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The aim of the present study was to simultaneously assess several potential predictors of
outcome (co-morbidity, previous and in-hospital treatment, radiologic Brixia score) in pa-
tients with COVID-19.
This retrospective cohort study included 258 consecutive patients with confirmed COVID-19
admitted to a medical ward at Montichiari Hospital, Brescia, Italy from February 28th to April
30rd, 2020. Patients had SARS-CoV-2 related pneumonia with respiratory failure, and were
treated with hydroxychloroquine and lopinavir plus ritonavir. In some patients, additional
treatment with tocilizumab, dexamethasone and enoxaparin was adopted. Outcomes (death
or recovery) were assessed at the end of the discharge period or at the end of the follow-up
(August 2020).
During hospitalization, 59 patients died, while 6 died after discharge. The following variables
were demonstrated to be associated with a worse prognosis: Radiologic Brixia score higher
than 8, presence at baseline of hypertension, diabetes, chronic obstructive pulmonary dis-
ease, heart disease, cancer, previous treatment with ACE-inhibitors or anti-platelet drugs.
Anticoagulant treatment during hospital admission with enoxaparin at a dose higher than
4000 U once daily was associated with a better prognosis.
In conclusion, our study demonstrates that some co-morbidities and cardiovascular risk
factors may affect prognosis. The radiologic Brixia score may be a useful tool to stratify the
risk of death at baseline. Anticoagulant treatment with enoxaparin might be associated to a
clinical benefit in terms of survival in patients with COVID-19.

Introduction
Coronavirus disease 2019 (COVID-19) outbreak represented a major clinical problem in Lombardy, one
of the most affected Italian (and worldwide) Regions by the epidemic. The pandemic emergency due to
the rapid worldwide spread of SARS-CoV2 infection has promoted the need of an in-depth analysis of
the predicting factors determining prognosis of patients that develop interstitial pneumonia with respi-
ratory failure. It was suggested that hypertension, diabetes and other cardiovascular disorders may be
substantially associated with SARS-CoV-2 infected patients and with poor outcome [1]. Furthermore,
the severity of the primary respiratory syndrome is increased in patients with pre-existing cardiovascular
disease [2]. SARS-CoV2 infects target cells by interacting with the converting enzyme of angiotensin 2
(ACE2) that is expressed in various organs including the lung, the heart, the kidney and the gut. ACE2
receptors are also expressed in endothelial cells [3,4] within which the presence of included viral bodies
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has been shown. This determines the accumulation of inflammatory cells and the recruitment of immune cells,
both through direct viral invasion of the endothelium and through an immune-mediated mechanism, promoting
widespread endothelial dysfunction associated to apoptosis. Therefore, SARS-CoV-2 infection can induce an ‘en-
dothelitis’ in various organs both as a direct consequence of the viral invasion of the endothelium itself and following
the inflammatory response of the host [5]. COVID-19 endothelitis could explain the functional impairment of the
microcirculation at the systemic level of different vascular districts and the related clinical consequences. The vascular
endothelium is, in fact, an indispensable organ for the regulation of vascular tone and for the maintenance of vascular
homeostasis [6]. The presence of endothelial damage can promote greater vasoconstriction with consequent organ is-
chemia, inflammation, tissue edema and a procoagulative state [7] resulting in an increase in the incidence of cardio-
and cerebrovascular events. This could be particularly relevant in presence of cardiovascular risk factors (cigarette
smoking, high blood pressure, diabetes mellitus, obesity) and/or previous cardiovascular disease with pre-existing
endothelial dysfunction: all these risk factors are associated with unfavorable outcome in patients suffering from
COVID-19.

Previous treatment might also affect prognosis, in particular it was postulated that ACE inhibitors (ACE-I) could
act as a potential risk factor for fatal COVID-19 by up-regulating ACE2 [8,9]. However, there is enough evidence
that allows stating also the opposite hypothesis [9,10]. Indeed, there is currently no data and statistics evidencing a
direct link between ACE2 activity and SARS-CoV-2 associated mortality or between ACE-I or angiotensin-receptor
blockers (ARB) treatment and impaired outcome in COVID-19 [11–13].

