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Purpose: Although the decision of which ventilation strategy to adopt in COVID-19 
patients is crucial, yet the most appropriate means of carrying out this undertaking is not 
supported by strong evidence. We therefore described the organization of a province-level 
healthcare system during the occurrence of the COVID-19 epidemic and the 60-day out
comes of the hospitalized COVID-19 patients according to the respiratory strategy adopted 
given the limited available resources.
Patients and Methods: All COVID-19 patients (26/02/2020–18/04/2020) in the Rimini 
Province of Italy were included in this population-based cohort study. The hospitalized patients 
were classified according to the maximum level of respiratory support: oxygen supplementation 
(Oxygen group), non-invasive ventilation (NIV-only group), invasive mechanical ventilation 
(IMV-only group), and IMV after an NIV trial (IMV-after-NIV group). Sixty-day mortality risk 
was estimated with a Cox proportional hazard analysis adjusted by age, sex, and administration 
of steroids, canakinumab, and tocilizumab.
Results: We identified a total of 1,424 symptomatic patients: 520 (36.5%) were hospitalized, while 
904 (63.5%) were treated at home with no 60-day deaths. Based on the respiratory support, 408 
(78.5%) were assigned to the Oxygen group, 46 (8.8%) to the NIV-only group, 25 (4.8%) to the 
IMV-after-NIV group, and 41 (7.9%) to the IMV-only group. There was no significant difference in 
the PaO2/FiO2 at IMV inception in the IMV-after-NIV and IMV-only groups (p=0.9). Overall 60-day 
mortality was 24.2% (Oxygen: 23.0%; NIV-only: 19.6%; IMV-after-NIV: 32.0%; IMV-only: 36.6%; 
p=0.165). Compared with the Oxygen group, the adjusted 60-day mortality risk significantly 
increased in the IMV-after-NIV (HR 2.776; p=0.024) and IMV-only groups (HR 2.966; p=0.001).
Conclusion: This study provided a population-based estimate of the impact of the COVID- 
19 outbreak in a severely affected Italian province. A similar 60-day mortality risk was found 
for patients undergoing immediate IMV and those intubated after an NIV trial with favorable 
outcomes after prolonged IMV.
Keywords: COVID-19, mechanical ventilation, mortality, noninvasive ventilation, 
multidisciplinary team approach, ARDS

Introduction
By the end of October 2020, the coronavirus disease 2019 (COVID-19) caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been responsible 
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for almost 1.2 million deaths worldwide. The percentage of 
COVID-19 patients requiring non-invasive (NIV) or invasive 
mechanical ventilation (IMV) remains unclear and is 
strongly affected by hospital organization and availability 
of resources. Three studies from China, the US, and 
Germany reported that the use of IMV in hospitalized 
COVID-19 patients is 2.3%, 12%, and 17%, 
respectively.1–3 Intensive care unit (ICU) mortality among 
mechanically ventilated COVID-19 patients varies from 
25% to 97%.2–10 Such wide variations may have different 
explanations. First, only a few studies that included all 
patients hospitalized for COVID-19 are able to provide 
a complete overview of the characteristics and outcomes of 
COVID-19 patients who required hospitalization. Second, 
information regarding the respiratory management of 
COVID-19 patients has been mainly elicited from the setting 
of ICUs.4,8,9,11 Thus, the number of hospitalized COVID-19 
patients treated with oxygen supplementation and NIV has 
been markedly underreported, leading to inaccurate informa
tion regarding the overall use of the different respiratory 
supports and the outcomes. Third, most previous reports 
included a percentage of patients still admitted at the ICU 
at the end of the follow-up, ranging from 2.3%8 to 71%,2 and 
this may have led to different degrees of inaccuracy in 
estimating ICU mortality. Finally, the availability of ICU 
beds and human resources is likely to vary across different 
areas; this aspect has not been generally described in clinical 
studies, thereby affecting the generalizability of the results.12

The Province of Rimini in Northern Italy was one of the 
areas severely affected by the COVID-19 outbreak. On 
March 7, Rimini Province was declared a “Red Zone” due to 
the high number of infected people. Thereafter, it was isolated, 
with no possibility of entry or exit. Using clinical and demo
graphic information that were routinely collected in a unique 
database that included all residents in the entire province, we 
performed the present population-based cohort study with the 
following aims: 1) to describe the characteristics of hospita
lized COVID-19 patients; 2) to examine patient outcomes 
overall and stratified by the adopted respiratory support; 
and 3) to describe the organization of the local healthcare 
system.

