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Background: This study aimed to evaluate the accuracy of pulse oximetry-derived oxygen saturation (SpO,) on
room air, determined at hospital admission, as a predictor for the need for mechanical ventilatory support in pa-
tients with Coronavirus Disease-2019 (COVID-19).

Methods: In this retrospective observational study, demographic and clinical details of the patients were obtained
during ICU admission. SpO, and respiratory rate (RR) on room air were determined within the first 6 h of hospital

gg{/“l’]gf‘g admission. As all measurements were obtained on room air, we calculated the simplified respiratory
Peripheral oxygen saturation rate-oxygenation (ROX) index by dividing the SpO, by the RR. Based on the use of any assistance of mechanical
ROX index ventilator (invasive or noninvasive), patients were divided into mechanical ventilation (MV) group and oxygen

therapy group. The accuracy of the SpO,, CT score, and ROX index to predict the need to MV were determined
using the Area under receiver operating curve (AUC).

Results: We included 72 critically ill patients who tested COVID-19-positive. SpO, on the room air could predict
any MV requirement (AUC [95% confidence interval]: 0.9 [0.8-0.96], sensitivity: 70%, specificity 100%, cut-off
value <78%, P < 0.001). Within the MV group, the use of noninvasive ventilation (NIV) was successful in 37
(74%) patients, whereas 13 patients (26%) required endotracheal intubation. The cut-off ROX value for predicting
early NIV failure was <1.4, with a sensitivity of 85%, a specificity of 86%, and an AUC of 0.86 (95% confidence in-
terval of 0.73-0.94, P < 0.0001).

Conclusions: A baseline SpO, <78% is an excellent predictor of MV requirement with a positive predictive value of
100%. Moreover, the ROX index measured within the first 6 h of hospital admission is a good indicator of early
NIV failure.

Mechanical ventilatory support

© 2021 Elsevier Inc. All rights reserved.

1. Introduction essential during the initial assessment of patients. Several clinical, labo-

ratory, and radiological risk factors had been evaluated early detection

Coronavirus disease-2019 (COVID-19) represents a major global
health threat. One of the significant factors related to the increased mor-
tality rate observed in patients with COVID-19 is the high infectivity,
which has led to an overwhelming load of admissions exceeding the ca-
pacity of the healthcare system in some countries [1-3]. Therefore, early
triaging and identification of critical patients with COVID-19 are
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of critical cases which require highly-equipped centers Computed to-
mography (CT) score upon admission showed good ability to predict se-
vere cases among patients with COVID-19 [4,5]. However, routine CT
imaging for patients with COVID-19 remains a debatable issue as it
carries the risk of spreading the virus inside the healthcare facility.
Other laboratory investigations were also included in risk stratification
[5,6]. Laboratory investigations might sometimes be time-consuming
and not feasible in resource-shortage situations. The use of simple bed-
side parameters would be easier and more economic especially during
the peaks of the pandemic. Noninvasive ventilation (NIV) had received
wide acceptance as a key-step in the management of COVID-19. How-
ever, there is still a considerable number of patients who fail on NIV
and require timely initiation of invasive ventilation. Delaying invasive
mechanical ventilation (MV) in those patients is associated with poor
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outcomes [7]. Thus, there is an urgent need for early indicators of NIV
failure.

The use of parameters that are derived from simple clinical data such
as the respiratory rate (RR) and the pulse oximetry-derived oxygen sat-
uration (SpO,) had been previously reported in non-COVID-19 patients.
The SpO,/fraction of inspired oxygen (FiO,) ratio was found to predict
the outcome in non-COVID-19 patients with acute respiratory distress
syndrome (ARDS) [8]. The respiratory rate-oxygenation (ROX) index is
another parameter that is derived from the RR and oxygenation and
was used for predicting the success of the high flow nasal cannula in
non-COVID-19 patients. In the current study, we aimed to evaluate
the accuracy of the SpO, on room air upon hospital admission as a single
variable and in combination with the RR in predicting the need for me-
chanical ventilatory support and to identify the failure of NIV therapy in
patients with COVID-19.

