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ABSTRACT

Aim: We aimed to reveal the potential roles of periostin, hypoxia-inducible factor-1a (HIF-1a), and
phospholipase A2 (PLA2) in inflammation, hypoxia, and tissue damage in patients with coronavirus
disease 2019 (COVID-19) and to investigate whether they are useful potential markers in the follow-up
and evaluation of disease severity.

Materials and Methods: Serum levels of periostin, HIF-1a, and PLA2 were measured in 32 patients
with COVID-19 on days 1, 3, and 7 of hospitalisation. Additionally, samples from 30 healthy individuals
were analysed for comparison.

Results: When biomarker levels of the patient and control groups were compared, a statistically
significant difference was observed only in periostin levels (p = 0.023). Periostin levels were statistically
significantly higher on days 3 and 7 compared with the first day of hospitalisation in patients with
COVID-19 (p = 0.018 and p = 0.021, respectively).

Yazisma adresi: Yasemin Delen Akcay
Ege Universitesi, Tip Fakiiltesi, Tibbi Biyokimya, izmir, Tiirkiye
e-posta: yasemindakcay@gmail.com

Etik onay: Ege Universitesi, Tip Fakiiltesi, Tibbi Biyokimya, Etik Kurulu 23.09.2021 tarihli ve 21-9.1T/20 sayili
Kurul karari
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Conclusion: Our study showed that periostin protein is an important biomarker in COVID-19. To the
best of our knowledge, our study is one of the first to include the simultaneous analysis of periostin,
HIF-1a, and PLA2 in patients with COVID-19. We believe that our study, which provides comprehensive
data, is important for the evaluation of the course and severity of COVID-19 infection.

Keywords: Coronavirus disease, Periostin, Hypoxia-inducible factor-1 alpha, Phospholipase A2

OZET

Amac: Bu calismada, 2019 Koronaviriis Hastaligi (COVID-19) olan hastalarda periostin, hipoksiyle
indiiklenen faktor-1 alfa (HIF-1a) ve fosfolipaz A2 (PLA2)'nin inflamasyon, hipoksi ve doku hasarindaki
potansiyel rollerini ortaya koymayr ve bu parametrelerin hastallk siddetinin takibi ve
degderlendirilmesinde yararli ve potansiyel belirtecler olup olmadigini arastirmay: amacladik.

Gerec ve Yontem: Otuz iki COVID-19 hastasinda, hastaneye yatisin 1., 3. ve 7. giinlerinde serum
periostin, HIF-1a ve PLA2 duzeyleri Olglildii. Ayrica, karsilastirma amaciyla 30 sagdlikli bireyden alinan
ornekler analiz edildi.

Bulgular: Hasta ve kontrol gruplarinin biyobelirte¢ diizeyleri karsilastirildiginda, yalnizca periostin
duzeylerinde istatistiksel olarak anlamh bir fark goézlendi (p = 0,023). Periostin diizeyleri, COVID-19
hastalarinda ilk hastaneye yatis giniine kiyasla 3. ve 7. giinlerde istatistiksel olarak anlamli derecede
daha ytiksekti (sirasiyla p = 0,018 ve p = 0,021).

Sonuc: Calismamiz, periostin proteininin COVID-19 hastaliginda énemli bir biyobelirte¢ oldugunu
gostermistir. Bildigimiz kadariyla bu calisma, COVID-19 hastalarinda periostin, HIF-1a ve PLA2'nin es
zamanl analizini iceren ilk calismalardan biridir. Kapsamli veriler sunan c¢alismamizin, COVID-19
enfeksiyonunun seyri ve siddetinin dederlendirilmesine katki saglayacadini diisiiniiyoruz.

Anahtar Sozciikler: Koronaviriis hastaligi, Periostin, Hipoksiyle indiiklenen faktor-1 alfa, Fosfolipaz A2

INTRODUCTION inflammatory  processes in COVID-19
patients, it has been suggested that periostin
levels may be associated with disease
severity (4). In respiratory diseases, periostin
stands out as a biomarker that generally
reflects inflammation and tissue remodelling

asy n?ptomatic. infection to severe acute processes (5). Considering that COVID-19
respiratory distress syndrome (ARDS) and may lead to similar inflammatory and fibrotic

multiple organ failure. The immune system, processes in lung tissue, the potential role of

hypoxia ar}d inﬂammatiqn play a role in the periostin in disease severity is worth
pathophysiology of the disease (1). investigating.

Coronavirus disease 2019 (COVID-19) is a
pandemic-causing infection caused by the
SARS-CoV-2 virus. COVID-19 has a broad
clinical spectrum, ranging from

Tissue damage caused by the excessive
inflammatory response that occurs in COVID-
19 is an important determinant of disease
severity and mortality (2). Therefore, better
elucidation of inflammatory processes and

Hypoxia Inducible Factor-1 alpha (HIF-1a) is
an oxygen-sensitive transcription factor that
is induced under hypoxic conditions (6,7).
Angiotensin converting enzyme 2 (ACE2)
) . ) ” . expression, which facilitates the entry of
hypoxia mechamsms 1S . crucial — In - gARS Cov-2 into cells, is reported to be
understanding the pathophysiology of the regulated by HIF-1a. Pulmonary damage and
disease and developing treatment strategies. hypoxia processes associated with COVID-19

Periostin is a matrix glycoprotein released in are associated with overexpression of HIF-1a
response to cellular stress and inflammation (7).

and has been suggested to play an important  phospholipase A2 (PLA2) initiates the
role in inflammatory diseases and fibrotic production of proinflammatory eicosanoids
processes (3). Considering the intensity of by catalysing the release of arachidonic acid

m Tturk Klinik Biyokimya Derg 2025;23(3)



from membrane phospholipids and plays a
role in various inflammatory diseases (8). It
has been reported that PLA2 may affect lung
function indirectly by producing lipid
mediators or directly by changing the lipid

composition of cell membranes or
pulmonary surfactant. Increased PLA2
expression has been  observed in

bronchoalveolar lavage fluid and plasma of
ARDS patients, and it has been suggested
that PLA2 plays a role as a potential
biomarker of ARDS (9). In addition, PLA2
level was found to be significantly higher in
the plasma of COVID-19 patients and
correlated with the severity of the disease
(8,10).

Our study aimed to investigate whether
serum levels of periostin, HIF-1a and PLA2
parameters in COVID-19 patients are useful
and potential markers in the follow-up and
evaluation of the severity of COVID-19
disease.

MATERIALS AND METHODS

Our study was conducted between 20.11.
2021 and 20.09.2022 at the Departments of
Emergency Medicine, Intensive Care Unit and
Medical Biochemistry, Research Laboratory.
Our study was supported by Ege University
Scientific Research Projects Coordinatorship
with the budget transferred to the project
code TGA-2021-23420. Approval for the study
was obtained from Ege University Medical
Research Ethics Committee dated 23.09.2021
and decision number 21-9.1T/20.

Identification of patients to be included
in the study

Thirty-two patients over the age of 18 who
presented to the emergency department and
were hospitalised with a diagnosis of COVID-
19 and who approved the Informed Consent
Form were included in the study. Patients
who refused treatment, had additional foci of
infection, malignancy and acquired or
congenital immunodeficiency were excluded.
Thirty healthy volunteers were compatible
with the average age of the patient group,

Turk Klinik Biyokimya Derg 2025; 23(3)
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and who approved the Informed Consent
Form were included in the control group.

Collection of Samples

Blood samples of patients diagnosed with
COVID-19 and hospitalised were taken by the
emergency department and hospitalisation
unit nurses on the first day of diagnosis and
on the 3rd and 7th days of follow-up and
transferred to the Department of Medical
Biochemistry. In total, blood samples were
taken from 32 patients on the first day of
diagnosis, 17 patients on the 3rd day of
hospitalisation and 9 patients on the 7th day
of hospitalisation. Blood samples were
centrifuged at 4000 rpm and +4°C and
serum samples were stored at -80°C until
analysis. The same procedures were
performed for healthy control samples.

Biochemical Analysis

Periostin, HIF-1a and PLA2 biomarker levels
in serum samples were  analysed
spectrophotometrically by sandwich enzyme-
linked immunosorbent assay (ELISA) method
using FineTest brand ELISA Kit (catalogue
numbers: EH0255, EHO0551, EH3302; Fine
Biological Technology Co. Ltd, Wuhan,
Hubei, China).

The percentage coefficients of variation
(%CV) for the intra-assay variability of the
periostin ELISA kit were 4.93, 5.22, and 4.89
for low, medium, and high concentrations,
respectively. The inter-assay %CV values
were 4.82, 4.68, and 5.12, respectively. For
the HIF-1a ELISA Kit, the intra-assay %CV
values were 5.91, 5.26, and 4.68, while the
inter-assay %CV values were 5.22, 5.36, and
483 for low, medium, and high
concentrations, respectively. For the PLA2
ELISA Kit, the intra-assay %CV values were
4.68, 5.22, and 5.36, and the inter-assay
%CV values were 4.83, 5.02, and 5.08 for
low, medium, and high concentrations,
respectively.

In addition, White Blood Cell (WBC), C-
Reactive Protein (CRP), D-Dimer, ferritin and
procalcitonin values, which are routinely
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checked in COVID-19 patients, were
obtained from the Ilaboratory information
management system. In our laboratory, the
WBC test is performed on Sysmex XN3100
(Sysmex Corporation, Kobe, Japan), D-Dimer
and fibrinogen on Sysmex CN6000 (Sysmex
Corporation, Kobe, Japan), CRP on Roche

cobas 702 (Roche Diagnostics GmbH,
Mannheim, Germany), ferritin and
procalcitonin tests on Roche cobas e801
(Roche Diagnostics GmbH, Mannheim,
Germany).

Statistical Analysis

Statistical Package of Social Science (SPSS)
Version 20.0 (SPSS, Inc., Chicago, IL, USA)
was used to analyse the data. The conformity
of the data to the normal distribution was
analysed by the Shapiro-Wilk test. Data were
expressed as mean * standard deviation or
median (25th-75th percentile). Mann-Whitney
U test and Independent samples T test were
used to compare the biomarkers of the
control-patient group and discharged-died
patients. The Friedman test was used to
compare biomarkers on the day of diagnosis,
days 3 and 7. Paired samples T test and
Wilcoxon signed-rank test were used for
pairwise comparisons. The relationship
between disease severity and biomarkers
was analysed by the Spearman correlation
test. Statistical significance level was
accepted as p<0.05.

RESULTS

The mean age of the patients was 70 = 15
(min 36-max 102) years. Among the 32
COVID-19 patients, 19 were male and 13
were female. During the follow-up, 16
patients were discharged, while 16 patients
died. The patient group had WBC levels of
10.51 + 6.28 x103/uL, CRP levels of 139 +
110 mg/L, D-Dimer 4360 =*= 7129 ug/L,
ferritin 878 * 1312 ng/mL, fibrinogen 472 *
157 mg/dL, and procalcitonin levels of 3.05
+ 6.64 ng/mL. When the biomarker levels of

the patient and control groups were
compared, a statistically significant
difference was observed only in periostin
levels (p=0.023) (Table 1).

Periostin levels were statistically significantly
higher on days 3 and 7 compared to the first
hospitalisation day of COVID-19 patients
(p=0.018, p=0.021, respectively). Although
mean HIF-1la and PLA2 levels tended to
increase on day 7 compared to day 1, these
changes were not statistically significant, and
no significant differences were observed
between patients and controls for either
parameter (Table 2).

With increasing inflammation, a twofold
increase in mean periostin levels was
observed on day 3 and an approximately
fourfold increase on day 7 compared with the
first day of hospitalisation. A slight increase
in HIF-1a was noted on day 3 compared with
day 1 (p = 0.044), and on day 7, a twofold
and 1.5-fold increase in HIF-1a and PLA2
levels, respectively, was observed compared
with day 1. However, no consistent
statistically significant differences were found
among the follow-up days (Figure 1).

No statistically significant correlation was
found between periostin, HIF-1a and PLA2
biomarkers and the number of
hospitalisations, mechanical ventilation and
intensive care unit days. There was a weak
correlation between the number of days of
mechanical ventilation and WBC and ferritin
levels (r=0.357, p=0.045; r=0.417,
p=0.034, respectively) and a moderate
correlation between procalcitonin (r=0.562,
p=0.008). A weak correlation was observed
between the number of intensive care unit
days and procalcitonin levels (r=0.456,
p=0.038) (Table 3).

When biomarker levels were compared
according to prognosis, a statistically
significant difference was observed only in
ferritin levels between the died and
discharged patients (p=0.037) (Table 4).

Tturk Klinik Biyokimya Derg 2025;23(3)
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Table 1. Comparison of periostin, HIF-1a and PLA2 biomarkers between groups
Tablo 1. Gruplar arasi periostin, HIF-1a ve PLA2 biyobelirteclerinin karsilastiriimasi

Parameter Control group Patient group p value
N= 30 N= 32

Periostin (pg/mL) 12.01 (8.18-15.65) 8.95 (1.28-13.20) 0.023°

HIF-1a (pg/mL) 1.15 = 0.77 1.31 = 0.76 0.408°

PLA2 (pg/mL) 11.90 *+ 9.33 16.81 + 17.76 0.183

2: Mann Whitney U test, ®: Independent samples T test

Table 2. Changes in periostin, HIF-1a and PLA2 biomarkers over time in patient group
Tablo 2. Hasta grubunda periostin, HIF-1a ve PLA2 biyobelirteclerinin zaman icindeki degisimi

Patient group
Parameter First day 3rd day 7th day Friedman First- First- 3rd-7th
N= 32 N= 17 N=9 test 3rd day 7th day day

pvalue pvalue pvalue p value
Periostin (pg/mL) 10.46 = 12.12 2359 = 2255 15.74 (12.19-57.51) 0.032 0.018* 0.021® 0.110°
HIF-1a (pg/mL) 1.31 = 0.76 1.29 (1.04-2.68) 1.42 (1.02-4.08) 0.459 0.044> 0.515° 0.108°
PLA2 (pg/mL) 16.81 = 17.76  3.96 (1.42-21.41) 24.93 * 36.56 0.169 0.831° 0.3922 0.139°

a; Paired samples T test, ®: Wilcoxon signed ranks test

Table 3. Relationship between biomarkers and number of hospitalisations, mechanical ventilation and intensive
care days in patient group

Tablo 3. Hasta grubunda biyobelirtecler ile hastaneye yatis sayisi, mekanik ventilasyon ve yogun bakim giinti sayisi
arasindaki iliski

Parameter Number of Number of mechanical Number of intensive
hospitalisation days ventilation days care days
r p r p r p
Periostin (First day) -0.177 0.333 -0.283 0.117 -0.333 0.062
HIF-1a (First day) 0.063 0.733 -0.062 0.735 0.064 0.728
PLA2 (First day) -0.295 0.101 -0.244 0.178 -0.264 0.144
Periostin (3rd day) -0.262 0.311 0.005 0.984 0.130 0.619
HIF-1«a (3rd day) -0.424 0.090 0.063 0.809 -0.006 0.981
PLA2 (3rd day) -0.203 0.434 0.143 0.584 0.043 0.870
Periostin (7th day) -0.450 0.224 -0.252 0.512 -0.267 0.488
HIF-1a (7th day) -0.467 0.205 -0.383 0.309 -0.333 0.381
PLA2 (7th day) -0.433 0.244 0.157 0.687 -0.217 0.576
WBC (First day) 0.041 0.822 0.357% 0.045 0.231 0.204
CRP (First day) 0.155 0.396 0.322 0.072 0.090 0.625
D-Dimer (First day) 0.052 0.780 0.157 0.399 0.085 0.650
Ferritin (First day) 0.000 1.000 0.417%* 0.034 0.355 0.075
Fibrinogen (First day) 0.358 0.073 0.065 0.753 0.207 0.309
Procalcitonin (First day) 0.097 0.675 0.562%* 0.008 0.456%* 0.038

Turk Klinik Biyokimya Derg 2025; 23(3) m
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Table 4. Comparison of biomarker levels according to prognosis
Tablo 4. Prognoza gore biyobelirteg diizeylerinin karsilastiriimast

Parameter Discharged patients Died patients p value
N= 16 N= 16
Periostin (First day) 13.54 + 15.28 7.38 = 7.08 0.1542
HIF-1«a (First day) 1.40 = 1.02 1.21 + 0.37 0.476°
PLA2 (First day) 22.36 * 23.03 11.25 + 7.44 0.083°
Periostin (3rd day) 22.70 + 28.32 24.21 = 19.18 0.8972
HIF-1«a (3rd day) 1.21 (0.92-1.32) 1.76 (1.05-3.54) 0.329°
PLA2 (3rd day) 1.76 (1.44-6.64) 5.48 (1.40-27.44) 0.525%
Periostin (7th day) 18.71 (14.73-75.43) 14.93 (8.06-78.54) 0.462°
HIF-1a (7th day) 1.48 (1.25-5.35) 1.17 (0.73-5.22) 0.327°
PLA2 (7th day) 23.99 + 35.74 25.68 + 41.39 0.950°
WBC (First day) 8.36 + 4.37 12.66 + 7.25 0.051°
CRP (First day) 121.59 + 122.97 156.40 + 96.13 0.380°
D-Dimer (First day) 2757 + 2891 6069 + 9689 0.221°
Ferritin (First day) 317 = 254 1289 + 1613 0.037*
Fibrinogen (First day) 492 + 163 458 * 157 0.591?2
Procalcitonin (First day) 0.19 = 0.10 4.48 = 7.81 0.061?

2: Independent samples T test, ®: Mann Whitney U test
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Figure 1. Comparison of periostin, HIF-1a and PLA2 levels
Sekil 1. Periostin, HIF-1a ve PLA2 diizeylerinin karsilastiriimasi

DISCUSSION

In our study, periostin, HIF-1la and PLA2
serum levels were evaluated in COVID-19
patients, and a significant difference was
observed only in periostin levels between the
patient and control groups, and a significant
increase was found on days 3 and 7
compared to the first hospitalisation day. A
slight increase in HIF-1a was noted on day 3
compared to day 1, and on day 7, a 2- and
1.5-fold increase in HIF-la and PLA2
parameters, respectively, was observed

compared to day 1. However, no consistent
statistically significant difference was found
between follow-up days.

Periostin is a protein that plays a role in
inflammation, fibrosis and tissue repair. It is
a part of the extracellular matrix and is
reported to be observed at high levels in
tissues undergoing fibrotic changes (3). In
our study, a statistically significant increase
in periostin levels of COVID-19 patients was
observed 2-fold on day 3 and approximately
4-fold on day 7 compared to the first

Tturk Klinik Biyokimya Derg 2025;23(3)



hospitalisation day. The increase in periostin
levels in COVID-19 patients supports the role
of this parameter in the inflammation
process. Cabalak et al. reported that
periostin levels were significantly higher in
both mild/moderate and severe COVID-19
patients compared to the control group and
could be used as a biomarker (4). In the
study by Ali et al investigating the
relationship between disease severity and
periostin levels in COVID patients, it was
found that high serum periostin levels were
associated with disease severity and post-
COVID lung complications (11). In the study
by Tuna et al., periostin levels were found to
be significantly higher in COVID-19 patients
compared to the control group, and it was
suggested that elevated periostin levels
observed in the early period may be useful in
predicting the development of macrophage
activation syndrome (12). In addition to
COVID-19, periostin has been shown to play
important roles in various non-neoplastic
diseases. Yang et al. reviewed the multiple
roles of periostin in conditions such as brain
injury, allergic diseases, dental diseases,
cardiovascular diseases, lung diseases, liver
diseases, chronic Kidney diseases,
inflammatory bowel disease, and
osteoarthrosis (13). These findings suggest
that periostin levels may be influenced by
comorbidities, and therefore, caution should
be exercised when interpreting its potential
role as a biomarker in COVID-19 patients.

