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Abstract: Introduction: Alveolar arterial (A-a) oxygen gradient and respiratory index can be of immense help for the crit-
ical care physician in clinical decision making. This study aimed to evaluate the potential application of A-a
oxygen gradient and respiratory index in predicting the survival of COVID-19 patients in intensive care unit
(ICU). Methods: This is a retrospective cross-sectional study involving 215 adult patients with COVID-19 dis-
ease, admitted to the ICU between 1st April 2020 and 30 June 2021. Details regarding demographic variables,
comorbidities, laboratory and arterial blood gas (ABG) findings were recorded. Alveolar-arterial gradient and
respiratory index were calculated and tested as predictors of survival. Results: The mean age of the patients was
51.92 years (65.6 % male). Hypertension was the most common comorbidity and oxygen via non-rebreathing
mask was the most common modality used at the time of ICU admission. Mortality was 28.37% and average
length of stay was 12.84 days. Patients who died were older (p=0.02), mostly male (p=0.017), had at least one
comorbidity (p<0.001), and higher heart rate and respiratory rate (<0.001 and p=0.03, respectively), lower pH
on arterial blood gas (ABG) (p=0.002), higher FiO2 requirement (p<0.001), and increased A-a oxygen gradient
on admission compared to survivors. According to receiver operating characteristic (ROC) curve analysis, A-a
oxygen gradient and respiratory index were not sensitive or specific in predicting mortality in the studied pa-
tient subset. Conclusion: A-a oxygen gradient and respiratory index calculated at time of admission to ICU in
patients with COVID-19 were poor predictors of survival.
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1. Introduction (1). Different studies have identified several risk factors as-

sociated with poor outcome in COVID-19 patients. Some
Coronavirus disease (COVID-19) has posed a significant P P

hers h developed ti dels usi
challenge to the healthcare systems worldwide. Hospitals are researchers hiave even cleve 0pea prognostic mode's using

combinations of different risk factors with good performance
(AUC>0.8), but none of these studies included respiratory in-
dex (RI) and alveolar-arterial (A-a) oxygen gradient amongst
the studied predictors (2-5). The paO2/ FiO2 (P/F) ratio is
widely used in clinical practice to predict disease outcome

overwhelmed with patients suffering from severe COVID-19
infection with arterial hypoxemia progressing to acute res-
piratory distress syndrome (ARDS) requiring intensive care
unit (ICU) admission and invasive mechanical ventilation

in critically ill patients but RI and A-a gradient has not been

in much use. P/F ratio is a good measure of lung dysfunc-
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good indicator of ventilation/perfusion mismatch and intra-

pulmonary shunting (7). An editorial by Tobin et al. titled
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“Basing Respiratory Management of COVID-19 on Physiolog-
ical Principles” has explained the importance of calculating
A-a oxygen gradient in COVID-19 patients. The text states
that A-a oxygen gradient was more precisely able to appraise
the pathophysiological basis of hypoxemia compared to the
P/F ratio (8). A-a oxygen gradient can be easily derived from
arterial oxygen and carbon dioxide pressures while RI can be
derived from A-a gradient and arterial oxygen. Previous stud-
ies have shown the application of A-a gradient in patients
with community-acquired pneumonia as an indicator of dis-
ease severity and outcome (9, 10). Therefore, in the present
study, we investigated whether A-a oxygen gradient and RI
could predict outcome in COVID-19 patients admitted to in-
tensive care unit.

2. Methods
2.1. Study design and setting

The study was conducted in a dedicated COVID-19 care cen-
tre of All India Institute of Medical Sciences, New Delhi. The
retrospective data presented in the study is part of a project
that was approved by the institute ethics committee (IEC-
291/17.04.2020). The requirement for written informed con-
sent from individual patients was waived due to the retro-
spective observational nature of the study.