Furthermore, the severity of the lung involvement may be relevant from a prognostic point of view. The Brixia score
is a radiologic score proposed by Borghesi and Maroldi [14] to assess severity of SARS-CoV-2 pneumonia. However,
its prognostic meaning was only demonstrated in a single study [15] and was never assessed in association with other
potential predictors of in-hospital mortality.

For all these reasons we considered worthwhile to simultaneously assess several potential predictors of outcome
(co-morbidity, previous and in-hospital treatment, Brixia score) in a relatively large population of patients with in-
terstitial pneumonia and respiratory failure due to SARS-CoV-2 related infection.

Patients and methods
Patients
We conducted a retrospective cohort study at the Montichiari Hospital, a tertiary health-care centre in Brescia, Italy,
which was designated as a COVID-19 hub by the Italian health authorities.

Patients consecutively admitted to the Medicine ward (COVID-19 M unit) of the Montichiari Hospital from Febru-
ary 28 to April 3, 2020 were retrospectively included in the study if they met the following inclusion criteria: (1) con-
firmed COVID-19 infection as determined by a positive reverse-transcriptase-polymerase-chain-reaction (RT-PCR)
assay of a specimen collected on a nasopharyngeal swab; (2) bilateral pulmonary interstitial opacities on chest imaging
that were not fully explained by congestive heart failure or other forms of volume overload; (3) an acute respiratory
distress syndrome, showing at least one of the following conditions: respiratory rate ≥ 30 breaths/min; peripheral
capillary oxygen saturation (SpO2) ≤ 93% while breathing ambient air or ratio of the partial pressure of oxygen in ar-
terial blood to the fractional concentration of oxygen in inspired air (PaO2/FiO2) ≤ 300 mmHg. Patients with critical
respiratory syndrome requiring mechanical or invasive ventilation at the admission to our ward were excluded.

This retrospective study has been conducted in accordance with the declaration of Helsinki and its later amend-
ments and was approved by the Ethical Committee of the Spedali Civili of Brescia.

The majority of patients admitted to our Division of Medicine underwent standard therapy (hydroxychloroquine
400 mg daily, lopinavir 800 mg daily plus ritonavir 200 mg per day) [16–18] according to indications of our Institu-
tion at that time. Some patients could not be treated with antiviral or antimalarial agents because such drugs were not
always available due to an excessive requests from hospitals. In a subgroup of patients with severe respiratory distress
intravenous corticosteroids (dexamethasone 20 mg intravenously - i.v. per day for 5 days and then 10 mg i.v. per day
for 5 days) were used [19], while another subgroup received off-label a single low dose of the anti-interleukin-6 mon-
oclonal antibody tocilizumab (8 mg/kg mg i.v. - or 324 mg subcutaneously -s.c.- depending on the drug availability) in
addition to standard therapy [20]. During hospitalization, patients in both groups were assisted with non-invasive (i.e.
low flow nasal cannula; high flow mask; Continuous Positive Airway Pressure -CPAP-) or invasive (i.e. mechanical
ventilation) oxygen therapy, according to their needs. Patients were followed until the end of the clinical observation,
defined as death or complete recovery and discharge from the hospital with SpO2>94% while breathing in ambient
air. Starting from the middle of March 2020 some evidence suggesting the possible role of the formation of micro-
and macrothrombi was progressively available, together with the evidence of an increased incidence of pulmonary
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Figure 1. Kaplan–Meier survival curve for the Brixia radiologic score

Analysis run using group as factor; death as event and time to death/discharge or time to death/re-evaluation at follow up as time

variable. (A) Brixia score ≥ 8 (red line) or < 8 (blue line), time to death/re-evaluation at follow up as time variable, (B) Brixia score

≥ 8 (red line) or < 8 (blue line), time to death/discharge as time variable, (C) Brixia score ≥ 10 (red line) or < 8 (blue line), time to

death/re-evaluation at follow up as time variable, (D) Brixia score ≥ 10 (red line) or < 8 (blue line), time to death/discharge as time

variable.

thromboembolism [21–23]; therefore, low-molecular weight heparin (enoxaparin) was empirically administered at
different doses. At the beginning, we used a prophylactic dose of 4000 Units s.c. once daily; then, higher doses were
progressively used: 4000 Units twice daily, 6000 Units s.c. once daily or 100 Units/kg twice daily (anticoagulation
dose), shifting after few days, when indicated, to one of the new oral anticoagulants (apixaban or edoxaban).

