SHORT COMMUNICATION/COMUNICAGAO BREVE

Assessing the Agreement Between Calculated and Measured
Arterial and Venous Oxygen Saturation in COVID-19 Patients

Avaliac¢do da Concordancia entre a Saturagao de Oxigénio Calculada e Mensurada em
Amostras Arteriais e Venosas de Pacientes com COVID-19

Daniel Ferreira Guilherme’, Carlos Eduardo da Silva Goncalves?, Marlene de Freitas Madeira®, Ricardo Ambrosio Fock*

3 Hospital Universitario da Universidade de Sao Paulo, Brazil, Divisao de Laboratério Clinico, Departamento de Farmacia e Laboratério Clinico. Sao Paulo,
SP, Brasil.

24 Faculdade de Ciéncias Farmacéuticas, Universidade de Séo Paulo, Brazil, Laboratério de Hematologia Experimental, Departamento de Andlises Clinicas e
Toxicoldgicas. Sao Paulo, SP, Brazil.

Abstract

The Coronavirus disease 2019 (COVID-19) pandemic highlighted the need for effective monitoring of respiratory conditions like hypoxemia. Among
relevant parameters relating to the functioning of oxygenation, Blood gas can be utilized to evaluate oxygenation, acid-base status, and peripheral
oxygen saturation (Sp0O,). SpO, can be calculated from pO, or measured directly using photometric technology. This study compares calculated and
measured SpO, in arterial and venous samples from 54 COVID-19-positive patients. Arterial and venous blood samples were analyzed using a blood gas
analyzer and results were compared within an allowable error of 10%. Venous SpO, comparison yielded a correlation coefficient (R) of 0.9840, with an
average error index of -0.06 and a standard error estimate of 2.4. Arterial SpO, comparison showed an R of 0.9291, with an average error index of -0.06
and a standard error estimate of 1.5. While measured SpO, offers superior precision, its high cost limits accessibility in resource-constrained settings. Our
findings demonstrate that both methods are comparable in most COVID-19 cases and suggest that cost-effective calculated methods remain valuable
in low-resource contexts.
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Resumo

A pandemia da doenca por Coronavirus 2019 (COVID-19) destacou a necessidade de monitoramento eficaz de condices respiratorias, como a hipoxia.
Entre os parametros relevantes relacionados a oxigenacao, o exame de gasometria pode ser utilizado para avaliar a oxigenacao, o equilibrio dcido-base
e a saturacao periférica de oxigénio (SpO,). A SpO, pode ser calculada a partir da pressao parcial de oxigénio (pO,) ou medida diretamente por meio de
tecnologia fotométrica. Este estudo comparou a SpO, calculada e medida em amostras arteriais e venosas de 54 pacientes com diagnéstico positivo para
COVID-19. Amostras de sangue arterial e venoso foram analisadas em equipamento automatizado de gasometria, e os resultados foram comparados
dentro de uma margem de erro aceitavel de 10%. A comparagao da SpO, venosa apresentou um coeficiente de correlacao (R) de 0,9840, com um indice
médio de erro de -0,06 e erro padrao estimado de 2,4. A comparacao da SpO, arterial mostrou um R de 0,9291, com indice médio de erro de -0,06 e
erro padrao estimado de 1,5. Embora a SpO, medida ofereca maior precisdo, seu alto custo limita o acesso em ambientes com poucos recursos. Nossos
achados demonstram que ambos os métodos séo comparaveis na maioria dos casos de COVID-19 e sugerem que métodos calculados, mais econémicos,
permanecem valiosos em contextos com recursos limitados.
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INTRODUCTION

During the year 2020, the world was caught off-guard
with the coronavirus disease 2019 (COVID-19) pandemic.®”
Despite numerous global efforts, the Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) triggered a massive
pandemic that resulted in millions of infections and deaths
across different countries. Naturally, the sudden escalation in
infections with a then unknown virus posed many difficulties
to public health.?® These included the limited knowledge
on how to treat COVID-19 cases, shortened staff availability
due to ongoing infections, lack of cost-effective diagnostic
markers for disease management, and more.? A significant
portion of COVID-19 patients develop respiratory impairment
due to acute respiratory distress syndrome (ARDS), which
results in hypoxemia.®”

Blood gas analysis is used to measure oxygen
concentrations and evaluate disturbances in acid-base balance,
blood oxygenation, and alveolar ventilation. It is also a key step
in diagnosis that allows the assessment of both respiratory
and metabolic conditions, making it one of the most common
methods used in emergency and critical care settings.”)

