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Background: In patients with pneumonia or acute respiratory distress syndrome who survived hospitaliza-
tion, one-year mortality can affect up to one third of discharged patients. Therefore, significant long-term
mortality after COVID-19 respiratory failure could be expected. The primary outcome of the present study
was one-year all-cause mortality in hospitalized COVID-19 patients.
Methods: Observational study of COVID-19 patients hospitalized at Papa Giovanni XXIII Hospital (Bergamo,
Italy), during the first pandemic wave.
Results: A total of 1326 COVID-19 patients were hospitalized. Overall one-year mortality was 33.6% (N 446/
1326), with the majority of deaths occurring during hospitalization (N=412, 92.4%). Thirty-four patients
amongst the 914 discharged (3.7%) subsequentely died within one year. A third of these patients died for
advanced cancer, while death without a cause other than COVID-19 was uncommon (8.8% of the overall
post-discharge mortality). In-hospital late mortality (i.e. after 28 days of admission) interested a population
with a lower age, and fewer comorbidities, more frequentely admitted in ICU. Independent predictors of
post-discharge mortality were age over 65 years (HR 3.19; 95% CI 1.28-7.96, p-value=0.013), presence of
chronic obstructive pulmonary disease (COPD) (HR 2.52; 95% CI 1.09-5.83, p-value=0.031) or proxy of cardio-
vascular disease (HR 4.93; 95% CI 1.45-16.75, p-value=0.010), and presence of active cancer (HR 3.64; 95% CI
1.50-8.84, p-value=0.004), but not pneumonia severity.
Conclusions: One-year post-discharge mortality depends on underlying patients’ comorbidities rather than
COVID-19 pneumonia severity per se. Awareness among physicians of predictors of post-discharge mortality
might be helpful in structuring a follow-up program for discharged patients.
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TaggedPPatients with community-acquired pneumonia (CAP) are at
higher risk of long-term morbidity and mortality compared with the
general population who have never had CAP [1,2]. Indeed, when con-
sidering hospital survivors of CAP, studies have reported 1-year mor-
tality rates of 17 to 33.6% [3,4]. Furthermore, in the more severe
forms of acute respiratory failure (i.e., Acute Respiratory Distress Syn-
drome - ARDS), studies on long-term outcomes found a one-year
mortality ranging between 11% and 22%, with significant residual
muscle wasting and weakness in those who survived [5,6]. TaggedEnd

TaggedPNowadays, two years from the beginning of the Coronavirus dis-
ease 2019 (COVID-19) pandemic, it has been widely described that
in-hospital mortality due to COVID-19 can be relevant, interesting up
to one third of critically ill hospitalized patients [7,8]. It is also well
known that ARDS is a frequent complication of COVID-19, affecting
approximately one-third of the hospitalized population [9]. Increas-
ing age, male gender, and various chronic comorbidities, especially
cardiometabolic ones, were identified as major risk factors for the
more severe forms of illness [10,11]. TaggedEnd

TaggedPGiven these premises, it would seem reasonable to expect a signif-
icant long-term mortality after COVID-19 respiratory failure and hos-
pitalization; however little is known about post-discharge mortality
and scientific evidence is still limited [12].TaggedEnd

TaggedPThe aims of the present study were to evaluate the overall one-
year mortality of patients initially admitted for COVID-19 and to
assess the features of those who died within the first year since index
hospitalization. TaggedEnd
Fig. 1. Flow-chart about overall 1-year mortality divided into in-hospital and post-dis-
charge deaths. TaggedEnd
TaggedH12. Material and methods TaggedEnd

TaggedH22.1. Study design and participants TaggedEnd

TaggedPThis was a retrospective monocentric observational study,
approved by the local Ethics Committee (Comitato Etico di Bergamo,
Italy. N°37/2020). Verbal consent was obtained when feasible,
according to local protocol. Written consent was not collected during
the first Italian pandemic peak to avoid paper contamination, in
accordance with hospital dispositions at that time. We included all
consecutive adult patients with laboratory confirmed SARS-CoV-2
infection, hospitalized at Papa Giovanni XXIII Hospital (Bergamo,
Italy) and its affiliate Hospital, San Giovanni Bianco, between Febru-
ary 23rd and April 7th, 2020. Patients already hospitalized for other
conditions, who became positive during hospitalization, were not
considered in the study. Data were derived from electronic medical
records. For discharged or transferred patients, survival status, as
well as the date of death, was obtained from the Regional Healthcare
Informatic System (SISS, Lombardy Region, Italy), at least one year
after index hospital admission. The cause of death after discharge
was evaluated by a multidisciplinary team (FDM, FLL, MS), who con-
sidered all the available medical information (e.g., information
regarding new admissions to our hospital, reports of outpatient visits,
information from general practitioners, etc.). Covid-19 sequelae are
referred to consequences related to severe forms of respiratory fail-
ure (e.g. tracheostomy with multiple complications, deconditioning
and critical illness polyneuropathy with severe overall deterioration).
Presence of respiratory failure at admission was assessed by SpO2

evaluation in room air (i.e., SpO2 < 90%) or by an arterial blood gas
analysis (i.e., PaO2 < 60 mmHg). In accordance with regional disposi-
tions, patients were considered suitable for discharge at home if apy-
retic for at least 48 h, with SpO2 > 92% in room air for at least 48 h,
hemodynamically stable and self-sufficient in daily activities. Those
who did not meet the criteria, if clinically stable, were referred to
health care facilities with a lower intensity of care and considered
discharged. TaggedEnd
2

