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Abstract

:

Highlights


What are the main findings?



	
Good clinical outcomes with H-CPAP in RICU, especially in mild and moderate CARDS.



	
Significant improvement of prognosis in the three different waves: patients’ diseases were found to be progressively slightly less severe. (No patient had yet received at least one dose of vaccination against COVID-19.)






What is the implication of the main finding?



	
H-CPAP success strongly correlates with worst PaO2/FiO2 ratio and D-dimer level at admission.



	
Relevance of proper management during hospitalization by pulmonologists in RICU.







Abstract


COVID-19 Acute Respiratory Distress Syndrome (CARDS) is the most serious complication of COVID-19. The SARS-CoV-2 outbreaks rapidly saturated intensive care unit (ICU), forcing the application of non-invasive respiratory support (NIRS) in respiratory intermediate care unit (RICU). The primary aim of this study is to compare the patients’ clinical characteristics and outcomes (Helmet-Continuous Positive Airway Pressure (H-CPAP) success/failure and survival/death). The secondary aim is to evaluate and detect the main predictors of H-CPAP success and survival/death. A total of 515 patients were enrolled in our observational prospective study based on CARDS developed in RICU during the three Italian pandemic waves. All selected patients were treated with H-CPAP. The worst ratio of arterial partial pressure of oxygen (PaO2) and fraction of inspired oxygen (FiO2) PaO2/FiO2 during H-CPAP stratified the subjects into mild, moderate and severe CARDS. H-CPAP success has increased during the three waves (62%, 69% and 77%, respectively) and the mortality rate has decreased (28%, 21% and 13%). H-CPAP success/failure and survival/death were related to the PaO2/FiO2 (worst score) ratio in H-CPAP and to steroids’ administration. D-dimer at admission, FiO2 and positive end expiratory pressure (PEEP) were also associated with H-CPAP success. Our study suggests good outcomes with H-CPAP in CARDS in RICU. A widespread use of steroids could play a role.
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1. Introduction


Acute hypoxemic respiratory failure (AHRF) is the most common cause of intensive care unit (ICU) admission in adult patients, often leading to endotracheal intubation and invasive mechanical ventilation (IMV). Although COVID-19 causes very mild symptoms in most cases, approximately 20% of the patients develop acute hypoxemic respiratory failure (AHRF) with bilateral interstitial pneumonia [1]. Acute respiratory distress syndrome (ARDS) is the most serious complication of COVID-19 that occurs in 20–41% of patients with AHRF [2]. Despite the progress achieved in supportive care, the mortality rate of ARDS in ICU is still high (35–40%) and it increases with the severity of hypoxemia (27% in mild, 32% in moderate, 45% in severe ARDS, as defined by the Berlin Definition) [3].



In COVID-19 acute respiratory distress syndrome (CARDS) treated with IMV in ICU, prognosis seems to be even worse than that associated with non-COVID-19-related ARDS, and it varies widely [4,5,6,7]. In Lombardy, northern Italy, the COVID-19 pandemic has led to a substantial increase in the number of patients admitted to hospital with CARDS. In particular, in the first wave, this produced a heavy burden on the healthcare system, especially on ICUs, which easily ran out of resources since almost 10% of the hospitalized COVID-19 patients needed IMV. Until the outbreak of COVID-19 pandemic, evidence suggested the limiting of non-invasive respiratory support (NIRS) to carefully selected patients with mild-to-moderate ARDS and to apply it in experienced centers with close monitoring of blood gases and respiratory mechanics in order to avoid delayed intubation in case of failure [8,9].



The frequent lack of ICU beds has pushed authorities to create respiratory intermediate care units (RICU) in order to face the increasing number of patients with CARDS who need respiratory support and monitoring [10]. This can be carried out by pulmonologists with good previous experience in treating severe community-acquired pneumonia with helmet continuous positive airway pressure (H-CPAP) [11] where H-CPAP had previously demonstrated good efficacy [11,12]. Concerning NIRS, CPAP was significantly associated with a lower risk of mortality [13,14,15], and the H-CPAP has been proposed as an alternative to facemask [16]. In addition, for healthcare workers’ protection from SARS-CoV-2 infection, the helmet has negligible air dispersion [17]. Applying a single level of pressure during the entire respiratory cycle, CPAP enables a reduction in the risk of excessive transpulmonary pressure and contributes to lung protection (reducing the risk of patient self-induced lung injury (P-SILI)). In addition, H-CPAP was available for all treated patients and it was easier to manage than pressure support ventilation (PSV) with Helmet. Other forms of NIRS, such as high flow nasal cannula (HFNC), were numerically unavailable.



