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Uéelem neni znat vzorce a vypocty
(to by bylo zcela zbytecCné),
ale védét, co to znamena !

The purpose is not the knowledge of formulas
and calculations (it would be useless),

however to know what it means !




Nékteré technické jevy — konstantnost — ..jistota*
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Some technical events — constanc confidence*
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Biologické jevy — variabilita — pravdépodobnost




Biological events — variability — probability




Zivy organismus — biologicka variabilita

v

rozdéleni Cetnosti biologickych jevu

symetricke, asymetricke
,hormalni rozdéleni*
,Gaussovskeé rozdéleni*




living organismus - biological variability

v

the frequency distribution of biological
events

symmetrical, non-symmetrical
»the normal distribution®,
»the Gaussian distribution®
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Carl Kriedrich Gau[5 (1777 — 1833

némecky matematik the German mathematician
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Gaussova krivka the Gaussian curve
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Krivka rozlozeni funkce

pravdépodobnosti je symetricka

a zvonovitého tvaru

(= ,,normalni rozdéleni*,
,,Gaussovskeé rozdéleni*)

The curve of the probability
density function is symmetrical
and bell-shaped
(= ,,normal distribution®,

»the Gaussian distribution®)
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Intervaly pravdépodobnosti rozlozeni

v % jsou dany aritmetickym priumérem

(i) a standardnimi odchylkami (s) .

Q
l
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—— — — — — —
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The probability intervals of distribution
in % are given by arithmetic mean (i)
and standard deviations (s).

O
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~Normalni hodnoty* :

= 2.5% (1740)

v medicinskych a biologickych
studiich je to dohodnuté rozpéti
hodnot vymezené 95 %
intervalem spolehlivosti

(oboustranné ohraniceny interval spolehlivosti) 15




The ..normal range* :

= 2.5% [1:40)

in medical and biological
studies this range is

conventionally given by the
95 % interval of confidence

(two-sided limits of confidence interval)
16




~Normalni hodnoty* (..referenc¢ni hodnoty*) :

S
=
L
=

_4————————

A

Podle bézné konvence referencni hodnoty zahrnuji celou populaci.
Interval je vS§ak ohranicen oboustranné 2,5 % pasmem oc¢ekavanych
hodnot. Ve skutec¢nosti tedy 5 % vysledkii ,,normalni* zdravé populace
bude lezet mimo referenc¢ni hodnoty.
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The ..normal range* (the ..reference range*) :

from

_4———————

: -
PROB = 95 % !

<
)

" x + 1,968

| -

|
o e S Pp=5 % <__._'I‘

By current convention, the reference range includes all.

But the top and bottom are 2,5 % of results expected from a population
of healthy people. So that S % of ,,normal* healthy population

will have test values falling outside the reference range.
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Nesyvmetrické rozdéleni :

X

X median

X

levostranné asymetrické rozdéleni,
wlogaritmicko-normalni* (lognormalni) rozdéleni
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Non-symmetrical distribution :

X

X median

X

there is: left-hand side non-symmetrical,
logarithmic-normal (lognormal) distribution
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Nesymetrické rozdéleni : §( >

T

pravostranné asymetrické rozdéleni,
wlogaritmicko-normalni“ (lognormalni) rozdéleni

u symetrického rozdéleni: §( = X =

X

ol
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Non-symmetrical distribution : % >

there is: right-hand side non-symmetrical,
logarithmic-normal (lognormal) distribution

X = X

in symmetrical distribution: é(

ol
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95 % interval spolehlivosti

odvozeny z jednotlivych hodnot, serazenych podle své velikosti

97,5 %
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The 95 % interval of confidence
derived from individual values arranged according to their size

97,5 %
I
50 % “:._f'.;
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Dohodnuta symbolika / conventional symbolism :
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Smérodatna odchylka :

D (x-X)7

S =
\ n-1

vyukovy vzorec

ZXZ -nXx’

n-1

prakticky vzorec

»$* nebo ,,6, “ = pro_vvbérovy soubor,

v angl. literature take SD (standard deviation)




The standard deviation :

