ORIGINAL ARTICLE Indian Journal of Anesthesia and Analgesia
Volume 11 Number 3 July - September 2024
DOI: http: //dx.doi.org/10.21088/ijaa.2349.8471.11324.1

Correlation Between Spo,/Fio, (Sf) Ratio to Pao,/Fio,, Sao,/Fio,
Ratio in Different invasive Modes of Ventilation

K. Harini', Akshaya N. Shetti?, Chandana L?

How to cite this article:

K.Harini, Akshaya N. Shetti, Chandana L. Correlation Between Spo2/Fio2 (Sf) Ratio to Pao2/Fio2, Sao2/Fio2 Ratio in Different
invasive Modes of Ventilation. Ind ] Anesth Analg. 2024; 11(3):121-127.

Abstract

Various invasive and non-invasive techniques are used to understand the oxygenation.
This study aimed to assess the correlation between Spo,/Fio, ratio to Pao,/Fio,and Sao,/
Fio, in different invasive modes of oxygen supplementation. We hypothesized that the
non-invasive index SpO,/FiO, (SF) ratio can be used as a surrogate for to invasive index
PaO,/FiO2 (PF) ratio and SaO,/FiO, ratio in all invasive modes of ventilation.

Methods and methodology: A total of 313 patients admitted to the surgical and medical
intensive care unit were enrolled in this retrospective cross-sectional study. Fraction
of inspired oxygen (FiO,) from the monitor, while ABG sampling, Partial pressure of
oxygen (Pa0,) and Arterial oxygen saturation (5aO,) were noted from the ABG, reports
in the medical records. The corresponding saturation of peripheral oxygen (SpO,) was
noted from the monitor while ABG sampling. Calculated SF, PF and SaO2/FiO, ratios
were recorded and correlation between the same was noted in different invasive modes
of ventilation.

Results: Pearson’s correlation was used to quantify the relationship between the
variables. The study showed a positive correlation, r=0.6003 (P< 0.001), between SF
and PF ratio and also a positive correlation, r=0.9137 (P<0.001), between SF and SaO2/
FiO2 ratio. In addition, the median values of SF ratio (P-value=0) and SaO2/FiO2 ratio
(P-value=0) indicated the observed difference is unlikely to be due to chance.

Conclusion: In patients who are on an invasive mode of ventilation, the non-invasive
SF can be used as a surrogate for invasive PF and SaO2/FiO2 ratio.
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blood.! Normal oxygen saturation levels are from 94
percent to 100 percent. Low SpO2 levels can result
in hypoxemia, which can progress to hypoxia and
low oxygen levels in the tissues. A pulse oximeter
measures SpO2 levels. It is a non-invasive device
placed over a person’s finger and can provide a
rapid tool to assess oxygenation accurately.

Sa02 is the saturation of oxygen in arterial blood,
responsible for carrying oxygenated blood from the
lungs to various cells and body organs. The study of
arterial blood gas (ABG) yields the SaO2 values. The
human cell requires a constant supply of oxygen to
function properly.? The alveoli in the lungs store the
oxygen thatis inhaled from the external atmosphere.
Low oxygen saturation causes hypoxemia, which
in turn causes hypoxia. If left untreated, this might
potentially cause irreversible damage to vital
organs. A mismatch in oxygen saturation results in
respiratory and cardiac deficits. The partial pressure
of oxygen (PaO2) measures the pressure at which
the oxygen dissolves in your blood. Arterial blood
gas is the primary measurement used to assess
the partial pressure of oxygen. This allows for the
accurate measurement of the arterial blood’s partial
pressure of carbon dioxide, partial pressure of
oxygen, acidity (pH), oxyhemoglobin saturation and
bicarbonate content. All of these are useful for the
evaluation and treatment of various disease states.
The partial pressure of oxygen is decreased through
several disease processes. An acute lung injury’s
(ALI) severity is typically assessed using the ratio
of PaO2 to the fraction of inspired oxygen (PaO2/
FIO2). Daily changes in the PF ratio demonstrated
significant predictive accuracy for abnormal CXRs
in ICU patients following MV treatment.** Although
Sp0O2, Sa02 and PaO2 may differ, they are all reliant
upon the oxygen concentration in the bloodstream
and have to maintain within the normal range for
human cells to remain in a state of homeostasis.
One way to quantify how much oxygen a person
inhales is to look at the fraction of inspired oxygen
(Fi02), which is involved in gas exchange at
the alveolar level. It is essential to comprehend
oxygen delivery and interpret FiO2 levels to treat
hypoxemia patients appropriately. For individuals
who are critically sick, use of intrusive mechanical
ventilation could be a life-saving measure° The
three types of mechanical ventilation that are
most frequently utilized are pressure support,
synchronized intermittent mandatory ventilation
and assist control. By modifying the ventilator
settings, a clinician can offer safe and effective
invasive mechanical breathing based on the
clinical circumstance in addition to the information
gathered from the ventilator.