The primary aim of this study is to compare the patients’ clinical characteristics and outcomes (H-CPAP success defined as direct discharge from RICU without intubation and survival/death) during the three different waves. The secondary aim is to evaluate and detect the main predictors of H-CPAP success and survival/death in patients selected according to CARDS criteria.




2. Materials and Methods


2.1. Sample Selection


During the three waves of COVID-19 pandemic, 2159 patients with COVID-19 pneumonia, defined as the presence of interstitial pulmonary infiltrates and a positive SARS-CoV-2 nasal-pharyngeal swab, were admitted at Vimercate Hospital, Lombardy, Italy between March 2020 and May 2021. Of these, 871 patients were hospitalized in the Pulmonology Division. Among these, 515 were enrolled in our observational prospective study based on the development of CARDS defined by the Berlin Definition (ratio of arterial partial pressure of oxygen (PaO2) and fraction of inspired oxygen (FiO2) PaO2/FiO2 ≤ 300 with positive end-expiratory pressure (PEEP) ≥ 5 cm H2O and bilateral interstitial pneumonia) during hospital stay [3]. The exclusion criteria were as follows: age higher than 81 (patients older than 81 were rarely admitted to ICU, and there were none in our case study) and patients who did not develop CARDS during hospitalization. All selected patients (ages 18–80) were treated with H-CPAP in RICU. No patient had yet received one dose of vaccination against COVID-19.




2.2. Clinical Procedures and Monitoring


In our hospital, the ad hoc RICU dedicated to COVID-19 patients with AHRF (implemented from 6 to 50 beds) was characterized by continuous multi-parametric monitors, access to high-flow oxygen and air sources with systems to obtain adequate values of delivered FiO2, onsite life support and intubation kit, a nurse patient ratio between 1:6 and 1:10, and full day shifts run by pulmonologists.



All patients included in the study were hemodynamically stable, with a normal Glasgow Coma Scale (GCS) score, (GCS = 15) and did not show multi-organ system failure, acidosis or hypercapnia [18]. They poorly responded to treatment with high-flow oxygen therapy with a Venturi mask or a non-rebreathing oxygen mask (oxygen saturation (SpO2) ≤ 92%, respiratory rate > 24, Breaths Per Minute, thoraco-abdominal dyssynchrony).



H-CPAP was delivered with a pressure between 5 and 15 cm H2O. and FiO2 between 50 and 100%, with a target oxygen saturation of 92–98%; if reducing the FiO2 up to 50%, the saturation remained above 98%, and the PEEP also progressively decreased. During H-CPAP therapy, the patients were moved, when feasible, into prone position, which was maintained for at least two hours. After two hours, the blood gas control PaO2/FiO2 ratio was re-calculated. The most critical patients were selected by pulmonologists and evaluated by intensivists to decide on ICU transfer.



The indication for IMV included the following criteria: (1) a reduced level of consciousness, (2) persistent hypoxemia with altered mechanical breathing, (3) H-CPAP intolerance, (4) hemodynamic instability, and (5) multi-organ failure.



The Do-Not-Intubate (DNI) order was the decision to withhold intubation and to use H-CPAP as the “ceiling” treatment considering the patient’s characteristics and the reduced availability of ICU beds. DNI criteria was considered by intensivists only in cases in which intubation was necessary, not at the admission stage.



Unless contraindicated, prophylactic low-molecular-weight heparin was administered to all patients, except those already on home anticoagulation therapy. In the first wave, Computed Tomography (CT) Angiography (Revolution 128S, General Electric Company, Boston, MA, USA) was performed as soon as the clinical condition worsened in association with a significant increase in D-dimer (immunoturbidimetric method - Instrument: ACLTOP550, Instrumentation Laboratory, Bedford, MA, USA; Reagent: Instrumentation Laboratory, Bedford, MA, USA). With D-dimer >1000 and CT Angiography negative for pulmonary embolism, 100 units/kg of low-molecular-weight heparin was administered daily [19]. In the second and third waves, the D-dimer dosage was performed daily for the first week of hospital stay and, in case of a significant increase even without clinical worsening, CT Angiography was performed. Therapeutic low-molecular-weight heparin (100 unit/kg twice a day) was administered in case of confirmed pulmonary embolism.



