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Introduction
The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2) is the causative agent of the respiratory disease later named 
Coronavirus Disease 2019 (COVID-19), remaining a world public  

 
health emergency at present[1,2]. The disease is mild in most people, 
but in some, especially the elderly and those with comorbidities, 
it may progress to more severe pictures, often represented by 

ARTICLE INFO ABSTRACT

Background: Recent studies evaluated, among demographics, clinical symptoms and 
vital signs, comorbidities, laboratory and imaging findings, the risk factors for mortality 
or admission to Intensive Care Unit (ICU) of patients with COVID-19 pneumonia. Alveolar-
arterial oxygen (A-a O2) gradient resulted as a good predictor of mortality in patients 
admitted for community acquired pneumonia (CAP). No data are available concerning the 
utility of A-a O2 gradient to stratify the risk of mortality or ICU admission in COVID-19 
related pneumonia.

Methods: We retrospectively enrolled consecutive adult patients with pneumonia 
associated with laboratory-confirmed SARS-CoV2 infection, evaluated in our Emergency 
Department (ED) from 1 March to 1 May 2020. We considered only patients admitted 
to our hospital, finally classified as critical illness since early (within 24 hours) or later 
admission to ICU, and with availability of data from arterial blood gas analysis (ABG) 
performed on ambient air. A-a O2 gradient and A-a O2 difference were calculated. 
Demographic variables, clinical symptoms, medical history, laboratory findings were also 
recorded for all patients included in the study.

Results: A total of 38 patients were finally enrolled (31 males, mean age of 65.2±12.9 
years).

Thirteen (13, 34%) died. No difference in mortality was observed between patients 
early admitted to ICU with respect to those transferred later (41% vs 31%, p=ns).A-a O2 
gradient, both with PaO2, PaCO2, PaO2/FiO2, pH, and lactate, did not significantly differ 
between survivors and non survivors. A-a O2 gradient, but not the other ABG findings, 
showed significantly higher values in the early ICU admission group versus patients with 
late clinical worsening.

Conclusion: In our preliminary study A-a O2 gradient, calculated at arrival in the ED, 
in patients with severe COVID-19 pneumonia, was able to predict early admission to ICU 
but not mortality. 
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pneumonia, until acute respiratory distress syndrome (ARDS) 
and multiple organ dysfunction syndrome (MODS)[1,2]. Recent 
retrospective studies on large Chinese population samples 
assessed the risks of mortality and the occurrence of critical illness 
in patients with COVID-19 [3-6].Several risk factors, with variable 
impact on prognosis across different trials, were identified among 
demographics (such as older age, male sex), symptoms (such as 
fever, dyspnea, haemoptysis, unconsciousness), number and type of 
comorbidities (the most important being arterial hypertension and 
malignancies), laboratory findings (neutrophil/lymphocites ratio- 
NLR, lactate dehydrogenase - LDH, direct bilirubin, creatinine, 
transaminase, D-dimer, C reactive protein - CRP, procalcitonin, 
troponin, natriuretic peptides), abnormalities to chest imaging [3-
6].

Combination of different risk factors into prognostic models 
led researchers to identify and validate some nomograms or 
calculation tools, apparently endowed with a good performance 
(area under the curve, AUC > 0.8 in all trials) [3-6].Although 
pneumonia-associated hypoxemia is the main complication causing 
hospital admission in COVID-19 patients, none of these studies 
considered the impact of ABG parameters, and in particular of the 
alveolar-arterial gradient. In a really interesting editorial entitled 
“Basing Respiratory Management of COVID-19 on Physiological 
Principles”, [7] Tobin underlined the importance of calculating the 
alveolar-arterial oxygen (A-a O2) gradient, since it is able to assess 
the pathophysiological basis of the hypoxemia more precisely 
than the commonly used ratio PaO2/FiO2. In fact, PaO2/FiO2 may 
have minor accuracy, because it is influenced by changes in two 
parameters (PaO2 and/or FiO2) [7]. Consistent with this proposal, 
we decided to assess if the calculation of A-aO2 upon arrival in the 
emergency room is a predictive factor of two principal outcomes in 
patients with COVID-19 pneumonia:

1)	 Mortality,

2)	 Early (within 24 hours) admission to Intensive Care Unit 
(ICU).

Methods
We retrospectively reviewed the medical records of consecutive 

patients with laboratory-confirmed infection by SARS-CoV2 
admitted to the Gemelli Hospital of Rome, Italy, from 1 March to 1 
May 2020, and finally classified as critical cases (admission to ICU).

Inclusion criteria were:

1)	 Age > 18 years,

2)	 Presence at arrival of at least one symptom among fever 
(≥ 38°C), cough, dyspnea,

3)	 Real-time reverse-transcription polymerase-chain-
reaction (RT-PCR) assay for nasal and pharyngeal swab 
specimens positive for SARS-CoV2,

4)	 Radiologic evidence of pneumonia (chest computed 
tomography or x-rays),

5)	 Hospitalization,

6)	 Availability of the following data: demographic variables, 
clinical symptoms, medical history, laboratory findings 
including arterial blood gas analysis (ABG), which should have 
been performed on room air (patients were excluded if the ABG 
was made on oxygen supplementation).