When the respiratory system fails to effectively
oxygenate or eliminate carbon dioxide, respiratory
failure occurs. It may be caused by lung failure or
impairment of the respiratory muscle pump. One
of the main causes of acute respiratory distress
syndrome is acute severe hypoxemia (ARDS),
a severe form of Acute lung injury (ALI). It's a
condition where lung injury to the endothelium
or epithelium causes inflammation and increased
permeability of the pulmonary capillaries. It can
also occur concurrently with a cardiac event.”” Both
both are conditions that patients with risk factors
admitted to the surgical intensive care unit (SICU)
have an incidence and mortality of." According
to the Berlin criteria, patients on mechanical
ventilation, multiorgan failure, pulmonary
infiltrates on a chest X-ray, clinical presentation
and study of PF ratio are the essential diagnostic
standards for ARDS and ALL" The lung injury score
is still a commonly used indicator for the severity of
the initial lung injury in ARDS, although it offers
no additional predictive value for death or the
length of mechanical ventilation.?acute respiratory
distress syndrome (ARDS) is often diagnosed by
measuring the partial pressure of arterial oxygen to
the fraction of inspired oxygen (PaO2/FiO2) using
arterial blood. This can be expensive and may not
be feasible in settings with limited resources.

Meanwhile, pulse oximetry is always available,
accurate, reasonably priced and non-invasive.'*"
Research has verified indices based on pulse
oximetry for the identification and risk assessment
of individuals suffering from acute respiratory
distress syndrome (ARDS). The ratio of oxygen
saturation from the pulse oximeter to FiO, (SpO,/
FiO,) is one example of such an indicator. If pulse
oximetry’s limitations are taken into consideration,
its application in acute respiratory distress
syndrome (ARDS) diagnosis and therapy could
lead to a global advancement in clinical practice and
research. This could include the formal adoption of
the SpO,/FiO, ratio as an alternative to PaO, /FiO,
for meeting the diagnostic criterion for hypoxemia
in ARDS.'*1

METHODOLOGY

This is a cross-sectional study conducted in
the surgical and medical intensive care unit
between 1** May, 2023 and 31* December, 2023.
All patients admitted in the surgical and medical
intensive care unit, except those with satisfying
exclusion criteria. Patients in severe shock with
cold clammy peripheries, hypothermia (<95°F)
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and an inconsistent pulse oximetry waveform were
excluded. Patient demographics were documented,
peripheral oxygen saturation (SpO2) was recorded
from the monitor and the ventilator settings were
used to measure the fraction of inspired oxygen
(FiO2) delivered to the patient while ABG sampling.
The partial pressure of oxygen (PaO2) and Arterial
oxygen saturation (SaO2) was mentioned in the
medical data from the ABG reports collected. The
gathered information of Sa02, PaO2, FiO2 and Spo2
are measured simultaneously and documented
in the standard proforma. The PF, SF and SaO2/

FiO2 ratios were calculated using the documented
variables: SpO2, FiO2, PaO2 and SaO2 and analyzed
to correlate the relationship.

a—
RESULTS

313 sample data points were gathered in total.
99 (31.6%) females and 214 (68.4%) males, most of
whom were in the 50-75 age range, participated in
the study. (Graph 1,2)
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Graph 2: Shows the distribution of the patient based on their gender