In the first wave, most patients were treated with systemic corticosteroids (methylprednisolone at a dose of 1 mg/kg per day) for 10 days gradually reduced in case of positive outcome. In the second and third waves, all patients received corticosteroids.




2.3. Statistical Analysis


Descriptive statistics for the socio-demographic, clinical and outcome variables are given in terms of mean, median and standard deviation for numerical variables and percentage distribution for categorical variables. Normality assumption was assessed using the Shapiro–Wilk test and the graphical inspection via QQ-plots. ANOVA or corresponding nonparametric Kruskal–Wallis tests were applied for comparing numerical variables across three categories of pandemic waves. Chi-squared tests were applied for analyzing the association between categorical variables and waves.



Associations among socio-demographic and clinical variables with the three outcomes (one at a time) were evaluated using univariate logistic regression models. Subsequently, multiple logistic models, including, as covariates and factors, all the significant variables detected through univariate models, were performed. The choice of the best model, in terms of significant predictors which better explain the outcome, was carried out by following the stepwise procedure [20].



Finally, the survival analysis through the Kaplan–Meier (KM) curve was used to analyze the survival time in hospital. Differences in KM-curves between different groups were evaluated using the Log-rank test.



The analyses were carried out using SPSS Statistics for Windows, (Version 26.0) and the software R (R Core Team (2020), https://www.R-project.org/ (accessed on 28 February 2022)). The stepwise procedure was performed using the stepAIC function of the R library MASS. Statistical significance was set at level 0.05.





3. Results


3.1. Socio-Demographic, Clinical and Outcomes Assessments across the Three Waves


Sample characteristics and features’ descriptions of this prospective observational study are reported in Table 1, Table 2 and Table 3. The sample did not show differences among waves for the socio-demographic features except for the categorical variable ‘smoke’. With regard to the comorbidities, differences among waves were found for patients with diabetes, tumor and chronic renal failure: a higher percentage of patients with such comorbidities were detected in the second and the third waves.



Regarding the pharmacological treatments, there was a reduction in the administration of antivirals, tocilizumab and hydroxychloroquine over the course of the waves, while there was an increase in the administration of azithromycin and steroids. Remdesivir was rarely used in all waves (only in 11 patients, 2%).



Additionally, the choice to prone patients increased significantly over the course of the waves.



D-dimer test was higher in wave 1 with respect to wave 2 and 3, while interleukin-6 (IL-6 worst) was lower in wave 3 with respect to the previous waves. Interleukin-6 was dosed using the sandwich electrochemiluminescence immunoassay method (ECLIA) (by ACLTOP550, Instrumentation Laboratory, Bedford, MA, USA; Reagent: Instrumentation Laboratory, Bedford, MA, USA). Concerning H-CPAP treatment, PEEP and FiO2 were statistically higher in wave 1 with respect to the subsequent waves, whereas PaO2/FiO2 in oxygen and PaO2/FiO2 (worst) were significantly lower in the first wave with respect to waves 2 and 3.



General improvements over the course of the waves have also been noticed for the main outcomes: mortality, H-CPAP success and DNI. In particular, the mortality rate was, respectively, 28% in the first wave, 20.5% in the second and 12.9% in the third wave. H-CPAP success increased from 62% (93/150) to 69.4% (125/180) and to 78.4% (142/185), and DNI decreased from 22 (14.6%) to 16 (8.8%) and to 7 (3.8%) (Table 1, Table 2 and Table 3).



Most patients at admission presented a CARDS pattern. CARDS was mild in 178 (34.6%), moderate in 221 (42.9%) and severe in 41 (7.9%). There are a number of patients (n = 75, 14.6%) who did not fulfill CARDS criteria at admission (pre-CARDS) but all of them developed CARDS during hospital stay (Figure 1). The worst PaO2/FiO2 ratio during H-CPAP stratified the subjects into mild (82–15.9%), moderate (202–39.2%) and severe (231–44.9%) CARDS (Figure 1).




3.2. Complications


Among the 515 patients, 360 (70%) were successfully discharged without IMV; 104 were transferred to ICU to receive IMV and, of these, 52 finally survived. A total of 45 received the DNI order. Of the 53 patients who died in the RICU ward, 43 had DNI orders, 1 acute myocardial infarction, 2 massive pulmonary embolism, 3 cardio-circulatory arrests, 1 stroke in paroxysmal atrial fibrillation, 1 respiratory arrest and 2 sepsis after ICU discharge.