It has been reported that HIF-1la and
transcriptionally regqulated genes are
expressed in the lung cells of COVID-19
patients and may be an important marker of
COVID-19-related hypoxia and lung injury
(7). In COVID-19 with hypoxia and HIF-1
activity, it has been suggested that
suppression of HIF-1 transcription or
inhibition of its activity may be effective in
reducing inflammation caused by viral
infection (6). In a study conducted by Deveci
et al., serum HIF-1a levels were found to be
higher in the COVID-19 patient group
compared to the healthy control group, and
levels on the day of hospitalization were

Turk Klinik Biyokimya Derg 2025; 23(3)
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COVID-19'da Periostin, HIF-1a ve PLA2

higher than those after hospitalization. It has
been suggested that low HIF-1la levels in
COVID-19 patients, especially in the first
week of illness, may contribute to increased
clinical severity (14). HIF-1a upregulation
observed in a study investigating HIF-1a
expression in COVID patients suggests that
HIF-1a can be used as a target in molecular
therapy as a potential marker for COVID-19
severity (7).

In the study by Kuypers et al., it was
suggested that PLA2 level was associated
with COVID-19 severity in children and
played a role in disease pathogenesis. It has
been reported that PLA2 may be a useful
biomarker to classify risk and guide patient
management in children with acute COVID-
19 (15). In the study by Snider et al., it was
reported that PLA2 levels were significantly
higher in the plasma of COVID-19 patients
and correlated with the severity of the
disease (10). In Urazov et al.'s study, PLA2
levels increased statistically significantly in
patients who died and were transferred to
the intensive care unit (as the severity of
COVID-19 infection increased), and it was
suggested that PLA2 could be considered as
an early marker of worsening of COVID-19
infection (9). The results from these studies
support the possible benefit of PLA2
inhibitors in the treatment of COVID-19.

An important negative finding of our study is
that no statistically significant differences
were observed in HIF-la and PLA2 levels,
either between COVID-19 patients and
healthy controls or across the follow-up days.
Although a trend toward increased values
was noted on day 7, these changes did not
reach statistical significance. Reporting such
negative results is scientifically valuable, as it
indicates that, within the limitations of our
cohort, HIF-1a and PLA2 may not serve as
reliable biomarkers for monitoring disease
severity.

In addition, we observed a moderate
correlation between procalcitonin levels and
the number of mechanical ventilation days.
This finding suggests that elevated
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procalcitonin may reflect the severity of
systemic inflammation and the presence of
bacterial co-infections, which  could
contribute to prolonged respiratory support
needs in COVID-19 patients. Previous studies
have similarly reported that higher
procalcitonin levels are associated with
worse outcomes. For example, Lippi and
Plebani showed that elevated procalcitonin is
linked to increased risk of severe disease in
COVID-19 patients (16). Hu et al.
demonstrated that procalcitonin was an
independent predictor of disease severity
and prognosis of COVID-19 (17). Likewise,
elevated procalcitonin levels have been
reported to be associated with higher
mortality in hospitalized COVID-19 patients
(18). Our results are consistent with these
findings and highlight the potential of
procalcitonin as a prognostic biomarker, not
only for identifying severe disease but also
for predicting the duration of mechanical
ventilation in critically ill patients.

To our knowledge, our study is one of the
first to include the simultaneous analysis of
periostin, HIF-1a, and PLA2 in COVID-19
patients, providing preliminary data on their
potential roles. We think that our study,
which provides comprehensive data by
measuring these parameters together in
COVID-19 patients, is important in terms of
public health and public interest in the
follow-up and evaluation of the severity of
COVID-19 infection.

Limitations of our study include the relatively
small number of patients and the further
reduction in sample size at day 3 and day 7
follow-up due to discharge or death. This
significantly reduces the statistical power of
the analysis and may have caused the
observed differences in HIF-1la and PLA2
levels to be statistically insignificant.
Furthermore, the short follow-up period
limits the generalizability of our findings.
Therefore, our results should be interpreted

with caution and validated in larger,
prospective studies with longer follow-up
periods. Another limitation is that routine
laboratory tests, including WBC, CRP, D-
dimer, fibrinogen, ferritin, and procalcitonin,
were systematically requested from all
patients only on admission (the first day).
Because these tests were performed
selectively on days 3 and 7, depending on
the patient's clinical condition and treatment
needs, statistical comparisons could not be
made due to missing data. Another limitation
of our study is the relatively high mean age
of the patient population (70 = 15 years).
Therefore, the generalizability of our findings
to younger COVID-19 patients is limited, and
further studies involving broader age groups
are warranted.

In  conclusion, periostin levels were
significantly increased in COVID-19 patients,
suggesting that periostin may play a role in
the inflammatory response associated with
the disease. No significant changes were
observed in HIF-1a and PLA2 levels, which
may be related to the limited sample size
and clinical heterogeneity of the study

population. These findings provide
preliminary insight into the potential
involvement of periostin in COVID-19
pathophysiology.
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ABSTRACT

Aim: This study aimed to evaluate the distribution and trends of ethanol analysis results according to
age, gender, and ethanol concentration levels over a four-year period.

Materials and Methods: In this retrospective study, a total of 11,684 ethanol analysis results
performed between January 1, 2021, and December 31, 2024, at our hospital laboratory were extracted
from the laboratory information system. Ethanol test results were categorized by age groups (<19
years, 20-34 years, 35-50 years, and >50 years), gender, and ethanol concentration levels (<10 mg/dL,
10-50 mg/dL, and >50 mg/dL). Ethanol levels =10 mg/dL were considered positive.

Results: Ethanol positivity was detected in 1,355 of 10,868 male cases (12.5%) and 94 of 816 female
cases (11.5%). The highest number of tests and the highest positivity rate (13.7%) were observed in the
20-34 age group, which accounted for 56.3% of all positive cases. Of the 1,449 ethanol-positive cases
identified over the four-year period, 93.5% were male and 6.5% were female. The number of cases with
ethanol concentrations <10 mg/dL, 10-50 mg/dL, and >50 mg/dL were 10,235 (87.6%), 365 (3.1%),
and 1,084 (9.3%), respectively.

Conclusion: Ethanol positivity was most frequently observed among young adults aged 20-34 years.
Over the four-year period, the <19, 35-50, and >50 age groups demonstrated a consistent decline in
ethanol positivity rates.
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Evaluation of Ethanol Analysis Results
Etanol Analiz Sonuclarimin Degerlendirilmesi

OZET

Amac: Bu calismada, dort yil boyunca analiz edilen etanol sonuglarinin yas, cinsiyet ve etanol
konsantrasyon diizeylerine gore dagihmlarini ve pozitiflik egilimlerini degerlendirmeyi amacladik.

Gerec ve Yontem: Bu retrospektif calismada, 1 Ocak 2021 ile 31 Aralik 2024 tarihleri arasinda
hastanemiz laboratuvarinda gerceklestirilen toplam 11.684 etanol analiz sonucu laboratuvar bilgi
sisteminden elde edildi. Etanol sonuclar yas gruplarina (<19 yil, 20-34 yil, 35-50 yil ve >50 yil),
cinsiyete ve etanol konsantrasyon diizeylerine (<10 mg/dL, 10-50 mg/dL ve >50 mg/dL) gore
kategorize edildi. > 10 mg/dL etanol diizeyleri pozitif olarak kabul edildi.

Bulgular: 10.868 erkek vakanin 1.355'inde (%12,5) ve 816 kadin vakanin 94'linde (%11,5) etanol
pozitifligi saptandi. En fazla test sayisi ve en yiuksek pozitiflik orant (%13,7) tim pozitif vakalarin
%56,3'unili olusturan 20-34 yas grubunda goriildii. DOrt yillik sirecte saptanan 1.449 etanol pozitif
vakanin %93,5'i erkek, %6,5'i kadindi. Etanol konsantrasyonu <10 mg/dL olan vakalarin sayisi 10.235
(%87,6), 10-50 mg/dL arasinda olan vakalarin sayisi 365 (%3,1) ve >50 mg/dL olan vakalarin sayisi ise
1.084 (%9,3) olarak bulundu.

Sonuc: Etanol pozitifligi en sik 20-34 yas araligindaki geng yetiskinlerde gozlendi. Dort yillik siire

boyunca, <19, 35-50 ve >50 yas gruplarinda etanol pozitifligi oranlarinda istikrarl bir disuis gortildii.

Anahtar Kelimeler: Etanol, Alkol taramasi, Laboratuvar analizi

INTRODUCTION

Alcohol poses significant public health risks
due to its psychoactive properties, toxicity,
and potential for addiction. According to the
World Health Organization (WHO), alcohol
consumption accounted for 4.7% of all global
deaths in 2019, corresponding to
approximately 2.6 million fatalities (1). Alcohol
use is a risk factor for the development of
cardiovascular diseases, diabetes, liver
disorders, and cancers (2). Beyond its
detrimental effects on the individual, alcohol
consumption also contributes to a range of
physical, psychological, and social harms,
including violence, traffic accidents, family
breakdown, reduced economic and emotional
well-being of families, increased crime rates,
and both direct and indirect economic
burdens on societies (3).

Despite ongoing public health efforts, the
health and social burden related to alcohol
consumption remains unacceptably high
worldwide (1). To develop effective
preventive and protective strategies that
reduce alcohol-related harm, reliable and
objective data are essential (4). In this study,
we aimed to retrospectively evaluate changes
in laboratory ethanol test results over a four-
year period according to age, gender, and
different ethanol levels.
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MATERIAL AND METHODS
Data Collection and Evaluation

In this retrospective study, all ethanol test
results performed in the emergency
laboratory of Mehmet Akif inan Training and
Research Hospital between January 2021
and December 2024 were retrieved from the
hospital information system. No exclusion
criteria were applied, and all available results
were included in the analysis. The data were
categorized by age group [children and
adolescents (<19 years), young adults (20-
34 years), middle-aged adults (35-50 years),
and older adults (>50 years)], gender, and
ethanol concentration ranges (<10 mg/dL,
10-50 mg/dL, and >50 mg/dL). Ethanol
levels =10 mg/dL were considered positive.

In Tirkiye, the Road Traffic Act sets the
maximum allowable blood alcohol
concentration for private vehicle drivers at 50
mg/dL.  (5). Therefore, ethanol-positive
samples were evaluated separately as 10-50
mg/dL and >50 mg/dL.

Ethanol levels were determined using an
enzymatic method. From January 2021 to
December 2021, analyses were performed
using the Indiko Plus analyzer (Thermo
Fisher Scientific, Vantaa, Finland), and from
January 2022 to December 2024 using the
Cobas ¢501 analyzer (Roche Diagnostics,
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Mannheim, Germany), all operated with the
respective reagent Kits. According to the
manufacturers’ datasheets, the analytical
measurement ranges were 10-600 mg/dL for
the Indiko Plus analyzer and 10.1-498 mg/dL
for the Cobas c501 analyzer.

In our laboratory, internal quality control was
performed daily, and external quality
assessment was conducted monthly through
the Bio-Rad External Quality Assurance
Services program.

Statistical Analysis

All analyses were performed using IBM SPSS
Statistic software. Continuous variables were
expressed as median [interquartile range],
and categorical variables as number
(percentage). Comparisons between
categorical variables (ethanol positivity by
gender) were performed using chi-square
test. All statistical tests were two-tailed, with
a significance level set at p<0.05.

Ethical Considerations

This study was approved by the Clinical
Research Ethics Committee of Harran
University (Decision Number: HRU/24.21.08,
Date: 30.12.2024).

RESULTS

A total of 11,684 ethanol test results were
included in the study, comprising 10,868
results from 10,295 male individuals and
816 results from 799 female individuals. The
<19 years, 20-34 years, 35-50 years, and
>50 years age groups accounted for 1,998,
5,947, 2,593, and 1,146 results, respectively.
The median (IQR) ages for these groups were
18 (16-19), 26 (22-30), 41 (37-45), and 58
(54-64) years, respectively. The distribution
of results by year was as follows: 2,007 in
2021; 2,116 in 2022; 3,897 in 2023; and
3,664 in 2024.

Table 1 and Figures 1 and 2 summarize the
ethanol analysis results by year across
different age and gender groups. Among the
male cases, 1,355 (12.5%) tested positive for
ethanol, whereas 94 (11.5%) of the female
cases showed ethanol positivity. The highest

number of ethanol tests was performed in
the 20-34 age group, which also had the
highest positivity rate at 13.7%.
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Figure 1. Change in Alcohol Positivity Rates by
Gender Over The Years
Sekil 1. Cinsiyete Gore Alkol Pozitiflik
Oranlarindaki Degisim
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Figure 2. Change in Alcohol Positivity Rates by
Age Groups Over The Years
Sekil 2. Yas Gruplarina Gore Alkol Pozitiflik
Oranlarindaki Degisim

Table 2 presents the distribution of ethanol
levels across different concentration ranges
by year. The number of cases with ethanol
levels below 10 mg/dL, between 10 and 50
mg/dL, and above 50 mg/dL were 10,235
(87.6%), 365 (3.1%), and 1,084 (9.3%),
respectively.

Table 3 shows ethanol positivity rates by
gender across different age groups. In the
35-50 age group, ethanol positivity was
significantly higher among males compared
to females (p<0.05). In the other age groups
(=19, 20-34, and >50 years), no statistically
significant gender differences were observed
in ethanol positivity rates (p>0.05).

Tturk Klinik Biyokimya Derg 2025;23(3)



Evaluation of Ethanol Analysis Results

Etanol Analiz Sonuclarimin Degerlendirilmesi

(%€'6) #80'1

(%1°¢) S9¢

(%9°28) S€T'01

(%/u) 1ejoL

(2D evkl  (9'28)SCT0l
(S'T1) ¥6 (g'88) zTL
(g'T1) gs¢t (g'28) €156
(#'01) 61T  (9'68) 2201
(g'er) #7e  (2'98) 6%2C
(2'¢1) s18  (£'98) TEIS
(9'8) TZ1  (#'16) L2781
JANISO4 aA1peBay

1ejoL

(%2°2) 28T

(%2 62

(%1°06) 0SS

(%/u) %ZT0T

(6'6) 19¢  (1'06) €OCE
(8) ST (I6) €57
(6'6) 9¢¢  (1'06) 0S0E
(gQ) L1 (L'#6) #0€
(T'TT) 98 (6°88) 069
(2'11T) 02T  (£°88) 9991
(9°¢) 8¢ (#'%6) €79
JANISO4 QA1peBay

»T0T

(%8°2) €0¢ (%T'€T) 08T (%6°0T) 61T p/Bw g <
(%S°1) 09 (%7 8% (%6'8) 821 Tp/Sw 0S-0T
(%2°06) #€S'S (%S'#8) 88L'T (%T'08) O19'T 1p/Bw o1 >
(%/u) €T0T (%/u) TTOT (%/u) TTOT [2A97] [ouey)q

e uruLie[dnuog zijeuy [oueyd 210D B[IA A Lepijely uoAseijuesuoy] *g ojqel
1ea4 pue saBuey uonenuaduo) Aq s)nsay sisAjeuy joueyyd Jo uonnquysiq *z dqelL

(¢'6) g9  (2'06) ¥ese  (g's1)8T¢ (S'%8)88L1  (8'61)26¢ (T'08) OI9I 1e10L
(6'8) 2T (T'16) STT (#'er) ¢C (9'98) 6%1 (z'02) %¢ (8'62) S6 dlewd]
(¢6) 1¥e  (2'06) 60SS  (L'ST) S0E  (€'#8) 6€9T  (8'61) €2  (T'08) SIST dlel
(%) u “12puan
(29 ot (¢'¥6) Tee (8'21) 0¢ (T'28) 02 (8'12) T8 (z'8L) 981 sIeak 0g<
(#'11) coT  (9'88) S6L (6'%1) 89 (1°¢8) 68¢ (61) 88 (18) sL¢ siexh 0g-c¢
(zo1) 2oz  (8'68) 98L1 (81) 961 (z8) 168 (02) 261 (08) 682 s1exf $¢-0T
(6'9) 6S (T'%6) 129 (T°01) %€ (6'68) cOC (8'8T1) 09 (z'18) 09T s1exf 61>
(%) u ‘sdnoup aby

AINISO4 QA1peBay JAISO4 QA1peBay JANISO4 QA1peBay

€T0T 70T 1T0T

Le[dnuog zijeuy joueyg 219D ele[[iz utunieidnin j241sur) 24 Sey 1ppied ‘T ojqelL
129X Aq sdnoin 1apuaDn pue 3By Juaiay1q JO SINSY SisAjeuy joueyld T qel

Turk Klinik Biyokimya Derg 2025; 23(3)



Bozday Akif M. & Cakuwca G.

Table 3. Ethanol Positivity by Gender Across Different Age Groups
Tablo 3. Farkli Yas Gruplarinda Cinsiyete Gore Etanol Pozitifligi

Age Group (years) Ethanol Level

<19 years Negative
Positive
20-34 years Negative
Positive
35-50 years Negative
Positive
>50years Negative
Positive

Female, n (%) Male, n (%) p-value
80 (88.9%) 1,747 (91.6%)
0.376
10 (11.1%) 161 (8.4%)
402 (86.1%) 4,730 (86.3%)
0.888
65 (13.9%) 750 (13.7%)
194 (92.4%) 2,055 (86.2%)
0.012%*
16 (7.6%) 328 (13.8%)
46 (93.9%) 981 (89.4%)
0.318
3 (6.1%) 116 (10.6%)

Chi-square test was used, *indicates statistically significant difference.

DISCUSSION

In 2019, the WHO European Region had the
highest per capita alcohol consumption
worldwide. However, recent reports have
indicated a decline in per capita alcohol
intake among adults in the European Region
(1). A study evaluating alcohol consumption
trends in Germany between 1995 and 2018
demonstrated a gradual decrease in
prevalence among both males and females
(6). Similarly, a study assessing alcohol
consumption patterns in Spain from 1990 to
2019 reported reductions during specific
periods (7).

According to data from the Turkish Statistical
Institute, the past-year alcohol use
prevalence among individuals aged 15 years
and older in Turkiye was 12.1% in 2022
(18.4% in males and 5.9% in females),
compared with 14.9% in 2019 (23.3% in
males and 6.6% in females), indicating a
decline in alcohol consumption over this
period (8). In a survey conducted by ilhan et
al. in the province of Sanliurfa, the lifetime
prevalence of alcohol use among the local
population was 3.5%, while the past-year
alcohol use prevalence was 1.9% (9).

Our study, based on the analysis of
laboratory data, revealed that between 2021
and 2024, ethanol positivity rates ranged
from 8.9% to 20.2% in females and from
9.3% to 19.8% in males, with overall
positivity rates ranging from 9.3% to 19.8%.
Over the four-year period, the overall ethanol

positivity rate was 11.5% in females, 12.5%
in males, and 12.4% in total. Notably, during
the final two years of the study period,
ethanol positivity rates declined to their
lowest levels in both sexes and overall. In
addition, 93.5% of all positive results were
observed in male individuals, whereas only
6.5% occurred in females.

