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Talison S Pereira, and João Manoel Silva Jr

BACKGROUND: SpO2
=FIO2

may be a reliable noninvasive alternative to the PaO2=FIO2
index.

Furthermore, the ROX index (ie, the ratio of SpO2
=FIO2

to breathing frequency) has been vali-

dated to predict high-flow nasal cannula failure in subjects under spontaneous breathing.

However, these indices have not been tested in subjects with COVID-19 receiving invasive me-

chanical ventilation. This study aims to verify the correlation between both the ROX index and

SpO2
=FIO2

with PaO2=FIO2
and the ratio of PaO2=FIO2

to breathing frequency, and to determine the

accuracy of the indices that use SpO2
for the prediction of extubation failure in subjects with

COVID-19. METHODS: A prospective cohort study was conducted from May 15, 2020, to June

15, 2020, with subjects with COVID-19 on invasive mechanical ventilation. Indices using SpO2
in the

formula were compared to those using PaO2 . Additionally, the performance of the indices in predict-

ing extubation failure was evaluated. RESULTS: This study included 69 subjects age 64.8 6 14.6 y.

There were no differences between the median values of the indices, including between the

ROX index and PaO2=FIO2
to breathing frequency (P 5 .40) or between PaO2=FIO2

and SpO2
=FIO2

(P 5 .83). When comparing the ROX index with the PaO2=FIO2
index to breathing frequency, they

were found to be strongly correlated (R2 5 0.75 [95% CI 0.6763–0.8152], P < .001). The comparison

of PaO2=FIO2
with SpO2

=FIO2
revealed R2 5 0.70 (95% CI 0.563–0.749, P < .001). The area under the

receiver operating characteristic curve for the ROX index to determine extubation failure was 0.74

(P 5 .01), whereas for SpO2
=FIO2

it was 0.78 (P < .001). CONCLUSIONS: The indices presented a

good correlation in subjects with COVID-19 on invasive mechanical ventilation, and both the

ROX index and SpO2
=FIO2

can discriminate extubation failure in this population. Key words:
COVID-19; mechanical ventilation; pulse oximeter; critical care; respiratory failure; extubation failure.
[Respir Care 2021;66(8):1323–1329. © 2021 Daedalus Enterprises]

Introduction

The use of PaO2
=FIO2

is one of the most important meth-

ods to evaluate respiratory function and the degree of hy-

poxia in critically ill subjects.1,2 However, this ratio is

obtained through invasive tests, which are not always read-

ily available. A noninvasive substitute for PaO2
=FIO2

, based

on the measurement of SpO2
using a pulse oximeter, allows

disease severity to be evaluated in patients without arterial

blood gas data. Thus, SpO2
=FIO2

has been proposed as a

noninvasive substitute for PaO2
=FIO2

.3-6 When these find-

ings were applied to the ROX index (ie, the ratio of

SpO2
=FIO2

to breathing frequency [f]) using high-flow nasal

cannula in subjects who had acute respiratory failure, the

results showed that SpO2
=FIO2

could represent PaO2
=FIO2

.7,8

However, it remains to be seen whether the use of the ROX

index is feasible and reliable in different situations and

whether it can be used to predict extubation failure in sub-

jects receiving invasive mechanical ventilation.9,10
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The aims of this study were to assess whether the ROX

index and SpO2
=FIO2

could predict extubation failure in sub-

jects receiving invasive mechanical ventilation during the

COVID-19 pandemic and to verify the correlations of

SpO2
=FIO2

and the ROX index with PaO2
=FIO2

and the ratio

of PaO2
=FIO2

to f. These parameters may present as a less

invasive substitute for PaO2
=FIO2

and a reliable oxygenation

evaluation method.

Methods

This was a prospective, observational, cohort study

evaluating adult subjects receiving invasive mechanical

ventilation due to respiratory failure from COVID-19 in a

tertiary hospital; the Research Ethics Committee approved

the study and waived the requirement for informed con-

sent. From May 15, 2020, to June 15, 2020, subjects >
18 y old with COVID-19 who were admitted to the ICU

on invasive mechanical ventilation and were in the pro-

cess of undergoing removal of the ventilator liberation

were included. Pregnant women and patients with a previ-

ous diagnosis of heart failure were excluded from the

study (Fig. 1).

The primary outcome of the study was the accuracy of

the ROX index and SpO2
=FIO2

to predict extubation failure

in subjects with COVID-19 receiving invasive mechanical

ventilation. Secondary outcomes were the presence of cor-

relations of the ROX index and SpO2
=FIO2

with the ratio of

PaO2
=FIO2

to f and PaO2
=FIO2

, respectively.