2. Methods

In this retrospective observational study, we included patients with
laboratory-confirmed, moderate-to-severe COVID-19 [9] who were ad-
mitted to the intensive care unit (ICU) of our University Hospital during
the period from May 14, 2020, to July 25, 2020. The present study was
approved by the institutional research ethics board (N-98-2020). Writ-
ten consent was not required due to the purely observational and retro-
spective nature of the study. Upon admission to the ICU, all patients
were treated according to our standardized respiratory and hemody-
namic protocols [10,11]. The oxygen flow was adjusted to maintain an
SpO, of 92%-96%. If the RR did not fall below 30 breaths/min and/or
the SpO, did not reach the target, NIV was initiated. The following fea-
tures were considered as NIV failure: worsening of dyspnea, worsening
or lack of improvement of hypoxemia (defined as SpO, < 90%), the per-
sistence of RR >35 breaths/min, the appearance of respiratory acidosis
(defined as pH <7.3 and arterial carbon dioxide tension >50 mmHg),
circulatory shock (defined as the use of vasopressor to maintain the
mean arterial pressure at >65 mmHg), or altered sensorium. A patient
who developed any feature of NIV failure was qualified to receive inva-
sive mechanical ventilation. When NIV failure occurred within 48 h of
NIV, it was defined as early NIV failure, whereas failure occurring after
48 h of NIV was defined as late NIV failure [12].

2.1. Data collection

Based on the use of any assistance of mechanical ventilator (invasive
or noninvasive), the study patients were divided into the MV group and
the oxygen therapy group. Demographic and clinical details were ob-
tained during ICU admission. SpO, obtained using a pulse oximeter on
room air and RR were ascertained within the first 6 h of hospital admis-
sion. The ROX index was calculated by dividing SpO, / FiO, to RR. As all
measurements were obtained on room air, the calculation of the ROX
index was simplified as SpO,/RR.

2.2. Chest CT severity score

Bilateral lungs were divided into the following five zones according
to the anatomical structure of the lung: left upper lobe, left lower lobe,
right upper lobe, right middle lobe, and right lower lobe. Each lung
lobe was assigned a score that was based on the following criteria:
score 0, 0% involvement; score 1, <5% involvement; score 2, 5% to
<25% involvement; score 3, 25% to <50% involvement; score 4, 50% to
<75% involvement; and score 5, 275% involvement. The summation of
scores provided a semiquantitative evaluation of overall lung involve-
ment (the maximum CT score for both lungs was 25 [13]. All patients
underwent CT imaging at hospital admission, and the images were
scored by an experienced radiologist who was blinded to the clinical
data.
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2.3. Study outcome

The primary outcome of this study was to determine the predictive
ability of SpO, for the need of mechanical ventilatory support as a single
variable and after being adjusted for Acute Physiology and Chronic
Health Evaluation II (APACHE II) score, age, and gender. The secondary
outcome was to compare the performance of SpO, in predicting the out-
come of patients compared with the CT score. In addition, the ROX index
at admission was determined to predict patients at risk of early NIV
failure.

24. Statistical analysis

Data were reported as median and quartile or mean and standard
deviation values as appropriate and analyzed using the Mann-
Whitney test. Categorical variables were summarized as counts and per-
centages and analyzed using the Chi-squared or Fisher's exact test as ap-
propriate. Receiver-operating characteristic curves were constructed,
and the area under the curve (AUC) was calculated for the SpO,. The
best cut-off value was calculated using the Youden index. Multivariate
analysis was performed to obtain adjusted odds ratio (OR) and 95% con-
fidence intervals (CI) for SpO, and the ROX index as risk factors for the
need to MV and the failure of NIV. Statistical analysis was conducted
using MedCalc, version 19 (MedCalc Software by, Ostend, Belgium).