The clinical record of each patient was retrospectively analyzed, and, for each patient, the following information was
extracted and recorded in a dedicated database: age at admission; gender; comorbidities; date of first flu symptoms;
previous drug treatment.

The following laboratory parameters were also evaluated at hospital admission, at the time of discharge and at the
time of follow-up circulating white blood cells, granulocytes, monocytes, lymphocytes and hemoglobin, c-reactive
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Figure 2. Kaplan–Meier survival curve for the presence or absence of cardiovascular risk factors or comorbidities

Analysis run using group as factor; death as event and time to death/discharge or time to death/re-evaluation at follow up as time

variable. (A) age ≥ 65 (red line) or < 65 (blue line), time to death/re-evaluation at follow up as time variable, (B) age ≥ 65 (red

line) or < 65 (blue line), time to death/discharge as time variable, (C) presence (red line) or absence (blue line) of hypertension at

entry, time to death/re-evaluation at follow up as time variable, (D) presence (red line) or absence (blue line) of hypertension at

entry, time to death/discharge as time variable, (E) presence (red line) or absence (blue line) of diabetes mellitus at entry, time to

death/re-evaluation at follow up as time variable, (F) presence (red line) or absence (blue line) of diabetes mellitus at entry, time

to death/discharge as time variable, (G) presence (red line) or absence (blue line) of chronic obstructive pulmonary disease at

entry, time to death/re-evaluation at follow up as time variable, (H) presence (red line) or absence (blue line) of chronic obstructive

pulmonary disease at entry, time to death/discharge as time variable, (I) presence (red line) or absence (blue line) of any cardiac

disease at entry, time to death/re-evaluation at follow up as time variable, (J) presence (red line) or absence (blue line) of any cardiac

disease at entry, time to death/discharge as time variable, (K) presence (red line) or absence (blue line) of any active tumor entry

at entry, time to death/re-evaluation at follow up as time variable, (L) presence (red line) or absence (blue line) of any active tumor

entry, time to death/discharge as time variable
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protein (CRP), procalcitonin, ferritin, D-dimer, international normalized ratio (INR) and activated partial thrombo-
plastin time (aPTT), plasma creatinine and electrolytes, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and gamma glutamyl transferase (γGT).

In addition, the following ventilator parameters were assessed at admission: SpO2%: peripheral capillary oxygen
saturation (pulse-oximetry); FiO2: fractional concentration of oxygen in inspired air (i.e. low flow nasal cannula; high
flow mask; Continuous Positive Airway Pressure - CPAP). Parameters derived from the first arterial blood gas test
performed in the emergency ward: apH: arterial pH; apO2: arterial oxygen partial pressure, apCO2: arterial carbon
dioxide partial pressure; aSpO2%: arterial oxygen saturation of hemoglobin; aFiO2%: oxygen flow at the moment of
the arterial blood gas test; pO2/FiO2: ratio between arterial oxygen partial pressure and fractional concentration of
oxygen in inspired air.

In 155 patients the radiological Brixia score was evaluated, according to Borghesi and Maroldi [14].
Briefly, a score from 0 to 3 is assigned to each of previously defined pulmonary zones based on the lung abnormali-

ties detected on frontal chest projection as follows: score 0 (zero): no lung abnormalities; score 1: interstitial infiltrates,
score 2: interstitial and alveolar infiltrates (interstitial predominance), score 3: interstitial and alveolar infiltrates (alve-
olar predominance).

The scores of the six lung zones are then added together to obtain an overall score ranging from 0 to 18.
Fifty-nine patients died during the hospital admission. All surviving patients were re-evaluated after discharge in

July–August 2020.
Outcomes were assessed either at the end of the period of admission to hospital (COVID-19 related death or

complete recovery and discharge from the hospital), or after 2–3 months on average (re-evaluation with follow up).
Six patients discharged died during the follow up period due to re-aggravation of the pulmonary disease.

