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ABSTRACT

Introduction: The profiles of patients with
COVID-19 have been widely studied, but little is
known about differences in  baseline
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characteristics and in outcomes between sub-
jects with a ceiling of care assigned at hospital
admission and subjects without a ceiling of
care. The aim of this study is to compare, by
ceiling of care, clinical features and outcomes of
hospitalized subjects during four waves of
COVID-19 in a metropolitan area in Catalonia.
Methods: Observational study conducted dur-
ing the first (March-April 2020), second (Octo-
ber-November 2020), third (January-February
2021), and fourth wave (July-August 2021) of
COVID-19 in five centers of Catalonia. All sub-
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jects were adults (> 18 years old) hospitalized
with a proven SARS-CoV-2 infection and with
therapeutic ceiling of care assessed by the
attending physician at hospital admission.
Results: A total of 5813 subjects were analyzed.
Subjects with a ceiling of care were mainly older
(difference in median age of 20 years), with
more comorbidities (Charlson index 3 points
higher) and with fewer clinical signs at baseline
than patients without a ceiling of care. Some
features of their clinical profiles changed among
waves. There were differences in treatments
received during hospital admission across
waves, but not between subjects with and
without a ceiling of care. Subjects with a ceiling
of care had a death incidence more than four
times the death incidence of subjects a without
a ceiling of care (risk ratio (RR) ranging from 3.5
in the first wave to almost 6 in the third and
fourth). Incidence of severe pneumonia and
complications for subjects with a ceiling of care
was around 1.5 times the incidence in subjects
without a ceiling of care.

Discussion: Analysis of hospitalized subjects
with SARS-CoV-2 infection should be stratified
according to therapeutic ceiling of care to avoid
bias and outcome misestimation.

Keywords: Therapeutic ceiling of care; COVID-
19; Cohort studies; Real-world data
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Profiles of patients with COVID-19 have
been widely studied, but little is known
about differences in baseline
characteristics and in outcomes between
subjects with a ceiling of care assigned at
hospital admission and subjects without a
ceiling of care.

The aim of this study was to describe
clinical characteristics and outcomes of
patients with COVID-19 and to study the
impact of their ceiling of care across
waves.

Subjects with a ceiling of care were mainly
older, with more comorbidities at baseline
and some features of their clinical profiles
change among waves. Subject with a
ceiling of care in all waves had poorer
outcomes than subjects without a ceiling
of care.

As a result of differences at baseline and in
outcomes between subjects with and
without a ceiling of care, analysis should
be stratified according to therapeutic
ceiling of care to avoid bias.

INTRODUCTION

Since the first confirmed case in Wuhan, China,
in December 2019, COVID-19 rapidly spread
throughout Europe, with the first outbreak in
Italy in February 2020. Spain, like Italy, was one
of the European countries worst hit by the
COVID-19 pandemic in March 2020. Both pre-
sented the highest rates of excess mortality in
western Europe [1-3].

The first imported case in Catalonia, Spain,
was detected on February 25, 2020. More than
120,000 outpatient cases of COVID-19 were
diagnosed in the so-called first wave from
March to April 2020 [4]. The first wave of the
pandemic in Catalonia had a severe impact on
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elderly people, and a national lockdown was
required to avoid the collapse of the health
system. From this point, seven successive waves
of COVID-19 cases have been registered, and
more than two and a half million cases have
been detected [5].

Ceiling of care decisions concerning the life-
prolonging treatments that a subject may
receive are common practice when treating
subjects with a critical prognosis. There is no
full consensus on the criteria for the decision
but in general decisions are based on clinical,
ethical, and legal aspects [6]. In several COVID-
19 peaks, as a result of the excess demand for
critical care beds and the availability of clinical
resources, decisions on potentially life-pro-
longing treatments had to be adapted to an
emergency situation. Prioritization had to be
done at hospital admission, or during hospital-
ization if a subject’s health status evolution
demanded a more aggressive intervention such
as admission to a critical care unit. Decisions
were mainly based on each subject’s age, asso-
ciated comorbidities, and the expected clinical
benefit in relation to the availability of available
resources [7]. Despite the importance of ceiling
of care in allocating resources, the number of
studies on COVID-19 with information about a
ceiling of care is very limited.

We conducted an observational multicenter
study in five hospitals, located in the south
metropolitan area of Barcelona (Catalonia,
Spain), to characterize all admitted subjects
with COVID-19 in those hospitals during four
waves from March 2020 to August 2021. The
aim of this study was to describe each subject’s
clinical profile and incidence of severe pneu-
monia, use of mechanical ventilation, clinical
complications during hospitalization, and in-
hospital death and to compare them by ceiling
of care.