Patients and Methods
Setting
The COVID-19 patients who were admitted to Rimini 
Hospital constituted the study cohort in the present histor
ical observational population-based cohort study. The 

Italian National Public Healthcare System provides homo
geneous and free access to any level of appropriate treat
ment for everyone, including irregular immigrants, 
through the hospital network, family doctors, and District 
Health Systems. The province of Rimini consists of 
approximately 340,000 inhabitants. It is served by 
a network of five public hospitals, with Rimini Hospital 
being the largest and providing up to 600 beds.

Since the beginning of the outbreak and for the entire 
duration of this study, Rimini Hospital was identified as 
a reference hospital for all COVID-19-positive or sus
pected patients. With the increase in the number of 
admitted patients, 340 hospital beds, including 80 beds 
in two newly opened wards, were progressively dedi
cated to infected subjects. Moreover, 28 negative pres
sure rooms—eight set up at the Emergency Department 
(ED) and 20 already available in the Infectious Diseases 
ward—were dedicated to patients requiring NIV. During 
the first 10 days of March, the number of ICU beds was 
progressively increased from 20 to 53, among which 48 
were dedicated to COVID-19 patients and five to non- 
COVID-19 patients. Non-COVID-19 patients who were 
in excess of the local availability were transferred to 
another nearby hospital equipped with 10 ICU beds.

Study Population
All patients who were evaluated at one of the five EDs in 
the province from February 26 to April 18, 2020, present
ing symptoms indicative of suspected COVID-19 (ie, fever 
and/or respiratory symptoms) and tested for the SARS- 
CoV-2 (real-time reverse transcriptase-polymerase chain 
reaction) were considered for inclusion.13 Patients with 
a positive swab, as well those with chest X-ray or CT 
scan presenting evidence of COVID-19-related pneumonia 
despite a negative swab, were included. The more stable 
patients were discharged and entrusted to primary care, 
while the patients identified to be at high risk for compli
cations based on symptom severity and associated comor
bidities were admitted at the hospital and represented the 
study population. All included patients with a first nega
tive swab had at least a positive subsequent swab during 
the same hospitalization, except for the patients who died 
at the ED before a second swab was administered.

Organization
At the hospital level, an extremely strict prevention policy 
involving all facilities and healthcare providers was 
adopted to prevent possible viral transmission between 
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the patients and the staff. Visitors were banned from the 
hospital, one-way “dirty-clean” paths were created within 
the care wards, and the use of gloves, FFP 2 or FFP3 
masks (FFP2 for regular clinical activities and FFP3 for 
invasive aerosol generating procedures) masks, gowns, 
and protective goggles was made mandatory as appropri
ate. All staff involved in the COVID-19 patients’ care 
underwent an IgG/IgM rapid test every 30 days for screen
ing and a nasopharyngeal swab. They were also quaran
tined in case of contact at risk (ie, not wearing adequate 
personal protective equipment), symptoms, or positivity 
during screening. Previously positive patients were con
sidered no longer infected—and possibly no longer in need 
of isolation—after two negative swabs.

A daily meeting that was always attended by the heads 
of the Emergency, Infectious Disease, Pneumology, 
Radiology, and Intensive Care departments was set regard
less of holidays or Sundays, with the above-described air
borne and contact transmission precautions implemented 
to ensure homogeneous and standardized treatment for all 
COVID-19 patients. Every day, the relevant clinical infor
mation (eg, comorbidities, respiratory status, medical 
treatments, and active clinical conditions) of the critically 
ill cases were updated and the overall therapeutic steward
ship to be adopted (eg, off-label medications, change in the 
respiratory support) was collegially discussed and agreed 
upon. Moreover, for each patient, the appropriate treat
ment to adopt in the event that his/her condition worsened 
was planned, taking into account the limitation of the 
available resources. All decisions were recorded and 
promptly communicated to the physicians and nurses 
working at all COVID-19 wards comprising the ICU.

Respiratory Support
Oxygen administration via a Venturi mask or a mask with 
reservoir was considered the standard of care for moder
ately/severely ill patients, while NIV (comprising contin
uous positive airway pressure, CPAP) and IMV following 
tracheal intubation were chosen for the most critical cases. 
To avoid airborne viral transmission, high-flow nasal can
nulas were used only for respiratory weaning in patients 
who become negative, and a helmet was identified as the 
only interface to be used for NIV. As described above, the 
choice in the employed ventilatory strategy, such as the 
maximum level of intensity of care, was not defined 
a priori but was tailored for each patient, taking into 
consideration his/her general baseline conditions. In gen
eral, the conditions leading to the decision to start NIV or 

