HAYDARPASA NUMUNE MEDICAL JOURNAL =

HAYDARPASA
UMUNE

DOI:10.14744/hnhj.2026.12989
Haydarpasa Numune Med J 2026;66(3):300-306

ORIGINAL ARTICLE

hnhtipdergisi.com

Correlation and Agreement Between Blood Gas vs Central
Laboratory Electrolyte Measurements in Critically lll Children

Kiibra Boydag Giiveng, © Ebru Giiney Sahin, © Siileyman Zahid Akyiiz, © Fatih Varol,
Cansu Durak

Department of Pediatric Intensive Care, University of Health Sciences, Sancaktepe Sehit Prof. Dr. ilhan Varank Training and Research
Hospital, istanbul, Tiirkiye

Abstract

Introduction: Electrolyte monitoring is essential in pediatric intensive care units (PICUs), where rapid clinical decisions are
frequently required. Blood gas analyzers (BGAs) provide fast, bedside results; however, their agreement with central labo-
ratory analyzers (CLAs) remains a matter of debate, particularly in pediatric populations. To evaluate the correlation, agree-
ment, and clinical interchangeability between electrolyte measurements obtained from a BGA and a CLA in pediatric inten-
sive care patients.

Methods: In this retrospective study, PICU patients with simultaneous BGA and CLA electrolyte measurements were includ-
ed. Sodium, potassium, and chloride values obtained from the two methods were compared. Correlation analysis was per-
formed using Spearman’s test, and agreement was assessed using Bland-Altman analysis. Predefined clinical acceptability
limits were applied. Subgroup analysis was conducted based on acid—base status.

Results: A total of 1,923 paired measurements were analyzed. Significant correlations were observed between BGA and
CLA for sodium (p=0.656), potassium (p=0.794), and chloride (p=0.714) (all p<0.001). However, Bland-Altman analysis
demonstrated wide limits of agreement for all parameters, with a substantial proportion of measurements falling outside
predefined clinical acceptability limits. Subgroup analysis showed slightly stronger correlations in patients with acidosis,
whereas sodium correlation was lower in the alkalosis group. Despite these variations, limits of agreement remained similar
across acid—base subgroups.

Discussion and Conclusion: Although BGA electrolyte measurements show significant correlation with central laboratory
results, the wide limits of agreement indicate that the two methods are not reliably interchangeable in clinical practice.
While BGA provides rapid and clinically valuable information, confirmation with central laboratory measurements is recom-
mended, particularly before making critical treatment decisions.
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lectrolyte balance plays a fundamental role in intervals. Electrolyte abnormalities are associated with

maintaining physiological homeostasis in children, prolonged hospital stay and increased in-hospital mortality
who are particularly susceptible to fluid and electrolyte  [23]. Therefore, rapid, reliable, and reproducible monitoring
disturbances ['. In critically ill pediatric patients, sodium  of electrolyte levels is an important component of pediatric
and potassium levels may vary rapidly over short time intensive care unit (PICU) practice.
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Electrolyte measurements are typically performed using
central laboratory analyzers (CLA). However, sample
transport and processing require time, which may lead
to delays, particularly in situations requiring rapid clinical
decision-making (1. In addition, the limited blood volume
in pediatric patients and the need for frequent sampling
in intensive care settings may pose significant challenges.
Conversely, blood gas analyzers (BGA) have become
an integral part of intensive care practice due to their
portability, bedside availability, and rapid turnaround time.
These analyzers require only minimal blood volume, which
enhances their clinical utility. Modern devices can measure
not only acid-base parameters but also key electrolytes
such as sodium and potassium [,

However, there is no clear consensus in the literature
regarding the agreement between BGA and CLA. While
some studies have reported strong correlations between
the two methods, others have identified significant
differences, particularly at clinically relevant decision-
making thresholds [7-91. Furthermore, findings from
studies conducted in adult populations cannot be
directly generalized to PICU patients. In this population,
physiological  characteristics, sampling  conditions,
and preanalytical factors may influence measurement
consistency. Therefore, assessment of the agreement
between BGA and CLA measurements in PICU patients is
clinically important.