Statistical analyses
Data were analyzed with SPSS version 25.0 (Chicago, IL, U.S.A.). We report categorical variables as number (%)
and continuous variables as mean (standard deviation) when data were normally distributed, and as median and
interquartile range when data were not normally distributed (Lymphocytes, Procalcitonin, Ferritin, D-dimer). Sta-
tistical significance was assessed by means of chi-square test for dichotomous variables, or by means of the two inde-
pendent sample t-test or by Mann–Whitney U test when appropriate. A P-value <0.05 was considered as statistically
significant.

The primary endpoint was the survival rate in the different subgroups. The survival rate was assessed by
Kaplan–Meier (KM) plot using subgroups as between factor; death as event and time to death/discharge or time
to death/re-evaluation at follow up as time variable. Differences between survival curves were evaluated by Log Rank
(Mantel - Cox), Breslow (Generalized Wilcoxon) and Tarone–Ware tests.

The relative importance of prognostic factors at baseline was evaluated in the whole population, and the association
of those variables with death events was assessed by the Cox proportional hazard model.

Results
A total of 258 patients were included in the current study. Sixty-five deaths were observed (59 during admission and 6
after discharge, during the follow-up period). Baseline demographic and clinical characteristics of patients subdivided
in dead and survivors are reported in Table 1. Laboratory parameters are reported in Table 2.

Brixia score
The radiologic Brixia score was significantly correlated with some ventilatory and inflammatory indices, in particular
FiO2, apO2, aSpO2%, pO2/FiO2 and CRP (Table 3).

We subdivided patients according to the presence of a Brixia score < or ≥ 8, a cutpoint previously demonstrated to
be clinically relevant [15]. A significant worsening of survival was clearly observed (Figure 1), both when the whole
period of follow up or just the period of admission to the hospital were considered. When using a more conservative
cutpoint (< or ≥ 10) the survival curves were substantially similar.

Cardiovascular risk factors and previous treatments
Patients were subdivided according to the presence of arterial hypertension, chronic obstructive pulmonary disease
(COPD), diabetes mellitus, cardiac disease, tumors and age <65 years. In all cases, survival was significantly reduced
when such factors or comorbidities were present (Figure 2), both when the whole period of follow up or just the
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Figure 3. Kaplan–Meier survival curve for pre-admission chronic treatments

Analysis run using group as factor; death as event and time to death/discharge or time to death/re-evaluation at follow up

as time variable. (A) previous treatment with ACE-inhibitors (red line) or no treatment with ACE-inhibitors (blue line), time to

death/re-evaluation at follow up as time variable, (B) previous treatment with ACE-inhibitors (red line) or no treatment with ACE-in-

hibitors (blue line), time to death/discharge as time variable, (C) previous treatment with angiotensin-receptor blockers (red line)

or no treatment with angiotensin-receptor blockers (blue line), time to death/re-evaluation at follow up as time variable, (D) pre-

vious treatment with angiotensin-receptor blockers (red line) or no treatment with angiotensin-receptor blockers (blue line), time

to death/discharge as time variable, (E) previous treatment with statins (red line) or no treatment with statins (blue line), time to

death/re-evaluation at follow up as time variable, (F) previous treatment with statins (red line) or no treatment with statins (blue line),

time to death/discharge as time variable, (G) previous treatment with anti-platelet drugs (red line) or no treatment with anti-platelet

drugs (blue line), time to death/re-evaluation at follow up as time variable, (H) previous treatment with anti-platelet drugs (red line)

or no treatment with anti-platelet drugs (blue line), time to death/discharge as time variable, (I) previous treatment with steroids (red

line) or no treatment with steroids (blue line), time to death/re-evaluation at follow up as time variable, (J) previous treatment with

steroids (red line) or no treatment with steroids (blue line), time to death/discharge as time variable.

