aus
chie® & 8 8{) ustralia 3
&0 ‘) SougpAfrica © o &

.,@ueﬁv% @ New
O Zeal.

Most Popular Medical Lab Tests
Searched in CALIPER Database

% o


http://www.caliperdatabase.or/
http://www.caliperdatabase.org/
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CALIPER Reference Database

Increasing & Decreasing Trends Across the Pediatric Age Range

Creatinine (Enzymatic)

0 5 10
Age (Yrs)

Phosphate

i.
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Clinical Chemistry 2012
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CALIPER Reference Database

Consistency Across the Pediatric Age Range

; Calcium

5 2 Magnesium
3 1 g
5 g L5
2 £ 3 v
— .‘
§ 1 ﬁ;‘sc.-
5 7 '.f; b o & -, o
: o
7 Male §0,5 i
5 - « Female c
o
(&)
0 T T T 1 0 T T T 1
0 5 10 15 20 0 5 10 15 20
Age (Yrs) Age (Yrs)
50 Alanine Aminotransferase (ALT)
Male
40
Female

w
o

Concentration (U/L)
N
o

[
o

10
Age (Yrs)

Clinical Chemistry 2012



Concentration (IU/L)

Concentration (nmol/L)

CALIPER Reference Database

Sex-Specific Observed Across the Pediatric Age Range

35 1 Testosterone 3

301, Male
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'

20 1 . AR
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Concentration (pmol/L)
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1200 * Female
1000 .
800 ¢t
600 ..
400 SR .; .
200 1 - N TR

o Mt Fach ¥ O

0 5 10 15 20
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Stratified by Age, Sex,
& Tanner Stage
Clinical Chemistry 2013



Progesterone

Concentration (nmol/L)
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Age (years)
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CALIPER Refararies Dzitzlo)zlse

Reference interval lransierence & De Novo Establishment

Abbott
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CALIPER Reference Database

(CALIPER data widely published >50 publications)

.. Biochemical Markers (Chemistry, Proteins, Enzymes)
= Colantonio et al. Clinical Chemistry 2012

1. Endocrine and Fertility Markers
= Bailey et al. Clin Chem 2013
= Konforte et al. Clin Chem 2013

u. Vitamins and Cancer Markers
= Raizman et al. Clin Chem 2014
= Bevilacqua et al. Clin Chem 2014

iv. Testosterone Indices, Metabolic, Specialized Biochemical Markers
= Raizman et al. Clin Chem Lab Med 2015
= Teodoro-Morrison Clin Biochem 2015
= Kelly et al. Clin Chim Acta 2015



CALIPER Web & Mobile eApps

To stay updated, download the
CALIPER mobile/web applications =«

and visit the websitel! - )
e = s
www.caliperdatabase.org o e |

www.caliperproject.org

CALIPER}
o
4 3
‘ARM’ us with the knowledge to help others &



http://www.caliperdatabase.org/
http://www.caliperproject.org/

CALIPER Database

www.caliperdatabase.org

New Mobile & Web Apps

Old Apps: >70 Biomarkers
New Apps: >180 Biomarkers

Full Tables of Age- and Gender-Specific CALIPER

Ref e r e n C e I n te rV al S ‘ARM’ us with the knowledge to help others

CALIPER Mobile App
(Available on Apple Store & Google Play)



CALIPER Web App

www.caliperdatabase.org

B8 CALIPER x  +

& > C & caliperresearch.sickkids.ca/#/ % 0O @ :
The CALIPER Web
App has been CAI_I PE o
d eve / (0] pe d f or ‘ARM’ us with the knowledge to help others
laboratory . -
spec igli sts, ALIPER Pediatric Reference Interval Database
paediatricians,
family physicians, | |
other healthcare
workers

CALIPER WEBSITE CALIPER PUBLICATIONS ABOUT

on the

s Download 2
S App Store

» GETITON
P® Google Play

A user friendly and easy tool to view latest reference value database developed
based on thousands of healthy and ethnically diverse children and adolescents.
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CALIPER Mobile App

