CONCEPTOS DE CALIDAD APLICADOS AL
DIAGNOSTICO CLINICO. VALORES DE
REFERENCIA EN PEDIATRIA




INTRODUCCION

* El laboratorio de analisis clinicos es una actividad que tiene una base exclusivamente cientifica. Identificada con el
ritmo del cambio tecnoldgico.

* Desde el ultimo cuarto del pasado siglo estamos viviendo un cambio de época que afecta a la cultura y la experiencia
humana en todos sus aspectos.

* Este cambio de época modifico el modelo de produccién y trajo aparejado el surgimiento de nuevas tecnologias, la
robotizacion, la incorporacion de sistemas informaticos y sistemas de calidad, en el escenario de una realidad
emergente en la gestion de los laboratorios y en otras areas diagnosticas.

» Esta etapa el desarrollo de las tecnologias estd en manos de las corporaciones tecno-cientificas, lo que impone un
modelo de gestidn a nivel global que surge como una premisa externa de cambio.

* Una de las consecuencias de este cambio es el impacto sobre el rol de los profesionales del laboratorio (bioquimicos y
técnicos) y sobre los modelos de organizacion y gestion. Esto ha generado y genera incertidumbre, resistencia y
adecuaciones locales al nuevo paradigma impuesto.




-
CONCEPTOS

Incertidumbre:
Vocabulario Internacional de Términos Basicos y Generales en Metrologia:

"Un parametro asociado con el resultado de una medicidn, que caracteriza la dispersion de los valores que podrian ser atribuid
razonablemente al mensurando”.

Valor de Referencia de Cambio:

Indicando cuanto deberia modificarse un analito para poder ser interpretado como un cambio en el estado del paciente. (Pued
ser incorporado a los sistemas informaticos de laboratorio como una funcién llamada Delta check).

Propagacion de errores:

Cuando las variables son los valores de mediciones experimentales que tienen incertidumbre debido a la limitacion en las
mediciones, que se propagan a la combinacion de variables en la funcion. Debe calcularse la incertidumbre causada en el calcu
de esa funcion.




EXPANDED UNCERTAINTY (U)

U=Uc.k
Uc = Combined standard uncertainty
within laboratory
k = 2 for 95%Confidence Interval

Uc = \/ Uprecision® + U trueness?

ANALITICAL
VALUE REPORT

Reproducibility
between
laboratories

Method and
lab bias




CALCULOS METODO TOP DOWN

Incertidumbre combinada

Uc: /{U(precision)}? + {U(veracidad)}?

J(CV% interno acumulado)?

CV% grupo
n®de laboratorios

2

J (BIASY% promedio)?+ \[(

Incertidumbre expandida

k=2 para un 95 % de IC
Ue: k K UC (Ej: [Analito] = (x +/- Ue ) g/L)



REFERENCE CHANGE VALUE

La ecuacion descripta por Harris & Brown para calculary el RCV es la siguiente:
RCV %: 2. |Z.\/(CVa)? +(CVi)?

Z=1.96 for 95%confidence ~ CVa=CV analytical CVi= Coefficient of biological
obtained for Internal variability (Westgard home

QC page: www.westgard.com)

RCV %: 2.77+/ (CVa)? + (CVi)?



INCERTIDUMBRE DE MEDIDA
EN LOS INDICES DE
INSULINO RESISTENCIA
(HOMA-IR , G/I Y TG/HDL)




NTRODUCCION

» |nsulino Resistencia (IR): disminucion de la capacidad de la insulina para inducir la
captacion tisular de la glucosa, con hiperinsulinemia y euglucemia

 Relacidon de la IR con la obesidad, el Sindrome Metabdlico, el Sindrome de Ovario
Poliquistico, DBT 2, la enfermedad coronaria y la hipertensién arterial.

« G/I, TG/HDL-c

(Glucosa basal(mg/dl) *InsulinabasallmUl/mL)

HOMA-IR =
405
* Incertidumbre de medida (U): es el intervalo de valores posibles del resultado de una
medicién.

[Analito] = (x +/- U ) g/L




Calcular la incertidumbre de los indices HOMA-IR , G/ Y TG/HDL-c, y evaluar la
utilidad clinica de los mismos, teniendo en cuenta que ha sido cuestionado su uso
diagnostico.




Control de calidad interno
(CCI) con peer

group, Unity-Bio Rad y
control de calidad externo
(CCE) ProgBA CEMIC
para la insulina.

CCI con peer

group, Roche QCS y CCE
Rigas para

glucemia, trigliceridos y
HDL-c

Glucemia : por método GOD-
PAP. Cobas 511. Roche

Triglicéridos: por método
GPO-PAP, Cobas 511. Roche

HDL-c: por método HDL-C
plus 3 generation Cobas 511.
Roche

Insulina: por método
EIA, Architect, Abbott.

Analisis Estadistico: Analytical Methods committee (AMC) con el

método de enfoque TOP DOWN




CALCULOS METODO TOP DOWN

Incertidumbre combinada

Uc: /{U(precision)}? + {U(veracidad)}?