3. Results

A total of 72 critically ill patients were included in this study, of
whom 50 (69%) patients required ventilatory support and 22 (31%)
did not. The mean (standard deviation) age of patients in the oxygen
therapy group was 53 [12] years, which was significantly lower than
that [61 [13] years] of patients in the MV group (P = 0.001). Other de-
mographic and clinical characteristics were comparable between the
two groups (Table 1). Upon admission to the ICU, the median SpO, on
room air and the ROX index were significantly lower in the MV group
than in the oxygen therapy group (Table 2). After exclusion of patients
who required oxygen therapy only, the baseline inflammatory markers
were comparable between patients who succeeded and those who
failed on NIV (Table 3). The optimal cut-off value of SpO, for predicting
ventilatory requirement according to the maximum Youden index was
<78%. This cut-off value showed a sensitivity of 70% and a specificity of
100%, and the AUC was 0.9 (95% C10.8-0.96, P < 0.0001). After adjusting
for age, APACHE Il score, and gender, SpO, on room air remained inde-
pendently associated with the need for mechanical ventilatory support
(OR[95% CI]: 0.7 [0.6-0.8], P < 0.0001).

Among patients in the MV group, the use of NIV was successful in 37
(74%) patients, whereas 13 patients (26%) required endotracheal intu-
bation. The median (quartiles) time for the duration of NIV was 3
[2-5] days. In patients with NIV failure, the median time to intubation
was 2 [2-5] days. Early NIV failure (within the first 48 h) was observed
in 7 patients because of refractory hypoxemia, whereas 6 patients had
late NIV failure, i.e., after 48 h. The cause of delayed failure was sepsis
in 5 patients and the development of stroke in 1 patient. Both the
SpO, and ROX indices were able to predict early NIV failure. Although
not statistically significant, the AUC of the ROX index tended to be
higher than that of the SpO,. The cut-off value of the ROX index for
predicting early NIV failure was <1.4, with a sensitivity of 85%, a specific-
ity of 86%, and an AUC of 0.86 (95% C10.73-0.94, P < 0.0001). The cut-off
value of the SpO, for predicting early NIV failure was <60%, with a
sensitivity of 57%, a specificity of 84%, and an AUC of 0.76 (95% CI
0.6-0.86, P < 0.007). The multivariate analysis revealed that the ROX
index remained independently associated with early NIV failure after
adjusting for age, P = 0.013.

The median (quartiles) of the CT score at ICU admission in the oxy-
gen therapy group was 10 [7-12], which was significantly lower than
that [18 [13-20]] in the MV group (P < 0.0001). A significant negative
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Table 1
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Patient characteristics, respiratory status, ICU stay, and hospital mortality. Data are presented as mean (standard deviation), median (quartiles),

or number (%).

Characteristics All patients Oxygen therapy group MV group P-value
(N=172) (N=22) (N =50)
Sex, Male (%) 49 (68%) 16(72%) 33(66%) 0.3
Age (years) 59(13) 53(12) 61(13) * 0.001
Weight (kg) 95(20) 101(21) 90(20) 0.4
APACHE II score 10(4) 9(3) 11(5.5) 0.2
Coexisting disorder
Chronic cardiac disease (%) 17(23%) 4(18%) 13(26%) 0.5
Chronic pulmonary disease (%) 5(7%) 0 5(10%) 0.1
Chronic kidney disease (%) 7 (10%) 2(9%) 5(10%) 0.9
Chronic diabetes (%) 39 (54%) 11(50%) 28(56%) 0.6
Chronic hypertension (%) 46 (64%) 13(59%) 33(66%) 0.9
Smoking (%) 9(16.4%) 3(14%) 6(12%) 0.8
Obesity (%) 18(25%) 6(27%) 12(24%) 0.6
Smoking (%) 9(12%) 3(14%) 6(12%) 0.7
Respiratory variables
SpO, on room air (%) 80(70-85) 88(85-89) 75(65-82) * <0.001
RR on room air (breaths/min) 39(30-45) 35(30-40) 40(33-45) * 0.025
CT score 14(10-19) 10(8-12) 18(13—20) * <0.0001
Outcome variable
ICU stay (days) 6(3-8) 3(2-4) 7(4-8) * <0.0001
Mortality (%) 16(22%) 0 16(32%)* 0.002

