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Abstract

COVID-19 is a complex and heterogeneous disease. The pathogenesis and the complications of the disease are not
fully elucidated, and increasing evidence shows that SARS-CoV-2 causes a systemic inflammatory disease rather
than a pulmonary disease. The management of hospitalized patients in COVID-19 dedicated units is advisable for
segregation purpose as well as for infection control. In this article we present the standard operating procedures of
our COVID-19 high dependency unit of the Policlinico Hospital, in Milan. Our high dependency unit is based on a
multidisciplinary approach. We think that the multidisciplinary involvement of several figures can better identify
treatable traits of COVID-19 disease, early identify patients who can quickly deteriorate, particularly patients with
multiple comorbidities, and better manage complications related to off-label treatments. Although no generalizable
to other hospitals and different healthcare settings, we think that our experience and our point of view can be
helpful for countries and hospitals that are now starting to face the COVID-19 outbreak.
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Background

On January 30, 2020, the World Health Organization
(WHO) designated an outbreak of a novel coronavirus
not seen before in humans to be a “public health emer-
gency of international concern” [1]. On March 11, 2020,
WHO declared the coronavirus disease 2019 (COVID-
19) outbreak a global pandemic [2, 3]. In March 2020,
Italy became the epicenter for COVID-19 in Europe, and
the second most affected country after China worldwide
[4]. Up to 20% of suspected and confirmed patients with
Severe Acute Respiratory Syndrome coronavirus 2
(SARS-CoV-2) infection develop severe hypoxemia and
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require some forms of ventilatory support, such as high-
flow nasal cannula (HFNC), non-invasive (NIV) or inva-
sive mechanical ventilation (IMV). Furthermore, other
important challenges have been identified soon after the
disease development, including cardiac, renal, neuro-
logical and thromboembolic complications [5-9]. A
rapid widespread of units dedicated to COVID-19 pa-
tients has characterized the public health scenario
worldwide, including Italy and its more affected region,
Lombardy [10]. The high number of people who got in-
fected by SARS-CoV-2 and who developed acute respira-
tory failure (ARF) rapidly overcame the number of
intensive care unit (ICU) beds in Lombardia, and this
led several high dependency units (HDU) to be con-
verted in specific COVID-19 HDU. The process of de-
veloping a COVID-19 HDU, along with its standard
operating procedures (SOPs), could be useful for those
who are preparing themselves for the COVID-19

© The Author(s). 2020 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://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12931-020-01516-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:stefano.aliberti@unimi.it

Aliberti et al. Respiratory Research (2020) 21:260

epidemic or to implement already existing COVID-19
HDU. The aim of this article is to present the
organization of the COVID-19 HDU of the Policlinico
Hospital in Milan, Italy. Although we are aware that the
procedures adopted in our hospital cannot be entirely
generalized in other hospitals and healthcare systems,
we think that the information of the paper should be
shared with the clinical community in order to help col-
leagues to develop or implement a multidisciplinary
COVID-19 HDU.

The multidisciplinary COVID-19 HDU

The Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico is the oldest hospital in Milan, located in the
city centre, and organized in different pavilions (Fig. 1,
online supplements). The pavilion-based structure has
clear advantages for the management of infectious dis-
eases, including COVID-19, since it allows microbio-
logical segregation. During the COVID-19 outbreak in
Milan, four different pavilions of the Policlinico Hospital
have been entirely allocated for the management of
COVID-19 patients, including one emergency room
(ER), four ICUs, two HDUs and four low-dependency
units. Our respiratory HDU was converted to COVID-
19 HDU and the entire pulmonary team (pulmunolo-
gists, nurses, respiratory physicians) was involved in the
care of COVID-19 patients. The same process of segre-
gation has been adopted by other services (e.g radiology).
The number of HDU and ICU COVID-19 beds available
in our hospital have been about 3 times the number of
HDU and ICU beds available before the start of the pan-
demic. Eligible COVID-19 patients for the 41-bed
COVID-19 HDU have been discussed on a case-by-case
basis to identify the best suitable setting, according to
the following criteria: 1) the severity of ARF evaluated
through the PaO,/FiO, ratio; 2) The presence of im-
munosuppression; and 3) the presence of a colonization/
infection with a multi-drug resistant (MDR) bacteria.
Key information to triage COVID-19 patients who are
about to be admitted to the COVID-19 HDU are: 1) The
last PaO,/FiO, ratio and type of respiratory support (e.g.
HENC, helmet Continuous Positive Airway Pressure
(CPAP), and NIV); 2) The presence of an infection/
colonization with a MDR bacteria; 3) The state of con-
sciousness/anxiety/sedation; 4) The indication concern-
ing the Do Not Resuscitate (DNR)/Do Not Intubate
(DNI) status; 5) Patient’s performance status; 6) The
presence of signs of sepsis; 7) The severity of involve-
ment of other organs (heart, kidney, liver, central ner-
vous system). The COVID-19 HDU do not only admits
patients coming to the ER but also acts as a catchment
area for other COVID-19 units (including ICU) of the
Policlinico hospital and other hospitals in Lombardy.
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We involved other healthcare professionals in our
multidisciplinary team. Cardiologists, infectious diseases
specialists, rheumatologists, intensivists and respiratory
physiotherapists are fundamental components of the
COVID-19 HDU, working together in a multidisciplin-
ary team, see Table 1. The multidisciplinary approach to
COVID-19 has a crucial role for several reasons. Firstly,
the pathogenesis and the complications of the disease
are not fully elucidated, and increasing evidence shows
that SARS-CoV-2 causes a systemic inflammatory dis-
ease rather than a pulmonary disease [5-9, 11, 12]. Sec-
ondly, no licensed drugs exist for COVID-19, and the
majority of treatments are off-label or within clinical
trials [13-16]. Thirdly, management of complications
and adverse events of drugs require a multidisciplinary
approach, especially in patients with multiple comorbidi-
ties [9]. Finally, a daily clinical discussion with other
COVID-19 units is crucial to quickly identify patients
who would benefit from invasive support or transfer to a
low-dependency unit.