J(CV% interno acumulado)?

CV% grupo
n®de laboratorios

2

J (BIASY% promedio)?+ \[(

Incertidumbre expandida

k=2 para un 95 % de IC
Ue: k K UC (Ej: [Analito] = (x +/- Ue ) g/L)



-
RESULTADOS

r la Ley de Propagacion de errores

HOMA):Uc (%): JUc (glucosa)? + Uc (insulina)® Uc (TGIHDL — C): \/Uc (TG)? + Uc (HDL -

Ue:2.Uc

- GLUCOSA INSULINA TRIGLICERIDOS HDL-c




 Valor de corte diagnéstico HOMA :
 Valor de corte diagnéstico G/ :
 Valor de corte diagnostico TG/HDL-c:

Aplicando las respectivas incertidumbre 18.8% y 7.6%
(Solo teniendo en cuenta la variacion analitica)

 El valor verdadero del HOMA-IR;

2.14 - -3.13
« El valor verdadero G/I

812- -11.88
« El valor verdadero TG/HDL-c

2.96 - -3.44



Comparando la U(glucosa) de 4.9 y U(insulina) 18.2, el mayor aporte a la U de los
indices HOMA y G/l se debe a la U de la insulina; a expensas de la imprecision del
método (U(precision) = 8.00 con respecto a la U(veracidad) = 4.30).

Debe aplicarse la incertidumbre de medida a los resultados de los indices HOMA-IR y
G/l obtenidos en pacientes; valores cercanos al nivel de decision meédica no deben ser
tomados como valores absolutos al momento del diagnéstico, sino como un rango de
valores.

El indice TG/HDL-c tiene una menor incertidumbre, debido a la mayor precision en las
mediciones de triglicéridos y de HDL-c.

El alto grado de incertidumbre de los indices HOMA y G/I, contribuye al
cuestionamiento en su uso diagnostico y seguimiento de los tratamiento aplicados.




DE GRUYTER Clin Chem Lab Med 2016; aop

Letter to the Editor

Juan Manuel Lazzati*, Veronica Zaidman, Mercedes Maceiras, Alicia Belgorosky
and Eduardo Chaler*

The use of a “gray zone” considering

measurement uncertainty in pharmacological
tests. The serum growth hormone stimulation test
as an example
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Figure1: PhTplot showing concentration of the mensurand with
cut-offvalue and gray zone (GZ).

The GZ consists of the cut-off valuezU. Using the GZ, a ternary clas-
sification is expected; any individual result outside this zone —with
its range of uncertainty included - is guaranteed to be above or
below the cut-off value.




GHD DIAGNOSIS AS A FUNCTION OF CUT-OFF

Cut off : 6.1 ng/ml n : 338 patients
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DEFINITION OF UNCERTAINTY ZONE

Uncertainty zone: application of U to measurement of serum GH (10.19%)
to the diagnostic cut off value, range is between 5.4 and 6.7 ng/ml
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Table1: GH and SDS IGF-1of different groups of patients studied.

Group GH, ng /mlL SDS1GF-1

GHD n: 116 1.8911.26 -1.6311.68°
AGH n: 195 12.1316.48 -0,5811.12
GIn: 27 4,8510.34 -0.47£1.16°
GZ lown: 11 4.5110.15 -0.3840.82¢
GZ highn: 16 5.0910.18 -0.5311.37

The GZ group showed as expacted all GH (media+SD) groups were
different among them. Regarding IGF-1505 we found significant dif-
ferences between the growth hormone deficiency group compared
to the GHD group, but not compared to the AGH group. Moreover, if
the GZ group is divided into the GZ group below cut-off (GZ low) and
GZ group above cut-off (GZ high), no significant differences were
found. Remarkably, the GZ low group, which could be considered as
having a deficit, presents with a significant difference compared to
the GHD group and not compared to the AGH group. GHD, Growth
hormone deficiency; GH, growth hormone; IGF-1, insulin-like
growth factor type 1; GZ, gray zone; SDS, standard deviation score.
*p<0.0001 GHD vs. AGH, °p<0.001 GHD vs. GZ, “p<0.05 GHD vs. GZ
low; GHD vs. GZ high, “ns GZ vs. AGH; GZ low vs. GZ high; GZ low vs.
AGH; GZ high vs. AGH.




Conclusion

El concepto de “zona gris” que es naturalmente usado en
serologia, no es considerado en tests farmacologicos en

endocrinologia.
Esta “zona gris” indica la limitacion diagnostica del mensurando que
deberia ser tenida en cuenta en la interpretacion de los resultados

obtenidos.