The main complications (Table S1) that developed during hospital stays included the following: 54 pulmonary embolism, 8 thrombosis, 10 bleedings, 15 pneumomediastinum, 5 pneumothoraxes, 15 supraventricular tackyarrhythmias, and 12 severe bacterial superinfections. The rate of patients with pulmonary embolism (on the total number of patients) was statistically different across the waves (p-values < 0.001), as well as the rate of deaths with pulmonary embolisms on the total of deaths (p-values = 0.033).




3.3. Predictors of the H-CPAP Success and Survival/Death Outcomes


For each of the two outcomes, the most prominent predictors are reported in Tables S2 and S3 in the Supplementary Materials.



Considering all the statistically significant variables, multiple logistic models (with stepwise procedure for the variable selections) were applied in order to obtain the best predictors of each outcome. The results are reported in Table 4. The most important factors for the H-CPAP success were as follows: the worst PaO2/FiO2 ratio during H-CPAP and FiO2 (both with p-values < 0.001), as high levels of PaO2/FiO2 and FiO2 were associated with better (Odds Ratio (OR) = 1.038) and worse (OR = 0.944) H-CPAP success, respectively. Additionally, the administration of steroids had a relevant impact (p-values = 0.001) on H-CPAP success: the administration of steroids increases the probability of H-CPAP success by almost 14 times with respect to non-administration (OR = 13.92). In addition, D-dimer at admission and the level of PEEP were also found to be significantly associated with H-CPAP success: an increase of 1000 unit in D-dimer level reduced H-CPAP success by 9.5% (OR = 0.905), while an increase of 1 unit in PEEP decreased the probability of H-CPAP success by about 12% (OR = 0.88). Regarding survival/death, the worst PaO2/FiO2 ratio during H-CPAP and the administration of steroids were also the best predictors for this second outcome: a high level of PaO2/FiO2 was associated with a lower probability of death (OR = 0.96), while patients treated with steroids showed a lower probability (of about 77%: OR = 0.23) of death with respect to patients who did not undergo steroid therapy.




3.4. Survival Analysis


An exhaustive survival analysis was carried out by considering the waves and the predictors of the two outcomes highlighted in the previous analyses as predictors (groups) of the KM curves. In Figure 2, KM curves for the three waves are depicted. Interestingly, the curves for waves 1 and 2 are not statistically different (Log rank test p-values = 0.196), while the curve for wave 3 is different from the previous ones (p-values = 0.004). KM curves were also estimated for different levels of worst PaO2/FiO2 ratio during H-CPAP (less than first quartile = 77; ≥77), and for steroid therapy (yes vs. no). All these factors were statistically associated with survival and all the KM curves were statistically different among the predictor groups (p-values < 0.025 for worst PaO2/FiO2; p-values < 0.001 for steroid therapy).





4. Discussion


This prospective observational study aims to better understand the effectiveness of H-CPAP in patients who developed CARDS during hospitalization in RICU.



The patient samples did not show differences among waves for socio-demographic features (Table 1). In the first wave, less compromised patients (fewer patients with diabetes and chronic renal failure and fewer smokers) presented a worse trend. During the second and third pandemic waves, the hospital mortality for patients admitted with CARDS was significantly reduced compared to that registered in the first pandemic period. H-CPAP success increased and DNI numbers decreased.



In the first wave, most patients were treated with systemic corticosteroids. In contrast, in the second and third waves, practically all patients received corticosteroids following new clinical trials [21] and our previous experience with steroid use in severe community-acquired pneumonia [11,22]. In the first wave, PaO2/FiO2 in oxygen was significantly lower and D-dimer significantly higher. These were demonstrated to be independent risk factors for adverse outcomes [23,24] and the result is also confirmed in our study. In addition, D-dimer at admission, worst D-dimer and worst IL-6 were significantly higher in the first wave, suggesting more severe inflammation. Worst PaO2/FiO2 in H-CPAP was significantly lower in the first wave. No differences were found between the first PaO2/FiO2 in H-CPAP among the three waves and the patients with preARDS and mild, moderate, and severe ARDS at admission were equally distributed during the different waves; however, this parameter was obtained with PEEP progressively decreasing.



