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Introduction: Blood gas analyzers can be alternatives to laboratory autoanalyzers for obtaining test results in just a
few minutes. We aimed to find out whether the results from blood gas analyzers are reliable when compared to
results of core laboratory autoanalyzers.
Materials and methods: This retrospective, single-centered study examined the electronic records of patients ad-
mitted to the emergency department of a tertiary care teaching hospital betweenMay 2014 andDecember 2017.
Excluded from the study were patients under 18 years old, those lacking data, those who had any treatment be-
fore the laboratory tests, those whose venous gas results were reported more than 30 minutes after the blood
sample was taken and for whom any of the laboratory tests were performed at a different time, and recurrent
laboratory results from a single patient.
Results: Laboratory results were analyzed from a total of 31,060 patients. The correlation coefficients for sodium,
potassium, hemoglobin, hematocrit, and glucose levels measured by a blood gas analyzer and a laboratory
autoanalyzer were 0.725, 0.593, 0.982, 0.958, and 0.984, respectively; however, there were no good, acceptable
agreement limits for any of the parameters. In addition, these results did not change according to the different pH
stages (acidosis, normal pH and alkalosis).
Conclusion: The two types ofmeasurements showed amoderate correlation for sodium and potassium levels and
a strong correlation for glucose, hemoglobin, and hematocrit levels, but none of the levels had acceptable agree-
ment limits. Clinicians should be aware of the limitations of blood gas analyzer results.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Routine laboratory measurements such as levels of glucose, hemo-
globin, hematocrit, sodium, and potassium are essential parameters
for deciding on the appropriate management of diseases in many pa-
tients, especially critically ill ones. A laboratory autoanalyzer (LAA) is
the traditional and reliable instrument for measuring such values, but
it is a time consuming method. Physicians need to make decisions
much more quickly for patients in life-threatening situations than
they do for stable patients. Moreover, in some clinical scenarios such
as shock, time is of the essence, so it is necessary to treat the patient be-
fore finding out the exact underlying cause [1]. In such situations, a
blood gases analyzer (BGA) is an alternative that can be used to obtain
the test results in just a few minutes.
Sırt sokak, Atapol Rezidans, A5
According to some authors, no test results have had more impact on
patient care than BGA results [2]. However, there is only a small number
of studies with limited numbers of patients evaluating the reliability of
BGA results for sodium, potassium, hemoglobin, hematocrit, and glucose
values. The literature on the reliability of BGA is controversial. There are
studies reporting either strong correlations or significant differences
between BGA and LAA results [3-5].We believe that there is need for fur-
ther studies comparing these methods in greater numbers of patients.

In this study, we aimed to find out whether BGA results for sodium,
potassium, hemoglobin, hematocrit, and glucose in venous blood are re-
liable by examining data from 31,060 patients. To do so, we compared
the of BGA results with LAA results. To our knowledge, no other study
has investigated this topic with a sample size similar to ours.

2. Materials and methods

This study was performed, following ethical committee approval, by
retrospectively examining the electronic records of patients admitted
to the emergency department (ED) of a tertiary care teaching hospital
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Table 1
Demographic and clinical characteristics of the patients.

Sex (n/%) Male 15,430 (50.3)
Female 15,630 (49.7)

Age (mean ± SD) 56.95 ± 10.8
Disease (n/%) Respiratory problems 6973 (22.5)

Circulatory problems 4473 (14.4)
Digestive problems 4119 (13.3)
Nervous system problems 3663 (11.8)
Intoxication 2345 (7.5)
Endocrine disorders 2245 (7.2)
Muscle/bone problems and trauma 1195 (3.8)
Psychiatric problems 1028 (3.3)
Genitourinary problems 905 (2.9)
Other problems 4114 (13.2)
Total 31,060 (100)

SD= Standard deviation.
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between May 2014 and December 2017. The annual mean patient ad-
mission to the ED where the study was performed is approximately
600,000 patients; of these, approximately 27.5% are children and 72.5%
are adults.

2.1. Patient inclusion and exclusion criteria

We screened the data of all the adult patients whowere admitted to
the ED during the study period using the hospital's electronic patient
record management system. Patients who had results for initial
biochemistry, hemogram, and venous blood gases (VBGs) taken at the
same time and with the same protocol number for all three tests were
included the study. Patients under 18 years old, lacking one or more
VBG or LAA parameters, showing hemolysis in laboratory tests, or
having had any treatment before the laboratory tests were excluded
from the study. Patients whose VBG results were reported more than
30 minutes after their blood sample was taken and for whom any of
the three laboratory tests were taken at different times or with a differ-
ent test protocol number were excluded, as were recurrent laboratory
results from a single patient.

