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Abstract 

Background: Some studies investigated epidemiological and clinical features of laboratory-confirmed patients with 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) the virus causing coronavirus disease 2019 (COVID-19), 
but limited attention has been paid to the follow-up of hospitalized patients on the basis of clinical setting and the 
expertise of clinical management.

Methods: In the present single-centered, retrospective, observational study, we reported findings from 87 consecu-
tive laboratory-confirmed COVID-19 patients with moderate-to-severe acute respiratory syndrome hospitalized in an 
intermediate Respiratory Intensive Care Unit (RICU), subdividing the patients in two groups according to the admis-
sion date (before and after March 29, 2020).

Results: With improved skills in the clinical management of COVID-19, we observed a significant lower mortality 
in the T2 group compared with the T1 group and a significantly difference in terms of mortality among the patients 
transferred in Intensive Care Unit (ICU) from our intermediate RICU (100% in T1 group vs.  33.3% in T2 group). The aver-
age length of stay in intermediate RICU of ICU-transferred patients who survived in T1 and T2 was significantly longer 
than those who died (who died 3.3 ± 2.8 days vs. who survived 6.4 ± 3.3 days). T

Conclusions: The present findings suggested that an intermediate level of hospital care may have the potential to 
modify survival in COVID-19 patients, particularly in the present phase of a more skilled clinical management of the 
pandemic.

Keywords: Critical care, Assisted ventilation, Intermediate RICU, Survival, Pandemic, Italy

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat iveco mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco 
mmons .org/publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
The need to determine the full spectrum and natu-
ral history of the pandemic of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), the virus caus-
ing coronavirus disease 2019 (COVID-19), is to inform 
clinical management and public health decision mak-
ing. In Italy, the outbreak of COVID-19 officially started 
on 30 January 2020, and in less than two weeks, the 
number of cases increased beyond expectations, put-
ting the Italian health service under considerable strain 
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[1]. On 11 March 2020, the World Health Organiza-
tion (WHO) declared the current COVID-19 outbreak 
a pandemic, with the outbreak resulting in more than 
21 million cases and over 760,000 deaths worldwide as 
of 16 August 2020 [2, 3]. COVID-19 patients develop 
acute respiratory distress syndrome (ARDS), require 
respiratory support [4], and may require hospitalization 
in Intensive Care Unit (ICU). Defined as Type 1 respir-
atory failure, there is hypoxia (PaO2 < 8  kPa), without 
hypercapnia (carbon dioxide retention or PaCO2), with 
patients commonly presenting with hypoxia worsen-
ing, and additional signs such as tachypnoea, increased 
use of accessory muscles, tachycardia, pale and cold 
peripheries, sweating, confusion, agitation or reduced 
level of consciousness and cyanosis [5]. In China, the 
percentage of COVID-19 patients who required ICU 
hospitalization varied from 5 to 32% [6]. However, find-
ings from China and Italy suggested high mortality 
and stressed ICU capacity of care [7, 8]. Recently, Sid-
diqi and Mehra proposed a staged progression model 
based on observed clinical courses in published studies 
[9]. This 3-stage clinical classification system suggested 
that COVID-19 illness may exhibit 3 grades of increas-
ing severity, which correspond with distinct clinical 
findings, response to therapy, and clinical outcome [9]. 
In Stage I, or the mild phase, the virus multiplies and 
establishes residence in the host, predominantly in the 
respiratory tract. In Stage II, or the moderate phase, 
there is viral multiplication and localized inflammation 
in the lungs without (Stage IIa) and with hypoxia (Stage 
IIb). Stage III is marked by extra-pulmonary systemic 
hyperinflammation syndrome [9]. The prognosis and 
recovery from Stage 3 is generally poor. Rapid recogni-
tion of which stage the patient is and the development 
of appropriate therapy may have the greatest yield [9].

Although previous studies focused on clinical man-
agement with non-invasive respiratory support of 
COVID-19 patients in ICU [6–8], 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 respiratory 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 [10, 11]. While some stud-
ies investigated epidemiological and clinical features of 
laboratory-confirmed COVID-19 patients [6, 12], lim-
ited attention has been paid to the follow-up of hospi-
talized patients on the basis of clinical setting and the 
expertise of clinical management.