DE GRUYTER

Clin Chem Lab Med 2014; aop

Letter to the Editor

Ezequiel Kutasz, Juan Manuel Lazzati, Mercedes Maceiras, Veronica Zaidman, Marta
Rubinstein and Eduardo A. Chaler*

Clinically useful samples and reference change
value




In clinical practice laboratories store biological samples
for varying times and temperatures according to the needs.
Samples are stored for short time periods when they are
processed in batches, for re-measurement, or when they
are referred from or to other laboratories. Samples that are
stored for a longer time could be used in studies of diag:
nosis-related groups, assessment of reference intervals of
dilleren( analyLes, ot [or general scientific purpuses,
According Lo the 150 15189:2012, (he laboralory must
have standard operating procedures for storage of clinical
samples, defining the length of time and temperature [1].
[n these cases it is particularly important to know the
stability of the quantities to be measured in the conditions
of storage described. Exclusively metrological, statistical,
statistical and metrological, and metrological combined
with hinlngical criteria have heen propnsed [2]. We agree

with the propnsal of Dr. Xavier Fuentes-Arderin [3] tn con-
sider the measurement uncertainty as the interval that
defines clinical sample stability because all sources of
variations are considered and vary according to the quan-
tity studied.




RCV=2%Z(CVa +CVi))4[ 7]

To measure a statistically significant number of sam-
ples of an analyte to evaluate at lme zero (t0), ie.,
immediately after extraction and separation of serum
or plasma;

To store samples under study conditions of a defined
fime and temperature;

To measure samples of the study analyte at time one
(t1), i.e., the period of the time over which the stability
and clinical usefulness are being evaluated;

To calculate U for the analyte in study;

To calculate the RCV;

If 95% of the results obtained for this analyte at t1 are
within the interval of [1 (t0+11%4), the analyte is stahle
under these storage conditions; if 95% of the results
obtained for this analyte at t1 are within the interval of
RCV (t0+RCV%) the analyte s clinically useful under
these storage conditions;

We propose to analyze the data using the scheme by
Bland and Altman [8], modified [9], by plotting the t1/
t0 ratio in the y-axis and {0 in the x-axis; if 950 of
the ratios are within the range 1£(U%/100) the ana-
Iyte is stable and if 95% of the ratios are within the
range 1+(RCV%/100) the analyte is clinically useful

(Figure 1).

......... S P . : L 311
: 1+{U%/100)

1-{U%/100)
I-{RCV9:100]

Concertration of analyte fo zero tima (t0)

Figure1 The t1/t0 ratio n the y-axis and {0 inthex-axis.

If 95% of results obtained for an analyte at t1 are within the interval
of U (t0£U%), it s stable under these storage ronditions (black). If
95% of results obtained for this analyte int1are within the interval
of RCV (t0£RCV %) underthese storage conditions (white) the
analyteis clinically useful.




Conclusion

Consideramos que la Incertidumbre como un criterio adecuado para evaluar
estabilidad de las condiciones de almacenamiento de muestras.

El concepto de RCV para definir utilidad clinica es un aporte importante en la
practica cotidiana




Consideraciones finales

Estos son ejemplos de como la practica profesional bioquimica
debe participar en la interpretacion de los resultados que emite
como uno de los caminos en la adecuacion de nuestro rol
profesional dentro del modelo de gestion impuesto.




Rangos de Referencia en pediatria




*Reclutar un grupo valido es una tarea costosa, tiempo-intensiva, y virtualmente
imposible para la mayoria de los laboratorios. Se dificulta mucho mas en
establecer IR en para algunos grupos (Poblaciones pediatricas, geriatricas) o en
muestras poco comunes (LCR, aspiraciones).

*Algunos laboratorios deciden utilizar IR calculados por otros laboratorios, se
valida por un estudio simple que requiere solo 20 sujetos sanos, y considera que
todo el proceso es igual (criterios de exclusion, fuentes de variacion pre
analitica, equipos, etc.).

*En algunos casos no se tiene en cuenta las diferentes metodologias.




1.CALIPER
2.Busqueda de controles normales

3.Método de Hoffmann
4.Big Data (Data warehouse)
5.Referencia bibliografica
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About CALIPER

Com Al::ln_ut CALIPER.

Laboratory Professionals

CALIPER Reference Interval
Database

CALIPER Across Canada
Photo Galleries

Contact Us

Hospitg] =
CALIPER Project

Welcome to CALIPER, a nation-wide, multi-centre study

spanning children's hospitals across Canada.
The CALIPER (Canadian Laboratory Initiative on Paediatric Reference

Intervals) Project is a multi-centre, nation-wide initiative aimed at developing a comprehensive database of

healthy reference values (reference intervals) for blood tests in children. The CALIPER Project is designed
to fill the gaps that currently exist in paediatric reference intervals.

To date, CALIPER has recruited over 9,000 healthy children from birth to 18 years of age that have donated
a small sample of blood, which is used to develop gender- and age-specific reference intervals for multiple
blood tests. CALIPER has already developed reference intervals for over 100 blood tests, which can be
used to improve diagnosis in many areas, including cardiology, nephrology, critical care and oncology.

CALIPER will continue to work towards developing reference values for additional tests, and has made all
data collected publicly available through an online database for doctors to use in their practice. The
CALIPER reference intervals are being adapted by hospital laboratories across Canada and globally and
helping to improve diagnosis and monitoring of children with medical concerns.