Helmet success and survival/death outcomes progressively improved over the course of the three waves reflecting a slight progressive reduction in patient severity associated with improved clinical management (practically 100% steroid in the second and third waves; daily D-dimer monitoring for pulmonary embolism diagnosis; progressive increase in prone position).



DNI order was considered only in cases that needed intubation and decreased during the three waves due to the higher availability of ICU beds (equal percentage of patients transferred to ICU in the different waves despite higher patient severity in the first period).



CARDS has a biphasic trend confirmed in all three waves (Figure 1). The two stages of the disease correspond to the initially worsening trend of most of our patients, from admission to subsequent days of hospitalization, and they are likely to switch from L (low elastance, low lung weight, low recruitability—ground glass opacities at CT, preserved lung compliance) to H (high elastance, high lung weight, high recruitability—extensive densification at CT) CARDS [25,26,27]. Probably, in the first stage of the disease, improvement in oxygenation through the application of PEEP or pronation is mainly not due to the recruitment, but to the redistribution of perfusion in the lungs [25,28]. In the second stage of the disease, the application of PEEP recruits non-aerated alveoli in dependent pulmonary regions stabilizes the airways and reduces the inhomogeneity of lung volume distribution [18]. PEEP can be applied in spontaneously breathing patients in the form of CPAP [29].



The most important complications are shown in Table S1. The increased frequency of pulmonary embolism diagnosis in the second and third waves is explained by daily D-dimer monitoring and a higher use of CT Angiography.



Low PaO2/FiO2 ratio during H-CPAP, high FiO2 and average helmet PEEP were important factors of H-CPAP failure as a result of more severe AHRF; as already known, the mortality rate of ARDS increases with the severity of hypoxemia [3].



An increase of 1000 unit in D-dimer level (more severe “cytokine storm”) reduces the H-CPAP success by 9.5% [24].



A widespread use of steroids in our center could play a role in good clinical outcomes. Our study shows that the administration of steroids increases the chance to H-CPAP success of almost 14 times, confirming what has been demonstrated in the RECOVERY TRIAL [21], a large multicenter randomized controlled trial where patients receiving dexamethasone had a reduced death rate especially on mechanical ventilation.



Additionally, for the second outcome, survival/death, the worst PaO2/FiO2 ratio during H-CPAP and the administration of steroids were the best predictors. In our study there is a lower probability of death (77%) with respect to patients who did not undergo steroid therapy (Table 4).



Prone position in non-intubated spontaneously breathing patients is widely applied alongside NIRS. Its effectiveness in reducing intubation rates and mortality and its tolerability, timing and optimal duration are still not completely clear [30]. Prone position has gradually been increased over the course of the three waves based on early suggestions in the literature [30,31]. In our patients, prone position determined a meaningful increase in PaO2/FiO2 value, although this improvement does not represent a good prognostic factor in itself. This response could give patients a chance to overcome the critical phase of CARDS and avoid intubation. We want to emphasize the fact that, despite the extremely low values of worst PaO2/FiO2 ratio recorded, 82 (15.9%) mild, 202 (39.2%) moderate, 231 (44.9%) severe CARDS, 70% of our patients were finally discharged without a need for IMV. In mild patients, H-CPAP had a success of 98.8%; in moderate patients, of 93%; and in severe patients, of 41%. In addition, 89 out of 231 patients in the “severe CARDS” group were transferred to ICU and, of these, 44 finally survived, with a final mortality rate of 39.8%, in agreement with the mortality rate described for patients with severe non-COVID-19 ARDS in the ICU (45%). We underline that, in our group of patients, mortality rates in mild and moderate ARDS are inferior to those reported in literature [3,8], considering the different features of patients admitted to ICUs (i.e., multiorgan failure).



Many management models for noninvasive treatment of CARDS in RICU have been proposed in the literature [31,32,33]. To our knowledge, to date, this is the only study entirely carried out in RICU on patients who all presented with CARDS and were all treated with H-CPAP in the three COVID-19 waves. We may therefore assume that the proper management in RICU, the use of H-CPAP as NIRS, prone position, and large steroid use affect the prognosis of patients with CARDS [34].



