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Comparison of Spectrophotometric
Assays Determining Total Antioxidant
Capacity

Toplam Antioksidan Kapasiteyi Belirleyen
Spektrofotometrik Yontemlerin Karsuastirilmast

Merve Ergin Tuncay

25 Aralik State Hospital, Department of Biochemistry, Gaziantep, Tuirkiye

Basvuru Tarihi: 12 Eyltul 2019 Kabul Tarihi: 07 Kasim 2019

OZET

Amac: Calismanin amaci, dogrudan antioksidan kapasiteyi olcen dort tam otomatik fotometrik yontem
arasinda yer alan ferrik iyon indirgeyici giig, total antioksidan durum, total antioksidan yanit ve total tiyol
yontemlerinin kapsamli olarak degderlendirilmesi ile belirtilen yontemlerin guclii ve zayif yonlerini aciga
cikarmakti.

Gerec¢ ve Yontem: Kan Ornekleri 125 saglikli bireyden alindi. Analitik tayinlerde serum &rnekleri ile
cesitli endojen ve eksojen antioksidan molekiiller kullanildi. Yontemlerin analitik performans 6zellikleri
analiz edildi ve bu yontemlerin sonuclarn arasindaki iliskiler incelendi.

Bulgular: Bu calismadan elde edilen verilere gore, ferrik iyon indirgeyici gu¢ yontemi tiyol bilesiklerini,
karotenoid ve urik asidi 6lgmek icin yetersizdi. Total antioksidan yanit yontemi icin tekrarlanabilirlik
skorlart diger li¢ yontemden daha disuktii ve trik asidi 6lgmek igin total antioksidan yanit yontemi
zayift;; bununla birlikte total antioksidan yanit, diger yontemlerden daha yiiksek dogrusalliga sahipti.
Total antioksidan durum yoéntemi, hemoliz ve lipemi etkilesiminden en az etkilenen yontemdi. Total
tiyol yontemi saptama sinir1, hassasiyet ve tekrarlanabilirlik agisindan etkili bulundu.

Sonuc: Halen, bir bilesigin antioksidan aktivitesini belirlemek icgin kullanilan standart bir yontem
bulunmamakla birlikte, farkli yontemlerin kullanilmasi ve farkli yontemlerden elde edilen sonuglarin
degerlendirilmesi, antioksidan kapasitenin degerlendirilmesi icin uygun bir yoldur.

Anahtar kelimeler: antioksidan kapasite; FRAP; TAS; TAR; TTL

Merve Ergin Tuncay : https://orcid.org/ Yazisma adresi: Merve Ergin Tuncay

25 Aralik State Hospital, Department of
Biochemistry, Gaziantep, Tiirkiye
e-mail: erginmerve@hotmail.com
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ABSTRACT

Aim: The aim of this study was to extensively evaluate four fully-automated photometric methods
directly measuring antioxidant capacity; ferric ion reducing power, total antioxidant status, total
antioxidant response, total thiol and to reveal the weak and strong sides of the assays.

Material and methods: Blood samples were obtained from 125 healthy subjects. Serum samples and
several endogenous and exogenous antioxidant molecules were used for analytical determinations. The
performance characteristics of the methods were compared and the relationships between these
methods’ results were investigated.

Results: According to the data obtained from this study, the ferric ion reducing power method was
inadequate for measuring thiol compounds, carotenoid and uric acid. Repeatability scores for the total
antioxidant response method were lower than the other three methods, and the total antioxidant
response method was found to be weak to measure uric acid. However, total antioxidant response
method had a higher linearity than the other methods. The total antioxidant status method was the least
affected by hemolysis and lipemia interference. Total thiol method—with the lowest limit of detection,
high sensitivity, and repeatability—was found to be efficient.

Conclusion: Though there is currently no standard method used to determine the antioxidant activity
of a compound, the use of different methods and assessing the results gathered from the different

methods is a convenient way to evaluate antioxidant capacity.

Key words: antioxidant capacity; FRAP; TAS; TAR; TTL

INTRODUCTION

Over the past several years, oxidative stress
has been described as the impairment of the
equilibrium between oxidants and
antioxidants [1]. Free radical generation
appears sustainably during normal cellular
function [2]. When overproduction of a
reactive oxygen species (ROS) occurs, it
leads to modifications in several cell
organelles [3]. As a result, oxidative stress is
suspected to be involved in various disease
processes [2, 4].

Substances neutralizing the potentially
harmful effects of free radicals are grouped
together in what is referred to as the
antioxidant defense system [5]. The
antioxidant system is responsible for cellular
protection against oxidative stress [3]. In
vitro and in vivo antioxidant measurement
methods have been developed and
implemented by several different techniques
so far [6]. Various terms, such as “capacity,”
“activity,” “power,” “parameter,” “potential”,
“potency”, and “activity” are used to define
antioxidant capacity [7]. According to the
reaction mechanisms, the determination of
antioxidant capacity can be divided into two
main groups: the reactions based on
hydrogen transfer (HAT) and the reactions
based on single electron transfer (ET) [8, 9].
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Various tests for the assessment of
antioxidant capacity are available, but no
standardized methods exist that measure
antioxidant capacity [6-8]. The aim of this
study was to comprehensively evaluate the
analytical performance characteristics of four
different automated methods: the ferric
reducing ability of plasma (FRAP) [10], total
antioxidant status (TAS) [11], total antioxidant
response (TAR) [12], and total thiol (TTL) [13,
14]. FRAP method is based on the principle of
the reduction of the ferric-tripyridyltriazine
complex (Fe*> -TPTZ) by the antioxidants at
low pH to the blue ferrous form (Fe*? -TPTZ).
The change of the absorbance is measured
[10]. TAS method is based on the reduction of
colored 2, 2’-azino-bis (3-ethylbenzotiazoline-
6-sulphonic acid) (ABTS) radical to a colorless
reduced form by the antioxidants that are
present in the sample [11]. In TAR method
Fe'* 2 - O-dianizidine complex reacts with
hydrogen peroxide and hydroxyl radical
occurs. This radical oxidizes o-dianizidine
molecules to yellow-brown dianizidyl radicals.
Color formation increases with forward
oxidation reactions. Antioxidants in the
sample suppress oxidation reactions and the
color formation. This reaction is monitored
spectrophotometrically [12]. TTL method is
based on the reduction of 5, 5'-dithiobis- (2-
nitrobenzoic) acid (DTNB) molecule by thiols

Ttrk Klinik Biyokimya Derg 2019;17(3)



to disulfide form and a molecule of 5-
thionitrobenzoic acid. This reaction is
observed on the spectrophotometry [13, 14].

In this study these methods were compared
and their advantages and disadvantages
were discussed.

MATERIALS AND METHODS
Study protocol

Blood samples were obtained from 125
healthy subjects. All participants had a normal
medical history, and normal laboratory and
clinical findings. Subjects with any acute or
chronic diseases were excluded. None of the
participants were currently using any
medication, nor were they cigarette smokers
or alcohol abusers. The study was approved
by the local ethics committee and written
informed consents were received from all
participants. After an overnight fasting period,
blood samples were taken into tubes, and the
serum samples were separated by
centrifugation at 1800 g for 10 min and were
stored at -80 °C until the analysis was
performed. A Shimadzu UV-1800
spectrophotometer (Shimadzu, Kyoto, Japan),
which had a temperature-controlled cuvette
holder, and a ¢501 automated analyzer
(Roche Hitachi, Mannheim, Germany) were
used in this study.

Analytical determinations
FRAP assay

FRAP measurement was performed using the
method originally developed by Benzie and
Strain [10].The method was applied to the
automated analyzer. The sample volume was
20 ul (obtained from the mixture of the 10 ul
sample with 30 ul distilled water), so the
working reagent volume was 150 ul. The
absorbance at 593 nm was read, and a 0-10
min reaction time window was used.

TAS assay

The TAS assay was performed according to
Erel's method [11]. When the method was
performed on the automated analyzer, the
sample volume was 6 ul; the volume of
reagent 1 was 100 wl, and the volume of

Turk Klinik Biyokimya Derg 2019; 17(3)
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reagent 2 was 10 ul. The absorbance was
taken at 660 nm. Originally, absorbance was
read before the mixing of reagent 1 and 2.
Then, the last absorbance was taken at the
end of the incubation period (10 min).

TAR assay

The TAR assay was performed according to
Erel's method [12]. When the method was
applied to the automated analyzer, the
sample volume was 4.5 ul; the volume of
reagent 1 was 180 wl, and the volume of
reagent 2 was 10 ul. The absorbance was
taken at 444 nm. Absorbance was first read
prior to the mixing of reagents 1 and 2. The
last absorbance was read when the reaction
chart reached a plateau line (10 min).

TTL assay

The assay was performed using the method
that was developed by Ellman and modified
by Hu [13, 14]. The procedure for the
automated analyzer was as follows: the
sample volume was 10 ul; the volume of
reagent 1 was 110 ul, and the volume of
reagent 2 was 10 ul. The absorbance was
taken at 412 nm. First, absorbance was read
before the mixture of reagent 1 and 2; the
last absorbance was taken when the reaction
graph reached a plateau line (10 min).

Statistical analyses

As the data distributed normally, independent
sample t-tests were used for comparison.
Pearson’s correlation coefficients and linear
regression analyses were performed to
observe the relationships between assays. In
all analyses, a p value of less than 0.05 was
considered statistically significant. SPSS
software version 22.0 was used for statistical
calculations (SPSS Inc., Chicago, IL, USA).

RESULTS
Reaction kinetics of pure antioxidants

The reaction Kinetics of pure antioxidants are
shown in Figures 1-4. As shown in Figure 1,
the FRAP assay revealed that the antioxidant
effects of vitamin C, (%)-catechin, Trolox, and
a-tocopherol were fast and were completed
at the beginning of the reaction. In addition,
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the antioxidant effect on DTT was lower than
on the other compounds and was completed
later in the reaction. The effect of uric acid
proved to consist of little or no reaction.
Although the antioxidant effects of f-
carotene and GSH were close to each other,
they were weaker than the reactions of other
stronger antioxidants. The antioxidant effects
of gallic acid and bilirubin were found to be
much more than other antioxidants, such as
vitamin C and Trolox.

+ DT

& a-tocopherol

= (+)-catechin

< Trolox

© Vitamin ©
Uric acid
GSH

------------
* B-carotene

* Bilirubin
= Gallic acid

3 il

2

Absorbance, 593 nm

T T T T T T
0 100 200 300 400 500 600
Time, seconds

Figure 1. Reaction kinetics of some antioxidants in the
FRAP assay

In the TAS assay, the antioxidant effects of
vitamin C, Trolox, bilirubin, and DTT were
rapid and took place at the start of the
reactions. The reactions of uric acid, o-
tocopherol, and GSH occurred later than
other antioxidants. In particular, the latest
effect was observed with uric acid. The
effects of gallic acid and (*)-catechin were
expressed at the beginning of reactions
within seconds and were more powerful than
other antioxidants (Figure 2).

As shown in Figure 3 within the TAR assay,
the antioxidant effect of vitamin C was slower
than that of DTT, uric acid, and GSH. The
effect of B-carotene was faster than that of
Trolox, a-tocopherol, gallic acid, and (*)-
catechin. Of the all antioxidants assessed,
gallic acid had the latest reaction. Bilirubin
was found to have the fastest and highest
reaction. In the TTL assay, DTT had a higher
antioxidant effect than GSH (Figure 4).
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Figure 2. Reaction diagrams of antioxidants solutions
in the TAS assay
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()-catechin
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Figure 3. Reactions graphs of pure antioxidants in the
TAR assay

8 GSH
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................

MITIII IR LY ]
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Figure 4. Reaction charts of individual antioxidants in
the TTL assay
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Linearity of the assays

The linearity of the FRAP, TAS, and TAR
assays were performed using serial dilutions
of the Trolox solution. The upper limit of the
linearity in the FRAP assay was 6.0 mmol
Trolox equivalent/l. In the regression
analyses, the r value was 0.99 (p < 0.001, Sy
/X = 0.147), while the slope was 0.94 (p <
0.001, Sy/x = 0.037), and the intercept was
0.07 (p = 0.334, Sy/x = 0.064). In the TAS
assay, the upper limit of the linearity in the
assay was 620 mmol Trolox equivalent/l. In
the regression analyses, the r value was 0.99
(p < 0.001, Sy/x = 0.028), the slope was
0.97 (p < 0.001, Sy/x = 0.036), and the
intercept was -0.004 (p = 0.863, Sy/x =
0.023). The upper limit of the linearity in the
TAR assay was 5.0 mmol Trolox equivalent/l.
In the regression analyses, the r value was
0.99 (p < 0.001, Sy/x = 0.136), the slope
was 1.248 (p < 0.001, Sy/x = 0.025), and the
intercept was -0.401 (p < 0.001, Sy/x =
0.055). The linearity of the TTL assay was
performed by serial dilutions of the DTT
solution. The upper limit of the linearity in
the assay was 4.0 mmol/l. In the regression
analyses, the r value was 0.99 (p < 0.001,
Sy/x = 79.5), the slope was 1203 (p < 0.001,
Sy/x = 20.12), and the intercept was 75.21 (p
= 0.057, Sy/x = 34.52).

Analytical sensitivity

Analytical sensitivity, which is the slope of the
calibration line, for the FRAP, TAS, and TAR
assays were 8.7 x 10-5, 1.05 x10-5, and
6.67 X 10-4 [Absorbance/(Amount)], [A X
(mmol/l)-1], respectively.
sensitivity of the TTL assay was 1.96 X 10-4
[Absorbance/(Amount)], [A X (wmol/l)-1].

Analytical recovery

The recovery of the FRAP, TAS, and TAR
assays were determined by adding 2 mmol/l
vitamin C to serum samples. The mean
percentage recovery of the FRAP, TAS, and
TAR assays were 136-141%, 110-114%, and
128-132%, respectively. The percentage
recovery of the TTL assay was determined by
adding 200 umol/l GSH to serum samples.

Turk Klinik Biyokimya Derg 2019; 17(3)
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The mean percentage recovery of the TTL
assay was 97-102%.

Limit of detection

The detection limit of the methods was
determined by performing the zero calibrator
10 times. The detection limit was calculated
as the mean of the zero calibrator + 3 SD.
The detection limits of the FRAP, TAS, and
TAR assays were 0.070, 0.091, and 0.184
mmol Trolox equivalent/l, respectively. The
detection limit of the TTL assay was 3.92
umol/l.

Precision

The precision of the methods was determined
by evaluating the three levels within the
serum pool. Within run variability was
determined by analyzing duplicates of 20
serum samples. Within day, (between run)
variability was calculated on the basis of two
runs and 20 determinations with duplicates
of serum. Between days, variability was
calculated by analyzing frozen aliquots of
serum pools on 20 working days. The mean
+ SD values of serum for each method at
high, medium, and low levels and the
coefficient variation percentage (CV %) of
each assay are given in Table 1.

Table 1. The precision of the assays determining
antioxidant capacity

A) The precision of the FRAP assay

Mean * SD CV %
Within run
The  analytical 7 0.395 * 0.02 2.74
Medium 0.550 += 0.03 2.71
High 0.920 = 0.03 1.33
Within day
Low 0.405 = 0.02 3.53
Medium 0.562 + 0.02 3.14
High 0.942 = 0.04 3.57
Between day
Low 0.396 = 0.01 2.16
Medium 0.550 = 0.02 3.21
High 0.920 = 0.03 2.05
115
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B) The precision of the TAS assay

Mean * SD CV %
Within run
Low 0.807 = 0.13 20.55
Medium 0.826 = 0.12 15.68
High 0.883 = 0.13 16.15
Within day
Low 0.785 = 0.12 8.22
Medium 0.803 = 0.13 7.18
High 0.900 = 0.13 8.67
Between day
Low 0.816 = 0.14 15.63
Medium 0.803 = 0.13 13.92
High 0.908 = 0.14 12.19
C) The precision of the TAR assay
Mean *+ SD CV %
Within run
Low 0.807 = 0.13 20.55
Medium 0.826 = 0.12 15.68
High 0.883 = 0.13 16.15
Within day
Low 0.785 + 0.12 8.22
Medium 0.803 = 0.13 7.18
High 0.900 = 0.13 8.67
Between day
Low 0.816 = 0.14 15.63
Medium 0.803 = 0.13 13.92
High 0.908 = 0.14 12.19
D) The precision of the TTL assay
Mean * SD CV %
Within run
Low 296.8 = 3.99 0.91
Medium 367.8 = 4.26 0.85
High 374.7 + 3.83 0.80
Within day
Low 297.3 = 4.08 0.15
Medium 368.4 = 4.29 0.24
High 375.1 = 4.14 0.48
Between day
Low 296.7 = 4.23 1.35
Medium 368.2 + 4.30 1.10
High 374.8 + 4.34 1.03
Interference
A hemoglobin standard was used for
experiments of hemolysis interference.

Serum samples with 20 mg/dl, 40 mg/dl, 60
mg/dl, 80 mg/dl, 100 mg/dl, 200 mg/dl, 400
mg/dl, 600 mg/dl, 800 mg/dl, and 1000
mg/dl of hemoglobin concentration were
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obtained by adding appropriate amounts of
hemoglobin standard to the serum. In the
FRAP, TAS, TAR, and TTL methods, more
than 10% interferences were observed over
400 mg/dl, 800 mg/dl, 200 mg/dl, and 200

mg/dl  of hemoglobin concentrations,
respectively.
Bilirubin interference experiments were

performed by using the bilirubin standard.
Samples with 2.5 mg/dl, 5 mg/dl, 7.5 mgy/dl,
10 mg/dl, 20 mg/dl, 30 mg/dl, 40 mg/dl, 50
mg/dl, and 60 mg/dl of bilirubin
concentrations were achieved by adding
various amounts of the bilirubin standard to
the serum pools. More than 10%
interferences were obtained over 2.5 mgydl,
5 mg/dl, 7.5 mg/dl, and 20 mg/dl of bilirubin
concentrations in the FRAP, TAS, TAR, and
TTL assays, respectively.

Clinoleic emulsion (20%) was used for the
experiments of lipemia interference, and
20% of lipid emulsion was added to the
serum pool in different proportions to
simulate lipemia-induced turbidity.
Triglyceride concentrations within the serum
pool containing the highest lipid emulsion
was 2000 g/l. This concentration was
recognized as the 2000 lipemia index. In the
FRAP, TAS, TAR, and TTL methods, the test
results were not affected until reaching the
500, 1000, 500, and 500 lipemia indexes for
each method, respectively.

Dilution

The sensitivity of the methods were assessed
under different serum dilutions. With
different serum dilutions, the resulting values
were evaluated against expected values. The
dilution of the serum did not affect the
results of the assays.

The relationship between methods
determining antioxidant capacity and
antioxidant components of serum

As seen in Table 2, both the TAS and FRAP
methods were significantly correlated with
serum uric acid, total protein, and total
bilirubin levels. While the TAR assay had a
positive significant correlation with total

Ttrk Klinik Biyokimya Derg 2019;17(3)



bilirubin and total protein, the TAR assay did
not achieve a statistically significant
relationship with uric acid. The TTL assay
correlated positively at high levels with total
protein concentrations, but it did not have a
significant relationship with uric acid or total
bilirubin levels. The association of the TAS
assay results with both the FRAP and TAR
assays were statistically significant. There
was no significant relationship between the
TAS and the TTL methods. In addition, there
was no significant relationship between the
FRAP assay and either the TAR or TTL assays.
A statistically positive correlation was also

found between the TAR and the TTL
methods.

DISCUSSION

Measurement of the total antioxidant

capacity of a tissue or biological fluid shows
its oxidant buffering potential [15].
Numerous methods have been developed to
measure total antioxidant capacity for
various compounds [6-8]. Methodological
aspects, such as the chemistry of the
method, the target molecules, the
differences of measurement conditions, pH,
wavelength, and reaction time all play
important roles in assessing the results of
antioxidant capacity measurement methods
[9, 16]. The four different photometric
methods evaluated in this study are based
on different fundamental principles [10-14].