The PaO2
values were extracted from routine arterial gas

analysis, SpO2
data were obtained from a pulse oximeter,

FIO2
was determined by the mechanical ventilator, and f

was used to obtain the ROX index (ie, the ratio of

SpO2
=FIO2

to f), the ratio of PaO2
=FIO2

to f, SpO2
=FIO2 ,

and

PaO2
=FIO2

after simultaneous serial evaluation of the pulse

oximeter and arterial blood gases during the first, third, and

seventh day and during the process of extubation. The indi-

ces were determined using the worst values of the variables.

These indices were compared in the same subjects and at

the same time of the day and immediately after the subjects

started the process of invasive mechanical ventilation

withdrawal.

In addition, data from chest computed tomography (CT)

scans obtained at the time of admission to the ICU were

used, which quantified the degree of involvement of the

pulmonary parenchyma. For statistical analysis, the lung

parenchyma involvement percentage was dichotomized as

higher or lower than 50%.

All subjects were submitted to the extubation process

once judged as being ready for extubation, according to

the standard institutional protocol (Fig. 2); subjects were

considered to have failed extubation if they presented a

need for re-intubation within 48 h after extubation, which

was defined as the presence of $ 2 of the following con-

ditions: FIO2
> 0.50, signs of increased work of breathing

(eg, tachypnea, use of accessory respiratory muscles,

thoracoabdominal paradox) despite noninvasive ventila-

tion support, inability to protect the airway (ie, Glasgow

coma scale # 8), upper-airway obstruction, severe respi-

ratory acidosis (PaCO2
> 50 mm Hg and pH < 7.25), or

severe hemodynamic dysfunction (norepinephrine > 0.1

mg/kg/min and rising).

Statistical Analysis

Considering the correlation of the ROX index with the

success rate of high-flow nasal cannula and considering

SpO2
=FIO2

with an area under the receiver operating charac-

teristic (ROC) curve of 0.75 in relation to extubation fail-

ure, and based on previous studies,7,8,11 a sample of 62

QUICK LOOK

Current knowledge

SpO2
-based markers present valuable correlations with

PaO2
=FIO2

, and the ROX index (ie, the ratio of

SpO2
=FIO2

to breathing frequency) can predict high-

flow nasal cannula failure. However, the feasibility of

using these indices for the prediction of extubation fail-

ure has never been studied.

What this paper contributes to our knowledge

SpO2
-based markers showed a moderate to strong corre-

lation with PaO2
-based markers. The ROX index pre-

sented similar prediction accuracy for extubation

failure and failure of high-flow nasal cannula.

Excluded
45

Mechanically ventilated
COVID-19 patients in the ICU

118

Extubation initiated
73

Excluded
4

Subjects enrolled
69

Heart failure: 3
Pregnancy: 1

Fig. 1. Flow chart.
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subjects was required to confirm the main hypothesis with

a sample power of 80% and a 5% risk for type 1 error.

On the basis of these premises, continuous parametric

data are expressed as the mean6 SD, whereas nonparamet-

ric data are expressed as medians and interquartile ranges

(IQR) and were statistically analyzed according to the dis-

tribution pattern of the variables. Qualitative data are pre-

sented as absolute frequencies and percentages and were

compared using the chi-square test.

The Spearman correlation test was performed between

the indices and the calculated coefficient of variation of

percentages. Correlation values > 0.7 were considered

good. Moreover, biases were checked with Bland-Altman

analysis. The analysis of repeated measurements was veri-

fied using a general linear model (GLM). The consistency

of the model was tested using the Mauchly sphericity test.

Multivariate analysis of variance was conducted to con-

firm the final value of P; when the interactions were stat-

istically significant, a Bonferroni post hoc correction was

performed.

To assess the accuracy of the methods, sensitivity and

specificity tests were performed for the ROX index meas-

ured during the extubation process. Thus, a ROC curve

with sensitivity and specificity values was plotted, and the

point of the maximum value (Youden J index) was defined

as a cutoff point to determine extubation failure.

To avoid confounding factors in the interpretation of

pulse oximetry values, clinically relevant variables such as

hemoglobin, blood pressure, and age were inserted together

with SpO2
into a multiple regression model. The model was

calculated stepwise; interactions were tested, and the model

defined the risks and confidence intervals. All tests were 2-

tailed, and P values< .05 were considered significant.