6 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Figure 4. Kaplan–Meier survival curve for the anticoagulant drug treatments during admission

Analysis run using group as factor; death as event and time to death/discharge or time to death/re-evaluation at follow up as time

variable. (A) treatment with enoxaparin 4000 Units subcutaneously once daily (red line) or no anticoagulant treatment (blue line), time

to death/re-evaluation at follow up as time variable, (B) treatment with enoxaparin 4000 Units subcutaneously once daily (red line)

or no anticoagulant treatment (blue line), time to death/discharge as time variable, (C) treatment with treatment with enoxaparin 100

Units/kg twice daily (anticoagulation dose) (red line) or no anticoagulant treatment (blue line), time to death/re-evaluation at follow

up as time variable, (D) treatment with enoxaparin 100 Units/kg twice daily (anticoagulation dose) (red line) or no anticoagulant

treatment (blue line), time to death/discharge as time variable, (E) treatment with treatment with any dose of enoxaparin greater

than 4000 Units subcutaneously once daily (red line) or no anticoagulant treatment (blue line), time to death/re-evaluation at follow

up as time variable, (F) treatment with any dose of enoxaparin greater than 4000 Units subcutaneously once daily (red line) or

no anticoagulant treatment (blue line), time to death/discharge as time variable, (G) treatment with treatment with any dose of

enoxaparin or no anticoagulant treatment (blue line), time to death/re-evaluation at follow up as time variable, (H) treatment with

any dose of enoxaparin once daily (red line) or no anticoagulant treatment (blue line), time to death/discharge as time variable, (I)

treatment with treatment with any dose of enoxaparin +−any new oral direct anticoagulant or no anticoagulant treatment (blue line),

time to death/re-evaluation at follow up as time variable, (J) treatment with any dose of enoxaparin once daily (red line) +− any new

oral direct anticoagulant or no anticoagulant treatment (blue line), time to death/discharge as time variable.
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Table 1 Demographic and clinical characteristics of the two groups of patients

Dead (n=65) Alive (n=193) All patients (n=258)

Age (years) 80.1 +− 7.57*** 68.6 +− 19.7 71.0 +− 13.8

Gender (males) 49/65*** 124/193 173/258

Diabetes (yes) 23/65*** 44/193 67/258

Hypertension (yes) 54/65*** 107/193 151/258

COPD (yes) 15/65*** 20/193 35/258

Smoke (yes) (actual or previous) 10/65*** 30/193 40/258

Obesity (yes) 9/33*** 31/145 40/178

Cancer (yes) 7/65*** 5/193 12/258

Time of symptoms before hospitalization
(days)

5.75 +− 3.58** 8.60 +− 8.83 7.92 +− 5.51

Previous treatment

ACE-inhibitors (yes) 21/65*** 32/193 53/258

Angiotensin-receptor blockers (yes) 14/65*** 40/193 54/258

Statins (yes) 26/65*** 53/193 79/258

Anti-platelets agents (yes) 27/65*** 48/193 75/258

Steroids (yes) 5/65*** 6/193 11/258

Anticoagulants (yes) 11/65*** 18/193 29/258

**P<0.01 vs. alive; ***P<0.001 v. alive .

Table 2 Laboratory parameters of the two groups of patients

Dead (n=65) Alive (n=193) All patients (n=258)

Humoral parameters:

White blood cells (#/mm3) 8002 +− 4499 ‡ 6315 +− 2936 6740 +− 3467

Granulocytes (#/mm3) 6255 +− 4023 ‡ 4704 +− 2794 5063 +− 3181

Monocytes (#/mm3) 429 +− 376 485 +− 578 472 +− 538

Lymphocytes (#/mm3) 835 (663) 910 (550) 880(525)

Hemoglobin (g/dl) 14.1 +− 12.1 12.8 +− 1.69 13.1 +− 6.26

CRP (mg/l) 132 +− 85.6 ‡ 88.2 +− 21.4 99.2 +− 77.1

Procalcitonin (ng/ml) 0.14(0.11)† 0.12(0.26) 0.12(0.21)

Ferritin (μg/l) 636(247) 9696(1029) 653(739)

D-dimer (ng/ml) 425(995) 502(882) 447(847)

INR 1.336 +− 0.287 1.423 +− 2.240 1.40 +− 1.94

aPTT (sec) 32.5 +− 3.58 32.7 +− 4.09 32.7 +− 3.96

Ventilatory parameters:

SpO2% 92.3 +− 5.80 ‡ 95.2 +− 2.24 94.5 +− 3.80

FiO2 51.7 +− 32.5 ‡ 36.0 +− 19.9 40.0 +− 24.6

apH 7.47 +− 0.066 † 7.49 +− 0.048 7.48 +− 0.054

apO2 (mm Hg) 52.5 +− 19.3 ‡ 63.0 +− 16.7 60.3 +− 17.9

apCO2 (mm Hg) 33.6 +− 8.75 34.8 +− 5.45 34.5 +− 6.46

aSpO2% 82.6 +− 15.1 ‡ 91.5 +− 6.71 89.2 +− 10.3

aFiO2% 27.4 +− 16.7 24.4 +− 12.3 25.1 +− 13.6

pO2/FiO2 220 +− 86.6 ‡ 281 +− 83.1 265 +− 87.9

CRP: C-reactive protein; INR: international normalized ratio, aPTT: activated partial thromboplastin time; SpO2%: peripheral capillary oxygen saturation
(pulse-oximetry); FiO2: fractional concentration of oxygen in inspired air (i.e. low flow nasal cannula; high flow mask; Continuous Positive Airway Pressure -
CPAP). Parameters derived from the first arterial blood gas test performed in the emergency ward: apH: arterial pH; apO2: arterial oxygen partial pressure,
arterial carbon dioxide partial pressure; aSpO2%: arterial oxygen saturation of hemoglobin; aFiO2%: oxygen flow at the moment of the arterial blood
gas test; pO2/FiO2: ratio between arterial oxygen partial pressure and fractional concentration of oxygen in inspired air.
Paired t-test or Mann–Whitney U test: †P<0.01, ‡P<0.001 vs. alive.

period of admission to the hospital were considered, apart from a borderline statistical significance for the presence
of cancer when the longer follow up period was considered.

In our statistical analysis, smoking habit, obesity and gender were not predictors of outcome, or the difference
between curves did not reach statistical significance.

8 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Table 3 Correlations between Brixia radiologic score and ventilatory or inflammatory indices (univariate analysis)

Brixia score and: r P

SpO2% -0.176 0.034

FiO2 0.366 <0.001

apH 0.029 NS

apO2 -0.410 <0.001

apCO2 -0.006 NS

aSpO2% -0.36 <0.001

aFiO2% 0.142 0.097

pO2/FiO2 -0.465 <0.001

White blood cells 0.188 0.023

Granulocytes 0.206 0.016

CRP 0.386 <0.001

Ferritin serum levels 0.319 0.011

Procalcitonin -0.043 NS

SpO2%: peripheral capillary oxygen saturation (pulse-oximetry); FiO2: fractional concentration of oxygen in inspired air (i.e. low flow nasal cannula; high
flow mask; Continuous Positive Airway Pressure -CPAP). Parameters derived from the first arterial blood gas test performed in the emergency ward:
apH: arterial pH; apO2: arterial oxygen partial pressure, arterial carbon dioxide partial pressure; aSpO2%: arterial oxygen saturation of hemoglobin;
aFiO2%: oxygen flow at the moment of the arterial blood gas test; pO2/FiO2: ratio between arterial oxygen partial pressure and fractional concentration
of oxygen in inspired air; CRP: C-reactive protein; NS: not statistically significant.

When previous drug treatment was considered, patients treated with ACE-I showed a worse survival rate compared
with those not taking ACE-I, while survival curves for those treated or not with ARB were superimposable (Figure
3). This was again true considering either the short or the prolonged period of observation. An impaired survival rate
was also observed in those patients previously treated with antiplatelet drugs (Figure 3), while previous treatment
with anticoagulants, statins or steroids was not associated to an impaired survival in a statistically significant manner
(Figure 3).

Anticoagulant treatment during admission
While the administration of enoxaparin at low, prophylactic dose (4000 Units s.c. once daily) was not associated with
any effect on survival(Figure 4), higher doses (4000 Units twice daily, 6000 Units s.c. once daily or 100 Units/kg twice
daily (anticoagulant dose), when considered together, significantly improved survival (Figure 4) considering either
the short or the prolonged period of observation. Also the combination of enoxaparin and new oral direct anticoag-
ulants was effective in this regard (Figure 4). The survival curves tend to diverge progressively while increasing the
extent of anticoagulation. The effect on survival of the different doses of enoxaparin is reported in the online Supple-
mentary Figure 1, while the effects on survival of other treatment strategies adopted in our ward are reported in the
online Supplementary Figure 2.