Methods
In the present single-centered, retrospective, obser-
vational study, we reported findings from 87 consecu-
tive laboratory-confirmed COVID-19 patients, all with 
moderate-to-severe ARDS, hospitalized in an intermedi-
ate RICU [10, 11], Policlinico University Hospital, Bari, 
Italy and collected from March 11 to April 17, 2020. The 
present study adhered to the Strengthening the Report-
ing of Observational Studies in Epidemiology” (STROBE) 
guidelines (https ://www.strob e-state ment.org/index 
.php?id=strob e-home), the “Standards for Report-
ing Diagnostic Accuracy Studies” (STARD) guidelines 
(http://www.stard -state ment.org/), and was conducted 
in accordance with the Helsinki Declaration of 1975. 
After initial screening at the Emergency Department, the 
patients were admitted to our intermediate RICU or in 
an ICU accordingly to the illness severity. The present 
study was approved by the Policlinico Hospital of Uni-
versity 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 defini-
tion, so a respiratory failure characterized by arterial oxy-
gen partial pressure to fractional inspired oxygen ratio 
(PaO2/FiO2) < 300 mmHg despite PEEP > 5  cmH2O, asso-
ciated 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 symptoms [13]. In these labora-
tory-confirmed COVID-19 patients, apart from moder-
ate to severe hypercapnic patients, who clearly needed 
the bilevel positive airway pressure (BPAP) respiratory 
support rather than continuous positive airway pres-
sure (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  cmH2O (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 [14]. Lab-
oratory-confirmed COVID-19 patients affected by severe 
ARDS, non responding to NIV, in which intubation and 
ICU transfer would not modify their outcome accord-
ing to resuscitator counseling, remained in our interme-
diate RICU. Therefore, all patients who did not respond 
to NIV were asked for resuscitator counseling, whose 
opinion determined the possibility of an ICU transfer or 
not. Sociodemographic and health characteristics were 
presented as numbers, mean, and standard deviations 
(SDs) values, and percentages. Differences in sociodemo-
graphic and health characteristics between who died and 
who survived were analyzed using t-test for differences 

https://www.strobe-statement.org/index.php?id=strobe-home
https://www.strobe-statement.org/index.php?id=strobe-home
http://www.stard-statement.org/


Page 3 of 7Carpagnano et al. Respir Res           (2021) 22:16  

in means for independent-sample and chi-square test for 
proportions.

Results
Mean age of this hospital-based sample was 
69.1 ± 14.5  years, men were largely more represented 
than women (73.6% vs. 26.4%), and both gender groups 
showed a higher percentage of patients aged > 70  years 
compared to patients aged < 50  years (41.3% vs. 9.3%). 
Main comorbidity was hypertension (64.5%) followed 
by cardiovascular disease (54.5%), chronic kidney dis-
ease (47.45%), and diabetes mellitus type 2 (30.5%). We 
subdivided the patients in two groups according to the 
admission date (before and after March 29, 2020). The 
first group (T1) was characterized by our relative lim-
ited knowledge about clinical features and adverse 

health-related outcomes of COVID-19, while for the sec-
ond group (T2), our skill in the clinical management of 
these patients improved, with a more strategic organiza-
tion of clinical and human resources.

Table  1 shows sociodemographic and clinical charac-
teristics, therapeutic approaches and clinical outcomes 
of these two groups. The number of patients, age, and 
the gender distribution were similar in the two groups. 
At admission, both groups had the same illness severity: 
T1 group had a mean arterial oxygen partial pressure to 
fractional inspired oxygen) of 192 ± 77.2 vs. 198.1 ± 86 of 
the T2 group. Similarly, there is no statistically significant 
difference between the two groups about comorbidities. 
A different therapeutic approach was also evident in the 
two groups. In the T2 group, most of patients (56.9%) 
were treated with the therapeutic dose of enoxaparin 

Table 1 Sociodemographic and  clinical characteristics, therapeutic approaches and  clinical outcomes of  COVID-19 
patients hospitalized in  an  intermediate Respiratory Intensive Care Unit (RICU) subdivided in  two groups T1 and  T2 
according to the admission date (before and after March 29, 2020)

Data are showed as mean ± standard deviation for continuous and as percentage (%) for categorical variables