Available on Apple Store and Google Play

Evaluate Test Results @

Medical Lab Test

Iron

Test Result
10.5

Test Unit

Sl (Canada and Intl.) S| CON |
CON (US) pmol/L pg/dL
Patient Sex

Patient Age
0to <14 Years

Lab Instrument (optional)

Abbott Architect (Default)

‘ CLEAR ’ EVALUATE

f a o e

v

< Evaluation

Iron in pmol/L

229

Reference
Interval
for the
patient's

Lty € 10.5 pmol/L

(Your result)

2.8

Patient results fall within the expected range for a
normal, healthy individual (based on the CALIPER
reference interval database established on the Abbott
Architect),

Iron in pmol/L

+
27.8 pmol/L
(Your result)
229
Reference
Interval
for the
patient's
test result
28

Patient results fall outside the expected range for a
normal, healthy individual (based on the CALIPER
reference interval database established on the Abbott
Architect), Repeat testing is recommended to confirm
results.

Targeted to community pediatricians and healthcare workers to
facilitate easy access to CALIPER database



CALIPER Objectives 2020-2021

To expand CALIPER database to include new analytical platforms.

iD

To complete studies on examining covariates such as ethnicity and BMI.



CALIPER Substudies

Published Studies: - | L .. =aal
Influence of ethnicity on biochemical ol IR o i o e I B
markers of health and disease in the e ST e,
CALIPER cohort of healthy children and “REAE N Tt .
adolescents L™ B T e
Tahmasebi H, et al. Clin Chem Lab Med. j i
2020:58(4):605-617. ;" i m  EE

o e v B

L EEER T e

Black Caucasian East  South
Asian  Asian

Scatterplots and boxplots of male ferritin and FSH concentrations
partitioned by ethnicity.

Age, years



CALIPER Substudies

Marked Influence of Adiposity on Laboratory Biomarkers in a Healthy Cohort of Children
and Adolescents. HigginsV, et al. J Clin Endocrinol Metab. 2020;105(4):e1781-e1797

a b c —
* % %
* %k
2.0 2.0 f
5 5 1.81 5 1.8
g :g_‘ g 161 - l»
© s 5 2 .
§ g § 1.4 od ‘\-;-‘;
kS 8 § 1.2 s
- -
2 =4 < 1.0 = >
= 2 =
g g g 0.8;
0.61 0.6 ‘ ' ' i 0.61
NW Ow OB Ow/OB NW OW OB OwW/OB NW OW OB OwW/OB
BMI WHO Categories BMI WHO Categories BMI WHO Categories

Scatter boxplot of log(alanine aminotransferase [ALT]) concentration in
normal weight (NW), overweight (OW), obese (OB), and overweight and

SickKidsO obese combined (OW/OB) groups. CAI.IPE

‘ARM’ us with the knowledge to help others &




Ped Ref Intervals for New Biomarkers

Published Studies:

Establishment of RIs for hematology parameters on the Beckman DxH 900 & 520

« Tahmasebi H, et al. CALIPER Hematology Reference Standards (I). Am J Clin Pathol. 2020
« Higgins V, et al. CALIPER Hematology Reference Standards (1) . Am J Clin Pathol. 2020
Establishment of RIs for urea creatinine ratio on the Abbott Architect

« Bohn MK, et al. CALIPER paediatric reference intervals for the urea creatinine ratio in healthy children &
adolescents. Clin Biochem. 2020;76:31-34.

In Progress Studies:

« Establishment of RIs for hematology parameters on the Sysmex-XN3000 (publication under review)
« Establishment of RIs for trace elements using in collaboration with Hamilton Health Sciences (data analysis in progress)

« Establishment of RIs for POCT parameters on the Radiometer ABL90 (manuscript in preparation)



Ped Ref Intervals for New Platforms

Published Studies:

Establishment of RIs for 17 immunoassays in the Roche cobas platform
« Bohn MK, et al. Clin Chem Lab Med. 2019;57(12):1968-1979.

Establishment of RIs for chemistry parameters on the Siemens ADVIA and Dimension EXL platform
« Tahmasebi H, et al. Clin Chim Acta. 2019;490:88-97.