TaggedH22.2. Outcomes TaggedEnd

TaggedPThe primary outcome was one-year all-cause mortality, occurring
either during hospital stay, or after discharge. Secondary outcomes
were focused on (1) in-hospital mortality, evaluating early and late
mortality (i.e., death within or after 28 days, respectively); (2) post-
discharge mortality, comparing those who survived versus the
deceased (Fig. 1).TaggedEnd
TaggedH22.3. Statistical analysis TaggedEnd

TaggedPWe summarized COVID-19 patient characteristics at baseline
using descriptive statistics. Continuous variables were expressed as
medians and interquartile ranges (IQRs) and categorical ones as fre-
quencies and percentages. Study population characteristics were
stratified for overall one-year death, in-hospital death (within or after
28 days) and post-discharge death. Differences between groups were
tested using the Mann-Whitney test for continuous variables and the
chi-square test (or Fisher’s exact test when appropriate) for categori-
cal variables. TaggedEnd

TaggedPThe survival after discharge was estimated using the Kaplan Meier
method. We calculated time to death as the time, expressed in
months, between discharge and the death date and we censored the
time for survivors at the last date of follow-up. Since forty-six alive
patients had no information on discharge date, their follow-up period
was estimated as the median time of follow-up of alive patients. Post-
discharge survival was also estimated in strata of age, chronic
obstructive pulmonary disease (COPD), proxy of cardiovascular dis-
ease (i.e., at least one of the following conditions or medications: cor-
onary artery disease, atrial fibrillation, diabetes, use of angiotensin-
converting-enzyme inhibitors, angiotensin receptor blockers, loop
diuretics, mineralocorticoid receptor antagonists, beta-blockers, oral
anticoagulants, antiplatelets), and cancer. TaggedEnd

TaggedPThe effect of potential predictors on post-discharge mortality was
estimated by Cox proportional hazards models and expressed as haz-
ard ratios (HRs) and corresponding 95% confidence intervals (CIs).
The multivariable model included terms for demographic character-
istics and covariates that resulted significantly different between
patients who die and those who did not in the univariate analysis at a
p-value level of 0.05, or covariates clinically relevant. Thus, the Cox
model included terms for age, sex, COPD, proxy of cardiovascular dis-
eases, cancer and pneumonia severity during hospitalization (i.e.,
having at least one of the following conditions: at least one continu-
ous positive airway pressure (CPAP) intervention during hospitaliza-
tion, at least one non-invasive ventilation (NIV) intervention during
hospitalization, PaO2/FIO2 ratio <200). TaggedEndTaggedEnd TaggedFigure
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TaggedPFor all tested hypotheses, two-sided p-values of 0.05 or less were
considered significant. Statistical analysis was performed using
STATA Software, release 16.1 (StataCorp LP, College Station TX, USA)
and was carried out at the biostatistical laboratory of the Foundation
for Research (FROM) at Papa Giovanni XXIII Hospital in Bergamo. TaggedEnd
TaggedH13. Results TaggedEnd

TaggedPA total of 1326 COVID-19 patients were hospitalized at Papa Gio-
vanni XXIII Hospital and its affiliate Hospital, San Giovanni Bianco
(Bergamo, Italy), with laboratory confirmed SARS-CoV-2 infection,
between February 23rd and April 7th, 2020. Overall one-year mortal-
ity was 33.6% (N 446/1326): 412 deaths occurred in-hospital (92.4%
of the overall one-year mortality, N 412/446), while 34 patients died
after discharge (7.6% of the overall one-year mortality, N 34/446,
Fig. 2). When considering in-hospital mortality, 31 patients have died
after 28 days (7.5% of the overall in-hospital mortality, N 31/412). TaggedEnd

TaggedH23.1. General features of study population and overall one-year mortality TaggedEnd

TaggedPDemographic and clinical characteristics of 1326 COVID-19
patients are shown in Table 1. Patients were mainly male (over 70%),
with a median age of 68 years [58−76 years] and generally over-
weight (median BMI of 26.5 Kg/m2 [24.5−29.7 Kg/m2]). About 25%
were current or former smokers. Univariate analysis described an
higher mortality in the elderly, but no differences in terms of gender,
BMI or smoking habits. In our sample, chronic comorbidities were
frequent, as indicated by a median Charlson Comorbidity Index of 3
[2−5], especially cardiometabolic conditions were represented.In
particular, systemic hypertension, diabetes and coronary artery dis-
ease resulted highly prevalent. Overall one-year mortality was signif-
icantly higher in the presence of almost all comorbidities. TaggedEnd