In this retrospective study, sodium, potassium, and
chloride levels obtained from simultaneously collected
samples analyzed by the BGA and the CLA in PICU
patients were compared to evaluate the relationship,
agreement, and clinical interchangeability between the
two methods.

Materials and Methods

Study Design and Patient Population

This study was designed as a single-center, retrospective
method-comparison study conducted in a tertiary-level
PICU at Sancaktepe Sehit Prof. Dr. [lhan Varank Training and
Research Hospital. Patients who were admitted between
January 2022 and December 2024 and had simultaneous
BGA and electrolyte measurements performed in the CLA
were included in the study.

Patients under 18 years of age were included in the
study. Measurements without simultaneous blood gas
and serum biochemistry electrolyte data, as well as those
with missing or clearly implausible values, were excluded.
Due to the retrospective design, hemolysis status was not
systematically recorded and therefore could not be used as
an exclusion criterion.

Simultaneous measurement was defined as blood gas
and biochemistry samples obtained within the same
clinical time frame (15 min). This time interval was
selected in accordance with previous studies comparing
BGA with CLA measurements. To minimize bias related to
repeated measurements, only the first pair of simultaneous
measurements obtained on the day of PICU admission was
included in the analysis for each patient.

Ethical approval for the study was obtained from the
institutional ethics committee (Approval No: 2026/118).The
study was conducted in accordance with the Declaration of
Helsinki. Written informed consent was not required due to
the retrospective nature of the study.

Laboratory Measurements

Blood gas samples were collected using heparinized
syringes (TTT World, Canada Technology; 2 mL, containing
dry balanced heparin) and were analyzed within 2 min
of sampling using a RAPID Point 500 BGAs (Siemens
Healthcare Diagnostics, Germany) located in the PICU.
Electrolyte measurements on the BGA were performed
using the direct ion-selective electrode (ISE) method.

For central laboratory electrolyte measurements, venous
blood samples were collected into serum separator tubes
(Vacusera®, Disera Inc., izmir, Turkiye; 5 mL, gel and clot
activator tubes). Samples were transported to the central
laboratory at room temperature and analyzed withinamean
time of 30 min. Before analysis, samples were centrifuged
according to routine laboratory procedures. Electrolyte
measurements were performed using a Roche Cobas 6000
¢501 autoanalyzer, based on the indirect ISE method.

While the BGA measures free ion activity directly in
undiluted whole blood using the direct ISE method, the
CLA measures plasma concentration in a diluted serum
sample using the indirect ISE method. In the indirect ISE
method, the sample is diluted at a fixed ratio with a buffer
solution before measurement, and calculations are based
on the assumption that approximately 93% of plasma
consists of the aqueous phase 19,

Blood samples were obtained by nurses in accordance with
standard clinical practice; the sampling source (arterial,
venous, or catheter-derived) was determined based on
routine clinical decision-making and was not standardized.
In our PICU, capillary blood gas sampling is not routinely
used in critically ill patients; therefore, the majority of
samples are obtained from arterial or venous sources.

Data Collection

Demographic and clinical data of the patients (including
age, sex, PRISM score [''] |ength of stay, and primary
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Table 1. Baseline demographic and clinical characteristics of the
study population

Characteristics n %
Age, (month), median (IQR) 40 (11-128)
Gender
Male 1075 55.9
Female 848 441
Etiologies of admission
Respiratory diseases 794 413
Neurological diseases 291 15.1
Sepsis 161 8.4
Trauma 159 8.3
Intoxication 150 7.8
Endocrinological diseases 85 44
Others 282 14.7
PRISM Ill score, median (IQR) 2 (0-5)
Mortality 128 6.7

PRISM IlI: Pediatric risk of mortality score; IQR: Interquartile range.

diagnoses) were retrospectively obtained from the
electronic medical record system. Simultaneous blood gas
and serum electrolyte measurements were matched at the
patient level, and a dataset was constructed for analysis.