IMV were respiratory fatigue or worsening of gas 
exchange, notwithstanding oxygen/NIV. The prognostic 
criteria and resource availability (eg, ICU beds and 
mechanical ventilators) were also considered. Patients 
with one or more organ impairments other than respiratory 
failure were considered for IMV. For the patients who 
received IMV, protective ventilation was adopted follow
ing these general criteria: 6mL/kg VT that is reduced to 
4mL/kg in the presence of low pulmonary compliance and 
positive end-expiratory pressure titration, taking into 
account the minimum driving pressure value and the delta 
PaCO2-ETCO2 to prevent possible over-distension. When 
necessary, the patients were administered a neuromuscular 
blocking agent to avoid the occurrence of the “fight the 
ventilator” phenomenon. The tracheal tube was replaced 
by percutaneous tracheostomy in cases of prolonged IMV. 
Extra-corporeal membrane oxygenation (ECMO) was con
sidered for patients younger than 60 when less-than- 
marginal gas exchanges were achieved despite the max
imal IMV support.

Based on the level of respiratory support, the study 
population was divided into the following subgroups: 
Oxygen (patients receiving no more than oxygen supple
mentation); NIV-only (patients receiving no more than 
NIV); IMV-after-NIV (patients undergoing IMV after 
a failed NIV trial); and IMV-only (patients starting IMV 
upon hospital admission or after a trial with oxygen).

Data Sources, Follow-Up, and Outcomes
For the whole population, the demographic data and hospital 
length of stay (LOS) were retrieved from an administrative 
and clinical database (Maria DB, Log 80, Forlì-Italy), while 
information about the administered off-label medications 
related to the COVID-19 treatment (ie, hydroxychloroquine, 
antivirals, steroids, canakinumab, and tocilizumab) were col
lected through clinical documentation. For patients treated 
with NIV and/or IMV, the Charlson comorbidity index was 
computed.14 The SpO2 upon hospital admission, the PaO2/ 
FiO2 (P/F) ratio at the inception of NIV and IMV, and the 
duration of ventilatory supports were also collected. For those 
patients, the extent of lung damage was estimated from the 
chest radiogram using the Brixia score. Each lung was trans
versally divided into three sectors, and for each sector, a score 
ranging from zero (no alteration) to three (interstitial-alveolar 
infiltrates) was assigned (total score range: 0–18).15,16

For patients admitted to the ICU (ie, IMV-after-NIV 
and IMV-only), the Simplified Acute Physiology Score II 
(SAPS 2)17 and the Sequential Organ Failure Assessment 
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(SOFA) score18 upon ICU admission were computed. In 
addition, the possible implementation of tracheostomy, 
ECMO, and renal replacement therapy was documented.

All patients were followed up to 60 days from hospital 
admission. The condition of being dead or alive after 30 
and 60 days from hospital admission constituted the main 
study endpoints. Accordingly, data collection was con
cluded on June 18, 2020, to ensure at least 60 days of 
observation for the patients who were included last.

Ethical Aspects
The investigation conforms to the principles outlined in 
the Declaration of Helsinki. The AUSL della Romagna 
Institutional Review Board approved the project 
(Registration No. NCT04348448), with a waiver of 
informed consent, as the data included in the present 
study are routinely collected in everyday patient care and 
the treatments described represent the standard of care 
with no additional procedures or investigations requested 
or provided. All sensitive data were anonymized, stored, 
and processed in full compliance with the current legisla
tion to guarantee patient data confidentiality.

Statistics
Continuous variables were described as mean ± standard 
deviation. The differences between the means were ana
lyzed by paired or unpaired Student’s t-test as appropriate 
after considering whether the subgroups had equal var
iance using Levene’s test. One-way analysis of variance 
was applied for all comparisons between the subgroups. 
The nominal variables were presented as numbers and 
percentages and compared either through Χ2 test or 
Fisher’s exact test as appropriate.

The ability of the P/F measured before an NIV trial to 
predict NIV failure (ie, death or need for IMV) was tested 
by calculating the area under the receiver operating char
acteristics curve (AUC). The maximum Youden index (J) 
was considered as the optimal P/F cut-off value. Sixty-day 
mortality was computed using Kaplan–Meier technique 
overall and among groups. The Mantel-Cox Log rank 
test was adopted to assess differences among the survival 
rates. A multivariate Cox proportional hazard analysis was 
used to estimate 30-day and 60-day mortality risks among 
the study groups in comparison to the Oxygen group 
(reference group), adjusted by age, sex, and administration 
of steroids, canakinumab, and tocilizumab. The results 
were presented as a proportional hazard ratio (HR) with 
95% CI and adjusted cumulative survival curves. Finally, 

in order to examine the potential impact of survival bias 
among the patients treated with IMV, especially among the 
patients intubated after NIV (a patient had to survive until 
endotracheal intubation), we computed the adjusted HRs 
for 10-day and 11- to 60-day mortality separately for 
sensitivity analysis. Moreover, minimally to fully adjusted 
HRs were reported in the Supplementary Materials 
(e-Figures 1 and 2, Table S1).