Antioksidan Kapasiteyi Olcen Yontemler

Cao et al. found that within runs and
between runs, the CV of the FRAP assay were
3.5% and 5.6%, respectively [17]. In another
study, Jansen et al. obtained a FRAP method
CV as 11.4% [18]. In this study, the CVs of all
levels of the FRAP method were lower than
those obtained in the literature (Table 1). In
the TAS method, the within and between run
CVs obtained were lower in this study,
although the CV of the TAS method was
under 4% in both studies [11]. Jansen et al.
[18] found the CV of the TAS method was
higher compared to both Erel's study [11]
and this research. Though the CVs of the TAR
assay were lower than 3% across all three
levels in Erel's work [12], the CV obtained
was over 10% in this study. The low
reproducibility rate of the TAR method may
be due to the increased number of steps in
the method’s procedure when compared with
the other methods.

The TTL method was affected by hemolysis
interference, perhaps due to the spectral
absorbance of hemoglobin because the
strongest characteristic wavelength of light
absorbed by hemoglobin was 415 nm. The TTL
method was monitored spectrophotometrically
at 412 nm. Why the TAR method was affected at
lower concentrations of hemoglobin than the
other evaluated methods may be the yellow-
brown color that was formed in the principle
method. At high hemoglobin concentrations,
hemoglobin may have led to the increase in
absorbance by causing darkening of this color.

Table 2. The relationship between methods determining antioxidant capacity and antioxidant components of serum

n =125 Z/:ssay TAR assay TTL assay Total protein Uric acid Total Bilirubin
FRAP assay r =0.934 r=0.129 r = -0.063 r=0.22 r =0.952 r =0.265
p < 0.001 p = 0.154 p = 0.485 p = 0.014 p < 0.001 p = 0.003
TAS assay r=0.18 r =-0.022 r=0.22 r=0.924 r = 0.282
p =0.16 p = 0.810 p = 0.014 p < 0.001 p = 0.001
TAR assay r=0.332 r =0.182 r=0.125 r = 0.307
p < 0.001 p = 0.044 p = 0.169 p = 0.001
TTL assay r = 0.405 r = -0.053 r = 0.074
p < 0.001 p = 0.562 p = 0.416

FRAP, ferric ion reducing power; TAS, total antioxidant status; TAR, total antioxidant response; TTL, total thiol.

The r value is the Pearson correlation coefficient.
The p value is the value of significance.
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Bilirubin absorbed light strongly between
340-500 nm [19]. In a strongly acidic
medium, the absorption of bilirubin
transposes to the UV wavelengths. Under
alkaline conditions, bilirubin loses a few of
its absorption properties [19]. Due to the
reductant substance prospect of bilirubin,
the FRAP, TAS, and TAR methods may have
experienced interference by  bilirubin.
Because bilirubin can react with H,O, [19],
bilirubin may have caused interference in
both the TAS and TAR assays’ results. The
TTL method may have not been affected by
the bilirubin’s reductant character because
the principle of the method is not based on
electron transfer.

The FRAP method measures the ferric
reducing ability, and it is different from other
ET-based methods, such as TAS and TAR,
because there are no free radicals or
oxidants in the FRAP method. The
antioxidant capacity of an antioxidant against
any oxidant may not operate in line with the
reduction ability of a ferric ion to a ferrous
ion [21]. These difference led to lower results
in the FRAP method than those obtained in
the TAS and the TAR methods.

Ruskovska et al. [24] and Jansen et al. [18]
found quite strong correlations between uric
acid levels and the FRAP and TAS assays, in a
similar manner to this study. Likewise,
Jansen et al. found no statistically significant
correlations between uric acid values, and
either the TAR or the TTL methods [18].
Similarly to this study, both Erel [11] and
Jansen et al. [18] found strong relationships
between the TAS and FRAP methods.
Because acidic pH forms a principle of the
TAR method, the uric acid could not have
been determined or may have been
determined to be very weak in the TAR
method. The TTL method, using a different
mechanism than the other three assessed
methods, comprised an antioxidant method
that reflected the presence of free thiol
groups. The absence of correlation between
the TTL method and uric acid may explain
the lack of relationships between both the
TAS and FRAP methods. Due to the
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insufficient measurement of molecules that
contain sulfhydryl groups by the FRAP
method, the lack of correlation between the
FRAP and the TTL methods was not
unexpected.

In brief, The FRAP assay was based on only
iron ions; so this reaction was not specific,
and it was insufficient to measure thiol
compounds, such as dglutathione. Despite
these results, the FRAP method was simple,
cheap, and did not require special
equipment. The TAR method was inadequate
for measuring uric acid, an important
antioxidant component of serum, due to the
pH of the assay principle. In addition, the
reproducibility of the TAR method was lower
when compared to the other three methods,
but the TAR method had a higher linearity
than the others. Due to its simple and easy
application, the TAS method could be used
in many laboratories for antioxidant capacity
research studies. Not to be affected by
lipemia and hemolysis interferences were
advantages of this method. The TTL assay
was a very good method, providing the
lowest limit of detection, high sensitivity, and
high reproducibility.

This study evaluated and reported on the
limitations and strengths of several
antioxidant capacity methods. Currently,
there is no standard method to determine
the antioxidant activity of a compound.
Methods of determining antioxidant activity
depend on various parameters, such as
substrate, reaction conditions, the nature of
the compound to be analyzed, and the speed
and sensitivity of the analysis. Therefore,
using different methods for evaluating
antioxidant capacity and assessing the
results through multiple methods provided
more accurate and complete results.
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OZET

Amac: ST- segment yukseklidi olan Miyokard enfarktiisii (STEMI) morbidite ve mortalitenin énemli bir
nedenidir. Platelet (PLT) aktivasyonu ve tromboz akut iskemik sendromlarin énemli nedenlerinden biri
olan ateroskleroz siirecinde 6nemli rollere sahiptir. PLT sayisi enflamasyon ile iligkilidir ve ortalama
platelet hacmi (MPV) PLT aktivasyonunun 6nemli bir belirtecidir. Her iki parametre de artmis
kardiyovaskiiler risk ile iliskili bulunmustur. Bu ¢alismada Troponin I yiiksekligi olan STEMI hastalarinin
Klinik tanisinda yeni bir parametre olan MPV/PLT oraninin Klinik kullanilabilirligini arastirmayr amacladik.

Gerec¢ ve Yontem: Basarili primer perkiitan koroner girisim (PKG) uygulanan STEMI hastasi 92 erkek
hasta ve 75 Kkontrol erkek Kkatiimc calismaya dahil edildi. Gruplar arasindaki normal dagihmli
degiskenler icin t-test, her bir grubun degdiskenler arasi korelasyonlari icin Spearman analizi yapildi.
STEMI hastalarinin PLT, MPV ve MPV/PLT orani parametreleri icin bagimsiz prediktif faktorleri bulundu.
Karakteristik ROC egrileri olusturuldu ve optimal cut-off dederleri saptandi. istatistiksel analizler icin
SPSS 21.0 programi kullanildi.

Bulgular: Hastalarin PLT, MPV ve MPV/PLT orani diizeyleri arasinda yiiksek anlaml iliski saptandi (P<
0.001). PLT icin optimal kesim degeri 262.5 (EAA 0.488, duyarlilik %50 ve ozgiilliik %52); MPV icin
10.45 (EAA 0.700, duyarlilik %69 ve ozgllliik %54); ve MPV/PLT icin 0.043 (EAA 0.778, duyarlilik %71 ve
ozgiilliik %64) olarak bulundu.

Sonuc: MPV/PLT oraninin STEMI'll hastalarda PLT ve MPV degerlerinden daha sensitif ve spesifik oldugu
gosterildi. Ayrica yiikselmis MPV/PLT orani yiiksek SYNTAX skoru ile iligkili idi. MPV/PLT oranmnin bu
hastalarin ciddiyetinin degerlendirilmesinde yarar saglayabilecegini 6nermekteyiz.

Anahtar kelimeler: platelet aktivasyonu, enflamasyon, miyokard enfarktisii
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STMI ve PLT

ABSTRACT

Objective: ST-segment elevation myocardial infarction (STEMI) is an important cause of morbidity and
mortality. Platelet (PLT) activation and thrombosis have important roles in the process of atherosclerosis
that is one of the most important cause of acute ischaemic syndromes. PLT count is related with
inflammation and mean platelet volime (MPV) is an important marker of PLT activation. Both
parameters are found to be related with increased cardiovascular risk. In this study we aimed to
investigate clinically usability of a new parameter:MPV/PLT ratio, in the diagnosis of patients with
Troponin I elevated STEMI.

Material and Methods:92 male patients with STEMI-underwent percutaneous coronary intervention
(PCI) successfully and 75 healthy subjects were enrolled in the study. T-test was used to determine
significant differences between the groups for data with normal distribution and Spearman’s analysis
was used to deterMIne the correlations between the variables. Independent predictive factors were
found for PLT, MPV and MPV/PLT ratio of patients with STEMI.Characteristic ROC curves were performed,
optimal cut-off points were determined.

Results: Significant differences were determined for PLT, MPV and MPV/PLT ratio levels of patients
(P<0.001). Optimal cut off points were 262.5 for PLT(AUC 0.488;sensitivity 50%, specifity 52%);10.45
for MPV(AUC 0.700, sensitivity 69%, specifity 54%) and 0.043 for MPV/PLT(AUC 0.788, sensitivity 71%,
specifity 64%).

Conclusion: MPV/PLT ratio was demonstrated to be associated with patients with STEMI with a higher
spesifity and sensitivity than PLT and MPV. Also, higher MPV/PLT ratio was associated with greater
SYNTAX score.We suggest that an elevated level of MPV/PLT ratio may be of benefit to predict severity of
these patients.

Key words: platelet activation, inflammation, myocardial infarction

GIRIS biiyiikliigii daha net olarak gostermektedir.
Son yillarda yapilan calismalarda MPV ve
MPV/platelet sayisi oraninin  yuksekligi
diyabetes mellitus, kronik bobrek yetmezligi,
kolorektal kanser, mitral stenoz ve de
miyokard enfarktusii ile iligkili bulunmustur

(8-11).

ST-segment yiiksekli@i olan miyokard
enfarktiisiu (STEMI); persistan ST-segment
yuksekligi, 30 dakikadan daha uzun tipik
aogus agrst ile karakterize ve miyokard
nekrozunun  biyokimyasal belirteclerinin
birbiri ardina salgilandidr hayati tehdit eden
tibbi bir acildir (1). STEMI olan hastalarin
enfarkt ile iliskili arterlerinin hizli ve basarili
revaskularizasyonu kanitlanmis en etkili

Calismamizda, yeni bir enflamasyon belirteci
olan MPV/platelet sayisi oranmni ST yiiksekligi
olan perkutan koroner girisim yapilan miyo-

tedavi secenegidir (2,3).

Platelet, kardiyovaskiiler hastaliklarin baslan-
gicinda O6nemli bir role sahiptir. Ortalama
platelet hacmi (MPV), platelet aktivasyonunu
ifade eden bir belirtegtir. Artmus MPV
degerleri daha dusiik MPV degerli plateletlere
gOre daha aktif ve trombojenik plateletleri
ifade etmektedir (4). Platelet aktivasyonu
aterosklerozun progresyonunda Kritik rol
oynamaktadir, miyokard enfarktiisu (MI) ve
diger kardiyovaskiiler olaylar ile de iliskili
bulunmustur (5,6). Bu nedenle platelet
fonksiyonlarinin izlenmesi, koroner arter
hastalidinin ciddiyeti ve prognozunun deger-
lendirilmesinde yardimci olabilmektedir (7).
Platelet aktivitesini platelet sayisindan ziyade

Turk Klinik Biyokimya Derg 2019; 17(3)

kard enfarktiislii hastalarda degerlendirmeyi
ve sonrasinda Troponin [ ve SYNTAX
(SYNergy between PCI with TAXUS and
Cardiac Surgery) skoru ile iliskili olup
olmadigini arastirmay1 amacladik.

GEREC VE YONTEM

Ocak 2015-Ocak 2016 tarihleri arasinda acil
servise gogiis adrisi nedeniyle basvuran,
akut ST-segment yiiksekligi olan myokard
enfarktiisii tanisi ile kardiyoloji Klinigine
kabul edilen ve basarili perkutan koroner
girisim yapilan 92 erkek hasta ve kardiyoloji
poliklinigine basvuran, ekokardiyografi (EKO)
bulgulari normal Kkabul edilen 75 erkek
kontrol grubunu olusturmak uzere calisma-
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miza dahil edildi. Hastalarin EKO ve
anjiografi verileri dosyalar1 taranarak irde-
lendi. Tan1 ve ayni zamanda tedavi yontemi
olarak degerlendirilen koroner anjiyografi
sonrasinda SYNTAX skoru bilgisayar prog-
rami Kullanilarak hesaplandi. SYNTAX skoru
0-22 icin diisuk, 23-32 icin orta, 33 ve lizeri
icin yuiksek olarak (12) dederlendirilen hasta-
larin skorlan kaydedildi. Hastalarin basvuru
anindaki tam kan sayimi parametreleri (WBC,
MPV, PLT), biyokimyasal verileri (Glukoz,
trigliserid, total kolesterol, HDL kolesterol,
LDL kolesterol, CRP) ve Troponin I degderleri
laboratuvar bilgi sisteminden elde edildi.
Verilerin istatistiksel analizinde SPSS 23.0
(SPSS inc., Chicago, Illinois, USA) versiyon
paket programi kullanildi. Gruplarin karsilas-
tirlmasinda parametrik degerler icin Student
t-testi nonparametrik degerler icin Mann-
Whitney U-testi kullanildi. Degerler ortalama
+ standart sapma ya da medyan (%25-%75
persentil) olarak belirtildi. Parametrelerin
birbiriyle iliskisinin = degderlendirilmesinde
Spearman’s korelasyon analizi Kkullanildi.
Receiver operating characteristic curve (ROC)
analizi ile MPV, PLT ve MPV/PLT oranlar icin
sensitivite, spesifite ve prediktif deger tayini
yapildi. P<0.05 degerleri istatistiksel olarak
anlamli kabul edildi.

BULGULAK

Hasta grubunda bulunan 92 STEMI hasta-
sinin ortalama yasi 65.80 = 15.34 yil ve
kontrol grubunu olusturan 75 erkek katilim-
cinin yas ortalamasi ise 62.28 * 5.87 yil idi.
Her iki grup arasinda yaslart bakimin-dan
istatistiksel olarak anlamli bir fark yoktu
(P<0.05). Her iki gruba ait demografik, eko-
kardiyografik, hematolojik ve biyokimya-sal
veriler Tablo 1 de Ozetlenmistir. Hastala-rin
glukoz, total kolesterol, trigliserid ve LDL-
Kolesterol degderleri kontrol grubu hastala-
rina gore istatistiksel olarak anlaml yuksek
bulundu (sirasiyla; P< 0.001, P=0.008,
P<0.001, P=0.03). HDL-kolesterol degerleri
arasinda istatistiksel olarak anlaml bir fark
gorulmedi (P>0.05).

Hasta grubunda WBC ve MPV degerleri
kontrol grubunun degderlerinden istatistiksel
olarak anlaml yuksek bulundu (sirasiyla; P<
0.001, P=0.017). PLT ortalama degerleri
hasta ve kontrol grubunda sirasiyla 263.81 +
87.69 ve 261.93+65.33 olarak bulundu
ancak aralarinda anlamh bir fark yoktu
(P>0.05). MPV/PLT ortalama degderleri hasta
ve kontrol grubunda sirasiyla 0.048+0.019
ve 0.037x0.012 idi ve aralarindaki fark
istatistiksel olarak anlamh idi (P=0.003).
Hastalarin ejeksiyon fraksiyonu (EF) degderleri

Tablo 1. STEMI hasta grubu ve kontrol grubuna ait demografik, hematolojik, biyokimyasal ve ekokardiyografik

ozellikler.

Degiskenler Hasta grubu (n=92) Kontrol grubu (n=75) P degeri
Cinsiyet Erkek Erkek -
Yas (yil) 65.80 = 15.34 62.28 * 5.87 > 0.05
WBC (x10°/mm?) 12.10 * 4.08 7.83 = 1.57 < 0.001
PLT (X10%/mm?3) 263.81 + 87.69 261.93 + 65.33 > 0.05
MPV (fL) 10.86 = 1.80 10.26 = 1.17 0.017
MPV/PLT 0.048 + 0.019 0.037 + 0.012 0.003
CRP (mg/L) 33.86 + 18.72 3.32 £ 0.01 < 0.001
Glukoz (mg/dL) 154.46 + 69.75 108.92 + 39.61 < 0.001
Trigliserid (mg/dL) 210.57 * 102.53 170.49 = 77.71 0.008
Total kolesterol (mg/dL) 214.76 = 45.59 181.84 + 61.73 < 0.001
HDL- kolesterol (mg/dL) 46.25 = 10.04 45.48+13.07 > 0.05
LDL-kolesterol (mg/dL) 140.16 + 39.87 119.44+44.39 0.03
Troponin I (ng/dL) 2.79 (0.52-15.03) - -

EF (%) 17.72 = 7.29 63.82 + 5.74 < 0.001
SYNTAX skoru 41.0 £9.70 - -
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ortalamasi 0.037+0.012 iken kontrol gru-
bunda bu deger 63.82 *= 5.74 idi (P< 0.001).
STEMI hasta grubunda hastaneye basvuru
aninda Troponin I degerleri ortalamasi 2.79
(0.52-15.03) ve hesaplanan SYNTAX skorlari
ortalamasi 41.0 + 9.70 idi (Tablo 1).

Hastalarim MPV/PLT oranlan ile enflamasyon
belirtecleri olan WBC ve CRP ile hastalarin
SYNTAX skoru degerleri, ejeksiyon fraksiyonu
degerleri ve Troponin I degerleri Spearman'’s
korelasyon analizi kullanilarak Kkarsilastirildi
ve MPV/PLT oranlarn ile Troponin I ve WBC
degerleri arasinda istatistiksel olarak anlaml
iliski bulundu (swrasiyla, P=0.034 ve
P=0.028) (Tablo 2).

Hasta grubu SYNTAX skoruna gore iki ayri
gruba (dusiik (skor =<22) skorlu hastamizin

STMI ve PLT

olmamasi nedeniyle orta (skor 23-32, 21
hasta) ve yiksek (= 33, 61 hasta) olmak
uzere ayrildi. Her iki grup icin MPV/PLT orani
hesaplandi ve aralarinda istatistiksel olarak
yiiksek anlamh fark bulundu (P< 0.001)
(Tablo 3).

MPV, PLT ve MPV/PLT oranmm STEMI
hastalarindaki tanisal degderini belirlemek
icin ROC eqgrisi ¢izildi; PLT icin optimal kesim
degeri 262.5 (EQri altindaki alan (EAA) 0.488,
duyarliik % 50 ve oOzqiilliik % 52); MPV igin
10.45 (EAA 0.700, duyarhlik % 69 ve
ozgullik % 54); ve MPV/PLT icin 0.043 (EAA
0.778, duyarlilk % 71 ve Ozgillik % 64)
olarak bulundu (Sekil 1) (Tablo 4).

Tablo 2. Spearman’s korelasyon analizi ile STEMI hastalarinin MPV/PLT oranlarinin Troponin I, WBC, CRP, SYNTAX
skorlari ve EF degerleri ile aralarindaki korelasyonun degerlendirilmesi.