Multivariate Cox regression analysis
The relative importance of prognostic factors at baseline, such as age, gender, smoking habit, presence of arterial hy-
pertension, obesity, diabetes, chronic obstructive pulmonary disease, active tumors, cardiac disease and previous drug
treatment (ACEI, ARB, antiplatelet drugs, statins, steroids, anticoagulants) was evaluated in the whole population, and
the association of those variables with death events was assessed by the Cox proportional hazard model considering
the period of admission to the hospital. Only age (P<0.001), the presence of chronic obstructive pulmonary disease
(P=0.003) and previous treatment with ACEI (P=0.002) or steroids (P=0.041) remained in the model and were
found to be significantly and independently associated with the occurrence of death.

The analysis was repeated including the Brixia radiologic score (as a continuous variable or with the two cutpoints
8 and 10); however the variable did not enter the model (Table 4).

When all the previously mentioned variables were considered together with treatments with various doses of enoxa-
parin, age (P<0.001) and treatment with enoxaparin at a dose higher than 4000 Units (P=0.05) entered the model.
Finally, were included in the analysis, together with the previously mentioned variables (cardiovascular risk factors,
comorbidities, previous treatments, treatment with enoxaparin during admission, Brixia score), also the following
ventilator parameters: SpO2%, FiO2, apH, apO2, apCO2, aSpO2%, aFiO2% and pO2/FiO2, as well as humoral vari-
ables (CRP, procalcitonin, number of circulating white blood cells and granulocytes), the following variables entered

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Table 4 Multivariate Cox regression analysis performed on the following variables: age, gender, smoking status, presence
of arterial hypertension, obesity, diabetes, chronic obstructive pulmonary disease, active tumors, cardiac disease and
previous drug treatment (ACEI, ARB, antiplatelet drugs, statins, steroids, anticoagulants; Brixia radiologic score as a
categorical variable (outpoint 8)

Variables that enter the equation
B SE Wald gl Sign. Exp(B)

Step 1

Age 0.113 0.034 11,243 1 0.001 1.120

Step 2

Age 0.137 0.041 11,075 1 0.001 1.147

Previous treatment
with ACE inhibitors

-1.240 0.603 4,226 1 0.040 0.289

Step 3

Age 0.143 0.045 10,086 1 0.001 1.154

Chronic obstructive
pulmonary disease

-1.489 0.643 5,359 1 0.021 0.226

Previous treatment
with ACE inhibitors

-1.868 0.727 6,605 1 0.010 0.154

Step 4

Age 0.144 0.048 9,157 1 0.002 1.155

Chronic obstructive
pulmonary disease

-1.792 0.691 6,732 1 0.009 0.167

Previous treatment
with ACE inhibitors

-2.235 0.797 7,870 1 0.005 0.107

Previous treatment
with Steroids

-1.911 0.872 4,796 1 0.029 0.148

the model: procalcitonin circulating levels (P<0.003), FiO2 (P=0.010) and granulocytes (P=0.02) Similar results
were obtained if the prolonged period of observation (until follow up) was considered.

Discussion
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been characterized by a very high mortality rate
being interstitial pneumonia with respiratory failure the main cause of death for COVID-19 [1]. Among COVID-19
patients, about 25% present a severe complication of infection including acute respiratory distress syndrome (ARDS),
with a rapid worsening of clinical conditions leading to the need of mechanical or invasive ventilation to support
respiratory functions in intensive care units [24]. Although the direct cytopathic effect of the virus and viral invasion
seems to be critical for a worsening of the clinical course, there is evidence that other factors may be implicated in
the prognosis of the acute respiratory distress syndrome [25].

Furthermore, in accordance with previous data [26], the current study also supports the concept that older age
is a risk factor for death. Several reports also suggested that concomitant chronic illnesses may have an impact on
mortality rate [1,27]. Our study further supports that diabetes and underlying cardiac disease are risk factors for
worsening outcome, having patients with diabetes or cardiac disease a worse survival in respect with patients without
diabetes or without cardiac disease [28,29]. In our cohort also the presence of hypertension was associated with a
worse outcome [28,29]. The role of older age (>65 years), cardiac disease, chronic obstructive pulmonary disease as
well as of smoking was also confirmed in a large study (n=8910) by Mehra MR et al. [Cardiovascular disease, drug
therapy, and mortality in covid-19 disease. N Engl J Med. 2020 Jun 18;382(25):e102], that was, however, subsequently
retracted because all the authors were not granted access to the raw data and the raw data could not be made available
to a third-party auditor.