A constant clinical and parametric monitoring during hospitalization by the pulmonologist in RICU is critical in the prompt recognition and treatment of every possible worsening in clinical conditions, an event than can arise even later in the course of the disease. In fact, the majority of patients moved to a worse CARDS class during hospitalization (Figure 1). Furthermore, our data seem to exclude a possible delay in intubation timing due to H-CPAP treatment and this is remarked by a mortality rate of almost 50% in patients finally admitted to the ICU, substantially comparable with 55% of all Lombardy ICUs [7] and other countries’ experiences [35]. In addition, we must remember that even if delayed intubation is associated with increased mortality in patients with AHRF [35,36], it is also true that premature intubation when NIRS is adequate exposes patients to potentially unnecessary risks associated with IMV [16,37].



Our study has several limitations that can limit the generalizability of our results, including being monocentric, the lack of a control group and the peculiar setting of the study, characterized by an emergency pandemic situation with continuous changes in scientific evidence. Nevertheless, further multicentric trials are needed in order to confirm these data. In addition, the Berlin Definition of ARDS required that patients must be in IMV in moderate and severe ARDS, with the exception of mild ARDS, in which patients can receive CPAP ≥ 5 cm H2O. In our study, ARDS was classified as moderate or severe during H-CPAP; however, the new recently published ARDS definition [38] allows for classification as moderate and severe in H-CPAP too.




5. Conclusions


Our study suggests good clinical outcomes with H-CPAP in RICU, especially in mild and moderate CARDS.



We observed a significant improvement in prognosis in the three different waves, as the patients’ conditions are found to be progressively slightly less severe.



CARDS has a biphasic trend confirmed in all three waves, with a trend of worsening the patients’ conditions from admission to subsequent days of hospitalization.



The CARDS severity (worst PaO2/FiO2 in H-CPAP, FiO2 in H-CPAP, average PEEP and D-dimer at admission) strongly correlates with the first outcome (H-CPAP success). Worst PaO2/FiO2 in H-CPAP also strongly correlates with the second outcome (survival/death).



There was a significant prognosis improvement in subjects who received corticosteroids.



Pulmonologists’ proper management during hospitalization in RICU may affect these patients’ trend.
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Figure 1. CARDS classes at different waves: number of patients by CARDS class for the parameter PaO2/FiO2 taken at two time points (first and worst in H-CPAP). 
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Figure 2. Survival analysis output: Kaplan–Meier survival curves. 
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Table 1. Socio-demographic features, comorbidity and prognostic score of the whole sample by waves.






Table 1. Socio-demographic features, comorbidity and prognostic score of the whole sample by waves.





	
Variables

	
Wave1

Mean [Median] (SD)

N = 150

	
Wave2

Mean [Median] (SD)

N = 180

	
Wave3

Mean [Median] (SD)

N = 185

	
Tot

	
p-Value

	
Post Hoc






	
Socio-demographic features




	
Age

	
61.9 [63.3] (10.8)

	
63.5 [65] (10.9)

	
62.2 [64] (11.2)

	
515

	
0.316

	




	
Sex

	

	

	

	

	

	




	
Females

	
N = 27; 24.3%

	
N = 38; 34.2%

	
N = 46; 41.4%

	
111

	
0.310

	




	
Males

	
N = 123; 30.4%

	
N = 142; 35.1%

	
N = 139; 34.7%

	
404

	




	
Body Mass Index (BMI)

	
29.4 [29.4] (4.7)

	
30.2 [29] (6.6)

	
29.7 [29] (4.7)

	
361

	
0.847

	




	
Smoke

	

	

	

	

	

	




	
No

	
N = 104; 39.2%

	
N = 69; 26%

	
N = 92; 34.7%

	
265

	
<0.001

	
1 vs. 2,3




	
Yes

	
N = 1; 4.2%

	
N = 8; 33.5%

	
N = 15; 62.5%

	
24

	




	
Ex-smokers

	
N = 45; 26%

	
N= 65; 37.6%

	
N = 63; 36.4%

	
173

	




	
Comorbidity and prognostic score




	
Hypertension

	

	

	

	

	

	




	
No

	
N = 78; 32.9%

	
N = 74; 31.2%

	
N = 85; 35.9%

	
237

	
0.142

	




	
Yes

	
N = 72; 25.9%

	
N = 106; 38.1%

	
N = 100; 36%

	
278

	




	
Ischemic cardiac disease

	

	

	

	

	

	




	
No

	
N = 132; 29.7%

	
N = 150; 33.8%

	
N = 163; 36.5%

	
445

	
0.349

	




	
Yes

	
N = 15; 25%

	
N = 26; 43.3%

	
N = 19; 31.7%

	
60

	




	
Cardiovascular disease

	

	

	