MPV/PLT Troponin I WBC CRP SYNTAX skoru EF
Korelasyon katsayisi 0.245 -0.254 -0.073 0.034 -0.061
P *0.034 *0.028 0.532 0.770 0.602
Tablo 3. SYNTAX skoruna gore orta ve yiiksek skorlu hasta gruplarinda MPV/PLT oranlari.
Degisken SYNTAX skoru SYNTAX skoru P
(23-32) (= 33)
MPV/PLT 0,041 = 0,018 0,36 + 0,09 < 0.001
Sensitivite
W
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Sekil 1. STEMI hastalarinin MPV, PLT ve MPV/PLT orani degerleri igin ROC egrisi analizi.
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Tablo 4. STEMI hastalarinda MPV, PLT ve MPV/PLT oranlarinin ROC egrisi analizi ile belirlenen egri altindaki alan,

sensitivite ve spesifite degerleri.

Egri altindaki alan (EAA)

% 95 Giiven Aralig:
Degiskenler Alan Std. hata P Diisiik deger Yiiksek deger
PLT 488 ,048 ,806 395 ,582
MPY ,700 ,042 ,000 617 ,783
MPV/ PLT orani ,778 ,037 ,000 ,705 ,851
TARTISMA ciddi aterosklerozun prediktorii oldugunu

Kardiyovaskiiler hastaliklar, kan damarlarimi
ve kalbi etkileyen bir dizi hastalikla temsil
edilir. Koroner arter hastaligina neden olan
ateroskleroz lipidlerin, enflamatuvar hucrele-
rin ve fibroz elemanlarn akumilasyonu ve
arter duvarinda birikimini destekler, strialarin
ve cogunlukla bu damarlarin obsriksiyonuna
neden olan yagh plaklarin olusumundan
sorumludur (13). Plateletler, MI patogenezin-
de Kkritik bir rol oynarlar: koroner arterlerin
reblokaji ve revaskilarizasyon. Ayrica artmis
MPV akut MI'da kotii prognoz ile iliskilidir.
Akut STEMI hastalarinda artmis MPV duzey-
leri gosterilmistir (14). Plateletlerin proenfla-
matuvar ve protrombik fonksiyonlar1 aterosk-
lerotik plaklarin ve trombiisin gelisiminde
yer almaktadir. STEMI olan hastalarin prog-
nozunda da enflamasyon ve tromboz onemli
rol oynamaktadir (15). MPV, platelet aktivas-
yonunun indikatoriidiir. Biiyuk plateletlerin
agregasyon ve trombojenik ozellikleri daha
fazladir (16). Protrombotik potansiyelleri
intraseliiler tromboxan A2 ve beta trom-
boglobulin diizeylerinin daha fazla olmasin-
dan, ilaveten artmis prokoagiilan yiizey pro-
teinlerinin mevcudiyetinden kaynaklanmakta-
dir (17). MPV sadece kardiyovaskuler olay-
larla iliskili degil, ayn1 zamanda da ateroskle-
rozun ciddiyeti ile iliskili bulunmustur. Uysal
ve arkadaslarn yaptiklart calismada MPV'nin
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Analitik Evre Performansinin Alti Sigma
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OZET

Amac: Bu calisma ile laboratuvarimizda sik istenen klinik biyokimya parametrelerinin analitik stireg
performanslarinin alti sigma metodu ile degerlendiriimesi ve elde edilen sonuclara goére gerekli
diizenlemelerin yapilmasi amaclandi.

Gerec ve Yontem: Calismamizda Bursa Karacabey Devlet Hastanesi Merkez Laboratuvari’'nda 2018 yili
Adustos, Eyliil ve Ekim aylarinda 17 biyokimya parametresinin siire¢ sigma duzeyleri “(%TEa-
%Bias)/%CV" formulune gore hesaplandi. Bias degerleri dis kalite kontrol raporlarindan (KBUDEK), %CV
degerleri iki diizey i¢ kalite kontrol (iKK) numunelerinden elde edildi. Formiilde CLIA'min belirledigi
kabul edilebilir toplam hata (TEa) oranlar kullanildi.

Bulgular: Glukoz her iki diizey, total protein diizey-1, amilaz diizey-2 icin sigma dederleri <3 olarak
saptandi. Albiimin, Klor, kolesterol ve kreatinin her iki diizey, HDL kolesterol diizey-1, ALT (Alanin
Aminotransferaz), total protein ve trigliserid diizey-2 icin sigma dederleri 3.00-3.99 arasinda bulundu.
AST (Aspartat Aminotransferaz), demir, uire, iirik asit her iki diizey, ALT, amilaz, Trigliserid diizey-1, HDL
kolesterol diizey-2 icin sigma degerleri 4.00-5.99 arasinda saptandi. ALP (Alkalen Fosfataz), CK (Kreatin
Kinaz) ve LDH (Laktat Dehidrogenaz) her iki diizey icin sigma dederleri >6 olarak bulundu.

Sonuc: Altt sigma metodu, laboratuvarlarin Kkalite kontrol yonetimine rehberlik edecek 6z
degderlendirmenin yapilmasina olanak verir. Calismamizda 6zellikle sigma >6 c¢ikan testler icin Westgard
155 kuralinin uygulanarak maliyetlerin ve zaman kaybinin azaltilabilecedi kanaatine varildi.

Anahtar Sozciikler: Analitik evre; alti sigma metodu; kabul edilebilir toplam hata
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ABSTRACT

Aim: In this study, we aimed to evaluate the analytical process performance of clinical biochemistry
parameters by six sigma method and to make the necessary arrangements according to the obtained
results in our laboratory.

Material and Methods: In this study, the process sigma levels of 17 biochemistry parameters in
August, September and October 2018 were calculated according to the formula “(TEa%-Bias%)/CV%".
Bias values were obtained from external quality control reports (KBUDEK), CV% values were acquired
from two levels of internal quality control (IQC) samples. Acceptable total error (TEa) ratios determined
by CLIA were used for this formula.

Results: Sigma values for glucose in both levels, level-1 of total protein, level-2 of amylase were <3.
Sigma values for albumin, chloride, cholesterol and creatinine in both levels and level-1 of HDL
cholesterol, level-2 of ALT (Alanine Aminotransferase), total protein and triglyceride were between 3-
3.99. Sigma values for AST(Aspartate Aminotransferase), iron, urea, uric acid in both levels, level-1 of
ALT, amylase and triglyceride, level-2 of HDL cholesterol found between 4-5.99. The sigma values for
level-2 of total protein, ALT and AST found between 4-5.99. The sigma values for ALP (Alkaline
Phosphatase), CK (Creatine Kinase) and LDH (Lactate Dehydrogenase) in both levels were > 6.

Conclusion: Six sigma method allow self-assessment to gquide the laboratory's quality control
management. In our study, it was concluded that the costs and time loss could be reduced by

implementing the Westgard 1.4 rule especially for the parameters with sigma levels higher than six.

Key words: Analytical phase; six sigma method; acceptable total error

GIRIS

Klinik laboratuvarlarda toplam test sureci
preanalitik, analitik ve postanalitik olmak
uzere 3 evreden olusmaktadir. Yapilan calis-
malara gore toplam test sirecinin evreleri
icin tahmin edilen hata oranlar preanalitik
evrede %30-75, analitik evrede %4-30 ve
postanalitik evrede 9%9-55 arasinda degis-
mektedir (1). Son yillarda hem laboratuvar-
larin hem de laboratuvar ekipmani ve reaktif
ureticilerinin 6nemli cabalarn ile toplam test
surecinin  analitik asamasindaki hatalar
onemli olcude azalmistir (2).

Bir laboratuvardaki Kkalite calismalari, analitik
kalite ile baslamalidir ¢unkii analitik Kalite,
tim laboratuvar testleri icin gerekli olan
kalite ozelligidir. Analitik kalite, tek basina bir
kalite gerekKliligi degdildir ancak analitik kalite
sadlanmadikca digerlerinin de  Onemi
kalmamaktadir. Laboratuvarlar, diger kalite
gerekliliklerinden 6nce, dodru test sonucu
verebilmelidir (3). Analitik stirec 6zellikle test
yontemlerinin, kullanilan analizorlerin, ic ve
dis kalite kontroliin ve kalibrasyonlarin 6n
plana ciktiqi ve degiskenlerin kontroliiniin
daha mimkin oldugu bir surectir (4).
Hastaneye basvuran bireylerin %75-80'inin
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Klinik laboratuvarlarda test yaptirdigi dikkate
alindiginda, toplam laboratuvar surecinin
kalitesinin kontrol altinda tutulmasi kurumsal
ve ulusal saglik hizmeti agisindan bir gerek-
lilik haline gelmektedir. Turkiye'de “Tibbi
Laboratuvarlar Yonetmeligi” (5) ve “Saglikta
Kalite Standartlari-Hastane” (6) geregdi labo-
ratuvarlarin Kkalite glivence sisteminin yapi-
landirlmasi gerekmektedir. Ozellikle Yonet-
meligin 31. Maddesinde “Laboratuvarin
kalite kontrol ve degerlendirme sistemi” alt
maddelerinde belirtildigi gibi “Laboratuvar;
test sonuclarinin giivenilirligini saglamak
amaciyla kalite kontrol ve degerlendirme
sistemi kapsaminda yontemlerini ve faaliyet-
lerini gdzden gegirmek ve gerekli dnlemleri
almak zorundadir.” Bu maddedeki zorunlu-
luklarin yerine getirilebilmesi icin bilimsel
olarak gecerliligi kanitlanmis standart, kila-
vuz ve Onerilerden yararlanilmasi gereklidir.

Klinik laboratuvarlarda kullanilan Alti Sigma
metodu; istatistiksel hesaplamalara dayanan,
sure¢ degiskenlerine odakli, siire¢ perfor-
mans! hakkinda bilgi sadlayan bir Kalite
yOnetim aracidir. Temel gdsterge surec
sigma duzeyidir. Alti Sigma metodunda siireg
performansi, siire¢ sigma dizeylerinden
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belirlenen Kalitesizlik maliyetlerine gore
degerlendirilir ve iyilestirmede bu kalitesizlik
maliyetlerinin azaltilmasi hedeflenir (7).
Sigma seviyesi <3 diisuk performansin gos-
tergesi iken, sigma seviyesi = 3 iyi perfor-
mans gostergesi olarak kabul edilir. Sigma
seviyesinin 6 veya daha biiyuk olmasi diinya
standartlarinda performansi gostermektedir
(8). Alt1i Sigma Metodunda Ozellikle Klinik
laboratuvarlar en kolay uygulanabilen alan-
lardandir ve c¢ok sayida uygulamalar ve
Oneriler bulunmaktadir (7, 9, 10).

Saglik hizmetlerinde sifir hata hedeflenir.
Ancak dinamik bir sektoér olmasi ve cok
sayida degiskenligin etkisi altinda bulunmasi
bu hedefe ulasmay: zorlastirmaktadir. Ozel-
likle, her hasta boyutunda tiim etkenlerin
kontrol edilmesi mumkiin olamamaktadir.
Bu acidan degerlendirildiginde Alti Sigma
kalite yonetimi oldukca avantaj saglamak-
tadir. Surec temelli olmasi, &zellikle bir
siuirecin ana degiskenlerine/hata kaynaklarina
odakl projelerle siire¢ performansi hakkinda
genel bir bilgi saglamasi acisindan yararhdir.
Ozellikle laboratuvar tibbina uygulanabilme
avantajlarindan yararlanilmasi, tim hastane
dgenelinde uygulanmasina oncilik edilmesi
icin gerekli  egitimlerin uygulanmasi
Onerilmektedir (7).

Klinik laboratuvar testlerinin olctimlerindeki
temel analitik kriterler dogruluk ve
tekrarlanabilirliktir. Olgiileri de, sirasiyla bias
ve standart sapmadir. Hedeflenen dagilim
aralid1 kabul edilebilir toplam hata (TEa) veya
Avrupa Birligi'nde Onerilen biyolojik degis-
kenlik Kkatsayilarn temel alinarak belirlen-
mektedir (11). Westgard'in onerisinde hedef
aralik kabul edilebilir toplam hataya gore
belirlenir. Buna goOre analitik siirecin sigma
dizeyi her analit icin Stre¢ sigma=(TEa-
bias)/SD veya Siire¢ sigma=(%TEa-%bias)
/CV formiilleriyle hesaplanabilir (12). Analitik
surecin sigma diizeyinin hesaplanmasinda
laboratuvarlarda IKK ve DKK degderlendirme
programlariyla elde edilmekte olan %CV ve
bias kullanilabilmektedir. Bu olanak Alti
Sigma metodunun uygulanabilmesi icin

avantaj saglamaktadir (7). Alti sigma metodu
ile analiz 6ncesi ve sonrasi siireclerin, analiz
sureciyle birlikte degerlendirilmesi de siirece
butiinsel bir bakis saglamaktadir.

Alt1 sigma metodu sayesinde kontrol altinda
oldugu disiiniilen bir sistemde gulivenli
olmayan sonug¢ ihtimalini belirleme firsati
yakalanabilmektedir. Sigma degeri kiicik
testlerin diisuk analitik performans sergile-
dikleri diuisuntilerek daha siki takip edilmeleri
ve iyilesme gostermedikleri takdirde analitik
yontemin detayli degerlendirilmesi gerekliligi
ortaya c¢ikacak ve belki de yontem degisikligi
karar1 alinabilecektir. Sigma degerleri kulla-
niminin dider yararn ise, kontrol uygulama-
larinda diizenleme yapma firsati vermesidir.
Ornegin, sigma degeri =6 olan testler icin
gunliik bir kez, iki diizey i¢ kalite kontrol ile
ve 155 Westgard kural ile takip Onerilir.
Sigma degeri 4-6 ise guinlik iki diizey
kontrol ve 155, 2,5, Rys Westgard coklu Kurali
uygulanir. Sigma dederi 3-3,99 ise giinde iki
kez iki duzey kontrol ve 1s5, 2,5, Ry, 45
Westgard c¢oklu Kkurali uygulanir. Sigma
degeri 3’lin altinda ise kOok neden analizi
yapimali ve rutin kullanima girmeden Once
metod performansi iyilestirilmelidir. Bu
sayede, yanlis IKK reddinin azaltilarak hem
maliyet hem de sonug¢ verme siirelerinde
gecikmeye neden olan zaman kaybinin
azaltilabilecegi diisuntilmektedir. Westgard
tarafindan sigma degerlerine gore uygulan-
masi 6nerilen KK Kkurallari Tablo 1'de gdste-
rilmistir (13,14).

Bu calismada esas alinan siireg, klinik labo-
ratuvar analitik surecidir. Bu surecten bek-
lentiler de dogru ve guvenilir test sonucla-
rinin elde edilmesidir. Bunun saglanabilmesi
icin surekli uygulanmakta olan i¢ Kalite
kontrol programlarindan tekrarlanabilirlik
olciitii CV ve dis kalite kontrol degerlendirme
programlarindan (KBUDEK) dogruluk olg¢utu
olan bias degerleri elde edildi ve siire¢ sigma
diizeylerinin hesaplanmasinda bu degerler-
den yararlanildi.
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Tablo 1. Sigma dederlerine gore uygulanmasi 6nerilen i¢ kalite kontrol kurallari
Table 1. Recommended internal quality control rules according to sigma values

Sigma Degeri Performans tanimi

i¢ Kalite Kontrol Kurali

1ss/ 225/ Ras / 415

<3 Yetersiz- Metod perfi iyilestiril i Kli
etersiz- Metod performansinin iyilestirilmesi gerekli Giinde 2 kez, 3 diizey
. - 135 / 22S / R45/4IS
-3, Y li-Daha siki IKK
3-53.99 eterli-Daha siki Guinde 2 kez, 2 duzey
ot . a1 135/22S/R45
4- I bul edilebil f
6 yi/Kabul edilebilir performans Giinde 1 kez, 2 diizey
. 135
=6 Miik 1 perfa
ukemmel periormans Giinde 1 kez, 2 duzey
GEREC VE YONTEM saptandi. Sigma dederinin hesaplandid for-

Calismamizda Bursa Karacabey Devlet
Hastanesi Merkez Laboratuvari’nda 2018 yil
Agdustos, Eylil ve EKim aylarinda laboratuvar
isleyis prosedurii ve saglikta Kkalite stan-
dartlar1 geregince calisilan ic kalite ve dis
kalite kontrol verileri kullanilarak, 17 klinik
biyokimya parametresinin analitik perfor-
manslari sigmametrik olarak dederlendirildi.
Calismaya, albiimin, ALP, ALT, amilaz, AST,
Klor, total kolesterol, CK, kreatinin, glukoz,
HDL kolesterol, demir, LDH, total protein,
trigliserid, iire ve tirik asit parametreleri dahil
edildi.

UniCel DxC 800 (Beckman Coulter, ABD)
otoanalizorii ile analizi gerceklestirilen 17
parametrenin ortalama %CV (glinler arasi
tekrarlanabilirlik) degderleri, gunlik olarak
cahsilan IKK numuneleri sonuglar ile cihazin
kendi yazilimindan elde edildi. Laboratuvari-
mizda normal ve patolojik olmak uzere iki
diizey IKK numunesi analizi gerceklestiril-
diginden dolay1 %CV dederleri iki diizey icin
ayr1 ayr1 hesaplandi.

Bir veri setinden elde edilen standart sapma-
nin (SD) ortalamaya (X) oraninin yiizde olarak
ifadesi olan varyasyon Kkatsayisi (CV) su
sekilde hesaplanir: CV(%)= (SD / X) X 100
(15).

Bias, bir testin analizi sonucunda elde edilen
deger ile referans deger arasindaki farktir
(15). Galismamizda Agustos, Eylil ve Ekim
aylarma ait KBUDEK DKK programi raporla-
rindaki veriler ile %bias=[(test sonucu-testin
DKK ortalama degeri)/testin DKK ortalama
dedgeri] x 100 formiilii kullanilarak %bias
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miilde kullanilmak (izere, her bir testin {ic ay
boyunca belirlenen ©%bias dederlerinin
ortalamasi alindi.

Sigma () degeri, IKK verilerinden elde edi-
len varyasyon Kkatsayisi (%CV), DKK verile-
rinden elde edilen %bias ve CLIA 2019
(Clinical Laboratory Improvement
Amendments of 2019) toplam izin verilen
hata oranlarni (TEa) ilizerinden Sigma (o) =
(%TEa-%Bias)/%CV formiilii ile hesaplandi.

Toplam izin verilebilir hata (TEa), tan1 veya
tedavi siirecinde yararlanilan bir testin hasta
guvenligini tehdit etmeyecek Olctide dog-
ruluk ve Kkesinliginden verilebilecek taviz
orani seklinde tanimlanir ve biyolojik varyas-
yon ve analitik yontemin performansina gore
belirlenmektedir (11).

BULGULAK

On yedi biyokimya parametresinin her iki
diizey IKK degerlerinden elde edilen 3 ayhk
ortalama %CV dederleri Tablo 2'de verilmis-
tir. Tiim parametrelerin %CV degerleri %5'in
altinda olup iyi tekrarlanabilirligi goster-
mektedir.

On yedi parametrenin 3 aylik DKK verilerin-
den elde edilen mutlak %bias degderleri ve
ortalama %bias degeri Tablo 3te sunul-
mustur.

On yedi parametrenin IKK verilerinden elde
edilen %CV, DKK verilerinden elde edilen
%bias ortalamasi ve CLIA 2019 TEa oranla-
rindan yararlanilarak hesaplanan her iki
diizey icin sigma degerleri ile "TEa=%bias+
1,65*%CV” formiliine gore (16) hesaplanan
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Toplam Hata degerleri de Tablo 4'te sunul-
mustur. Tum parametrelerin hesaplanan
Toplam Hata degerleri, hedef TEa deger-
lerinin altinda saptandi.