IJAA / Volume 11 Number 2 / July - September 2024



124 K.Harini, Akshaya N. Shetti, Chandana L. Correlation Between Spo2/Fio2 (Sf) Ratio to
Pao2/Fio2, Sao2/Fio2 Ratio in Different invasive Modes of Ventilation

Department wise distribution

200

150

100

50

Surgery

Department

Medicine
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Graph 4: Shows the distribution of the patient based on ventilator modes

A total of 170 patients were admitted in the
surgical ICU and 143 in the medicine ICU. The
readings were collected when 90 patients were on
CPAP mode, 167 patients were on Control mode
and the rest 56 were on SIMV mode. (Graphs 3
and 4).

A total of 313 sample data were collected. The
relationship between the variables was quantified

using Pearson’s correlation. A favorable association
was found in the study, r=0.6003 (P< 0.001)
(Fig. 1), between SF and PF ratio and also a positive
correlation, r=0.9137 (P<0.001) (Fig. 2) between
SF and SaO, /FiO, ratio. In addition, the median
values of SF ratio (P-value=0) and SaO, /FiO, ratio
(P-value=0) indicated the observed difference is
unlikely to be due to chance.
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Fig. 1: This displays the SF ratio and PF ratio's correlation coefficient. There was a clear and significant positive linear association
found between the PF ratio and SF ratio.The ‘r’ value was found to be 0.6 and p is < 0.001 which is highly significant.
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Fig. 2: This displays the SF ratio and SaO2/FiO2 ratio correlation coefficient. There was a significant positive linear correlation.
The ‘r" value was found to be 0.9 and p is < 0.001 which is highly significant.

DISCUSSION

According to this study, the PF ratio and SF ratio,
Sa02/FiO, and SF ratio are positively correlated.
Moreover, it was concluded that there is no
difference in the outcomes when using the PF or SF
ratios in any mechanical ventilation technique.'®SF
can therefore be employed as a universal substitute
for PF and the SaO,/FiO, ratio. In patients
hospitalized in the intensive care unit, the SF ratio is
a quick and practical diagnostic tool for identifying
and treating acute heart failure (AHRF). This is
because pulse oximeters are widely accessible
devices for ongoing oxygen saturation monitoring.
This avoids the need for arterial blood gas sampling,
which is more expensive and invasive. The SF ratio

can also be used to substitute for PF and SaO, /FiO,
in organ failure scores, such as lung damage scores
and sequential organ failure assessment scores,to
measure the degree of hypoxia. 7 Our results
concur with a research project by Sheetal Babu
et al. To assess the relationship between the SpO,
/FiO, ratio and the PaO, /FiO, ratio in patients
who were admitted to the intensive care unit using
various oxygen supplementation techniques and
observed a significant positive association between
S/F and P/F ratios, concluded that the effective
substitute for the intrusive PF ratio is the SF ratio."
Comparison studies of the SpO, /FiO, ratio and the
PaO,/FIO, ratio were also carried out on patients
with ARDS, or acute lung injury which resulted
in positive correlation and have been evaluated.
1019 This is further supported by the idea that
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individuals experiencing acute respiratory failure
shouldn’t undergo needless intrusive procedures.
There’s no denying that pulse oximeters are getting
more and more common and that they can offer free
monitoring. Consequently, substituting SpO, /FiO,
for PaO, /FiO, may enable resource-constrained
hospitals to identify acute respiratory failure.?® This
narrative review presents the current status of the
preclinical and clinical literature on the use of SpO,
/FiO, as a potential surrogate for SaO, /FiO, and
PaO, /FiO,, as well as for use as a diagnostic and
prognostic marker. It also gives a general summary
of pulse oximetry’s limitations.

CONCLUSION

According to this study for invasive PF and SaO,
/FiO, ratio, SF can be utilized as a substitute in
patients who are on an invasive mode of ventilation.
which uses pulse oximetry in place of arterial blood
sampling. Given the challenges associated with
arterial blood sampling in patients undergoing
critical care, pulse oximetry is a desirable substitute.
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