METHODS

Study Design and Participants

The south metropolitan area of Barcelona [8] is
a health administrative area with 1.2 million
inhabitants in Catalonia (Spain). The coverage

includes a mix of urban and rural areas, with a
population of low and middle income. There
are five centers located in this area, namely
Hospital Universitari de Bellvitge, Consorci
Sanitari Integral (Hospital Moisés Broggi,
Hospital General de I'Hospitalet), Hospital de
Viladecans, Hospital de Sant Boi de Llobregat,
Consorci Sanitari de I’Alt Penedes i Garraf
(Hospital Residencia Sant Camil, Hospital Sant
Antoni Abat, and Hospital Comarcal de I'Alt
Penedeés).

The MetroSud cohort is a prospective cohort
of consecutive adult subjects (older than
18 years old) admitted to any of the five afore-
mentioned centers. All subjects had a proven
SARS-CoV-2 infection (with a positive PCR test
or antigen test). The first wave included hospi-
talized subjects between March 1 and April 15,
2020; the second wave, from October1 to
November 31, 2020; the third, from January 1
to February 28, 2021; and the fourth, from
July 1 to August 31, 2021. As a result of the
burden of care, not all five centers included
subjects in all waves (Table S1 in the supple-
mentary material).

The study was approved by the ethics com-
mittee of all participating institutions in accor-
dance with Spanish legislation and was
performed in accordance with the Helsinki
Declaration of 1964. The need for patient
informed consent was waived by each ethics
comimittee.

Study Variables

An electronic case report form in REDCap, a
secure web-based software platform designed to
build and manage online databases [9, 10], was
designed ad hoc in March 2020 to collect study
data. Demographic data (age, sex, race),
comorbidities (obesity, smoking habit, Charl-
son score index [11], and other relevant findings
on medical history), previous medications,
clinical symptoms, epidemiologic profile (diag-
nostic date, acquisition, close contact, health
worker, and recent travel abroad), vital signs
(body temperature, FiO,, O, saturation, blood
pressure, pulse, and respiratory rate), laboratory
results (D dimer, C-reactive protein, lactate
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dehydrogenase, leukocytes, and others), and
respiratory auscultation (wheezing, rhoncus)
were collected at baseline. Pneumonia severity
index (PSI) and MuLBSTA score (score for viral
pneumonia mortality) [12] (which predicts the
90-day mortality risk in subjects with wviral
pneumonia) were computed at admission.

During the successive COVID-19 waves, the
daily clinical practice included the evaluation of
the subjects’ ceiling of care, which was recorded
in the subjects’ chart. Subjects’ ceiling of care
was thus assessed by their attending physician
at hospital admission. Therapeutic ceiling was
defined as the maximum therapeutic effort to
be offered to a subject on the basis of their age,
their associated comorbidities, and the expected
clinical benefit in relation to the availability of
available resources. Criteria varied according to
the burden of care and all decisions were based
on the criteria of the attending physician and
the availability of resources (intensive care unit
(ICU) beds, number of non-invasive ventilators
and high-flow nasal oxygen therapy devices).
Those subjects assigned to no ceiling of care
would have access to ICU and to receiving
invasive mechanical ventilation (IMV). Other-
wise, subjects assigned to ceiling of care will
have limited access to ICU and if they require
any respiratory support it will be a non-re-
breather mask or a high-flow nasal cannula.

Treatments received during hospital stay
(antiviral, antibiotic, statins, angiotensin-con-
verting enzyme (ACE) inhibitors, angiotensin II
receptor antagonists (ARAII), and corticos-
teroids), laboratory results, and medical man-
agement during ICU admission (type of
ventilation, development of severe pneumonia)
were also collected.

The evolution of COVID-19 knowledge and
strategies over time resulted in changes in the
variables collected in the electronic case report
form (eCRF). For example, information about
exposures or recent travels was deprecated
rapidly after the first wave, as were treatments
like hydroxychloroquine. We included infor-
mation about the vaccination status of subjects
in the third and fourth waves. Moreover, as a
result of the burden of care, some data like
laboratory results or vital signs during admis-
sion days were difficult to collect and finally

discarded from the analysis because of an excess
of missing data.