NAC: N acetyl cysteine; Pa02/FiO2: arterial oxygen partial pressure to fractional inspired oxygen; HFNC: high-flow nasal cannula; CPAP: continuous positive airway 
pressure; BPAP: bilevel positive airway pressure; ICU: Intensive Care Unit; GW: general ward
* Student t test for independent data
** Pearson Chi squared test
*** The only comparisons between CPAP and the other non-invasive respiratory supports and between BPAP and the other non-invasive respiratory supports across 
time were significantly different (Bonferroni Inequality adjustment p < 0.05)

T1 group T2 group P = / < 

N 46 patients 41 patients

Sex (women/men) 12/34 (73.9% men) 11/30 (73.2% men) 0.87**

Age (years) 69.8 ± DS 13.5 68.4 ± DS 15.8 0.66*

Patients with medical chronic conditions (> 1) 45.3% 54.7% 0.51**

Therapy

 Lopinavir-ritonavir 96.9% 2.1% < 0.01**

 Dexamethasone 26.1% 73.9% < 0.01**

 Azithromycin 83.3% 90.6% 0.49**

 Hydroxychlorochine 78.9% 92.1% 0.15**

 NAC 77.7% 70.96% 0.64**

 Tocilizumab 9.5% 3.12% 0.44**

 Enoxaparin 43.1% 56.9% 0.19**

PaO2/FiO2 ratio 192 ± 77.2 198 ± 86.9 0.73*

Non-invasive respiratory support at admission

 HFNC 26.2% 15.8% 0.021**/***

 CPAP 36.0% 65.0%

 BPAP 37.8% 19.2%

Clinical outcomes

Transferred to ICU 32.6% 22% 0.39**

Dead in ICU 100% 33.3% 0.005**

Dead in the intermediate RICU 19.6% 9.76% 0.33**

Transferred to GW 43.48% 21.95% 0.06**

Still hospitalized in intermediate RICU 4.35% 46.34% 0.001**
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compared with only 43.1% of patients in the T1 group 
(p < 0.19). For the T2 group, we used less lopinavir-ritona-
vir (2.1% vs. 96.9%, p < 0.01), more dexamethasone (73.9% 
vs. 26.1%, p < 0.01), and more hydroxychloroquine (92.1% 
vs. 78.9%, p = 0.15) compared with the T1 group. About 
non-invasive respiratory supports, continuous positive 
airway pressure was used much more while bilevel posi-
tive airway pressure was used less in T2 group (65.0% and 
19.2%, respectively) than in T1 group (36.0% and 37.8%, 
respectively) (p < 0.05). Higher percentages of COVID-19 
patients were transferred from T1 group in ICU (32.6% 
vs. 22%), without statistically significant difference 
respect to T2 group, but we observed a statistically sig-
nificant lower mortality in the T2 group compared with 
the T1 group (17.1% vs. 52.2%, p < 0.01) (Table 1). More 
patients from T1 group died in our intermediate RICU, 
but without statistically significant difference compared 
with the T2 group (19.6% vs. 9.76% p < 0.33). Finally, we 
observed a significantly difference in terms of mortality 
among the patients transferred in ICU from intermediate 
RICU (100% in T1 group vs. 33.3% in T2 group, p < 005) 
and the average length of stay in intermediate RICU of 
ICU-transferred patients who survived in T1 and T2 
was significantly longer than those who died (who died 
3.3 ± 2.8  days vs.  who survived 6.4 ± 3.3  days, p < 0.05). 
The average length of stay in ICU of patients who were 
transferred from intermediate RICU but died was 
12.2 ± 7.6 days. Table 2 shows differences in the setup of 
intermediate RICU between T1 and T2.