A similar study conducted by GOk et al.,
based on laboratory ethanol data from 2021
and 2022, reported positivity rates (=10
mg/dL) of 15.0% in females, 18.82% in
males, and 18.26% overall. In that study,
71.4% of the analyzed samples were
obtained from males and 28.6% from
females (10). Many countries implement
public health policies aimed at minimizing
alcohol-related harms, and strong alcohol
control policies represent the first line of
defense against such harms (1). The
decrease in ethanol positivity observed in
recent years in our study may therefore be
associated with the implementation of these
alcohol control policies.

Alcohol consumption is highly prevalent
among adolescents, with rates varying
considerably across countries. Using data
from the Global School-based Student Health
Survey (2003-2018), one study reported a
prevalence of alcohol consumption of 25.2%
among adolescents aged 11-16 years (11).
In Thailand, 31.01% of adolescents aged 10—
14 years were reported to have experienced
alcohol use (12). Similarly, a study from
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Ethiopia found that 29% of adolescents aged
13-19 years had consumed alcohol at least
once (13).

In Tirkiye, a 2012 survey conducted by
Evren et al. reported that 34.2% of 10th-
grade students had consumed alcohol at
least once in their lifetime (females: 33.8%,
males: 35.6%) (14). Likewise, a survey by
Unlii et al. conducted in 2010 found the
lifetime prevalence of alcohol use among
high school students to be 34.8% in males
and 30.6% in females (15).

According to our study results, 8.6% of
ethanol analyses in the <19 age group were
positive, accounting for 11.8% of all ethanol-
positive results. No statistically significant
difference in ethanol positivity was observed
between males and females in this age
group (p > 0.05). Consistent with our
findings, a study by GOk et al. based on
laboratory data reported alcohol positivity
rates of 6.12% in the 1-10 age group
(females: 0%, males: 10%) and 17.12% in
the 11-20 age group (females: 16.86%,
males: 17.23%), with no significant gender
differences observed in these age categories
(10).

Among young adults, a study conducted in
Tirkiye between 2019 and 2020 among
university students aged 18-35 years found
that 34.7% reported never having consumed
alcohol, while the lifetime prevalence of
alcohol use was 65.3% (16). Similarly, a
2020 survey by Bahar et al. reported that
17.6% of university students were active
alcohol users, whereas 69.1% reported never
having consumed alcohol (17).

In line with these findings, our data showed
that the highest number of ethanol analyses
was performed in individuals aged 20-34
years, followed by those aged 35-50 years.
These age groups also exhibited the highest
ethanol positivity rates (13.7% and 13.3%,
respectively). Specifically, 56.3% of all
ethanol-positive cases occurred in
individuals aged 20-34 years, while 23.7%
were observed in the 35-50 age group,
indicating that approximately 80% of all
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positive cases were among individuals aged
20-50 years.

When trends in ethanol positivity over the
four-year study period were evaluated, the
lowest rates were observed during the final
two years, particularly among individuals
aged 35-50 years, in whom a consistent
annual decline was noted. No statistically
significant gender difference was observed in
ethanol positivity rates within the 20-34 age
group (p > 0.05). However, in the 35-50 age
group, ethanol positivity rates were
significantly higher in males than in females
(p < 0.05).

Similarly, in the study by GOk et al., the
majority of ethanol tests were conducted in
the 21-30 and 31-40 age groups, which also
exhibited the highest positivity rates. The
overall positivity rates in these groups were
19.33% (females: 20.66%, males: 18.79%)
and 20.77% (females: 15.6%, males:
22.89%), respectively. While no statistically
significant gender difference was reported in
the 21-30 age group, males demonstrated
significantly higher ethanol positivity rates
than females in the 31-40 age group (10).

In our study, the overall ethanol positivity
rate among older adults (>50 years) was
10.4% (females: 6.1%, males: 10.6%), and
this age group accounted for 8.2% of all
ethanol-positive cases. No statistically
significant difference in ethanol positivity was
observed between males and females in this
age group (p > 0.05). The lowest positivity
rate in this group was recorded in the final
year of the study period, with a consistent
annual decline observed.

According to the findings of GOk et al.,
ethanol positivity rates were 16.06% among
individuals aged 51-60 years (females:
6.81%, males: 19.52%) and 12.06% among
those aged over 60 years (females: 4.1%,
males: 15.1%). In both older age groups,
ethanol positivity rates were significantly
higher in males compared to females (10).

One of the main limitations of our study is its
single-center design, which restricts the
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generalizability of the findings. Another
limitation is that the dataset is result-based
rather than person-based, which may
partially introduce bias. An additional
methodological limitation is the use of two
different analyzers during the study period
without evaluating potential differences in
their analytical performance. Previous studies
on measurement uncertainty (MU) in ethanol
testing indicate that MU can vary between
different analyzer brands due to factors such
as calibrator uncertainty, reagent stability,
and analytical repeatability (18-20). We did
not assess the potential impact of MU on
results near the defined threshold values.
Ethanol levels =10 mg/dL were considered
positive, and positive samples were
evaluated separately as 10-50 mg/dL and
>50 mg/dL. Accounting for MU, particularly
for results close to 10 mg/dL and 50 mg/dL,
would have provided a more robust
assessment.

Nevertheless, the strengths of our study
include its large sample size and the analysis
of a continuous four-year dataset, which
enabled the evaluation of temporal trends.

CONCLUSIONS

In Turkiye, many studies on alcohol use
prevalence are based on self-reported survey
data, which have inherent limitations in
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ABSTRACT

Aim: This study aims to evaluate repeated tests and unnecessary repeated laboratory tests based on
minimum retest intervals.

Materials and Methods: Data regarding thyroid-stimulating hormone (TSH), ferritin, C-reactive
protein (CRP), and erythrocyte sedimentation rate (ESR) tests analysed in the izmir Kemalpasa State
Hospital laboratory during 2023 were retrospectively obtained from the laboratory information system.
Minimum retest intervals for these tests were determined according to the National Minimum Re-testing
Intervals in Pathology guidelines developed by The Royal College of Pathologists, The Association for
Clinical Biochemistry and Laboratory Medicine, and The Institute of Biomedical Science. Accordingly,
the minimum retest intervals were defined as 28 days for TSH, 30 days for ferritin, 24 hours for CRP,
and 7 days for ESR. Tests performed more than once per patient during the study period were
categorized as repeated tests, whereas tests repeated within a period shorter than the minimum retest
interval were classified as unnecessary repeated tests.

Results: The total numbers of TSH, ferritin, CRP, and ESR tests performed in the laboratory were
27,516, 19,836, 32,100, and 7,200, respectively. The number (percentage) of repeated tests was 1,402
(5.10%) for TSH, 1,726 (8.70%) for ferritin, 1,827 (5.69%) for CRP, and 1,020 (14.2%) for ESR. Among
these repeated tests, the numbers (percentages) classified as unnecessary repeated tests were 148
(10.6%), 134 (7.76%), 118 (6.46%), and 107 (10.49%), respectively.

Conclusion: Unnecessary repeated laboratory tests contribute significantly to increased healthcare
costs and workload inefficiencies. Increasing awareness among healthcare administrators and clinicians
regarding the prevalence of unnecessary testing is critical for improving resource utilization and
reducing avoidable expenditures.
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Unnecessary Repeated Tests
Gereksiz Tekrarlanan Testler

OZET

Amac: Bu calismanin amaci, minimum yeniden test araliklarina dayanarak “tekrarlanan testler” ve
“gereksiz tekrarlanan laboratuvar testleri'ni dederlendirmektir.

Gerec ve Yontem: 2023 yili boyunca izmir Kemalpasa Devlet Hastanesi laboratuvarinda calisilan tiroid
uyarict hormon (TSH), ferritin, C-reaktif protein (CRP) ve eritrosit sedimantasyon hizi (ESH) testlerine ait
veriler laboratuvar bilgi yonetim sisteminden retrospektif olarak elde edildi. Bu testler icin minimum
yeniden test araliklari; The Royal College of Pathologists, The Association for Clinical Biochemistry and
Laboratory Medicine ve The Institute of Biomedical Science tarafindan gelistirilen Ulusal Patolojide
Minimum Yeniden Test Araliklari kilavuzuna gore belirlendi. Buna gére minimum yeniden test araliklari;
TSH igin 28 giin, ferritin icin 30 giin, CRP icin 24 saat ve ESH icin 7 gun olarak kabul edildi. Calisma
suresi boyunca bir hastada birden fazla kez yapilan testler “tekrarlanan testler” olarak, minimum
yeniden test araliindan daha kisa siirede tekrar edilen testler ise “gereksiz tekrarlanan testler” olarak
siniflandirildi.

Bulgular: Laboratuvarda yapilan toplam TSH, ferritin, CRP ve ESH test sayilari sirasiyla 27.516, 19.836,
32.100 ve 7.200 olarak belirlendi. Tekrarlanan testlerin sayisi (ytizdesi) TSH icin 1.402 (%5,10), ferritin
icin 1.726 (%8,70), CRP icin 1.827 (%5,69) ve ESH icin 1.020 (%14,2) idi. Bu tekrarlanan testler
icerisinde gereksiz tekrarlanan test olarak siniflandirilanlarin sayisi (yuzdesi) sirasiyla 148 (%10,6), 134
(%7,76), 118 (%6,46) ve 107 (%10,49) olarak hesaplandi.

Sonuc: Gereksiz tekrarlanan laboratuvar testleri, saglik hizmetlerinde maliyet artisina ve is yulki
verimsizlidine 6nemli Olclide katkida bulunmaktadir. Gereksiz testlerin yayginli@i konusunda saghk
yoneticileri ve klinisyenlerin farkindalidinin artirilmasi, kaynak kullaniminin iyilestirilmesi ve dnlenebilir
harcamalarin azaltilmasi agisindan kritik Sneme sahiptir.

Anahtar kelimeler: Gereksiz tekrarlanan testler, Tekrar test aralidi, Laboratuvar maliyetleri

INTRODUCTION healthcare.  Physicians recognize the
importance of addressing this issue but note
that time constraints in daily practice prevent
them from exercising sufficient care when

ordering tests (5, 6).

Unnecessary repeat laboratory testing is a
significant concern in modern healthcare, as
it can lead to patient discomfort, increased
healthcare costs, and potential diagnostic
inaccuracies. Over-testing often results from
a lack of adherence to established gquidelines

The "National Minimum Re-testing Intervals
in Pathology" report, collaboratively produced

for re-testing intervals, leading to redundant
data that may complicate clinical decision-
making. Implementing standardized re-
testing intervals, based on evidence-based
duidelines, is crucial to reducing these
redundant tests. This approach not only
conserves resources but also enhances the
accuracy of patient diagnoses and the overall
quality of care. By minimizing unnecessary
tests, the efficiency of healthcare systems
can be increased, patient burden reduced,
and a higher standard of clinical practice
achieved (1-4).

Despite the widespread occurrence of
laboratory test overuse, healthcare providers
often remain ambivalent about its
significance. While the overutilization of
these tests is acknowledged as a serious
concern in terms of patient safety and
financial burden, it is frequently regarded as
less critical compared to other areas of
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by The Royal College of Pathologists, The
Association for Clinical Biochemistry and
Laboratory Medicine, and The Institute of
Biomedical Science, serves as a
comprehensive guideline for clinicians and
laboratory  professionals. It provides
evidence-based recommendations on the
minimum intervals required to avoid
unnecessary repeat testing. This helps to
optimize patient care by reducing the risk of
over-testing, minimizing patient discomfort,
and improving the efficiency of laboratory
services. The report emphasizes the
importance of adhering to these intervals to
ensure accurate and clinically relevant
results, ultimately contributing to more
effective healthcare management (7).

One of the critical strategies to reduce
excessive and unnecessary laboratory test
utilization is for healthcare institutions to
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identify and address unnecessary test
requests. In this context, our study aims to
evaluate '"repeat testing' and "unnecessary
repeat laboratory tests" in biochemistry
laboratories based on the recommendations
outlined in the "National Minimum Re-testing
Intervals in Pathology" report.

MATERIALS AND METHODS

Data regarding thyroid stimulating hormone
(TSH), ferritin, human C-reactive protein
(CRP), and sedimentation tests analyzed in
the Izmir Kemalpasa State Hospital
laboratory during 2023 were retrospectively
obtained from the Ilaboratory information
system. Minimum retest intervals for these
tests were determined according to the
National Minimum Re-testing Intervals in
Pathology gquidelines, developed by The
Royal College of Pathologists, The
Association for Clinical Biochemistry and
Laboratory Medicine, and The Institute of
Biomedical Science. Accordingly, the
minimum retest intervals were established as
28 days for TSH, 30 days for ferritin, 24
hours for CRP, and 7 days for sedimentation.

The selection of these four tests was based
on their clearly defined minimum re-testing
intervals and the low incidence of clinical
scenarios that would justify earlier repeat
testing. In addition, these tests represent
distinct laboratory categories—hormonal
(TSH), iron metabolism (ferritin),
inflammatory (CRP), and general screening
(erythrocyte sedimentation rate)—and are
frequently used in routine clinical practice.
This approach allowed a broader assessment

of unnecessary repeat testing across
different types of laboratory investigations.

Tests performed more than once per patient
during the study period were categorized as
“repeated tests,” while tests repeated within
a period shorter than the minimum retest
interval were classified as “unnecessary
repeated tests.” This classification was based
on clear, evidence-supported criteria rather
than subjective clinical interpretation.

Descriptive statistics were used for data
analysis, and no comparative statistical tests
were performed, as the primary aim of the
study was to determine the prevalence of
repeated and unnecessary  repeated
laboratory tests rather than to compare test
groups statistically.

Ethical approval for the study was obtained
from the Harran University Faculty of
Medicine Ethics Committee (HRU/24.17.07).

RESULTS

Total numbers of TSH, ferritin, CRP, and
sedimentation tests performed in the
laboratory were 27516, 19836, 32100, and
7200, respectively. The number (percentage)
of repeated tests were 1402 (5.10%), 1726
(8.70%), 1827 (5.69%), and 1020 (14.2%) for
TSH, ferritin, CRP, and sedimentation,
respectively. From these repeated tests, the
percentages classified as unnecessary
repeated tests were calculated as 148
(10.6%), 134 (7.76%), 118 (6.46%), and 107
(10.49%), respectively (Table 1). The
numbers and percentages of total, repeated,
and unnecessary tests for TSH, ferritin, CRP,
and sedimentation according to services
were presented in Tables 2 - 5.

Table 1. The Numbers and Percentages of Total, Repeated, and Unnecessary Tests for TSH, Ferritin, CRP, and

Sedimentation

Tablo 1. TSH, Ferritin, CRP ve Sedimentasyon icin Toplam, Tekrarlanan ve Gereksiz Testlerin Sayilar1 ve Yuizdeleri

Tests Number of Tests Number of Repeated Tests (%) Number of Unnecessary Tests (%)
TSH 27516 1402 (5.10) 148 (10.6)
Ferritin 19836 1726 (8.70) 134 (7.76)
CRP 32100 1827 (5.69) 118 (6.46)
Sedimentation 7200 1020 (14.2) 107 (10.49)
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Table 2. The Numbers and Percentages of Total, Repeated, and Unnecessary Tests for TSH According to Services
Tablo 2. Servislere Gére TSH icin Toplam, Tekrarlanan ve Gereksiz Testlerin Sayilari ve Yiizdeleri

Number of Repeated Tests Number of Unnecessary

Services Total TSH Tests (%) Tests (%)
Neurology 1100 78 (7.09) 13 (16.67)
Family Medicine 1650 135 (8.18) 15 (11.11)
Internal Medicine 17610 602 (3.42) 65 (10.80)
Obstetrics & Gynecology 3301 315 (9.54) 31 (9.84)
Cardiology 1128 81 (7.18) 8 (9.88)
General Surgery 1155 90 (7.79) 5 (5.56)
Other Clinics 1572 101 (6.42) 11 (10.89)

Table 3. The Numbers and Percentages of Total, Repeated, and Unnecessary Tests for Ferritin According to Services
Tablo 3. Servislere Gore Ferritin icin Toplam, Tekrarlanan ve Gereksiz Testlerin Sayilari ve Yiizdeleri

Number of Repeated

Services Total Ferritin Tests Tests (%) Numbe}‘r:sftgl:%cessary
Internal Medicine 12201 924 (7.57) 87 (9.42)
General Surgery 508 65 (12.8) 4 (6.15)
Obstetrics & Gynecology 4506 396 (8.79) 24 (6.06)
Cardiology 102 14 (13.73) 1(7.14)
Family Medicine 1387 213 (15.36) 12 (5.63)
Neurology 901 95 (10.54) 5 (5.26)
Other Clinics 231 19 (8.23) 1(5.26)

Table 4. The Numbers and Percentages of Total, Repeated, and Unnecessary Tests for CRP According to Services
Tablo 4. Servislere Gére CRP icin Toplam, Tekrarlanan ve Gereksiz Testlerin Sayilari ve Yiizdeleri

Services Total CRP Tests Numb:; s(;i l((;geated l\[umbe; :sft(;r:z:)cessary
Emergency 11306 46 (0.41) 6 (13.04)
Neurology 1001 115 (11.49) 9 (7.83)

Obstetrics & Gynecology 1031 157 (15.23) 11 (7.01)

Internal Medicine 14201 824 (5.80) 65 (7.89)
Urology 992 104 (10.48) 6,0 (5.77)
Family Medicine 1465 110 (7.51) 4 (3.64)

Chest Diseases 1723 412 (23.91) 10,0 (2.43)

Other Clinics 381 59 (15.49) 7 (11.86)

Table 5. The Numbers and Percentages of Total, Repeated, and Unnecessary Tests for Sedimentation According to
Services

Tablo 5. Servislere Gére Sedimentasyon icin Toplam, Tekrarlanan ve Gereksiz Testlerin Sayilari ve Yiizdeleri

Services Number of Number of Number of Unnecessary

Sedimentation Tests Repeated Tests (%) Tests (%)
General Surgery 203 42 (20.69) 5(11.9)

Internal Medicine 4391 725 (16.51) 80 (11.03)
Orthopedics and Traumatology 601 91 (15.14) 9 (9.89)
Physical Therapy and Rehabilitation 1566 82 (5.24) 8 (9.76)
Infectious Diseases 58 21 (36.21) 1 (4.76)
Other Clinics 381 59 (15.49) 4 (6.78)
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DISCUSSION

The findings of this study highlight the
significant prevalence of both repeated and
unnecessary laboratory testing, particularly
in the context of TSH, ferritin, CRP, and
sedimentation tests. In line with previous
studies, the results indicate that a substantial
proportion of repeated tests were
unnecessary, thus underscoring the need for
stricter adherence to established guidelines
for re-testing intervals (8). The unnecessary
repeat test rates of 10.6% for TSH, 7.76% for
ferritin, 6.46 % for CRP, and 10.49 % for
sedimentation demonstrate the potential for
improvement in laboratory test utilization.

This study contributes to the current
literature by presenting quantitative data on
the prevalence of repeated and unnecessary
repeat testing for frequently ordered
biochemical parameters in a secondary
hospital in Turkey. To our knowledge, there
are few national data addressing this issue in
accordance with international re-testing
interval guidelines.