Clinical Outcomes

Cumulative incidence of intrahospital mortality
was defined as the percentage of subjects who
died during admission. Cumulative incidence of
severe pneumonia was defined as the percent-
age of subjects who required a sustained (longer
than 24 h) supply of oxygen therapy greater
than FiO, of 35% to maintain oxygen satura-
tion above 95% at baseline or during hospital
admission. Cumulative incidence of mechani-
cal ventilation use was defined as the percent-
age of subjects who needed intubation during
hospital admission. Main complications recor-
ded during admission were cardiac events (heart
failure, acute coronary event), respiratory com-
plications (acute respiratory failure, venous
thromboembolism, pneumonia), renal impair-
ment, mental state alteration, and nosocomial
infection. Cumulative incidences were defined
as the percentage of subjects who presented
each complication during hospital admission.

Statistical Methods

To define cohort characteristics, categorical
variables were presented as the number of cases
and percentages, while continuous variables
were presented as the mean and standard devi-
ation (SD) or median and interquartile range
(IQR). To compare comorbidity prevalence in
the four waves and by ceiling of care, radial
charts were plotted. Log-binomial models (for
death, severe pneumonia, and complications)
were constructed to compare outcome inci-
dence between ceiling of care levels in the three
waves. Risk ratios (RR) and 95% confidence
intervals were reported and represented on a
forest plot. No formal sample size was com-
puted and all consecutive subjects were inclu-
ded in the cohort. All analyses were performed
with a two-sided significance level of 0.05 and
conducted with the use of R software version
4.1.0 [13].
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Fig. 1 Flowchart of included subjects
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Table 1 continued

No ceiling of care

Total

Ceiling of care

Total

= 690

N

= 605

N

= 611

N

2076

N

= 3982

N

=163

N

=163

N

N = 1330 N =175

1831

N

5.00 5.00 6.00 6.00 6.00 2.00 2.00 2.00 3.00 1.00

Charlson index

[0.00; 3.00]

[4.00;7.00]  [5.00; 8.00]  [5.00;7.00]  [5.00;7.00]  [1.00;3.00]  [1.00;3.00]  [1.00;400]  [1.00; 4.00]

[4.00; 7.00]

Data are presented as median [Q1; Q3] or N (%)

BMT body mass index

RESULTS

Flowchart

A total of 6653 subjects were included in the
MetroSud cohort. Subjects who were admitted
to hospital within less than 24 h (N =499),
subjects who died within the first 24 h (N = 17),
subjects who had incomplete data in a pool of
essential variables (age, sex, Charlson score,
ceiling of care, and circumstances at discharge)
(N =274), or subjects admitted firstly in one
hospital but transferred to another and treated
in the latter (N = 48) were excluded from the
analysis. All subjects were followed up until in-
hospital death or hospital discharge (Fig. 1).

Subject Baseline Characteristics by Ceiling
of Care

Table 1 describes the demographic and clinical
characteristics of included subjects by wave and
stratified by ceiling of care. The percentage of
subjects who were assigned a ceiling of care at
hospital admission decreased across time from
39% in the first wave to percentages between
22.3% and 19.1%.

Figure 2 shows the distribution of sex and
age according to ceiling of care in the four
waves. The difference in median age between
subjects with and without a ceiling of care was
of 20years in all waves except in the fourth
(36 years difference). In relation to age, when
stratifying by waves, there were no differences
across the first three waves. However, subjects
without a ceiling of care from the fourth wave
were markedly younger than in the other three
waves. The percentage of women was lower in
subjects without a ceiling of care in all waves.
Almost no subjects without a ceiling of care
lived in a long-term facility whereas the per-
centage of subjects with a ceiling of care who
lived in a long-term facility ranged from 17.8%
in the first wave to 9.2% in the fourth. The most
common race was Caucasian but with less pre-
dominance in subjects without a ceiling of care.

The most common comorbidities in all
waves included hypertension, diabetes, obesity,
and chronic obstructive pulmonary
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. Ceiling of care . Without ceiling of care
1st wave 2nd wave
100
75
50
2
@
g’ 3rd wave 4th wave

100

75

50

2
005 0.00 0.05 005 0.00 0.05

Density

Fig. 2 Histogram of age, by sex and ceiling of care for all waves

disease (COPD). Charlson index was 3 points
lower in subjects without a ceiling of care.
Radial charts in Fig. 3 show the prevalence of
most common comorbidities for subjects with
and without a ceiling of care in the four waves.
Subjects with a ceiling of care had similar
prevalence of the most common comorbidities
across waves whereas subjects without a ceiling
of care from the fourth wave had markedly
fewer comorbidities than subjects without a
ceiling of care from the other waves. In all
waves, previous treatments (statins, corticos-
teroids, ACE inhibitors, ARA II, corticosteroids,
and anticoagulants) were more common in
subjects with a ceiling of care (Table S2 in the
supplementary material).