Discussion
The findings of the present study obtained in a hospital-
based sample suggested that an intermediate level of 
hospital care may have the potential to modify survival 
in COVID-19 patients. Several reasons could explain 
the improved major clinical outcomes in the T2 group, 

i.e., mortality and length of stay in intermediate RICU 
of ICU-transferred patients. First, we improved the allo-
cation of our intermediate RICU (Table  2). For the T1 
group, we were at the ground floor of a building not still 
completely dedicated to COVID-19 patients, far from the 
ICU allocated in another building, and with the routes 
used for patient repositioning not completely safe. For 
the T2 group, we occupied the first floor of a building 
completely dedicated to COVID-19 patients, with better 
and quickly connection with ICU [3] and major possibil-
ity to access to care in safe way, using the same working 
protocol also with ED. Furthermore, there was a best 
use of human resources, with several new pneumolo-
gists, nurses and health’s workers hired thanks to regional 
funds allocated for the emergency (1 medical doctor for 
6 patients and 1 nurse for 3 patients, and a multidisci-
plinary staff with pneumologists expert of lung failure, 
physiotherapists, and intensivists). For the T2 group, 
we also improved the organization of our clinical prac-
tice thanks to the expertise accumulated during the first 
days. It could be also hypothesized that a greater length 
of stay and evaluation in our intermediate RICU with 
non-invasive respiratory supports could favor a wait-and-
see clinical approach that in selected patients could avoid 
the transfer in ICU, where mortality is linked not only to 
COVID-18 infection and its complications.

Moreover, also our therapeutic approach changed in 
the T2 group and most of patients (56.9%) were treated 
with the therapeutic dose of enoxaparin compared with 
only 43.1% of patients in the T1 group [15]. For the T2 
group, we used less lopinavir-ritonavir [16], more dexa-
methasone [17], and more hydroxychloroquine [18] com-
pared with the T1 group. Therefore, in the T2 group, we 
preferred to use dexamethasone over lopinavir-ritonavir 
in consideration of favourable clinical outcomes reached 
in recent studies. The combination of lopinavir-ritonavir 

Table 2 Differences in the setup of an intermediate Respiratory Intensive Care Unit (RICU) between T1 and T2 according 
to the admission date (before and after March 29, 2020)

ICU intensive care unit

Intermediate RICU at T1 Intermediate RICU at T2

Old structural allocation and organization of the intermediate RICU: New structural allocation and organization of the intermediate RICU:

Allocation in a building not still completely dedicated to COVID-19 patients 
and far from other different COVID-19 wards

Reallocation to a new building exclusively devoted to COVID-19 patients

No easy connection with ICU Easy and quick connection with ICU

Routes for step up and step down not safe Safe routes for step up and step down

Old human resource organization of the intermediate RICU: New human resource organization of the intermediate RICU:

Pneumologists coming from general respiratory disease wards Multidisciplinary staff with pneumologists expert of lung failure, physi-
otherapists, and intensivists

Reduced number of doctors and nurses Increased number of doctors and nurses

Any knowledge of the COVID-19 physiopathology and correct clinical-
therapeutic approach

Depth and gained experiences in real life on COVID-19 physiopathology 
and clinical-therapeutic approaches
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used in HIV therapy and prevention has been widely 
administered during the first phase of COVID-19 pan-
demic, especially in mild patients (Stage I) [9] and dur-
ing the first days after hospital admission. In the first 
phase, when the viral replication plays a pivotal patho-
genetic role, antiviral drugs could be crucial in limiting 
viral-induced organ damage. In previous retrospective 
single-center studies, lopinavir-ritonavir was utilized in 
90% of the patients hospitalized in South Korea [19] and 
in 82% of the critical ill patients hospitalized in Italy [20], 
confirming how this anti-viral drug was widely used in 
clinical practice worldwide. Nevertheless, some recent 
observational studies and randomized clinical trials 
(RCTs) have raised some concerns about its usefulness. 
In fact, Cao and colleagues, in the first controlled, open-
label trial of anti-viral therapy, showed that in patients 
with severe COVID-19, lopinavir-ritonavir administra-
tion was not associated with a statistically significant dif-
ference in the time to clinical improvement compared 
with the standard-care control group and the short-term 
mortality rates were not statistically significant differ-
ent between the two groups [16]. One reason explaining 
these findings could be that the patients were enrolled 
during the pulmonary stage with hypoxia (Stage IIb) 
[9], when the viral pathogenicity may be only one lesser 
dominant aspect of the overall pathophysiology, and host 
inflammatory responses were the predominant patho-
physiology. Moreover, a recent meta-analysis concluded 
that treatment with lopinavir-ritonavir had no signifi-
cant benefit in modifying mortality and ARDS rates in 
COVID-19 patients, but, on subgroups analysis, the lopi-
navir-ritonavir group had a lower rate of ARDS, although 
this difference was not statistically significant [21]. How-
ever, it should also be remembered that numerous ongo-
ing RCTs around the world are currently evaluating the 
efficacy of lopinavir-ritonavir in COVID-19 patients.