Her iki diizey IKK igin bulunan sigma
degerleri analitik performanslar1 belirlemek
icin 4 gruba ayrildi. Sigma degeri <3 yetersiz
performansi goOsterirken; Sigma degeri 3-
3.99 arasi amag icin uygun kalitede perfor-
mansi; ancak daha siki kontrol kurallari ile
takip edilmesi gerekliligini gosterir. Sigma
degeri 4-5.99 arasi amag icin uygun kalitede
performansi, sigma >6 ise ¢ok iyi Kkalitede
performansit (diunya smifi kalite) goOster-
mektedir (17). Testlerin ait oldugu gruplari
gdsteren veriler Tablo 5te sunulmustur.

Glukoz her iki diizey, total protein duzey-1,
amilaz diizey-2 icin sigma degerleri <3
olarak saptandi. Albiimin, Kklor, kolesterol ve
Kreatinin her iki duzey, HDL Kkolesterol
dizey-1, ALT, total protein ve trigliserid
dizey-2 icin sigma degderleri 3.00-3.99
arasinda bulundu. AST, demir, ilire, urik asit
her iki diizey, ALT, amilaz, trigliserid diizey-
1, HDL Kkolesterol dizey-2 icin sigma
degerleri 4.00-5.99 arasinda saptandi. ALP,
CK ve LDH her iki diizey icin sigma degerleri
>6 olarak bulundu.

Tablo 2. ic kalite kontrol verilerinden yararlanilarak
hesaplanan %CV degerleri
Table 2. CV% values calculated from internal quality

control data
Parametreler Diizey-1 CV Diizey-2 CVY
(%) (%)
Albiimin 2,1 1.9
ALP 1,7 2.4
ALT 2,6 2,9
Amilaz 1,1 1,7
AST 2,8 3,2
CK 1,6 1,7
Demir 2,6 2,9
Glukoz 1,9 2,1
HDL kolesterol 3,5 2,8
Klor 1,2 1,2
Kolesterol 2,3 2,1
Kreatinin 2,2 2,5
LDH 1,5 1,8
Total protein 2.4 1,8
Trigliserid 2,4 3,2
Ure 1,2 1.3
Urik asit 1.7 1.6

Tablo 3. Dis kalite kontrol raporlarindan elde edilen mutlak ve ortalama % bias degerleri
Table 3. Absolute and average bias% values obtained from external quality control reports

Mutlak %bias degerleri
Parametreler Agustos Eyliil Ekim Ortalama %bias
Albiimin 3.5 1,1 0 1.5
ALP 1,2 4,1 1,9 2.4
ALT 5 5,9 2.4 4.4
Amilaz 4,8 8,7 3,4 5,6
AST 3.3 1 0,5 1.6
CK 2 2,1 4,2 2,8
Demir 0,1 1,5 0,7 0,7
Glukoz 4,9 2 3,5 3,5
HDL Kkolesterol 3,2 12,1 11,5 8,9
Klor 0,6 2 1.4 1.3
Kolesterol 5,6 0,6 0,5 2,2
Kreatinin 2,3 1,6 3,1 2,3
LDH 0,4 1 1,9 1,1
Total protein 1,9 3,7 2.4 2,7
Trigliserid 2,7 3,8 3,7 3,4
Ure 4,1 1,1 1,9 2,4
Urik asit 0,2 2 2,5 1,6
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Tablo 4. iki diizey iKK icin sigma ve toplam hata degerleri

Analitik Evrede Alt1 Sigma Metodu

Table 4. Sigma and total error values for two levels of internal quality control

Sigma degerleri Toplam Hata degerleri
Parametreler Diizey-1 Diizey-2 Diizey-1 Diizey-2 CLIA TEa
Albiimin 3,1 3,4 5 4,7 8
ALP 10,4 7.3 5,2 6,4 20
ALT 4,1 3,6 8,7 9,2 15
Amilaz 4 2,6 74 8.4 10
AST 4,8 4,2 6,2 6,9 15
CK 10,8 10,1 54 5,6 20
Demir 55 4,9 5 5,5 15
Glukoz 2,4 2,2 6,6 6,9 8
HDL Kkolesterol 3,2 4 14,7 13,6 20
Klor 3,1 3,1 3,3 3,3 5
Kolesterol 3.4 3,7 6 5,7 10
Kreatinin 3,5 3,1 6 6,5 10
LDH 9,3 7,7 3,6 4,1 15
Total protein 2,2 3 6,6 5,6 8
Trigliserid 4,8 3,6 7.4 8,7 15
Ure 5,5 5,1 4,3 4,5 9
Urik asit 5 5,3 4.4 4,2 10
Tablo 5. Sigma degerlerine gore test gruplari
Table 5. Test grups according to sigma values
Diizey-1 Diizey-2
Sigma <3.00 Glukoz, total protein Glukoz, amilaz
Sigma 3.00-3.99 Albumin, HDL Kkolesterol, Klor, Kkolesterol, | Albiimin, ALT, Klor, kolesterol, kreatinin,
Kreatinin total protein, trigliserid
Sigma 4.00-5.99 ALT, amilaz, AST, demir, trigliserid, ure, urik asit | AST, demir, HDL kolesterol, iire, lirik asit
Sigma >6 ALP, CK, LDH ALP, CK, LDH
TARTISMA “en iyi ya da diinya smifinda Kalitede olan
urunlerde performans diizeyi 6 sigmadir.

Analitik siirecin performansimi Kkanitlamayi
hedefledigimiz calismamizda kanitlama yolu
olarak Alti Sigma Metodu Kkullanildi. CLIA
%TEa oranlari belirlenmis olan testler arasin-
dan laboratuvarimizda sik istenen testlerden
17 parametre secilerek 3 aylik degderlen-
dirmeye alindi. Giinlilk iKK verileri LBS
(laboratuvar bilgi sistemi)'ne aktarilamadigin-
dan %CV degderleri cihazin kendi yazilimin-
dan hesaplattirilarak elde edildi. Bu asamada
LBS'nin gelistirilmesi ile veri aktarimi ve
islenmesine olanak saglanmasi, daha ileri
performans kanitlama asamalarina gecilme-
sine ve zaman kaybinin azaltilmasma katki
sadlayacadi diisiiniildii.

2000 ve 2001 yillarinda sirayla Nevalainen ve
ark. ve Westgard laboratuvar performansini
sigma metodu ile ilk kez degerlendir-
migslerdir (10,18). Nevalainen ve ark.'’na gore

Ortalama Kkalitede urtinlerin kalite perfor-
mans dederi yaklasik 4 sigmadir (10).

Literaturde farkl biyokimya otoanalizor-
lerinde, biyokimya testlerinin alti sigma per-
formansmin belirlendigi calismalar bulun-
maktadir. Nanda ve ark. (19) Cobas Integra
otoanalizOriinde bazi rutin biyokimya testleri
icin alti sigma degerlerini belirledikleri
calismalarinda, AST, ALT, ALP, total bilirubin
ve lrik asit parametreleri icin 6’dan biiyiik;
ure, total protein, albumin, total kolesterol ve
Klor icin ise 3'den Kiiciik sigma degerleri
hesaplamislardir. Dider bir calismada, Singh
ve ark. (16) Olympus AU 400 biyokimya
analizoriinde test ettikleri AST, CK, amilaz ve
trigliserid icin 6'dan buyiik; tre, total koles-
terol, HDL kolesterol, sodyum ve potasyum
icin 3'den kiicuk sigma degerleri elde etmis-
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lerdir. Chaudhary ve ark.nmin (20) yaptidi
calismada ise ILAB-650 (Instrumentation
Laboratory, USA) Kklinik kimya otoanali-
zOriinde glukoz, ALP, total protein, trigliserid,
HDL kolesterol, amilaz ve {irik asit icin 3'den
buyiik ve AST, ALT ve total kolesterol icin
3'den Kkiicik sigma degeri bulmuslardir,
ayrica hicbir test icin 6'dan biiyik sigma
degeri bildirilmemistir. Verma ve ark.'nin
yaptidi calismada albiimin, urik asit, HDL
Kolesterol ve ALP 6'dan biiyiik sigma degderi
goOsterirken, total kolesterol, AST ve ALT icin
3lin altinda sigma degeri saptamislardir
(21). Ercan’in Cobas ¢501 (Roche Diagnostik,
Almanya) otoanalizOriinde yaptiqi calismada
ALP, ALT, amilaz, CK, demir, HDL Kolesterol,
magnezyum, trigliserid ve uirik asit testlerinin
sigma degerleri 6'dan biiyik olarak
saptanirken, albiimin, lityum ve {ire testleri
icin sigma degeri 3'den kiiciik saptanmistir
(13).

Calismamizda yapilan analizler sonucunda;
Glukoz her iki diizey, total protein duzey-1,
amilaz diizey-2 icin sigma degerleri <3
olarak saptandi. Albiimin, Kklor, kolesterol ve
Kreatinin her iki duzey, HDL Kkolesterol
dizey-1, ALT, total protein ve trigliserid
dizey-2 icin sigma degderleri 3.00-3.99
arasinda bulundu. AST, demir, lire, urik asit
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ABSTRACT

Aim: Chronic kidney disease (CKD) is highly prevalent, with increasing numbers of patients affected by
the disease world-wide (1). Anemia is a common complica- tion that contributes to the burden of
disease associated with CK D, and it impacts negatively on cardiovascular disease, exercise capacity,
and quality of life, resulting in significant mortality and morbidity in patients with CKD (2-5). Anemia is
currently defined by the World Health Organization (WHO) as a hemoglobin (Hb) level 013 g/dL in men
and 012 g/dL in women (6).

Purpose: Impaired oxidative-antioxidative balance plays an important role in the pathogenesis of many
diseases like cancer. Ischemia modified albumin (IMA) is altered albumin by free radicals generated
from ischemic tissues. The aim of this study was to evaluate the levels of the IMA in newly diagnosed
patients with invasive ductal carcinoma and fibroadenoma before the surgery or medical treatment.

Methods: IMA levels were measured in 30 patients which were diagnosed as “invasive ductal
carcinoma”(Group 1), 30 patients as “fibroadenoma”(Group 2) and in 28 “healthy controls”(Group 3). An
albumin-cobalt binding test was used to define serum IMA in absorbance units (ABSU).

Results: There were statistically significant differences between three groups. IMA levels were
significantly higher in the invasive ductal carcinoma group (0.434+0.056 ABSU) compared to
fibroadenoma group (0.344+0.135 ABSU) and control group (0.196+0.050 ABSU) (p<0.05), also
fibroadenoma group values were significantly higher than the control group (p<0.05).
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Breast Cancer and IMA

Conclusion: These findings indicate that serum IMA measurements can be demonstrative of the
severity of oxidative stress among patients with breast pathologies. Highest IMA levels in invasive ductal
carcinoma group than fibroadenoma and control groups may reflect disease severity in newly diagnosed
patients and in the future it may be a new marker in breast cancer.

Key Words: breast cancer; fibroadenoma; invasive ductal carcinoma; ischemia modified alblimin;
oxidative stress

OZET

Amac:Bozulmus oksidatif-antioksidan denge, kanser gibi bir¢ok hastaligin patogenezinde énemli bir rol
oynar. iskemi modifiye albiimin (IMA), iskemik dokulardan iiretilen serbest radikallerle degdisime
ugramis albiimindir. Bu calismanin amaci, invaziv duktal karsinomlu ve fibroadenomlu yeni tani alan
hastalarda cerrahi veya medikal tedavi dncesi IMA diizeylerini degerlendirmektir.

Gerec ve Yontem: IMA diizeyleri invaziv duktal karsinom tanisi alan 30 hastada (Grup 1), fibroadenom
tanisi alan 30 hastada (Grup 2) ve 28 saglikl kontrol grubunda (Grup 3) Olciildii. Serum IMAdiizeyleri
albiimin-kobalt baglanma testi ile absorbans tinitesi (ABSU) olarak Olgtildii.

Bulgular: Uc¢ grup arasinda istatistiksel olarak anlamh fark vardi. IMA diizeyleri invaziv duktal karsinom
grubunda (0.434 = 0.056 ABSU) fibroadenoma grubuna (0.344 = 0.135 ABSU) ve kontrol grubuna
(0.196 *= 0.050 ABSU) gore anlaml derecede yiiksekti (p<0.05). Ayn1 zamanda fibroadenoma grubu
degerleri de kontrol grubundan anlamli olarak yiiksekti (p<0.05).

Sonuc: Bu bulgular serum IMA Olciimlerinin meme patolojileri olan hastalarda oksidatif stresin
ciddiyetinin gdstergesi olabilecegini gostermektedir. invaziv duktal karsinom grubunda fibroadenoma
ve kontrol gruplarina gore tespit edilen en yiiksek IMA seviyeleri, yeni tani alan hastalarda hastalik
siddetini yansitabilir ve gelecekte meme kanserinde yeni bir belirte¢ olabilir.

Anahtar Sézciikler: meme kanseri; fibroadenom; invaziv duktal karsinom; iskemi modifiye albiimin;
oksidatif stres.

INTRODUCTION a dysfunctional form, known as ischemia-

modified albumin (IMA) (9,10).
Free radicals are known to be involved in

carcinogenesis (1,2). There are potentially IMA levels are higher in many inflammatory

hundreds of different types of chemical
changes in DNA resulting from reactive
oxygen species (ROS) that could be
mutagenic and involved in the etiology of
cancer (3). A large body of evidence suggests
important roles for ROS in the expansion of
tumor clones and acquisition of malignant
properties (4,5). Damage to the breast
epithelium by chemical carcinogens such as
ROS can lead to fibroblast proliferation,
hyperplasia of epithelium, cellular atypia and
breast cancer (6,7).

Albumin has a binding site of transitional
metal ions, including cobalt and copper, on
its N-terminal region (8). Ischemic and
oxidative stress (free radicals and ROS)
modifies this terminal peptide irreversibly to

Turk Klinik Biyokimya Derg 2019; 17(3)

and oxidative stress-associated diseases. In
recent years, different studies have described
the role of IMA as a new marker for diseases
related to inflammation. The generation of
reactive oxygen species (ROS) and free
radicals can transiently modify the N-terminal
region of albumin and produce an increase
in the concentration of IMA. IMA is indicated
a marker of ischemia and oxidative stress
originating as a consequence of tissue
hypoxia. There have also been studies
describing the relationship between cancer
and inflammation. This relationship may
include both an extrinsic and an intrinsic
pathway. The extrinsic pathway is related to
inflammatory circumstances, which increase
cancer risk, whereas the intrinsic pathway is
maintained by genetic changes that cause

135




Bilgili S. ve ark.

inflammation, which may also induce

oncogenesis (11).

In recent years, studies have shown that IMA
is a marker of myocardial ischemia and a
marker related to critical pathologies,
including cancers as well (12-17). The
impaired oxidative/antioxidative balance was
the absolute impact in the pathogenesis of
many, perhaps every human disease,
including the cancer (11). Also, serum IMA
levels increased in patients with gastric,
prostate, soft tissue cancer and
neuroblastoma in some studies. But there is
no published report about serum
concentrations of IMA in patients with breast
cancer. Breast cancer is common in modern
societies, and the management of breast
cancer is crucial. Breast carcinoma is related
to the increase of lipid peroxidation in
plasma with concomitant decrease of
antioxidant defense capacity in blood cells,
which becomes more pronounced during
aging of the patients. Chemotherapy and
radiotherapy promote further oxidative shift,
which potentiate already existing chronic
oxidative stress linked to breast cancer. In
these effects, impaired capacity for H(2)O(2)
detoxification (CAT, GPX and GSH) seems to
have major contribution (18).

The relationship between the IMA levels and
breast pathologies, also the degree of
severity in patients with breast cancers and
IMA correlations are unknown. So, the aim of
this study was to evaluate the levels of IMA in
patients with newly diagnosed as invasive
ductal carcinoma (IDC) and fibroadenoma
(FA) before the surgery or other treatments.

MATERIALS AND METHODS

There were three groups in the study; Group
1 was ‘invasive ductal carcinoma group”
including 30 women, Group 2;
“fibroadenoma dgroup” with 30 women and
Group 3; “healthy control group”with 28
women.

All subjects had full physical examination and
were asked to complete a questionnaire and
gave informed consent before the onset of

study. The study was approved by the local
ethics committee.

Patients with alcoholism, smoking, diabetes,
viral hepatitis, cardiac disease, renal, hepatic
or endocrine disease, HIV were excluded.
None of the participants in the present study
were using drug medications including
vitamins or antioxidant drugs. Patients were
diagnosed by surgery and pathology clinics
using histopathologic evidence and also
healthy control group was choosen after
mammogdraphic and ultrasonographic
examinations.

Blood samples were collected by venous
puncture into vacutainer tubes with gel.
Specimens were routinely centrifuged within
1 hr of collection for 15 min at 1000 g, and
aliquots of serum samples were stored at -80
°C for a maximum of 4 weeks before IMA
measurement.

An albumin-cobalt binding test was used to
define serum IMA. The decreased binding
capacity of cobalt to albumin was assessed
using the rapid colorimetric detection
method developed by Bar-Or et al. (19).
Briefly, 200 ulL of patient serum was
transferred into glass tubes and 50 pL of
0.1% CoCl, x 6H,0 (Sigma-Aldrich, Missouri,
USA) was added. After gentle shaking, the
mixture was incubated for 10 minutes to
ensure sufficient cobalt to bind to albumin.
Then, 50 pL of 1.5 mg/mL dithiothreitol
(DTT) (Sigma-Aldrich, Missouri, USA) was
added as a colouring agent. After 2 minutes,
1 mL of 0.9% NaCl was added to halt the
binding between the cobalt and albumin. A
blank was prepared for every specimen. At
the DTT addition step, 50 pL of distilled
water was used instead of 50 pL of 1.5
mg/mL DTT to obtain a blank without DTT.
The absorbances were recorded at 470 nm.
Colour formation in specimens with DTT was
compared with colour formation in the blank
tubes, and the results were expressed as
absorbance units (ABSU). Serum albumin
levels were measured with Olympus AU 2700
autoanalyser (Beckman Coulter, Tokyo,
Japan).
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All data were analysed using the statistical
software package SPSS Statistics version 21.
Kolmogorov Smirnov test was used to
determine the normality of the distributions.
Data were expressed as meanz=standard
deviation. The Student t test was used to
evaluate the difference between groups. For
comparison of IMA and characteristics of
patients Man Whitney U test was used.
p<0.05 was considered as statistically
significant.

RESULTS

There were significant differences between
three groups. IMA levels were significantly
higher in the invasive ductal carcinoma
group (0.434+0.056 ABSU) compared to
fibroadenoma group (0.344+0.135 ABSU)

Breast Cancer and IMA

and control group (0.196+0.050 ABSU)
(p<0.05), also fibroadenoma group values
were significantly higher than the control
group (p<0.05). Serum albumin levels were
normal in all groups. Demogdraphic
properties of groups were shown in Table 1.

Also, histopathologic findings of IDC patients
were evaluated (Table 2). There were no

significant  correlation = between these
characteristics and IMA values (p>0.05).
According to AJCC (American Joint

Committee on Cancer) TNM Classifications of
patients were as follows; Stage IA: 9 (%30),
Stage IB: 4 (%13.33), Stage IIA: 6 (%20),
Stage IIB: 9 (%30), Stage IIIA: 1 (%3.33),
Stage IIIC: 1 (%3.33). Our patients tumor
sizes were between 0.8 and 4.5 cm in
diameter (mean:2.25+= 0.96 cm).

Table 1. Demographic characteristics of groups

Characteristics IDC (n=30) FA (n=30) Control (n=28)
Age 44.6+13.1 41.8+7.6 40.2+9.6
Family history (+/-) 10/20 11/19 0/28
Birth (+/-) 26/4 25/5 22/6
Breast feeding (+/-) 26/4 25/5 22/6
(IDC: invasive ductal carcinoma, FA: fibroadenoma)
Table 2. Histopathologic findings of IDC patients
Characteristics n %
Tumor size <2cm 11 356.66
=2cm 19 63.33
Lymph node Negative 20 66.66
Positive 10 33.33
Stage 1 13 43.33
2 15 50
3 2 6.66
HG 1-2 25 83.33
3 5 16.66
ER Positive 25 83.33
Negative 5 16.66
PR Positive 21 70
Negative 9 30
c-erbB-2 Positive 11 36.66
Negative 19 63.33

(HG: Histologic grade, ER: Estrogen receptor, PR: progesterone receptor)
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DISCUSSION

The presence of high amounts of reactive
metabolites in the cancer tissue may have a
significant role in both carcinogenesis and
spread of cancerous tissue (6). Cancer
development is a multi-stage process and
ROS-mediated DNA damage plays an
important role in these stages, especially in
initiation and promotion processes (20).