2.2. Participants

The study included all adult patients (age > 18 years)
with confirmed COVID-19 infection (Reverse-transcription
polymerase-chain reaction (RT-PCR)-confirmed report for
SARS-CoV2), admitted to the ICU between 1st April 2020
and 30 June 2021 with available electronic medical records.
All patients with incomplete or missing data with respect
to demographics, comorbidities, vital signs, laboratory find-
ings, arterial blood gas, and outcome were excluded from the
study.

2.3. Data gathering

Data were retrospectively collected using medical records
and computerized patient record system. Data collected in-
cluded demographics (age, sex), vital parameters (heart rate,
respiratory rate, blood pressure, temperature), comorbidi-
ties, type of oxygen support on admission, FiO2 used, spO2
(oxygen saturation), arterial blood gas (ABG) analysis, blood
cell count, renal function tests, liver function test, duration
of hospital stay, and outcome.

2.4. Definitions

- A-a gradient was calculated using the following formula:
AaDO2 = [(FiO2) (Atmospheric pressure — H20 pressure) —
(PaCO2/R)] - PaO2

Standard values of atmospheric pressure (760 mmHg), H20

pressure (47 mmHg) and R (0.80) were considered for calcu-
lating the A-a Gradient. The A-a oxygen gradient and age-
adjusted A-a oxygen gradient were also calculated for each
patient. Since A-a oxygen gradient is dependent on age, the
age-adjusted A-a gradient might be more accurate for detect-
ing disease severity. The age-adjusted A-a oxygen gradient
was calculated by subtracting the expected A-a oxygen gra-
dient for age from the measured A-a oxygen gradient. The
expected A-a oxygen gradient for age was derived using the
following formula (Age/4) + 4.

Respiratory index was calculated using the following for-
mula: RI= A-a oxygen gradient /PaO2.

2.5. Outcome

The primary outcome of our study was to determine whether
A-a oxygen gradient and RI at the time of admission to ICU
could predict the outcome of COVID-19 patients in the ICU.

2.6. Statistical analysis

Continuous variables were expressed as mean + standard de-
viation (SD) and categorical variables as number (percent-
age). Group comparison was performed using independent
t-tests or Chi-square tests. A receiver operating characteristic
(ROC) curve was made and area under the curve (AUC) was
calculated to assess an optimal cut-off value of the A-a oxy-
gen gradient and RI. A p-value less than 0.05 was considered
statistically significant.

3. Results

3.1. Baseline characteristics of studied patients

A total of 300 patients with confirmed COVID-19 infection
admitted to the ICU during the study period were screened
for possible inclusion in the study. Two hundred eighty pa-
tients met the inclusion criteria. After excluding 65 patients
due to missing or incomplete data, the final studied cohort
consisted of 215 patients. These were subdivided into sur-
vivors and non-survivors as well as into mild, moderate, or
severe ARDS based on P/F ratio.

Table 1 shows the patient’s demographics, comorbidities, vi-
tal signs, laboratory parameters, ABG values, A-a oxygen gra-
dient, and RI at time of admission to ICU. The mean age
of the patients was 51.92 +13.89 years (65.6% male). 114
(563.3%) cases had at least one comorbidity. Hypertension
was the most common comorbidity (37.4%) followed by di-
abetes (26.2%), chronic kidney disease (10.3%), malignancy
(5.6%), and tuberculosis (1.9%). Mean vital signs on ad-
mission, namely heart rate, systolic blood pressure, dias-
tolic blood pressure, respiratory rate, and oxygen saturation
were 99.46 per minute, 127.97 mmHg, 78.10 mmHg, 24.26
per minute, and 94.89%, respectively. Laboratory parameters
were grossly normal except for slightly deranged renal and
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Receiver operating characteristic (ROC) curve of alveolar arterial gradient (best cut-off = 0.28; area under the curve (AUC) = 0.602)
and respiratory index (best cut-off = 0.28; AUC = 0.522) in predicting the mortality of COVID-19 cases.

liver functions.