Statistical Analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics for Windows,
Version 22.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as meanzstandard deviation
or median (interquartile range), depending on data
distribution.

The relationship between the BGA and the CLA was
assessed using Spearman correlation analysis. Agreement
between the two measurement methods was evaluated
using Bland-Altman analysis. In this analysis, the mean
difference (bias) and 95% limits of agreement (mean
difference +1.96 standard deviation) were calculated.

In addition, clinical interchangeability between the two
methods was assessed by classifying measurements

according to predefined clinically acceptable difference
limits (x5 mmol/L for sodium and chloride, and +0.5
mmol/L for potassium) 89121 These predefined limits were
selected based on commonly accepted clinical thresholds
and previous method-comparison studies. A p<0.05 was
considered statistically significant.

Results

A total of 1,923 patients were included in the study. The
median age was 40 months (IQR, 11-128), and 1,075
(55.9%) were male. The most common reason for admission
was respiratory diseases (41.3%), followed by neurological
disorders (15.1%) and sepsis (8.4%). The median PRISM ll|
score was 2 (IQR, 0-5), and the overall mortality rate was
6.7%. The demographic and clinical characteristics of the
patients are presented in Table 1.

The agreement analysis included 1,875 paired sodium
and potassium measurements and 1,874 paired chloride
measurements. The arterial and venous sample sizes
were 962 and 904 for sodium, 964 and 910 for potassium,
and 957 and 902 for chloride, respectively. Spearman
correlation analysis demonstrated statistically significant
positive correlations between BGA and central laboratory
measurements for sodium (p=0.656, p<0.001), potassium
(p=0.794, p<0.001), and chloride (p=0.714, p<0.001).

According to Bland-Altman analysis, the mean difference
(bias) for sodium was -1.04+4.5 mmol/L, with 95% limits of
agreement ranging from -9.9 to 7.8 mmol/L.

For potassium, the mean difference was -0.27+0.4 mmol/L,
with 95% limits of agreement between -1.0 and 0.5 mmol/L.

For chloride, the mean difference was 0.76£3.5 mmol/L,
with limits of agreement ranging from -6.1 to 7.6 mmol/L.

When predefined clinically acceptable limits (+5 mmol/L for
sodium and chloride, and +0.5 mmol/L for potassium) were
applied, 8.6% of sodium measurements, 23.3% of potassium
measurements, and 10.1% of chloride measurements fell
outside the acceptable difference range (Table 2). Bland-
Altman plots demonstrating the agreement between blood
gas and laboratory measurements for sodium, potassium,
and chloride are shown in Figure 1.

Table 2. Correlation and agreement analysis between blood gas and laboratory electrolytes

Laboratory Blood gas Mean difference 95% Limits of % Outside Spearman p
MeantSD Mean+SD Mean+SD agreement clinical limits
Sodium (mmol/L) 138.9+5.1 137.9+5.2 -1.04+4.50 -99t07.38 8.6 0.6562
Potassium (mmol/L) 4.6x+0.6 3.910.6 -0.27+0.4 -1.0t0 0.5 23.3 0.7942
Chloride (mmol/L) 104.6+6.1 105.4+5.5 0.76+3.5 -6.1t07.6 10.1 0.7142

2; p<0.001. SD: Standard deviation; p: Spearman correlation coefficient.
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Figure 1. Bland-Altman plots for agreement between blood gas and laboratory electrolyte measurements.

Subgroup analysis based on acid-base status
demonstrated that correlations between blood gas
and laboratory measurements were slightly stronger in
patients with acidosis compared to those with normal
or alkalotic pH values. Sodium showed the lowest
correlation in the alkalosis group (p=0.584), whereas
potassium showed significant positive correlations across
all subgroups. Despite these variations in correlation
strength, Bland-Altman analysis revealed similar limits

Table 3. Bland-Altman analysis according to acid-base status

of agreement across all acid-base groups, indicating that
overall agreement between the two methods was not
significantly influenced by acid-base status (Table 3).