The analysis of repeated and unnecessary
tests across clinical departments highlights
significant inefficiencies in test utilization.
High repetition rates, such as for ferritin in
family medicine service (15.36%) and CRP in
chest diseases service (23.91%), suggest
potential overuse. Similarly, neurology
service exhibited the highest unnecessary
TSH test rate (16.67%), while emergency
service had the highest unnecessary CRP rate
(13.04%).

One of the contributors to this issue is the
failure to follow the minimum re-testing
intervals recommendations, which are
designed to prevent overuse of tests. This
not only leads to resource wastage but also
increases the likelihood of patient discomfort
and confusion due to excessive or irrelevant
test results. Previous studies have shown that
unnecessary repeat testing can increase the
complexity of clinical decision-making and
may even result in inappropriate treatment
or delays in care (2-4). Our findings align
with those of Kwok and Jones (2005) and Bai
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et al. (2020), who similarly reported high
rates of redundant sedimentation tests and
thyroid function testing in routine clinical
settings.

The variation in unnecessary repeat test rates
across different tests suggests that some
laboratory parameters are more prone to
overuse than others (8). The relatively high
percentage of unnecessary sedimentation
tests (10.49%) could be attributed to
clinicians' reliance on this test as a routine
inflammatory marker, despite the availability
of more specific tests such as CRP. Similarly,
the elevated rate of unnecessary TSH tests
(10.6%) may be related to the chronic
management of thyroid disorders, where
frequent monitoring is often performed
without consideration of recommended
intervals. The persistence of high rates of
repeat sedimentation tests and TSH testing
despite guideline recommendations may also
reflect systemic, institutional, and cognitive
factors. In many healthcare settings, outdated
laboratory protocols continue to permit early
reordering of common tests, even when
newer guidelines advise against it. In addition,
limited feedback mechanisms mean that
clinicians are often unaware of redundant
orders. Diagnostic uncertainty and a desire for
confirmatory evidence — a form of ‘defensive
medicine’ — also contribute to repeated
testing. Previous research has highlighted that
such behavioral and organizational drivers
play a central role in laboratory test overuse
(2,3, 5).

To address these issues, it is essential that
healthcare providers are made more aware
of re-testing interval gquidelines and are
encouraged to incorporate them into their
daily practice. Educational interventions
targeting both clinicians and laboratory
personnel could be beneficial in reducing
unnecessary testing. In this context, the
implementation of automated systems—
which integrate minimum retesting intervals
into the laboratory information system to flag
premature requests while ultimately preserving
clinician discretion, as recommended by
authorities such as the Canadian Agency for
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Drugs and Technologies in Health (CADTH)—
emerges as a balanced and effective solution
to reduce redundant testing. Studies have
shown that such system-based interventions
can significantly reduce the frequency of
unnecessary testing and improve the overall
efficiency of healthcare services. However,
the success of these interventions often
depends on clinician engagement and
system usability; poorly designed alerts may
lead to alert fatigue, limiting their
effectiveness (8-14).

The results of this study also point to the
potential for significant cost savings and
better resource allocation in healthcare.
Reducing unnecessary laboratory tests can
lower overall healthcare costs, conserve
laboratory resources, and reduce the burden
on both patients and healthcare providers. In
a time when healthcare systems worldwide
are striving for efficiency and cost-
effectiveness, optimizing laboratory test
utilization by adhering to evidence-based
duidelines can make a meaningful impact
(15). Beyond economic implications,
minimizing redundant testing can reduce
patient anxiety, unnecessary follow-up
investigations, and iatrogenic harm from
misinterpreted results. Systematic reviews
have shown that diagnostic test overuse is
common and may expose patients to
unnecessary harm, including anxiety,
unnecessary follow-up procedures, and
potential iatrogenic effects (16).

While this study provides important insights
into the prevalence of repeated and
unnecessary testing, it has limitations that
should be considered. The analysis was
confined to a single hospital and focused on
a limited set of tests. Further research,
including multi-center studies with a broader
range of tests, would provide a more
comprehensive understanding of the scope
of unnecessary testing across different
settings. Additionally, future studies could
explore the underlying reasons for repeated
testing, such as clinician decision-making
processes, patient expectations, or
institutional policies, to develop targeted
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interventions for reducing overuse.
Displaying information such as the test half-
lives or the recommended minimum retest
intervals on patient result forms may help
increase clinician awareness and reduce
unnecessary repeat testing. Such strategies
could serve as simple yet effective
educational tools to promote adherence to
evidence-based re-testing intervals.

Our study did not implement an intervention
regarding retesting. The results of our study
can form the basis for planned institutional
measures to prevent inappropriate retesting,
including LIS-based alerts and clinician
education programs to increase awareness
of retest intervals.

In conclusion, the unnecessary repetition of
laboratory tests is a persistent issue that not
only affects healthcare efficiency but also
patient care. By adhering to established
dguidelines for minimum re-testing intervals
and implementing system-based
interventions, healthcare providers can
substantially reduce the rates of redundant
testing. Displaying information such as the
test half-lives or the recommended minimum
retest intervals on patient result forms may
help increase clinician awareness and reduce
unnecessary repeat testing. Such strategies
could serve as simple yet effective
educational tools to promote adherence to
evidence-based re-testing intervals. Future
efforts should focus on integrating laboratory
stewardship principles into medical
education and hospital policy, ensuring
sustainable adherence to evidence-based
retesting intervals.
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ABSTRACT

Aim: This study aimed to evaluate the performance characteristics of preliminary coagulation tests on
the Sysmex CS-5100 coagulation autoanalyzer and compare it with the ACL Top 700 autoanalyzer. Both
analyzers were assessed for their ability to measure prothrombin time (PT), activated partial
thromboplastin time (aPTT), fibrinogen, and D-dimer levels, using optical clot detection and
immunological techniques.

Materials and Methods: Blood samples were analyzed on both platforms, and key performance
metrics such as within-day and between-day imprecision, bias, and total error were evaluated following
CLSI guidelines. Method comparison was conducted using Bland-Altman plots, Passing-Bablok
regression, and correlation analyses.

Results: Our results demonstrated that both analyzers provided precise and reliable results for most
parameters. However, significant differences were observed in D-dimer measurements, where the
Sysmex CS-5100 consistently reported lower values compared to the ACL Top 700, particularly at higher
concentrations. Despite these differences, no diagnostic discrepancies were found among patient
samples, and strong correlations were observed for all other parameters.

Conclusion: The findings suggest that the Sysmex CS-5100 is a reliable alternative to the ACL Top
700, although further standardization, particularly for D-dimer measurements, may be needed to
ensure consistency across platforms.

Keywords: Blood Coagulation tests, Precision, Method comparison.
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OZET

Amac: Bu calismanin amaci, Sysmex CS-5100 koagiilasyon otoanalizoriinde yapilan temel koagtilasyon
testlerinin performans Ozelliklerini degerlendirmek ve bu cihazi ACL Top 700 otoanalizérii ile
karsilastirmaktir. Her iki analizor, protrombin zamani (PT), aktive parsiyel tromboplastin zamani (aPTT),
fibringjen ve D-dimer diizeylerini 6lgme performanslari acisindan, optik pihti tespiti ve immiinolojik
teknikler kullanilarak degerlendirilmistir.

Gerec¢ ve Yontem: Kan Ornekleri her iki cihazda analiz edilmistir ve giin ici ile giinler aras! imprecison,
bias ve toplam hata gibi temel performans Olgitleri CLSI kilavuzlari dogrultusunda degderlendirilmistir.
Yontem karsilastirmasi Bland-Altman grafikleri, Passing-Bablok regresyonu ve Kkorelasyon analizleri
kullanilarak gerceklestirilmistir.

Bulgular: Sonuglarimiz, her iki analizériin de cogu parametre icin kesin ve giivenilir sonuglar verdigini
gostermistir. Ancak, D-dimer oOl¢iimlerinde anlamh farklihklar gézlenmis, Sysmex CS-5100 o6zellikle
yliksek konsantrasyonlarda ACL Top 700’e Kiyasla sistematik olarak daha diisiik degerler bildirmistir. Bu
farklara ragmen, hasta Orneklerinde herhangi bir tanisal uyumsuzluk saptanmamis ve diger tiim
parametreler icin giiclii korelasyonlar gdzlenmistir.

Sonuc: Bulgular, Sysmex CS-5100'tiin ACL Top 700’e guvenilir bir alternatif oldugunu gostermektedir.

Ancak, Ozellikle D-dimer olciimleri icin cihazlar arasi tutarhiliqin sagdlanabilmesi adina ilave
standardizasyon gerekebilir.
Anahtar Kelimeler: Kan koagtilasyon testleri, Presizyon, Metod karsilastirma
INTRODUCTION studies using the Sysmex CS-5100
Tod limi lati test coagulation autoanalyzer (Siemens Healthcare
oday,  pre 1mm?ry coaguiation es.s are Diagnostics, Erlangen, Germany) have
among the basic tests conducted in the . . .
. . . reported solid analytical performance in
biochemistry laboratories of large-scale . . s

routine settings (e.g., Six-Sigma and

hospitals (1). In Turkey, the number of
prothrombin time tests performed in the
biochemistry laboratories of these hospitals
can approach up to 1000 test/day.
Coagulation autoanalyzers play a crucial role
in diagnosing and managing bleeding and
clotting disorders, delivering precise and
reliable results quickly and efficiently.

analytical-phase evaluations) and explored
preanalytical effects such as hemolysis on
common coagdulation tests measured on the
Sysmex CS-5100. These reports collectively
reinforce that platform-specific detection
principles, reagent formulations, and
calibration strategies can yield systematic
differences that matter in practice—especially

There are numerous coagulation
autoanalyzers and coagulation test Kits
marketed by various manufacturers. These
kits can exhibit differences that may be
reflected in test results, primarily due to the
components they contain—particularly
thromboplastin—being sourced from
different origins (2). However, coagulation
test results must be comparable and
standardized for patient safety and medical
advancement. For these reasons, it is
necessary to evaluate the performance of
coagulation test methods and conduct
comparison studies.

Recent work has continued to evaluate high-
throughput hemostasis systems and to
characterize inter-assay variability that directly
affects clinical interpretation. Since 2022,
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for D-dimer, where assay heterogeneity is
well-documented and continues to influence
diagnostic pathways and imaging yields (3-5).

Against this backdrop, our study compares
two high-capacity analyzers [Sysmex CS-
5100 as a candidate measurement
procedure (MP) and ACL Top 700
(Instrumentation Laboratory, Milan, Italy) as
a comparative MP] that are widely used in
tertiary-care laboratories. By quantifying
precision, bias, and agreement across PT,
INR, aPTT, fibrinogen, and D-dimer—and by
interpreting differences considering current
evidence on inter-assay variability—we aim
to provide actionable guidance for result
interpretation, analyzer harmonization, and
reflex testing policies in busy core labs.
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MATERIALS and METHODS
2.1. Analyzers and choice of reagents

This study was conducted to evaluate the

analytical performance of two fully
automated coagulation analyzers: the
Sysmex CS-5100 (Siemens Healthcare

Diagnostics, Germany) and the ACL Top 700
(Instrumentation Laboratory, Werfen Group,
Germany). Both systems can perform routine
coagulation tests including PT, aPTT,
fibrinogen, and D-dimer, utilizing optical clot
detection methods.

The Sysmex CS-5100 is equipped with multi-
wavelength optical detection technology
(340, 405, 575, 660, and 800 nm) and
provides additional capabilities such as pre-
analytical sample integrity checks, including
automatic detection of hemolysis, icterus,
and lipemia (HIL indices). The analyzer also
verifies sample volume and performs
automatic cuvette loading and reagent
monitoring, enhancing its suitability for high-
throughput laboratories.

The ACL Top 700 analyzer also utilizes
optical clot detection but lacks integrated
pre-analytical HIL checks. Both analyzers use
different reagents for the same test
parameters, which is an important source of
variability in result comparison. The reagents
and reference intervals are summarized in
Table 1. All reagents were used according to

the  manufacturers’ instructions, and
calibration and quality control procedures
were performed using manufacturer-

recommended calibrators and controls.
2.2. Collection of blood samples

Sterile vacutainer tubes (Vacusera, Disera,
izmir, Tirkiye) containing 3,2% sodium
citrate as an anticoagulant were used to draw
venous blood samples from patients. The
blood was «collected by a trained
phlebotomist following aseptic techniques.
After  collection, the samples were
centrifuged at 1500 g for 15 minutes at 20°C
to obtain platelet-poor plasma, which was
then analyzed within 4 hours. The samples

Turk Klinik Biyokimya Derg 2025; 23(3)
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were directly tested on both the ACL Top 700
and Sysmex CS-5100 instruments.

Only excess material from patient samples,
previously collected during standard clinical
care, was used in the study. Additionally, all
samples used in the study were anonymized
to protect patient privacy. Our study was
approved by the Ethics Committee of Health
Science University Antalya Research and
Training Hospital (2024-329) and conducted
in accordance with the ethical principles of
the Declaration of Helsinki (1964).

2.3. Performance Characteristics

Within-day and between-day imprecision,
bias, and total error were assessed following
the CLSI EP15-A3 guideline (6). This study
was conducted at three levels using
lyophilized control materials (Siemens
Healthcare Diagnostics). In addition to
normal and pathological levels, a third level
was created by mixing these two controls in
equal proportions. Each control material was
tested five times a day for five consecutive
days. On each testing day, a new control
material from the same Ilot was
reconstituted. Desirable imprecision (CVA),
bias and total allowable error (TAE) goals
was determined according to the following
formulae (7):

CV,<0.5CV,

Bias <0.25 v/ CV2+ CV G2

TAE < 1.65CV,+Bias

(CV,: within-subject biological variation, CVg:
between-subject biological variation).

Updated CVI and CVG values of PT, INR,
aPTT, fibrinogen and D-dimer were obtained
from European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM)
Biological Variation Database (8).
Additionally, between-day imprecision values
were compared with the manufacturer's
stated imprecision values. The precision
design and targets are summarized in Table
2.
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2.4. Method comparison

The method comparison study was carried
out in accordance with the CLSI EP09-A3
guideline (9). We identified Sysmex CS-5100
as the candidate measurement procedure
and ACL Top 700 as the comparative
measurement procedure. Table Il presents
data on the number of samples used and the
range of values compared for each test. The
Comparison results between the two
analyzers were visualized and assessed by
Bland-Altman difference plots, Passing-
Bablok regression analysis, and a
Spearman’s Rank correlation coefficient.
Acceptable method comparison performance
criteria were as follows: The 95% confidence
interval of the intercept and slope included
point zero and point one respectively in
Passing -Bablok regression analysis, the
magnitude of the percentual difference
between the two analytical methods was
below the desirable criteria for total error of
Ricos, and the Spearman’s Rank correlation
coefficient was greater than 0.95.

2.5. Statistical Analysis

All statistical analysis were performed using
Analyse-it (Analyse-it Software Ltd, Leeds,
UK).

RESULTS
3.1. Performance Characteristics

Precision, bias, and total error were assessed
using lyophilized control materials across
three concentration levels—normal (Control
N), pathological (Control P), and an
intermediate level created by mixing equal
parts of both controls. Measurements followed
CLSI EP15-A3 guidelines, and analytical
performance was evaluated using biological
variation-based targets (Ricos et al.), including
both minimum and desirable criteria.

As shown in Table 2, within-day and
between-day imprecision results for all
parameters, including D-dimer, were well
within both the manufacturer’'s specifications
and the desirable biological variation limits.
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This indicates acceptable analytical precision
of the Sysmex CS-5100 for PT, INR, aPTT,
fibrinogen, and D-dimer measurements.

Bias analysis revealed that most parameters
demonstrated satisfactory agreement with
biological variation-based criteria. However,
notable deviations were observed in PT
(Control P), INR (Control N), and fibrinogen
(Control P), where bias values exceeded both
the minimum and desirable thresholds
defined by Ricos et al. These values suggest
a tendency toward systematic deviation,
particularly at pathological levels. In contrast,
the remaining parameters—including aPTT
and both D-dimer controls—showed bias
values well within acceptable limits,
indicating strong analytical consistency
across a broad measurement range.

Total error (TE%) analysis further supported
the analytical performance of the Sysmex CS-
5100. Most test results fell within the
minimum and desirable total allowable error
limits defined by biological variation data.
Exception was observed in PT (Control P),
which exceeded both minimum and
desirable criteria. Despite these deviations,
all other parameters—including aPTT,
fibrinogen (Control N), and D-dimer at both
concentration levels—remained well within
acceptable boundaries. Notably, D-dimer
total error values (Control 1: 11.6%, Control
2: 5.9%) were significantly lower than both
Ricos thresholds, underscoring the
robustness of the method in measuring
fibrin degradation products.

3.2. Method Comparison

Method comparison was conducted to
evaluate the agreement between the Sysmex
CS-5100 and ACL Top 700 analyzers for PT,
INR, aPTT, fibrinogen, and D-dimer.
Statistical assessments included Bland-
Altman difference plots and Passing-Bablok
regression analysis.

Figure 1 illustrates the Bland-Altman
difference plots for all parameters. The mean
differences for PT, INR, and fibrinogen were
within acceptable bias limits, indicating good
agreement. For aPTT, the 95% confidence

117




Tekeli Ozgiin S. et al.

interval of the estimated bias was close to
the lower limit of acceptability. However, for
D-dimer, the bias was outside the acceptable

range and exhibited increasing divergence at
higher  concentrations,  suggesting a
proportional bias between the two methods.
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Figure 1. Method comparison analysis: Bland-Altman difference plots.
Sekil 1. Metod karsilastirma analizi: Bland-Altman fark grafigi.
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Table 3 presents the results of the Passing-
Bablok regression analysis and Figure 2
displays the Passing-Bablok regression plots,
showing the degree of agreement between
the Sysmex CS-5100 and ACL Top 700
analyzers. Excellent correlations were
observed for all parameters, with the highest
coefficients seen in PT and INR followed
closely by fibrinogen and aPTT. D-dimer also
demonstrated strong correlation, despite a
markedly different slope. Specifically, the
slope for D-dimer, indicating a significant
proportional bias. PT also showed both
constant and proportional bias, as reflected
in its intercept, which deviated from the ideal
values. Conversely, INR, aPTT, and fibrinogen
showed intercepts including zero and slopes
approaching one, suggesting minimal
systematic error. These findings confirm
strong agreement between platforms for
most parameters, while reinforcing the need
for cautious interpretation of PT and D-dimer
due to significant proportional deviations.

Table 3. Passing-Bablok regression analysis.
Tablo 3. Passing-Bablok regresyon analizi.

Sysmex vs ACL Top in Coagulation Assays
Koagtilasyon Testlerinde Sysmex ve ACL TOP

Figure 2 displays the Passing-Bablok
regression plots. The correlation coefficients
(Spearman’s rho) for PT, INR, and fibrinogen,
indicating strong agreement. The coefficients
for aPTT and D-dimer were lower, reflecting
the variability noted in Bland-Altman plots.
The 95% confidence intervals for the
intercept included zero for all parameters,
while the slope confidence intervals included
one for aPTT and fibrinogen only. Notably,
the slope for D-dimer was substantially
greater than one, confirming the presence of
a proportional bias.