TaggedPInformation about respiratory failure severity, heart and respira-
tory rate, gas exchange and ventilatory support are shown in Table 2.
During the first 24 h since hospital admission, 83% (N = 1101) of the
patients required oxygen or ventilatory support. Continuous positive
airway pressure (CPAP) or noninvasive mechanical ventilation (NIV)
were needed in almost a third of the cases, while only 16 patients
underwent endotracheal intubation (ETI) during the first 24 h. Of
note, during the overall hospitalization, the cumulative number of
patients who required CPAP or NIV was higher, representing the
46.6% of the cohort and ICU admission was needed in 14.5% of the
patients. Median PaO2/FIO2 ratio at admission resulted 194 [108
−271]. Overall one-year mortality was greater in those with a more
severe respiratory impairment at presentation, as indicated by aTaggedEnd TaggedFigure
Fig. 2. Kaplan-Meier survival curve of post-discharge mortality. 34 (3.7%) patients sub-
sequently died after discharge within 1 year (N = 914). TaggedEnd
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TaggedEndTaggedPhigher respiratory rate, a lower PaO2/FIO2 ratio, a bilateral chest X-
ray involvement and a more intense level of treatment (i.e., use of
CPAP, NIV or ETI). Supplemental information about medication his-
tory, symptoms at onset, intervals between significant events, and
laboratory test can be found in Appendix Tables A.1 and A.2. TaggedEnd

TaggedH23.2. In-hospital mortality TaggedEnd

TaggedPIn-hospital late mortality (i.e., after 28 days) consists of 31 cases
(7.5% of overall in-hospital mortality, and 2.3% of the overall popula-
tion), while 381 patients have died within the 28th day (92.5% of
overall in-hospital mortality, and 28.7% of the overall population).
Comparison of several characteristics between patients who died
during hospitalization, before and after 28-day, is provided in Tables
1 and 2. As indicated in bold, in-hospital late mortality interested a
population with a lower age, and fewer comorbidities (69 vs 75 years
and Charlson Comorbidity Index 3 vs 4, p-value<0.001 and p-
value=0.002, respectively). They more frequentely underwent ETI,
needed ICU admission and eventually extracorporeal membrane oxy-
genation (ECMO) (54.8% vs 17.8%, 58.1% vs 15.0% and 9.7% vs 0%,
respectively, all p-values<0.001). Patients with late in-hospital mor-
tality, had also a longer interval between hospitalization and ICU
referral, compared to those who died within the 28th day (6 vs
2 days, p-value=0.021; Appendix Table 1). Univariate analysis did not
show significant differences in terms of gender, BMI, smoking history,
and specific comorbidities. Previous medication history, symptoms at
onset, laboratory test evaluation and arterial blood gas (ABG) at
admission are reported in Appendix Tables 1, and 2.TaggedEnd

TaggedH23.3. Post-discharge mortality TaggedEnd

TaggedPThirty-four patients amongst the 914 discharged (3.7%), subse-
quentely died within 1 year since index hospital admission (Fig. 2).
Individuals who died after discharge were more frequentely female
(47.1% vs 30.0%, p-value=0.034), and older (median age around 78 vs.
63, p-value<0.001, Table 1). When considering comorbidities, extra-
hospital deceased population more commonly had active cancer and
were affected by chronic cardiovascular and respiratory comorbid-
ities. Furthermore, these patients had a remarkable medication his-
tory, with use of angiotensin receptor blockers, diuretics,
anticoagulant or antiplatelets therapies and proton pump inhibitor
therapy (PPI) (Appendix Table 1). Patients who died, less frequentely
had severe pneumonia (i.e., at least one CPAP or NIV intervention
during hospitalization or PaO2/FIO2 ratio <200 at admission). In gen-
eral, they required lower FIO2 (36 vs 50, p-value=0.022), had better
gas exchange parameters and fewer chest X-ray abnormalities (PaO2/
FIO2 ratio 259 vs 214, p-value=0.018 and bilateral infiltrates 58.8% vs
76.7%, p-value=0.038), and less frequently needed a CPAP support
during hospitalization (11.8 vs 32.0%, p-value=0.013). Blood test anal-
ysis are reported in Appendix Table 2.TaggedEnd

TaggedPThe post-discharge causes of death are reported in Fig. 3. A third
of the patients died because of direct consequences of advanced can-
cer (32%), representing the most common scenario. In addition, car-
diovascular events, neurological decline and bacterial infectious
complications accounted for nearly forty percent of the cases. In a
minority of the patients a specific fatal event was identifiable (i.e., hip
fracture and hepatic insufficiency), while in five cases information
about death were unavailable. Finally, death in the absence of causes
other than COVID-19 was unconventional, representing an event that
occurred in three patients (8.8%). TaggedEnd

TaggedPMultivariate analysis of selected variables was conducted to iden-
tify predictors of mortality after discharge (Table 3, Fig. 4). Indepen-
dent association was observed with age over 65 years (HR 3.18; 95%
CI 1.28-7.95, p-value=0.013), presence of COPD (HR 2.59; 95% CI 1.12
−6.00, p-value =0.027) or proxy of cardiovascular disease (HR 4.98;
95% CI 1.47-16.91, p-value=0.010), and presence of active cancer (HR



TaggedEnd Table 1
Anamnestic characteristics of patients and overall mortality, in hospital and post-discharge mortality.