For all tests, statistical significance was set at an alpha 
level of p=0.05. All statistical analyses were performed 
using the software IBM SPSS Statistics version 24.0 
(Armonk, NY, US: IBM Corp.).

Results
During the study period, 1,424 symptomatic patients were 
evaluated at the EDs in the province and had a positive 
swab and/or chest imaging that was indicative of suspected 
COVID-19. Nine-hundred and four (63.5%) were treated at 
home without further ED access, while the remaining 520 
(36.5%) were hospitalized and constituted the study popula
tion (males 350, 67.3%; mean age 70.7 ± 14.1, range 
19–98). Among the hospitalized patients, 440 (84.6%) 
were treated with oxygen supplementation at the time of 
hospital admission, while the remaining ones received 
either NIV or IMV. During the subsequent days, 57 patients 
(11.0%) required an upgrade of the ventilatory support. 
Almost all patients were treated with hydroxychloroquine 
and antiviral drugs. Table 1 presents the demographic char
acteristics, hospital LOS, and the administered medications 
of the study population overall and by groups. Figure 1 
shows a complete synthesis of the respiratory support 
adopted and the 60-day mortality for each group.

Ventilatory Support
The main clinical characteristics of the 112 (21.5%) 
patients who received ventilatory support (NIV and/or 
IMV, mean age 66.9 ± 9.4 years) are reported in Table 
2. Among them, 71 (63.4%) patients received at least 
one trial of NIV (mean age 65.1 ± 11.8) with a mean 
duration of 3.8 ± 2.2 days (range 1–10, Figure 2A) and 
a mean P/F ratio of 105.9 ± 40.6 at the beginning of 
NIV. Thirty-eight (53.5%) of the patients treated with 
NIV improved and were transferred to a COVID-19 
ward, while 25 (35.2%) were intubated and admitted to 
the ICU to undergo IMV. The P/F ratio before starting 
NIV differed significantly between the patients with 
a successful trial and those who failed (successful: 
119.4 ± 46.2; failing: 92.1 ± 23.8; p=0.003). For the 
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patients who needed IMV, a statistically significant but 
clinically irrelevant improvement in the P/F ratio was 
documented (before NIV: 93.1± 23.8; before IMV: 113.8 
± 41.5; p=0.041). The remaining eight patients (11.3%) 
died without being intubated (P/F ratio before NIV 85.3 
± 36.5). The length of NIV did not differ among the 
patients with successful or failed trial (Table 2). The 
ability of the P/F ratio obtained before NIV to predict 
the failure of an NIV trial showed an AUC of 0.71 (95% 
CI 0.59–0.83; p-value 0.002) and provided a best cut-off 
of 115.5 (sensitivity 52.6%, specificity 81.8%; J 0.353).

Overall, 66 patients (Groups IMV-after-NIV and IMV- 
only, mean age 66.9 ± 9.4 years) were admitted to the ICU 
and treated with IMV (Figure 1). The mean interval 
between hospital admission and the onset of IMV was 

5.0 ± 5.9 days (range 0–26) (Figure 2B). Eleven (15.2%) 
patients were intubated after 10 or more days from hospi
tal admission (P/F before intubation: 113.0 ± 46.7). No 
difference in the P/F ratio at the time of the definitive 
ventilation support was found among the three study 
groups (p=0.993).

Patients who failed the NIV trial (n=21) had 
a Brixia score of 10.6 ± 3.4 before NIV, which wor
sened to 13.4 ± 2.5 (p=0.002) before IMV. A similar 
Brixia score was obtained at the time of endotracheal 
intubation among patients who failed an NIV trial and 
among patients who were treated with IMV without an 
NIV trial (Table 2).

Among the 66 patients admitted to the ICU, the mean 
duration of IMV was 22.6 ± 19.0 days (range 2–87). One 

Table 1 Comparison of Demographic Characteristics and Administered Medications Among the Study Subgroups

All Patients 
(n = 520)

Oxygen 
(n = 408)

NIV-Only 
(n = 46)

IMV-After- 
NIV 
(n = 25)

IMV-Only 
(n = 41)

p-value

Age (years) 70.7 ± 14.1 72.0 ± 14.6 64.5 ± 12.7 66.3 ± 10.2 67.3 ± 9.0 0.001

Sex (male) 350 (67.3%) 264 (64.7%) 35 (76.1%) 21 (84.0%) 30 (73.2%) 0.083
Length of hospital stay (days) 15.2 ± 19.3 10.7 ± 11.1 15.3 ± 9.3 45.0 ± 37.8 41.9 ± 34.1 <0.001