Z:(X-i)2 sz-niz

0P
¥
—

n-1 \ n-1

the didactic formula the practical formula

»$*¢ or 6 “ = for the sample,
also ,,SD* (standard deviation). -




Statistika potrebuje nenulové hodnoty :

y ® ? i .(X B i)

odchylky od aritmetického priméru maji kladné
a zaporne hodnoty

> (x-%) =0

soucet prostych odchylek jednotlivych hodnot
od aritmetického pruméru je nulovy

Y (x-X)°Z0

soucet Ctverciu odchylek se nerovna nule,
proto je tento typ souctu pouzivan pro vypocty ”




The statistics needs non-zero values :

° . ¢ X .(X - X)

the differences from the arithmetic mean have positive
and negative values

> (x-%) =0

the sum of simple differences of individual values
from the arithmetic mean is zero

Y (x-X)°Z0

the sum of squared differences is not zero,

for that reason this type of sum is used for calculzz;tions




Jak ziska statistika nenulové hodnoty ?

1/ druhé mocniny vSech Cisel (kladnych nebo zapornych)
jsou kladné, proto vidite:

> (x-%) nebo VK3 +VK; ...

2/ po provedenych vypoctech jsou druhé mocniny
,wvraceny* do puvodniho stavu druhou odmocninou,
proto vzorce:

\/Z(x-i)2 \/sz- nx’

n-1 n-—1I

KVK2+VKL e
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How does the statistics obtain the non-zero values ?

1/ squared values of all numbers (positive or negative)
are positive, therefore you can see:

>x-X o CV2+CVE ...

2/ after calculations the squared values are ,,retained* to
the previous one by the square root, therefore the
formulas:

\/Z(x-i)z \/sz- nx’

n-1 n—1

K{CV2+CVZ ...
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Spolehlivost = spravnost + presnost

spravne,
presné

Charakteristikou presnosti
je variabilita.

Mirou variability je napr.
rozptyl (s?) nebo variacni
koeficient (VK).

VK = — (0100 (%)

X

32




Reliability = accuracy + precision

accurate,
precise

The characteristic of precision
is variability.

The measure of variability are
for example: variance (s?) or
coefficient of variation (CV).

CV = — 0100 (%)

S
X

33




Spolehlivost = spravnost + presnost

Nespravne vysledky jsou dany
odchylkou od spravné hodnoty
(nenahodna, systematicka chyba)

presné,
nespravneé

34




Reliability = accuracy + precision

w“ ® o Non-accurate results are due to
"o o the difference from the accurate
value (non-accidental, systematic
error).
precise,

inaccurate

35




Spolehlivost = spravnost + presnost

spravné,
nepresné
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Reliability = accuracy + precision

accurate,
imprecise
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biologickeé jevy

|

variabilita

|

pravdépodobnost :

1/ prosta (nepodminéna)

2/ podminéna

38




biological events

|

variability

|

probability :

1/ the simple probability
(unconditional)

2/ the conditional probability

39




Pravdépodobnost prosta (nepodminéna) :

( hra v kostky )
1
P=— =20,166 = 16,6%
6 Pocet hodu: 100/16,66 = 6
P = é E% 0,166 10,166 = 0,166 = 0,027 = 2,7 %
Pocet hodu: 100/2,7 = 37
1 1 1 -
P = EDEDEZOI% 0,004 = 0,4%

Pocet hodi: 100/0,4 = 250 40




The simple probability (unconditional) :

. .o ( dice)
|
P=— =20,166 = 16,6%
6 Number of rolls: 100/ 16,66 = 6
P = é E% 0,166 00,166 = 0,166° = 0,027 = 2,7 %
Number of rolls: 100/2,7 = 37
1 1 1 .
P = ngDg:()l% 0,004 = 0,4%

Number of rolls: 100/04 = 25(1”




Pravdépodobnost prosta (nepodminéna) :

l

navzajem nezavislé jevy

P

1
6

E% = 0,166 00,166 = 0,166> = 0,027 = 2,7 %

Pocet hodu: 100/2,7 = 37

soucin pravdépodobnosti
( nikoliv soucet ! )

42




The simple probability (unconditional) :

l

the events independent
of one another

P

1
6

[% = 0,166 00,166 = 0,166> = 0,027 = 2.7 %
Number of rolls: 100/2,7 = 37

the product of probabilities
( not the sum !)

