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Comparative Evaluation of Blood Gas and Biochemistry Analyzers in Lactate

Measurement in Pediatric Patient Groups

ABSTRACT
Objective

Lactate is an early biochemical marker of tissue hypoxia and hypoperfusion and plays an
important role in clinical decision-making. This study aimed to compare lactate measurements
obtained from blood gas and central laboratory biochemistry analyzers in pediatric patients and
to evaluate the clinical agreement between the two methods.

Methods

Pediatric patients with simultaneous lactate measurements performed on blood gas and
biochemistry analyzers at the Ankara Etlik City Hospital Medical Biochemistry Laboratory
between January 2023 and August 2025 were retrospectively reviewed. A total of 914 paired
lactate measurements were included. Method comparison was performed using Pearson
correlation, Bland—Altman analysis, Passing—Bablok regression, and Cohen’s kappa coefficient.
A total allowable error (TEa) of £0.20 mmol/L was used as the clinical acceptance criterion.

Results

A very strong positive correlation was observed between blood gas and biochemistry
measurements (r = 0.95, p < 0.0001). Bland—Altman analysis showed a mean bias of -0.13
mmol/L (95% CI: —0.18 to —0.08), with limits of agreement (LoA) from —-1.56 to 1.31 mmol/L;
95.1% of results fell within these limits. Passing—Bablok regression yielded y = 0.211 + 0.975x
(intercept 0.211, 95% CI: 0.168-0.251; slope 0.975, 95% ClI: 0.954-0.996), with no deviation
from linearity (CUSUM p = 0.97). Categorical agreement was substantial (x = 0.73, 95% ClI:
0.70-0.76), and misclassification remained below 10%.

Conclusion

Blood gas and biochemistry analyzers demonstrated a high level of agreement for lactate
measurement in pediatric patients. The rapid turnaround time of blood gas analyzers may
support timely clinical decision-making, particularly in emergency and intensive care settings.
Although minor differences were observed at low and high concentrations, these were not large
enough to meaningfully affect clinical interpretation.
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Introduction

Lactate is a key end product of cellular metabolism and increases particularly under
anaerobic conditions. In clinical practice, lactate serves as an early indicator of tissue
hypoxia and hypoperfusion and provides prognostic information in sepsis, septic
shock, cardiac arrest, trauma, and other critical illnesses (1,2). In pediatric patients,
lactate monitoring plays an important role not only in diagnosis but also in assessing
response to treatment and predicting mortality risk (3). Children have distinct
physiological characteristics—such as higher metabolic rates, age-dependent lactate
clearance, and variable oxygen consumption—that may influence lactate kinetics
compared with adults. Clinically used decision thresholds (<2 mmol/L, 22 mmol/L,
and 24 mmol/L) are therefore highly relevant in pediatric emergency and intensive
care settings due to their association with disease severity and outcomes (1-3).

In clinical laboratories, lactate is commonly measured in plasma using enzymatic
methods on central laboratory biochemistry analyzers. These methods are generally
regarded as reference approaches due to their accuracy and analytical reliability;
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however, sample processing and transport may delay reporting
(4). In contrast, point-of-care blood gas analyzers can provide
lactate results within minutes from arterial or venous whole
blood, which is particularly valuable in emergency and intensive
care units where rapid decisions are required (5). Despite this
advantage, methodological and matrix differences between
whole-blood and plasma measurements necessitate method-
comparison studies to ensure interchangeability and consistent
clinical interpretation (6).

Several studies have compared blood gas analyzers with
central laboratory analyzers, highlighting overall agreement but
also potential systematic or proportional bias, especially around
clinically important thresholds (7). However, most evidence has
been generated in adult or mixed populations, while pediatric-
specific data remain limited. Because lactate physiology and
variability differ in children, this gap may introduce uncertainty
in pediatric practice.

Accordingly, the aim of this study was to compare lactate
measurements obtained using blood gas and biochemistry
analyzers in pediatric patients and to evaluate clinical
agreement between the two methods. By doing so, we sought
to support the safe use of blood gas lactate in pediatric care
and contribute to the literature on the clinical utility of point-of-
care testing.

Methods
Study Design

This retrospective study evaluated data from the Medical
Biochemistry Laboratory of Ankara Etlik City Hospital between
January 1, 2023, and August 1, 2025. Pediatric cases in which
lactate was measured simultaneously using a blood gas
analyzer and a central laboratory biochemistry analyzer were
included. Data were retrieved from the Laboratory Information
System (LIS). A total of 914 paired lactate measurements were
analyzed.