Blood gas analyses measure the hydrogen potential (pH),
thus determining the degree of acidity, neutrality, or alkalinity
of the blood.** The partial pressure of carbon dioxide (pCO,)
reflects the effectiveness of alveolar ventilation, while the partial
pressure of oxygen (pO,) indicates the efficiency of oxygen
exchange between the pulmonary alveoli and capillaries.
“3) Bicarbonate ions (HCOs-) are involved in the blood's
buffering system, helping to maintain acid-base homeostasis.
“35 Oxyhemoglobin saturation (SpO,) measures the percentage
of hemoglobin in the blood that is bound to oxygen.**

SpO, is a key indicator of how effectively oxygen is
being transported to tissues and organs.®” This information
is essential for evaluating respiratory and cardiovascular
function, diagnosing conditions, and guiding treatment
decisions.®” However, there is a difference in the technologies
used to determine SpO.. It can be estimated mathematically
from pO, and the oxygen dissociation curve, or measured
directly using photometric technology, which offers real-time
and accurate data.®?

In this context, recognizing that precise monitoring
of O, in patients with COVID-19 is essential for adequate
intervention, and acknowledging that two different methods
exist—calculated versus measured—to determine SpO,, this
study compares both methods to evaluate theirapplicability in
COVID-19 monitoring, an area that remains unexplored. With

thisin mind, we describe the comparison between calculated
and measured arterial and venous oxygen saturation.

MATERIAL AND METHODS

This study included men and women over 18 years of
age with COVID-19 symptoms who were admitted to the
emergency department and ICU of a secondary hospital
between June 2020 and April 2021. Since the COVID-19
vaccination process began in January 2021, most samples
represent the first wave of the pandemic. Patients were
confirmed to be COVID-19 positive by RT-PCR. Samples
were selected based on patient consent, and the study was
approved by the Ethics and Research Committee of the
Hospital Universitario da Universidade de Sao Paulo, adhering
to the Helsinki Declaration (CAAE: 47667421.6.0000.0076).

Our study included patients infected with COVID-19, all of
whom had both arterial and venous blood samples collected.
Patients, whether or not they had hypoxemia, were included in
the study.The exclusion criteria were individuals under the age
of 18, blood samples collected from vessels other than arteries
or veins. Each patient had both arterial and venous samples
measured simultaneously using an automated blood gas
analyzer (GEM Premier™ 4000, Werfen, Spain). The calculated
SpO, was obtained by the instrument when the specific
electrode for this measurement was disabled. Subsequently,
after enabling the electrode, SpO, was also directly measured.

For venous oxygen monitoring, the 51 samples were
analyzed, with values ranging from 45% to 96%. For arterial
oxygen monitoring, 35 samples were analyzed, with values
ranging from 83% to 100%. Raw data were tabulated, and
correlations between calculated and measured samples were
analyzed using the "Two-Instrument Comparison' module of
EP Evaluator software (Data Innovations, USA), yielding the
correlation coefficient, standard error estimate, and error
index. This module applies a straightforward approach to
compare two methods without using linear regression.
Methods X and Y are considered equivalent within the
allowable error if, for each specimen, the difference between
the two does not exceed the total allowable error.

Both arterial and venous data were subjected to a total
allowable error of 10%, established based on the historical
coefficient of variation of the analytical system’s performance
(GEM Premier™ 4000, Werfen, Spain), calculated from the
longitudinal variation of laboratory results over time.

Additionally, student’s t-test was used to compare
calculated and measured samples. Statistical significance
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was set at p < 0.05 (95% confidence level). Analyses were
performed using GraphPad Prism® (GraphPad Software
Inc., USA).

RESULTS AND DISCUSSION

When comparing the measured versus calculated venous
oxygen saturation, the results showed an average error index

of -0,06, ranging from -0,63 to 0,77.The correlation coefficient
(R) was 0,9840, with a standard error estimate of 2,4 in the
venous samples. Regarding the arterial comparisons, our
analysis revealed an average error index of -0.06, ranging from
-0.41t00.21. Arterial samples also showed a strong correlation,
with an R of 0.9291 and an estimated standard error of 1.5.
Thus, no statistical difference was observed between the
measured and calculated sample results (Figure 1).