Vaccination in Catalonia started in Decem-
ber 2020 in older and vulnerable people and in

healthcare staff. Only 3.1% of subjects with a
ceiling of care and only five subjects without a
ceiling of care were vaccinated in the third
wave. In the fourth wave, almost 85% of sub-
jects with a ceiling of care and 35.2% of subjects
without a ceiling of care had been vaccinated.

Table 2 describes the vital signs and severity
scores at admission. Higher values of SatO, and
FiO, were found in the fourth wave and were
lower in the first one regardless of ceiling of
care. Heart rate was higher in subjects without a
ceiling of care in all waves.

Regarding severity scores, subjects with a
ceiling of care had PSI scores from 30 (first
wave) to 50 (fourth wave) points higher than
subjects without a ceiling of care. Subjects with
a ceiling of care had a higher MuLBSTA score
than subjects without a ceiling of care. Once
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1st Wave
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0
0

=
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5
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3rd wave
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enal insufficiency
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Dementia
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2nd wave
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DM Renal insufficiency
0
S

COPD Dementia

Hipertension
without ceiling ceiling

Heart failure

4th wave

Ictus
100
0
DM l insufficiency
0

COPD Dementia

Hipertension
--- without ceiling —®— ceiling

Heart failure

Fig. 3 Comorbidity comparison between waves and according to ceiling of care

stratified by ceiling of care, there were no dif-
ferences in the MuLBSTA mortality score
through waves.

Table S3 (supplementary material) shows
clinical signs reported for subjects at hospital
admission. All clinical signs were more frequent
in subjects without a ceiling of care. The more
reported were fever and cough (both higher in
the first wave for both subjects with and with-
out a ceiling of care) and shortness of breath
(similar in the first wave for subjects with and

without a ceiling of care and markedly lower
than in the other waves).

Treatments Administered by Ceiling
of Care

Treatments received during hospital admission
varied between waves (Table S4 in the supple-
mentary material) reflecting changes in scien-
tific evidence. Treatments with unproven
efficacy used during the first wave (98%
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o hydroxychloroquine, 54.3% lopinavir/riton-
?S Y avir, 49.6% azithromycin) were deprecated in
h | = the following waves. On the other hand, an
- 2 \13 increase in the use of remdesivir (from no use in
. the first wave to around 50-80% in the other
0 § three) and corticosteroids (lower than 45% in
o — the first wave and higher than 85% in the other
T N . .
-2 2 three) was observed. No differences in treat-
ments administered by ceiling of care were
| « found. Antibiotics were also used more fre-
S| < quently in the first wave (more than 84% of
R subjects for subjects with and without a ceiling)
Nz | s than in the other waves. The decreased in the
. percentage of subjects using antibiotics was
§ § higher in subjects without a ceiling of care.
o ‘B‘ = Tocilizumab was used in all waves, but more
dlaz| 2 commonly for subjects without a ceiling of care
5 and subjects from the fourth wave.
£l g|e
@ - Qf = Outcomes by Ceiling of Care
s[5 ] 3
ZlE= e Table 3 presents the main outcome incidences
* . for each wave stratified by ceiling of care. In the
= A first three waves, around 4 out of 10 subjects
| 8<e with a ceiling of care died in hospital whereas
Nl only 1 out of 10 subjects without a ceiling of
Q R care did. Percentages are lower for both groups
— Q in the fourth wave. Overall, subjects with a
mé g < ceiling of care had a death incidence of more
than four times the death incidence of subjects
n = without a ceiling of care (RR ranging from 3.5
': - 9 times more risk in the first wave to almost 6 in
N ~ the third and fourth ones) (Fig. 4).
Severe pneumonia was less frequent in the
Nl & first wave for both subjects with and without a
|l o ceiling of care. In the second, third, and fourth
L = = wave, more than 40% of subjects developed or
g = = = presented severe pneumonia (regardless of ceil-
a.; w | = 3 ing of care) at hospital admission. In all waves,
& _‘g 8 é\ subjects with a ceiling of care had a higher
3 g I \;_@ incidence of severe pneumonia than subjects
Ol==Z | & g 5 without a ceiling of care (RR ranging from 1.2 to
oy 1.4).
2 - % Regarding invasive mechanical ventilation,
E 2z in subjects with no ceiling of care there were no
g g 5 differences in the percentage of subjects with
© [f g«g invasive mechanical ventilation across waves
; a = é (percentage ranging from 13% in the first to
E § § > 10% in the fourth).
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RR [95% CI]