Taken together, these results indicate that
while PT, INR, aPTT, and fibrinogen
measurements are comparable between
analyzers, D-dimer results differ significantly,
likely due to differences in reagent kits and
analytical methodologies. No diagnostic
discrepancies were observed based on clinical
cutoffs, but the proportional differences
should be considered when interpreting D-
dimer values across platforms.

n Range Median (2,§— Intercept (95% Slope (95% r
97,5 percentile) CI) CI)
FT(s) 106 95798 (10,11;?'21,6) (1,0:1;'-7 2,34) (0,73'? (3),89) 0,987
INR 104 0.83-7,08 (0,881:25,47) (-0,0%) ° 0.1) (o,st(:'f3 3,95) 0.989
aPTT (s) 105 18-80,4 o 5,514L4§5,7) 6113 0,78 Lo 0,926
ﬁg:;%%fn LY Lelenie) (185,95 ?1806,5) (-25:15; 2 f130,8) (0,92 2 ?,06) g2
D(-E;/Tfr 1 88-3070 (91,8 ig28144,5) (—46,-1127:5126,59) 2'6&23,:327';‘2 ’ 0,940

PT: prothrombin time, INR: international normalized ratio, aPTT: activated partial thromboplastin time, n: number of
samples, r: correlation coefficient. Range of results are shown according to ACL TOP 500. Bold characters indicate
cases where the confidence intervals for the intercept and slope do not include zero and one, respectively.
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Figure 2.Method Comparison analysis: Passing-Bablok regression analysis.
Sekil 2. Metod karsilastirma analizi: Passing-Bablok regresyon analizi.
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DISCUSSION
This study aimed to assess the analytical
performance  of routine  coagulation
parameters—including PT, INR, aPTT,

fibrinogen, and D-dimer—using the Sysmex
CS-5100 analyzer and to compare these
results with those from the ACL Top 700.
Precision, accuracy, and method comparison
analyses were conducted in accordance with
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CLSI guidelines and evaluated using
biological variation criteria.
When interpreting the overall analytical

performance of the Sysmex CS-5100, it is
important to consider the combined
outcomes of precision, bias, and total error
analyses. The analyzer = demonstrated
excellent within- and between-day imprecision
for all test parameters, consistently meeting
both minimum and desirable biological
variation thresholds. Most bias and total error
values also complied with Ricos criteria (7).
But some deviations were observed in the
bias and total error values for PT, fibrinogen,
and INR. Specifically, the bias values for INR at
the normal control level and fibrinogen at the
pathological level did not meet the desirable
Ricos thresholds; however, their total error
values remained within acceptable limits,
indicating no significant impact on clinical
interpretation. The PT results, at the
pathological control level, failed to meet the
minimum Ricos specifications for both bias
and total error. This contrasts with the
findings of Geens et al., who demonstrated
that both bias and total error satisfied the
Ricos criteria when using the Dade Innovin
(PT) kit on the same autoanalyzer (10).
Further analysis using the Bland-Altman plot
for PT shows that dispersion widens in the
negative direction as PT increases (Figure 1).
This suggests that the elevated absolute
values of bias and total error observed with
pathological control materials are not random
but rather reflect a systematic source of error.
This interpretation is supported by the fact
that precision met the acceptance thresholds.
In a related observation, a review of the
external quality control results (RIQAS Cycle
15, Coagulation Program) determined that,
while the overall results were distributed
within the = 1standard deviation range, the
specific PT results for external quality control
samples (ranging between 10.9-15.2 s)
remained within the normal reference range,
and no prolonged results were obtained.

We also note that converting PT seconds to
INR substantially attenuates the proportional
deviations seen at prolonged clotting times,

Turk Klinik Biyokimya Derg 2025; 23(3)
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thereby improving comparability between
different measurement methods (11). In
routine clinical care, particularly for
monitoring vitamin K antagonist therapy,
clinical decisions are primarily based on the
INR value rather than the raw PT in seconds.
Nevertheless, markedly prolonged PT values
may still be encountered (e.g., at the high
end of the range or in the presence of
analytical interferences/flags), and these
deviations may not be fully captured by a
near-therapeutic INR. Consequently,
clinicians should be explicitly alerted when
the PT result is unusually high, allowing the
results to be interpreted within the
appropriate clinical and preanalytical context.

The method comparison analysis revealed
strong agreement between the two analyzers
for PT, INR, aPTT, and fibrinogen. This was
supported by high correlation coefficients,
regression slopes close to 1, and Bland-
Altman plots showing minimal bias within
acceptable limits. Notably, the INR results
were particularly robust, with minimal total
error and near-perfect alignment between
devices. These results affirm the suitability of
the Sysmex CS-5100 for clinical use in
measuring these parameters.

However, significant discrepancies were
identified in the D-dimer results. The Sysmex
CS-5100 consistently reported lower values
than the ACL Top 700, particularly at higher
concentrations. The Bland-Altman plot
(Figure 1) showed a proportional bias that
increased with D-dimer concentration. This
finding was corroborated by the Passing-
Bablok regression analysis (Figure 2), which
showed a slope significantly deviating from
unity (2.69), indicative of a proportional
systematic difference.

Consistent with our findings, D-dimer values
tended to be higher on the Sysmex platform
than on the comparator system. In the CN-
6000 vs. STA-R Max study, the regression
slope for D-dimer was >1 (1.17), indicating
higher readings on CN-6000 across the
range (12). Similarly, another CN-6000 vs.
STA-R comparison reported a D-dimer slope
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above 1 (1.10-1.21), again pointing to
slightly higher Sysmex results despite good
overall agreement (13).

We attribute this variation primarily to the
different D-dimer reagents used by each
analyzer: the Sysmex CS-5100 utilizes the
INNOVANCE® D-Dimer assay (cutoff <550
ng/L), while the ACL Top 700 uses the D-
Dimer HS 500 assay (cutoff <230 pug/L).
External quality control (EQC) data (RIQAS
Cycle 15 & 16, Coagulation Program) over
one year showed consistent performance of
the INNOVANCE® assay on the CS-5100, with
results remaining within =0.5 SD of the peer
group mean. Conversely, EQC participants
using the HS-500 reagent reported generally
lower values, aligning with our observations.
These findings emphasize the need for
caution when comparing D-dimer results
between platforms using different assays,
even when both fall within clinically accepted
ranges.

Importantly, when we applied the
manufacturer-recommended cutoffs to the
D-dimer results from both analyzers, no
diagnostic discrepancies were observed in
any of the 71 patient samples. This suggests
that despite numerical differences, clinical
interpretation remained consistent between
the platforms.

Beyond our head-to-head comparison,
current literature supports three themes.
First, CS-series analyzers (including CS-
5100) continue to demonstrate imprecision
comfortably within biological-variation
targets in routine use, aligning with our
precision estimates (10,14). Second, high
throughput and robust analytical
concordance between the CS-5100 and ACL
Top systems, supporting the platform's
clinical applicability (14). Third, inter-assay
variability for D-dimer remains clinically
relevant: contemporary studies comparing
multiple D-dimer assays (including HemosIL
HS/HS-500 and Innovance families) show
different specificity profiles and demonstrate
that harmonization or unified calibration can
improve cross-system consistency

(12,13,15). These points collectively support
our interpretation that the PT and especially
D-dimer differences we observed are
primarily assay-driven and should be
managed with analyzer-specific cutoffs and,
where feasible, local verification or
calibration alignment.

A major strength of this study is the inclusion
of a relatively high number of patient
samples for method comparison, which
enhances the generalizability of the findings,
particularly in a real-world clinical laboratory
setting. In addition, the study also has
limitations. This was a single-center
evaluation and done without subgroup
analyses across clinically distinct populations
(e.g., oncology, pregnancy, renal impairment).
We did not assess turnaround time, reagent
consumption, or cost-effectiveness, nor did
we perform external validation across
multiple sites. Future work should include
multi-center cohorts, analyzer-specific
reference interval verification in special
populations, and participation in
harmonization initiatives for D-dimer
calibration. In this study, the analytical
performance of the Sysmex CS-5100
coagulation analyzer was evaluated and
compared with the ACL Top 700 across key
preliminary coagulation tests, including PT,
INR, aPTT, fibrinogen, and D-dimer. The
Sysmex CS-5100 demonstrated excellent
precision and strong agreement with the ACL
Top 700 for most parameters, supporting its
reliability and suitability for routine clinical
use.

While measurements of PT, INR, aPTT, and
fibrinogen were consistent between the two
analyzers, significant proportional differences
were observed in D-dimer results, with the
Sysmex CS-5100 consistently yielding lower
values. These discrepancies were attributed
to differences in assay design and calibration
standards between reagent kits. Nonetheless,
no diagnostic misclassifications occurred
when analyzer-specific reference ranges were
applied, reaffirming the clinical acceptability
of both systems.
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Overall, the Sysmex CS-5100 offers a robust
and efficient alternative to the ACL Top 700
for coagulation testing in high-volume
laboratory settings. However, assay-specific
standardization—particularly for D-dimer—is
essential to ensure cross-platform
harmonization and accurate interpretation of
patient results.
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ABSTRACT

Aim: The measurement uncertainty (MU) of high-sensitivity troponin T (hs-TnT) and myoglobin assays
was calculated in accordance with ISO/TS 20914:2019. The calculated MU values were subsequently
compared with the relevant analytical performance specifications (APS).

Materials and Methods: Internal quality control (IQC) and external quality control (EQC) data collected
between January and June 2024 were analyzed. Level 1 and Level 2 control materials for hs-TnT and
myoglobin were measured daily. Expanded combined relative measurement uncertainty (Ucrel) were
calculated with calibrator uncertainties included, and level-specific estimates were combined to derive
the total device-level expanded measurement uncertainty, t(Ucrel).

Results: For the hs-TnT assay, Ucrel values at Level 1 exceeded the allowable APS on both the Cobas
8000 and Cobas Pro analyzers, whereas Level 2 results remained within acceptable limits. t(Ucrel)
values on both analyzers (19.63% and 14.24%) exceeded the minimum APS of 13%. For myoglobin,
Ucrel values were below the APS limit of 13% at both control levels on the Cobas 8000 analyzer,
whereas they slightly exceeded the APS at both levels on the Cobas Pro analyzer. Accordingly, the
t(Ucrel) value exceeded the APS on the Cobas Pro analyzer (13.45%) but remained acceptable on the
Cobas 8000 analyzer (11.49%).

Conclusion: Routine monitoring and reporting of MU can facilitate more reliable interpretation of
laboratory results, particularly those close to clinical decision thresholds. Improved communication of
MU between laboratories and clinicians may enhance the clinical utility of cardiac biomarkers and
support more informed diagnostic decision-making.
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hs-Troponin T and Myoglobin: MU Analysis
hs-Troponin T ve Miyoglobin: MU Analizi

OZET

Amac: Yiiksek duyarlilikli troponin T (hs-TnT) ve miyoglobin testlerinin Ol¢iim belirsizligi (MU), ISO/TS
20914:2019 standardina uygun olarak hesaplandi. Hesaplanan MU dederleri daha sonra ilgili analitik
performans spesifikasyonlari (APS) ile karsilastirildi.

Gerec ve Yontemler: Ocak-Haziran 2024 ddneminde toplanan i¢ kalite kontrol (IQC) ve dis kalite
kontrol (EQC) verileri analiz edildi. hs-TnT ve miyoglobin i¢in Seviye 1 ve Seviye 2 kontrol materyalleri
ginliik olarak olculdii. Kalibratér belirsizlikleri dahil edilerek seviye-6zel genisletilmis birlesik bagil
olcim belirsizlikleri (Ucrel) hesaplandi ve bu seviye-6zel tahminler birlestirilerek cihaz diizeyindeki
toplam genisletilmis Ol¢ctim belirsizligi, t(Ucrel), elde edildi.

Bulgular: hs-TnT testi icin Seviye 1’deki Ucrel degderleri hem Cobas 8000 hem de Cobas Pro
analizorlerinde izin verilen APS sinirlarini asarken, Seviye 2 sonugclari kabul edilebilir sinirlar icinde kaldi.
Her iki analizbrde elde edilen t(Ucrel) degerleri (%19,63 ve %14,24), %13 olan minimum APS degerini
ast1. Miyoglobin icin ise Cobas 8000 analizoriinde her iki seviyedeki Ucrel dederleri %13’liik APS sinirinin
altinda kalirken, Cobas Pro analizoriinde her iki seviyede de APS'yi hafifce asti; buna bagh olarak Cobas
Pro analizériinde t(Ucrel) dederi (%13,45) APS’yi asarken, Cobas 8000 analizoriinde (%11,49) kabul
edilebilir duzeyde kaldi.

Sonuc: Olciim belirsizliginin rutin olarak izlenmesi ve raporlanmasi, 6zellikle Klinik karar esiklerine
yakin sonugclarin daha giivenilir sekilde yorumlanmasini Kolaylastirabilir. Laboratuvarlar ile klinisyenler
arasinda Olciim belirsizlidinin daha iyi iletisimi, kardiyak biyobelirteclerin Klinik faydasimi artirabilir ve
daha bilingli tanisal kararlarin verilmesini destekleyebilir.

Anahtar kelimeler: Troponin T, Miyoglobin, Belirsizlik, Kalite kontrol

INTRODUCTION preanalytical errors in sample collection or
transport, biological variation, medication
use, and recording or reporting errors (5).
The evaluation of measurement uncertainty
(MU) is essential for interpreting laboratory
results, diagnosing diseases, and monitoring
treatment. MU is defined as a parameter that
describes the dispersion of values reasonably
attributable to a measurand, and reporting
MU alongside test results can influence
clinical decision-making (6). Determining MU
in medical laboratories provides several
important benefits. These include offering
objective information about the quality of
individual laboratory performance, supporting
appropriate clinical decisions, identifying
tests that require analytical improvement
before clinical application, encouraging IVD
manufacturers to enhance the quality of their
. ) . analytical performance, and enabling the
with them regarding test selection and iscontinuation of analytical methods that
interpretation. To this end, it is essential for 4o onstrate inadequate  quality  (7.8).
laboratory professionals to share clinically According to the ISO 15189 accreditation
relevant information with clinicians through standard, if requested, the MU of laboratory
face-to-face meetings, telephone consultations,  {o.cts can be calculated and reported
and written reports in order to enhance the  515hqgide the test results. However, despite
clinical value of laboratory tests (4). hese recommendations and guidelines,

Laboratory  testing involves —numerous 46t calibrator insert documents do not
potential sources of ‘uncertainty’ that may ;,cjude MU values.

significantly influence results, including

Clinical laboratories play a crucial role in
supporting a wide range of clinical decisions,
including early and accurate diagnosis,
guiding treatment selection, preventing
delays in therapy, and reducing the need for
palliative care (1,2). A survey conducted
among clinicians in Germany and the United
States reported that laboratory test results
influence approximately 60-70% of clinical
decisions (3). Therefore, clinical laboratories
focus on improving and maintaining quality
through the use of quality assurance tools.
To enhance the clinical value of laboratory
tests, results must be reported in a manner
that supports effective clinical decision-
making. In addition, clinical laboratories
should provide consultative services that
understand clinicians’ needs and collaborate
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There are two fundamental approaches to
calculating MU: the bottom-up and top-down
approaches. In the bottom-up approach, all
individual factors contributing to uncertainty
and their influence ratios are included
separately in the calculation. In contrast, the
top-down approach relies on existing
analytical performance data obtained from
quality control materials (9,10). For the
calculation of MU, the International Vocabulary
of Metrology (VIM2), the Guide to the
Expression of Uncertainty in Measurement
(GUM1), and the International Organization
for Standardization / International
Electrotechnical Commission (ISO/IEC)
guidelines provide metrological
methodologies (11). The ISO/TS 20914:2019
gquideline specifically recommends the
calculation of MU (9). The Nordtest gquide,
which is widely used as a standard reference
for estimating MU in environmental
laboratories across Europe, employs a top-
down approach and aims to provide a clear
and practical framework for MU calculation
(12).

Myocardial infarction (MI), the most severe
form of coronary artery disease, is a life-
threatening condition and a major cause of
global mortality (13). Measurement of
cardiac troponins is the cornerstone of MI
diagnosis (14). High-sensitivity troponin
assays (hs-troponin) enable the rapid
exclusion of MI and help prevent unnecessary
hospitalizations (15).

Suboptimal analytical performance in
troponin testing—including device-to-device
variability and differences in reagents and
calibrator lots—can significantly affect
measurements at low troponin concentrations
and lead to patient misclassification within MI
diagnostic algorithms used in emergency
departments (16). Therefore, medical
laboratories should calculate the MU of
troponin assays and report it alongside test
results to assist clinicians. Clinicians should
interpret hs-troponin results near clinical
decision cutoffs by taking MU into account
(17).

In this study, we aimed to determine the MU
of hs-TnT and myoglobin assays performed
in our laboratory in accordance with ISO/TS
20914:2019, and to compare the calculated
MU values with the analytical performance
specifications (APS) for MU.

MATERIALS AND METHODS
Study Setting

Six months of internal quality control (IQC)
data collected between January and June
2024 were used to determine the MU of hs-
TnT and myoglobin assays. MU values were
calculated separately for the Roche cobas®
pro and Roche cobas® 8000 analyzers
(Roche Diagnostics, Mannheim, Germany)
used in our laboratory.

The IQC materials consisted of Roche
PreciControl Troponin (Lot No. 79059301)
and Roche PreciControl Cardiac II (Lot No.
79446901). Level 1 and Level 2 IQC samples
for the hs-TnT and myoglobin assays were
analyzed in duplicate on a daily basis. For
hs-TnT, a total of 904 Level 1 and 928 Level
2 IQC results were evaluated. For the
myoglobin assay, 450 IQC results were
obtained for each control level.

External quality control (EQC) was performed
monthly using Cardiac RQ9186 and Cardiac
Plus RQ9190 samples (RIQAS, Randox
Laboratories Ltd., Crumlin, UK). Although
EQC results were reviewed to assess long-
term analytical stability, they were not
included in the MU calculation, as ISO/TS
20914:2019 recommends the use of internally
generated control data for estimating
standard MU (18).

Calculating Measurement Uncertainty

For each control level, the relative standard
MU due to imprecision (uRw%) was
calculated using IQC data. The relative
calibrator uncertainty (ucal%) was obtained
from the manufacturer-provided uncertainty
information given in Table 1. Each calibrator
had an assigned concentration value and an
expanded uncertainty (U) with a coverage
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factor of k = 2. The corresponding standard
uncertainty was calculated by dividing U by k,
and ucal% was expressed as a percentage of
the assigned calibrator concentration.

Table 1. Calibrator uncertaintiy values
Tablo 1. Kalibrator belirsizlik degerleri

Parameter ucal% (k=1)
Troponin T Calibrator (C1) 0.64
Troponin T Calibrator (C2) 0.97
Myoglobin Calibrator (C1) 0.74
Myoglobin Calibrator (C2) 2.17

For each control level, the combined relative
standard measurement uncertainty (ucrel)
was calculated by combining uRw® and
ucal%. These level-specific combined
uncertainties were then expanded using a
coverage factor of K = 2 and reported as the
expanded combined relative measurement
uncertainty (Ucrel) (Table 2).

To estimate the total device-level
measurement uncertainty, the ucrel values
obtained from Level 1 and Level 2 were

hs-Troponin T and Myoglobin: MU Analysis
hs-Troponin T ve Miyoglobin: MU Analizi

combined wusing the pooled variance
approach. The resulting total combined
relative standard uncertainty t(ucrel) was
then multiplied by a coverage factor of kK = 2
to obtain the total device-level expanded
combined relative measurement uncertainty,
denoted as t(Ucrel) (Table 3).