Regarding the use of corticosteroids in COVID-
19, there was great uncertainty about its administra-
tion during the first part of the pandemic due to lack 
of reliable clinical studies demonstrating its efficacy. In 
COVID-19, corticosteroids have primary been thought 
about as a mean to stave off the “cytokine storm” and 
his consequences like ARDS. As this usually happens 
in the first 5–7  days, ideally, steroid therapy should be 
tried in this period, particularly at the onset of dyspnea 
or even earlier to prevent the progression of “cytokine 
storm”. However, most of the studies on the use of cor-
ticosteroids in COVID-19 have shown variable find-
ings, principally because of marked heterogeneity in the 
methodology used with considerable variations in the 
timing of initiation of steroid treatment, type, and dos-
age of steroids. The principal corticosteroids used in 
most of these studies and other ongoing RCTs have been 

methylprednisolone and dexamethasone because of their 
high bioavailability in the lung. Theoretically, methyl-
prednisolone has the advantage of parenteral adminis-
tration, a quicker onset of action and a shorter duration 
of action compared to dexamethasone. However, the 
most robust data on corticosteroids in COVID-19 came 
from the RECOVERY trial on dexamethasone, the only 
controlled, open-label trial conducted on 2104 patients 
assigned to receive dexamethasone and 4321 to receive 
usual care, which showed the most significant 28-day 
mortality benefit with low dose dexamethasone (6 mg per 
day oral or intravenous for 10 days) [22]. The RECOVERY 
trial showed an impressive mortality reduction among 
the sickest COVID-19 patients on invasive mechanical 
ventilation and among patients in oxygen therapy (with 
or without mechanical ventilation). In addition, COVID-
19 patients on dexamethasone had a statistically signifi-
cant reduction of length of hospital stay and an earlier 
likelihood of discharge. No benefit was observed in mild-
to-moderate COVID-19 patients requiring no oxygen. 
However, more studies are still necessary to substantiate 
conclusive benefit with corticosteroid use in COVID-19 
[22].

As regard hydroxychloroquine in COVID-19 pan-
demic, this drug has been widely used to reduce inflam-
mation. In fact, an in  vitro antiviral effect has been 
demonstrated on SARS-Cov-2, with chloroquine con-
centration of 0.36 mg/L that decreased viral load by 50% 
in a cell model [23]. However, to date, the administration 
of hydroxychloroquine in COVID-19 patients has been 
decreased due to its side effects and uncertain clinical 
benefits and all ongoing clinical trials with hydroxychlo-
roquine used different dosing regimens, resulting in vari-
ous concentrations [24]. Recently, Kannan and colleagues 
proposed a multiscale non-invasive model (Quasi-3D-
based numerical formulation) to predict gastric and 
intestinal damage secondary to the use of hydroxychlo-
roquine; this tool could be helpful in predicting the drug 
toxicity and optimizing the dosing regimen of hydroxy-
chloroquine in COVID-19 patients [25]. Moreover, since 
the use of functional respiratory tests has been evaluated 
as a potential vehicle of SARS-Cov-2 infection, Kannan 
and colleagues provided a computational spirometry 
basal techniques (Quasi-3D model) that could offer fast 
and reliable information about bronchial caliber and 
morphology with a non-invasive approach to predict the 
lung health in COVID-19 patients [26].

Conclusions
The present findings suggested that some hospital units 
designed for monitoring and treating respiratory patients 
whose illness is at a level of severity that is intermediate 
between that which requires ICU facilities and that which 



Page 6 of 7Carpagnano et al. Respir Res           (2021) 22:16 

can be managed on a conventional ward may have the 
potential to modify survival also in COVID-19 patients 
particularly in the present phase of a more skilled clinical 
management of the pandemic. However, further larger 
studies are still necessary to verify that the modified 
therapeutic approaches could have changed clinical out-
comes in these patients.