In subgroup analyses according to blood sample type,
statistically significant positive correlations between BGA
and central laboratory measurements were observed for all
three electrolytes in both arterial and venous samples (all
p<0.001). The corresponding mean differences and 95%
limits of agreement are presented in Table 4.

Group Parameter (mmol/L) Mean difference+SD 95% Limits of agreement Spearman p*
Acidosis Sodium -0.75+£3.24 -7.1t05.6 0.721
Potassium -0.28+0.42 -1.10to 0.54 0.819
Chloride 0.81+3.80 -6.6 to 8.3 0.740
Normal Sodium -1.15+£3.38 -7.8t05.5 0.636
Potassium -0.25+0.38 -1.0t0 0.5 0.789
Chloride 0.64+3.27 -5.8t07.0 0.733
Alkalosis Sodium -1.41+£3.07 -741t04.6 0.584
Potassium -0.30+0.41 -1.11t0 0.51 0.811
Chloride 1.13£2.97 -47t07.0 0.731

*: Spearman correlation coefficient, p<0.001. SD: Standard deviation.

Table 4. Comparison of measurement agreement in arterial and venous blood samples

Parameter (mmol/L) Subgroup n Mean difference+SD 95% Limits of agreement Spearman’s p
Sodium (mmol/L) Arterial 962 -0.66+3.20 -6.93t05.61 0.643*
Venous 904 -1.30£3.09 -7.36t04.76 0.712*
Potassium (mmol/L) Arterial 964 -0.29+0.39 -1.06 to 0.47 0.806*
Venous 910 -0.24+£0.41 -1.04 to 0.56 0.803*
Chloride (mmol/L) Arterial 957 1.42+3.29 -5.03t0 7.87 0.728*
Venous 902 0.19+3.15 -5.99t0 6.36 0.756*

*: p<0.001 for all correlations. SD: Standard deviation; n: Number of samples; p: Spearman correlation coefficient.
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Discussion

This study evaluated the relationship, agreement, and
clinical interchangeability of sodium, potassium, and
chloride measurements obtained using a bedside BGA
and a CLA in PICU patients. Our findings demonstrate
statistically significant correlations between the two
methods for all three electrolytes. However, the wide
limits of agreement observed in Bland-Altman analysis
indicate clinically relevant discrepancies at the individual
measurement level, suggesting that the two methods are
not reliably interchangeable in clinical practice.

Importantly, the clinical relevance of measurement
differences may vary across value ranges, being negligible
within normal limits but potentially significant at extreme
values. Therefore, agreement should be interpreted in the
context of absolute electrolyte levels rather than fixed
thresholds alone.

The literature reports conflicting findings regarding
the agreement between BGA and CLA measurements.
Konuksever et al.l” reported clinically unacceptable limits of
agreement for sodium and concluded that the two methods
could not be used interchangeably. Similarly, Altunok et
al.l'3! and Solak et al.l'¥ reported significant differences
between the two methods for sodium measurements, with
reduced agreement particularly at extreme sodium values.
In contrast, other studies, including those by Zhang et al.[]
and Mirzazadeh et al.l'>, reported acceptable agreement for
certain parameters. However, evenin studies reporting good
agreement, discrepancies at the individual measurement
level were emphasized, highlighting the need for cautious
interpretation when making clinical decisions.[®!

One of the main reasons for the differences between the
two methods is the variation in measurement technologies.
While BGAs measure ion activity in undiluted whole blood
using the direct ISE method, CLAs predominantly use
the indirect ISE method, which involves sample dilution.
The indirect ISE method is based on the assumption that
approximately 93% of plasma consists of water and 7% of
proteins and lipids 816l Therefore, pseudohyponatremia
may occur in cases of hyperproteinemia or hyperlipidemia,
whereas the indirect ISE method may overestimate sodium
levels in the presence of hypoproteinemia ['7]. These factors
may contribute to discrepancies between the two methods.
Therefore, although BGA measurements are useful for
rapid detection of electrolyte abnormalities, confirmation
with central laboratory measurements remains essential,
especially beforeinitiating critical therapeuticinterventions.