	

	

	




	
No

	
N = 129; 30.3%

	
N = 144; 33.8%

	
N = 153; 35.9%

	
426

	
0.357

	




	
Yes

	
N = 21; 23.6%

	
N = 36; 40.4%

	
N = 32; 36%

	
89

	




	
Hypercholesterolemia

	

	

	

	

	

	




	
No

	
N = 122; 28.3%

	
N = 152; 35.3%

	
N = 157; 36.4%

	
431

	
0.646

	




	
Yes

	
N = 28; 33.3%

	
N = 28; 33.3%

	
N = 28; 33.3%

	
84

	




	
Diabetes

	

	

	

	

	

	




	
No

	
N = 139; 32.7%

	
N = 136; 32%

	
N = 150; 35.3%

	
425

	
<0.001

	
1 vs. 2,3




	
Yes

	
N = 11; 12.2%

	
N = 44; 48.9%

	
N = 35; 38.9%

	
90

	




	
Neoplasia

	

	

	

	

	

	




	
No

	
N = 144; 31%

	
N = 149; 32.1%

	
N = 171; 36.9%

	
464

	
<0.001

	
2 vs. 1,3




	
Yes

	
N = 6; 11.8%

	
N = 31; 60.8%

	
N = 14; 27.5%

	
51

	




	
Chronic obstructive pulmonary disease (COPD)/asthma

	

	

	

	

	

	




	
No

	
N = 136; 29.4%

	
N = 158; 34.2%

	
N = 168; 36.4%

	
462

	
0.571

	




	
Yes

	
N = 14; 26.4%

	
N = 22; 41.5%

	
N = 17; 32.1%

	
53

	




	
Chronic renal failure

	

	

	

	

	

	




	
No

	
N = 149; 30.5%

	
N = 164; 33.6%

	
N = 175; 35.9%

	
488

	
0.004

	
1 vs. 2,3




	
Yes

	
N = 1; 3.7%

	
N = 16; 59.3%

	
N = 10; 37%

	
27

	




	
Apache II score

	
10.6 [10] (3.6)

	
10.3 [11] (5.0)

	
9.7 [10] (4.3)

	
513

	
0.110

	








Percentages are reported by row, i.e., the percentages are expressed in terms of total across waves; percentage by column can be obtained considering the patient numbers by wave reported in the table head. N: number of patients.













 





Table 2. Pharmacological treatment, blood tests, CARDS classes at admission and ICU transfer of the whole sample by waves.
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Variables

	
Wave1

Mean [Median] (SD)

N = 150

	
Wave2

Mean [Median] (SD)

N = 180

	
Wave3

Mean [Median] (SD)

N = 185

	
Tot

	
p-Value

	
Post Hoc






	
Pharmacological treatment during hospitalization




	
Antivirals

	

	

	

	

	

	




	
No

	
N = 46; 11.3%

	
N = 176; 43.3%

	
N = 184; 45.3%

	
406

	
<0.001

	
1 vs. 2,3




	
Yes

	
N = 104; 95.4%

	
N = 4; 3.7%

	
N = 1; 0.9%

	
109

	




	
Remdesivir

	

	

	

	

	

	




	
No

	
N = 146; 29%

	
N = 177; 35.1%

	
N = 181; 35.9%

	
504

	
0.822

	




	
Yes

	
N = 4; 36.4%

	
N = 3; 27.3%

	
N = 4; 36.4%

	
11

	




	
Azithromycin

	

	

	

	

	

	




	
No

	
N = 113; 43.6%

	
N = 70; 27.0%

	
N = 76; 29.3%

	
259

	
<0.001

	
1 vs. 2,3




	
Yes

	
N = 37; 14.5%

	
N = 110; 43%

	
N = 109; 42.6%

	
256

	




	
Tocilizumab

	

	

	

	

	

	




	
No

	
N = 139; 27.6%

	
N= 180; 35.7%

	
N = 185; 36.7%

	
504

	
<0.001

	
1 vs. 2,3




	
Yes

	
N = 11; 100%

	
N = 0; 0%

	
N = 0; 0%

	
11

	




	
Plaquenil

	

	

	

	

	

	




	
No

	
N = 5; 1.4%

	
N= 180; 48.6%

	
N = 185; 50%

	
370

	
<0.001

	
1 vs. 2,3




	
Yes

	
N = 145; 100%

	
N = 0; 0%

	
N = 0; 0%

	
145

	