IMA levels are higher in many inflammatory
and oxidative stress-associated diseases
(11). IMA is elevated in most patients with
liver cirrhosis, acute infections and advanced
cancers; all these conditions are potent
producers of free radicals (21,22).

It is well established that oxidative stress is
linked to cancer formation and patients with
several types of cancers can have high IMA
levels (23-25). Kasapovic et al. (18)
performed a study in patients with breast
cancer and examined antioxidant status and
lipid peroxidation. Fidan et al. (24) showed
that serum IMA levels were increased in
patients with gastric cancer. Mastella et al.
(25) found increased serum IMA levels in
patients with prostate cancer, but this
increase was not statistically significant.
Stachowicz-Stencel et al. (11) found that
serum IMA levels were statistically higher in
pediatric patients with neuroblastoma and
soft tissue sarcomas. In the other study, the
oxidative/antioxidant status was impaired in
favor of oxidative stress in colorectal
carcinoma patients but this observation was
not confirmed by IMA measurement (23).
Abusoglu et al. reported that serum IMA
concentrations statistically higher in breast
cancer patients than in the control group
(26).
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OZET

Amac: Crohn's hastalidi (CH) gastrointestinal sistemin herhangi bir bélgesinde transmural tutulumu olan,
etyolgjisi bilinmeyen, immunite kokenli inflamatuvar bir hastaliktir. Bu hastalarda hastalik aktivitesini
saptamak icin bircok klinik aktivite indikatorii ve invazif olmayan gostergeler kullanilmistir ancak, hicbiri
histopatolojik ve endoskopik incelemeler kadar dodru olmamaktadir. CH'nda, hastalik aktivitesi klinik
olarak Crohn’s Hastalidi Aktivite indeksi (CDAI) ile saptanmaktadir. CDAl'e gére 150 puanin alti remisyon
ve 450 puan tuzeri ciddi fulminan hastalik olarak kabul edilmektedir. Bu calismanin amac klinik
remisyondaki CH'da hastalik aktivitesini fekal kalprotektin ve fekal laktoferrin ile dSngérmektir.

Gerec¢ ve Yontem: Gastroenteroloji poliklinide basvurulan on iki asemptomatik CH'si (CDAI<150)
calismamiza dahil edildi. Serum C-reaktif protein (CRP), serum amiloid A (SAA), eritrosit sedimantasyon
hizi (ESH), 16kosit sayimi, fekal kalprotektin ve fekal laktoferrin Olgiildii. Ayni hafta icinde yapilan
kolonoskopilerine gore, 5 hasta remisyonda, 7 hasta aktif CH idi.

Bulgular: Aktif CH'da, fekal Kalprotektin, laktoferrin, serum CRP ve SAA (hepsi p<0.050),
remisyondakilere gore belirgin olarak daha ytiksek olup, CDAI, ESH ve 16kosit sayilar i¢in anlaml fark
saptanmadi (hepsi p>0.050). Kalprotektinle SES/Rutgeerts kolonoskopi skor indeksleri (r= 0.592,
p=0.043) arasinda ve laktoferrinle SES/Rutgeerts kolonoskopi skor indeksleri (r=0.720, p=0.008)
arasinda anlaml pozitif korelasyon saptandi.

Sonuc: Mukozal inflamasyonu yansitan fekal Kalprotektin ve laktoferrin kolonoskopiye aday hastalari
secebilmek icin mutlaka Olgtilmelidir.
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Crohn Hastalarinda Biyobelirtecler

ABSTRACT

Aim: Crohn's disease (CD) is an immunity-based inflammatory disease of unknown etiology which
affects any region of the gastrointestinal tract with transmural involvement. In these patients; many
clinical activity indicators and noninvasive markers have been used to assess disease activity, but none
have been as accurate as histopathological and endoscopic examinations in detecting inflammatory
activity. In CD, disease activity is clinically determined by Crohn's Disease Activity Index (CDAI) score.
According to CDAI, less than 150 points is accepted as remission, and over 450 points is a serious
fulminant disease. The aim of this study is to predict the CD activity by fecal calprotectin and fecal
lactoferrin in clinically remission Crohn's disease patients.

Materials and Methods: Twelve asymptomatic CD patients (CDAI<150), chosen in outpatient
Gastroenterology clinics, were included in our study. Serum C reactive protein (CRP), serum amyloid A
(SAA), erytrocyte sedimentation rate(ESR), WBC count, fecal calprotectin and fecal lactoferrin were
measured. Based on colonoscopy performed within the same week, 5 were in remission and 7 were
active CD patients.

Results: Fecal calprotectin, lactoferrin, serum CRP and SAA were significantly higher in active CD than
in remission (all p <0.050), but there were no significant diferrence in CDAI, ESR and WBC (all
p>0.050). There was significant positive correlation between calprotectin SES/Rutgeerts colonoscopy
score indices (r= 0.592, p=0.043) and between lactoferrin SES/Rutgeerts colonoscopy score
indices(r=0.720, p=0.008).

Conclusion: In order to chose the candidates to colonoscopy, fecal calprotectin and lactoferrin which
reflect mucosal inflammation should be performed.

Key words: Crohn'’s Disease;calprotectin; lactoferrin

GIRIS

Crohn hastali@ (CH) transmural tutulum ile
gastrointestinal sistemin herhangi bir bolge-
sini etkileyebilen, nedeni bilinmeyen immun
temelli inflamatuvar bir hastalik olup; relaps
ve remisyon donemleri ile ilerler (1). CH'nin
aktivitesinin degderlendirilmesi ve tedavinin
sekillendirilmesi icin Kklinisyenler bugiine
kadar en sik hastalik aktivite indekslerini
Kullanmuslardir. CH igin bircok Klinik aktivite
gostergesi ve girisimsel olmayan belirtecler
denenmis ancak hicbiri inflamatuvar aktivite-
nin saptanmasinda histopatolojik ve endos-
kopik incelemeler kadar kesin bulgular sag-
lamamistir. Bu indeksler icinde en yaygn
kullanilan CH aktivitesi klinik bir degerlen-
dirme ile Crohn hastalid aktivite indeksi
(CDAI) puanina gore belirlenir. Buna gore
150 puan altindaki hastalar remisyonda ka-
bul edilir iken, 450 puan {iizeri ciddi fulminan
hastalik olarak degerlendirilir (2,3). inflam-
matuvar barsak hastaliklarinda uygulanan
endoskopik uygulamalar ile hastalik lokali-
zasyonu ve mukozal lezyonlarin tespiti has-
talik aktivitesini belirlemede altin standard
olarak kabul edilir. Ancak endoskopi; invaziv,
pahalli, hastalar tarafindan Kkolay tolere
edilmeyen ve rahatsizlik veren bir islemdir.
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Bu nedenle yeni biyobelirte¢ arayislari halen
devam etmektedir (4).

Kalprotektin, o6zellikle notrofiller olmak tlizere
l6kositlerde bulunan S100 A8 / A9'un bir he-
terodimeri olan ¢inko baglayici proteinlerden
S100 ailesinin uyesi bir proteindir. Barsak-
larda aktif inflamasyon varhiginda, nétrofiller
dolasimdan barsak mukozasmma go¢ eder.
inflamatuvar siirecten dolay1 mukozal yapida
olusan bozukluk, nétrofillerin ve dolayisiyla
da kalprotektinin limen icine kagmasina ve
bunun ardindan diskiyla atilmasina yol acar.
inflamasyona neden olan barsak hastalik-
larinda barsaktaki artan noétrofil sayisi fekal
kalprotektinde artisa neden olur. Bu nedenle,
barsakta gelisen inflamasyonu gdsterebi-
lecek bir biyobelirte¢ olarak kullanilabilecegi
disunulmustur (5-9).

Laktoferrin, transferrin protein ailesi icinde
yer alan, basta siit olmak tzere bircok sivida
bulunan, 80 kDa'llk, demir baglayan bir
glikoproteindir. Laktoferrin, notrofillerin se-
konder granillerinin 6nemli bir bilesenidir.
Laktoferrin; antibakteriyel, antifungal, anti-
viral, antiprotozoal, antioksidan, antikan-
serojen, antiinflamatuvar, immunomodulator
olup saglikli kemik yapisinin olusmasi, bar-
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sakta demir absorpsiyonunu dizenleyicisi
olmasi gibi bircok biyolojik aktiviteye sahip
multifonksiyonel bir proteindir. GOz yas,
sinoviyal sivi, anne sutii ve tiikriik gibi viicut
swvilarindaki nétrofillerin sekonder graniilo-

sitlerinde laktoferrin bulunur. Barsagn
inflammatuvar durumlarinda, mukozanin
l6kosit  infiltrasyonu nedeniyle diskida

laktoferrin artis1 saptanmistir. (10,11).

Bu calismada, klinik olarak remisyondaki
asemptomatik (CDAI<150) CH'da; kolonos-
kopi ile saptanan gercek hastalik aktivitesi ile
fekal kalprotektin, laktoferrin iliskisinin
arastirlmasit amaclandi. Ayrica calismada
ikincil olarak barsaktaki lokal inflamatuvar
belirtecler (fekal Kalprotektin ve laktoferrin)
ile genel inflamatuvar belirteclerin (CRP, SAA,
ESH ve I6Kosit sayilar) birbirlerine tstiinlii-
dunin arastirilmasi amaclandi.

GEREC VE YONTEM
Olgular

Olgular, Gastroenteroloji BD poliklinigine
basvuran hastalar arasindan segildi. En az
son 6 ay icinde CH tanisi alan, Klinik olarak
remisyonda olan (CDAI<150) ve 19 yas lizeri
12 CH calismaya dahil edildi. Enfeksiyoz
enterokolit, otoimmun baska bir hastalik
(SLE, romatoidartrit, vs) varhdi, akut veya
kronik inflamatuvar durum, kolostomi ya da
poush varhdi, karaciger ve/veya bObrek
hastaligi, malignite ve gebelik durumu olan
hastalar calismaya dahil edilmedi. Calisma,
yerel Klinik Arastirmalar Etik Kurulu tarafin-
dan onayhdir (karar no: 16-3.2/15).

CDAI

CH’larinda haftalik (7 giinlik) sivi gaita cikisi
sayisi, karin agrisi, hastanin genel durumu /
iyilik hali, barsak disi komplikasyonlar (artrit/
artralji, iritis/uveitis, eritema nodosum, piyo-
derma gangrenosum, aftdéz stomatit, anal
fissur/fistiil/abse, ates >37.0 °C), diare icin
barsak motilite dizenleyici veya benzer diare
kesici ilag kullanimi, abdominal kitle varhdj,
hematokrit diizeyi ve viicut agirhgr sorgula-
narak Crohn hastalidl aktivitesi icin CDAI
asagidaki gibi hesaplandi. CDAI sonucu 150
puan alti remisyonda hastalik olarak kabul

edilir iken, 450 puan tzeri ciddi fulminan
hastalik olarak degerlendirildi.

Basit Endoskopik Skor (SES)

SES kolonoskopi ile saptanan CH aktivite
indeksi olup opere olmamis CH'da kolonos-
kopik aktivite goOstergesidir. Barsadin 5
segmentinde tim degiskenler (lilser boyutu
(cm), llserlesmis yuizey, etkilenmis ylizey ve
striktiir) degderlendirilir ve 0-3’e Kkadar
skorlanir. Toplam skor O -2 ise remisyon; 3 -
6 ise hafif endoskopik aktivite, 7-15 ise orta
endoskopik aktivite ve >15 ise ciddi
endskopik aktivite olarak degerlendirilir (12).

Rutgeert skor indeksi

Rutgeerts skor indeksi kolonoskopi ile sapta-
nan bir diger CH aktivite indeksi olup opere
olmus CH’da kolonoskopik aktivite gosterge-
sidir. Cesitli degiskenlerin varhdina gére 0-4
arasi skorlama yapilir. 0: Aftéz Ulser Yok; 1:
Besten az aftdz ulser; 2: Normal mukozada
ara ara besten fazla aftdz lezyon, yayilan
alanlarda buyiik lezyonlar veya ileokolonik
anastomozla sinirli lezyonlar (6r. 1cm den
az); 3. inﬂamasyonlu difliz mukozali difiize
aftoz ileitis ve 4: Difuiz inflamasyonlu biiyiik
ulserler, nodiiller ve/veya striktiir olarak
degerlendirilir (13).

Orneklerin Alinmasu, Saklanmasu,
Hazwrlanmasi

8-12 saat aclik sonrasi vendz kan ornekleri
antikoagulan icermeyen jelli tiiplere, 3.6 mg
K,EDTA ve 4NC ESR sodyum sitrath iceren
antikoagulanl tiiplere alindi. Jelli tiipteki kan
ornekleri 4000 devir/dk hizda 10 dKk siire ile
santrifiij edildi. Orneklerden giinliik calisilan
serum CRP, SAA, eritrosit sedimantasyon hizi
(ESH) ve tam kan saymi ayni gun icinde
Olculdii. Fekal kalprotektin ve fekal lakto-
ferrin icin gaita ornekleri 6n ayirma islemleri
(ekstraksiyon) tamamlandiktan sonra calisma
gunine kadar - 80°C sogutmali derin
dondurucuda saklandi.

Fekal Kalprotektin feces ornek hazirligu

Yaklasik 1 gr feces 4 ml ekstraksiyon
tamponu ile diltie edildi ve iyice vortekslendi.
Diliie edilmis Ornekler 18-28°C'de en az 5
dakika bekletildi. Bu 6rnekten 50uL alinarak
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uzerine 450ul  ekstraksiyon soliisyonu
eklendi (1:10 dilusyon), 5 dakika 3000g de
santrifiij edilip, sonrasinda supernatant

ayrilarak olcime kadar -80°C de saklandi.
Calisma giinii, siipernatant oda sicakligina
getirilerek calisildi.

Fekal laktoferrin feces 6rnek hazirligy

Toplanan 55 mg feces Ornedine 2695 uL
ekstraksiyon tamponu (BioVendor marka
Kat. No: C005821) eklendi. Bu sekilde feces
orneklerine ekstraksiyon sirasinda 1:50
dilusyon yapildi. Numuneler vorteks tizerinde
30 dakika ytiksek hizda homojenize edildik-
ten sonra, 3000g'de 5 dakika santrifiij edildi.
Stipernatant ayrilarak calisma yapilacak gine
kadar -80°C de saklandi. Feces icerisindeki
bilesenleri aciga cikarmak icin 6zel diliisyon
tamponu (Cat.No: CO05114) Kkullanarak 1:3
diliisyon yapildi (40 pL feges supernatanti +
80 uL Ozel Diliisyon Tamponu).

Fekal Kalprotektin Olciimii

Oda sicakhidma getirilen supernatant 5 dakika
3000g de santrifiij edildi. Supernatantdan
60uL alinarak, kartus tlizerindeki lateral flow
cip tlizerine damlatildi ve 12 dakika 6rnegdin
kartus tarafindan emilmesi icin beklendi.
Kantitatif lateral flow assay yoOntemi ile
olciilda (Quantum Blue®fCALextended
Quantitative Lateral Flow Assay Katalog

No:LF-CALE25 Biihimann Laboratories,
AGBaselstrasse 554124 Schonenbuch,
isvicre). Sonrasinda  kartus  Biihlmann

Quantum Blue® Reader cihazinda okundu.
Test 6lcim araligi: 30- 1000 pg/g gaita

Fekal Laktoferrin Olciimii

ELISA (BioVendor® Human Lactoferrin
ELISA, Katalog No: RD194334200R, Cek
Cumbhuriyeti) ile 6l¢iim yapildi.

CRP, SAA, ESH olciimii

CRP immunoturbidimetrik yontem ile (CRP
Gen3, Cat DNo: 05172373190, Roche
Diagnostics, Mannheim, Almanya) Roche
COBAS 8000 otomatik analizérde OJlguldii.
SAA nefelometrik yontem ile (N Latex SAA,
Cat No:OQMP11l, Siemens Healthcare
Diagnostics Products Marburg, Almanya)
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Siemens BN II nefelometri cihazinda ve ESH
modifiye Westerngreen metodu ile olguldu.

Istatistiksel Analiz

CDAI ve Kkolonoskopi sonuclarini fekal
kalprotektin, fekal laktoferrin, serum CRP,
SAA, ESH ve lokosit sayisi ile olan iligkisinin
arastirilmasi hedeflenen bu calismada olgu
sayisinin az olmasindan dolayr tim veriler
nonprametrik testler ile dederlendirildi. Grup
dagiimlart Gaussian olmadiQi icin sonuclar
ortanca (minimum- maksimum) olarak
sunuldu. Aktif ve remisyonda olmak uzere iki
gruba ayrilan CH'da degdiskenler Mann
Whitney-U nonparametrik iki grup karsilas-
tirma testi ile karsilastirildi. Degiskenler arasi
Korelasyon analizi icin Spearman’s Rho
analizi kullanildi. istatiksel hesaplamalar
SPSS (21.0 versiyon, SPSS;IL) ile yapildi.
p<0,050 degerleri anlamli, p<0,010 deger-
leri gucli olarak anlamh kabul edildi.
Korelasyon Katsayisinin (r) 1,00 olmast:
miikkemmel pozitif iliski; -1,00 olmast:
milkemmel negatif iliski; 0,00 olmast: iliski
yok; 0,70 — 1,00: yiiksek iliski; 0,70 — 0,30:
orta iliski; 0,30 — 0,00: dusuk iliskili olarak
degerlendirildi.

BULGULAK

Calismaya Kkatilan olgularin yas, cinsiyet,
vucut Kitle indeksi (BMI), alkol Kkullanimi,
sigara kullanimi ve CH hastalik dykustine ait
demografik veriler Tablo 1 de verildi. Olgu-
larm hesaplanan CDAI'leri, hastalik oOykusii
suresi, kolonoskopiye gore hastalik aktivitesi,
kalprotektin ve laktoferrin sonuclar tablo 2
de verildi. Tum hastalarin CDAI'leri <150'nin
altinda olup ortanca (min-maks) 104.6 (18.3-
148.7) idi. CDAl'ye gore Klinik olarak
remisyonda olan hastalarin aslinda sadece 5i
gercek remisyonda olup, geri kalan 7 hasta
aktif olarak saptandi.

Olgulara ait biyokimyasal parametreler
ortanca (minimum - maksimum) olarak
verildi. Buna gore fekal kalprotektin 644 (30-
1000) ug/g gaita, fekal laktoferrin 7.75 (0.17-
13.28) pg/g gaita, serum CRP 9.95 (0.3 -
96.2) mg/L, SAA 15.1 (4.09- 240) mg/L, ESH
16 (2- 67) mm/st ve l10kosit sayisi 8.57 (3.44
-13.09) pg/L olarak Olguldii. Rutgeert's
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kolonoskopi skoru veya Basit endoskopi
skoru (SES)’e gore hesaplanan CH aktivite
skoruna gore smiflandirilan aktif ve remis-
yondaki CH'1 arasinda fekal Kalprotektin,
laktoferrin, serum CRP, ve SAA dizeylerinde
istatistiksel olarak anlaml fark saptandi (sira-
siyla p=0.007, p=0.004, p=0.042, p=0.045).
Ancak CDAI, ESH ve 10kosit sayilar1 arasinda
anlamh fark saptanmadi (sirasiyla p=0.223,
p=0.120, p=0.570) (Tablo 3).