The A-a O2 gradient and the A-a O2 difference were calculated 
for each patient and expressed in mmHg. The calculation of 
gradient was done as follows: [150 - (1.25 x PaCO2)] - PaO2. The 
A-a O2 difference was obtained by subtracting the expected A-a O2 
to the measured A-a O2 gradient. The expected A-a O2 gradient was 
derived by the formula (Age/4) + 4.

The present study satisfies the Helsinki criteria.The statistical 
analysis was performed with SPSS 21.0 (SPSS, Florence, Italy). 
Continuous data were expressed as mean ± 1 standard deviation 
and categoric variables as percentages. The normal distribution 
was determined by Kolmogorov-Smirnov test. Mean values of 
continuous variables were compared between the groups using 
Mann-Whitney U test. Student’s t-test was used in the comparison 
of parameters showing normal distribution. The results were 
evaluated as 95% confidence interval and p value <0.05, which was 
considered statistically significant.

Results
After full evaluation of 134 consecutive patients with COVID-

19-related pneumonia, 38 fulfilled all the requested inclusion 
criteria, then were included in the present study. Most were males 
(31, 82%) with a mean age of 65 ± 13 years. Seven (7) out of 38 
(18%) were active smokers, 20 (53%) had arterial hypertension, 
8 (21%) diabetes mellitus, 3 (8%) chronic obstructive pulmonary 
disease (COPD), 2 (5%) history of heart failure, 7 (18%) history of 
ischemic heart disease, 7 (18%) previous or actual malignancies. 
Of note, about home treatment, 6 (17%) patients were assuming 
angiotensin-converting enzyme inhibitors (ACE-i) and 6 (17%) 
angiotensin II receptor blockers (ARB). The COVID-19 related 
symptoms at presentation were fever (37, 97%), dyspnea (21, 
55%), cough (17, 45%), other symptoms (such as headache, chest 
pain, gastrointestinal symptoms: 6, 16%). A total of 13 out of 38 
patients (34%) died during their hospital stay. No difference in 
mortality was observed between the group of patients early 
admitted to ICU (within 24 hours of arrival at the hospital, 9/22, 
41%) with respect to those transferred later from other wards to 
ICU (4/16, 31%, p=ns).

The differences between the groups (survivors versus non 
survivors) concerning demographic variables, symptoms, medical 
history, anti-hypertensive treatments, and principal vital signs 
recorded upon arrival in the emergency room were summarized 
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in (Table 1). Of note, older age and treatment with ACE-1/ARB 
were significantly associated with mortality. Instead, no significant 
differences emerged between groups about comorbidities, 
although arterial hypertension showed a higher prevalence in the 
group of non survivors.(Table 2)showed the distribution of the 
principal parameters deriving from the ABG assessed in ambient 
air upon arrival in the two groups. No significant difference was 
observed about oxygen saturation, PaO2, PaCO2, PaO2/FiO2, pH, 

A-a O2 gradient, A-a O2 difference, and lactate level, although 
lactate showed a trend toward an higher concentration in non 
survivors (p=0.055). A-a O2 gradient and A-a O2 difference were 
instead associated with the second outcome: both they showed 
significantly higher values in the early ICU admission group with 
respect to patients admitted in ICU after 24 hours (Table 3). The 
same thing did not happen for the other ABG parameters, including 
PaO2/FiO2. 

Table 1: Differences between survivors and non survivors about demographic variables, symptoms, medical history, anti-hypertensive 
treatments, and principal vital signs recorded at arrival. Results regarding other comorbidities such as diabetes mellitus, COPD, 
cardiovascular diseases, malignancies were not reported in the table since the low prevalence detected in our population.

Survivors (25) Non survivors (13) p

Age (years) 60.5 ± 13.2 74.1 ± 5.7 0.001

Sex (female) 80% 85% ns

Arterial hypertension 44% 69% ns

Fever 100% 92% ns

Dyspnea 56% 54% ns

Cough 48% 38% ns

Systolic BP (mm Hg) 135.1 ± 17.8 121.5 ± 21.6 0.02

Diastolic BP (mm Hg) 83.2 ± 11.2 73.8 ± 15.1 ns

Heart rate > 100 bpm 40% 38% ns

Respiratory rate ≥ 24 breaths/min 12% 15% ns

ACE-i or ARB 33% 67% 0.006

Table 2: Differences between survivors and non survivors about the principal parameters of arterial blood gas analysis assessed in 
ambient air upon arrival.