For potassium, although correlation coefficients were
relatively high, the observed limits of agreement remained
wide. Given that even small variations in potassium levels may

have critical clinical consequences, particularly in critically ill
patients, these discrepancies may have direct implications
for arrhythmia risk assessment and treatment decisions.['8]
Hemolysis is a well-recognized contributor to potassium
variability. Since intracellular potassium concentrations
are substantially higher than plasma levels, even minimal
hemolysis can lead to falsely elevated values (9], Because
BGA uses whole blood samples and is less capable of
detecting hemolysis than CLA, this may have contributed to
the observed discrepancies between measurements 8. In
addition, preanalytical factors such as sampling technique,
catheter use, and mechanical trauma during blood
collection may further increase variability (20, The inability
to standardize these factors due to the retrospective design
represents an important limitation of this study.

Chloride measurements have been less extensively
studied; however, previous reports have shown both good
agreement and significant discrepancies between methods
[21.22] Chloride plays a key role in acid-base evaluation,
particularly in calculations such as the strong ion
difference and anion gap. Therefore, variations in chloride
measurements may influence the clinical interpretation of
acid-base status and potentially affect clinical decision-
making 221, In this context, interpreting chloride values
alongside central laboratory results may provide a more
reliable assessment in critically ill patients.

Subgroup analysis based on acid-base status demonstrated
that correlations between BGA and CLA measurements
were slightly stronger in patients with acidosis, whereas
sodium showed a weaker correlation in the alkalosis group.
Despite these variations, Bland-Altman analysis revealed
similar limits of agreement across all subgroups, indicating
that overall agreement was not significantly influenced by
acid-base status. Similarly, Konuksever et al.l”l reported
that agreement between blood gas and central laboratory
measurements remained unaffected across different acid-
base patterns. These findings suggest that although acid-
base disturbances may affect the strength of correlation,
they do not substantially alter clinical interchangeability.
Notably, this observation highlights that correlation
alone may not adequately reflect clinical agreement,
emphasizing the importance of agreement analysis when
evaluating method interchangeability. The relatively higher
correlation observed in the acidosis subgroup may reflect
pH-related alterations in electrolyte distribution, though
the underlying mechanisms require further investigation.
Despite this, Bland-Altman analysis revealed similar limits
of agreement across all acid-base groups.

Differences between methods in PICU patients may be
influenced by physiological and preanalytical factors
specific to children. In particular, differences in hematocrit
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and plasma protein levels compared with adults may alter
measurement dynamics, especially in direct ISE methods
(23], |n addition, small-volume sampling and blood collection
via catheter or capillary access may increase the risk of
hemolysis, potentially leading to inaccuracies, particularly
in potassium measurements 29, Therefore, it may not
always be appropriate to directly extrapolate calibration
data derived from adult populations to pediatric patients.

Limitations

This study has several limitations. Its retrospective and
single-center design may limit generalizability. In addition,
preanalytical variables such as sampling technique, sample
handling, and the presence of hemolysis could not be
fully standardized. The use of a single type of BGA and
CLA may further restrict the applicability of the findings to
other settings. Nevertheless, a major strength of this study
is the large sample size and the evaluation of electrolyte
agreement in a PICU population.

Conclusion

Electrolyte measurements obtained from BGA in pediatric
intensive care patients show a significant correlation with
central laboratory results. However, the wide limits of
agreement indicate that these methods are not reliably
interchangeable in clinical practice. While BGA provides
rapid and clinically valuable information, confirmation
with central laboratory measurements is recommended,
particularly before making critical treatment decisions.
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