= |f you are a physician or researcher interested in learning more about the study or accessing the
CALIPER reference intervals, please visit the Laboratory Professionals section.

= To learn how to become involved as a participant, volunteer, or organization, please visit the Families
Volunteers, and Community Partners section.

= To learn more about CALIPER., check out the video below.
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s una estrategia clasica para la obtencion de valores de
eferencia, partiendo de reclutar un grupo valido; segun
LSl 120 sujetos, y si hay diferencia por sexo y/o edad, 120
ujetos para cada grupo, esto es una tarea costosa,
iempo-intensiva, y virtualmente imposible para la

nayoria de los laboratorios.

© Freund Publishing House Ltd., London Journal of Pediatric Endocrinology & Metabolism, 22, 1127-1135 (2009)

Serum IGF-I and IGFBP-3 Reference Values from a
Chemiluminescent Assay in Normal Children and
Adolescents of Hispanic and Italian Origin:
Presence of Sexual Dimorphism in IGF-I Values

E.A. Chaler', C. Meazzaz, G. Guercio', M. Maceirasl, M.A. Rivarola!, K. Laarejz, S. Paganiz,
G. Areny', R. Albertini’, V. Llinares', A. Belgorosky'” and M. Bozzola®"

! Endocrinology Laboratory, Garrahan Pediatric Hospital, Buenos Aires, Argentina,
2Pediatric Department, University of Pavia and *Laboratory of Clinical Chemistry,
IRCCS San Matteo Foundation, Pavia, Italy

POPULATION AND METHODS
Population

Serum samples were collected from 235 healthy
children (169 prepubertal: 57 females and 112
males, and 66 pubertak: 21 females and 45 males) at
the Garrahan Pediatric Hospital in Buenos Aircs
(Argentina) and at the Pediatric Unit of the IRCCS
San Matteo Foundation in Pavia (ltaly). The
individuals cnrolled attended a general pediatric
hospital for ambulatory non-endocrine disorders,
such as strabismus. inguinal hernta, ctc. Serum
samples were taken from blood drawn for routine
surgical check-ups. A pediatric endocrinologist was
present during blood sampling to obtain oral
consent from the parents. Clinical examination was
carried out by the same trained pediatric endo-
crinologist for cvaluation of Tanner stages of
sexual development and assessment of testicular
volume, as well as height, body mass index (BMI)
and general well being. Children were included in
the study according to the following criteria: height
between -1.5 and +1.5 standard deviation score
(SDS); BMI between the 15™ and 85" percentiles
of a Hispanic and Italian population in children
over 5 years old; weight for height from 80-110%
of the normal population in children less than §
years old. Nonc of the participants was receiving

any medication and did not have a personal history

of intrauterine growth retardation or family history

of type 2 diabetes mellitus. The clinical charac-

teristics of the participants are shown in Tablc 1.
According to our previous reports'>", children

were divided into different groups, according to

testicular volume (TV) in males and Tanner stage
for breast development in females:

Pp: Prepubertal group including 112 boys with TV
less than 4 ml and 66 girls with breast Tanner
stage . The Pp group was divided into two
subgroups according to median chronological
age (5.9 years for boys and 5.1 ycars for girls):

« PpA: Children below the median age (56 boys
and 31 girls);

« PpB: Children at the median or above the
median age (56 boys and 26 girls).

Pu: Pubertal group including 45 boys with TV
from 4-25 ml and 21 girls with breast Tanner
stage II-V. The Pu group was divided into two
subgroups, according to TV in males and breast
Tanner stage in females:

« PuA: Early pubertal group: boys with TV from
4-8 ml (n = 26) and girls with breast Tanner
stage [ (n=11);

« PuB: Late pubertal group: boys with TV from
10-25 ml (n = 19) and girls with breast
Tanner stage III-IV (n = 10).

In post-menarcheal girls, sampling was per-

formed in the follicular phase of the cycle.

The protocol was approved by the ethics

committees of the two institutes.



Auxological data of participants in the study according to chronological age and pubertal stage

PpA
Males
n 56
Age (years) 2.80+£2.07
Height SDS -0.40+1.27
BMI SDS 025+ 1.10

TV (ml) <4

Females
n 31

2.68£1.52

0.16+1.03

Age (years)
Height SDS

TABLE 1

PpB

56

895+ 1.71

0174127

0.78 +2.03
<4

26
8.50+1.66
-0.40+1.03

PuA

26
129131
0.05+1.03
1.17+0.92%°
4-8

11
11.4£0.55
047+0.25

BMI SDS 061130 043 +1.68 -0.27+0.80

Tanner breast stage I 1 ||

PpA: prepubertal less than 5.9 years old for boys and 5.1 years old for girls.
PpB: prepubertal more than 5.9 ycars old for boys and 5.1 years old for girls.
PuA: early pubertal.

PuB: late pubertal.