Table 2 shows the modalities of oxygen therapy for studied
cases. The most common oxygen therapy modality used
at the time of ICU admission was non-rebreathing mask
(67.4%) followed by high-flow nasal cannula (HFNC) (10.7%),
mechanical ventilation (9.8%), oxygen via face mask (5.6%),
Arterial blood
gas on admission showed a mean pH of 7.39, pCO2 36.42
mmHg, pO2 97.06 mmHg, P/F ratio 154.98, A-a gradient
314.07 mmHg, normal gradient for age 16.98 mmHg, age-
adjusted A-a oxygen gradient 302.43 mmHg, and RI of 4.50.

and non-invasive ventilation (NIV) (5.6%).

Mortality rate was 28.37% and average length of stay was
12.84 days.

3.2. Predictors of mortality

Subgroup analysis amongst survivors and non-survivors
showed that non-survivors were older (p = 0.02), mostly male
(p =0.017), had at least one comorbidity (p = 0.001), and had
higher heart rate and respiratory rate (p = 0.001 and p = 0.03,
respectively) compared to survivors. They also had higher to-
tal leucocyte counts, higher values of serum urea, blood cre-
atinine, bilirubin, liver enzymes and INR, and lower values of
serum protein and albumin compared to survivors (Table 1).
The analysis of ABG and oxygen therapy on admission
showed that that non-survivors had lower pH (p = 0.002),
higher FiO2 requirement (p = 0.001), and increased A-a oxy-
gen gradient (including calculated, normal gradient for age,
and age-adjusted A-a oxygen gradient) on admission.

A reduction in Pao2 and increased A-a oxygen gradient were
associated with presence of severe COVID-19. However,
there was no significant difference in the RI between sur-
vivors and non-survivors.

After stratifying the patients into mild, moderate and severe
ARDS based on P/F ratio, we found that an increased A-a
gradient was associated with increased severity of ARDS (p
= 0.001). Patients with severe ARDS had higher oxygen re-

quirement, increased A-a oxygen gradient, lower PaO2, lower
PaCO2, and higher RI compared to patients with mild or
moderate ARDS.

3.3. Predictive value of A-a gradient and RI

Figure 1 and table 3 show the ROC curves of A-a oxygen gra-
dient and RI in predicting the mortality of COVID-19 cases.
The area under the curve (AUC), sensitivity, specificity, posi-
tive predictive value, and negative predictive value of A-a gra-
dient in this regard were 0.602, 57%, 57%, 35%, and 77%, re-
spectively. In addition, the AUC, sensitivity, specificity, pos-
itive predictive value, and negative predictive value of RI in
predicting the outcome of COVID-19 cases were 0.522, 54%,
48%, 29%, and 73%, respectively.

4. Discussion

The present study found that A-a oxygen gradient and RI
on admission are poor predictors for outcome in COVID-
19 patients admitted to the ICU. The A-a oxygen gradient
is the measure of difference between oxygen level in the
alveoli and arterial blood (8). It helps differentiate between
hypoxemia due to dysfunction of alveolar capillary unit, in
which A-a oxygen gradient is raised, or due to pump failure,
in which the gradient is normal. Data on prognostic util-
ity of A-a oxygen gradient and RI in patients with COVID-
19 are scarce at present. Because of the effect of COVID-19
disease on pulmonary gas exchange, shunting, and ventila-
tion/perfusion ratio, we decided to evaluate the efficacy of A-
a oxygen gradient and RI in guiding critical care clinicians.
Various biomarkers have been shown to correlate with the
clinical outcome in COVID-19 patients (11, 12). However,
most of them are time- and resource- intensive, while ABG
analysis is easily available in all critical care units and gives
additional useful information on acid-base status, oxygena-
tion, and ventilation status, amongst others. The relationship
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gt Demographic and clinical characteristics of COVID-19 patients