APACHE II: Acute Physiology and Chronic Health Evaluation II, CT: Computed tomography, ICU: Intensive care unit. SpO,: peripheral oxygen saturation, RR:
respiratory rate, MV: mechanical ventilation * denotes significance compared to the other group, P < 0.05.

Table 2

Respiratory variables, ICU stay, and hospital mortality. Data are presented as mean (standard deviation), median (quartiles), or number (%).
Characteristics All patients Oxygen therapy MV group P-value

(N=72) group (N = 22) (N =50)

SpO- on room air (%) 80(70-85) 88(85-89) 75(65-82) * <0.0001
RR on room air (breaths/min) 39(30-45) 35(30-40) 40(33-45) * 0.025
ROX index 2(1.6-2.6) 2.5(2.2-3) 1.8(1.4-2.6)* <0.0001
CT score 14(10-19) 10(8-12) 18(13-20) * <0.0001
Outcome variable
ICU stay (days) 6(3-8) 3(2-4) 7(4-8) * <0.0001
Mortality (%) 17(23%) 0 16(34%)* 0.002

CT: Computed tomography, ICU: intensive care unit, MV: mechanical ventilation, ROX: respiratory rate-oxygenation, RR: respiratory rate, SpO,: peripheral
oxygen saturation, * denotes significance compared to the other group, P < 0.05.

correlation (r = —0.6) was detected between SpO, on room air and the
CT score (P < 0.0001). The optimal CT score to predict the need for me-
chanical ventilatory support was >13 (sensitivity 80%, specificity 73%,
AUC 0.9). No significant difference was observed between the AUC of
both SpO, and CT score for predicting the requirement of MV support.
However, both the ROX index and SpO, were significantly better than
the CT score in predicting early NIV failure (Fig. 1).

During the study period, 17/72 (23%) patients died, and all belonged
to the MV group (Table 2). A statistically significant, unadjusted associ-
ation was found between admission SpO, on room air and hospital mor-
tality (P = 0.01). After adjusting for age, gender, and APACHE II score,
SpO, remained independently associated with hospital mortality (OR

Table 3

[95% CI]: 0.94 [0.91-0.97], P = 0.02). This model showed good discrim-
inatory ability, with an AUC of 0.8.

4. Discussion

In the present study, we demonstrated that SpO, on the room air, as
a marker of impaired oxygenation at the time of hospital admission, was
an excellent predictor for the need of MV support. Furthermore, the
ROX index measured on room air before the initiation of mechanical
ventilatory support could be used as a marker of early NIV failure.

Several studies have reported that the SpO,/FiO, ratio is a valid pre-
dictor of the severity of ARDS and can guide the management of

Patient characteristics and inflammatory data in patients who required mechanical ventilatory support. Data are presented as meadian (quartiles).