	
Steroids

	

	

	

	

	

	




	
No

	
N = 32; 86.5%

	
N = 4; 10.8%

	
N = 1; 2.7%

	
37

	
<0.001

	
1 vs. 2,3




	
Yes

	
N = 118; 24.7%

	
N = 176; 36.8%

	
N = 184; 38.5%

	
478

	




	
COVID-19 Acute Respiratory Distress Syndrome (CARDS) classes at admission and Intensive Care Unit (ICU) transfer




	
CARDS classes (admission)

	

	

	

	

	

	




	
Pre-CARDS

	
N = 25; 33.3%

	
N = 29; 38.7%

	
N = 21; 28%

	
75

	
0.486

	




	
Mild

	
N = 50; 28.1%

	
N = 61; 34.3%

	
N = 67; 37.6%

	
178

	




	
Moderate

	
N = 60; 27.1%

	
N = 74; 33.5%

	
N= 87; 39.4%

	
221

	




	
Severe

	
N = 15; 36.6%

	
N = 16; 39%

	
N = 10; 24.4%

	
41

	




	
Intensive Care Unit

	

	

	

	

	

	




	
No

	
N = 118; 28.6%

	
N = 143; 34.7%

	
N = 151; 36.7%

	
412

	
0.777

	




	
Yes

	
N = 32; 31.1%

	
N = 37; 35.9%

	
N = 34; 33%

	
103

	




	
Blood tests




	
D-dimer test (admission) (ng/mL)

	
3629.8 [630] (9423)

	
586.6 [296] (1521)

	
443.2 [288] (919)

	
502

	
<0.001

	
1 vs. 2,3




	
D-dimer test (worst) (ng/mL)

	
6939.2 [2067] (12382)

	
3571.9 [1049] (9468)

	
2447 [719] (5054)

	
503

	
<0.001

	
1 vs. 2,3




	
Ferritin (admission)

(ng/mL)

	
1993.3 [1283] (1943)

	
1894.4 [1027] (2542)

	
3551.1 [1712] (4384)

	
186

	
0.183

	




	
Ferritin (worst)(ng/mL)

	
2750.4 [1631] (3115)

	
2368.9 [1274] (2864)

	
2008.9 [1540] (1498

	
205

	
0.290

	




	
Interleukin-6 (admission) (pg/mL)

	
64.8 [32] (83.4)

	
60.8 [33] (78.0)

	
58.8 [34] (73.4)

	
377

	
0.925

	




	
Interleukin-6 (worst)(pg/mL)

	
338.2 [89] (950.5)

	
171.8 [103.5] (235.7)

	
113.1 [65.5] (164.5)

	
398

	
0.029

	
2 vs. 3








Percentages are reported by row, i.e., the percentages are expressed in terms of total across waves; percentages by column can be obtained considering the patient numbers by wave reported in the table head. N: number of patients.













 





Table 3. CPAP treatments and outcomes of the whole sample by waves.
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Variables

	
Wave1

Mean [Median] (SD)

N = 150

	
Wave2

Mean [Median] (SD)

N = 180

	
Wave3

Mean [Median] (SD)

N = 185

	
Tot

	
p-Value

	
Post Hoc






	
Helmet Continuous Positive Air Pressure (H-CPAP) treatments




	
Positive End Expiratory Pressure (PEEP)

	
12.8 [12] (2.0)

	
9.7 [9] (7.0)

	
8.1 [8] (1.2)

	
512

	
<0.001

	
1 vs. 2 vs. 3




	
FiO2

	
81.3 [80] (12.4)

	
70.2 [70] (11.6)

	
71.8 [70] (9.4)

	
514

	
<0.001

	
1 vs. 2,3




	
PaO2/FiO2 (in oxygen)

	
132.3 [115.5] (64.4)

	
159.6 [137] (53.8)

	
147.5 [130] (64.0)

	
514

	
0.001

	
1 vs. 2,3




	
First PaO2/FiO2 (in H-CPAP)

	
217.8 [203.5] (105.8)

	
212.1 [199.5] (91.8)

	
202.8 [195] (77.4)

	
515

	
0.747

	




	
Worst PaO2/FiO2 (in H-CPAP)

	
100.5 [80] (56.5)

	
116.7 [100.5] (53.8)

	
147.0 [135] (64.5)

	
477

	
<0.001

	
1 vs. 2 vs. 3




	
Pa