Inclusion criteria were: (i) age 0-18 years, (ii) simultaneous
lactate measurements on both analyzers during the study
period, and (iii) complete sample data. Exclusion criteria
were: age >18 years, results available from only one analyzer,
incomplete/incorrect records, a time interval =21 hour between
paired measurements, and samples with hemolysis, clots,
insufficient volume, analyzer error flags, or other rejection
criteria. If multiple measurements were available for the same
patient, only the first paired result was included.

Measurements

Central laboratory lactate was measured in plasma on two
Roche Cobas c702 biochemistry analyzers (Roche Diagnostics,
Mannheim, Germany) using the manufacturer’s enzymatic
colorimetric assay. Blood samples were collected into sodium
fluoride (NaF) tubes (BD Vacutainer, Becton, Dickinson
Company, Franklin Lakes, NJ, USA), transported on ice packs,
and processed according to local protocols to minimize in vitro
glycolysis.

Blood gas lactate was measured at the point of care using four
Siemens RAPIDPoint 500 analyzers from heparinized arterial
or venous whole blood, in accordance with the manufacturer’s
instructions. Internal quality control (two levels per run) and

Acad J Health 2025;3(3):94-97

participation in external quality assessment were in place for the
biochemistry analyzers. Blood gas analyzers underwent routine
daily multi-point calibration and internal checks according to
standard procedures.

Ethics

The study was conducted in accordance with the Declaration
of Helsinki. Ethical approval was obtained from the Ethics
Committee of Ankara Etlik City Hospital (Approval No: AESH-
BADEK1-2025-492, Date: 03/09/2025). Informed consent was
waived due to the retrospective design and the use of de-
identified data.

Statistical Analysis

Method comparison followed CLSI EP09-A3 principles (8). The
association between methods was evaluated using Pearson’s
correlation coefficient (p < 0.05 considered significant).
Agreement was assessed using Bland—Altman analysis,
calculating mean bias and 95% limits of agreement (LoA).
Differences were defined as blood gas — biochemistry, and
the proportion of paired results within the LoA was reported.
Heteroscedasticity was visually assessed on the Bland—Altman
plot.

Systematic and proportional differences were evaluated using
Passing—Bablok regression, and deviation from linearity was
assessed using the cumulative sum (CUSUM) test. The TEa
for lactate published by the Wisconsin State Laboratory of
Hygiene (WSLH) was used as the clinical acceptance criterion
(x0.20 mmol/L) (9). Predicted differences at the 2 mmol/L and
4 mmol/L decision points were calculated from the regression
equation and compared against this acceptance limit.

For categorical agreement, lactate values were grouped as
<2 mmol/L, 2—4 mmol/L, and >4 mmol/L. Cohen’s kappa (k)
with 95% CI was calculated. Misclassification rates at the >2
mmol/L and >4 mmol/L thresholds were also reported. A K 2
0.70 was interpreted as good agreement (10). All analyses
were performed using MedCalc 23.3.5 (MedCalc Software Ltd,
Ostend, Belgium).

Results

In the biochemistry analyzer dataset, the median lactate
concentration was 1.84 mmol/L (IQR: 1.31-2.92), with 2.5th
and 97.5th percentiles of 0.73 and 9.63 mmol/L, respectively.
In the blood gas dataset, the median was 2.02 mmol/L (IQR:
1.49-2.99), with corresponding percentiles of 0.93 and 9.80
mmol/L. Most measurements clustered within the lower clinical
range. In the biochemistry dataset, 14.6% (134/914) of results
were 24 mmol/L, compared with 13.3% (122/914) in the blood
gas dataset.

A very strong positive correlation was observed between
methods (r=0.95, p<0.0001). Bland—Altman analysis showed a
mean bias of —0.13 mmol/L (95% CI: -0.18 to —0.08), indicating
that blood gas results were slightly lower on average. The LoA
ranged from -1.56 mmol/L (95% CI: -1.64 to —1.48) to 1.31
mmol/L (95% CI: 1.23 to 1.39), and 869/914 (95.1%) paired
results fell within these limits (Figure 1). No clear increase in
dispersion at higher lactate concentrations was observed.

Passing—Bablok regression yielded y = 0.211 + 0.975x (y:
blood gas; x: biochemistry), with an intercept of 0.211 (95%
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Cl: 0.168-0.251) and a slope of 0.975 (95% CI: 0.954-0.996)
(Table 1). The CUSUM test showed no deviation from linearity
(p =0.97) (Figure 2). According to the model, equal values were
predicted at approximately 8.4 mmol/L, with blood gas results
slightly higher below this point and biochemistry results slightly
higher above it.