Antivirals 508 (97.7%) 396 (97.1%) 46 (100%) 25 (100%) 41 (100%) 0.338

Hydroxychloroquine 512 (98.5%) 400 (98.0%) 46 (100%) 25 (100%) 41 (100%) 0.526
Steroids 92 (17.7%) 157 (38.5%) 37 (80.4%) 20 (80.0%) 21 (51.2%) <0.001

Canakinumab 65 (12.5%) 39 (9.6%) 8 (17.4%) 10 (40.0%) 8 (19.5%) <0.001
Tocilizumab 512 (98.5%) 24 (5.9%) 31 (67.4%) 19 (76.0%) 18 (43.9%) <0.001

Note: Measurements are reported as mean and standard deviation or absolute number and percentages.

Figure 1 Flow chart synthesizing the clinical pathways of the COVID-19 patients, the respiratory support provided at each step of their hospital stay, and their 60-day 
mortality. Percentages refer to the previous level in the flow chart, unless otherwise indicated. *With respect to total hospital admissions. 
Abbreviations: CPAP, continuous positive airway pressure; NIV, non-invasive ventilation; IMV, invasive mechanical ventilation; ED, emergency department.
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patient underwent ECMO due to hypoxemia and hyper
capnia incompatible with survival. Forty-six ICU patients 
(69.7%) received percutaneous tracheostomy (time from 
intubation: 9.8 ± 3.5 days). Renal replacement therapy was 
performed in 19 (28.8%) patients, with a mean duration of 
21.7 ± 18.7 days.

Outcome
None of the 904 patients treated at home died during the 
follow-up. For the hospitalized patients the overall 30-day 
mortality was 22.5% (Oxygen: n=88, 21.6%; NIV-only: 
n=9, 19.6%; IMV-after-NIV: n=7, 28.0%; IMV-only: 
n=13, 31.7%; p=0.414, eFigure 1A) and the 60-day mor
tality was 24.2% (Oxygen: n=94, 23.0%; NIV-only: n=9, 
19.6%; IMV-after-NIV: n=8, 32.0%; IMV-only: n=15, 
36.6%; p=0.165, Figure 3A). Mortality among the 112 
patients who received ventilatory support (NIV and/or 

IMV) was 25.9% and 27.7% after 30 and 60 days from 
hospital admission, respectively. No between-group differ
ence either in the 30- (Log rank test: p=0.639, eFigure 1B) 
or in the 60-day (Log rank test: p=0.343, Figure 3A) 
mortality was found by comparing the crude Kaplan– 
Meier curves. Age was a risk factor for death in Groups 
Oxygen and NIV-only, but not for patients undergoing 
IMV. The relationships between some characteristics of 
the study groups and mortality are described in Table 3.

The mean duration of IMV was 26.5 ± 21.1 days for 
the 43 patients who were alive at the end of the follow-up 
(range: 6–70) and 15.3 ± 11.5 days for the 23 non- 
survivors (range: 2–51). Among the 43 who survived, 14 
patients (32.6%) underwent IMV for more than four weeks 
(Figure 2C). Two patients (one belonging to the IMV-after 
-NIV group and one to the IMV-only group) were still on 
IMV at the end of the follow-up period, with an IMV 

Table 2 Characteristics of Patients Receiving Either Invasive or Non-Invasive Mechanical Ventilation

Variables NIV-Only IMV-After-NIV IMV-Only p-value

n; Mean ± SD n; Mean ± SD n; Mean ± SD

Charlson comorbidity index 44; 2.5 ± 1.6 23; 2.3 ± 1.1 40; 2.6 ± 2.3 0.778

SpO2 on H admission 42; 91.8 ± 4.7 25; 87.4 ± 8.0 40; 89.6 ± 6.2 0.019
Brixia score before NIV 43; 12.2 ± 2.6 22; 10.9 ± 3.7 0.115

Brixia score before IMV 23; 13.8 ± 2.8 39; 13.8 ± 2.5 0.986

H-admission to NIV (days) 46; 2.2 ± 2.6 25; 2.1 ± 2.8 0.884
P/F before NIV 46; 113.4 ± 46.2 25; 92.1 ± 23.8 0.013

Length of NIV (days) 46; 3.9 ± 2.0 25; 3.6 ± 2.6 0.546

H-admission to IMV (days) 25; 7.0 ± 6.0 41; 3.8 ± 5.5 0.027
P/F before IMV 24; 113.8 ± 41.5 36; 112.5 ± 50.4 0.919

SAPS II on ICU admission 23; 41.6 ± 12.8 40; 50.8 ± 19.5 0.028

SOFA score on ICU admission 23; 6.9 ± 4.0 40; 9.0 ± 3.6 0.033
Length of IMV (days) 25; 19.5 ± 15.2 41; 24.5 ± 20.9 0.307

IMV to tracheostomy (days) 17; 9.9 ± 4.1 29; 9.8 ± 3.1 0.909

Length of stay in ICU (days) 24; 19.7 ± 14.9 40; 26.0 ± 22.2 0.176

Abbreviations: SD, standard deviation; NIV, non-invasive ventilation; IMV, invasive mechanical ventilation; H, hospital; SpO2, peripheral oxygen saturation; P/F, PaO2/FiO2 

ratio; SOFA, sequential organ failure assessment; SAPS, simplified acute physiology score; ICU, intensive care unit.