Survivors (25) Non survivors (13) p

Oxygen saturation (%) 86.5 ± 14.2 87.7 ± 11.4 ns

PaO2 (mmHg) 58.4 ± 14.3 59.1 ± 22.8 ns

PaCO2 (mmHg) 32.5 ± 4.5 34.0 ± 7.9 ns

PaO2/FiO2 277.9 ± 68.3 273.8 ± 98.5 ns

pH 7.41 ± 0.05 7.41 ± 0.06 ns

AaDO2 (mmHg) 50.6 ± 15.3 49.1 ± 21.8 ns

AaDO2 augmentation (mmHg) 31.6 ± 15 27.0 ± 20.6 ns

Lactate level (mmol/L) 1.2 ± 0.5 1.8 ± 1.3 ns

Table 3: Differences between the group of patients early admitted to ICU (within 24 hours since arrival at emergency room) and the 
group of those admitted later concerning the principal parameters of arterial blood gas analysis assessed in ambient air upon arrival 
in the ED.

Early ICU admission (16) Late ICU admission (22) p

Oxygen saturation (%) 86.7 ± 7.6 87.1 ± 16.3 ns

PaO2 (mmHg) 53.3 ± 16.1 62.6 ± 17.6 ns

PaCO2 (mmHg) 31.8 ± 4.4 33.9 ± 6.6 ns

PaO2/FiO2 247.3 ± 62.4 297.7 ± 83.7 ns

pH 7.43 ± 0.07 7.40 ± 0.04 ns

AaDO2 (mmHg) 57.6 ± 16.4 44.7 ± 16.6 0.016

AaDO2 augmentation (mmHg) 36.9 ± 16.3 25.0 ± 15.9 0.023

Lactate level (mmol/L) 1.5 ± 1.1 1.3 ± 0.8 ns
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None of the principal laboratory tests (blood count, coagulation, 
renal and liver function, LDH, CRP, procalcitonin), dosed at arrival, 
showed a significant correlation either with patients’ survival or 
with early ICU admission (data not shown). CRP tended to be higher 
in the non-survivor’s group (200.1 ± 100.8 mg/L) with respect to 
survivors (126.3 ± 86.1 mg/L, p=0.07). 

Discussion 
The AaDO2 is the measure of the difference between the oxygen 

concentration in the alveoli and in the arterial system [7]. It has a 
fundamental clinical utility as it helps to evaluate if hypoxemia is 
due to dysfunction of the alveolar-capillary unit (“lung” failure, 
increased A-a O2 gradient) or to a “pump” failure (normal A-a 
O2 gradient). Hypoxemia with COVID-19 is generally associated 
with an increased alveolar-to-arterial oxygen gradient, due to 
either ventilation-perfusion mismatch or intrapulmonary shunt, 
linked to a (variable) inflammatory involvement of pulmonary 
parenchyma [8]. It could be hypothesized that, in patients with 
COVID-19 pneumonia, the higher the gradient, the more severe the 
lung inflammatory damage and then higher the risk of death. This 
hypothesis has been already proven in patients with community 
acquired pneumonia (CAP) [9,10]. In a recently published study, 
Avci et al. [10] demonstrated that A-a O2 gradient and difference 
were potent predictors of 30-day mortality in patients with CAP. 
The AaDO2 and AaO2 difference were even more potent than 
inflammatory markers as CRP or score as PSI or CURB-65.Data 
on prognostic utility of A-a O2 gradient in patients with COVID-19 
related pneumonia are scarce at present. 

In a small recent study performed at an Emergency Department 
in Naples, A-a O2 gradient and A-a O2 difference, both with oxygen 
saturation, PaO2, PaO2/FiO2, and lactate, resulted good predictors 
of ICU admission in patients with COVID-19 [11]. In our study, 
A-a O2 gradient and A-a O2 difference measured at arrival (but 
not oxygen saturation, paO2, PaO2/FiO2, and lactate) were able 
to stratify patients that were admitted to ICU within 24 hours. In 
addition, our findings suggest that neither A-a O2 gradient and its 
difference nor the other ABG parameters are able to identify patients 
with COVID-19 pneumonia at risk of death. Once patients in which 
ABG at arrival was performed during oxygen supplementation 
were excluded in order to avoid any possible bias, our sample 
was rather small (only 38 out of the initially assessed 134). This 
is undoubtedly one of the major limitations to our study, another 
being its retrospective design.Anyway, our population of severe 
COVID-19 pneumonia showed characteristics that were similar to 
larger samples reported in the literature: predominance of male 
sex; mortality rate similar to that reported by the literature for the 
severe/critical cases; age as the most important factor associated 
with mortality, both with the problem of arterial hypertension and 
its treatment with ACE-i/ARB, which have been postulated to play a 
role in the pathogenesis of SARS-CoV2 infection [12-14].

Interestingly, the group with poor prognosis showed at arrival 
significantly lower values of systolic and a trend toward lower 
diastolic blood pressure and higher lactate and CRP levels, as if 
these patients were heading towards ahemodynamic impairment. 
These abnormalities look like first signs of an incipient ‘viral 
sepsis’ or ‘cytokines storm’, typical of more severe and often mortal 
COVID-19 cases [15,16]. In conclusion, our preliminary study 
represents a hypothesis-generating paper. The alveolar-to-arterial 
gradient and its difference seemed useful to well stratify patients at 
risk of early precipitation of respiratory failure but were not related 
to mortality. Further, possibly prospective, studies on a larger 
population are needed to confirm the present findings. 
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