In Progress Studies:
« Establishment of RIs for chemistry and immunoassay parameters on the Siemens Atellica (manuscript in preparation)
» Verification of Rls established on the Abbott ARCHITECT on the Abbott Alinity platform (data analysis in progress)

« Establishment of RIs for special chemistry parameters on the DiaSorin Liason platform (data analysis in progress)

« Establishment of RIs for hematology parameters on the Mindray Hematology platform (study in planning stages)

SickKids CALIPERTy




Continuous Reference Intervals

Published Studies:

Establishment of continuous RIs for 38 biochemical

markers
Asgari S, et al. Clin Biochem. 2019;73:82-89.

In Progress Studies:

Establishment of continuous RIs for immunoassay and
hematology parameters (data analysis in progress)

SickKids

Concentration (:JIL)

g

8

Alkaline Phosphatase
e Female
— Male

-
.
- R *
™ . by
g e ey o s \e =
2 2.& S .-'."2 '°. .. i
: 2 -,‘:. ® o0® .
00 e LR o 4 .
D ol S
;' - %% Reial - .
LY = -~ T 3 ¥
e v, e ‘& . -
. . -.. . o ~...’ B
. 4 . .
 ——t

[ 0 11
Age (Years)

CALIPERS;

‘ARM’ us with the knowledge to help others &




CALIPER Objetives: 2020-2021

To establish trimester-specific RIs for pregnant
women as part of CALIPER Mother & Child Study.

To complete serological studies for SARS-CoV-2
in the CALIPER population.

You and your child can help improve the care of
children with medical concerns at SickKids by
participating in this study!

CALIPERG;

‘ARM’ us with the knowledge to help others

Why is this study important?
CALIPER is a community health project to improve the
healthcare of young children at SickKids and other
children’s hospitals across Canada.

WHho can participate?
Wae are looking for healthy children under 5 years of age 10
participate in CALIPER with their family's support. However, {
any child from birth to 18 can take part.

.

Ik 8

What does participation
involve?

FOR YOU:

« Fillout a short questionnalre about your child's health
FOR YOUR CHILD:

- Height, weight and waist measurements

« Small blood donation (less than one ) - -

’

How will | benefit? '6’ Want to learn more

Participants will receive: T h hlld
P o r.u: @iy ~ OF have yourc
i 6’9 participate?
- g CONTACT US
SickKids =20
alexandra hali@sickiads.ca
416-8 Ext.

You can help improve medical assessment of maternal

health in pregnant women by participating in this study!

OTHER & CHILD
HEALTH INITIATIVE

A healthy start to a baby’s life begins with a healthy pregnancy

What s this initiative?

The Mother and Child Health Initiative was
developed to improve healthcare during and after
pregnancy for both mother and child.

WHho can participate?
Pregnant women aged 18 to 40 years. Participate
at each trimester and up to 3 months postpartum
and receive remuneration each time!

What does participation
require?

- Completion of a consent form and questionnaire
+ Height and weight measurements

+ Asmall blood donation

How will | benefit? Interested in

« Blood test results, upon request 2

N i learning more or

« Mother & Child gift basket pal’ticipating?

FUNDED BY: CONTACT US
d& Project Coordinator:

416-813-7654 Ext. 202673
motherandchild@sickkids.ca
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CALIPER - Ongoing Studies

» Despite the richness of the CALIPER database, few evidence gaps continue to exist for
specialized parameters in the pediatric population

Hematology POCT Parameters Trace Elements Immune Studies

F: « Establishment of é *  Establishment of |+ Establishment of \ , *  Establishment of

- pediatric Rls for the e pediatric Rls for : pediatric RIs for trace pedlat_nc RIs for
complete blood E critical care elements (whole cytokines and
count on multiple 3 parameters on POCT blood & plasma) using autoimmune
analytical platforms : instruments ICP-MS ‘ g markers
(Sysmex, Beckman, (Radiometer,

!‘ Mindray) NovaStatStrip)
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‘ARM' us with the knowledge to help others
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