All patients
(N = 1326)

Overall mortality In-hospital death Post-discharge death

Alive (N = 880) Dead (N = 446) No (N = 914) Yes, whithin 28 days
(N = 381)

Yes, after 28 days
(N = 31)

No (N = 880) Yes (N = 34)

Male gender, N (%) 948 (71.5) 616 (70.0) 332 (74.4) 634 (69.4) 292 (76.6) 22 (71.0) 616 (70.0) 18 (52.9)
Age, median [IQR] 68 (58-76) 63 (54-73) 75 (69-81) 63 (54-73) 75 (70-81) 69 (58-75) 63 (54-73) 77.5 (71-82)
≤59, N (%) 388 (29.3) 351 (39.9) 37 (8.3) 352 (38.5) 28 (7.3) 8 (25.8) 351 (39.9) 1 (2.9)
60-69, N (%) 331 (25.0) 249 (28.3) 82 (18.4) 256 (28.0) 67 (17.6) 8 (25.8) 249 (28.3) 7 (20.6)
70-79, N (%) 383 (28.9) 201 (22.8) 182 (40.8) 213 (23.3) 158 (41.5) 12 (38.7) 201 (22.8) 12 (35.3)
≥80, N (%) 224 (16.9) 79 (9.0) 145 (32.5) 93 (10.2) 128 (33.6) 3 (9.7) 79 (9.0) 14 (41.2)
BMI, median [IQR] 26.5[24.5-29.7] 26.5[24.4-29.4] 26.7[24.6-30.2] 26.4[24.4-29.4] 26.8[24.5-30.1] 27.3[24.6-31.8] 26.5[24.4-29.4] 25.4[23.1-30.6]
<30, N (%) 715 (76.0) 536 (76.9) 179 (73.4) 553 (76.8) 150 (73.9) 12 (66.7) 536 (76.9) 17 (73.9)
≥30, N (%) 226 (24.0) 161 (23.1) 65 (26.6) 167 (23.2) 53 (26.1) 6 (33.3) 161 (23.1) 6 (26.1)
Obesity, N (%) 232 (24.3) 162 (23.0) 70 (27.9) 168 (23.1) 58 (27.6) 6 (33.3) 162 (23.0) 6 (26.1)
Smoking history, N

(%)
Current smoker 47 (4.0) 35 (4.3) 12 (3.3) 36 (4.3) 11 (3.6) 0 (0.0) 35 (4.3) 1 (3.2)
Former smoker 248 (21.2) 165 (20.5) 83 (22.7) 172 (20.5) 72 (23.5) 4 (14.3) 165 (20.5) 7 (22.6)
Never smoker 877 (74.8) 606 (75.2) 271 (74.0) 629 (75.1) 224 (73.0) 24 (85.7) 606 (75.2) 23 (74.2)
Comorbidity, N (%)
Hypertension 683 (52.1) 393 (44.8) 290 (67.0) 411 (45.1) 254 (69.0) 18 (58.1) 393 (44.8) 18 (52.9)
Diabetes mellitus 251 (19.2) 135 (15.4) 116 (26.8) 141 (15.5) 105 (28.5) 5 (16.1) 135 (15.4) 6 (17.6)
Chronic kidney

failure
99 (7.6) 49 (5.6) 50 (11.6) 53 (5.8) 42 (11.5) 4 (12.9) 49 (5.6) 4 (11.8)

COPD 82 (6.3) 44 (5.0) 38 (8.8) 51 (5.6) 30 (8.2) 1 (3.2) 44 (5.0) 7 (20.6)
Active solid cancer 47 (3.6) 23 (2.6) 24 (5.6) 26 (2.9) 20 (5.5) 1 (3.2) 23 (2.6) 3 (8.8)
Active hematologi-

cal
Malignancy

48 (3.7) 23 (2.6) 25 (5.8) 26 (2.9) 19 (5.2) 3 (9.7) 23 (2.6) 3 (8.8)

Cancer history 92 (7.0) 44 (5.0) 48 (11.1) 50 (5.5) 38 (10.4) 4 (12.9) 44 (5.0) 6 (17.6)
Cerebrovascular

disease
69 (5.3) 40 (4.6) 29 (6.7) 43 (4.7) 25 (6.8) 1 (3.2) 40 (4.6) 3 (8.8)

Previous myocardial
Infarction

117 (9.0) 53 (6.1) 64 (14.9) 58 (6.4) 56 (15.3) 3 (9.7) 53 (6.1) 5 (14.7)

