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ABSTRACT

Objectives: In the present single-centered, retrospective, observational study, we reported findings
from 78 consecutive laboratory-confirmed COVID-19 patients with moderate-to-severe acute respiratory
distress syndrome (ARDS) hospitalized in an intermediate Respiratory Intensive Care Unit, subdividing
the patients into two groups according to their clinical outcome, dead patients and discharged patients.
Methods: We further subdivided patients depending on the noninvasive respiratory support used
during hospitalization.

Results: In those patients who died, we found significant older age and higher multimorbidity and
higher values of serum lactate dehydrogenase, C-reactive protein, and D-dimer. Among patients who
were submitted to bilevel positive airway pressure (BPAP), those who died had a significant shorter
number of days in overall length of stay and lower values of arterial oxygen partial pressure to fractional
inspired oxygen ratio (PaO2/FiO2 ratio) compared to those who survived. No difference in all-cause
mortality was observed between the two different noninvasive respiratory support groups [48% for
continuous positive airway pressure (CPAP) and 52% for BPAP].

Conclusion: In COVID-19 patients with moderate-to-severe ARDS using BPAP in an intermediate level of
hospital care had more factors associated to all-cause mortality (shorter length of stay and lower
baseline PaO2/FiO2 ratio) compared to those who underwent CPAP.
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COVID-19 patients who required ICU hospitalization varied
from 5% to 32% [5]. The availability of ICU beds and the
prevision of intensive care varies among countries and often
ICU overbooking may negatively influence patients’ survival.
Preliminary findings from China and Italy suggest high mor-
tality and stressed ICU capacity of care [6,7]. Although these
studies focused on clinical management with noninvasive
respiratory support of COVID-19 patients in ICU, there is no
evidence coming from an intermediate Respiratory Intensive
Care Unit (RICU) or noninvasive respiratory care unit [8],
a model of care designed for monitoring and treating respira-
tory patients whose illness is at a level of severity that is
intermediate between that which requires ICU facilities and
that which can be managed on a conventional ward. An
intermediate RICU is an area for monitoring and treating
patients with acute or exacerbated respiratory failure caused
by a disease that is primarily respiratory [8]. The essential aim
is adequate and appropriate cardiorespiratory monitoring
and/or treatment of insufficiency by noninvasive ventilation
(NIV). A RICU also provides continuous monitoring of patients

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus causing coronavirus

disease 2019 (COVID-19) pandemic, has a wide clinical
spectrum, encompassing asymptomatic

infection, mild upper respiratory tract illness, and severe
viral pneumonia with respiratory failure [1]. COVID-19 patients
develop acute respiratory distress syndrome (ARDS), require
respiratory support [2], and may require hospitalization in
Intensive Care Unit (ICU). Defined as Type 1 respiratory failure,
there is hypoxia (PaO2 < 8kPa), without hypercapnia (carbon
dioxide retention or PaC0O2) [3], with patients commonly pre-
senting with hypoxia worsening, and additional signs such as
tachypnea, increased use of accessory muscles, tachycardia,
pale and cold peripheries, sweating, confusion, agitation or
reduced level of consciousness and cyanosis [4].

The disease trajectory of COVID-19 is not yet fully under-
stood, which has resulted in a rapidly changing and under-
standing of treatment options. In China, the percentage of

CONTACT Francesco Panza @ f_panza@hotmail.com, geriat.dot@uniba.it @ Healthy Aging Phenotypes Research Unit - ‘Salus in Apulia Study’, National Institute
of Gastroenterology ‘Saverio De Bellis’ Research Hospital, Bari, Italy; Onofrio Resta onofrio.resta@uniba.it Institute of Respiratory Disease, Department of Basic
Medical Science, Neuroscience, and Sense Organs, University of Bari ‘Aldo Moro’, Bari, Italy

© 2020 Informa UK Limited, trading as Taylor & Francis Group


http://orcid.org/0000-0002-7220-0656
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/17476348.2021.1866546&domain=pdf&date_stamp=2020-12-23

2 (&) G.E. CARPAGNANO ET AL.