Results

There were 180 encounters with the 69 subjects included

(mean age 64.8 6 14.6 y, 56.5% male, mean body mass

index 28.6 6 5.5 kg/m2). Hypertension was the most fre-

quent comorbidity (39.4%). The laboratory diagnosis of

COVID-19 was confirmed in 87% of the patients, and the

remaining cases were treated as suspected of having

COVID-19 due to the clinical presentation and suggestive

CT findings. In the CT evaluation of the lung, 57.6% of the

subjects presented > 50% pulmonary parenchyma involve-

ment. During the evaluation period, 15.3% of the subjects

The initial indication for mechanical ventilation 
resolved or improving 

Daily check of respiratory function:

• Sedation stopped and patient awake (spontaneous eye-opening,
   follows the assessor with a look, hand grip at the command,
   manages to put the tongue out of the mouth)
• FIO2 < 0.50
• PaO2 > 60 mm Hg or SpO2 > 92%
• PEEP ≤ 5 cm H2O
• Rapid shallow breathing index, breaths/min/L ≤ 105
• PImax < –20 cm H2O
• Absence of severe respiratory acidosis (PaCO2 < 60 mm Hg and
pH > 7.25)

Continue mechanical
ventilation

No

Spontaneous breathing trial:
Method: T-tube or PSV with 7 cm H2O

Duration: 30 min once a day

Spontaneous breathing trial 
success

Gradual decrease in
ventilatory support and

daily spontaneous
breathing trial

Extubation

No

Yes

Fig. 2. Extubation protocol. PImax¼maximum inspiratory pressure; PSV¼ pressure support ventilation.
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experienced extubation failure, mainly on the third day of

invasive mechanical ventilation (Table 1). Regarding the

clinical variables during the evaluation period, the subjects

had adequate mean blood pressure values, hemoglobin lev-

els> 10 g/dL, no acidemia, and slightly altered arterial lac-

tate (Table 2).

There were no significant differences in the indices. In

general, the median ROX index was 7.8 (IQR 5.4–9.8), and

the median ratio of PaO2
=FIO2

to f was 7.3 (IQR 5.2–10.2)

(P ¼ .40). The median PaO2
=FIO2

was 172 (IQR 122–232),

and the median SpO2
=FIO2

was 188 (IQR 119–240) (P ¼
.83). The trends in relation to the days of the index values

were very similar for the comparison of SpO2
=FIO2

and

PaO2
=FIO2

(GLM, P ¼ .78) and for the comparison of the

SpO2
=FIO2

to f and PaO2
=FIO2

to f (GLM, P¼ .16) (Fig. 3).

When comparing the values of the ROX index with those

of the ratio of PaO2
=FIO2

to f, we noted a correlation of R2 ¼

.75 (95% CI 0.67–0.82, P < .001). On the other hand, the

correlation of PaO2
=FIO2

with SpO2
=FIO2

was R2 ¼ 0.70

(95% CI 0.56–0.75, P < .001). The highest concentrations

were located in the lowest index measurements (Fig. 4).

In the evaluation of biases comparing the indices, we

found mean biases of 3.85 (95% CI �8.0 to 15.8, P ¼
.52) and 0.008 (95% CI �0.41 to 0.42, P ¼ .97) for

PaO2
=FIO2

and SpO2
=FIO2

and for the ratio of PaO2
=FIO2

to

f and the ratio of SpO2
=FIO2

to f, respectively (Fig. 5).

Thus, considering the ROX index, the area under the

ROC to determine extubation failure was 0.74 (P ¼ .01,

95% CI 0.54–0.93, cutoff point # 6.36, sensitivity 67%,

specificity 71%). The same finding was identified for

SpO2
=FIO2

, with an area under the ROC for extubation fail-

ure of 0.79 (P < .001, 95% CI 0.62–0.96, cutoff point #

99, sensitivity 67%, specificity 71%) (Fig. 6).

In the evaluation of possible confounding factors that

could influence noninvasive indices on the basis of pulse

oximetry, we observed that these indices were strong indi-

cators of extubation failure. For SpO2
=FIO2

, the odds ratio

was 0.948 (95% CI 0.91–0.99); for the ROX index, the

odds ratio was 0.45 (95% CI 0.23–0.88) (Table 3).