Coronary artery
disease

137 (10.7) 64 (7.5) 73 (17.3) 70 (7.8) 61 (17.1) 6 (19.4) 64 (7.5) 6 (17.6)

Atrial fibrillation 122 (9.5) 63 (7.3) 59 (13.9) 76 (8.5) 43 (12.0) 3 (9.7) 63 (7.3) 13 (38.2)
Chronic heart failure 55 (4.2) 26 (3.0) 29 (6.7) 31 (3.4) 24 (6.6) 0 (0.0) 26 (3.0) 5 (14.7)
Vasculopathy 111 (8.5) 54 (6.2) 57 (13.2) 56 (6.1) 52 (14.2) 3 (9.7) 54 (6.2) 2 (5.9)
Rheumatic

pathology
68 (5.2) 41 (4.7) 27 (6.3) 45 (5.0) 20 (5.5) 3 (9.7) 41 (4.7) 4 (12.1)

Peptic ulcer 16 (1.2) 12 (1.4) 4 (0.9) 14 (1.5) 2 (0.5) 0 (0.0) 12 (1.4) 2 (5.9)
Immunodepression 71 (5.4) 38 (4.3) 33 (7.7) 41 (4.5) 25 (6.8) 5 (16.1) 38 (4.3) 3 (8.8)
Cirrhosis 20 (1.5) 7 (0.8) 13 (3.0) 9 (1.0) 10 (2.7) 1 (3.2) 7 (0.8) 2 (5.9)
CCI score, median

[IQR]
3 [2−5] 2 [1-4] 4 [3−6] 3 [1−4] 4 [3−6] 3 [2−4] 2 [1−4] 4 [4−6]

CCI=0, N (%) 127 (9.8) 121 (14.0) 6 (1.4) 122 (13.6) 3 (0.8) 2 (6.5) 121 (14.0) 1 (3.0)
CCI=1-2, N (%) 368 (28.4) 323 (37.4) 45 (10.4) 325 (36.3) 36 (9.8) 7 (22.6) 323 (37.4) 2 (6.1)
CCI=3+, N (%) 799 (61.7) 419 (48.6) 380 (88.2) 449 (50.1) 328 (89.4) 22 (71.0) 419 (48.6) 30 (90.9)

Age in years, Body mass index (BMI) was calculated if weight and height data were available, Obesity refers to medical history records, Chronic obstructive pulmonary disease
(COPD), Cancer history refers to a previously treated disease, currently in follow-up, Charlson Comorbidity Index (CCI). In bold statistically significant differences at a 0.05 or less
p-value level. For in-hospital analysis, differences were tested between deaths within and after 28 days. Interquartile range in square brackets [IRQ].
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TaggedEndTaggedP3.64; 95% CI 1.50-8.84, p-value=0.004). Conversely, gender and sever-
ity of respiratory disease during hospitalization did not result associ-
ated with post-discharge mortality. TaggedEnd

TaggedH14. Discussion TaggedEnd

TaggedPOur study provides information on long-term mortality in COVID-
19 patients who required hospitalization, specifically focusing on
post-discharge mortality. Results can be summarized as follows: (1)
overall one-year mortality is significant, accounting for 33.6% of the
study population; (2) patients who died in-hospital after 28 days, are
typically younger and less comorbid subjects, who received a pro-
longed and more intense level of care; (3) One-year post-discharge
mortality is 3.7%; (4) a third of these patients dies because of direct
consequences of advanced cancer, while death in the absence of
cause other than COVID-19 is rare; (5) independent predictors of
post-discharge mortality are age over 65 years, presence of COPD or
4

TaggedEndTaggedPproxy of cardiovascular disease, and presence of active cancer, but
not pneumonia severity during hospitalization. TaggedEnd

TaggedPConsiderations about the population evaluated are needed. We
investigated consecutively hospitalized patients in one of the hardest
hit hospital during the most intense peak of the Italian COVID-19 out-
break [13,14]. As demonstrated by the severity of respiratory com-
promise upon admission (i.e., median PaO2/FIO2 ratio below 200) and
during hospitalization (nearly 60% of study population need CPAP,
NIV or ETI), our cohort is characterized by a greater severity than
those described in early report from China [15], and more similar to
other population in the UK or in the USA [16,17]. Therefore, data
should be interpreted in the light of this background. TaggedEnd

TaggedPIn-hospital overall mortality was 31.1%. This finding is consistent
with other large studies describing an in-hospital mortality between
20.5% and 53.4% during the first pandemic wave [7,16−18]. Death
usually occurred within few weeks since hospitalization (i.e., <28
days), except for a subgroup of younger and less comorbid patients



TaggedEnd Table 2
Clinical and radiological characteristics of patients and overall mortality, in hospital and post-discharge mortality.