Parameter Overall (n-215) Survivor (n-154) Dead (n=61) P
Age (Year) 51.92 +17.89 49.52 £17.49 58.05 +17.55 0.022
Gender

Male 141 (65.6) 93 (60.4) 48 (78.7) 0.017
Female 74 (34.4) 61(39.6) 13(21.3)

Length of stay

Mean + SD 12.84 £9.31 13.50 +9.36 11.16 £9.05 0.097
Comorbidities

Any type 114 (53.3) 71(46.4) 43 (70.5) 0.002
HTN 80 (37.4) 52 (34) 28 (45.9) 0.142
DM 56 (26.2) 35 (22.9) 21 (34.4) 0.118
CKD 22 (10.3) 13 (8.5) 9 (14.8) 0.266
Malignancy 12 (5.6) 3(1.9) 9 (14.8) 0.001
TB 4(1.9) 2(1.3) 2(3.3) 0.68
Vital signs

Fever °c 25 (11.6) 19 (13.4) 6(9.8) 0.63
HR (/minutes) 99.46 +21.12 95.38 £18.71 109.43 +23.41 0.001
SBP (mmHg) 127.97 + 21.89 127.36 + 21.37 129.44 +23.22 0.53
DBP (mmHg) 78.10£12.93 78.25+12.23 77.75 £ 14.60 0.80
RR (/minute) 24.26 £5.62 23.64 £5.11 25.57 £6.44 0.03
Sa02 (%) 94.89 £6.25 95.16 £ 5.34 94.21 £8.14 0.32
Laboratory Parameters

Hb (mg/dl) 11.00 +2.45 10.98 +2.39 11.04 +2.62 0.88
WBC (x103) 12.03 +8.07 11.28 +8.29 13.85+7.27 0.03
PLT (x103) 227.80+194.01 237.46 +214.18 204.46 +131.91 0.26
Urea (mg/dl) 59.81 £58.79 47.91 £ 35.80 89.37 £ 87.89 0.001
Creatinine(mg/dl) 1.61£2.58 1.40 +2.09 2.14+3.48 0.06
Sodium(mEq/L) 134.52 +9.00 133.18 £ 7.61 137.34 +10.94 0.003
Potassium(mmol/L) 4.23+0.82 4.21+0.76 4.26 £0.95 0.732
Bilirubin(mg/dl) 1.32+£3.09 1.03+1.51 2.06+5.20 0.02
SGOT(U/L) 173.54 £ 1122.61 71.16 + 146.95 414.14 +2033.93 0.04
SGPT(U/L) 89.66 + 210.40 58.38 £105.16 163.16 + 340.57 0.001
TP(g/dl) 6.28 +0.99 6.36 + 0.94 6.08 +1.10 0.064
Albumin(g/dl) 2.83+0.70 2.89+0.70 2.69+0.67 0.062
GB(g/dl) 3.44+£0.72 3.46 £ 0.69 3.37+0.77 0.419
ALP(U/L) 132.57 +239.35 137.66 + 281.32 120.68 + 81.06 0.647
INR 1.29 £ 0.60 1.21 £ 0.63 1.42 £0.53 0.04
aPTT (second) 33.45 £ 26.22 33.88 £ 31.66 32.62 £9.34 0.774
ABG parameters

pH 7.39+0.13 7.41+0.09 7.35+0.18 0.002
pO2(mmHg) 97.06 + 68.64 94.71 £+ 66.58 102.99 + 73.82 0.427
pCo2(mmHg) 36.42 +£9.87 36.12 £9.37 37.17+£11.06 0.483
Fio2 0.64+0.11 0.62 +0.10 0.69+0.13 0.001
P/F Ratio 151.99 +97.27 150.60 +91.97 155.51 +110.25 0.739
A-a Gradient(mmHg) 316.72 +91.84 307.85 +79.88 339.13 + 114.46 0.024
Normal 16.98 + 4.47 16.38 +4.37 18.51 +4.39 0.002
Age-adjusted 301.14 + 89.54 291.48 +80.28 326.16 + 106.75 0.011
RI 4.50 £2.52 4.41+233 4.73 +2.96 0.40