Abbreviations
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID-19: 
Coronavirus disease 2019; RICU: Respiratory Intensive Care Unit; ICU: Intensive 
Care Unit; NAC: N acetyl cysteine; Pa02/FiO2: Arterial oxygen partial pressure 
to fractional inspired oxygen; HFNC: High-flow nasal cannula; CPAP: Continu-
ous positive airway pressure; BPAP: Bilevel positive airway pressure; GW: 
General ward; RCTs: Randomized clinical trials.

Acknowledgements
The authors thank all of the participants from this study. The authors would 
like to thank Professor Vincenzo Solfrizzi for his thoughtful comments and 
efforts towards improving our manuscript.

Authors’ contributions
Conceived and designed the study: GEC, FP, and OR. Collected data: GM, 
SG, and VP. Wrote the manuscript: GEC, VS, FP, and OR. Final supervision and 
guarantors of the paper: GM, SG, VP, FP, and OR. All authors read and approved 
the final manuscript.

Funding
None reported.

Ethics approval and consent to participate
Ethics approval obtained through the Institutional Review Board and all 
patients provide consent to participate.

Consent for publication
All authors have approved the submission and provide consent to publish.

Competing interests
None reported.

Author details
1 Department of Basic Medical Science, Institute of Respiratory Disease, 
Neuroscience, and Sense Organs, University of Bari “Aldo Moro”, Bari, Italy. 
2 General Direction, Policlinico Hospital, Bari, Italy. 3 Department of Emer-
gency and Organ Transplantation, Section of Anesthesia and Intensive Care, 
University of Bari “Aldo Moro”, Bari, Italy. 4 Emergency Department, Policlinico 
Hospital, Bari, Italy. 5 Translational Medicine and Health System Management, 
University of Foggia, Foggia, Italy. 6 Population Health Unit, Healthy Aging 
Phenotypes Research Unit, “Salus in Apulia Study”, National Institute of Gastro-
enterology “Saverio de Bellis”, Research Hospital, Castellana Grotte, Bari, Italy. 

Received: 19 October 2020   Accepted: 4 January 2021

References
 1. Carinci F. Covid-19: preparedness, decentralisation, and the hunt for 

patient zero. Lessons from the Italian outbreak. BMJ. 2020;368. https ://
doi.org/10.1136/bmj.m799.

 2. World Health Organization (WHO). Rolling updates on coronavirus 
diseases (COVID-19). www.who.int/emerg encie s/disea ses/novel -coron 
aviru s-2019/event s-as-they-happe n. Accessed 10 Dec 2020.

 3. World Health Organization (WHO). Coronavirus disease (COVID-19) 
situation report-209. www.who.int/docs/defau lt-sourc e/coron aviru se/
situa tion-repor ts/20200 707-covid -19-sitre p-209.pdf. Accessed 16 Aug 
2020.

 4. Vardhana SA, Wolchokk JD. The many faces of the anti-COVID immune 
response. J Exp Med. 2020;217:e20200678. https ://doi.org/10.1084/
jem.20200 678.

 5. Carter C, Aedy H, Notter J. COVID-19 disease: non-invasive ventilation 
and high frequency nasal oxygenation. Clin Integr Care. 2020;1:100006. 
https ://doi.org/10.1016/j.intca r.2020.10000 6.

 6. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill 
patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-
centered, retrospective, observational study. Lancet Respir Med. 
2020;8:475–81.

 7. Phua J, Weng L, Ling L, et al. Intensive care management of coronavirus 
disease 2019 (COVID-19): challenges and recommendations. Lancet 
Respir Med. 2020;8:506–17.

 8. Grasselli G, Zangrillo A, Zanella A, et al. Baseline characteristics and 
outcomes of 1591 patients infected with SARS-Cov-2 admitted to ICUs 
of the Lombardy Region, Italy. JAMA. 2020;323:1574–81.

 9. Siddiqi HK, Mehra MR. COVID-19 illness in native and immunosup-
pressed states: a clinical-therapeutic staging proposal. J Heart Lung 
Transplant. 2020;39:405–7.

 10. Bone RC, Balk RA. Noninvasive respiratory care unit. A cost effective 
solution for the future. Chest. 1988;93:390–4.