Exitus

1st wave Fu 3.5[3.1-4.1]

2nd wave f—m—] 3.9[2.9-5.3]

3rd wave —=— 5.9 [4.3-8.2]

4th wave —=—o 5.8 [3.9-8.6]
Pneumonia

1st wave s 1.3[1.2-14]

2nd wave fu| 1.4[1.2-1.6]

3rd wave ] 1.4[1.2-1.7]

4th wave ] 1.2 [1-1.4]
Complications

1st wave =l 1.2[1.1-1.3]

2nd wave ] 1.6[1.3-1.9]

3rd wave ! 1.5[1.2-1.8]

4th wave ‘ =i | | | 1.5[1.2-1.8]

050 10 20 40 80

Fig. 4 Forest plot of risk ratios for death, severe
pneumonia, and complications for subjects with a ceiling
of care versus no ceiling of care in each wave

Incidence of complications in subjects with a
ceiling of care was around 1.5 times the inci-
dence of complications in subjects without a
ceiling of care (lower in the first wave, RR = 1.2).
In subjects without a ceiling of care, the per-
centage of complications was lower in the
fourth wave. Subjects with a ceiling of care in
the second and third waves had more compli-
cations than subjects with a ceiling of care in
the first and fourth waves.

Regarding the type of complications, no rel-
evant differences were found in the incidence of
cardiac complications between subjects with
and without a ceiling of care in the first wave
while in the other waves, subjects with a ceiling
of care had around three times more cardiac
complications than subjects without a ceiling of
care. On the contrary, respiratory complications
were more likely to occur in subjects without a
ceiling of care in all waves. Incidence of renal
impairment in subjects with a ceiling of care
was twice the incidence in subjects without a
therapeutic ceiling in all waves. Subjects with-
out a ceiling of care had almost no mental state
alterations. For subjects with a ceiling of care,
mental state alteration was less common in the
fourth wave.

DISCUSSION

To our knowledge, this is the first large cohort
study with information on multiple waves that
describes the baseline characteristics and out-
comes of subjects according to ceiling of care
assigned at hospital admission. Comparison of
in-hospital 30-day mortality incidence in sub-
jects with and without a ceiling of care showed
that estimation may be biased if ceiling of care
is not considered. Same circumstances apply to
severe pneumonia, use of mechanical ventila-
tion, and clinical complications. The impact
differs depending on the wave studied.

Regarding subjects’ characteristics, subjects
with no ceiling of care were younger, had fewer
comorbidities, and had fewer previous treat-
ments at hospital admission than subjects who
were assigned a ceiling of care in all waves. The
most common comorbidities in all waves
included hypertension, diabetes, and COPD (all
more common in the second and third waves),
in line with findings in the Catalonia National
Survey of Health in 2020 [14]. Regarding treat-
ments administered during hospital admission,
treatments with no proven efficacy [15] were
abandoned after the first wave. On the other
hand, following scientific evidence [16, 17], the
use of remdesivir and corticosteroids increased
in the other three waves. In this study, subjects
with a ceiling of care more frequently received
antibiotic treatment during all waves than sub-
jects without a ceiling of care. Antibiotics use
decreased throughout waves according to
World Health Organization guidelines [18]. As
previously authors have shown [19], the preva-
lence of bacterial infection in COVID-19 is
approximately 8.6%; however, more than 60%
of subjects received antibiotics. Furthermore,
international guidelines recommend the
involvement of antimicrobial stewardship pro-
grams in antibiotic decisions in palliative care
subjects [20].

Similarly to our findings, another European
study [21] also found that subjects assigned a
ceiling of care below full intensive treatment
were of advanced age and had more previous
comorbidities than subjects without a ceiling of
care. Supporting our results, it also found that
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although subjects without a ceiling of care pre-
sented worse symptoms at hospital admission,
outcomes were more favorable for them than
for subjects with a ceiling of care. Our study
adds that the observed differences between
those subjects with and without a ceiling effect
remained throughout the analyzed waves.