2.2. Laboratory protocols and analyses

Heparinized syringes (PICO50 Arterial Blood Sampler – Radiometer
Medical ApS, Brønshøj, Denmark) were used to obtain venous blood
samples at bedside in the ED, and the samples were analyzed by a
BGA (Radiometer ABL 700 Blood Gas Analyzer, Radiometer Medical
ApS, Brønshøj, Denmark) located in the ED and calibrated six times a
day. Venous blood samples for whole blood count were analyzed with
a hematology analyzer (Abbott Cell-Dyn 3700 Hematology Analyzer,
IL, USA). Finally, biochemistry analyses were performed by LAA with
an indirect ion-selective electrode (ISE) diluted method (ARCHITECT
ci4100 Clinical Chemistry Analyzer, IL, USA, using a 2P32 ICT sample
diluent kit). The hematology and biochemistry analyzers are both
located in the core laboratory of the hospital, and the samples were
transferred to the laboratory by a pneumatic system within half an
hour of collection.

During the study period, the biochemistry andhematology analyzers
were calibrated at 24-hour intervals according to themanufacturers' in-
structions. Two types of controls (normal and abnormal) were to be run
every 8 h and following calibration. The imprecision of the ICT assays for
the serum samples was ≤1.5% for sodium and ≤2.7% for potassium.

2.3. Data collection

The age and sex of the patients and the glucose, hemoglobin,
hematocrit, sodium, and potassium values measured by either BGA or
LAAwere recorded from the hospital electronic patient recordmanage-
ment system. To investigate whether these values were affected by
different pH stages, the patients were classified into an acidosis group
(pH b 7.35), a normal pH group (pH between 7.35 and 7.45), and an
alkalosis group (pH N 7.45). Also, the patients' ICD-10 codes were
recorded, and their diseases were classified as respiratory, circulatory,
digestive, nervous system, endocrine, muscle/bone, genitourinary, or
other problems, muscle/bone trauma, or intoxication.

2.4. Statistical analysis

SPSS v25.0 for Mac OS X was used to analyze the data (Chicago, IL,
USA). The normality of the data distribution was determined by the
Kolmogorov–Smirnov test. Normally distributed data were expressed
as the mean and standard deviation, while the rest were expressed as
the median and percentage. Pearson correlation coefficients were
calculated for each parameter; a value N0.8 was considered to be a
strong correlation. A Bland-Altman test with 95% confidence interval
(CI) limits of agreement was used to assess the agreement between
LAA and BGA results. The laboratory results of BGA for each parameter
were classified as normal test results (the ones in normal range) and
abnormal test results (the ones out of normal range). The sensitivity
and specificity of BGA in predicting abnormal laboratory results were
determined, and positive and negative likelihood values, positive and
negative likelihood ratios and accuracy of the testwere calculated to de-
termine the test characteristics,. The central lab results (hemogram and
biochemistry) were accepted as “Gold Standard” for comparison.
3. Results

The electronic records of a total of 59,221 patients were screened
retrospectively. After excluding recurrent laboratory results for individ-
ual patients at the samepresentation (n=3229), records lacking one or
more types of laboratory data, having erroneous/suspicious results, or
showing hemolysis (n = 23,392), and those with a BGA processing
time over 30 min (n = 1540), a final total of 31,060 patients were in-
cluded in the study. Table 1 shows the demographic and clinical charac-
teristics of the patients.

The correlation coefficients for sodium, potassium, hemoglobin, he-
matocrit, and glucose levels measured by BGA and core LAAwere 0.725,
0.593, 0.982, 0.958, and 0.984, respectively. There was a strong correla-
tion for hemoglobin, hematocrit, and glucose and a moderate correla-
tion for sodium and potassium (Table 2).

When a Bland-Altman analysis was performed to assess the agree-
ment between results of BGA and LAA, the mean differences found
were 1.93 ± 4.2 mmol/L for sodium, 0.35 ± 0.8 mmol/L for potassium,
0.68 ± 0.8 g/dL for hemoglobin, 2.80± 2.5% for hematocrit, and 4.98 ±
24.4 mg/dL for glucose. Although the agreement for potassium, hemo-
globin, and hematocrit was slightly better than for the others, there
was poor agreement for all of the parameters (Fig. 1).