Article highlights

e Findings from 78 consecutive laboratory-confirmed COVID-19
patients with moderate-to-severe acute respiratory distress syndrome
(ARDS) hospitalized in an intermediate Respiratory Intensive Care
Unit (RICU) were reported subdividing the patients in two groups
according to their clinical outcome, dead patients and discharged
patients. We further subdivided patients depending on the non-
invasive respiratory support used during hospitalization.

e In those patients who died, we found significantly older age and
higher multimorbidity and higher values of serum lactate dehydro-
genase, C-reactive protein, and D-dimer. However, in our study
population, the median values of these laboratory parameters were
not associated to a significant change of all-cause mortality rates
because underpowered. Among patients who were submitted to
bilevel positive airway pressure (BPAP), those who died had
a shorter statistically significant number of days in overall length of
stay as well as lower values of arterial oxygen partial pressure to
fractional inspired oxygen ratio (Pa02/FiO2 ratio) compared to those
who survived. No difference in all-cause mortality was observed
between the two different noninvasive respiratory support groups
[48% for to continuous positive airway pressure (CPAP) and 52% for
BPAP].

¢ In an ltalian intermediate RICU, despite having more factors asso-
ciated to negative outcomes, COVID-19 patients with moderate-to-
severe ARDS who underwent BIPAP had similar all-cause mortality
compared to those who underwent CPAP. We need further evidence
on larger samples to evaluate the correct non-invasive respiratory
modality in COVID-19 patients to reduce short-term all-cause
mortality.

after thoracic surgery or of those undergoing invasive
mechanical ventilation (IMV) through a tracheostomy and
may treat critical patients whose weaning from IMV is difficult
[8]. Recent evidence has shown NIV may have a more signifi-
cant and positive role in COVID-19 patients than initially
thought [4]. NIV may be an appropriate bridging adjunct in
the early part of the disease progress and may prevent the
need for intubation or IMV. Therefore, COVID-19 patients
requiring NIV may be managed in settings outside of the
ICUs. In the present single-centered, retrospective, observa-
tional study, we aimed to investigate clinical findings on
laboratory-confirmed COVID-19 patients with moderate-to-
severe ARDS hospitalized in an intermediate RICU according
to their short-term survival and the noninvasive respiratory
support used during hospitalization.

2. Materials and methods

In the present study, we reported findings from 78 consecu-
tive laboratory-confirmed COVID-19 patients, all with moder-
ate-to-severe ARDS, hospitalized in an intermediate RICU,
Policlinico University Hospital, Bari, Italy and collected from
March 11 to 27 April 2020 and subdivided in patients into two
groups: dead patients and discharged patients. We further
subdivided patients depending on the noninvasive respiratory
support used during hospitalization. The present study
adhered to the ‘Standards for Reporting Diagnostic Accuracy
Studies’ (STARD) guidelines (http://www.stard-statement.org/),
the ‘Strengthening the Reporting of Observational Studies in
Epidemiology’ (STROBE) guidelines (https://www.strobe-
statement.org/), and was conducted in accordance with the
Helsinki Declaration of 1975. The present study was approved

by the Policlinico Hospital of University of Bari ‘Aldo Moro’
institutional review board and informed consent was obtained
from all subjects involved in the present analyses.

Laboratory-confirmed COVID-19 patients were affected by
ARDS defined according to the Berlin definition, so
a respiratory failure characterized by arterial oxygen partial
pressure to fractional inspired oxygen ratio (PaO2/FiO2) <
300 mmHg despite PEEP> 5 ¢cmH20, associated to bilateral
chest opacities (not fully explained by effusions, lobar/lung
collapse or nodules) with an acute onset, within 1 week of
a known clinical insult or new or worsening respiratory symp-
toms [9]. In these laboratory-confirmed COVID-19 patients,
apart from moderate to severe hypercapnic patients, who
clearly needed the bilevel positive airway pressure (BPAP)
respiratory support rather than continuous positive airway
pressure (CPAP) respiratory support, our choice was driven
by patient’s clinical evaluation. After a CPAP trial with
a progressive pressure raising up to 12-15 ¢cmH20 (when
needed), if respiratory rate still >30 we decided to switch
CPAP to BPAP. High respiratory rate in ARDS patients is an
indicator of respiratory fatigue, and BPAP can reduce work of
breathing giving relief in these patients [10]. Laboratory-
confirmed COVID-19 patients affected by severe ARDS, non
responding to NIV, in which intubation and ICU transfer would
not modify their outcome according to resuscitator counsel-
ing, remained in our intermediate RICU. Therefore, all patients
who did not respond to NIV were asked for resuscitator coun-
seling, whose opinion determined the possibility of an ICU
transfer or not. The Charlson comorbidity index (CCl),
a weighted index that takes into account the number and
the seriousness of comorbid disease, was calculated [11].