The ucrel was calculated separately for each
control level using the following formula:

o 2 2
Uerel — m

The expanded ucrel for each control level
was then calculated as:

Ur:'r'tfl — Uerel X k

The t(ucrel) was calculated at the device level
by combining the ucrel values from both
control levels and multiplying the resulting
value by the coverage factor (k = 2) to obtain
t(Ucrel).

2
(nlcutﬁll - 1) u{:‘f"(ﬂl.lﬁ’ﬂ(}ll + (nlct‘ulQ —

2
1 ) uc-rel.lr:velZ

Ucrel, combined ( %) -

Nievell T Nievel2 — 2

Table 2. Measurement uncertainty values for hs-troponin T and myoglobin
Tablo 2. hs-troponin T ve miyoglobin i¢in 6lgiim belirsizligi degerleri

Test Analyzer Level uRw (%) ucal (%) Ugrer (%) Ui (K=2, %)
hs-troponin T Cobas 8000 Level 1 13.37 0.64 13.39 26.78
hs-troponin T Cobas 8000 Level 2 3.82 0.97 3.94 7.89
hs-troponin T Cobas Pro Level 1 8.23 0.64 8.26 16.52
hs-troponin T Cobas Pro Level 2 5.72 0.97 5.80 11.61
Myoglobin Cobas 8000 Level 1 5.53 0.74 5.58 11.16
Myoglobin Cobas 8000 Level 2 5.48 2.17 5.90 11.81
Myoglobin Cobas Pro Level 1 6.65 0.74 6.69 15.39
Myoglobin Cobas Pro Level 2 6.40 2.17 6.76 13.52

Table 3. Total Expanded Combined Relative Measurement Uncertainty t(Ucrel)

Tablo 3. Toplam Genisletilmis Birlesik Bagdil Olgiim Belirsizlidi t(Ucrel)
Test Analyzer Level t (Uger) (k=2, %) Target (%) Status
hs-Troponin T  Cobas 8000 Total 19.63 Min 13 / Desirable 9.4 Not acceptable
hs-Troponin T Cobas Pro Total 14.24 Min 13 / Desirable 9.4 Not acceptable
Myoglobin Cobas 8000 Total 11.49 13 Acceptable
Myoglobin Cobas Pro Total 13.45 13 Not acceptable
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RESULTS

Six-month EQC data for both tests were
within acceptable limits for all results,
confirming the absence of Cclinically
significant bias. The calibrator uncertainty
values (ucal%) for hs-TnT and myoglobin are
listed in Table 1. The MU values for hs-TnT
and myoglobin at both control levels,
including uRw, ucal, ucrel, and Ucrel, are
summarized in Table 2. For hs-TnT, the APS
values for standard MU were defined as 13%
at the minimum level and 9.4% at the
desirable level. Because the APS for the
standard MU of myoglobin is not clearly
defined in the literature, the maximum
allowable standard MU (MAu) was estimated
using a biological variation-based approach
(20). Within-subject biological variation (CVI)
values were obtained from the referenced
study, and MAu was defined according to the
criterion MAu < 2 X 0.5 x CVI (i.e., MAu <
CVI). Accordingly, myoglobin results were
evaluated using an APS threshold of 13%.
For hs-TnT, Level 2 results remained within
acceptable limits on both analyzers, whereas
Level 1 and t(Ucrel) values exceeded the
threshold of 13% on both analyzers. For
myoglobin, Ucrel values on the Cobas 8000
analyzer were below 13% at both control
levels. In contrast, Ucrel values on the Cobas
Pro analyzer slightly exceeded the MAu at
both Level 1 (13.39%) and Level 2 (13.52%).
The t(Ucrel) value for myoglobin was
acceptable on the Cobas 8000 analyzer but
exceeded the MAu limit of 13% on the Cobas
Pro analyzer (Table 3).

DISCUSSION

In this study, MU of hs-TnT and myoglobin
was evaluated across two analyzer platforms
and two control levels using an extensive 1QC
dataset. For myoglobin, the t(Ucrel) value
exceeded the current APS limit of 13% only
on the Cobas Pro analyzer. The t(Ucrel) value
for hs-TnT exceeded the minimum allowable
APS threshold on both analyzers, indicating
unacceptable MU according to the predefined
criteria. Notably, the Cobas 8000 analyzer

exhibited a higher t(Ucrel) value (19.63%)
than the Cobas Pro analyzer (14.24%),
suggesting  greater overall analytical
variability for hs-TnT on this platform. In
addition, Level 1 results for hs-TnT on the
Cobas 8000 exceeded the acceptable APS
threshold, which may partly reflect the
increasingly stringent clinical performance
requirements applied to cardiac troponin
assays at low concentration levels over the
past two decades (21).

Previous studies have reported that MU
values for cardiac biomarkers vary
depending on the analyte and analytical
methodology. For instance, studies on
troponin 1 assays have shown that high
sensitivity methods generally remain within
acceptable MU limits across clinically relevant
concentration ranges (17). In contrast,
myoglobin has frequently been reported to
exhibit higher analytical variability, which has
been attributed to its wide physiological
distribution and limited cardiac specificity
(22). These findings indicate that MU
performance  characteristics can vary
markedly across biomarkers and analytical
platforms, especially near clinical decision
thresholds, consistent with the observations
of the present study. Laboratory information
plays an increasingly central role in diagnosis
and treatment; however, as with all clinical
data, the inherent limitations of diagnostic
tests may influence clinical interpretation.
Effective = communication of MU can
strengthen collaboration between clinicians,
patients, and medical laboratories (21).
Previous studies have emphasized the critical
role of MU reporting in clinical decision-
making, and MU has also been incorporated
into quality assessment criteria and
international standards. Nevertheless, unless
MU calculations are readily applicable in
routine laboratory practice, their widespread
implementation remains limited. Therefore,
practical MU models that can be calculated
using existing data without requiring
additional resources or budget allocation are
both important and valuable (22). The CCLM
duidelines also emphasize the importance of
MU assessment in supporting compliance
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with ISO 15189 and in interpreting results
close to clinical decision thresholds (23-24).
Unlike bias, MU cannot be reduced to zero;
therefore, the objective is to keep uncertainty
within predefined targets to prevent
excessive uncertainty that could compromise
the clinical utility of test results. (25). Taken
together, these findings underscore that MU
is not merely a statistical parameter but a
clinically relevant factor that may affect result
interpretation, particularly in borderline
cases. Differences in t(Ucrel) values between
analyzers underscore the need to account for
uncertainty = when  evaluating  cardiac
biomarkers, as such differences may
influence clinical judgment in distinguishing
acute myocardial injury from non-cardiac
causes of biomarker elevation in emergency
settings.

This study has several limitations. First, only
two analyzers and two levels of IQC materials
were evaluated, and variability related to
patient samples was not assessed. Second,
long-term trends, lot-to lot variability, and
the potential impact of reagent or calibrator
changes were not investigated. Despite these
limitations, the study has notable strengths.
It is based on a large IQC dataset collected
over a six-month period, applies the most
recent ISO/TS 20914:2019 framework, and
provides a detailed comparison of MU across
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OZET

Amac: Valproik asit cocukluk ¢agi epilepsilerinde sik kullanilan bir terapotik ajandir. Valproik asit toksik
dozlarinin takibi hepatotoksisite ve ensefalopati gibi ciddi yan etkilerinden o&tirii 6nemlidir.
Calismamizda inflamatuvar belirtecler olan panimmin inflamasyon (PIV) ve sistemik immiin
inflamasyon (SlI) ile valproik asit diizeylerinin iliskileri ortaya konulmaya calisiimistir.

Gerec ve Yontem: Retrospektif veri dederlendirmesi olarak tasarladi@imiz calismamizda, Ocak 2023-
Aralik 2024 arasinda hastane bilgi sisteminden alinan valproik asit sonucu etkin olmayan (<50 mg/L),
etkin diizeyde (50-100 mg/L) olan ve toksik diizeyde (>100 mg/L) olmak lizere ug¢ gruba ayrilmistir.
Hemogram sonuglari ve bu sonuclardan hesaplayarak elde ettigimiz SII ve PIV ile NLO, platelet/lenfosit
orani (PLO), Notrofil sayisix Lenfosit sayisi/Platelet sayisi orani (NLPO) ve sistemik inflamatuvar cevap
indeksi (SIRI) karsilastirilmistir. SPSS 25.0 paket programiyla analiz edilmistir.

Bulgular: 154 hasta bireye ait toplam 4596 veri de@erlendirildi. Gruplar birbiri ile karsilastirildiinda 1-
2. gruplar arasi platelet sayisi (p=0,0001), 1-3. gruplar Kkarsilastirildiqinda bazofil (p=0,037), platelet
sayist (p= 0,0001), PLO (p= 0,001), PIV orami (p=0,027) ve SIl orani (p=0,003), 2-3. grup
Karsilastirildiginda ise platelet sayisi (p= 0,0001), PLO (p= 0,001), PIV ( p=0,027) ve SII orani (p=0,003)
istatistiksel olarak anlamli bulundu.

Sonuc: Calismamiz, SIl ve PIV oranlarimin valproik asit toksik diizeylerini tahmin ettirmede etkin
oldugunu gostermistir. 3. Basamaga ulasimi zor olan epilepsili ¢cocuklarin kolay ulasilabilen birinci
basamak testleri ile toksik doz takibi literatiire katki olarak sunulmaya calisildi.

Anahtar Sézciikler: Valproik asit, inflamatuvar oranlar, Cocukluk cadi epilepsi, Veri analizi, Toksik doz
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ABSTRACT

Aim: Valproic acid is a commonly used therapeutic agent in childhood epilepsies. Monitoring toxic
doses of valproic acid is important due to serious adverse effects such as hepatotoxicity and
encephalopathy. In this study, we aimed to investigate the relationship between valproic acid levels and
inflammatory markers, including the pan-immune inflammation value (PIV) and the systemic immune-
inflammation index (SII).

Materials and Methods: This retrospective study evaluated data obtained from the hospital
information system between January 2023 and December 2024. Valproic acid results were classified
into three groups: subtherapeutic (<50 mg/L), therapeutic (50-100 mg/L), and toxic (>100 mg/L).
Hemogram parameters and derived inflammatory indices—SII, PIV, neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), neutrophil X lymphocyte / platelet ratio (NLPR), and systemic
inflammatory response index (SIRI)—were compared among groups. Statistical analyses were
performed using SPSS version 25.0.

Results: A total of 4,596 data points from 154 patients were evaluated. When groups were compared,
platelet count was significantly different between Groups 1 and 2 (p=0.0001). In comparisons between
Groups 1 and 3, basophil count (p=0.037), platelet count (p=0.0001), PLR (p=0.001), PIV (p=0.027),
and SII (p=0.003) were statistically significant. Between Groups 2 and 3, platelet count (p=0.0001), PLR
(p=0.001), PIV (p=0.027), and SII (p=0.003) showed statistically significant differences.

Conclusion: Our study demonstrated that SII and PIV ratios are effective in predicting valproic acid
toxic levels. This study aimed to contribute to the literature by presenting easily accessible primary care
tests for epileptic children who have difficulty accessing tertiary care, thus monitoring toxic doses.

Keywords: Valproic acid, Inflammatory indices, Childhood epilepsy, Data analysis, Toxic dose

GIRIS viicuttan  uzaklastinlmaktadir.  Yeni  tani
konmus epilepsili ¢cocuklarda en sik recete
edilen antiepileptik ilaclardan biridir. Tera-
potik aralikta nadir gorilen yan etkilerine
ragmen, VPA toksik dozlarda trombositopeni,
cesitli metabolik bozukluklar, hepatotoksisite
ve hiperamonyemik ensefalopati gibi ciddi
yan etkilere neden olabilmektedir (7). VPA'nin
toksik  duzeylerde inflamasyonla iligkisi
hticresel diizeyde tam olarak aciklanamamis
olmakla birlikte, reaktif oksijen tiirleri ve
serbest radikallerin baslattigi  hiicresel
hasarin bu ciddi yan etkilere yol actidi 6nceki
calismalarda vurgulanmistir (8). VPA'ya bagh
ensefalopatide, beyin toksisitesi ve buna
badh olarak ensefalopatinin gelismesinde
6ne surulen mekanizma; amonyadin
dglutamin formunda hiicre icine girmesi ve
ardindan mitokondride yeniden amonyagda ve
glutamata dontiserek oksidatif strese neden
olmasidir (9).

Cocukluk caginda en sik goriilen nérolojik
bozukluklardan biri olan epilepsi, Kklinik
olarak 24 saatten uzun araliklarla ortaya
cikan iki veya daha fazla provoke edilmemis
ndbet ile tanimlanmaktadir (1). En yuksek
insidans yasamin ilk yillarinda gorulmektedir
(2). Pediatrik baslangich epilepsiler, eriskin
epilepsilerinden farkli olarak gelisimsel,
psikiyatrik ve davranigsal komorbiditeler
acisindan daha yiiksek risk tasimaktadir (3).
Epilepsi, uzun siireli tedavi gerektiren kronik
bir hastaliktir (4). Genel olarak epilepsi;
fokal, jeneralize, baslangici bilinmeyen ve
smiflandirllamayan olmak tzere dort ana
gruba ayrilmaktadir (5). Valproik asit (VPA),
pediatrik epilepsi sendromlarinda ve dzellikle
idiyopatik  jeneralize epilepside, diger
antiepileptik ilaclara kiyasla nispeten daha
etkili bulunmasi nedeniyle sik Kkullanilan
genis spektrumlu bir antiepileptik ajandir (6).

Oral yolla alinan VPA, gastrointestinal
emilimin ardindan Kkaracigerde hepatik
enzimler araciliiyla primer metabolizmaya
ugramakta, daha sonra glukuronik asit ile
konjuge edilerek renal Klerens yoluyla

Her ne kadar randomize Klinik calismalar
terapotik ilag izleminin klinik sonuclar
uzerine olumlu etkisini net olarak ortaya
koyamamis olsa da, serum antiepileptik ilag
diizeylerinin Klinik durumla birlikte

Tturk Klinik Biyokimya Derg 2025;23(3)



degerlendiriimesinin  hasta  yO®netiminde
degerli oldugu bildirilmektedir. Serum ilag
diizeylerine ek olarak biyokimyasal ve
hemogram parametrelerinin izlenmesinin,
yan etkilerin anlasilmasi ve prognostik
surecte Kklinik miuidahalelere yon vermesi
acisindan faydali olabilecedi belirtiimektedir
(10,11).

Histon deasetilaz inhibitdérii olarak VPA,
histon H3 ve H4 asetilasyonunu artirarak
lenfoid iliskili gen ekspresyonunu destekle-
mekte, miyeloid seri farklilasmasini ise
baskilamaktadir. Bu durum lenfosit sayisinda
artis ve noétrofil sayisinda azalma ile sonucg-
lanmaktadir (12). Ayrica VPA'nin diizenleyici T
hucrelerinin say1 ve fonksiyonlarim artirdid,
monosit-makrofaj ve  dendritik hiicre
olgunlasmasini modiile ettigi ve bagisiklik
hiicre dengesi lizerinde lenfosit lehine bir
etki olusturdugu bildirilmistir (13).

Son yillarda literatiirde, hemogramdan elde
edilen hiicre sayillari ve bu hiicrelerden
hesaplanan inflamatuvar oranlarin Kkronik
hastaliklarin izleminde kullanilabilirligi giderek
daha fazla tartisiimaktadir. Bu kapsamda,
epilepsi tanisi almis ve antiepileptik tedavi
kullanan hastalarda notrofil-lenfosit orani
(NLO) ve platelet-lenfosit orani (PLO) gibi
bir¢ok parametre degerlendirilmistir (14-16).

Patsalos ve Hiemke, en iyi terap6tik etkinligin
VPA igin 50-100 mg/L serum diizeyleri
arasinda sadlandigini bildirmistir (10,17). Bu
dogrultuda calismamizda; serum VPA diizeyi
<50 mg/L olan hastalar Grup 1, 50-100
mg/L arasinda olanlar Grup 2, >100 mg/L
olanlar ise toksik doz grubu (Grup 3) olarak
smiflandirilmustir.

Calismamizda, 2-18 yas arasi VPA Kullanan
epilepsili ¢ocuk hastalarda hemogram
verilerinden elde edilen hticre sayilarn ile bu
hiicrelerden hesaplanan PLO, noétrofil sayisi
X lenfosit sayisi / platelet sayisi orani1 (NLPO),
sistemik inflamatuvar cevap indeksi (SIRI),
sistemik immiin inflamasyon indeksi (SII) ve
pan-immin  inflamatuvar indeks (PIV)
degerlendirilmistir. Bu oranlarin VPA'nin
terapotik ve toksik dozlarindaki farkhiliklarini
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ortaya koymak ve oOzellikle toksik doz
dgrubundaki tahmin ettirme glicunii incele-
yerek birinci basamakta kullanilan Kkolay
erisilebilir testlerin klinik faydasini degerlen-
dirmek amaclanmustir.

GEREC VE YONTEMLER

Retrospektif olarak tasarlanan bu calismada,
Ocak 2023-Aralik 2024 tarihleri arasinda
Pamukkale Universitesi Hastanesi Cocuk
Noroloji Servisi ve Poliklinigi'ne basvuran, es
zamanl VPA ve hemogram sonucu bulunan,
2-18 yas arasi ¢ocuk hastalara ait veriler
Laboratuvar Bilgi Sistemi (LBS) ulzerinden
elde edilmistir. Es zamanh VPA ve hemogram
sonucu bulunmayan hastalarin verileri
calismaya dahil edilmemistir.

Serum VPA duzeyleri Cobas 801 analizo-
riinde (Roche Cobas Sistemleri, Mannheim,
Almanya) homaojen enzim immiinoassay
yontemi Kkullanilarak oOlgulmiustiir. Tam kan
sayimi analizleri Mindray BC-6800 otoanali-
zOriinde (Mindray CAL8000 sistemleri,
Sanghay, Cin) optik dansite ve empedans
yontemleri ile gerceklestirilmistir. VPA
olcumleri icin varyasyon katsayisi (CV) deger-
leri genel olarak <%10 iken, hemogram
parametrelerine ait CV degerleri %5-6
arasinda degisiklik gostermistir. Dis kalite
degerlendirme sonuglan incelendidinde, =2
Z-skoru disinda kalan herhangi bir sonug
saptanmamustir.