At the clinical decision thresholds, the regression-derived
predicted bias was 0.164 mmol/L (95% CI: 0.076-0.243) at 2
mmol/L and 0.112 mmol/L (95% CI: —0.016-0.235) at 4 mmol/L;
both were within the predefined TEa of £0.20 mmol/L.

When assessed against TEa (+0.20 mmol/L), 38.8% (355/914)
of paired measurements fell within this analytical performance
criterion. In categorical analysis, agreement was substantial (k
=0.73, 95% CI: 0.70-0.76). Misclassification at the >2 mmol/L
and >4 mmol/L thresholds remained below 10%, indicating
good clinical concordance.

Discussion

This study compared lactate measurements obtained using
blood gas and central laboratory biochemistry analyzers
in pediatric patients. Overall, the methods showed strong
correlation and clinically acceptable agreement. Bland-
Altman analysis demonstrated a small negative mean bias
(-0.13 mmol/L), and Passing—Bablok regression supported
a linear relationship without clinically meaningful constant or
proportional bias.

Previous studies comparing point-of-care analyzers with central
laboratory methods have generally reported high correlation
but have also noted that analyzer-specific biases may be more
evident at very low or very high lactate concentrations (11-14).
Our findings are consistent with this literature and extend it
by providing pediatric-specific evidence using simultaneous
measurements across Roche Cobas c¢702 and Siemens
RAPIDPoint platforms.

Minor differences between analyzers may reflect methodological
and matrix differences. Central laboratory analyzers typically
measure lactate in plasma using enzymatic colorimetric
methods, whereas blood gas analyzers measure lactate in
whole blood using electrochemical methods. Preanalytical
factors (e.g., sampling, processing time, and in vitro glycolysis)
may further contribute to observed differences. Despite these
sources of variability, the key clinical advantage of blood gas
analyzers is their rapid turnaround time, which can support
urgent clinical decisions in emergency and intensive care
settings.

Tables
Table 1. Passing-Bablok regression analysis
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Although TEa was set narrowly at +0.20 mmol/L, predicted
biases at the clinically relevant 2 mmol/L and 4 mmol/L
thresholds remained within this acceptance limit. Moreover,
categorical agreement was substantial, and misclassification
rates were low, suggesting that method-related differences
are unlikely to meaningfully alter clinical classification at these
decision points. The intersection predicted near 8.4 mmol/L
appears to be an analytical feature of the regression model
rather than a clinically meaningful threshold, particularly
because pediatric decision-making is often concentrated in the
lower lactate range.

Strengths of this study include the pediatric-only population,
large sample size, and simultaneous paired measurements.
Limitations include the retrospective design, limited control
over preanalytical variables, potential inter-device variability
due to multiple analyzers, and the use of different sample
matrices (whole blood vs plasma). In addition, the single-center
design may limit generalizability. Nevertheless, the findings
provide clinically useful evidence supporting the use of blood
gas lactate in pediatric practice.

Conclusion

Blood gas and central laboratory biochemistry analyzers
showed a high degree of agreement in lactate measurements
in pediatric patients. The rapid availability of results from blood
gas analyzers represents an important advantage in emergency
and intensive care settings. Although small methodological
differences may occur, particularly at extreme concentrations,
agreement at clinically relevant decision thresholds was
acceptable. Further prospective and multi-center studies may
support standardization and strengthen evidence for pediatric
clinical decision-making.
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Parameter | Passing-Bablok Regression

Intercept (95% CI)

Slope (95% CI) Cusum test for linearity

Lactate y=0.211+0.974. x 0.168 — 0.251

0.954 — 0.996 No significant deviation

from linearity (P=0,97)

The regression equation describes the relationship between blood gas (y) and biochemistry (x) lactate measurements. Cl =

confidence interval; Cusum = cumulative sum test.
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Figure 1. Bland—Altman plot comparing lactate measurements
obtained from the blood gas and the biochemistry analyzers.
The solid line indicates the mean bias (-0.13 mmol/L; 95%
Cl: -0.18 to —0.08), while the dashed lines represent the 95%
LoA (-1.56 to +1.31 mmol/L; 95% CI: —-1.64 to —-1.48 and 1.23
to 1.39, respectively). The blue lines surrounding each LoA
represent the 95% CI of the LoA estimates. A total of 869 out of
914 paired results (95.1%) were within the LoA.
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