Discussion

Our results show a good correlation between the nonin-

vasive measures of the ROX index and SpO2
=FIO2

and the

invasive measures of the ratio of PaO2
=FIO2

to f and

PaO2
=FIO2

, respectively, in subjects receiving invasive me-

chanical ventilation with suspected or diagnosed COVID-

19. The results suggest that the ROX index, as well as

SpO2
=FIO2

, can be used in subjects on invasive mechanical

ventilation with good accuracy.

SpO2
=FIO2

presents a good correlation with PaO2
=FIO2

and

allows a dynamic bedside evaluation of the ventilatory

weaning process.4,12 We found a positive correlation com-

paring the 2 proportions with R2 ¼ 0.7 and with a signifi-

cant linear equation: PaO2
¼ 51.8 + 0.74� SpO2

.

The ROX index is widely used to predict success in

patients receiving noninvasive ventilation.9,10,13-15 Roca

et al7 corroborated the correlation between ROX index val-

ues $ 4.88 and the avoidance of orotracheal intubation

for invasive mechanical ventilation in subjects using high-

flow nasal cannula and suggested greater importance of

SpO2
=FIO2

in the ROX index in relation to f. In addition, in

subjects with acute respiratory failure due to SARS-CoV-2

on ventilation via high-flow nasal cannula, the ROX index

was effective in identifying the need for noninvasive me-

chanical ventilation.16

Previous studies suggest that in subjects undergoing 12 h

of high-flow nasal cannula use, ROX index values $ 4.88

predict success in the noninvasive management of hypoxe-

mic respiratory failure, with a positive predictive value >

Table 1. Subject Characteristics

Variables n (%) Mean 6 SD Median (IQR)

Age, y 69 (100) 64.86 14.6 66.5 (58–75)

Male 39 (56.5) NA NA

Female 30 (43.5) NA NA

Body mass index, kg/m2 60 (86.9) 28.66 5.5 28.3 (24.1–31.2)

SAPS 3 score on admission 69 (100) 62.46 10.1 62 (46.0–83.0)

Comorbidities

Hypertension 26 (39.4) NA NA

Diabetes 23 (34.8) NA NA

Smoking 12 (18.2) NA NA

Renal insufficiency 8 (12.1) NA NA

Asthma 4 (6.1) NA NA

COPD 6 (9.1) NA NA

Other 31 (47.0) NA NA

Duration of mechanical

ventilation, d

69 (100) 14.76 12.5 11.0 (7.0–20.0)

Length of hospital stay, d 69 (100) 16.56 14.7 13.0 (7.0–20.0)

Length of ICU stay, d 69 (100) 24.86 18.8 20.0 (10.0–32.5)

IQR ¼ interquartile range

NA ¼ not applicable

SAPS 3 ¼ Simplified Acute Physiology 3

Table 2. Subject Clinical Characteristics

Variables n Mean 6 SD Median (IQR)

Mean blood pressure, mm Hg 69 87.1 6 20.6 86 (77–96)

Hemoglobin, g/dL 59 12.8 6 2.5 12.8 (11.5–14.5)

pH 69 7.38 6 0.70 7.39 (7.35–7.44)

PaO2
, mm Hg 69 105 6 33 97 (80–131)

PaCO2
, mm Hg 69 49 6 14 47 (41–54)

SpO2
, % 69 96 6 4 97 (95–98)

Arterial lactate, mmol/L 69 2.1 6 0.9 1.9 (1.5–2.5)

IQR ¼ interquartile range
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80%, and a ROX index cutoff of $ 3.85 provides specific-

ity of 98–99%.9 Other noninvasive predictors, such as f and

rapid/shallow breathing index,17 were previously used to

assess weaning success, but they did not take into account

pulmonary gas exchange performance. In the studied popu-

lation of subjects with COVID-19 subjects, the values of

the ROX index were similar to the index in which SpO2
was

replaced with PaO2
(R2 ¼ 0.75).

According to our results, both a ROX index # 6.36 and

SpO2
=FIO2

# 99 predicted extubation failure, with area

under the ROC values of 0.74 and 0.79, respectively. The

results were similar to those described in the literature for

subjects with hypoxemic respiratory failure from other

causes.3,7,8 The results can be of great value for identif-

ying patients with COVID-19 on invasive mechanical

ventilation with an increased risk of failed weaning from

the ventilatory prosthesis. It is important to highlight that

patients with COVID-19 may demand a long duration of

mechanical ventilation,18,19 similar to our findings in this

study, but the utilization of this index remained valid and

exhibited good correlation over time.