BMI = body mass index; TV = testicular volume

* p <0.006 male PuA and PuB versus male PpA and PpB.

** p <0.0006 female PuB versus all other female groups.

¥ p <0.0006 male PuA versus female PuB.

PuB

19
140+ 1.16
0.08 + 0.88
0.51+0.71*

210

10
15.1£1.93
-022+1.59
0.29 + 0.99**
HI-v

235 sujetos sanos (169 prepuberales: 57 ninas y
112 varones; 66 sujetos puberales: 21 ninas y 45
varones)

Garrahan Pediatric Hospital in Buenos Aires
(Argentina) and at the Pediatric Unit of the IRCCS
San Matteo Foundation in Pavia (ltaly). Los
individuos se atendian en un hospital pediatrico de
manera ambulatoria por desordenes no
endocrinologicos tales como: estrabismo, hernia
inguinal, fracturas, etc.

Las muestras fueron tomadas en su rutina
prequirurgica.

Un endocrindlogo estuvo presente durante la toma
de muestra para obtener consenso de los padres.
Se realizé un examen clinico donde se evalud
estadio de Tanner, volumen testicular, peso, talla,
BMI, y estado general.

Se incluyeron en el estudio segun los siguientes
criterios: talla SDS entre -1.5 y +1.5; BMI entre 15th
y 85th percentil; peso para talla en sujetos de mas
de 5 anos entre 80 y 110% de la poblacién normal
en sujetos de menos de 5 afos.

Ninguno de los sujetos recibia medicacion alguna ni
tenia historia personal de retraso de crecimiento
intrauterino ni de diabetes mellitus tipo 2.



IGF-1 AND IGFBP-3 NORMAL VALUES IN CHILDREN

TABLE 2
Age-dependent serum IGF-I levels in healthy Hispanic and Italian prepubertal and pubertal males

Age n Antilogarithm of the log mean IGF-1 log age SDS

(years) mean IGF-I logarithm
(ng/ml) (range)

0-1 55.0 (26.3-122.0)
39.9(15.1-98.7)
44.7 (31.8-96.0)
65.9 (24.6-123.0)
92.0 (62.0-182.0)
98.8 (45.5-137.0)
110.9 (37.0-237.0)
126.0 (48.3-291.0)

Ag’ (y.ars) 134.8 (57.3-181.0)

IGF-l (ng/ml)

Fig-1:  Serum IGF-I values in healthy males (squares) and females (circles) according to chronological age, The pattems of IGF-I 134.1 (71.0-240.0)
values in males and females are represented by the bold black lines. 162.0 (76.0-421.0)

210.1 (95.7-663.0)
257.3 (183.0-749.0)
337.7 (118.0-732.0)
349.7 (214.0-628.0)
419.3 (179.0-655.0)
347.5 (165.0-732.0)

IGF-1 (ng/ml)

10 ) y
PpA PpB PuA PuB
Age (years)
Pubertal Stage
Fig.2: Serum IGFBP-3 values in healthy males (squares) and females (circles) accarding to chronological age. The pattern of Fig. 3:  Serum levels of IGF-1 in males (grey bars) and females (white bars) according to pubertal stage. * p <0.05 females versus

males at the same pubertal stage.

IGFBP-3 values is represented by the bold black line,




JAMA, Sept 14, 1963

Special Communication

Statistical methods have great value in medicine

and should be of interest to practicing physicans

Statistics in the

Practice of Medicine

Robhert (z. Haffmann, PhD, Gainesville, Fla.

JAMA = The Journal of the American Medical Associat



* La alternativa es hacer una “convocatoria indirecta”, un estudio a posteriori de los datos de los pacientes ya
recogidos y almacenados en una base de datos de laboratorio.

* Es un tema controvertido, pero la mayoria de estos estudios son reportes IR con relevancia clinica significativa.

* Se utilizan sofisticados filtros para eliminar sujetos “no sanos”, con diferentes estrategias.(pacientes no
institucionalizados, pacientes externos, etc.). La discusion es que la mayoria de los datos no provienen de sujetos
sanos, pero es menos cuestionable cuando se consideran grandes nimeros de resultados, y se considera una
prevalencia de no enfermedad cercana al 50%.

* Los IR son utiles en funcion de su exactitud y reproducibilidad, estadisticamente es mas robusto miles de
resultados que pueden incluir algln sujeto no sano que 120 en los gue se asume su salud.

* El principal problema es la secuencia estadistica para estos analisis, Hoffmann en un trabajo clasico de
1963, describe una técnica para estimaciones indirectas : “Esta técnica estadistica puede ser usada para obtener
valores normales donde un grupo de mediciones estan disponibles y se asumen calculos matematicos

razonables”.