2.1. Statistical analysis

Sociodemographic and health characteristics were presented as
numbers, mean and median values, interquartile ranges, stan-
dard deviations (SDs) values, and percentages. Differences in
sociodemographic and health characteristics between who
died and who survived were analyzed using t-test for differences
in means for independent-sample, the Mann-Whitney U test for
medians, and chi-square test for proportions. Length of stay or
Pa0O2/FiO2 values by type of respiratory support and outcome
were analyzed using analysis of variance (ANOVA) and the multi-
ple comparisons were adjusted by Bonferroni inequality proce-
dure. Multivariate Cox regression models were used to analyze
the relation between median LDH, D-dimers, and PCR values on
the rates of all-cause mortality.

3. Results

The study population included 78 patients (men 73% vs.
women 27%). Median age was 69 years [interquartile range
(IQR):58-80.25]. Mean CCl for all patients was 4.12 (+2.76),
while median value was 4 (IQR:2-6). Mean PaO2/FiO2 was
186.36 (+80.39). Thirty-five patients (45%) died during hospi-
talization, 15 patients in intermediate RICU (43%) and 20
patients in ICU (57%), while discharged patients were 43
(55%). Twenty-four patients underwent intubation and subse-
quent IMV in ICU. For these patients, mean NIV days before
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intubation was 2.96 (+ 2.73). Sixteen patients underwent pro-
nation during hospitalization in our intermediate RICU, how-
ever none of them during NIV, but during standard oxygen
therapy. Twenty patients died after performing IMV, in fact, all
patients transferred to ICU performed IMV, and no one per-
formed IMV in our intermediate RICU. Among the above men-
tioned 20 patients, 2 underwent extracorporeal membrane
oxygenation (ECMO). We did not know specific death causes
of these patients and among these, two patients died in the
days following the end of the study, and all of them within
one month from the end of the study.

Comparison of values between the two groups are shown
in Table 1. Sixty-four patients (82%) had additional therapy
with enoxaparin, following the evidence of raising in D-dimer
values or computed tomography findings of pulmonary perfu-
sion defects. Sixty-three patients (81%) had antibiotic therapy,
52 of whom (67% of total patients) assumed azithromycin.
Thirty-five patients (45%) had antiviral therapy with lopinavir-
ritonavir, no one had remdesivir, unavailable at that time at
our Hospital. Seventy-one patients (91%) had hydroxychloro-
quine, 4 patients (5%) had tocilizumab, and 8 patients (10%)
had dexamethasone. The relatively low percentage of corti-
costeroid usage in our patients is explained by the therapy
indications for COVID-19 of March and early April 2020, in
which corticosteroid usage was not recommended.

Among patients who underwent to CPAP, no difference in
overall length of stay in days (13.17 £ 5.53 who died vs.
10.25 + 946 who survived; difference between means
2.92 + 2.46, Bonferroni inequality adjustment = NS) as well
as in PaO2/Fi02 (169.58 + 52.43 vs. 226.75 + 8.64, difference
between means -57.17 % 24.49, Bonferroni inequality
adjustment = NS) between who died and who survived were
observed. These CPAP patients were younger than those who
were submitted to the BPAP respiratory support (64.08 + 12.34
vs. 71.36 £ 13.15 years, respectively, p < 0.05), had a lower CCl
score (3.36 + 2.27 vs. 4.72 + 2.85, respectively, p < 0.05), and
a higher baseline PaO2/FiO2 (207.69 + 77.40 vs.163.32 + 73.47,
respectively, p < 0.05). On the other hand, among patients
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who were submitted to BPAP, those who died had a shorter
statistically significant number of days in overall length of stay
(19.58 + 8.34 who survived vs.12.54 + 6.68 who died; differ-
ence between means —7.04 = 278, Bonferroni inequality
adjustment p < 0.05) as well as lower values of PaO2/FiO2
(210.83 + 67.58 who survived vs. 11846 + 47.62 who died;
difference between means —92.37 + 27.71, Bonferroni inequal-
ity adjustment p < 0.05) compared to those who survived. No
difference in all-cause mortality was observed between the
two different noninvasive respiratory support groups (48%
for CPAP and 52% for BPAP, p < 0.15). Regarding the labora-
tory findings, we found significantly higher values of serum
lactate dehydrogenase (LDH), C-reactive protein (CRP), and
D-dimer in those who died in comparison with those who
survived (Table 1). The median values for LDH [coded O for
LDH<319 units/L and coded 1 for LDH=319 units/L, incidence
rate  ratios  (IRR):1.154, 95%  confidence interval
(C1):0.485-2.873, p = 0.737], for D-dimer (coded 0 for D-dimer
< 947 ng/ml and coded 1 for D-dimer = 947 ng/ml, IRR:1.663,
95% Cl:0.671-4.357, p = 0,238), and for CRP mg/L (coded 0 for
PCR < 101 and coded 1 for PCR =101 mg/L, IRR: 2.030, 95%
Cl:0.830-5.396, p = 0.091) were not associated with a signifi-
cant change in incidence rate ratios of all-cause mortality.
However, the rates of all-cause mortality of these parameters
were underpowered (statistical power <0.50 for a type | error
set to 0.05).