Data are presents as mean + standard deviation (SD) or number (%). HTN: hypertension; DM: diabetes mellitus;

CKD: chronic kidney disease; TB: tuberculosis; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure;
RR: respiratory rate; Hb: haemoglobin; WBC: white blood cell; PLT: platelet;

SGOT: serum glutamic-oxalo acetic transaminase; SGPT: serum glutamic-pyruvic transaminase; TP: total protein;

GB: globulin; ALP: alkaline phosphatase; INR: international normalized ratio; aPTT: activated partial thromboplastin time;

Fio2: fraction of inspired oxygen; P/F ratio: ratio of arterial partial pressure of oxygen to inspired fractional concentration of oxygen;
A-a gradient: alveolar arterial oxygen gradient; RI: respiratory index.

between A-a gradient and outcome has already been demon- strated in patients with community acquired pneumonia (9,
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Mode Overall (n-215) Survived (n-154) Died (n-61) P value
Face mask 12 (5.6) 10 (6.5) 2(3.3)

NRBM 145 (67.4) 120 (78.4) 25 (41.7)

HFNC 23 (10.7) 14 (9.2) 9 (15.0) 0.001
NIV 12 (5.6) 6(3.9) 6 (10.0)

MV 21 (9.8) 3(2.0) 18 (30.0)

Data are presented as number (%). NRBM: non-rebreathing mask; HFNC: high-flow nasal cannula;

NIV: non-invasive ventilation; MV: mechanical ventilation.

JE1VRH Screening performance characteristics of A-a gradient and respiratory index in predicting the mortality of COVID-19 patients

Character A-a gradient Respiratory index
Normal Age-adjusted

Sensitivity 0.57 0.52 0.54
Specificity 0.57 0.62 0.48

PPV 0.35 0.35 0.29

NPV 0.77 0.77 0.73

PLR 1.32 1.36 1.03

NLR 0.75 0.77 0.95

AUC (95%CI) 0.63(0.55-0.72) 0.58(0.48-0.67) 0.52(0.43-0.61)

Data are presented with 95% confidence interval in 0.28 cut-off point. A-a gradient- alveolar arterial oxygen gradient;
PPV: positive predictive value; NPV: negative predictive value; PLR: positive likelihood ratio;
NLR: negative likelihood ratio; AUC: area under the receiver operating characteristic (ROC) curve.

10, 13). Avci et al. showed that A-a oxygen gradients were ro-
bust predictors of 30-day mortality in patients with commu-
nity acquired pneumonia and demonstrated even better per-
formance than inflammatory markers like CRP or scores like
PSI or CURB-65 (13). Few studies have been published eval-
uating the predictive value of A-a oxygen gradient on admis-
sion as a tool for diagnosis, triage, clinical decision-making,
or predicting outcome. Gabrielli et al., in their retrospective
study on relationship between Alveolar-arterial oxygen gra-
dient, mortality, and admission to intensive care unit in se-
vere COVID-19-related pneumonia, found that A-a O2 gra-
dient, which was calculated for patients with severe COVID-
19 on arrival to emergency department, was able to predict
early admission to ICU, but not mortality (14). Similarly in
our study, A-a gradient and RI were neither sensitive nor
specific predictors of mortality in COVID-19 patients in the
ICU. Gupta et al., in their retrospective cohort study, found
that Alveolar-arterial oxygen gradient was a good predictor of
mortality in COVID-19 patients started on non-invasive ven-
tilation (NIV) for increasing respiratory distress (15). It could
be due to inclusion of patients with severe disease requir-
ing NIV, while our study included patients receiving oxygen
from face mask to ventilator. Carlino et al., in their obser-
vational study, demonstrated that patients admitted to ICU
have higher A-a gradients than non-ICU patients, and that
A-a gradient has good accuracy (AUC of 0.952) in predicting
ICU admission in patients with COVID-19 (16). De roos MP et
al., in their retrospective analysis, showed that low dose chest