A systematic review of 33 studies from the
first wave [22] showed an overall 17.1% mor-
tality rate (95% CI 12.7; 22.7) for patients with
COVID-19 admitted to hospital. But when only
looking into studies with non-critically ill sub-
jects, the overall mortality rate decreased to
11.5% (95% CI 7.7; 16.9), consistent with our
mortality incidences in subjects without a ceil-
ing of care. In the same way, overall mortality in
studies with only critically ill subjects was
40.5% (95% CI 31.2; 50.6), again very similar to
our figures for the four waves in subjects with a
ceiling of care. However, critically ill subjects
from these studies are subjects admitted to ICU
and our subjects without a ceiling of care were
potential candidates for ICU. Studies with non-
critically ill subjects that reported higher mor-
tality incidences analyzed a mix of subjects with
and without a ceiling of care [23] or included
only subjects who had severe pneumonia
[24, 25]. Another study [26] based on subjects
admitted with COVID-19 in eight university
hospitals in Catalonia between February 2020
and February 2021 presented mortality inci-
dences among waves from 8.3% to 16.6%. This
study did not stratify by ceiling of care, so these
figures lay between the higher incidence we
observed in mortality rates in subjects with a
ceiling of care and the lower incidence rates in
subjects without a ceiling of care.

A living systematic review by the COVID-
PRECISE (Precise Risk Estimation to optimize
covid-19 Care for Infected or Suspected patients
in diverse sEttings) group analyzed more than
200 COVID-19 prediction models [27] on diag-
nostic, mortality, progression to severe disease,
intensive care unit admission, ventilation,
intubation, or length of hospital stay. Of the
analyzed models, 107 were prognostic models.
The authors concluded that the proposed
models were poorly reported, at high risk of
bias, with probably an optimistic reported per-
formance, and they do not recommend any of

the reviewed models for use in current practice.
Importantly, the most frequently identified bias
was the inclusion or exclusion criteria of par-
ticipants, in part related to mixing participants
with and without a ceiling of care and not
accounting for it. This reinforces our idea that
analyzing all together subjects with and with-
out a ceiling of care may overestimate the
incidence of mortality and other outcomes for
subjects without a ceiling of care. This applies
especially for waves in which the indication of
ceiling of care was conditioned by the demand
on critical care beds and the availability of
clinical resources.

The number of subjects with a ceiling of care
decreased through waves and its profile chan-
ged across them. Our hypothesis is that this
could be related to the change in the available
resources to allocate subjects, knowledge on
COVID-19 through time, vaccination impact,
and differences between virus strains. During
the outbreak, each attending physician made
decisions based on clinical characteristics and
the expected clinical benefit considering the
availability of available resources. Under a sce-
nario without harmonized guidelines, decisions
may appear arbitrary or resemble medical prac-
tice variation [28]. The Spanish Society of
Intensive Care suggested [29] performing triage
at hospital admission to give priority to subjects
with a greater life expectancy for all diseases.
Nevertheless, guidelines have not been vali-
dated in COVID-19 [30], but some recommen-
dations have been made to reach a fair
allocation of resources [31].

This study has some limitations. To the
extent that we assumed that the missing data
were random, we restricted the analysis to sub-
jects with complete data on a group of variables
that we identified as essential. Selection bias was
unavoidable since the cohort contains only
patients with COVID-19 that were able to be
hospitalized. Subjects who did suffer COVID-19
but were not admitted to a hospital because of
the excess of assistance demand in each wave
might bias some results. Moreover, this is a
study with data from a metropolitan area of
Catalonia (Spain). Thus, the generalizability of
our findings may be limited as a result of
sociodemographic differences between
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countries and hospital resources available [32].
In addition, ceiling of care does not have a
consensus definition and depends on the
attending physician. On the other hand, the
strengths of this study are the large number of
subjects included from different hospitals and
from four different waves and the availability of
information about the ceiling of care.

In summary, here we report the clinical
characteristics and outcomes of a large cohort of
subjects with SARS-2-CoV infection consecu-
tively admitted to five hospitals in a
metropolitan area in Spain during four waves of
the pandemic according to ceiling of care
assigned by clinicians at hospital admission.
Our findings provide information about the
evolution of characteristics and outcomes of
COVID-19 and show the importance of analyz-
ing separately subjects with and without a ceil-
ing of care so as not to overestimate the
incidence of mortality and other outcomes
related to COVID-19. Further research should
consider ceiling of care information to correctly
report outcomes and characteristics of patients
with COVID-19.

CONCLUSIONS

Subjects with a ceiling of care in all waves had
poorer outcomes than subjects without a ceiling
of care. Analysis should be stratified according
to therapeutic ceiling of care to avoid overesti-
mation of incidence of outcomes in subjects
without a ceiling of care.
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