Venous Samples

Agreement between calculated and measured oxygen saturation in arterial and venous samples.
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Subtitle: Scatter plots, error indices, estimation plots, and results expressed as mean + SD for measured and calculated Sp0, are presented. As shown in the graphs, both venous and arterial blood samples demonstrated a strong correlation in
the Sp0, parameter, whether calculated or measured, with no statistically significant difference between the two methods.
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Depending on the blood gas analyzer used, SpO, is
either measured directly using photometric technology or
calculated from the measured p0O,.® Several studies in the
literature show that it is preferable to measure SpO, rather
than calculate it.**'® However, only modern blood gas
analyzers incorporate the technology required for direct
measurement of SpO,. These analyzers are more precise and
accurate but come with higher costs compared to equipment
that calculates Sp0O,.©?

Before the development of blood gas analyzers with
integrated photometric technology, SpO, could only be
determined by calculation from the measured pO, during
blood gas analysis. Even today, many blood gas analyzers
in use lack photometric technology, with calculated SpO,
values remaining common in clinical practice.>%®

Considering this, and especially knowing that these
advanced technologies are still not widely available in many
healthcare settings — particularly in underserved areas orin
the poorest countries — this study aimed to compare both
technologies and evaluate their reproducibility in assessing
SpO, in patients positive for COVID-19.

Before discussing our results, it is important to note
that equipment that measures SpO, uses light absorption
at specific wavelengths to provide precise measurements
of hemoglobin derivatives, such as oxyhemoglobin (HbO,),
deoxyhemoglobin, carboxyhemoglobin (HbCO), and
methemoglobin (MetHb). These parameters are not measured
by equipment that calculates Sp0O,."'?

This is especially relevant because, in healthy individuals,
HbCO and MetHb combined account for less than 5% of
the total hemoglobin. Consequently, the total hemoglobin
concentration primarily reflects oxyhemoglobin and
deoxyhemoglobin levels.""'? However, certain pathologies,
such as carbon monoxide poisoning and methemoglobinemia,
are characterized by a substantial rise in HoCO or MetHb levels,
which significantly impairs the blood's ability to carry oxygen.
By analyzing light absorption at multiple specific wavelengths
in a hemolyzed sample, it is possible to accurately measure
the concentrations of all four hemoglobin species.”

On the other hand, equipment that calculates SpO,
does not measure these hemoglobin derivatives directly.
Instead, SpO, is estimated using mathematical formulas
that rely on the measured pO, and its relationship with the
oxygen dissociation curve under standard conditions (pH
7.4,pC0O,40 mmHg, 2,3-diphosphoglycerate concentration,
and temperature of 37°C). Therefore, it is evident that an
increased proportion of dyshemoglobins (HbCO and MetHb)

or deviations from standard conditions can significantly
impact the accuracy of calculated SpO, values.©819

Although calculated methods provide sufficiently
accurate SpO, estimations for most patients, it is important
to note that individuals with severe acid-base disturbances,
significant changes in body temperature (hypothermia or
hyperthermia), abnormal 2,3-DPG levels, or a marked increase
in dyshemoglobins may yield inaccurate SpO, results.®61213)

Returning to our findings, we observed no differences
between calculated and measured SpO, in COVID-19 patients.
However, it is essential to emphasize that, while a correlation
was observed between the two methods in our results, we
cannot assume that similar correlations would hold in COVID-
19 patients with dyshemoglobinemia or other factors that
alter the oxygen dissociation curve. This highlights a limitation
of our study, as variations in these parameters or the presence
of dyshemoglobins in our patients were not evaluated.

Thus, our results suggest that both methods of SpO,
monitoring can be used effectively in clinical practice.
However, it is important to note that in cases of moderate
hypoxia, with rapid clinical deterioration and under
mechanical ventilatory support, the measured SpO, provides
better support, more accurately reflects, and more reliably
guides both diagnosis and clinical management. This has
significant relevance for primary clinical outcome.®*®” This
finding is particularly relevant for healthcare providers
in resource-limited settings where access to advanced
diagnostic tools is restricted. Consequently, implementing
cost-effective oxygen saturation monitoring methods
may aid in the management of COVID-19, especially in
underdeveloped contexts.

CONCLUSION

In conclusion, our findings demonstrate a strong
correlation and minimal error between measured and
calculated SpO, values in both venous and arterial samples
from COVID-19 patients, suggesting that either method
can be effectively used in clinical practice under standard
physiological conditions. However, while calculated SpO,
offers a cost-effective alternative—especially valuable in
resource-limited settings—it may be less accurate in patients
with dyshemoglobinemia, acid-base imbalances, or altered
oxygen dissociation curves. Therefore, in critically ill patients
or those requiring precise oxygenation monitoring, direct
measurement remains the more reliable option for guiding
clinical decisions and improving outcomes.
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