computed tomography and A-a gradient may serve as rapid
and accurate tools to diagnose COVID-19 pneumonia and to
select mildly symptomatic patients in need for hospitaliza-
tion (17). Secco et al,, in their study, showed that A-a gradi-
ent and lung ultrasound are effective tools for bedside risk
stratification of COVID-19 patients when P/F ratio and clin-
ical manifestations do not indicate severe lung dysfunction
(18). In the present study, we also found that the predictors
of poor prognosis were advanced age, male gender, presence
of comorbidities, malignancy, raised heart rate and respira-
tory rate, increased total leucocyte counts, altered liver and
renal function, lower pH, higher oxygen requirement, and in-
creased A-a gradient. The reason for such result is multifac-
torial. It can be due to interplay of multiple factors like hy-
povolemia due to fever and reduced fluid intake, right or left
ventricular dysfunction due to invasive mechanical ventila-
tion with high positive end-expiratory pressure, myocarditis,
pulmonary embolism, and vasodilation and increased capil-
lary leak due to sepsis and cytokine storm. Other reasons can
be changing guidelines with respect to steroid therapy, an-
tiviral therapy, and self proning, which may have affected the
outcome.

5. Limitations

Our study had several limitations. Firstly, it was a retro-
spective single centre study with a number of missing vari-
ables and inevitable bias in identifying and recruiting pa-
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tients. Secondly, causes of raised A-a oxygen gradient unre-
lated to COVID-19, for instance pulmonary embolism, were
not evaluated. Thirdly, our study had a relatively small sam-
ple size of 215 patients, hence external validation of the find-
ings is needed to warrant its clinical utility.

6. Conclusion

Our study demonstrated that A-a oxygen gradient and respi-
ratory index are not effective in predicting mortality among
COVID-19 patients in the ICU. However, our findings need
confirmation in well-designed studies with large numbers of
patients.

7. Declarations

7.1. Acknowledgments

None.

7.2. Authors’ contributions

AS,KD.S, RA Y.S, M.SA, VV, AT -Contributed to concep-
tion, study design, and data collection and evaluation. A.S
and KDS- Contributed to statistical analysis, and interpre-
tation of data A.S, Y.S, AT; Drafted the manuscript, which
was revised by K.D.S. All authors read and approved the final
manuscript.

7.3. Funding and supports

None.

7.4. Conflict of interest

None.

References

1. Poston JT, Patel BK, Davis AM. Management of critically
ill adults with COVID-19. JAMA. 2020;323(18):1839-41.

2. Zheng Z, Peng E Xu B, Zhao J, Liu H, Peng J, et al.
Risk factors of critical & mortal COVID-19 cases: A
systematic literature review and meta-analysis. ] infect.
2020;81(2):e16-e25.

3. Liang W, Liang H, Ou L, Chen B, Chen A, Li C, et al. Devel-
opment and validation of a clinical risk score to predict
the occurrence of critical illness in hospitalized patients
with COVID-19. JAMA intern med. 2020;180(8):1081-9.

4. Dong Y-M, Sun J, Li Y-X, Chen Q, Liu Q-Q, Sun Z, et al.
Development and validation of a nomogram for assess-
ing survival in patients with COVID-19 pneumonia. Clin
Infect Dis. 2021;72(4):652-60.

5. Zhang S, Guo M, Duan L, Wu E Hu G, Wang Z, et al. De-
velopment and validation of a risk factor-based system
to predict short-term survival in adult hospitalized pa-

10.

11.

12.

13.

14.

15.

16.