Hemogram parametreleri; hemoglobin
(g/dL), eritrosit sayisi (RBC, M/uL), eritrosit
dagilim genisligi (RDW-SD, fL), platelet sayisi
(PLT, K/uL), beyaz kire (WBC), notrofil,
lenfosit, monosit, eozinofil ve bazofil sayilari
(K/uL) olarak kaydedilmistir. Bu veriler
Kullanilarak platelet/lenfosit oram (PLO),
notrofil X lenfosit / platelet orani (NLPO),
sistemik inflamatuvar cevap indeksi (SIRI =
notrofil X monosit / lenfosit), pan-immiin
inflamatuvar indeks (PIV = noétrofil X platelet
X monosit / lenfosit) ve sistemik immiin
inflamasyon indeksi (SII = platelet x notrofil
/ lenfosit) belirtilen formiuller Kkullanilarak
hesaplanmuistir.
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Serum VPA diizeyleri <50 mg/L etkin olma-
yan doz, 50-100 mg/L terap6tik doz ve >100
mg/L toksik doz olarak smiflandirlmstir
(10,17). Belirlenen tarihler arasinda basvuran
ve calisma Kriterlerini karsilayan tim tanih
cocuk hastalara ait mevcut veriler analize
dahil edilmistir.

istatistiksel analizler SPSS 25.0 paket
programi (IBM SPSS Statistics 25, Armonk,
NY, ABD) Kkullanilarak yapilmistir. SurekKli
degiskenler ortalama = standart sapma veya
medyan (IQR: 25.-75. persentil) olarak,
kategorik degiskenler sayi ve yiizde seklinde
ifade edilmistir. Gruplar arasi karsilastirma-
larda  parametrik test varsayimlarinin
sadlandi@i durumlarda tek yonli varyans
analizi, sadlanmadigi  durumlarda ise
Kruskal-Wallis testi Kkullanilmistir. Surekli
degiskenler arasindaki iliskiler Spearman
korelasyon analizi ile degerlendirilmistir.
Degiskenlerin ayirt edicilik glicuni ve tanisal
performanslarini belirlemek amaciyla ROC
analizi uygulanmis, en uygun kesim noktasi
Youden indeksi Kkullanilarak belirlenmistir.
Tum istatistiksel analizlerde p<0.05 dederi
istatistiksel olarak anlaml kabul edilmistir.
Bu calisma icin gerekli etik onay, Pamukkale
Universitesi Tip Fakiiltesi Girisimsel Olmayan
Klinik  Arastirmalar  Etik  Kurulu'ndan
almmistir (Tarih: 03.06.2025, Karar No: E-
60116787-020-703297).

BULGULAK

LBS'den Ocak 2023-Aralik 2024 tarihleri
arasinda belirlenen Kriterlere uygun toplam
4596 veri elde edilmistir. Verileri degerlen-
dirilen cocuk hastalarin 64t kiz, 901 erkek

olup yaslar1 2-18 y1l arasinda degismekteydi.
LBS'den 154 cocuk hastaya ait toplam 309
es zamanli VPA ve hemogram sonucu
allmmistir. Bazi hastalarin birden fazla
basvurusu bulunmasi nedeniyle, ayni hastaya
ait birden fazla es zamanlh VPA ve hemogram
sonucu mevcuttu. Serum VPA diizeylerine
gore yapilan smiflandirmada, <50 mg/L
olanlar 1. grup, 50-100 mg/L arasinda
olanlar 2. grup ve >100 mg/L olanlar toksik
doz grubu (3. grup) olarak tanimlanmistir.
Buna gore 1. grupta 98, 2. grupta 184 ve 3.
grupta 27 Olcum yer almistir. Gruplar arasi
karsilastirmalara ait ayrintili veriler Tablo
1'de sunulmustur. Gruplar birbiriyle karsilas-
tirldidinda, 1. ve 2. gruplar arasinda platelet
sayisi acisindan istatistiksel olarak anlaml
fark saptanmistir (p=0,0001). 1. ve 3.
gruplarin Karsilastirllmasinda bazofil sayisi
(p=0,037), platelet sayisi (p=0,0001), PLO
(p=0,001), PIV (p=0,027) ve SIl (p=0,003)
degerleri istatistiksel olarak anlamli bulun-
mustur. 2. ve 3. gruplar karsilastinildiginda
ise  platelet sayisi (p=0,0001), PLO
(p=0,001), PIV (p=0,027) ve SIl (p=0,003)
acisindan istatistiksel olarak anlamh fark
gozlenmistir. SIRI ve NLPO indeksleri ti¢ grup
arasinda istatistiksel olarak anlamli farklilik
gdstermemistir (Tablo 1).

Hematolojik parametreler ve bu paramet-
relerden elde edilen inflamatuvar oranlar icin
yapilan ROC analizinde, edri altinda kalan
alan (AUC) degerleri Tablo 2’de sunulmustur.
Buna gore en yiuksek AUC degeri platelet
sayisina ait olup 0,72 olarak saptanmustir.
Bunu sirasiyla PLO (0,695), SII (0,689) ve PIV
(0,658) izlemistir. PIV ve SII icin ROC edrileri
Sekil 1'de gosterilmistir.
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Tablo 1. Hemogram testleri ve testlerden elde edilen oranlarin valproik asit diizeyine gore ayrilmis U¢ grup icinde
Karsilastiriimasi

Table 1. Comparison of hemogram parameters and derived ratios among three groups stratified by Valproic acid
level

Valproik Asit Diizeyi

Hemogram testleri ve

B <50 mg/L (1) 50- 100 mg/L (2)  >100 mg/L (3) p
n 98 184 27
A.O. = S.S. 0,034 + 0,0169 0,0334+ 0,0216 0,0248 + 0,0126
0,037* (kw=6,598) (1-
Bazofil sayist (K/uL) 0,02 (0,015 - 5
Med (IQR) 0,03 (0,02 - 0,04) 0,03 (0,02 - 0,04) ’ 0 0':,,) )
A.O. £ S.S. 0,25 = 0,22 0,22 £ 0,2 0,22 + 0,26
Eozinofil sayis (K/uL) 0,161 (kw=3,655)
Med (IQR) 0,19 (0,11 -0,33) 0,15 (0,09 - 0,31) 0,12 (0,07 - 0,32)
A.O. = S.S. 12,71 = 1,54 12,75 = 1,29 12,71 = 1,19
Hemoglobin(g/dL) _ 0,977 (F=0,023)
Med (IQR) 12,8 (11,55 12,7 (12 -13,6) 12,6 (11,7 - 13,6)
13,75)
A.O. = S.S. 3,1 1,06 2,94 + 1,13 3,13 = 1,01
Lenfosit sayisi (K/uL) 0,43 (kw=1,689)
Med (IQR) 291 (2,33-3,71) 2,75 (2,18 -3,49) 2,77 (2,48 - 3,85)
A.O. = S.S. 0,57 £ 0,21 0,61 + 0,27 0,58 + 0,19
Monosit(K/uL) 0,515 (kw=1,325)
Med (IQR) 0,54 (0,44 -0,66) 0,55 (0,45-0,69) 0,56 (0,47 -0,7)
A.O. = S.S. 3,68 = 1,94 3,63 + 2,01 3,02 + 1,33
Notrofil Sayist (K/uL) 0,443 (kw=1,627)
Med (IQR) 3,17 (2,47 - 4,05) 3,15 (2,43 - 4,21) 2,87 (2,36 - 3,95)
A.O. = S.S. 285,4 + 75,21 247,38 + 82,85 199,64 + 63,54
Platelet sayisi (K/uL) 0.0001* (kw=29,644)
y Med (IQR) 273 (224,5 - 240 (186,5 - 205 (156,5 - (1-2, 1-3, 2-3)
341,5) 296,5) 227.5)
: . A.O. = S.S. 4,56 + 0,5 4,48 + 0,5 4,33 + 0,5
E;lltrgsn (RBC) sayisi 0,103 (F=2,295)
(M/uL) Med (IQR) 4,54 (4,23 - 4,87) 4,45 (4,17 - 4,82) 4,32 (4,04 - 4,61)
Eritrosit Dacuim Geniaici 0" £ 55 13,98 + 1,5 13,83 + 1,54 13,85 + 1,41
ritrosit Dagilm Genisligi
B 0,553 (kw=1,186)
(RDW-SD) (fL) Med (IQR) 15’174%;9 13,5 (12,9 - 14,2) 13,5 (12,8 - 14,9)
i A.O. = S.S. 7,64 + 2,41 743 + 2,54 6,98 + 1,75
Beyaz kiire (WBC) sayisi 0,596 (kw=1,035)
(K/uL) Med (IQR) 7,08 (6,2-8,7) 6,95(59-8,29) 6,79 (5,55 - 8,05)
@ . A.O. = S.S. 1,32 = 0,81 1,46 = 1,13 1,08 *+ 0,66
N;Ifgﬁl /Lenfosit orani 0,234 (kw=2,907)
(NLO) Med (IQR) 1,18 (0,71-1,61) 1,15 (0,79 - 1,63) 1,05 (0,58 — 1,41)
A.O. £ S.S. 101,15 + 37,59 94,9 + 44,9 70,46 = 32,72
Platelet/Lenfosit orani 0,001* (kw=14,361)
(PLO) 98,25 (73,9 - 87,38 (66,46 - ) 1.3, 2.3
Med (IQR) 121,57) 110,36) 67,79 (43,7 - 90) ( )
& s P A.O. = S.S. 0,49 + 0,31 0,67 £ 0,7 0,6 = 0,47
Notroﬁ]l\[l;ecr)lfosu/l’latelet 0,096 (kw=4,683)
oran ( ) Med (IQR) 0,44 (0,24 - 0,64) 0,47 (0,3-0,79) 0,52 (0,28 - 0,7)
SIRI A.O. £ S.S. 0,82 =+ 0,84 0,99 + 1,26 0,68 = 0,61
(No6trofil*Monosit/Lenfosit 0,322 (kw=2,266)
orani) Med (IQR) 0,57 (0,4 -0,93) 0,64 (0,4 -0,97) 0,55 (0,35 - 0,8)
PIV A.O. £S.S. 242,25 + 267,36 258,83 + 376,12 150,13 = 189,8
NStrofil*M it*Platelet 0,027* (kw=7,216) (1-
(Notrofil*Monosit*Platelet/ Med (IQR) 152,01 (94,35 - 140,35 (93,37 - 93,07 (49,66 - 3, 2-3)
Lenfosit Orany) 262,93) 254,43) 181,44)
SII A.O0. =£S.S. 382,01 289,51 3639 + 324,75 228,19 = 198,7
(Platelet*Notrofil/Lenfosit 14 196,1 264.28 (191,9 6 (102,44 0,003* (kw=11,478)
314,33 ,15 . 1,91 155,6 (102,44 - 3 2-
Orani) Med (IQR) ( ( ( og 2y

- 457,08)

- 392,97)

301,13)

*p<0,05 istatistiksel olarak anlaml farklilik; A.O: Aritmetik ortalama; S.S: Standart sapma; Med (IQR): Ortanca (25. -
75. ylizdelikler); F: Tek YOnlii varyans analizi; kw: Kruskal Wallis Varyans analizi; 1-2: 50 alti ve 50-100 arasi gruplar
arasi anlamh farkhlik; 1-3: 50 alti ve 100 {izeri arasi gruplar arasi anlamh farklhhk; 2-3: 50-100 ve 10 uzeri arasi
gruplar arasi anlaml farklihk
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Tablo 2. Hemogram sonuglar1 ve bu sonuclardan elde edilen oranlarin 95% giiven araliinda egdri altinda kalan

alanlari

Table 2. Areas under the curve with 95% confidence intervals for hemogram parameters and derived ratios

Analitler

Bazofil sayisi (K/uL)

Eozinofil sayisi (K/uL)
Hemoglobin(g/dL)

Lenfosit sayis1 (K/uL)

Monosit(K/uL)

Notrofil Sayisi (K/uL)

Platelet sayis1 (K/uL)

Eritrosit (RBC) sayisi (M/uL)

Eritrosit Dagihm Genisligi (RDW-SD) (fL)
Beyaz kiire (WBC) sayisi

Notrofil / Lenfosit orani (NLO)

Platelet / Lenfosit orani (PLO)

Notrofil x Lenfosit/Platelet orani (NLPO)
SIRI (No6trofil x Monosit / Lenfosit orani)
PIV (Notrofil x Monosit x Platelet / Lenfosit Orani)
SII (Platelet x Notrofil / Lenfosit Orani)

EAA  Std, Hata p %95 G A, Alt - Ust
0,646 0,054 0,015% 0,54 - 0,753
0,569 0,064 0,255 0,443 - 0,694
0,509 0,057 0,887 0,397 - 0,62
0461 0,055 0,52 0,352 - 0,57
0,476 0,06 0,691 0,359 - 0,593
0,576 0,056 0,21 0,466 - 0,686
0,72 0,049  0,0001* 0,623 - 0,817
0,606 0,06 0,08 0,488 - 0,723

0,5 0,066 0,998 0,371 - 0,629
0,538 0,058 0,532 0,425 - 0,651
0,598 0,058 0,106 0,484 - 0,712
0,695 0,057 0,001% 0,583 - 0,808
0478 0,061 0,721 0,36 - 0,597
0,57 0,058 0,247 0,457 - 0,683
0,658 0,061 0,009% 0,538 - 0,777
0,689 0,06 0,002 0,573 - 0,806

*p<0,05 istatistiksel olarak anlaml ayirt edicilik; EAA: egri altinda kalan alan (AUC); %95 G.A: %95 Giiven Araligi

TARTISMA

Retrospektif olarak kurgulanan bu calismada,
hemogram parametrelerinden elde edilen SII
ve PIV, VPA diizeylerinin 50-100 mg/L ile
>100 mg/L olma durumunu ayirt etmede
etkili oldugu goOsterilmistir. Kumar ve
arkadaslarimm yayimladigi bir derlemede,
VPA tedavisinin cesitli koagulopatik yan
etkilere yol actigi ve bunlar arasinda en sik
gortilenin trombositopeni oldugu bildirilmistir
(18). Buoli ve arkadaslari, “VPA” ve
“trombositopeni” anahtar kelimeleri ile en az
dort veri tabaninda yaptiklarn taramada 159
ozet metni incelemis ve dokuz calisma
disinda kalan tiim arastirmalarda, uzun sureli
VPA tedavisinin (>9 ay) trombosit sayisinda
130.000/uL ve altina disuse neden oldugunu
ortaya koymustur (19). Delgado ve arkadaslari,
306 cocuk hasta ile gerceklestirdikleri
calismada %21 oraninda trombositopeni
gelistigini, 64 hastanin 32'sinde trombosit
sayisinin mm3te 100.000’in altinda oldugunu
ve sekiz hastada Kkanama bulgularmm
goriildiiguni bildirmistir. Arastirmacilar, ilag
dozundaki azalma ile trombosit sayisindaki
artisin dogru orantili oldugunu belirtmislerdir
(20).

Bu calismada da VPA dizeylerine gore
olusturulan G¢ grup Kkarsilastirildiinda
platelet sayilar1 arasinda istatistiksel olarak
anlamh fark saptanmis ve >100 mg/L VPA
diizeyine sahip grupta ortalama platelet
sayilsi mm>te 199,64 =+ 63,54 olarak
bulunmustur. Bu bulgu, VPA tedavisinin
trombosit sayisi uzerindeki etkilerine iliskin
mevcut literatiirle uyumludur. VPA tedavisinin
trombosit sayisi ve fonksiyonu uzerinde
cesitli etkileri oldugu bilinmektedir. Tedavi
alan hastalarda yapilan kemik iligi incele-
melerinde megakaryosit sayisinin normal
veya artmis bulunmasi, trombositopeninin
kemik iligi baskilanmasindan ziyade periferik
trombosit yikiminin artmasina bagh olabile-

cedgini dusundiirmektedir. Ayrica VPA'nin
trombosit membrani {izerine dogrudan
toksik etki gOstererek  malondialdehit

tiretimini azaltmasi, trombosit bitiinligiini
ve yasam siiresini olumsuz etkileyebilecedi
bildirilmistir. Bununla birlikte = VPA'nin,
fibrinojen baglanmasinin azalmasi ve P-
selektin ekspresyonunun artmasi yoluyla
trombosit agregasyonunu bozarak trombosit
disfonksiyonuna neden oldugu, bu etkinin
arasidonik asit yolu ve siklooksijenaz
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aktivitesinin inhibisyonu sonucu tromboksan
A sentezinin azalmasi ve ATP saliniminin
bozulmasi ile iligkili oldugu belirtilmistir (21).

Veri analizi ile gerceklestirilen bu calismada,
platelet ve lenfosit sayillarinin oranlanmasiyla
hesaplanan PLO, VPA diizeyi >100 mg/L olan
grupta diger iki gruba kiyasla anlaml olarak
diusuk bulunmustur. Literatiirde antiepileptik
ilac kullanan bireylerde PLO oranimi incele-
yen tek calisma olan Cag ve arkadaslarinin
calismasinda, 17 karbamazepin, 21 VPA ve
22 levetirasetam Kkullanan hasta grubu 40
sagliklh  kontrol ile Karsilastirilmis; bu
calismanin aksine PLO acisindan anlaml fark
saptanmamustir (14). VPA kullanan hastalarda
PLO’yu Ozel olarak degerlendiren baska bir
calismaya literatiirde rastlanmamistir. Epi-
lepsi hastalar ile saglikli kontrollerin Kkarsi-
lastinldigi ve PLO oranlarinin degerlendi-
rildigi bir baska calismada ise PLOnun
epilepsi hastalarinda saglikli bireylere gore
daha yuksek oldugu bildirilmistir; ancak bu
calismada hastalarin yalnizca VPA dedil farkl
tedavi modaliteleri de kullandidi belirtilmistir
(22). Hosseini ve arkadaslari, PubMed,
Scopus ve Web of Science veri tabanlarinda
yaptiklarn taramada, NLO epilepsi hastalari ile
sadhkli bireyleri ayirt etmede tanisal bir
degere sahip olmadidgimi 6ne surmiuslerdir
(23). Bu calismada da VPA diizeylerine gore
u¢ gruba ayrilarak yapilan NLO analizinde
gruplar arasinda anlamh bir fark saptan-
mamustir.

Bu calismada noétrofil, monosit ve lenfosit
sayilari kKullanillarak ~ hesaplanan SIRI
acisindan gruplar arasinda istatistiksel olarak
anlamli bir farkhlik izlenmemistir. Literatiirde
SIRI indeksinin epilepsi hastalarinda deger-
lendirildidi baska bir calismaya rastlanmamis

olup, bu agidan elde edilen bulgularin
Karsilastirilabilmesi  icin ileri calismalara
ihtiyac bulunmaktadir. Mevcut literatirde

SIRI'nin daha c¢ok Kkanser hastaliklarinda
prognoz ve mortaliteyi dngérmede, ayrica
vaskuler endotelyal hasar ile seyreden
romatolojik hastaliklar ve Kkoroner arter
hastaliklart gibi Kklinik durumlarla iliskili
oldugdu bildirilmektedir (24-26).
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Bu calismada SII ve PIV degerleri tic farkli
VPA doz grubunda Karsilastirildiinda, toksik
doz grubu ile diger gruplar arasinda istatis-
tiksel olarak anlamh farklar saptanmustir.
Literatiirde SII ve PIV oranlarini VPA diizeyleri
ile birlikte degerlendiren bir calismaya
rastlanmamustir. Bu yontiyle, VPA diizeylerine
gore gruplandirilarak kurgulanan bu calisma,
SII ve PIV oranlarinin toksik VPA diizeyleri ile
iliskisini ilk kez ortaya koymaktadir. Bu
oranlarin laboratuvar bilgi sistemlerine
entegre edilmesi, Ozellikle VPA'nin toksik
dozlarmm  6ngoriilmesinde laboratuvar
uzmanlar1 ve Klinisyenler icin yol goOsterici
olabilir.