Biyokimyasal parametreler; demografik veri-
ler, CDAI ve kolonoskopi aktivite indeksleri

arasinda iliskiyi arastirmak icgin yapilan
korelasyon analizinde fekal kalprotektin ile
SES / Rutgeert skor indeksleri (r= 0.592,
p=0.043) arasinda ve fekal laktoferrin ile SES
/  Rutgeert skor indeksleri (r=0.720,
p=0.008) arasinda anlaml pozitif korelasyon
saptandi (Tablo 4). CDAI ile biyokimyasal
parametreler, demografik veriler arasinda
anlamli Korelasyon saptanmadi. Biyokim-
yasal parametreler arasi anlamli korelasyon
gosterenler Tablo 5°'te verildi.

Tablo 1. Hastalara ait demografik veriler

Demografik veriler (n:12) Ortanca Minimum-Maksimum Oran

Yas (y1l) 42 26-58 -
Cinsiyet (Erkek/Kadin) - - 6/6
BMI (kg/m?) 22 16.5-26.9 -
Alkol (Evet/Hayir) - - 4/8
Sigara (Evet/Hayr) - - 7/5
CH hastalik oykiist (y1l) 7.5 0.5-31 y1l -

n: hasta sayisi, BMI: viicut kitle indeksi

Tablo 2. Olgularin hesaplanan CDAl'leri, hastalik Oykusiti

suresi, kolonoskopi, gaitada kalprotektin ve laktoferrin

sonuglari
H H oykiisii Kolonoskopi Kalprotektin Laktoferrin
?;ta ¢ ((;Zl)usu CDAI CH skor* ga(r’e (;itgrli)tie ( p,gl;g gaita) (:g/:fgzua)
1 8 124.4 16 aktif 1000 13.21
2 12 107.2 il remisyon 558 2.40
3 5 144.6 8 aktif 730 12.51
4 31 148.7 i3 aktif 1000 11.28
5 6 145.4 9 aktif 815 4.22
6 103.8 i2 aktif 1000 11.62
7 1 18.3 7 aktif 409 11.58
8 0.5 57.0 2 remisyon 30 0.49
9 8 88.3 10 aktif 882 13.28
10 6 31.1 il remisyon 68 0.77
11 12 105.3 2 remisyon 168 0.17
12 9 100.3 i2 remisyon 55 0.31

*Rutgeert’'s kolonoskopi skoru veya Basit endoskopi skoru (SES)’ e gore hesaplanan kolonoskopik CH aktivite skoru

Tablo 3. Biyokimyasal veriler

Biyokimyasal parametre Aktif CH Remisyondaki CH istatistiksel
Ortanca (min-maks) Ortanca (min-maks) |p degeri
Fekal kalprotektin (ug/g gaita) 882 (409-1000) 68(30-558) p=0.007*
Fekal laktoferrin (ug/g gaita) 11.61(4.22-13.28) 0.49(0.17-2.4) p=0.004*
CRP (mg/L) 17.5 (0.3-96.2) 5.4(1.2-7.7) p=0.042%
SAA (mg/L) 38.35 (5.58-240) 6.91(4.09-15.8) p=0.045*
ESH (mm/st) 40 (7-67) 8(2-28) p>0.050
WBC (x10%/mm?) 8.87 (3.50-13.09) 8.27(3.44-12.53) p>0.050

*: istatstiksel olarak anlamli
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Tablo 4. CDAI, kolonoskopide elde edilen CH aktivite skoru ve biyokimyasal degiskenler arasi anlamli korelasyon

gosterenler

Degiskenler

CDAI Kolonoskopiye gore CH aktivite skoru

Fekal kalprotektin

r=0.564, p=0.056

r=0.592, p=0.043*

Fekal laktoferrin

r=0.182, p=0.572

r=0.720, p=0.008*

CRP

r=0.182, p=0.572

r=0.360, p=0.250

SAA

r=-0.209,p=0.537

r=0.522, p=0.099

r: korelasyon Kkatsayisi, *: anlamli korelasyon

Tablo 5. Biyokimyasal degdiskenler arasi anlamli korelasyon gosterenler

Degiskenler

Fekal kalprotektin

Fekal laktoferrin

Fekal kalprotektin

Fekal laktoferrin

r=0.768, p=0.004*

CRP

r=0.711, p=0.009*

r=0.692, p=0.013*

SAA

r=0.405, p=0.216

r=0.645, p=0.032*

*: anlaml korelasyon

TARTISMA

Klinik olarak remisyonda olan asemptomatik
(CDAI<150) olan CH'da fekal Kkalprotektin,
laktoferrin, serum CRP, SAA, ESH ve WBC
sayilar1 ile gercek hastalik aktivitesinin
iliskisini arastirmayi hedefledigimiz calisma-
miza 12 olgu dahil edildi. Klinik olarak
remisyonda olan tim olgularda kolonoskopi
yapild1 ve Rutgeert’s kolonoskopi skoru veya
SES’e gore hesaplanan CH aktivite skoruna
gdre 5 olgu remisyonda, 7 olgu aktif CH
olarak saptandi.

CH'da, kronik aktif inflamasyon ve gelisen
mukozal inflamatuvar degisiklikler nedeniyle
mukozal ulserler, striktiir, barsak perforas-
yonu, displazi ve/veya kanser gelisebilir.
Gelisebilecek tim komplikasyonlari en aza
indirebilmek icin en oOnemli tedavi hedefi
“barsak mukoza iyilesmesi” dir. Bu nedenle
Klinik parametrelerin izlenmesi araciligyla
hastalar siki takip edilmektedir (14). CDAI,
CHnin Klinik durumu ve tedavi etKilerini
izlemek icin kullanilan en yaygin skorlama
sistemidir. Calismamizda Klinik olarak remis-
yonda olan CH’larim1 secerken CDAI'i kulla-
nildi (2). CDAI <150 olan olgular remisyonda
Kabul edilerek calismaya dahil edildi. CDAI
cok sik Kullanilan bir skorlama sistemi olup
yapilan calismalarda barsakta gelisen muko-
zal degisiklikleri yeterince yansitamadidi ve
tedavi izlemi icin yetersiz oldugu gosteril-
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mektedir (15,16). Calismamizda 7 Crohn
hastasinda, CDAI indeksi 150'nin altinda
olmasina ragmen kolonoskopilerinde aktif
mukoza lezyonlari saptandi.

Yapilan calismalarda, fekal Kkalprotektin,
endoskopik hastalik aktivitesi ile Kkorele
bulunmustur (17,18). Calismamizda kolonos-
kopi indekslerine gore remisyonda ve aktif
CH arasinda fekal Kkalprotektin, laktoferrin,
serum CRP ve SAA diizeylerinde istatistiksel
olarak anlaml fark saptandi. Fekal kalpro-
tektin ve laktoferrin duzeyleri ile hastalarin
kolonoskopik CH aktivite skorlar1 arasinda
orta derecede pozitif korelasyon saptandi.
Schoepfer ve ark. da benzer sekilde fekal
kalprotektin ve laktoferrin diizeyleri ile kolo-
noskopide saptanan aktif mukozal inflamas-
yonlarinin korele oldugunu saptadi (19).
Kalprotektin inflamasyonlu barsak duvarin-
dan lokal olarak barsak liimenine gecen
noétrofiller tarafindan salimir (20). Sipponen
ve ark, 61 CH’sin1 SES indeksine gore inaktif,
hafif-orta ve siddetli mukozal inflamasyonu
olanlar seklinde siniflandirmiglardir. Bu ¢
grupta Olciilen fekal kalprotektin degerleri
incelendirildiginde inaktif ve hafif mukozal
inflamasyonu olan gruplar arasinda bile
anlamh fark saptanmistir (21). Langhorst ve
ark, endoskopik SES skoruna gore aktif ve
inaktif olarak smiflandirllan CH'da fekal
kalprotektin, laktoferrin, CRP ve Klinik
indeksleri incelemis ve bizim calismamiza
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benzer sekilde gruplar arasi anlamhl fark
bulmuslardir (18). Fekal Kkalprotektin ve
laktoferrin ile CH'da inflamasyonun 6ngo-
riisi, hastalik aktivitesi icin ileri arastirma
kararii vermede etkili olur. Mukozal infla-
masyon saptanmayan yani remisyondaki
hastalar fekal kalprotektin ve latoferrin ile
izlenebilmelidir. Barsak granulositlerinden
salinan yuksek fekal kalprotektin ve lakto-
ferrin, artmis mukozal inflamasyon varligini
yansittidi icin endoskopi ve kolonoskopi gibi
ileri tetkikler gereken hastalarin daha dogru
secilmesini saglar. Dolayisiyla diisuk fekal
kalprotektin ve laktoferrin saptanan CH'da
gereksiz kolonoskopi uygulamalar1 engellen-
mis olur. Yiuksek fekal kalprotektin ve lakto-
ferrin ise mukozal inflamasyona yansittigi
icin daha hizli kolonoskopiye yoOnlendirilme
ve daha erken tedavi sagdlar (19). Jones ve
ark, 164 CH'da yaptiklan calismada; CDAI,
endoskopik SES skoru ile serum CRP, IL-6 ve
fekal biyobelirtecleri (kalprotektin, laktofer-
rin) Karsilastirmislar ve SES skoruna gore
aktif CH'da CRP, IL-6 ve fekal biyobelirtecleri
yiiksek bulmuslardir. Calismamiza benzer
olarak, SES skoru ile fekal biyobelirtecler
korelasyon gosterirken CDAI ile korelasyon
gaostermemistir (22).

Ungaro ve ark, CH'li 143 hastada BT ente-
rografisi ile ince barsak inflamasyonunun
endoskopik siddeti ve CRP ile korelasyonunu
arastirmistir. Arastirmacilar, CRP'nin peri-
enterik inflamasyonun radyolojik bulgulari ile
(yag yogunlugunun artmasi) iligkili oldugu,
ancak inflamasyonun barsak duvariyla sinirh
olmadigi ve CH'da CRP cevabinda perienterik
inflamasyonun potansiyel roline dikkat
cekmislerdir. inflamatuvar proceslere 6zgii,
inflamatuvar hiticrelerin yag dokusuna istilasi
sonucu salinan IL-6, IL-8, TNF-alfa, IL-10 ve
IL-18 gibi cgesitli pro-inflamatuvar sitokinler
yag dokusuna bagdlanip, beraberinde perien-
terik inflamasyona bagh barsakta kalpro-
tektin sentez ve barsak liimenine atilimi
gorulmektedir. (23). Calismamizda, serum
CRP dizeyi ile barsak liimenine atilan
kalprotektin ve laktoferrin arasinda pozitif
korelasyon izlendi.

inflamasyon belirtecleri olan ESH ve SAA
Olciimlerini de calismamizda inceledik. Bura-
da amacimiz lokal inflamasyonu gdsteren

biyobelirtecler gibi sistemik diger belirteg-
lerin de CDAI <150 olan klinik remisyondaki
hastalarda yararimi ortaya koymakti. Kolonos-
kopiye gore aktif ve remisyondaki hastalar
arasinda CRP gibi SAA diizeylerinde de
istatistiksel olarak anlamlh fark saptandi. Bu
durum mokozal inflamasyonu olan hastalar
asemptomatik bile olsa sistemik inflamatuvar
olaylarin tekrarlamis olacagini bize gosterdi.
Simdiye kadar CH'da mukozal inflamasyon
biogostergelerinin  yarariliginda sistemik
inflamasyon goOstergeleri olarak en cok CRP,
ESH ve l0Kkosit sayisi incelenmistir ve calis-
malarda duyarlilk ve ozgiilliiklerinin disuk,
yaklasik %50 olan bir dizi calisma vardir, bu
da aktif CD'li bircok hastada negatif oldugu
anlamina gelir. Bu nedenle biz de sistemik
inflamasyonun  bir¢ok hastalikta guiclu
gostergelerinden olan bir akut faz yaniti
proteini olan SAA’y1 CH da hastalik aktivitesi
gostergesi acisindan arastirdik. Calisma-
mizda remisyonda ve aktif CH arasinda SAA
diizeylerinde anlamh fark saptandi. Ayrica
fekal laktoferrin degderleri ile pozitif korelas-
yon gosterdi ancak CDAI ve kolonoskopik CH
aktivite skorlamalari arasinda korelasyon
izlenmedi. Bizim calismamizdan farkl olarak,
Yarur ve ark'nin yaptidi calismada, 94 CH'da
SAA yiikseklidi mukozal iyilesme yani hastalik
aktivitesi ile korele bulunmus, ancak CRP
diizeyleri ile korele bulunmamustir (24).

Calismamizda en oOnemli Kisitlayici olarak
gordiigimiiz faktor, klinik remisyonda olan
CH hasta sayisina ulasamamis olmamizdir.
Hasta toplama stiresi boyunca aktif CH sayisi
cok olmasina ragmen remisyonda CH sayisi
cok az idi. Bu durum Klinik olarak asempto-
matik hastalarin hastaneye basvurmama-
sindan ve rutin vizitlerini aksatmalarindan
kaynaklanmaktaydi. Daha genis bir CH gru-
bunda calismalar yapilmasi bu biyobelirtec-
lerin tanmi ve takipte glictinii arttiracaktir. Bir
diger onemli kisitlayici nokta CH'nin GiS'nin
kolon disinda baska yerlerinde de yerlese-
bilecedi idi. Kolon disinda inflamatuvar
mukozasi olan hastalar CH'da go6zden
kKacirilmamahdir.

Sonug olarak, calismamizda toplumda cok
da nadir goriinmeyen bir hastalik grubu olan
iBH'dan CH'da, kolonoskopi gibi invazif
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tetkiklerden O6nce hasta vizitlerinde yapilan
CDAl'in hastalik aktivitesini iyi yansitmadigi
gorildi. Kolonoskopi ile remisyonda ve aktif
oldugu saptanan CH arasinda kolonik muko-
zal inflamasyonu goésteren fekal kalprotektin,
laktoferrinin  diizeylerinin anlamh farkl
oldugu, kolonoskopi ile saptanan aktivite
skorlar ile fekal kalprotektin ve laktoferrinin
korele oldugu saptandi. Kolonoskopi gibi
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OZET

Amac: Kan gazi 6lciim cihazinda ve serumda otoanalizorle Olgilen bikarbonat (HCO;") degerlerini
karsilastirarak birbiri ile uyumunu arastirmaktir.

Gerec ve Yontem: : Calismamizda ge¢mis 1 yillik siirede (Eyliil 2018 - 2019) 186 adet ayni hastanin es
zamanl olarak Olciilen serum bikarbonat ve kan gazi bikarbonat dederleri retrospektif olarak
degderlendirildi. Serum HCO3" diizeyi Olympus AU5800 otoanalizOrii, kan HCO3™ diizeyi ise Radiometer
ABL800 cihazi ile calisildi. Serum bikarbonat sonuglart numune alimi ile sonu¢ verme zamani arasinda
gecen siireye gore 0-60, 61-120 ve >120 dakika olarak ug¢ gruba ayrildi.

Bulgular: Her iki ydontemle bulunan [kan HCO5 serum HCO5] arasi fark ortalamasi; 0-60, 61-120 ve
>120 dakika icin sirasiyla 0,13+7,6; 0,92+7,6; 1,6*=5,4 mmol/L idi. Literatiire gore birey ici degiskenlik
katsayilarindan elde edilen maksimum izin verilen hata 0,46 mmol/L olarak belirtilmistir. Dolayisiyla,
calismamizda 0-60 dakika arasinda calisilan numunelerin iki yontem arasi farkinin ortalamasi 0,46
mmol/L den diisiikken; diger gruplarin iki ydontem arasi fark ortalamalar1 0,46 mmol/L den daha yuiksek
bulundu. Ayrica serum bikarbonat diizeyleri icin % Bias=8,52, Total % CV=10,27 ve total analitik hata
(TAH)=25,47 olarak bulundu.

Sonuc: Serum HCO; diizeyi 0-60 dakika araliginda olciildiiyse iki ydontemin birbirinin alternatifi olarak
kabul edilebilecedi, daha uzun siire bekleyen numunelerde ise birbirinin alternatifi olarak
degerlendirilmesinin hatalara neden olabileceg@ini diistuiniiyoruz. Ayrica optimum sartlarda calisilsa bile
serum bikarbonat diizeyi sonuglar1 degerlendirilirken laboratuvarin TAH degderinin dikkate alinmasi
gerektigi kanaatindeyiz.
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ABSTRACT

Objective: The aim of this study is to investigate the compatibility of bicarbonate (HCO3-) levels
measured by blood gas meter in serum autoanalyser.

Materials and Methods: In the study, serum bicarbonate and blood gas bicarbonate levels of 186
patients were evaluated retrospectively in the last one year period (September 2018 - 2019). Serum
HCO3- levels were analyzed with Olympus AU5800 autoanalyser and blood HCO3- level with Radiometer
ABL800. Serum bicarbonate results were divided into three groups as 0-60, 61-120 and> 120 minutes
according to the time elapsed between sampling and delivery time.

Results: The mean difference between the two methods [blood HCO3- serum HCO3-]; for 0-60, 61-120
and 120 minutes were; 0.13 = 7.6, 0.92 * 7.6; 1.6 * 5.4 mmol / L, respectively. According to the
literature, the maximum allowable error obtained from intra-individual coefficients of variability was
reported as 0.46 mmol / L. In this study, the mean difference between the two methods examined
between 0-60 minutes was less than 0.46 mmol / L; The difference between the other two groups was
dreater than 0.46 mmol / L. In addition, % Bias, Total CV% and total analytical error (TAH) of levels
serum bicarbonate were found as 8.52, 10.27 and 25.47 respectively.

Conclusion: If the serum HCO3- level was measured in the time of 0-60 min, we think that the two
methods can be considered as alternatives. However, for samples that are waiting longer, evaluation of
them as an alternative may cause errors. We also believe that the TAH value of the laboratory should be
taken into consideration when evaluating serum bicarbonate level results, even if it is run under

optimum conditions.

Keywords: Blood Gas Analysis; bicarbonate levels; enzymatic method

GIRIS

Kan gazi analizi, hastalarin asit-baz dengesi
ve oksijenlenme durumunu degerlendirmek
icin kullanilan en 6nemli laboratuvar analiz
yontemlerindendir. Hastaya tam1 koymanin
yaninda hastanin takibi ve tedaviye yanitini
degerlendirmek icin de bu analize basvurul-
maktadir (1,2). Kan gazi dlgum sistemlerinde
pH, kismi oksijen basmca (pO2), kismi kar-
bondioksit basinci (pCO2), elektrolitler [Sod-
yum(Na), Potasyum(K), Kalsiyum(Ca) vb.],
metabolitler (glukoz, ure vb.) gibi bazi para-
metreler dogrudan Olciiliirken bazi para-
metreler icin (anyon gap (AQ), bikarbonat
(HCO3) vb.) cesitli formiiller Kkullanilarak
hesaplama sonuclar1 raporlanmakta bu da
cihazlar arasinda raporlanan sonuclarda fark-
liliklarin olusmasma sebebiyet vermekte-
dir(3).

Hiicre disi sivinin en 6nemli ikinci anyonu ve
kandaki tamponlama sistemlerinin baslica
bileseni olan bikarbonat kanin asit-baz den-

gesini belirlemede Kkullanilan en ©Onemli
parametrelerdendir. Standart bikarbonat
konsantrasyonu (cHCO3 (std)), 37°C'de 40

mmHg pCO2 altinda kanda bulunmasi gere-
ken bikarbonat dederi iken; aktiiel bikarbo-
nat konsantrasyonu (cHCO3 (act)), pH, pCO2

kullanilarak Hendersen-Hasselbalch denk-
lemi ile hesaplanan numunenin anlik bikar-
bonat degeridir. Normal sartlarda bu iki
degder birbirine esittir (3,4).