4. Discussion

To the best of our knowledge, the present single-centered,
retrospective, observational study is the first report of labora-
tory-confirmed COVID-19 patients with moderate-to-severe
ARDS hospitalized in an intermediate RICU, and not in ICU
facilities. Older age was associated to all-cause mortality, and
men were more represented in both groups. Multimorbidity
was significantly higher in the group of dead patients, con-
firming its role in increasing the risk of short term all-cause
mortality in COVID-19 patients.

Table 1. Sociodemographic and clinical characteristics, therapeutic approaches, laboratory findings and clinical outcomes of COVID-19 patients hospitalized in an
intermediate Respiratory Intensive Care Unit subdivided according to their short-term survival, i.e. patients who died and patients who have been discharged.

Dead patients

Discharged patients

Mean (£DS) or count (%) or median (IQR) Mean (+DS) or count (%) or median (IQR) P</=

N. 35 (45%) 43 (55%)
Age (years) 75.17 (£12.71) 64.42 (£14.04) <0.001°
Men 26 (74%) 31 (72%) 0.84°
ca 531 (+ 2.63) 3.14 (£ 2.48) <0.001°
Noninvasive respiratory support HFNC 2 (7.41%) 5(12.20%) 0.28°

CPAP 12 (44.44%) 24 (58.54%)

BPAP 13 (48.15%) 12 (29.27%)
CPK (U/L) 251.81 (*+ 217.6) 175.54 (= 172.71) 0.12°
D-dimer (ng/mL) 2365 (IQR 717-4848) 786 (IQR 530-1982) <0.05?
Absolute lymphocytes (x 10°/L) 798 (+ 375) 1006 (£704) 0.15°
LDH (mU/mL) 378.96 (+ 135.45) 316.49 (+ 89.79) <0.05°
CRP (mg/L) 142.58 (+79.39) 100 (£ 67) <0.05°
Pa02/FIO2 ratio 137.49 (+ 54.33) 226.14 (+ 76.47) <0.001°
Length of stay (days) 10.77 (£7.67) 13.77 (£7.63) 0.09°

IQR: interquartile range; CCl: Charlson Comorbidity Index; HFNC: high-flow nasal cannula; CPAP: continuous positive airway pressure; BPAP: bilevel positive airway
pressure; CPK: creatine phosphokinase; LDH: lactate dehydrogenase; CRP: C-reactive protein; PaO2/FIO2: arterial oxygen partial pressure to fractional inspired

oxygen
*Two-sample Wilcoxon rank-sum (Mann-Whitney) test.
BStudent T-test for independent samples.