Variables NIV successful (N = 37) NIV failure (N = 13) P-value
Early failure (N = 7) Late failure (N = 6)

Age 65(58-69) 62(45-72) 70(62-75) 0.3
Admitting leucocytic count 9(6-12) 6(5-11) 6.8(4-12) 0.32
Admitting Lymphocytes 0.8(0.5-1.2) 0.6(0.5-1.4) 0.5(0.4-0.8) 0.36
Admitting Ferritin 966(690-1783) 710(640-2300) 1226(890-1890) 0.6
Admitting LDH 652(488-833) 630(496-1171) 410(341-743) 0.2
Admitting CRP 168(88-208) 147(69-226) 103(24-188) 0.28

CRP: C-reactive protein, LDH: lactate dehydrogenase, NIV: non-invasive ventilation.
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Fig. 1. Receiver-operating characteristic curves comparing the ability of SpO,, ROX index, and CT score to predict early failure of noninvasive ventilation. AUC: area under the curve, CT:
Computed tomography, ROX: respiratory rate-oxygenation, SpO,: peripheral oxygen saturation.

critically ill patients who require ventilatory support [8,10]. In the pres-
ent study, we evaluated SpO, on the room air rather than on oxygen be-
cause the determination of FiO, remains inaccurate and influenced by
minute ventilation, air leak, and breathing pattern in patients receiving
oxygen through a facemask. Few studies had evaluated the validity of
baseline SpO, as an important risk factor in COVID-10; however, most
of these studies used SpO, as a component of multivariate prediction
models [14-16] and did not use the need to ventilatory support as the
primary outcome. Pre-hospital lowest SpO, had been evaluated for
triaging of patients with COVID-19. Lancet et al. had reported that pa-
tients with pre-hospital SpO, < 90% as more likely to need hospital ad-
mission [17]. Dillon et al. had reported that pre-hospital SpO,,
particularly the lowest recorded value, independently predicts death
in these patients [18]. Our study goes in line with the current impression
that low SpO2 is a strong risk factor in patients with COVID-19 1 further-
more, it adds a special focus on the need for ventilatory support; more-
over, we strictly included hospitalized patients with moderate-to-
severe symptoms and calculated the cutoff value using AUC analysis.
The ROX index was initially formulated to predict the success of
high-flow nasal oxygen in patients with severe pneumonia and it was
calculated by dividing SpO,/FiO, by RR [19]. To the best of our knowl-
edge, the ROX index has never been tested as a marker of NIV success
in COVID nor non-COVID patients. In the present study, we calculated
the ROX index while the patients were breathing room air by dividing
SpO, by RR before the initiation of any ventilatory support, and we iden-
tified that a value <1.4 is highly predictive of early NIV failure. Low ROX
index remained independently associated with early NIV failure even
after adjustment for age. In a recent study, it was observed that an ROX
index <5.4 measured within the first 4 h of HFNO initiation could be
used as a marker of invasive mechanical ventilation requirement [20].
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In our study, a CT score > 13 was a predictor for the need for MV sup-
port. Our finding was consistent with that reported by Mahdjoub E et al.
who demonstrated that an admission CT score > 13 was an independent
predictor of mechanical ventilation and/or death in patients with
COVID-19 [1]. Interestingly, the AUC of SpO, did not significantly differ
from that of the CT in predicting the need of MV support. Furthermore,
both SpO, and SpO-,/RR performed better than the CT score in predicting
early NIV failure.

The pandemic pattern of COVID-19 resulted in major shortage in
medical supplies in many countries which increased the rate of mortal-
ity [3]. Thus, it is essential to prioritize the patients as early as possible
and to pick up the sickest who should be referred to higher equipped
hospitals. It is also warranted to perform this triaging using the most
simple and economic methods which can perform in situation with
low resources.

5. Limitations

Our study had few important limitations, including the small sample
size and the retrospective design. Nevertheless, our study does indicate
that certain simple parameters (such as SpO, and SpO,/RR) could be
used reliably to predict the outcome of critically ill patients with
COVID-19 presenting with respiratory failure.

6. Conclusion

In conclusion, SpO, measured on room air in patients with COVID-19
at hospital admission is a reliable tool in predicting the outcome of pa-
tients compared with CT scan. A baseline SpO, <78% on room air could
predict the need for MV support with a positive predictive value of
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100%. Furthermore, the ROX index measured within the first 6 h of hos-
pital admission is a good indicator of early NIV failure.
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