When the patients were grouped according to pH stage, there were
5723 patients (18.4%) in the acidosis group, 17,311 patients (55.7%) in
the normal pH group, and 8026 patients (25.8%) in the alkalosis
group. The Bland-Altman analyses were performed for each pH stage,
and similar to the results of the analysis in which all the samples were
included, there was again poor agreement for all of the parameters.
Also, the agreement for sodium, potassium, hemoglobin, and hemato-
crit in the acidosis group was poorer than the agreement for the same
parameters in other pH groups, while the agreement was again poor
but similar between the normal pH and alkalosis groups (Table 2).

The highest sensitivity of blood gas analyzer detecting abnormal test
results was in glucose with a sensitivity of 98.1%, while.

The highest sensitivity of BGA for detecting abnormal test results
was 98.1% for glucose levels, while the lowest sensitivity was 51.4% for
potassium levels. The performance results of BGA were detailed in
Table 3.



Table 2
Means and mean differences of sodium, potassium, hemoglobin, hemotocrit and glucose levels in venous blood gases and routine laboratory results in each pH stages.

pH stage Venous blood gases results
Mean ± SD

Routine laboratory results
Mean ± SD

Mean difference
Mean ± SDa

Agreement limits with 95%a Pearson correlation coefficients

Acidosis group
n = 5723 (18.4%)

Na (mmol/L) 137.5 ± 7.4 138.5 ± 5.3 0.97 ± 5.7 −10.2 to 12.1 0.643
K (mmol/L) 4.6 ± 1.8 4.8 ± 0.9 0.22 ± 1.6 −2.9 to 3.4 0.412
Hb (g/dL) 13.0 ± 2.8 12.3 ± 2.4 0.68 ± 0.8 −0.9 to 2.3 0.962
Htc (%) 39.9 ± 8.3 37.4 ± 7.1 2.48 ± 2.7 −2.8 to 7.8 0.949
Glu (mg/dL) 187.5 ± 116.6 184.9 ± 132.9 2.57 ± 32.4 −60.9 to 66 0.975

Normal pH group
n = 17,311 (55.7%)

Na (mmol/L) 136.2 ± 5.4 138.1 ± 4.3 1.89 ± 3.8 −5.6 to 9.3 0.715
K (mmol/L) 4.1 ± 0.6 4.49 ± 0.5 0.38 ± 0.4 −0.4 to 1.2 0.760
Hb (g/dL) 13.3 ± 2.4 12.616 ± 2.1 0.7 ± 0.7 −0.7 to 2.1 0.983
Htc (%) 40.9 ± 7.3 38.0 ± 6.1 2.92 ± 2.4 −1.8 to 7.6 0.959
Glu (mg/dL) 164.4 ± 102.4 159.9 ± 115.6 4.56 ± 23.8 −42.1 to 51.2 0.951

Alkalosis group
n = 8026 (25.8%)

Na (mmol/L) 134.8 ± 6.3 137.5 ± 5.5 2.70 ± 3.7 −4.6 to 10 0.808
K (mmol/L) 3.9 ± 0.6 4.30 ± 0.6 0.4 ± 0.4 −0.4 to 1.2 0.816
Hb(g/dL) 13.0 ± 2.5 12.4 ± 2.2 −0.63 ± 0.8 −1.9 to 0.9 0.949
Htc (%) 39.9 ± 7.5 37.2 ± 6.3 2.77 ± 2.6 −2.3 to 7.9 0.962
Glu (mg/dL) 155.2 ± 81 147.6 ± 90.4 2.57 ± 32.4 −60.9 to 66.1 0.985

All patients
n = 31,060 (total)

Na (mmol/L) 136.1 ± 6.1 137.5 ± 5.5 1.93 ± 4.2 −6.4 to 10.2 0.725
K (mmol/L) 4.2 ± 1.0 4.30 ± 0.6 0.35 ± 0.8 −1.2 to 1.9 0.593
Hb (g/dL) 13.2 ± 2.5 12.4 ± 2.2 0.68 ± 0.8 −0.8 to 2.2 0.982
Htc (%) 40.5 ± 7.6 37.2 ± 6.3 2.80 ± 2.5 −2.2 to 7.8 0.958
Glu (mg/dL) 166.3 ± 100.8 147.6 ± 90.4 4.98 ± 24.4 −42.8 to 52.8 0.984

a The results were obtained with the Bland-Altman analyses, SD: Standard Deviation, Hb = Hemoglobin, Htc: Hematocrit, Glu: Glucose.
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4. Discussion

Laboratory results such as sodium, potassium, hemoglobin, hemato-
crit, and glucose levels give valuable information to physicians about the
condition of patients and are essential for correct diagnoses. Physicians
need such laboratory results more immediately for critically ill patients
so that therapeutic interventions can be started without delay.