Figure 2 (A) Duration of continuous non-invasive ventilation (NIV) for patients who received at least one trial of NIV (n=71). (B) Interval between hospital admission and 
the onset of invasive mechanical ventilation (IMV) for patients admitted to the intensive care unit (n=66). (C) Length of IMV in patients who survived or died at the 60-day 
follow-up.
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duration of 70 and 63 days, respectively. Interestingly, 
among the patients treated with IMV after NIV, the survi
vors showed on the average a lower number of days of 
NIV than the non-survivors, both for 30-day (non- 
survivors: 5.0 ± 2.8 days; survivors: 3.0 ± 2.3 days; 
p=0.078) and 60-day mortality (non-survivors: 5.0 ± 2.6 
days; survivors: 2.9 ± 2.3 days; p=0.051). However, the 
difference did not reach statistical significance.

Compared with the Oxygen group, the multivariate 
Cox regression analysis showed both 30-day and 60-day 
mortality risks progressively increasing in the other 
groups, demonstrating statistical significant in the IMV- 
after-NIV group (30 days: HR 2.798; 95% CI 1.091– 
7.180; p=0.032; 60 days: HR 2.776; 95% CI 1.144– 
6.734; p=0.024) and the IMV-only group (30 days: HR 
2.791; 95% CI 1.404–5.551; p=0.003; 60 days: HR 
2.966; 95% CI 1.557–5.652; p=0.001), but not for the 
NIV-only group (30 days: HR 2.008, 95% CI 0.896– 
4.551; p=0.095; 60 days: HR 1.778; 95% CI 0.794– 
3.980; p=0.162) (eFigure 1B and Figure 3B). Among 
the explored covariates, only older age (30 days: HR 
1.099, 955 CI 1.074–1.124, p < 0.001; 60 days: HR 
1.097, 95% CI 1.073–1.120; p < 0.001) and male sex 
(30 days: HR 1.680, 1.105–2.555, p=0.015; 60 days: HR 
1.597, 95% CI 1.072–2.379, p=0.021) showed statisti
cally significant association with mortality. As expected, 
the sensitivity analysis showed a higher risk for 10-day 
mortality in the only-NIV group, but not in the patients 
receiving IMV compared to the patients treated with 

oxygen. Similar results to the main analysis were 
obtained for the 11- to 60-day mortality (e-Figure 2).

Discussion
Mortality According to Breathing Support
The present study showed how an integrated multidisci
plinary clinical organization was able to optimize the 
allocation of the available resources among 520 hospita
lized COVID-19 patients. The overall 30- and 60-day 
mortality were 22.5% and 24.2%, respectively. 
Approximately 21% of the patients were mechanically 
ventilated, with a mortality ranging from 19.6% in the 
patients treated with NIV-only to 36.6% in the patients 
undergoing IMV without an NIV trial. To our knowledge, 
this is the first study reporting 60-day mortality in a cohort 
of hospitalized patients diagnosed with COVID-19 overall 
and according to all adopted ventilatory strategies. 
A Chinese multicentric study enrolling 258 ICU patients 
reported an overall 60-day mortality of 64.3%, with 19 
patients deceased within 48h after ICU admission.19 

Among 165 mechanically ventilated patients, the 60-day 
mortality was 83%, 56%, and 94% for those treated with 
IMV, with NIV, and receiving both treatments, respec
tively. The median P/F ratio in the Chinese population 
was 91 (IQR 67–134) with a SOFA score of 6 (IQR 
5–7). It should be noted that, in our study, we documented 
results for patients treated with NIV and/or IMV despite 
a similar P/F ratio (median 98.0; IQR 84.0–124.5) and 
a higher SOFA score (median 8; IQR 6–10), with 

Figure 3 Crude (A) and adjusted (B) Kaplan–Meier curves for the risk of 60-day mortality in patients belonging to the study groups according to the provided respiratory 
support.
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a considerably lower 60-day mortality rate overall and in 
individual groups.