43




Pravdépodobnost prosta (nepodminéna) :

~
1

16,6 %

~
1

P = 04%
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The simple probability (unconditional) :

~
1

~
1

2,7 %

P = 04%

16,6 %

45




Pravdépodobnost prosta (nepodminéna) :

P = 0,951 = 95 % ¥, , v v ,
Cim vice soucasné pozadovanych
laboratornich stanoveni,
tim mensi pravdépodobnost,

U U Ze vysledek jediného z nich bude

P = 0,952 = 90,25% lezet uvnitr 95 % intervalu
spolehlivosti

U (u zdravého jedince).
P = 095 = 85,74 % 46




The simple probability (unconditional) :

U

P = 095" = 95%

The more laboratory determina-
tions together demanded,

the lower probability, that the only
one result will lie within the 95 %

U U confidence interval (in healthy
P = 0,95 = 90,25% individual).

i

P = 0,95 = 85,74 % 47




Pravdépodobnost prosta (nepodminéna) :

pravdépodobnost vyskytu 1 vysledku (zdravy jedinec) :

- uvnitr
95 % interval
spolehlivosti
P = 0,95"
n=1 P = 0,95
= 95 (yo
P = 095"

= 00,5987
~ 60 %

- mimo

p - (1 - 0,95)n

p = (1-0,95)"
— 5 0/0

p = (1-0,95)"

0,4013
~ 40 %

48




The simple probability (unconditional) :

the probability of occurence of one result (healthy individual) :

- within - outside

the 95 % confidence
interval

P = 0,95" p = (1-0,95)"

n=1 P = 0,95 p = (1-0,95)"
= 95 %, = 5%

n=10 ... P = 0,95" p = (1-0,95"
= 0,5987 0,4013
~ 60 % ~ 40 %

49




Podminéna pravdépodobnost :

P (T/D) = pravdépodobnost jevu ,,T*
za podminky ,,D*

podminka ,,D* je vZdy pritomna

T = test

T+ = positivni test

T- = negativni test

D = diagnoza, nemoc (disease)
D+ = dana diagnoza je pritomna,

nemoc je pritomna
D- = dana diagnoza neni pritomna,

50
nemoc neni pritomna




The conditional probability :

P (T/D) = the probability of the event ,, T*
given the condition ,,D*

the condition ,,D* is always present

T = test
T+ = positive test
T- = negative test

D = diagnose, disease

D+ = the given diagnose is present,
the disease is present

D- = the given diagnose is not preseng,
the disease is not present




VALIDITU DIABNOSTICKYCH TESTU,

ktere’ ddvaji’ pousze dva druky odjpovéds
(test negatlym’ a tect pozition’),

/e r&&'dr?t dvéma zaklaani pam‘hryﬂw'
wkagatell —~ sewstrwtou a .r;oecv'ﬁi:f'tau.
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T— dvé prekryvajici se
krivky
D_

S\

l“"llll-r

: l

b

kriticka hodnota pro diferenciaci




T two overlapping

2 Curves
0 —

TN\

b

cutoff value
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«— | —
D+ D—
spravna = spravna
pozitivita =X negativita
==
o s,




v li=on
D= D—
true A true
positivity =\ negativity
=
¥ PRV,

56




: C
faleSna pozitivita

S\

l“"llll-r

: l

b
faleSna negativita
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a RN

. c b
false positivity false negativity




«— | —
D+ D—
spravna = spravna
pozitivita =X negativita
==
o s,
c b

faleSna pozitivita faleSna negativita




true
positivity

: C
false positivity

-
=
D e
/.:\
A true
=\ negativity
=X
——

b
false negativity
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pacient s pacient bez
nemoci (D+) | nemoci (D-)
test je
pozitivni a C
(T+)
test je
negativni b d
(T-)
= Spravna pozitivita ST= a/(a+h)

= faleSna pozitivita

a
b = faleSna negativita
C
d = spravna negativita SF=d/(c+d) o«




pacient with | pacient without
disease (D+) | disease (D-)
test 1s
positive a C
(T+)
test 1s
negative b d
(T-)
b = falsc negativity ST=a/(@+b)
c = false positivity
d