Both hyperkalemia and hypokalemia are associated with poor
clinical outcomes such as hospitalization, cardiovascular disease, or
death [6,7]. Hyperkalemia, in particular, can induce or worsen cardiac
arrhythmias, and it is associated with significantly increased mortality
[8-11]. As severe hyperkalemia is regarded as a clinical emergency,
immediate medical interventions are needed [12]. Likewise, sodium
disorders are associatedwith an increased risk ofmorbidity andmortal-
ity [13]. Glucose disorders, especially hypoglycemia, are also associated
with significant morbidity (physical as well as psychological), reduc-
tions in quality of life, and risk of death [14-16].

It is well known that hemorrhage is one of themost common causes
of death in severely injured trauma patients. It is also themost common
potentially preventable cause of early death from trauma when early
treatment have been initiated and essential blood products have been
delivered rapidly [17-21]. Patients with class III or IV hemorrhagic
shock especially require rapid blood transfusions to prevent serious
damage [22]. Vital signs are the primary indicators for the classification
of the shock level and the initiation of early blood product replacement
treatment in hemorrhagic shock patients, while hemoglobin and he-
matocrit levels are essential for determining themaintenance treatment
strategy and the prognosis of the patient.

Point-of-care tests (POCTs) provide immediate information to phy-
sicians about patients' conditions, making it possible to reduce patients'
morbidity and mortality [23]. BGA, which gives results for sodium,
potassium, hemoglobin, hematocrit, and glucose in just minutes, is
accepted as a POCT for critically ill patients by some authors but not
by others because of concerns about its reliability. It is necessary to val-
idate the reliability of BGAwith further studies with larger sample sizes
in order to clarify the controversial results reported in previous studies.

A study by Jain et al. [4] analyzed 200 paired samples and found
no significant difference between the potassium values measured by
BGA and LAA, while there was a significant difference between the so-
dium values. In another study [3] with more paired sample analyses
(n= 1094 patients), in contrast to our results, although the correlation
for chloride was moderate and the others were high, it was reported
that all the parameters (sodium, potassium, hemoglobin, hematocrit,
glucose, and chloride) measured by BGA were reliable.

Forty arterial blood gas samples were analyzed with two BGAs and a
core LAA in a study conducted by Uyanik et al. [5]. Their results revealed
that sodium, chloride, calcium, and glucose showed poor correlation,
while the variability of potassium between the BGA and LAA was
negligible. They concluded that BGAs and LAAs demonstrate variable
performance, and not all the tests met the minimum performance
goals; thus. The authors warned clinicians about the limitations of the
assays.

Leina et al. [24] found that potassium, sodium, calcium, and lactate
levels (n = 30 paired samples) measured with BGA and LAA had good
correlations with good agreements, and they concluded that these
methods can be used in different clinical settings for critical care man-
agement. On the other hand, they found that the variability of sodium,
hemoglobin, and hematocrit levels measured by BGA was significant
and suggested confirming the results for these variables with the LAA
results.

Gavala et al. [23] found that BGA results were significantly lower
than LAA values, with almost 30% of all the examined parameters
beyond theUnited States Clinical Laboratory ImprovementAmendment
accepted biases. The authors concluded that BGA significantly
underestimated the values of sodium, potassium, hemoglobin, and
hematocrit compared to LAA so that values are not interchangeable
between the two methods.

A study conducted by Solak [25] had one of the largest sample size
compared to other studies (n = 2557 patients' laboratory results) but
included only the sodium levels measured by BGA and LAA. The author
classified blood pairs as hyponatremia, eunatremia, and hypernatremia
according to the LAA results. The study results showed significant differ-
ences between the BGA and LAA results in all the sodium groups.

In the largest study previously published about this topic(n =
11,000 paired samples, analyzed retrospectively), Mirzazadeh et al.
[26] found good agreements between the BGA and LAA results for so-
dium, potassium and calcium and concluded that BGA can be accepted
as a POCTfor critically ill patients.