A study from six COVID-19 ICUs from the US 
enrolled 217 patients, 165 of whom (76.0%) received 
IMV, with a median IMV length of 9 days (IQR 4–13).4 

Among the IMV subjects, ICU mortality was 33.9%, with
out any difference in IMV days between the deceased and 
the survivors. At the end of the follow-up (median obser
vation time 15 [IQR: 9–24] days), hospital mortality was 
35.7% (59/165), with eight patients still on IMV in the 
ICU. However, no information was provided either about 
the adopted respiratory support or the outcome for the 
patients not undergoing IMV. Although the mortality 
reported by Auld et al is similar to the mortality reported 
in our study in the IMV-only group, they reported a much 
shorter follow-up (maximum follow-up of 60 days), with 
4.8% of the patients still at the ICU. Therefore, the 60-day 
mortality among those patients is likely to be higher than 
the reported hospital mortality. Recently, a nationwide 
study in Germany that included more than 10,000 hospi
talized COVID-19 patients was published. Interestingly, 
although the Germany healthcare system has not been 
overwhelmed by the pandemic, the reported in-hospital 
mortality was markedly higher among patients treated 
with NIV (45% in patients with successful NIV, 50% in 
patients with failed NIV) and IMV (53% in patients trea
ted with IMV). Meanwhile, it was lower in patients with
out mechanical ventilation (16%).3

Two other studies that considered ICU patients reported 
on all of the adopted breathing support strategies. An Italian 
multicentric study enrolling a cohort of 3,355 critically ill 
patients (median follow-up: 69 days; ventilatory support: 
IMV 87%, NIV 10%, CPAP/oxygen 2.3%) reported 
a mortality rate at the censoring (median observation time 
70 [range, 38–112] days) of 17%, 36%, and 52% among 
patients treated with oxygen, NIV, and IMV, respectively.8 

Accordingly, NIV and IMV were associated with an 
increased risk of death compared with patients treated only 
with oxygen (HR 2.36, 95% CI 1.33–4.17 and HR 3.77, 
95% CI 2.19–6.51, respectively). Moreover, a study based 
on the RISC-19-ICU registry reported an ICU mortality of 
9.5% (8/84), 25.0% (3/12), and 31.4% (86/274) among 
patients undergoing oxygen therapy, NIV, and IMV, 
respectively.9 Again, the mortalities reported in previous 
studies are likely to have underestimated the 60-day mortal
ity. However, the mortality reported in the NIV and IMV 
groups in our study is lower than the mortality in the Italian 
study and similar to the mortality from the RISC-19-ICU Ta
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registry. It should be noted that in all of the above-cited 
studies, the reported mortality for patients treated with stan
dard oxygen and NIV was clearly conditioned by the 
reduced size of these subgroups, which is related to the 
study setting that is limited to the ICU.

Compared with the previously reported literature, the 
mortality reported in our study is generally lower. The 
centralized multidisciplinary approach adopted at Rimini 
Hospital may partially explain the difference with the exist
ing literature. The sensitivity analysis and the differences 
between the crude and the adjusted HRs reported in the 
Supplementary Materials may help with the interpretation 
of the study findings. Interestingly, in the present investiga
tion, mortality was higher in the oxygen and NIV-only 
groups in the first 10 days compared to the other two groups. 
This is partially explained by the survival bias among the 
mechanically ventilated patients, especially among the 
patients who were intubated after failing an NIV trial. 
Indeed, although the HRs for the 10-day mortality risk did 
not reach statistical significance, mortality risk was lower for 
patients intubated after a failed NIV trial only in the first 10 
days of follow-up and not in the 11- to 60-day mortality. On 
the other hand, the fact that the oldest patients and those with 
severe coexisting diseases treated only with oxygen recorded 
a higher early mortality was clearly described by the differ
ences between the crude HRs and the HRs adjusted only for 
age. This finding, together with the information of a mean 
IMV length of almost 20 days, may support the idea that 
those patients would not have survived to the IMV anyway 
and, therefore, endorse the decisions taken by the multi
disciplinary team. Moreover, our results suggest that initial 
management of severe hypoxemia by oxygen or NIV might 
be a valuable alternative to immediate IMV in the event of 
limited available resources.