HCO3™ diizeyini Olgmek icin kan gazi anali-
zOrlerinin disinda numune olarak serum/
plazma kullanan iyon selektif elektrot (ISE) ya
da spektrofotometrik olcim yontemleri de
Kullanilabilmektedir. ISE yonteminde Ornek-
ler asidifiye edilerek cesitli formlarda olan
karbondioksit, gaz haline cevrilmekte ve
pCO2 elektrodu ile Olgiim yapilmaktadir.
Ancak bu yontemin ozqiilliigi diisuk oldugu
icin kullanimda cokca tercih edilmemektedir.
Enzimatik spektrofotometrik yontemde ise,
oncelikle numune alkalilestirilerek karbondi-
oksit ve karbonik asit bikarbonata ¢evrilmek-
tedir. Daha sonra fosfoenolpiruvat kullanila-
rak iki basamakli bir reaksiyon gercekles-
tirilmekte ve reaksiyon sonucunda nikotina-
mid-adenin di-niikleotid (NADH) absorban-
sindaki azalma 340 nm dalga boyunda
Olculerek sonug verilmektedir. Bikarbonat
diizeyinin referans arali@i Olcilen yonteme
aore degismekle birlikte 24-31 mmol/L
arasindadir (5).

Kan gazi analizorii ile bikarbonat diizeyini
olciilirken numuneler bekletilmeden hizli bir
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sekilde cihaza verilmektedir. Ancak serum ya
da plazma kullanilan yontemlerde; numune-
nin pihtilasma stiresi, santrifiij edilmesi gibi
on islemlerden dolayr bu siire¢ bir miktar
uzamaktadir. Bu uzama siirecinden dolay: da
numunedeki karbondioksit miktar1 6 mmol/
L/saat kadar azalabilmektedir(5). Bu nedenle
numunenin agzinin kapali olmasi ve mim-
kiin oldugunca hizli sekilde analiz edilmesi
gerekmektedir.

Bu calismada kan gazi cihazinda calisilan ve
ayrica otoanalizorlerde spektrofotometrik
yontemle olciilen serum bikarbonat deger-
lerini karsilastirmay1 ve elde edilen sonug-
larin birbirlerinin alternatifi olarak Kkullanilip
kullanilamayacagini irdelemeyi amacladik.

GEREC VE YONTEM

Bu calisma Eylul 2018 - 2019 tarihleri arasin-
da Sakarya Universitesi Tip Fakiiltesi Egitim
ve Arastirma Hastanesinde es zamanl olarak
serum bikarbonat ve kan gazi pH, pCO2,
pO2, bikarbonat sonuglar1 calisilimis olan,
18-65 yas arasi, 103 Erkek ve 83 Kadin hasta
numunesine ait toplam 186 analiz sonucu
kullanilarak gerceklestirildi. Serum bikarbo-
nat verileri, numune alimindan sonucun
verilmesine kadar gecen stireye gore 0-60
dakika (dk), 61-120 dk ve >120 dk olarak ug
gruba ayrildi. Calisma icin girisimsel olmayan
etik kurulundan 02.10.2019 tarih ve 132
sayili Kkarar ile etik kurul onayr alindi. Es
zamanl olarak serum bikarbonat ve kan gazi
pH, pCO2, pO2, bikarbonat sonuclar1 olma-
yan hasta verileri calisma disi birakildi.

Serum bikarbonat diizeyi Olympus AU5800
(Beckman Coulter, Inc. Brea, CA92821 U.S.A.)
biyokimya otoanalizoriiyle tayin edil-mistir.
Kan HCO3 dizeyi ise, direkt pH, pCO2, pO2

dizeyi Olcimii yaparak HCO3 duzeyini
hesaplayan =~ Radiometer = ABL800  Flex
(Radiometer = Medical  ApS, Bronshoj,

Denmark) kan gazi cihazindan elde edilmistir.
Istatiksel Analiz;

Elde edilen verilerin istatistiksel hesaplama-
lar1 SPSS (ver. 20.0; SPSS, USA) programiyla
yapildi. Her iki yontemle elde edilen bikar-
bonat diizeylerinin ve iki ydontemin farklarinin
ortalama ve standart sapmalar1 hesaplandi.
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Shapiro-wilk testi ile gruplarin normal dagi-
Iima uygunlugu test edildi. Normal dagilima
uyan parametrelerde u¢ grubun birbiriyle
Karsilastiriimasi icin tek yonlii varyans analizi
(Oneway ANOVA) ve Post Hoc Tukey testi
yapildi. Normal dagiim gdstermeyen para-
metrelerde ise Kruskal Wallis Analizi ve Mann
Whitney U testi yapildi. Parametreler arasin-
daki iliski normal dagiim go6stermeyen
degiskenlerde spearman, normal dagihm
gosteren degiskenlerde ise pearson korelas-
yon testi ile belirlendi. p<0,05 anlamli kabul
edildi. iki yéntem arasindaki iliskinin
gosterilmesi icin dogdrusal regresyon grafigi
cizildi ve gruplar arasi sonuclarin uyumu
Bland-Altman analizi ile degderlendirildi.
Calismanin yapildiqi biyokimya otoanalizo-
runde serum bikarbonat diizeyi kabul
edilebilir hata degeri icin dis kalite kontrol
sonuclar1 ile % bias ve ic kalite kontrol
sonuglar1 ile de varyasyon Katsayisi (%CV)
degerleri hesaplandi. Daha sonra bu
degerler kullanilarak total analitik hata (TAH)
bulundu (6).

BULGULAK

Calismaya alinan hastalarin genel yas ortala-
masi 46,3 = 28,5 olarak hesaplandi. Calis-
maya alinan tiim hastalarin kan gazi bikar-
bonat seviyesi (HCO3") ortalamasi, otoanali-
zO0rde Olgulen serum bikarbonat duzeyi
(sHCO3") ortalamasi ve her iki yontemle
bulunan degerler arasi farkin (HCO3-sHCO3")
ortalamasi hesaplandi (Tablo 1). Ayrica has-
talarin kan gazi pH, pO2 ve pCO2 degerle-
rinin de ortalamalar1 ve standart sapmalari
Tablo 1'de verilmistir.

Numune alimi ile cihaz sonuc¢ verme arasinda
gecen siirelere gore ayrilan u¢ grubun HCO3,
sHCO3 ve HCO3 - sHCO3" diizeyleri arasinda
anlamh fark saptanmadi (p>0,05). iki yon-
tem arasi iliskinin tespiti i¢in yapilan analizler
sonucu elde edilen gruplar arasi korelasyon
katsayilari, dogrusal regresyon denklemi ve
Katsayisi ise Tablo 2’de verilmistir.

iki metodun uyumunu degerlendirmek icin
yaygin olarak Kkullanilan iki Ol¢iim arasindaki
farklarin, bu olcumlerin ortalamasina gore
sacilimini gosteren Bland-Altman Grafikleri
Sekil 1'de (1a, 1b, 1c ve 1d grafikleriyle)
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sirasiyla tiim Ornekler, 0-60 dk, 61-120 dk ve
>120 dK'da sonuglandirilan 6rnekler olarak
gosterilmistir.

25,47 olarak hesaplandi.

Tablo 1. Kan Gazi Cihaz1 ve Otoanalizorle Calisilan Parametrelere Ait Veriler
Table 1. Parameter data by the Blood Gas Device and the autoanalyser

Serum bikarbonat Olgumii igin %bias=8,52
ve total%CV=10,27 olarak bulundu. TAH ise

N pH poO2 pCO2 HCO3 sHCO3" HCO3 -

Ort+=SD Ort+=SD Ort+=SD Ort+=SD Oort+SD sHCO3"

OrtxSD

Tiim Ornekler | 186 | 7,36+0,2 42,6+19,3 | 46,3+69;5 | 23,7+12,9 23,0+£14,0 0,6+74
0-60 dk* 81 7,36x0,2 42,4+19,6 | 456+57,8 | 23,6+12,6 23,5+12,9 0,13+7,6
60-120 dk* 73 7,35%0,2 43,3+20,2 44,0+6,0 23,8+14,0 22,9+16,0 0,92+7,6
120 dk ve 32 7,37+0,1 41,4+16,2 53,4+53,2 24,0+11,2 22,4+12,0 1,654

uzeri*

*Serum bikarbonat diizeyi sonuclari, numune alur ile cihaz sonu¢ verme zamaru arasinda gecen stirelere gore

gruplandwnidnustr.

HCO3: kan gazi bikarbonat diizeyi, sHCO3 :serum bikarbonat diizeyi SD: standart sapma, Ort:ortalama
HCOS3 - sHCO3 : kan gazi ve serum bikarbonat dtizeyleri arasindaki fark

Tablo 2. Bikarbonat Analizinde iki Farkh Olciimiin Korelasyonu ve Regresyon Denklemi

Table 2. Correlation and Regression Equation of Two Different Measurements in Bicarbonate Analysis

Korelasyon Lineer Regresyon Denklemi r?
Katsayisi(r)
Tiim Ornekler 0,852 SHCO3 = 0,924 x HCO3 + 1,113 0,726
0-60 dk* 0,816 SHCO3 = 0,832 x HCO3 + 3,847 0,666
60-120 dk* 0,878 SHCO3 = 1,003 x HCO3 - 0,985 0,771
120 dKk ve iizeri* 0,896 SHCO3 = 0,953 x HCO3 - 0,487 0,803

*Serum bikarbonat diizeyi sonuclart numune alinu ile cihaz sonu¢ verme zaman arasinda dgecen slrelere gore

gruplandwrdnustur.

Ia

Ib

Ic

1d

Sekil 1. Bland-Altman Grafigi
Lower LOA:Kabul edilebilir en diistik deger; Upper LOA:Kabul edilebilir en yliksek deger X Ekseni: iki Slctim
yonteminin ortalamasiny; Y Ekseni: iki 6lctim yonteminin farkuu géstermektedir. 1a:tiim érnekler, 1b:0-60 dk,
1c:61-120 dk, 1d:>120 dk icerisinde sonug verilen érnekler

Ttrk Klinik Biyokimya Derg 2019;17(3)



TARTISMA

Acil servis ya da polikliniklerden gonderilen
numunelerde hastanin asit-baz dengesini
degerlendirmek icin kan gazi cihaziyla tam
kandan ya da otoanalizdrle serumdan bikar-
bonat diizeyi tespit edilmektedir. Kisa sturede
sonu¢ alindiqi icin, 6zellikle acil hastalarda
bikarbonat 6lciimiinde kan gazi 6l¢iim cihaz-
lan tercih edilmektedir. Ancak bu cihazlarda
Kullanilacak numunelerin arterden alinmasi
ve hizlh bir sekilde acil olarak calisiimasi
gerektidinden; her ne kadar laboratuvar reh-
berlerinde yer alsa ve hizmet ici egitimlerde
ozellikle belirtilse de; acil servislerin yogun-
lugu, bu servislerde calisan personel sayisi-
nin yetersizliine bagh olarak optimum
numune transfer Kkosullart rutin kullanimda
her zaman saglanamamaktadir. Bununla
birlikte serum ya da plazma kullanimi gerek-
tiren durumlarda ise yukarida bahsedilen
transfer kosullarina ilaveten pihtilasma ve
santrifij gibi 6n islemlerden dolay1 analiz
sureci uzamakta ve bu da test sonucunu
etkileyebilmektedir. Bu nedenle beklemenin
analiz surecine etkisini goézlemlemek icin
calismamizda kullandigimiz serum bikarbo-
nat duizeyi sonuclarini; numune alimi ile
cihaz sonucu arasinda gecen siireye gore O-
60 dk, 61-120 dk, >120 dk olmak lizere ug
gruba ayirarak inceledik.

Bu calismada serum bikarbonat diizeylerini
es zamanh allman kan gazi bikarbonat
diizeyleri ile Kkarsilastirdiqimizda iki yontem
arasinda anlaml bir iliskinin varligin tespit
ettik. Literaturde yontem Kkarsilastirmalarinda
Korelasyon Katsayisi ve regresyon analizi ile
birlikte Bland-Altman grafigi kullanilmasinin
gerekliligi de vurgulanmaktadir (7). Bu ne-
denle biz de ayni grafigi kullandik. Bland-
Altman grafiginde iki Olglim arasindaki fark-
larin, iki olgimun ortalamasina karsi sacilim
grafigi cizilmekte ve %95 giiven araliinda
olcumler arasindaki farkin ortalama =1,96
SD olarak hesaplanan uyum sinirlar1 (Lower
LOA-Upper LOA) icinde olmasi beklen-
mektedir (8).

Story ve Poustie (9) yogun bakimda yatan
hastalardan aldiklart numuneleri Hitachi 747
otoanalizorii ve Ciba Corning 865 kan gazi
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cihaziyla analiz ederek bikarbonat diizeylerini
karsilastirmiglardir. Bu arastirmacilar iki
yontemin birbirinin yerine Kkullanilabilirliginin
Kabul edilebilmesi i¢in Bland-Altman grafi-
dinde su iki kriterin saglanmasi gerekliligini
one siirmiislerdir: i- Kan gazi ve serum
bikarbonat diizeyi arasindaki farkin ortala-
mast = 1 mmol/L olmal ve ii- en dusik
kabul edilebilir dlcum seviyesi (LLOA) ve en
yuksek kabul edilebilir olgiim seviyesi (ULOA)
arasindaki fark da en fazla 4 mmol/L
olmahdir. Bizim calismamizda kan gazi ve
serum bikarbonat diizeyi arasindaki farklarin
ortalamasi = 1 mmol/L ye yakin bulunma-
sina ragmen, LLOA ve ULOA arasindaki fark
Story ve Poustie (9)'nin belirttigi kriterin
kabul edilebilir sinirlarinin disindaydi. Mohd
Nasir ve ark.(10)'nin ABL800O Flex kan gazi
cihazi ile serum enzimatik bikarbonat
diizeylerini Kkarsilastirdiklar1 calismalarinda
elde ettikleri sonuclar da bizim sonuclarimiza
benzer sekilde Story ve Poustie (9)un
belirledigi birinci kurali saglamis ancak,
LLOA ve ULOA uyum smirlan disinda 4
mmol/L den yuksek bulmuslardir. Bu sonug-
lara gore belirtilen iki yontemin birbirinin
alternatifi olarak kullanilamayacagini belirt-
mislerdir.

Memisogdullar1 ve ark. (11) ise ABL800 Flex
kan gazi cihazi ile Roche Diagnostics Cobas
c501 otoanalizoriinde oOlcgiilen bikarbonat
sonuclarint Karsilastirdiklart  calismalarinda
Mohd Nasir ve ark.'na benzer sonu¢ bulmala-
rna ragmen, elde ettikleri istatistik analizde
Korelasyon Kkatsayisinin oldukca ytliksek
olmasina (r=0.944) ve Bland-Altman grafi-
dinde uyum sinirlarinin disina ¢ikan numune
sayisinin az olmasina dayanarak; kan dazi
cihazindaki bikarbonat sonuclarini enzimatik
olciim metodu ile korele ve kabul edilebilir
olarak yorumlamislardir. Benzer olarak Nar-
gis ve ark(12) da calismalarinda iki yontemin
ortalamalari arasinda anlamh fark tespit
etmemisler ve korelasyon diizeyini yuksek (r
= 0.987; P <0.001) tespit etmislerdir. Bu
sonugclara gore calismanin yapildigi hastane
imkanlarint da g6z 6ntinde bulundurdukla-
rinda serumda Olciilen bikarbonat diizeyinin
kan gazi analizi sonucuna alternatif
olabilecedi yorumunda bulunmuslardir.
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Literatiirde hem kan gazi ve hem de otoa-
nalizor ile Olgiillen bikarbonat disinda analit
sonuclarinin karsilastinldi@i  diger calisma-
larda (13, 14) iki yontemin farkinin kabul
edilebilirlidine karar vermek icin United
States Clinical Laboratory Improvement
Amendment (US CLIA) tarafindan belirlenen
izin verilebilir hata degerleri referans alin-
mustir (15). CLIA tarafindan bikarbonat Olc¢u-
mu i¢in izin verilebilir hata degeri belirtilme-
mesine ragmen Fraser ve ark.(16) tarafindan
yayinlanan birey ici degiskenlik Kkatsayila-
rindan elde edilen maksimum izin verilen
hata 0,46 mmol/L olarak belirtilmistir(5).
Bizim calismamizda 0-60 dk arasinda calis-
llan numunelerin iki yontem arasi farkinin
(HCO3-sHCO3) ortalamasi 0,46 mmol/L den
disukken; tim veriler ve zamana goére
ayrilmis dider gruplarin iki ydontem arasi farki
(HCO3- sHCO3) 0,46 mmol/L den yiliksek
bulundu.

Sonug olarak yontem karsilastiriimasi ile ilgili
yapilan calismalarda kabul edilebilirlik icin
farkli kriterler belirlenmis ve bu Kkriterlere
glre arastirmacilar tarafindan farkli yorumlar
yapimistir (8,13). Bununla birlikte ayni Kkri-
terlere gore dederlendiren calismalarda bile
arastirmacilar sonucu farkli sekilde yorum-
layabilmektedir (9,10). Ancak biz bu calisma-
mizdaki verilerimizi irdeledigimizde; iki yon-
tem sonuclarini Kkarsilastirdiimizda buldu-
dumuz yiiksek korelasyonun bikarbonat
duzeyinin referans aralidinin genislidinden
de kaynaklanabilecegdini (7), bu nedenle de
farkli iki yontemin uyumunun sadece kore-
lasyon Kkatsayisina goére yorumlanmamasi
gerektidini diistinliyoruz. Yine calismamizdan
elde ettigimiz verileri degerlendirirken hem
Story ve Poustie (8) hem de Fraser ve ark.
(16) mnin verilerini dikkate aldiqimizda;
karsilastirma yaptiqimiz iki yontemin (otoa-
nalizor ve kan gazi cihazi sonuglarinin) Story
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ve Poustie (8) tarafindan belirlenen uyum
sinirlarint  tam olarak Kkarsilayamadigini;
Fraser ve ark.(16) tarafindan verilen maksi-
mum izin verilen hata smirina ise sadece O-
60 dk araligindaki siirede calisilan serum
bikarbonat diizeyi sonuglarinin uyulabildigini
saptadik. Bu tespitlerden (bulgulardan) yola
cikarak edger serum bikarbonat diizeyi 0-60
dk arahdinda olgiildiiyse iki yontemin bir-
birinin alternatifi olarak kabul edilebilecegini,
daha uzun siire bekleyen numunelerde ise
birbirinin alternatifi olarak degerlendirilme-
sinin hatalara neden olabilecegini diistintyo-
ruz. Ayrica numune optimum (normal) sart-
larda calisilsa bile ¢ikan serum bikarbonat
sonuclar1 dederlendirilirken laboratuvarlarin
TAH degderinin dikkate alinmasi gerektigini
diisuntiyoruz. Bununla birlikte saglik calisan-
larma bikarbonat analizi yapilacak numu-
nenin (serum Ornedinin) transferi ve bekleme
suresi sirasinda olusabilecek hatalar konu-
sunda egitim verilmesinin gerekli oldugu
kKanisindayiz.

Kisithihiklar

Bu calisma retrospektif olarak yapildidi icin
cesitli kisithiliklar icermektedir. Bunlar arasin-
da numunelerinin uygun sartlarda alimip alin-
madidl, numunelerin interfere edici etkenlere
sahip olup olmadidinin kontrol ve tespit
edilememesi, kan gazi numunelerinin arte-
riyel ya da ven6z kandan alinmis olabile-
cedginden dolayr standardize edilememesi
baslica kisitliliklardir. Ancak, biitiin bu kisith-
liklarin yani arter ya da vendz numune olup
olmamasi, interfere edici 6zelliklerin standar-
dize edilememesi gibi durumlarin, pratikte
de her zaman tam olarak bilenemeyecegdi
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YAZARLARA BILGI

Tirk Klinik Biyokimya Dergisi, Tirk Klinik
Biyokimya Dernegdi'nin siireli yayin organidir ve
yilda u¢ sayr olarak yaymlanir. Dergi, Kklinik
biyokimya alaninda yapilmis arastirma,
derleme yazilar, olgu sunumlar ve editore
mektuplar1 yayinlamay1 amaclar.