All patients
(N = 1326)

Overall mortality In-hospital death Post-discharge death

Alive (N = 880) Dead (N = 446) No (N = 914) Yes, whithin 28 days
(N = 381)

Yes, after 28 days
(N=31)

No (N = 880) Yes (N = 34)

In the first 24h
Oxygen and ventila-

tory support, N
(%)

None 94 (7.9) 75 (9.4) 19 (4.8) 79 (9.5) 14 (4.2) 1 (3.7) 75 (9.4) 4 (13.3)
Nasal cannula 314 (26.3) 266 (33.2) 48 (12.2) 281 (33.8) 28 (8.3) 5 (18.5) 266 (33.2) 15 (50.0)
Venturi mask/

Reservoir
415 (34.7) 279 (34.8) 136 (34.6) 287 (34.5) 121 (36.0) 7 (25.9) 279 (34.8) 8 (26.7)

CPAP/NIV 356 (29.8) 173 (21.6) 183 (46.6) 175 (21.0) 170 (50.6) 11 (40.7) 173 (21.6) 2 (6.7)
ETI 16 (1.3) 9 (1.1) 7 (1.8) 10 (1.2) 3 (0.9) 3 (11.1) 9 (1.1) 1 (3.3)
FIO2, median [IQR] 60 [35-70] 50 [33-70] 70 [60-70] 50 [33-70] 70 [60-70] 70 [60-70] 50 [33-70] 36 [30-50]
HR bpm [IQR] 85 [75-95] 85 [76-95] 82 [73-94] 85 [76-95] 82 [73-94] 85 [75-89] 85 [76-95] 80 [72-90]
RR acts/min [IQR] 24 [19-28] 23 [18-28] 25 [20-30] 22 [18-28] 25.5 [20-30] 20 [18-28.5] 23 [18-28] 19 [15.5-27]
SBP mmHg [IQR] 127 [115-140] 126 [113-140] 128 [115-140] 126 [113-140] 130 [115-142] 122 [113-145] 126 [113-140] 123 [115-136]
DBP mmHg [IQR] 73 [65-80] 74 [67-80] 70 [60-80] 74 [66-80] 72 [62-80] 69 [53-78] 74 [67-80] 70 [56-78]
ABG at presentation,

median [IQR]
pH 7.5 [7.5-7.5] 7.5 [7.5-7.5] 7.5 [7.4-7.5] 7.5 [7.5-7.5] 7.5 [7.4-7.5] 7.5 [7.5-7.5] 7.5 [7.5-7.5] 7.5 [7.4-7.5]
PaO2, mmHg 64 [54.9-81.5] 65 [56-81] 62 [52-84] 65 [56-83] 61 [51.5-79] 67 [51-81.5] 65 [56-81] 86 [60-102]
PaCO2, mmHg 32 [29-35] 32 [29-35] 31.6 [29-35] 32 [29-35] 31.7 [28.2-35] 30.1 [29-33] 32 [29-35] 32 [30-35]
HCO3

�, mmol/L 24 [22-26] 24 [22-26] 23 [21-25] 24 [22-26] 23 [21-25] 21 [20-25] 24 [22-26] 21 [18-24]
Lac, mmol/L 1.4 [1.1-1.8] 1.3 [1.0-1.6] 1.5 [1.2-2.1] 1.3 [1.0-1.7] 1.6 [1.2-2.2] 1.2 [0.9-1.6] 1.3 [1.0-1.6] 1.6 [1.3-2.0]
FIO2 0.4 [0.2-0.7] 0.3 [0.2-0.7] 0.6 [0.2-0.7] 0.3 [0.2-0.7] 0.6 [0.3-0.7] 0.6 [0.3-0.7] 0.3 [0.2-0.7] 0.3 [0.2-0.5]
PaO2/FIO2 ratio 194 [108-271] 214 [124-282] 151 [89-238] 217 [126-286] 137 [87-224] 150 [96-210] 214 [124-282] 259 [207-333]
SatO2 92 [89-95] 92 [90-95] 91 [86-94.5] 92 [90-95] 91 [86-94] 94 [90-95] 92 [90-95] 93 [89-100]
Chest X-ray abnor-

malities, N (%)
Bilateral 1017 (78.7) 665 (76.7) 352 (82.6) 685 (76.0) 304 (84.2) 28 (90.3) 665 (76.7) 20 (58.8)
Monolateral 159 (12.3) 120 (13.8) 39 (9.2) 127 (14.1) 29 (8.0) 3 (9.7) 120 (13.8) 7 (20.6)
Absent 117 (9.0) 82 (9.5) 35 (8.2) 89 (9.9) 28 (7.8) 0 (0.0) 82 (9.5) 7 (20.6)
During hospitaliza-

tion(need of/
admission to)