* Manual de valores pediatricos de Soldin et al ha utilizado todos estos criterios.
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ESTIMACION DEL INTERVALO DE REFERENCIA

DE CALCIO, FOSFORO Y FOSFATASA ALCALINA SERICOS
EN POBLACION PEDIATRICA UTILIZANDO UNA BASE

DE DATOS POR EL METODO DE HOFFMANN MODIFICADO

Dres. G. D'lsa’, C. Chilelli*, C. Tau**, G. Viterbo**, M. Rubinstein®, E. Chaler*




Primer paso eliminacion de outliers

Criterio de Chauvenet: un dato es “outlier” si la ocurrencia es menor que 1/2N, donde N es el
total de mediciones (mas de 4 datos)

Criterio 3 SD

Criterio rango intercuartilico
IQR=Q3-Q1 (75-25)
Outliers datos fuera de Q1-1.5xIQR y Q3+1.5xIQR




Segundo paso

Realizar un grafico de frecuencia de aparicion de cada valor de
concentracion del analito

. '
Maximum error ,

Tercer paso

Extrapolar el rango
entre 215% y 97}5% °P 2(]Cusr:n]ula:l::'eFE:Zqu:r(;jcie:(:"/e)80 2

IFigure 10 A typical plot of cumulative frequencies (hatched
line) with the linear portion of the cumulative frequency graph
(solid line).
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ITable 10
Regression Functions and Calculated Reference Intervals for Five Analyvtes as Determined by the Computerization of the
Hoffmann Method for the Indirect Estimation of Reference Intervals

Total No.

Test/Sex Linear Range (%) of Results Regression Function Reference Intervals

Mean corpuscular volume, um? (fL)
Males and females
Hemoglobin, g/dL (g/L)
Males 23.69-90.67 16,463 vy = 0.0359x + 12.93
Females 21.40-89.48 24,809 y = 0.0339x + 11.3b
Creatinine, mg/dL (pmol/L)
Males 9.88-81.74 24,068
Fernales 8.83-75.93 29,471
Calcium, mg/dL (mmal/L)
Males and females
Thyroid-stimulating hormone, mIU/mL (mIU/L)
Males and females (a)
Males and females (b)

23.38-77.16 40,744 y =0.1267x + 83.18 83.5-95.5 (83.5-95.5)
13.0-16.4 (130-164)

11.4-14.7 (114147)

y =0.0053x + 0.75
y = 0.0043x + 0.56

0.76-1.27 (67.2-112.3]
0.58-0.99 (51.3-87.5]

9.40-88.03 51,482 y =0.0117x + 8.83 8.86-9.98 (2.22-2.50)
6.09-72.22 129,443
7.06-71.18 151,235

y =0.0274x + 0.36
y = 0.0288x + 0.38

0.44-3.05 (0.44-3.05)
0.45-3.19 (0.45-3.19)

alidar que el
rango obtenido

* The a group, accuracy study; the b group, reproducibility study.

ITable 21
Comparison of Reference Intervals as Calculated by the Hoffmann Method With RIs as Reported in the Literature
(Accuracy Study)

este incorporado
al VRC publicado

Calculated RI Reported RI Absolute Difference (%o)

Analyte Lower-Upper Lower-Upper Lower-Upper RCV (%)

Calcium, mg/dL (mmol/L) 8.86-9.98 (2.22-2.50) 8.60-10.04 (2.15-2.51)14p273) 2.93-0.60 5.95

Creatinine, mg/dL (umol/L) 16.50
Males 0.76-1.27 (67.2-112.3) 0.72-1.18 (63.6-104.3) 15561 5.26-7.09; 10.53-11.02
0.68-1.13 (60-100)14P273)
0.55-1.02 (48.6-90.2)15(p561:
0.57-1.02 (50-90)14ip273)

Females 0.58-0.99 (51.3-87.5) 5.17-3.03; 1.72-3.03

MCV, pm3(fL)
Hemaoglobin, g/dL (g/L)
Males

Females
TSH, mlU/mL (miU/L)

83.5-95.5 (83.5-95.5)

13.0-16.4 (130-164)
11.4-14.7 (114-147)
0.44-3.05 (0.44-3.05)

82.0-98.0 (82.0-08.0)'6P21)

13.4-17.0 (134-170)1621)

11.7-15.3 (117-153)18021)

0.45-4.12 (0.45-4.12) 171495
0.54-3.37 (0.54-3.37)181227)

1.80-2.62

3.08-3.66
2.63-4.08
2.27-35.08; 22.73-10.49

MCV, mean corpuscular volume: RI. reference mterval; TSH. thyroid-stiummulating hormone.

* Reference change value (95% probability) as calculated from Ricos et al.1?




ITable 30
Comparison of RIs as Calculated by the Hoffmann Method for Two Sets of TSH Data Collected 6 Months Apart (Reproducibility

Study)

Absolute
First Data Set Second Data Set Difference (%0)

Analyte Lower-Upper Lower-Upper Lower—Upper
TSH, mIU/mL {mIU/L) 0.44-3.05 (0.44-3.05) 0.45-3.19 (0.45-3.19) 2.27-4.58

RI, reference mterval; TSH, thyroid-stimulating hormone.
* Reference change value (95% probability) as calculated from Ricos et al.1?