= true negativity SF=d/(c+d) «




Podminéna pravdépodobnost :

P (T-/D-) = spravna negativita,
specifiCnost, specificita (SF)

SF =0,7 - pouzitelna metoda
SF > 0,95 - velmi dobra metoda

P (T+/D+) = spravna pozitivita,
senzitivita (ST)

efektivita (vydatnost) = nejvyssi pravdépodobnost
shody testu s diagnozou

63




The conditional probability :

P (T-/D-) = the true negativity,
the specificity (SF)

SK=0,7 - the usable method
SF > 0,95 - the very good method

P (T+/D+) = the true positivity,
the sensitivity (ST)

the efficiency = the greatest probability of concordance
of the test with the diagnose

64




Senzitivita = podil spravné pozitivity testu

,»senzitivita*

ST = P (T+/D+) ~ ,,pozitivita“

podminéna pravdépodobnost P (T+/D+),
ze pacient s hledanou nemoci (D+)
ma pozitivni vysledek testu (T+)

pravdépodobnost pozitivniho testu (T+)
u pacienta s nemoci (D+)

schopnost testu dat pozitivni odpovéd’ (T+)
v pripadé, ze vysetrovana osoba trpi danou

nemoci (D+)
65




Sensitivity = the proportion of true positivity
of the test

o [ J o “
5, SENSItIVItY

ST = P (T+/D+) ~ ,,positivity*

= the conditional probability P (T+/D+),
that the pacient with given disease (D+)
has a positive result of the test (‘T+)

the probability of a positive test (T+)
among patients with disease (D+)

the ability of the test to give a positive response (T+),
when the tested person suffers from the given disease
(D+) .




Specificita = podil spravné negativity testu

SF = P (T-/D-)

podminéna pravdépodobnost P (T-/D-),
Ze pacient bez hledané nemoci (D-)
ma negativni vysledek testu (T-)

pravdépodobnost negativniho testu (T-)
u pacienti bez nemoci (D-)

schopnost testu dat zapornou odpovéd’ (T-)
v pripadé, Ze vysetrovana osoba nema danou nemoc

(D-)
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Specificity = the proportion of true negativity
of the test

SF = P (T-/D-)

the conditional probability P (T-/D-),
that the pacient without given disease (D-)
has a negative result of the test (T-)

= probability of a negative test ('T-)
among patients without disease (D-)

when the tested person does not suffer from
the given disease (D-)

the ability of the test to give a negative response (T-),

68




Operativni charakteristicka krivka :

1,00

ST

0,75

n
o
2=
-

U

0,25 0,50
nespecifita




Receiver operating characteristic curve :

1,00

ST

[=
~J
un

Z 0,50

0,90

0,25
nonspecifity




senzitivita ,,ST*, citlivost
= spravna pozitivita
= 1 — faleSna negativita ,,1 — FN*

ROC - krivka

1 — specificita ,,1 — SP* = nespecificita
= faleSna positivita ,,FP* 7




sensitivity ,,ST*
= true positive rate ,,TPR*
= 1 — false negativity rate ,, 1 — FNR*

ROC - curve

1 — specificity ,,1 — SP*“ = nonspecificity
= false positive rate ,,FPR* 7




<4+ jdealni bod (nedosazitelny)

~ 100 % spravné pozitivity
a 0 % faleSné pozitivity

ROC - krivka

73




T

<+ the ideal point (unattainable)

~ 100 % true positivity
and 0 % false positivity

ROC - curve
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ST

1,0

0,51

40
29,95
35
4275

0,5 1,0

|- SF
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10+

normalni hodnoty

40
frekvence
A
Dva soubory
201 f i S-albuminu :
/¢ L
A 1 D+
STl . -SEE R — 7 D-
o 1
29,95 ¥ \
5 r 1‘
: s "'. D+ :
hnisani rany,
: dehiscence rany,
\
N bronchopneumonie,
sepse,
v tvorba dekubitu
35° 40 45 “s0 55
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. 4;}
frekvence :