17.

tients with COVID-19: a multicenter, retrospective, co-
hort study. Crit Care. 2020;24(1):1-13.

. Ferguson ND, Fan E, Camporota L, Antonelli M, Anzueto

A, Beale R, et al. The Berlin definition of ARDS: an ex-
panded rationale, justification, and supplementary ma-
terial. Intensive Care Med. 2012;38(10):1573-82.

. Harris DE, Massie M. Role of alveolar-arterial gradient in

partial pressure of oxygen and PaO2/fraction of inspired
oxygen ratio measurements in assessment of pulmonary
dysfunction. AANAJ. 2019;87(3):214-21.

. Tobin MJ. Basing respiratory management of COVID-19

on physiological principles. Am J Respir Crit Care Med.
2020;201(11):1319-20.

. Moammar MQ, Azam HM, Blamoun Al, Rashid AO, Is-

mail M, Khan MA, et al. Alveolar-arterial oxygen gradi-
ent, pneumonia severity index and outcomes in patients
hospitalized with community acquired pneumonia. Clin
Exp Pharmacol Physiol. 2008;35(9):1032-7.

Shin JB, Lee W], Park JH, Choi SP, Jung SK, Woo SH. The
Prognostic Value of Alveolar-arterial Oxygen Gradient for
Community-Acquired Pneumonia in the ED. J Korean
Soc Emerg Med. 2013;24(5):571-8.

Petrilli CM, Jones SA, Yang], Rajagopalan H, O’Donnell L,
Chernyak, et al. Factors associated with hospital admis-
sion and critical illness among 5279 people with coron-
avirus disease 2019 in New York City: prospective cohort
study. BMJ. 2020;369:m1966.

Zhou E Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical
course and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. 2020;395(10229):1054-62.

Avci S, Perincek G. The alveolar-arterial gradient, pneu-
monia severity scores and inflammatory markers to pre-
dict 30-day mortality in pneumonia. Am J Emerg Med.
2020;38(9):1796-801.

Gabrielli M, Esperide A, Valletta F Giancristofaro E
Santoro M, Santarelli L, et al. Relationship Between
Arterial-Alveolar Oxygen Gradient, Mortality and Ad-
mission to Intensive Care Unit in Severe Covid-19 Re-
lated Pneumonia-A Pilot Study. Biomed J Sci Tech Res.
2020;31(1):23864-9.

Gupta B, Jain G, Chandrakar S, Gupta N, Agarwal A. Ar-
terial Blood Gas as a Predictor of Mortality in COVID
Pneumonia Patients Initiated on Noninvasive Mechan-
ical Ventilation: A Retrospective Analysis. Indian J Crit
Care Med. 2021;25(8):866.

Carlino MV, Valenti N, Cesaro E Costanzo A, Cristiano G,
Guarino M, et al. Predictors of Intensive Care Unit admis-
sion in patients with coronavirus disease 2019 (COVID-
19). Monaldi Arch Chest Dis. 2020;90(3):1410.

de Roos MP, Kilsdonk ID, Hekking P-PW, Peringa J, Di-
jkstra NG, Kunst PW, et al. Chest computed tomography

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).

Downloaded from: http://journals.sbmu.ac.ir/aaem




7 Archives of Academic Emergency Medicine. 2022; 10(1): e28

and alveolar-arterial oxygen gradient as rapid tools to di- Zattera C, et al. Can alveolar-arterial difference and lung
agnose and triage mildly symptomatic COVID-19 pneu- ultrasound help the clinical decision making in patients
monia patients. ER] Open Res. 2021;7(1):00737-2020. with covid-19? Diagnostics. 2021;11(5):761.

18. Secco G, Salinaro E Bellazzi C, La Salvia M, Delorenzo M,

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: http://journals.sbmu.ac.ir/aaem




	Introduction
	Methods
	Results
	Discussion
	Limitations 
	Conclusion 
	Declarations
	References