Lower ROX index values in patients whose pulmonary

injury is more severe can be explained by physiological

changes related to both the numerator (PaO2
=FIO2

) and the

denominator (f) of the index. Patients who are weaning

from invasive mechanical ventilation and who have severe

lung injury present a more significant loss in alveolar

exchange capacity and, consequently, worse oxygenation

and reduction in SpO2
=FIO2

. These same patients may also

present with increased CO2 production and respiratory
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muscle fatigue, which are contributing factors to hypoventi-

lation, hypercapnia, and consequently increased f.11

Notably, the proportion of altered lung parenchyma in

the admission CT did not impact the ROX index or

SpO2
=FIO2

values of subjects with COVID-19, which raises

the hypothesis that quantitative lung damage is not repre-

sentative of the functional impairment caused by the dis-

ease. However, this finding can perhaps be explained

by the time lapse between the CT examination and the

beginning of weaning from invasive ventilation. Figure 3

also corroborates this statement because the mean admis-

sion measure of PaO2
=FIO2

was 127.6 6 6.6, and it

improved during the extubation period to 219.86 13.6.

Additionally, we emphasize that the impaired oxygen-

ation indicated by low SpO2
=FIO2

is not exclusively a conse-

quence of pulmonary shunt physiology due to pneumonia

or lung injury, but it may also be a consequence of shock

due to low mixed venous oxygen concentration or hemo-

globin reduction. Thus, SpO2
=FIO2

may reflect oxygenation

abnormalities originating from shock-related lung and sys-

temic disorders or anemia. These facts could interfere with

the results, but our subjects had adequate blood pressure

and hemoglobin and perfusion values; in multivariate anal-

ysis, the blood pressure and hemoglobin parameters did not

0
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Table 3. Multivariate Analysis of Determinant Factors for Extubation

Failure

Variables P Odds Ratio (95% CI)

With SpO2
=FIO2

in the model

Mean blood pressure, mm Hg .43 0.85 (0.73–0.99)

Hemoglobin, g/dL .96 1.01 (0.62–1.64)

Age, y .13 1.06 (0.98–1.15)

SpO2
=FIO2

, per unit .02 0.95 (0.91–0.99)

With SpO2
=FIO2

to breathing frequency

in the model

Mean blood pressure, mm Hg .53 0.89 (0.80–1.00)

Hemoglobin, g/dL .63 1.11 (0.72–1.72)

Age, y .19 1.05 (0.98–1.12)

SpO2
=FIO2

to breathing frequency, per unit .02 0.45 (0.23–0.88)

Area under the curve ¼ 0.875 (95% CI 0.74–0.95).
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interfere with the predictive abilities of SpO2
=FIO2

-based

indices for extubation failure. Even considering age in the

regression model, SpO2
=FIO2

had an odds ratio of 0.948

(95% CI 0.906–0.991), and the ROX index had an odds ra-

tio of 0.447 (95% CI 0.226–0.882). This corroborates the

finding that these noninvasive tools can be used regardless

of the possible confounding factors.

Despite the significant results, this study has limitations,

such as being observational, being conducted in a single

center, and having a small sample, in addition to not being

conducted in a population with worse hemodynamic and

oxygenation data because the subjects were in the process

of recovery. Nevertheless, the 7-d follow-up showed values

of the invasive indices similar to those of noninvasive indi-

ces for evaluation of oxygenation exchange in the linear

model of repeated measurements (Fig. 3).

Another concern is that several factors related to pulse

oximetry values could influence the index measures, such as

the site of SpO2
measurement, body movement, unreliable

oximetry wave, temperature, and the subject’s disease state.

Furthermore, pulmonary embolism can influence the clinical

management of patients during the extubation period, and

pulmonary embolism was not assessed in the study popula-

tion due to the absence of routine angiotomography for

patients with COVID-19. In addition, our results may not be

applicable to subjects with lower SpO2
because, as reported

in the literature,5 nonlinear equations are more accurate than

linear models in situations involving hypoxemia. Therefore,

a prospective validation of these results with a broad popula-

tion and subjects with other clinical conditions incorporating

such relevant factors for SpO2
accuracy is indicated.

Conclusions

SpO2
=FIO2

and PaO2
=FIO2

were well correlated in subjects

with COVID-19 receiving invasive mechanical ventilation,

and both the ROX index and SpO2
=FIO2

can predict extuba-

tion failure in this population. Thus, these tools, using SpO2

instead of PaO2
, can provide a less invasive and reliable ox-

ygenation evaluation method in subjects with COVID-19

who are in the process of extubation.
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