 11. Carpagnano GE, Buonamico E, Migliore G, et al. Bilevel and continuous 
positive airway pressure and factors linked to all-cause mortality in 
COVID-19 patients in an intermediate respiratory intensive care unit 
in Italy. Expert Rev Respir Med. 2020. https ://doi.org/10.1080/17476 
348.2021.18665 46.

 12. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized 
patients with 2019 novel coronavirus-infected pneumonia in Wuhan, 
China. JAMA. 2019;323(2020):1061–9.

 13. ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, 
et al. Acute respiratory distress syndrome: the Berlin definition. JAMA. 
2012; 307:2526–2533.

 14. Rochwerg B, Brochard L, Elliott MW, et al. Official ERS/ATS clinical prac-
tice guidelines: noninvasive ventilation for acute respiratory failure. Eur 
Respir J. 2017;50:1602426.

 15. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is 
associated with decreased mortality in severe coronavirus disease 2019 
patients with coagulopathy. J Thromb Haemost. 2019;18(2020):1094–9.

 16. Cao B, Wang Y, Wen D, et al. A trial of lopinavir-ritonavir in adults hospi-
talized with severe Covid-19. N Engl J Med. 2020;382:1787–99.

 17. Cain DW, Cidlowski JA. After 62 years of regulating immunity, dexa-
methasone meets COVID-19. Nat Rev Immunol. 2020;20:587–8.

 18. Yao X, Ye F, Zhang M, et al. In vitro antiviral activity and projection of 
optimized dosing design of hydroxychloroquine for the treatment of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Clin 
Infect Dis. 2020;71:732–9.

 19. Hong KS, Lee KH, Chung JH, et al. Clinical features and outcomes and 
outcomes of 98 patients hospitalized with SARS-COVID19 infec-
tion in Daegu, South Korea: a brief descriptive study. Yonsei Med J. 
2020;61:431–7.

 20. Piva S, Filippini M, Turla F, et al. Clinical presentation and initial man-
agement critically ill patients with severe acute respiratory distress 
syndrome coronavirus (SarsCov2) infection in Brescia, Italy. J Crit Care. 
2020;58:29–33.

 21. Zhang JJY, Lee KS, Ang LW, et al. Risk factors of severe disease and 
efficacy of treatment in patients infected with COVID-19: a systematic 
review, meta-analysis and meta-regression analysis. Clin Infect Dis. 
2020;71:2199–206.

 22. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR, et al. 
Dexamethasone in hospitalized patients with COVID-19 preliminary 
report. N Engl J Med. 2020. https ://doi.org/10.1056/NEJMo a2021 436.

 23. Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine effectively 
inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. 
Cell Res. 2020;30:269–71.

 24. Ayele Mega T, Feyissa TM, Dessalegn Bosho D, et al. The outcome 
of hydroxychloroquine in patients treated for COVID-19: systematic 
review and meta-analysis. Can Respir J. 2020;13:4312519.

 25. Kannan R, Przekwas A. A multiscale absorption and transit model for 
oral delivery of hydroxychloroquine: pharmacokinetic modeling and 
intestinal concentration prediction to assess toxicity and drug-induced 

https://doi.org/10.1136/bmj.m799
https://doi.org/10.1136/bmj.m799
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
http://www.who.int/docs/default-source/coronaviruse/situation-reports/20200707-covid-19-sitrep-209.pdf
http://www.who.int/docs/default-source/coronaviruse/situation-reports/20200707-covid-19-sitrep-209.pdf
https://doi.org/10.1084/jem.20200678
https://doi.org/10.1084/jem.20200678
https://doi.org/10.1016/j.intcar.2020.100006
https://doi.org/10.1080/17476348.2021.1866546
https://doi.org/10.1080/17476348.2021.1866546
https://doi.org/10.1056/NEJMoa2021436


Page 7 of 7Carpagnano et al. Respir Res           (2021) 22:16  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

damage in healthy subjects. Int J Numer Method Biomed Eng. 
2020;36:e3403.

 26. Kannan R, Singh N, Przekwas A. A Quasi-3D compartmental multi-scale 
approach to detect and quantify diseased regional lung constriction 
using spirometry data. Int J Numer Method Biomed Eng. 2018;34:e2973.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	More skilled clinical management of COVID-19 patients modified mortality in an intermediate respiratory intensive care unit in Italy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