Conclusion:
El método descripto (Hoffmann indirecto) para estimacion de IR provee una informacic
Segura y reproducible
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la 1: E1TR del Ca expresade en mz/dll esta referido por rango ea-
Se identifica el niimero de resultades para cada edad (n). su tofal
306) ¥ la comparacion con los resultados publicados en €l Pediatric
rence range por Soldin et al.®, la diferencia porcemtual entre nues-
resultados obtenidos v los publicados v €l valor de referencia de
hio (VCR) para la determinacion.

ahla 2: E1TR del Pexpresado enmg/dl esta referido por rango etario,
e identifica el numero de resultados para cada edad (o) su totalidad
14.790), Ia comparacion con los resultados publicados en el Pediatric
reference range por Soldin ef al', 1a diferencia porcentual entre mues-
05 resultados obtenidos v los publicados v €l valor de referencia de
ambio (VCR) para la determinacion.

ad 1 Ca IR Diferencia | VCR
{me/dl Soldim ey s
st | i ; i Edad 1 P IR | Diferencia | VCR
0 dias 30 | 87-10 | 85-106 | 235377 | 83 (mg/dl) | Soldin (%) (%)
365dias | 914 | 89-109 | 87-105 | 230-380 130dias | 18 | 40-73 | 46-80 | 1304-875 [ 243
— - -
 afins 2351 | 89-105 | 88-106 | 113-094 e e e
1-3 afios 2490 (39-60 | 40-54 | 230-1111
 afios 2096 | 89-102 | 83-106 | 113377 - - - -
4-6 anos 2165 | 37-537137-56 | 000-178
) AM0s 2114 89-102 87-103 2300097 T_g aI_'LCIS 1231 13_1& 3.?' jqﬁ J‘m_D\m
12afios | 2253 | 89-102 | 87-102 | 230000 1012 afios | 2435 | 36-55 | 33-54 | 909-185
15afios | 2590 | 88-101 | 85-102 | 353038 13-15afios | 2766 | 32-34 | 29-54 | 1034-000
18 afios | 1558 | 87-101 | 84-103 | 357-194 16-18 afios | 1687 | 29-50 | 28-46 | 35T-B69

Total

Tabla J: E1 IR de Ia FAL expresado en U/L esta referado porr

etario, se identifica el numero de resnltados para cada edad v,
ro(n),su total para cada sexo (ninos = 3.0, nifias = 3.297).

Edad FAL (U/L} n FAL(UL) ]
Nmios Nmias

1-30 dias

31-365 dias 107 - 366 181 133-335 I

1-3 afios 116-293 583 125-204 4

4-6 anos 110 - 286 456 109 - 290 4

1-9 afios 110 -302 512 123- 318 5]

10-12 afios 01-291 404 0 - 348 ol

13-15 afios 106 - 343 566 45-216 6]

16-18 afios 54-221 334 36- 149 3
3036 ¢

Diferencia significativa *p<0 000]
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Introduction

Thyroid hormones influence almost all aspects of normal




¢, Son distintos los rangos de referencia de TSH y hormonas tiroideas en
distintas poblaciones pediatricas?

;, Como afectan los indicadores de calidad analitica la interpretacion de
los resultados obtenidos?

;. Se podria explicarse que el largo debate del valor de corte de TSH sea
una consecuencia de la variabilidad bioldgica individual sumado a la
variabilidad analitica del ensayo?




Clin Chem Lab Med 2012;50(5):xxx-xxx © 2012 by Walter de Gruyter » Berlin « Boston. DOl 10.1515/cclm-2011-0485

Age-specific thyroid hormone and thyrotropin reference
intervals for a pediatric and adolescent population

Eduardo A. Chaler*, Romina Fiorenzano,
Carla Chilelli, Vanessa Llinares, Giselle Areny,
Viviana Herzovich, Mercedes Maceiras,

Juan M. Lazzati, Mariano Mendioroz,

Marco A. Rivarola and Alicia Belgorosky

Keywords:
tainty;

i ) . o Introduction
Department of Endocrinology, Hospital de Pediatria

Garrahan, Buenos Aires. Argentina

Table 1  Assay performance.

Abbott AXSYM
pediatric reference interval: reference change value;
serum thyroid hormones.

aASBAYS:

measurement uncer-

Thyroid hormones influence almost all aspects of normal

TSH T3

T4

T4

A43-5.05% 3.46-8.22%
.25-6.00) mIU/L (1.1-3.1) nmol/L

5% 9.01%

34, 3.75%

Up to 7 nmol/L

0.1 nmol/LL

0.2 nmol/L

Simple precision 3
[intraassay (within run) CV] (0
Complex precision [interassay (run to run) CV] 8.
Bias 5.
Linearity

Analytical sensitivity
Functional sensitivity

2
73
Up to IOCI mlIU/L
0.02 mIU/L
0.06 mIU/L

2.46-5.14%
(77.2-154) nmol/L.
8.9%

2.85%

Up to 308.9 nmol/L
8.23 nmol/L

14.4 nmol/L

2.63-5.19%
(9.0-38.6) pmol/L.
9.63%

3.76%

Up to 51.5 pmol/L
1.3 pmol/L

3.4 pmol/L

To convert thyroid hormone values to metric units use the following factors. T3 nmol/L + 1.538: T3 ng/mL; T4 nmol/L

fT4 pmol/L =+ 12.87: fT4 ng/mL.