CPAP 513 (38.7) 282 (32.0) 231 (51.8) 286 (31.3) 212 (55.6) 15 (48.4) 282 (32.0) 4 (11.8)
NIV 105 (7.9) 60 (6.8) 45 (10.1) 61 (6.7) 39 (10.2) 5 (16.1) 60 (6.8) 1 (2.9)
ETI 202 (15.2) 115 (13.1) 87 (19.5) 117 (12.8) 68 (17.8) 17 (54.8) 115 (13.1) 2 (5.9)
ECMO 8 (0.6) 5 (0.6) 3 (0.7) 5 (0.5) 0 (0.0) 3 (9.7) 5 (0.6) 0 (0.0)
Semi-ICU 89 (6.7) 62 (7.0) 27 (6.1) 62 (6.8) 23 (6.0) 4 (12.9) 62 (7.0) 0 (0.0)
ICU 192 (14.5) 116 (13.2) 76 (17.0) 117 (12.8) 57 (15.0) 18 (58.1) 116 (13.2) 1 (2.9)

Severe Pneumonia* 696 (52.5) 407 (46.3) 289 (64.8) 415 (45.4) 261 (68.5) 20 (64.5) 407 (46.3) 8 (23.5)

Continuous positive airway pressure (CPAP), Noninvasive ventilation (NIV), Fraction of inspired oxygen (FIO2), Heart rate (HR), Respiratory rate (RR), Systolic and diastolic
blood pressure (SBP and DBP), Arterial blood gases (ABG), Arterial pressure of Oxygen (PaO2), Arterial pressure of carbon dioxide (PaCO2), lactate (Lac), Arterial oxygen satura-
tion (SaO2), Endotracheal tube (ETI), Extracorporeal membrane oxygenation (ECMO), High dependency od semi-intensive care unit (Semi-ICU), Intensive care unit (ICU).
*Pneumonia severity indicates at least one of the following conditions: at least one CPAP intervention during hospitalization, at least one NIV intervention during hospitaliza-
tion, PaO2/FIO2 ratio <200. In bold statistically significant differences at a 0.05 or less p-value level. For in-hospital analysis, differences were tested between deaths within
and after 28 days. Interquartile range in square brackets [IRQ].
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TaggedEndTaggedP(7.5% of in-hospital deaths). This minority of patients received a
higher and prolonged intensity of care, which has probably influ-
enced a longer hospital stay before death. It is less clear why these
subjects had a longer interval between hospitalization and ICU refer-
ral. Probably, because of having a greater functional reserve, a non-
invasive management was attempted for longer. Interestingly, in a
previous research we described a comparable mortality irrespectively
of time intervals between hospitalization and ETI or between CPAP/
NIV initiation and ETI [13].TaggedEnd

TaggedPWe found a one-year post-discharge mortality of 3.7%. Similarly, a
recent systematic review and meta-analysis by Ramzi, specifically
focused on hospital readmission and post-discharge all-cause mortal-
ity in COVID-19, describes an overall one-year mortality of 7.5%, fall-
ing to 4.0% when considering only low bias studies, comparable to
that observed in our series [12]. As already anticipated, literature on
long-term mortality after hospitalization for ARDS provides consider-
ably worse outcomes. Herridge et al., conducted a multicentre longi-
tudinal study on ARDS survivors, describing a one-year mortality of
11%. Of note, three quarter of post-discharge deaths were related to
5

TaggedEndTaggedPpre-existing medical problems [5]. Interestingly, other longitudinal
studies on ARDS survivors, identify older age and pre-ICU comorbid-
ities as independent predictors of mortality, rather than severity of
illness or ICU factors [6,19]. It must be considered that the aforemen-
tioned cohorts consisted of ICU patients, who were younger than our
study population. Guillon et al., in a cross-sectional retrospective
study reported a significant increase in 6-month mortality in COVID-
19 invasive ventilated patients ≥80-year-old patients admitted to
ICU as compared with the younger age [20]. Noteworthy is the results
of a multicentre prospective analysis of 3210 COVID-19 patients who
completed 1-year follow-up after having required ICU admission. In
this study, Ceccato et al. found that 1-year mortality was 35% and
only 1% of patients discharged died within the first year of follow-up
[21]. This work does not mention other details relating to the age or
comorbidities of the patients. When evaluating literature on long-
term outcomes in CAP survivors, one-year mortality is higher than in
COVID-19 pneumonia, ranging between 17% and 33.6% [3,4]. The
aforementioned work by Ceccato et al. agrees that long-term mortal-
ity is lower when compared with other causes of pneumonia [21].
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Fig. 3. Causes of post-discharge mortality evaluated by multidisciplinary team (N = 34).TaggedEnd
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TaggedEndTaggedPSimilarly, predictors of post-discharge mortality in CAP survivors are
the pre-existing comorbidities, especially malignancy, COPD and
presence of cardiovascular disease, while the role of age is not always
described as a risk factor [1−3].TaggedEnd

TaggedPOur study suggests that COVID-19 mortality could be high during
the acute phase, but the long-term impact is lower than that
TaggedEnd Table 3
Hazard ratios https://www.clinicalkey.com/tbl3fna(HRs) and corre-
sponding 95% confidence intervals (CIs) for post-discharge mortality
according to selected characteristics. Multivariate analysis.