»
Two data files
201 fin of S-albumin :
/¢ L
FaE —_— 1 D+
1 N 7 D-
29,95 ;, !
o s i ‘.l‘ D+
: suppuration of wounds,
: dehiscence of wounds,
bronchopneumonia,
sepsis,

pressure sores
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40
E ST
frekvence
? 40
r?" ,, 0 29’95
i '\35
20+ ‘; E
5 {0
. :, .i‘
:l "l‘ 015..+ 27’5
| i': \1
L I‘
é \
10+ 27,:5 :. : l“ .
l‘i ojs ,,a ,- SF
\
KritiCké hOanta
.. pro diferenciaci
i 35° 40 45 50 .

normalni hodnoty

a ROC krivka (1) :
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| 40
; ST
Fr'l‘.‘k\"enf_-e
? 40
A 5 ik
20+ / “1
5 (Y
\
: “J ‘\\ 0’5..+ 27;5
i E'I" \\1
‘ 1‘
i '1
.1 | 0,5 R
\"\
- Cutoff value
and the ROC
% e
normal values

curve (1) :
albumin
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40
; ST
frekvence
? 40
r’\ Lo 29’95
:
201 /A
s /0
. :, .i‘
| : 0,5"+ 27,5
| Ei': \1
29,95 ;‘ ‘: .
3 } l‘
',
10+ 27,5 .l‘ w
.1 | 0,5 SRR
"-..
KritiCké hOanta
.. pro diferenciaci
35° 40 45 50 .

normalni hodnoty

a ROC krivka (2) :
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frekvence

%0

ST
40

29,95
35

+ 27,5

0,5 1,0

Cutoff value
and the ROC

curve (2) :
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40
: ST
frekvence :
5 40
r’i &0 29’95
35
20+ -a g T
g
:l "“\ 0,5"+ 27:'5
| 'I" \‘1
299 F i
% I I
S i
10+ o : ' _
1‘ 0,5 hO o or
\k\
Kriticka hodnota
(o pro diferenciaci
35 40 45 50 55

normalni hodnoty

a ROC krivka (3) :
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frekvence

%0

ST

+ 27,5

29,95
35

40

0,5 o e

Cutoff value

and the ROC

curve (3) :
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ST

ol prey - 0
’ 2955 . 40 2
! -r---.“
;35
.': 4
i ’
0,5 :l .
7| [227,5 /
: /
: /
. /
N 4
S/
s 7
‘7
Z : ;
0,5 1,0

P(T+)
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Kriticky rozdil je velicina k posouzeni statisticky
vyznamné odliSnosti dvou srovnavanych hodnot
u stejného pacienta (,,sam sobé kontrolou*)

. , 1 2 2
kriticky rozdil = K \/ VK7 + VKj
A = analytickd variabilita (reprodukovatelnost po dnech)

B = biologicka variabilita (proménlivost u dan¢ho jedince)

K=277 =1,96 (W2

!

2 srovnavane¢ hodnoty

X*1,96s (95 % interval spolehlivosti) 85




The critical difference is the quantity to judge the
significant difference of two comparing values in
the same patient (he himself to oneself as a control)

critical difference = K ZL/CVj +CV;;

A = analytical variability (reproducibility day to day)

B = biological variability (variability in given individual)

K=277 =196 W2

|

2 comparing values

X * 1,96 S (the 95 % interval of confidence) 86




Kriticky rozdil :
Cholesterol: minulé stanoveni 8,0 mmol/l1 (~100 %)

l- 25 % (pokles)

dnesni stanoveni 6,0 mmol/l (~75 %)

87




The critical difference :

Cholesterol:
previous determination 8,0 mmol/l (~ 100 %)

1- 25 % (decrease)

today determination 6,0 mmol/l (~75 %)

88




Kriticky rozdil :
Cholesterol: minulé stanoveni 8,0 mmol/l1 (~100 %)

l- 25 % (pokles)

dnesni stanoveni 6,0 mmol/l (~75 %)

Laboratori sdéleny kriticky rozdil pro cholesterol byl 19 % .
Rozdil u naseho pacienta (25 %) je vétsi nez kriticky rozdil.

Rozdil u pacienta je tedy statisticky vyznamny, (je vétSi nez soucet
analytické a biologické variability).