Calismanin bazi kisithliklari bulunmaktadir.
Retrospektif tasarim nedeniyle preanalitik
evreye ait olasi hatalar degerlendirileme-
mistir. Hastalarin ayrintili norolojik muayene
kayitlarina ulasilamadigindan eslik eden ilag
kullanimlar1 ve olasi ilag-diizey etkilesimleri
degerlendirilememistir. Ayrica C-reaktif pro-
tein (CRP) duzeyleri rutin olarak istenme-
didinden inflamasyonun katkisi dogdrudan
analiz edilememistir.

Ozellikle kirsal bolgelerde yasayan, ikinci ve
ligtincii basamak sadlik kuruluslarina erisim-
de ekonomik ve fiziksel glgcliukler yasayan
ancak birinci basamak saglik hizmetlerine
ulasabilen VPA kullanan hastalarda, basit
hemogram testleri aracilidiyla ilag diizey
takibinin kolaylastirilmast mumkun olabilir.
Buytlik veri analizleri ile elde edilen anlaml
iliskilerin, saglik sistemlerinde giderek artan
veri yukuniin etkin sekilde islenmesi ve hasta
ile saglik calisanlarinin yararina kullanilmasi
acisindan kacinilmaz oldugu distinilmek-
tedir (27).

Cikar catismasi: Yazarlarin beyan edecek-
leri herhangi bir c¢ikar catismasi bulunma-
maktadir.

Finansal destek: Bu arastirma icin herhangi
bir kurum veya kurulustan finansal destek
alimmamustir.
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ABSTRACT

Complete urinalysis is commonly requested by clinicians, because it provides important information
about diabetes, liver or urinary system diseases, hydration, urinary tract infections and many other
clinical conditions. The results of complete urinalysis can be influenced by various factors, such as diet,
dietary supplements and medications. In this case report, a false-positive urine bilirubin result caused
by taking an anti-inflammatory drug containing etodolac was presented.

Keywords: Bilirubin, Etodolac, Interference, Complete urinalysis.

OZET
Tam idrar analizi diyabet, karaciger veya iiriner sistem hastaliklari, hidrasyon, idrar yolu enfeksiyonlari
ve bircok klinik durum hakkinda 6nemli bilgiler sagladidi icin klinisyenler tarafindan siklikla istenir. Tam
idrar analizi sonugclan diyet, gida takviyeleri ve ila¢ tedavileri dahil olmak {izere bircok faktOrden
etkilenebilir. Bu vaka sunumunda idrarda etodolak etken maddeli antienflamatuvar bir ilag alimi
kaynakli yanhs pozitif idrar bilirubin vakasi sunuldu.

Anahtar sézciikler: Bilirubin, Etodolak, interferans, Tam idrar analizi.
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INTRODUCTION

Complete urinalysis is a non-invasive, rapid,
and cost-effective diagnostic tool in clinical
practice (1). It is widely used for the
diagnosis and clinical monitoring of various
systemic and wurinary disorders. Under
normal physiological conditions, bilirubin is
absent in wurine. Its presence is always
considered pathological and may indicate an
underlying hepatobiliary disorder.

Dipstick tests used for urinalysis may yield
false-positive or false-negative results in
urinary bilirubin detection (2). Inaccurate
urinalysis results are often caused by pre-
analytical errors such as improper storage
conditions, delayed transport, or interference
from certain medications and their
metabolites (3). Several drugs that interfere
with urinary bilirubin testing have been
reported in the literature (4). In this case
report, we present a patient with a false-
positive  urinary  bilirubin test result
associated with the use of a nonsteroidal
anti-inflammatory drug containing etodolac.

CASE PRESENTATION

A 60-year-old male patient was referred to our
laboratory during routine check-ups because
of +3 urinary bilirubin positivity, despite a
serum total bilirubin level of 0.43 mg/dL and
a direct bilirubin level of 0.20 mg/dL. The
patient had no known comorbidities or
abnormal physical examination findings apart
from hypothyroidism, hyperlipidemia, and
benign prostatic hypertrophy. The patient’s
clinical chemistry and complete urinalysis test
results are presented in Table 1.

Complete urinalysis was performed using
both the DIRUI FUS-200 and DIRUI FUS-2000
urine analyzers (DIRUI Industrial Co., China).
No pathological findings were detected other
than +3 bilirubin positivity, and further
investigation was initially deemed
unnecessary based on the remaining medical
laboratory test results. In addition, the
physical characteristics of the urine did not
support the presence of bilirubinuria (Figure
1).

To rule out pre-analytical and analytical
errors, a fresh spot urine sample was
requested from the patient on the same day.
In this sample, bilirubin was detected as +2
positive using both the DIRUI FUS-200 and
DIRUI FUS-2000 urine analyzers, as well as
by manual urine dipstick testing. Due to
suspicion of a false-positive urinary bilirubin
result, the patient was asked whether he was
using any herbal products, dietary
supplements, or medications. The patient
reported the use of a nonsteroidal anti-
inflammatory drug containing etodolac.
Furthermore, review of the assay kit package
insert revealed that etodolac metabolites
may interfere with urinary bilirubin testing
and potentially lead to false-positive results.

|

<. ==

L .

Figure 1. The patient's urine specimen collected
in the etodolac treatment period

Sekil 1. Etodolak tedavisi ddneminde toplanan
hastaya ait idrar 6rnegi
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Unexpected Urine Bilirubin Positivity
Beklenmeyen Idrar Bilirubin Pozitifligi

Table 1. Clinical chemistry and complete urinalysis test results of the patient
Tablo 1. Hastanin klinik kimya ve tam idrar tahlili test sonuclari

Parameters Results
Glucose, mg/dL 101
Urea, mg/dL 15.50
Creatinine, mg/dL 0.85
AST, U/L 15
ALT, U/L 13
ALF, U/L 109
GQqT, U/L 19
Total bilirubin, mg/dL 0.43
Direct bilirubin, mg/dL 0.20
Indirect bilirubin, mg/dL 0.23
Na*, mEq/L 140
K*, mEq/L 4,90
Cl', mEq/L 101
Complete urinalysis

Color Light yellow
Clarity Clear
Specific gravity 1018
pH 6
Glucose Negative
Protein Negative
Ketone Negative
Bilirubin +3
Urobilinogen Normal
Nitrite Negative
Ascorbic acid Negative
Blood Negative
Leukocyte esterase Negative
Red blood cell/HPF 1
White blood cell/HPF 1

DISCUSSION

Etodolac is a nonsteroidal anti-inflammatory
drug with relatively high selectivity for
cyclooxygenase-2 (COX-2) (5). It is primarily
metabolized in the liver through
hydroxylation and glucuronidation and is
excreted mainly via the Kidneys in urine, with
a smaller proportion eliminated through the
bile.

The reaction of bilirubin with diazotized
sulfanilic acid, known as the diazo (Van den
Bergh) reaction, was introduced by Van den
Bergh in 1918 and is widely used for the
quantitative measurement of bilirubin in

Turk Klinik Biyokimya Derg 2025; 23(3)

Reference Values
70-110
6-20
0.7-1.2
0-37
0-41
0-129
10-71
0-1.1
0-0.3
0-0.8
135-145
3.5-5.1
98-107

Light yellow
Clear
1015-1025
5.0-8.5
Negative
Negative
Negative
Negative
Normal
Negative
Negative
Negative
Negative
0-3
0-5

serum and urine. In this reaction, two
isomeric colored azo pigments are formed,
exhibiting maximum absorbance at 530 nm.
The intensity of the resulting color is directly
proportional to the bilirubin concentration
(8).

Numerous conditions that interfere with
urinary bilirubin measurement have been
described. For example, ascorbic acid,
prolonged storage time, and light exposure
may cause false-negative results, whereas
the presence of urine-coloring pigments,
elevated urobilinogen levels, and various
medical therapies may lead to false-positive
results. One of the medications known to
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cause false-positive urinary bilirubin results
is etodolac (7). In such cases, electron-rich
regions of the phenolic ring may be attacked
by the electrophilic diazonium salt, resulting
in the formation of a colored product.

Sho et al. analyzed urine samples from
patients with normal serum bilirubin levels
but positive urinary bilirubin results using
high-performance liquid chromatography
(HPLC). Three positive fractions were
obtained following extraction of etodolac
metabolites with ethyl acetate. The HPLC
retention times of two of these fractions
corresponded to the 6-hydroxy and 7-
hydroxy derivatives of etodolac metabolites
(8). In another case report, a 14-year-old girl
exhibited a positive urine dipstick bilirubin
result during etodolac treatment (9).

Medical therapies can affect certain clinical
chemistry test results, such as complete
urinalysis. In cases of unexpected or clinically
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ABSTRACT

Preanalytical irregularities in serum separator tubes are frequently regarded as technical artifacts. In this
case, repeated failure of serum separation led to the diagnosis of multiple myeloma. A 77-year-old
woman presented with chest pain and fatigue, and successive serum samples failed to form an
adequate gel barrier, yielding only minimal serum despite prolonged centrifugation. Biochemical
analyses revealed hypoalbuminemia, elevated total protein, increased IgA with suppressed IgM and IgG
levels, and a markedly decreased kappa/lambda ratio. Serum and urine immunofixation identified an
IgA-lambda monoclonal band. PET-CT demonstrated multiple lytic bone lesions. Bone marrow biopsy
revealed a hypercellular marrow with 80% plasma cell infiltration, confirming the diagnosis of multiple
myeloma. These findings underscore that abnormal serum separation, often dismissed as a technical
issue, may serve as an early indicator of underlying hematologic malignancy.

Keywords: Multiple myeloma, Serum separator tube, Preanalytical error, Immunofixation,
Hyperproteinemia.
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OZET

Serum ayirici tiiplerde goriilen preanalitik diizensizlikler siklikla teknik artefaktlar olarak dederlendirilir.
Bu olguda, tekrarlayan serum ayrisma basarisizlidi multipl miyelom tanisina yol agmistir. Yetmis yedi
yasindaki bir kadin hasta goguis agrisi ve halsizlik sikayetleriyle basvurmus, ardisik serum 6rneklerinde
yeterli jel bariyer olusmamis ve uzun sureli santrifiigasyona ragmen yalnizca minimal miktarda serum
elde edilmistir. Biyokimyasal analizlerde hipoalbuminemi, artmis total protein, IgM ve IgG baskilanmasi
ile birlikte artmis IgA diizeyi ve belirgin derecede azalmis kappa/lambda orani saptanmistir. Serum ve
idrar immiunfiksasyonunda IgA-lambda monoklonal bant tespit edilmistir. PET-BT incelemesinde cok
sayida litik kemik lezyonu gosterilmistir. Kemik iligi biyopsisinde %80 plazma hiicresi infiltrasyonu ile
hiperselliiler bir kemik iligi saptanmis ve multipl miyelom tanisi dogrulanmistir. Bu bulgular, siklikla
teknik bir sorun olarak g6z ardi edilen anormal serum ayrismasmin, altta yatan hematolojik
malignitenin erken bir gostergesi olabilecedini vurgulamaktadir.

Anahtar Kelimeler: Multipl
Hiperproteinemi.

INTRODUCTION

Gel barrier displacement or failure to form in
serum separator tubes is predominantly

considered a pre-analytical artifact (1).
Nevertheless, such anomalies may
occasionally serve as harbingers of

underlying severe pathologies (2). The
localization of the gel barrier is influenced by
multiple factors, including sample viscosity,
specific gravity, tube composition, and
laboratory handling conditions. Additionally,
patient-specific variables such as heparin
therapy, anemia, elevated plasma protein
concentrations, or sample contamination
may precipitate gel barrier failure (3). This
case report delineates the diagnosis of
multiple myeloma in a 77-year-old female
patient, subsequent to recurrent gel barrier
failure in serum separator tubes.

Case Presentation

A 77-year-old female patient initially
presented to an external medical center with
complaints of chest pain, fatigue,
generalized weakness, and musculoskeletal
pain, mainly affecting both legs. She
reported increased sleep duration, loss of
appetite, and approximately 7 kg of weight
loss over the past three months. In addition,
she described recurrent episodes of nasal
bleeding and severe leg pain during the last
three days.

On physical examination, no jaundice,
cyanosis, or clubbing was observed. Vital

miyelom, Serum ayirici

tiip, Preanalitik hata, Immiinfiksasyon,

signs were stable (heart rate: 84/min, blood
pressure: 130/80 mmHg). Cardiovascular
and abdominal examinations were within
normal limits. Based on the initial evaluation
at the external center, a need for blood
transfusion was identified, and the patient
was referred to our hospital for further
investigation and management.

The initial blood sample was collected in a
Greiner Bio-One VACUETTE Serum Sep Clot
Activator tube (Lot A240839S) and
centrifuged at 2000 X g for 10 minutes.
Post-centrifugation, gel barrier formation was
absent. Despite prolonging the
centrifugation  duration, the anomaly
persisted. (Figure 1) A subsequent blood
draw yielded minimal serum from the upper
fraction. Biochemical analyses, including
albumin, total protein, immunoglobulins,
and free light chains, were performed using
the Beckman Coulter AU5800 analyzer
(Beckman Coulter Inc., Brea, CA, USA).
Serum and urine immunofixation
electrophoresis were performed using the
Helena SAS-1 Plus system (Helena
Biosciences, Sunderland, UK).

Oncologic PET using F-18
fluorodeoxyglucose (FDQG), performed at
diagnosis, revealed a mildly hypermetabolic
lytic lesion measuring 30 X 17 mm located
at the anterior aspect of the right iliac bone.
Additionally, multiple lytic hypodense lesions
exhibiting mild to minimal intramedullary
hypermetabolism were observed throughout
the skeletal system, with more prominent
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involvement of the calvarium, bilateral
humeri, pelvic bones, and femora.
Subsequently, a bone marrow biopsy was
performed.

Figure 1. Abnormal floating separator gel.
Sekil 1. Ayirici Jelde Anormal Konumlanma

Laboratory Findings

Serum biochemistry revealed hypoalbuminemia
(23 g/L; reference range: 35-52 g/l)
concomitant with hyperproteinemia (119 g/L;
reference range: 66-83 g/L). Immunoglobulin
profiling demonstrated markedly elevated
IgA (16.68 dg/L; reference range: 0.7-4 g/L),
with depressed IgM (0.20 g/L; reference
range: 0.4-2.3 g/L) and IgG (2.07 g/L;
reference range: 7-16 g/L) concentrations.
Free light chain assays showed reduced
kappa chains (1.48 mg/L; reference range:
2.37-20.73 mg/L) and normal lambda chains
(26.42 mg/L; reference range: 4.23-27.69

Turk Klinik Biyokimya Derg 2025; 23(3)

Preanalytical Sign of Multiple Myeloma
Multipl Miyelomun Preanalitik Belirtisi

mg/L), resulting in a markedly decreased
kappa/lambda ratio of 0.056 (reference range:
0.22-1.74). Serum and urine immunofixation
electrophoresis revealed an IgA lambda
monoclonal band, representing a laboratory
finding compatible with a monoclonal
gammopathy (Figure 2). A differential
diagnosis of multiple myeloma was
considered, and to confirm it, a bone marrow
biopsy was performed, which revealed plasma
cell dyscrasia consistent with multiple
myeloma. Additionally, the bone marrow
biopsy showed a hypercellular marrow with
80% plasma cells and 3% blasts. Based on
these findings, a definitive diagnosis of
multiple myeloma was established.

T[GJA[M[ K]~

Figure 2. IgA lambda monoclonal band on serum
and urine immunofixation electrophoresis.

Sekil 2. Serum ve idrar immiinofiksasyon
elektroforezinde IgA lambda monoklonal band.

DISCUSSION

Failure or aberrant positioning of the gel

barrier in serum separator tubes is
commonly attributed to  preanalytical
technical errors. However, accumulating

evidence suggests that such abnormalities
may serve as early indicators of hematologic
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malignancies and other serious clinical
conditions (1,2,4). In particular, gel barrier
failure has been repeatedly reported in
patients with multiple myeloma, a disorder
characterized by excessive paraprotein
production and increased plasma viscosity
(3,5.6).

In multiple myeloma, overproduction of
monoclonal immunoglobulins and free light
chains alters the physicochemical properties
of serum, including density and viscosity,
thereby interfering with normal gel barrier
migration during centrifugation. Tan et al.
described serum separator tube gel failures
associated with elevated IgA concentrations,
findings that closely parallel the present case
and emphasize the importance of
heightened awareness in clinical laboratory
practice (1).

Similarly, Kim et al demonstrated that
discrepancies between serum separator and
plasma tubes in immunoglobulin
measurement are influenced by both tube
composition and serum viscosity,
highlighting the critical role of appropriate
tube selection in laboratory diagnostics (2).
Demir et al. reported abnormal gel flotation
in hemodialysis patients with
hyperproteinemia, further supporting the
notion that elevated protein concentrations
disrupt proper gel positioning (3).

Increased serum viscosity, a hallmark of
hyperproteinemic states, has been strongly
implicated in serum separator tube failures.
Kisselev et al. identified hyperviscosity
syndrome as a key contributor to separation
errors, adversely affecting assay reliability
(5). Likewise, Smith et al. demonstrated that
elevated viscosity promotes gel barrier
displacement during centrifugation,
underscoring its relevance to preanalytical
quality control (7). Collectively, these findings
indicate that excessive serum protein levels
disturb the physicochemical equilibrium
within serum separator tubes.

In addition to patient-related factors,
variability in tube manufacturing and gel
composition may influence gel barrier

performance. Jones et al. showed that
differences in gel chemistry and density
among manufacturers affect gel stability and
protein electrophoresis outcomes (8). Lee et
al. further reported reduced reliability of
certain tube brands in samples with high
protein content, often necessitating repeat
testing (9). These observations underscore
the importance of judicious tube selection in
clinical laboratories.

In the present case, all samples were
collected using the same type of serum
separator tube, ensuring consistency in tube
composition. Therefore, the observed gel
barrier failure cannot be attributed to inter-
tube variability. Nevertheless, samples were
obtained at different time points during the
patient’s clinical evaluation. Minor temporal
changes in serum viscosity—potentially
related to fluctuations in paraprotein
concentrations or slight delays between
sample collection and centrifugation—may
have contributed to variations in gel
migration. Despite these potential factors,
the predominant cause of the abnormal
separation was most likely the markedly
elevated serum protein concentration
associated with multiple myeloma.

Brown et al. emphasized the diagnostic value
of preanalytical abnormalities in serum
separator tubes as early warning signs of
hematologic malignancies. Prompt
recognition of such anomalies may facilitate
earlier diagnosis and improve clinical
outcomes (10).

Additional patient-related factors, including
anemia, anticoagulant  therapy, and
contamination with contrast agents, may also
contribute to gel barrier abnormalities
(11,12). Accordingly, preanalytical protocols
should be adapted to account for individual
patient characteristics.

In conclusion, heightened awareness of
serum separator gel anomalies during the
pre-analytical phase is essential for laboratory
personnel. Such vigilance facilitates the early
detection of life-threatening conditions like
multiple myeloma.
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Limitations and Contributions

A limitation of this study is that it is based on
a single patient case, which constrains the
assessment of variability in pre-analytical and
analytical conditions. Factors such as serum

viscosity, sample handling, and
centrifugation parameters were observed
qualitatively rather than systematically
quantified.  Despite  this, the study

underscores the importance of monitoring
gel barrier behavior as apotential indicator of
altered serum physicochemical properties,
such as those seen in multiple myeloma. By
linking repeated gel barrier failure to a
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