+12.87: T4 ug/dL and
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Table 2 Total error.

Table 3  Percentiles (2.5th, 50.0th, 97.5th) of serum TSH, T3, T4 and fT4 concentration per age group.

Age.n TSH, pIU/L mIU/L T3. nmol/L T4, nmol/L fT4, pmol/L

S50th

=]
=1
n
&
sy
=

97.5th 2.5th 50th 97.5th 2.5th 50th

1 w=3m (241) .92 2.3C 5 Q 13.0
=3 m—6 m (1 0.79 2 06.5 46.7 216.2 11.6
=6 m-12m (274) 1.8¢ 2.6 : 11.1
114
12.0
117
10,9
10.4
9.6

LS
S0

w2 2 B3 B2 F

T4 nmol/L + 12.87: T4 ug/dL and fT4 pmol/L + 12.87: fT4 ng/mL.




Age

lw-2m
3m-5m
6m-11m
ly-2y
3y-5y
6y-8y
9y-11y
12y-14y

15y-20y

TSH
(1IU/ml)
2.5th
0,92
0,79
0,84
0,97
0,97
0,82
0,88
0,88
0,71

50th
2,30
2,24
2,37
2,46
2,49
2,36
2,53
2,28
1,86

97.5th
4,38
4,23
4,31
4,35
4,38
4,74
4,76
4,65
4,88

T3
(ng/ml)

2.5th
0.93
1.06
1.03
0.99
1.04
0.99
0.86
0R:]0)
0.74

50th
1.58
1.77
1.71
1.69
1.62
1.55
1.50
1.38
1.20

97.5th
2.30
2.43
2.30
2.26
2.18
2.14
2.05
1.99
1.72

T4
(ng/dl)

2.5th
7.1
7.5
6.3
6.7
6.9
6.7
6.4
6.3
6.1

50th
11.7
11.4
10.2
10.3
9.9
9.7
9.2
8.3
8.3

97.5th
17.9
16.8
15.8
14.5
13.5
12.8
12.3
11.7
11.1

fT4
(ng/dl)

2.5th
1.01
0.90
0.86
0.89
0.93
0.91
0.85
0.81
0.75

50th
1.34
1.27
1.26
1.27
1.29
1.26
1.24
1.16
1.15

97.5th
2.08
1.81
1.90
1.93
1.94
1.91
1.96
1.92
1.94
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T3, nmol/L




Table 4 Ewvaluation of serum TSH. T3, T4 and T4, U and RCYV.

T4 fT4

U (precision)=%CV, 8.25 9.0 8.97 9.63
Peer group %CV 0.5(C 3.70 0.90 10.90
n 16 33

% Bias .5 (.82 1.42 3.24
% U (bias) .73 3.75 2.85 3.76
Combined U 0.76 9.41 10.34
o U 20.09 0,52 18.83 20.67

V, 19.30 8.70 4.90 1.60
% RCV 58.60 34.69 28.31 33.98

combined U, U(precision) combined with U(trueness); CV , analyti-
cal coefficient of variatiofi; CV )biological coefficient of variation;
n. number of laboratories partiCipating in the Peer Group Program;
peer group %CV, peer group coefficient of variations; %CRCV, ref-
erence change value; %U, measureient uncertainty (or expanded);
U, uncertainty.

La diferencia de resultados obtenidos de TSH en muestras de un
mismo paciente en diferentes dias sin que medie ninguna
diferencia clinica es del 58.6%
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Test
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i-74d
E-30d
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-5 d(=25kg
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44y
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Bromocresol green method. Vitros 500 {Ortho-Clinical Dhagmnostics,
Raritan, NJ).

Mromocresol green methedd. Vitros 700 (Onbo-Clinical Dhagnostics,
Rarttan, NJ)

Bochnnger Mannheim albumin reagent (bromogresol green). Albumin wi
measured on the Hitachi 747 (Hochringer Mannheim Diagnoatics,
Indianapolis, IN),

The albumin method 15 an adaptation of the bromocresol purple (BCP) dy

binding method. Dade Behning Dimension KxL Analyzer (Dade Behnng |
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the Hoffimann technique. Values are 2.5-97.5 percentiles.
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*Reference ranges were oblained by comparing resilts from previously
published dats and using regression equations.




Los métodos propuestos dan informacion util y rangos
referencia adecuados.

Es importante reconocer las limitaciones de cada uno de
ellos y ajustar método utilizado a las posibilidades de cada
laboratorio.

Informacion relevante puede ser obtenida a partir del
conocimiento de los rangos de referencia.