Pouhou nahodou miize byt zpusoben jen vyjimecné

(s pravdépodobnosti < 5 %)
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The critical difference :

Cholesterol:
previous determination 8,0 mmol/l (~ 100 %)

1- 25 % (decrease)

today determination 6,0 mmol/l (~75 %)

The critical difference for cholesterol according to the laboratory
was 19 % .

The difference in our patient (25 %) is grater than the critical
difference.

The pacient difference is statistical significant, (it is grater than
the sum of analytical and biological variability).

The change can be done accidentally only exceptionaly

(with the probability < 5 %) %0




Referencni hodnoty (..normalni hodnotvy*) :

|

referencni jedinec - NE:

1. téhotné zeny
2. dité /vék? muz/Zena?

3. jedinci po fyzické namaze / po vystaveni

stresu

. po podani léku
nemoc / rizikové faktory
7. «.. zdravi darci krve*

N B A

. po poziti potravy (vyjimka: zatézové stavy)

91




Reference range (..normal values*) :

|

reference individual - NO :

1.
2.
3.

4.
S.

6.
7.

pregnant women

child / age? male /female ?

individuals after physical exersise / after
exposure of stress

after ingestion of food (the exception: load

tests)

after application of drugs

disease / risk factors

.... s,healthy donators of blood*
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Preanalvticka variabilita :

Standardni odbér :

e poloha (vleze vs. ambulantné)
* denni doba

* nalacno

 komprese zily / prstu

* doba a zpusob srazeni (druh a koncentrace
antikoagulantu)

e skladovani (teplota, UV, ...)
 doba dodani do laboratore

93




Preanalvtical variability :

The standard withdrawal :

e position (laying vs. sitting)
e day time
* in the fasting state
e compression of vein / finger
* the time and the way of clotting
(kind and concentration of antikoagulant)
e storage (temperature, UV, ...)
* the time of delivery to the laboratory
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KONTROLA
PROVOZU




e

Kontrola piesnostifg,

S
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Regulacni diagram

koncentracre analytu

den méreni
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Kontr. dat

Westgard

pod kontrolou uvolni serii I

mimo kontrolu odvrhni serii




1, kontroluje se, jestli alespon jeden vysledek kontroly prekrocil
S|+ 2s

1, kontroluje se, jestli alespon jeden vysledek kontroly prekrocil
5ll£ 3s

> |kontroluje se, jestli dva po sobe jdouci vysledky kontroly
2s|ptekrodily bud’ 2s nebo -2s

IR . [kontroluje se, jestli rozdil (variacni rozpéti) mezi dvéma
4s|vysledky kontrolniho vzorku > 4s

4. |[kontroluje se, jestli 4 po sobé jdouci vysledky téhoz
1S|kontrolniho vzorku pfesahuji bud' 4 x 1s nebo 4 x (-1s)

kontroluje se, zda 10 po sobé jdoucich vysledkd stanoveni
10, (téhoZ kontrolniho vzorku je na jedné nebo druhé strané
pruméru
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Analvtv moce, G426 Cyklus: 010/98, strana2z3

mmol/l Kreatinin Mimo: 8
1238 + i
m 9,58 + - P ,':- J‘
= PoEale
U — o :
5 T ST
678 + - - :
3,98 : i : :
8,83 13,53 18,23 22,93 27,63
Vzorek A
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Analyty krevniho séra, G426 Cyklus: 002/98, strana 4z 6

pkatl ALP Mimo: |
13,10 +
10,30 +
m ’ 4
5.4 = -
E ---------------------------------- -r-..‘.-::_-
o " .
- Pr ]
N o700t . | ; r:
470 4+ - ¢ -
1,90 : . ;
0,814 2,414 4014 5614
Vzorek A
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Nedorozuméni laboratornich a klinickvch oddéleni :

1/ 95 % interval spolehlivosti

2/ ,Kkvalita samotného laboratorniho vysledku nikdy
nemiuze byt lepsi nez kvalita dodaného vzorku !

3/ biochemicky ,,make up*
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Misunderstanding of laboratory
and clinical departments :

1/ 95 % confidence interval
2/ ,the quality of laboratory determination
cannot be better than he quality of delivered

sample !

3/ biochemical ,,make up*
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