HR (95% CI) p-value

Age
≤65 years 1 (ref) 0.013
>65 years 3.18 (1.28-7.95)
Sex
Women 1 (ref) 0.088
Men 0.56 (0.28-1.09)
COPD
No 1 (ref) 0.027
Yes 2.59 (1.12-6.00)
Proxy of cardiovascular diseasea

No 1 (ref) 0.010
Yes 4.98 (1.47-16.91)
Cancerb

No 1 (ref) 0.004
Yes 3.64 (1.50-8.84)
Severe Pneumoniac

No 1 (ref) 0.075
Yes 0.49 (0.22-1.08)

Chronic obstructive pulmonary disease (COPD).
a At least one of the following conditions or medications: Coronary

artery disease, Atrial fibrillation, diabetes, Angiotensin-converting
enzyme (ACE) inhibitors, Sartans, Loop diuretics, Mineralocorticoid
antagonist (MRAs), Beta-blocker, Oral anticoagulant therapy (OAT)
with direct oral anticoagulants (DOACs), antiplatelets.

b at least one of the following conditions: active hematological or
solid cancer.

c At least one of the following conditions: at least one CPAP inter-
vention during hospitalization, at least one NIV intervention during
hospitalization, and PaO2/FIO2 ratio <200.
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TaggedEndTaggedPdescribed for ARDS and CAP. To investigate differences in pathophysi-
ological mechanisms is beyond the scope of this research, but this
aspect is clearly worthy of further investigations to better define the
role of viral infection on long-term outcomes. Having said that, the
predictors of long-term mortality are similar between COVID-19 and
ARDS or CAP, as well as the absence of association with the severity
of the acute event for ARDS [19,22−24]. The deceased subjects had in
most cases an a priori unfavourable prognosis determined by their
clinical condition [24,25]. We further investigated extra-hospital
deaths in the eleven oncological patients, collecting data about cancer
diagnosis and stage at the time of the last specialistic evaluation
available. We found that nine of them were known for cancer and all
had already been treated with multiple lines of chemo or radiother-
apy, whereas only two of them received a de-novo diagnosis. Malig-
nancies were all in advanced stage although being heterogeneous in
type and site. Of note, only two patients had lung cancer while three
patients had brain cancer, two had haematological malignancies and
the remaining ones had ovarian, gastric, renal and hepatic cancers.
Taking into account the role of active cancer in COVID-19, scientific
literature identifies the oncologic population at a higher risk of death
[26,27]. Thus, in this subgroup of patients, it seems reasonable to con-
sider COVID-19 as a precipitating factor rather than the main cause of
death. TaggedEnd

TaggedPThe reason for a milder respiratory disease in the post-discharge
deceased group remains uncertain. We interpreted this data as a fur-
ther confirmation that mortality depended on the underlying fragil-
ities and comorbidities, while COVID-19 do not represent per se the
cause of death. Two main considerations support this interpretation.
First, the fact of having examined a severely ill population reinforces
the negative association between post-discharge mortality and dis-
ease severity, even if prospective studies are needed to clarify this
aspect. Second, post-discharge actual causes of death were mainly
characterized by oncological, cardiovascular aetiologies or infectious
complications and not by COVID-19. TaggedEnd

TaggedPThis study has a number of limitations. First, because of the retro-
spective design involving patients hospitalized in a single centre dur-
ing a pandemic peak, the accuracy and completeness of the data can
be reasonably questioned. However, the study cohort is relatively

https://www.clinicalkey.com/tbl3fna(HRs
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Fig. 4. Kaplan-Meier survival curves of post-discharge mortality by age (N = 914), COPD (N = 911), proxy of cardiovascular disease (N = 885) and cancer (N = 909). TaggedEnd
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TaggedEndTaggedPlarge, and specifically focused on an emergency setting with severely
ill COVID-19 patients. Second, one-year mortality was assessed by
using the Regional Healthcare Informatic System, which only pro-
vides information about the date of the death. Therefore, the cause of
death after discharge was sought case by case, and it was not always
possible to trace it. Nevertheless, our study is aimed to identifying
predictors of post-discharge mortality and the multivariate analysis
is not affected by the actual cause of death. Third, we did not investi-
gate the readmission rate and did not compare post-discharge mor-
tality of COVID-19 patients with a control group because it was
beyond the scope of this study, however it may be useful in further
characterizing this population. Finally, for those patients who were
transferred in other hospital, we still have reliable mortality data
obtained by investigating the regional system, but no information on
their clinical course, therefore the need for CPAP, NIV, ETI or ECMO
may be underestimated. TaggedEnd
TaggedH15. Conclusions TaggedEnd

TaggedPPost-discharge mortality interests a minority of the hospitalized
COVID-19 patients, and it does not depend on pneumonia severity
that resulted in index hospitalization. Older patients, those with
active malignancy, COPD or cardiovascular comorbidities have a
greater risk of dying within one-year after index hospitalization.
Therefore, awareness among physicians of predictors of post-dis-
charge mortality might be helpful in structuring a follow-up program
for discharged patients, focusing on their comorbidities and not just
on the severity of the index episode. TaggedEnd
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