Surprisingly, in our study previous treatment with ACEI but not with ARB was associated with a worse survival.
Although, as mentioned, there are theoretical reasons to postulate that treatment with ACEI and ARB might increase
expression of ACE2, thus favoring viral interaction with target cells [3,4,8,9] some studies failed to demonstrate an
impaired outcome in patients treated with blockers of the renin-angiotensin system [11–13,30,31]. An interaction
may exist in patients with COVID-19 between comorbidities including hypertension, diabetes and established car-
diovascular disease and treatment with different antihypertensive drug classes [32,33].

A very recent study from the SARS-RAS Study of the Italian Society of Hypertension, performed in 1591 patients
addressed in detail the problem of possible prognostic role of hypertension and hypertension-related treatment with

10 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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renin-angiotensin system inhibitors, also considering possible confounders [34]. In nonsurvivors, older age, hyper-
tension, diabetes mellitus, chronic obstructive pulmonary disease, chronic kidney disease, coronary artery diseases,
and heart failure were more represented than in survivors [34]. The Charlson Comorbidity Index was significantly
higher in nonsurvivors compared with survivors [34]. ACEI (but not ARB), diuretics, and β-blockers were more fre-
quently used in nonsurvivors than in survivors, but this could be due to a worse clinical profile of patients treated
with these drugs in terms of comorbidities and cardiovascular risk factors [34]. In fact, in the abovementioned study,
ACE inhibitors lose their statistical significance when corrected by comorbidities and age [34]. Also, in our study
patients treated with ACEI were older and had a greater prevalence of cardiac disease.

A very interesting result of our study is the observation of a prognostic role of the Brixia radiologic score [14],
confirming a previous observation [15]. Our data support what previously observed according to receiver operating
characteristic curve analyses that the optimal cutoff values for Brixia score was 8 points. Therefore, the Brixia score
showed an excellent predictive power, and this was recently acknowledged as a good tool for stratification of risk in a
document of the WHO [35]. According to our Multivariate Cox regression analysis some of the information carried
by the Brixia score is also carried by the ventilator parameters (oxygen saturation, oxygen flow, etc.), as well as by
cardiovascular risk factors. However, the assessment of the Brixia radiologic score in a COVID-19 patient admitted
to a ward might provide a quick and comprehensive indicator of the severity of the disease, and may be therefore
considered a useful prognostic tool.

Interestingly enough, in our study treatment with the low-molecular weight heparin enoxaparin was demonstrated
to have a positive impact on survival only when given at doses greater than the prophylactic dose (4000 Units once
daily). Anticoagulant treatment was demonstrated to be associated with decreased mortality in severe coronavirus
disease 2019 patients with coagulopathy [36]. Our results support the administration of anticoagulant drugs at proper
doses in all COVID-19 patients, as also suggested by some guidelines [37–38]. The possible beneficial, harmful or
neutral role of ACEI or ARB remains a matter of debate, and larger studies are probably needed [39,40].

In conclusion, despite the limitations of the current study, mainly due to its retrospective nature, the results are
clearly relevant since they demonstrate that some co-morbidities and cardiovascular risk factors may affect prognosis.
The radiologic Brixia score may be a useful tool for stratifying the risk of death at baseline, and anticoagulant treatment
might be associated to a clinical benefit in terms of survival in patients with COVID-19.

Perspectives
• The aim of the study was to assess simultaneously several potential predictors of outcome

(co-morbidity, previous and in-hospital treatment, radiologic Brixia score) in patients with COVID-19.

• Some co-morbidities and cardiovascular risk factors may affect prognosis. The radiologic Brixia score
may be a useful tool for stratifying the risk of death at baseline, and some treatments, in particular
anticoagulant treatment, might be associated to a clinical benefit in terms of survival in patients with
COVID-19.

• The observation that the administration of enoxaparin at the low, prophylactic dose of 4000 Units per
day was ineffective on survival may be of clinical interest for the treatment of COVID-19.
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