Pearson Chi-squared.
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Regarding the laboratory findings, we found significantly
higher values of serum lactate dehydrogenase (LDH),
C-reactive protein (CRP), and D-dimer in the group of dead
patients. This finding was not surprising. In fact, in other
observational studies, LDH and CRP were higher in severe
and extremely severe COVID-19 patients [12], while higher
baseline D-dimer levels were a predictor of in-hospital mor-
tality in COVID-19 patients [13]. However, in our study popu-
lation, the median values of these laboratory parameters
were not associated to a significant change of all-cause mor-
tality rates because underpowered. Baseline PaO2/FiO2 ratio
was considerably lower in our group of dead patients con-
firming findings from another Chinese study on 52 critically ill
patients [5], suggesting this parameter as a good predictor of
mortality. This finding confirms that patients with worse
pulmonary condition, independently from the noninvasive
respiratory support at admission, need to be considered
early for IMV, but considering the resource limitations
imposed by COVID-19 pandemic, it is crucial to determine
whether selected patients can be treated outside ICU [14,15].

5. Expert opinion

Several studies consider NIV, but most of them were imple-
mented in ICU as clinical setting. In a study on 138 patients
hospitalized for respiratory failure with a PaO2/FiO2 ratio of
136 250 (IQR:105-234) only 36 patients (26%) were admitted
to ICU, but of these only 19 underwent intubation and
mechanical ventilation [1]. This increasing body of knowledge
showed that many patients admitted to ICU did not undergo
to IMV and that almost always NIV is used in ICU, requiring an
unnecessary 255 high economic effort. However, the role of
noninvasive©respiratory support and its correct modality for
severe COVID-19 patients is currently a subject of major
debate [15]. COVID-19 patients with acute respiratory failure
show a good tolerance to high positive end-expiratory pres-
sure normally obtainable with 260 CPAP, related to atelectasic
lung areas recruitment and reduced work-of-breathing. We
found that patients using BPAP had more factors associated
to negative outcomes (shorter length of stay and lower base-
line PaO2/FiO2 ratio) compared to those who underwent
CPAP, but nonetheless we did not find a statistically 265
significant difference in all-cause mortality between these
groups. Benefits of the addition of an inspiratory pressure
support in BPAP NIV is less known, with a theoretical advan-
tage due to further reducing inspiratory work-of-breathing
[16] and improved mean airway pressure, which is known to
improve 270 oxygenation. However, there is a lack of valid
evidence of its role in real-life setting related to COVID-19
pandemic. It is fundamental to remark the need of avoiding
delays in intubation and IMV start. At this regard, we decided
to allocate our intermediate RICU strategically near ICU, in
order to minimize intubation time 275 and to decide in short
times pathways for patients who are suddenly worsening.
Several studies consider NIV, but most of them were imple-
mented in ICU as clinical setting. In a study on 138 patients
hospitalized for respiratory failure with a PaO2/FiO2 ratio of 136
(IQR:105-234) only 36 patients (26%) were admitted to ICU, but
of these only 19 underwent intubation and mechanical

ventilation [1]. This increasing body of knowledge showed that
many patients admitted to ICU did not undergo to IMV and that
almost always NIV is used in ICU, requiring an unnecessary high
economic effort. However, the role of noninvasive respiratory
support and its correct modality for severe COVID-19 patients is
currently a subject of major debate [15]. COVID-19 patients with
acute respiratory failure show a good tolerance to high positive
end-expiratory pressure normally obtainable with CPAP, related
to atelectasic lung areas recruitment and reduced work-of-
breathing. We found that patients using BPAP had more factors
associated to negative outcomes (shorter length of stay and
lower baseline PaO2/FiO2 ratio) compared to those who under-
went CPAP, but nonetheless we did not find a statistically sig-
nificant difference in all-cause mortality between these groups.
Benefits of the addition of an inspiratory pressure support in
BPAP NIV is less known, with a theoretical advantage due to
further reducing inspiratory work-of-breathing [16] and
improved mean airway pressure, which is known to improve
oxygenation. However, there is a lack of valid evidence of its role
in real-life setting related to COVID-19 pandemic. It is funda-
mental to remark the need of avoiding delays in intubation and
IMV start. At this regard, we decided to allocate our intermediate
RICU strategically near ICU, in order to minimize intubation time
and to decide in short times pathways for patients who are
suddenly worsening.

6. Conclusions

In conclusion, we found that, despite having more factors asso-
ciated to negative outcomes, laboratory-confirmed COVID-19
patients with moderate-to-severe ARDS who underwent BPAP
had similar all-cause mortality compared to those who under-
went CPAP. We need further evidence on larger samples to
evaluate the correct noninvasive respiratory modality in
COVID-19 patients to reduce short-term all-cause mortality.
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