Our study results showed that the BGA and LAA results for hemoglo-
bin, hematocrit, and glucose levels were strongly correlated, but the



Fig. 1.Means andmean differences of sodium, potassium, hemoglobin, hematocrit, and glucose levels in venous blood gases and routine laboratory results according to Bland-Altman analyses.
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results for sodium and potassiumwere only moderately correlated. We
also found that the correlations of all the parameters were poorer in the
acidosis group, especially for the potassium levels.
According to the Bland-Altman analyses, there was no good
agreement in measurements by BGA and LAA for sodium, potassium,
hemoglobin, hematocrit, or glucose. We also found that, while the



Table 3
Test performance of blood gas analyzer.

Sodium Potassium Glucose Hemoglobin Hematocrit

Sensitivity 85.6%
(84.8–86.4%)

51.4%
(50.1–52.7%)

98.1%
(97.9–98.3%)

82.9%
(81.8–83.9%)

72.2%
(71.4–73%)

Specificity 64.1%
(63.5–64.7%)

88.9%
(88.6–89.3%)

61.1%
(60.2–62.1%)

88.8%
(88.4–89.2%)

75.1%
(74.4–75.7%)

PPV 24.6%
(43.3–44.3%)

49.7%
(1–3%)

83.4%
(83.1–83.7%)

60.3%
(59.4–61.2%)

66.7%
(66.1–67.3%)

NPV 93.2%
(92.8–93.5%)

89.6%
(89.3–89.8%)

94.2%
(93.6–94.7%)

96.2%
(96–96.4%)

79.7%
(79.2–80.1%)

PLR 2.4
(2.3–2.4)

4.7
(4.5–4.9)

2.5
(2.5–2.6)

7.4
(7.1–7.7)

2.9
(2.8–3)

NLR 0.2
(0.2–0.2)

0.6
(0.5–0.6)

0.03
(0.03–0.03)

0.2
(0.2–0.2)

0.4
(0.4–0.4)

Accuracy 69.4%
(69.9–69.9%)

82.4%
(81.9–82.8%)

66.55%
(66–67.1%)

87.8%
(87.4–88.2%)

73.9%
(73.4–74.4%)

PPV:Positive predictive value, NPV: Negative predictive value, PLR: Positive likelihood ratio, NLR: Negative likelihood ratio.
Test performance metrics were all given with 95% confidence intervals.
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agreement was poorer in the acidosis group, the agreements for all the
parameters in any pH stage—acidosis, normal pH, or alkalosis—were
also poor.

The performance results of BGA were highly variable for each pa-
rameter. The sensitivity of the test predicting the abnormal glucose
and sodium levels was high (98.1% and 85.6%, respectively) but the
specificity of the test for same parameters was limited with 61.1% and
64.1%. Sensitivity of the BGA was lower in potassium, hemoglobin and
hematocrit, while specificity for potassium levels was relatively high
with 88.9%. According to the test performance metrics, we believe that
BGA may be considered as a screening test for detecting abnormal glu-
cose levels. Because of low sensitivity levels, it doesn't seem a good
screening test for other parameters, especially for the potassium levels.

In conclusion, none of the results measured by BGA has acceptable
agreement, although therewere strong correlations for hemoglobin, he-
matocrit, and glucose. Itmay be questionablewhether potassiumhas an
acceptable agreement (−1.2 to 1.9), but we believe that this range is
wide enough for a physician's misdiagnosis. It is also remarkable that
this range widened (−2.9 to 3.4) when acidosis was present.

Although some authors have suggested that BGA can be used for
first-line assessments of critical patients, our study results did not sup-
port this suggestion [3]. Based on the results of the present study,we be-
lieve that there can be significant differences between BGA and LAA
results for sodium, potassium, hemoglobin, hematocrit, and glucose
levels. We suggest using LAA to confirm abnormal laboratory results
measured by BGA, especially when the results are irrelevant to the clin-
ical symptoms and findings of the patient. In the scenario in which the
manifestation of the patient and the results measured by BGA are com-
patible, it would be sensible to initiate treatment according to the BGA
results until they are unconfirmed by LAA results. Finally, we believe
that BGA has poor reliability for use as a POCT. As the sample sizes of
previously published studies were too limited comparedwith the num-
bers in our study, we believe that the present study adds valuable infor-
mation to our knowledge of the reliability of BGA.

5. Limitations

The limitations of our study were its being single-centered and ex-
amining the data of the patients retrospectively.

6. Conclusion

The results of the present study revealed that there were moderate
correlations for sodium and potassium and strong correlations for glu-
cose, hemoglobin, and hematocrit levels measured by BGA and LAA;
however, there were no acceptable agreement limits for any of the pa-
rameters. Clinicians should be aware of the limitations of BGA results
in case they need to use them for first-line assessments of critically ill
patients.
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