Thoughts on the Shared Decision-Making 
Process
The decision about the best breathing support to be pro
vided to COVID-19 patients is anything but simple. 
Although often severely hypoxic, they tend to present 
less severe dyspnea than expected, probably because 
many patients, at least in the early stages of the disease, 
have normal pulmonary compliance and exert limited 
inspiratory efforts. In patients whose lung compliance 
tends to progressively decrease, the inspiratory effort 
increases and vigorous inspiratory effort can contribute 
to lung injury (Patient Self-Inflicted Lung Injury– 

P-SILI).20 This feature has been posited to increase mor
bidity and mortality. Therefore, early mechanical ventila
tory support has been advocated for COVID-19-associated 
respiratory distress.21 Unfortunately, the criteria to intu
bate COVID-19 patients are controversial, and the deci
sion may locally reflect the available resources.22

Older age and the comorbidity burden have been lar
gely reported as the two main conditions associated with 
increased mortality risk,4,8,23 so prioritization of younger 
patients has been advised in case of shortage of 
resources.24 Notably, in the present investigation, although 
the non-survivors were older than the survivors in each of 
the four groups and each calendar year was associated with 
a 10% increased risk for mortality, the age difference was 
smaller and not statistically significant among survivors 
and non-survivors undergoing IMV. Moreover, the median 
age of patients submitted to IMV in our study (69 years) 
was slightly higher than that reported by other authors (59 
to 64 years),2,4,8 suggesting that the adopted criteria at our 
institution were less restrictive in terms of age. 
Furthermore, once a patient was considered as potentially 
salvageable upon ICU admission and IMV, the length of 
IMV was not a criterion for treatment withdrawal. We 
strongly think that this ethically crucial decision could be 
widely considered.

Another interesting finding of our study was that 
a similar P/F ratio was found among patients treated with 
NIV-only or with IMV, either preceded by an NIV trial or 
not. Therefore, we speculated that a low P/F ratio should 
not be the only criterion to decide which patient would 
benefit from IMV. It should be noted that among the 
patients intubated after an NIV trial or receiving immedi
ate IMV, the latter group had a higher SOFA score and 
SAPS (Table 2). These findings highlight the fundamental 
role played by our organizational strategy, which ensured 
a tailored treatment for each patient by taking into account 
the level of care that would better benefit her/him, and the 
daily re-discussion of each decision in light of new clinical 
reasons or changes in the resource availability. For exam
ple, during the very early phase of the outbreak, not all 
patients with appropriate indications were treated with 
NIV due to the scarcity of helmets. The subsequent 
increase in their availability allowed more targeted choices 
in the following days. Due to the scarcity of resources, 
especially in the initial phase of the emergency, for some 
patients, endotracheal intubation may have been postponed 
depending on their prognosis. Indeed, although without 
reaching statistical significance, our findings suggested 
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that patients intubated after a longer NIV trial were less 
likely to survive compared to patients with a shorter NIV 
trial. On the other hand, many patients treated with NIV 
survived without undergoing IMV despite a low P/F ratio 
upon hospital admission.

The adopted strategy contributed in the creation of 
a more collaborative way to approach difficult decisions, 
thereby supporting healthcare professionals, especially the 
younger ones, in making such ethically and emotionally 
demanding decisions.22

Strength and Limitations
The main strength of the study consisted in having 
described the impact of the SARS-CoV-2 epidemic in an 
entire province. Since all patients with moderate to severe 
COVID-19 were managed at the same hospital, a shared 
and homogeneous standard of care was guaranteed. 
Moreover, in addition to the often-reported 30-day out
come, a further follow-up was established at 60 days, 
taking into account all respiratory supports and without 
patient loss. As many COVID-19 patients require pro
longed IMV, a short follow-up time is a major limitation 
for the majority of reports published thus far.

Limitations are mainly related to the historical obser
vational study design. Indeed, patient assignment to 
different ventilatory strategies was not at random but 
based on different conditions, such as the severity of 
the disease, pre-existing patient conditions, and avail
able resources. As a consequence, the main study find
ings are not intended to explore causal relation between 
different ventilatory strategies and mortality, but rather, 
aims to provide an overview of how the adopted multi
disciplinary centralized strategy affected patients’ out
comes in comparison with the existing literature. 
Moreover, the lack of information in the group of 
patients treated only with oxygen in terms of comorbid
ity, Brixia score, lung exchanges (such as P/F ratio and 
oxygen saturation), and other scores assessing patient 
severity prevented us from providing a mortality risk 
adjusted based on those conditions. Furthermore, pre
vious information would have provided relevant knowl
edge for a more accurate interpretation of our findings. 
Finally, the number of patients requiring invasive 
mechanical ventilatory support was smaller compared 
to that in other studies.2,3,10 Consequently, the general
izability of our findings should be considered with 
caution.

Conclusion
The COVID-19 outbreak has strongly challenged the health
care systems of many countries. A multidisciplinary panel in 
charge of the decision of the individualized breathing approach 
to adopt for hospitalized COVID-19 patients maybe be 
a valuable option to maximize 60-day survival, dealing with 
the imbalance between the available resources and the clinical 
needs. Our findings highlight the need for high-quality follow- 
up data that could support decision-making for the appropriate 
ventilatory support strategy for COVID-19 patients.
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