Derginin yayin dili Turkge ve ingilizcedir. Turk
Klinik Biyokimya Dergisi International Committee
of Medical Journal Editors tarafindan yayimla-
nan “Biyomedikal Dergilere Gonderilen Makale-
lerde Bulunmasi Gerekli Standartlara” uymak-
tadir (http:/www.icmje.org). Gonderilen maka-
leler belirtilen standartlar karsilamahdir.

Dergide yaymlanmak tizere gdnderilen yazilarin
baska yerde yaymlanmamis ve yaymlanmak
uzere dgonderilmemis olmasi gerekir. Daha
once kongrede teblig edilmis calismalar, bu
durum belirtilmek kosulu ile kabul edilir. Yaymn
icin gonderilmis yazilarii, gecikme veya baska
bir nedenle dergiden cekmek isteyenlerin bir
yazi ile basvurmalar gerekir. Dergiye gonde-
rilen yazilara telif hakki 6denmez ve yazarlar
yazimm tim yayin haklarinin Turk Klinik Biyo-
kimya Dernegi'ne ait oldugunu kabul eder. Turk
Klinik Biyokimya Dergisi makale basvurusu ve
degerlendirilmesi icin yazarlardan herhangi bir
ucret talep etmez.

Yayin Kurulu yayin kosullarina uymayan yazilari
yaymlamamak, diizeltmek tlizere yazarina geri
vermek, bicimce dizenlemek yetkisine sahiptir.
Yayinlanmak {izere gonderilen yazilar en az iki
danisman tarafindan degderlendirildikten sonra
yayinlanmasi uygun goriiltirse dergide basilir.
ETIK

Makale gondermeden oOnce, www.ease.ord.uk/
publications/author-guidelines adresinde farkl
dillerde serbest ulasilabilen EASE kilavuzlan
incelenmelidir. Turk Klinik Biyokimya Dergi-
sinde basilan makaleler etik kurallar cerceve-
sinde hazwlanmaldir. Klinik arastirmalarda
calisma protokolii Helsinki Deklarasyonu
Kuralarima uygun olarak hazirlanmalidir
(http://www.wma.net/en/30publications/10polici
es/b3/). Blittin calismalar icin etik komite onayt
alinmaldur.

Yazim Kurallar

Gonderilen yazilarin isleme Kkonulabilmesi icin
on-line gonderilmesi gerekmektedir. Elektronik
posta ile gonderilen yazilar isleme alinmayacaktir.
On-line makale gonderimi icin www.tkbd.org
adresinden dergi bashgna giris yapilarak
talimatlar izlenmelidir.

A. Arastirma yazilan sira ile su bolimlerden
olusmalidir: Baslik sayfasi, Ozet ve anahtar
kelimeler, metin, tesekkir, kaynaklar, tablolar
(her biri ayn sayfada), sekiller icin aciklamalar.
Her DbOlim yeni bir sayfada baslamali ve
sayfalar, baslik sayfasindan baslayarak ard arda
numaralandirilmahdir.

1. Baslik sayfasi: Yazinin Tiirkce ve ingilizce
bashdi (harfler ve bosluklar dahil 90 karakter-
den fazla olmamak kosulu ile), yazarlarin soyad,
adi ve bagh bulunduklar1 kurum ve boéliim, tiim
yazarlarin ORCID bilgisi (https://orcid.org/
adresinden alinmalidir) yazismalardan sorumlu
yazarin adi, soyadi ve tam iletisim adresi (is
adresi, telefon, GSM ve e-posta adresi) makale-
nin diger sayfalarda da yer alacak olan Kkisa
bashdi (harfler ve bosluklar dahil 40 karakter-
den fazla olmamak kosulu ile) ve eder varsa
arastirmayi destekleyen kurum ya da Kurulusun
ad1 yer almaldir. Yazi, kongrelerde sunulmus
ise bu sayfada belirtilmelidir.

2. Ozet: Ozet, arastrma yazilar icin 250
kelimeyi asmayacak sekilde Tiirkce ve ingilizce
olarak yazilmahdir. Ozet; Amac, Gere¢ ve Yon-
tem, Bulgular ve Sonug seklindeki alt bolimleri
icerecek sekilde diizenlenmelidir. Ozette, calig-
manin amaci, temel gereg¢ ve yontemler (olgu-
larin veya laboratuvar hayvanlarmm secimi,
gozlemsel veya analitik yontemler), ana bulgu-
lar (0zguin veriler ve mumkinse istatistiksel
anlamllik) ve bashca sonuclar belirtilmeli; calis-
manin yenilik ve 6nem tasiyan yonleri vurgu-
lanmahdir. Ozette herhangi bir kisaltma kulla-
nilmamalidir. Anahtar kelimeler en az 2 adet
olacak sekilde, Tiirkce ve Ingilizce yazilmalidir.
Kelimeler birbirlerinden noktali virgul (;) ile
ayrilmahdir. ingilizce anahtar kelimeler "Medical
Subject Headings (MESH)"e uygun olarak veril-
melidir (http://www.nlm.nih.gov/mesh/MBrowser.
html). Turkce anahtar kelimeler Turkiye Bilim
Terimleri (TBT)'ne uygun olarak verilmelidir
(http://www.bilimterimleri.com).

3. Metin: Giris, gerec ve yontem, bulgular ve
tartisma boliimleri ardarda yazilabilir.

Giris; calismanin amaci belirtilmelidir.

Gerec ve Yontemler; gozlemsel veya deneysel
olgularin secim (hastalar veya laboratuvar hay-
vanlar) Kkriterleri aciklanmali, yas, cinsiyet
belirtilmelidir. Yontemler, kullanilan madde ve
cihazlar (parentez icinde uretici adi ve adresi,
sehir ve lilke adi olarak belirtilerek) ve yapilan
islemler didger calismacilarin tekrarlayabilme-



sine olanak sagdlayacak sekilde aciklikla anlatil-
malidir. Kulanilan tiim kimyasallar ve ilaclar,
jenerik isimleri, dozlarn ve verilis yolu dahil,
tanimlanmalidir. Klinik ve deneysel calismalar
icin etik kurul goriisleri de bu bolimde belir-
tilmelidir. istatistiksel yontemler, gerektidinde
orijinal verilere ulasan bir okuyucunun
tekrarlayabilmesini saglayacak sekilde ayrintili
olarak tanimlanmaldir. Bir genel bilgisayar
programi kullanildi ise belirtilmelidir.

Bulgular; metinde, grafiklerde ve tablolarda
mantikl bir sira ile sunulmahdir. Grafiklerde ve
tablolarda yer alan tiim bulgular metinde tek-
rarlanmamali, sadece 6nemli bulgular vurgu-
lanmali ve 6zetlenmelidir.

Tartisma; calismanin yeni ve 6nemli yonleri ve
cikarilan sonuclar vurgulanmalidir.

4. Tesekkiir: Tesekkiir boliimii, metnin sonu-
na eklenmeli ve bir paragrafi gegmemelidir.

5. Kaynaklar: Kaynaklar, metin icinde ilk kez
belirtildikleri yere gore siralanmalidir. Kaynak-
lar, Arap rakamlan (1, 2, 3,..) ile parantez
icinde belirtilmelidir. Dergilerin isimlerinin
kisaltilmasi, Index Medicus'ta belirtildigi sekilde
yapilmahdir. Yurt icinde yaymlanan Tirkce ve
ingilizce dergilerin isimleri eder varsa dergide
belirtildigi sekilde kisaltiimali veya tam olarak
yazilmalidir. Makalede bulunan yazar sayisi 6
veya daha az ise tiim yazarlar belirtilmeli, 7
veya daha fazla ise ilk 6 isim yazilip "et al"
eklenmelidir. Kongre bildirileri, kisisel dene-
yimler, basilmamis yayinlar, tezler ve internet
adresleri kaynak olarak gosterilmemelidir. DOI
tek kabul edilebilir on-line referans olmaldir.

Kaynaklarin yazimi igin Ornekler (Noktalama
isaretlerine dikkat edilmesi 6nemlidir):

Makale icin; Yazar(lar)in soyad(lar)1 ve isim(ler)
inin basharf(ler)i, makale ismi, dergi ismi, yil,
cilt, say1, sayfa no'su belirtilmelidir.

Ornek: Stephane A. Management of Congenital
Cholesteatoma with Otoendoscopic Surgery:
Case Report. Turkiye Klinikleri J Med Sci
2010;30(2):803-7.

Kitap icin; Yazar(lar)in soyad(lar)i ve isim(ler)
inin basharf(ler)i, bolim bashgi, editoriin(lerin)
ismi, Kitap ismi, kaginc baski oldugu, sehir,
yayinevi, y1l ve sayfalar belirtilmelidir.

Ornek: Yabanci dilde yayinlanan kitaplar igin;
Underwood LE, Van Wyk JJ. Normal and
aberrant growth. In: Wilson JD, Foster DW, eds.
Wiliams' Textbook of Endocrinology. 1 st ed.
Philadelphia: WB Saunders; 1992. p.1079-138.

Tiirkge Kitaplar icin; Tur A. Acil Hava Yolu
Kontrolu ve Endotrakeal Entlibasyon.
Sahinoglu AH, editér. Yogun Bakim Sorunlari
ve Tedavileri. 2. Baski. Ankara: Turkiye
Klinikleri;2003. p.9-16.

Yazar ve editoérin aym oldugu Kkitaplar icin;
Yazar(lar)in/editoriin soyad(lar)1 ve isim(ler)inin
basharf(ler)i, boliim bashdi, kitap ismi, kacinci
baski oldugu, sehir, yaymevi, yil ve sayfalar
belirtilmelidir.

Ornek: Yabanca dilde yayinlanan kitaplar igin;
Solcia E, Capella C, Kloppel G. Tumors of the
exocrine pancreas. Tumors of the Pancreas. 2
nd ed. Washington: Armed Forces Institute of
Pathology; 1997. p.145-210.

Turkce Kkitaplar icin; Eken A. Kozmesdtikler:
Kozmetiklerle ilaclar Arasi Uriinler. Eken A,
editor. KozmesoOtik Etken Maddeler. 1. Baski.
Ankara: Turkiye Klinikleri; 2006. p.1-7.

6. Tablolar: Her tablo ayr1 bir sayfaya cift
aralikl olarak yazilmali ve metinde gectigi
siraya gore Romen rakamlan (I, 11, III, 1V,....) ile
isaretlenmeli ve tablo kapsammn Kkisa tanimi
baslik olarak konmalidir. Aciklamalar baslikta
dedil dip notta yer almalidir. Baska kaynaklar-
dan veri alinmis ise izin alinmal, kaynak dip
not olarak belirtilmelidir. Tablo bashd Tirkce
ve Ingilizce olmalidir.

7. Sekil ve resimler: Sekiller ve resimler
konuyla dogdrudan iliskili olmali ve metinde
gectigi siraya gore Arap rakamlar ile numara-
landirilmalidir. Daha 6nceden basilmis materyal
veya olgu olarak alinan Kisileri tanimlayan
sekiller kullanilacaksa izin belgesi eklenmelidir.
Sekil bashid Tiirkge ve ingilizce olmahdir.

B. Derleme: Dogrudan veya davetli yazarlar
tarafindan hazirlanabilir. Toplam sayfa sayisi
15'i asmamalidir. Tiirkce ve Ingilizce baslik,
Tiirkce ve ingilizce 6zet (en fazla 100 kelime)
yanisira  verilerin  saptanmasi, secilmesi,
ayrilmasi ve sentez edilmesi icin Kkullanilan
yontemleri tanimlayan bir boliim yer almalidir.

C. Olgu sunumu: Toplam sayfa sayisi Ugu
gecmemeli, Tiirkce ve Ingilizce baslik, Tiirkce
ve ingilizce 6zet (en fazla 100 kelime) giris,
olgu sunumu, tartisma bolumlerini icermelidir.

D. Editore Mektup: Daha 6nce yayinlanmis
yazilara elestiri ve katki sadglamak amaci ile
yazildigindan, Ozet icermemeli, kaynaklar si-
nirh olmal, kKisa ve 6z olarak bicimlendiril-
melidir.
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Biochemistry and is published three times a year.
The journal welcomes original research articles,
reviews, case reports and letters to the editor
which are written in the field of clinical
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Official languages of the journal are Turkish and
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Manuscripts that are already have been published or
under consideration for publication should not be
submitted. If the works has been presented in
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order to withdraw a submitted manuscript the
authors must apply with a written requisition.
There is no payment for copyright and if the
manuscript is accepted to be published by signing
the Copyright Transfer Agreement authors agree
to transfer all the copyright of the manuscript to
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Journal of Turkish Clinical Biochemistry does not
levy any charge to the authors at any stage of the
publication process.

Manuscripts that are already have been published or
under consideration for publication should not be
submitted. If the works has been presented in
previous congresses it should be mentioned. In
order to withdraw a submitted manuscript the
authors must apply with a written requisition. There
is no payment for copyright and if the manuscript is
accepted to be published by signing the Copyright
Transfer Agreement authors agree to transfer all the
copyright of the manuscript to the Turkish Society of
Clinical Biochemistry. Journal of Turkish Clinical
Biochemistry does not levy any charge to the
authors at any stage of the publication process.

Editorial board may reject or make a change in
style or send the manuscript to be revised.
Submitted manuscripts are sent to at least two
reviewers for evaluation. Depending on reviewers’
comments manuscripts are accepted to be
published.

ETHICS

Before submission, the EASE Guidelines for
Authors and Translators, freely available in many
languages at “www.ease.org.uk/ publications/
author-guidelines” must be followed. Articles
published in the Turkish Journal of Clinical
Biochemistry should be prepared according to
ethical rules. The protocols of clinical studies
must be in accordance with the principles of
“Helsinki Declaration” (http://www.wma.net/en/
30publications/10policies/b3/). For all the studies
ethical committee approval should be taken.

MANUSCRIPT PREPARATION

All manuscripts should be submitted online at
Turkish Society of Clinical Biochemistry web page
(www.tkbd.org ). No other form of submission is
accepted.

A. Research articles: Must include title page,
abstract, key words, main text, acknowledgement,
references, tables and figures. Pages should be
numbered starting with the title page.

1. Title Page: It should include the following
information:

a. full title of submission (both in Turkish and
English), which should include only generic,
not trade, names when describing a test,
assay, etc.;

b. running head of fewer than 65 characters
(including spaces)

c. list of all authors (first name, middle name and
last name, in that order);

d. names of each author’s institution, an indication
of each author’s affiliation and ORCID number of
each author (https://orcid.org/);

e. name, address, telephone and e-mail address
of the corresponding author;

]

keywords (both in Turkish and English);

any previous presentation of the manuscript;

s @

list of abbreviations, in order cited; and

i. Research funding, financial support, or other
disclosure/conflict of interest information

2. Abstract: Structured abstracts both in Turkish
and English should be formatted to include
separate headings of: Aim, Materials and Methods,
Results, and Conclusions. Structured abstracts are
subject to a limit of 250 words. The purpose of
the study, materials and methods (design of the
study, subjects/patients, analytical methods), main
findings (statistical methods, if possible), and
significance of the findings should be given. New
and important observations or aspects of the
study should be emphasized. No abbreviations
should be used in this section.

Minimum 2 maximum 6 keywords should be
provided both in Turkish and English. Keywords
must be separated by a semi colon (;). For English
keywords authors have to use terms from the
Medical Subjects Headings list from Index Medicus
http://www.nlm.nih.gov/mesh/MBrowser.html. For
Turkish keywords, authors have to use terms from
Tiirkiye Bilim Terimleri www.bilimterimleri.com



3. Main text: The body of the paper should
include; Introduction, Materials and Methods,
Results and Discussion.

Introduction; The nature and purpose of the work
must be stated clearly.

Materials and Methods; Clinical (patients/subjects),
technical or experimental (animals etc.) procedures
and sampling should be concisely explained. Age,
gender and inclusion criteria should be included.
For method descriptions full corporate names of
manufacturers of materials should be utilized.

Ethical approval of the study should be mentioned
here. Description of the statistical methods must
enable a knowledgeable reader with access to the
original data to verify the reported results.

Results; Findings should be presented in a certain
flow in the main text, tables and figures. Repeat of
table/figure data should be avoided in the text.

Discussion; New and important observations or
aspects of the study should be emphasized.

4. Acknowledgement: Acknowledgments are
limited to one separate paragraph heading
labeled “Acknowledgments” and should follow the
main text of the manuscript.

5. References: Citations in the text should be
identified by numbers in parenthesis with Arabic
numerals (1,2.3...). The list of the references at
the end of the paper should be given according to
their first appearance in the text, listing all authors
and using journal abbreviations as listed in Index
Medicus. For articles with equal to or more than
seven authors, list the first six authors followed by
"et al." For fewer, list all authors.

Citations of abstract books, personal
communications, unpublished manuscripts in
preparation or under review and web pages
should not appear in the reference list. For
articles from electronic publications DOI number
is accepted.

All the references should be written
according to the below examples:
(Punctuation is important):

Articles from Journals:

Stephane A. Management of Congenital
Cholesteatoma with Otoendoscopic Surgery: Case

Report. Turkiye Klinikleri J Med Sci 2010;
30(2):803-7.
Books:

Underwood LE, Van Wyk JJ. Normal and aberrant
growth. In: Wilson JD, Foster DW, eds. Wiliams'
Textbook of Endocrinology. 1 st ed. Philadelphia:
WB Saunders; 1992. p.1079-138.

Tur A. Acil Hava Yolu Kontrolii ve Endotrakeal
Entiibasyon. Sahinoglu AH, editdér. Yoqun Bakim
Sorunlar1 ve Tedavileri. 2. Baski. Ankara: Tiirkiye
Klinikleri;2003. p.9-16.

Books which the author and editor is the same
person;

Solcia E, Capella C, Kloppel G. Tumors of the
exocrine pancreas. Tumors of the Pancreas. 2 nd
ed. Washington: Armed Forces Institute of
Pathology; 1997. p.145-210.

Eken A. Kozmesotikler: Kozmetiklerle ilaclar Arasi
Uriinler. Eken A, editér. Kozmesotik Etken Maddeler.
1. Baski. Ankara: Tirkiye Klinikleri; 2006. p.1-7.

6. Tables: Tables should be numbered according
to their first appearance in the text with Roman
numerals (I, II, III, 1V,....). Each table should
appear on an individual page. Table headings
should uniquely display the data and not
repetition of information available either in the
text and must be both in Turkish and English.
Place explanatory matters (including permissions
for use of others’ data) in footnotes.

7. Figures and illustrations: They should be
those which display the data and not repetition of
information available either in the text or as a
table. They should be numbered according to
their first appearance in the text with Arabic
numerals. If there is use of previously published
material or cases describing patients, a copy of
signed "Informed consent form" should be
included during the submission. Figure headings
should be both in Turkish and English.

B. Reviews: The journal is open to direct reviews
from authors and 'invited reviews". The total
number should not exceed 15 pages. The title
and abstract (maximum 100 words) should be
both in Turkish and English. Reviews are intended
to provide comprehensive coverage of a topic,
including background clinical or analytical
information, the relevance and importance of the
subject matter, and potential future directions.

C. Case reports: The total number should not
exceed 3pages. The title and abstract (maximum
100 words) should be both in Turkish and English.
They should be structured as introduction,
presentation of the case and discussion.

D. Letter to the Editor: Letters are submitted
directly from authors in response or contribution
to published articles only. It should not include
an abstract. It should be concise and should have
a limited number of references.

8. The declaration of the conflict of interest
should mention at the end of manuscript.
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