Standard operating procedures of the COVID-19
HDU

Initial assessment of patient

A minimum bundle of tests through a systematic ap-
proach is implemented on the COVID-19 HDU. Add-
itional tests should be considered on a case-by-case basis
according to clinical condition and specific comorbidi-
ties, see Table 2.

Respiratory support

= COVID-19 patients are stratified according to severity
and type of ARF on HDU admission with the aim to
set respiratory support on a single individual basis [17],
see Table 3.

COVID-19 is a very heterogeneous disease and the
type and severity of ARF depends on the interaction
among multiple factors including the time from symp-
toms onset and admission to HDU, the severity of the
infection, the host response, physiological reserve and
comorbidities, and the ventilatory responsiveness of the
patient to hypoxemia [9, 18, 19]. A systematic review
and meta-analysis of 25 randomized control trials
(RCTs) showed that a liberal oxygen strategy (SpO2 tar-
gets higher of 96%) is associated with increased risk of
hospital mortality in acutely ill patients [20]. In the
HDU FiO2 is settled with the aim of target SpO2 of 92—
96%. Despite international guidelines recommending
only cautious trials of NIV in immunocompetent pa-
tients with ARF due to community-acquired pneumonia
(CAP), RCTs showed that the possible application of
Positive End-expiratory Pressure (PEEP) in CAP patients
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Table 1 Healthcare professionals involved in the multidisciplinary team

Respiratory physician - Initial evaluation of patient
+ Choice of respiratory support
- Evaluation and placement of central venous catheter and/or arterial catheter
- Identify signs of sepsis or multi-organ failure
- Setting of sedative therapy, nutritional therapy, anti-thrombotic prophylaxis, hydration,
antiviral and antibiotic therapy

Fellow - Initial evaluation of patient
+ Placement of arterial catheter
- Blood and microbiological tests request
« Arterial blood gas test
+ Pneumonia follow-up with lung ultrasound

Nurse - Preparation of medical devices to support respiratory insufficiency
- EKG
« Placement of peripheral venous catheter
+ Placement of bladder catheter
- Collection of vital parameters
« Therapies administration

Respiratory physiotherapist - Evaluation with respiratory physician of ventilator/oxygen support
« Early mobilization

Cardiologist - Evaluation and placement of central venous catheter and/or arterial catheter
- Identification and management of cardiac complications
« Anti-hypertensive therapy
« Inotropic support

Infectious disease specialist - Identification of patients candidate to anti-viral or anti-inflammatory therapy
- Choice of antiviral drugs
+ Choice of antibiotic therapy
- Identification and treatment of sepsis
« Super-infection identification and management

Rheumatologist « Identification of patients candidate to the anti-inflammatory and specific anti-cytokine treatment
« Definition of a tailored anti-inflammatory strategy according to the patient characteristics

Intensivist « Multidisciplinary discussion to early identify patients candidate to intensive care management
- DNI/DNR status

Abbreviations: EKG Elettrocardiogram, DN/ Do not intubate, DNR Do not resuscitate

Table 2 Minimum bundle of tests that are performed on HDU admission

Minimum bundle of test on HDU admission Additional test

Vital parameters (body temperature, blood pressure, Thorax CT based on clinical status and risk of superinfection/pulmonary

respiratory rate, diuresis, ventilator/oxygen parameters) complications (contrast medium should be strongly considered if clinical

on admission and after 1, 3 and 6 h after admission. suspicion of pulmonary embolism is present).

BGA on admission and after 1 and 3 h after admission Throat cultures for MRSA and rectal swab for multi-resistant pathogens
in case the patient is transferred from an intensive care unit or any other unit

Blood tests: blood cell count, CRP, PCT, transaminase, Echocardiography in case of clinical suspicion of myocardial/pericardial

creatine phosphokinase (CPK), lactate dehydrogenase involvement or heart failure

(LDH), total bilirubin, gamma-glutamyl transferase (GGT),
alkaline phosphatase (ALP), creatinine, serum sodium,

serum potassium, serum clorum, glycemia, albumin,
prothrombin time (PT), activated partial thromboplastin

time (@PTT or APTT), D-dimer, ferritin, fibrinogen, triglycerides,
proBNP, troponin T, IL-6)

Microbiological tests: L. pneumophila and S. pneumoniae
urinary antigen; blood cultures (preferably during fever)

EKG

Chest-X ray if not performed in the last 3 days
Lung ultrasound

Lower extremity venous ultrasound

Inferior vena cava ultrasound

Abbreviations: HDU High dependency unit, CT Computed tomography, BGA Blood gas analysis, MRSA Methicillin-resistant Staphylococcus aureus,
EKG Elettrocardiogram
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Table 3 Proposed respiratory support based on the severity of acute respiratory failure

Acute Respiratory failure Alternative

= P/F ratio > 300 and respiratory rate (RR) <30
Sp0O2 92-96%

= Low-flow nasal cannula oxygen or Venturi Mask or Reservoir Mask set with the aim of target

= HFNC 40 L/min and FiO2 set with the aim of target SpO2 92-96%

= P/F ratio 100-300 and RR < 30
= P/F ratio < 100 and RR < 30

= P/F ratio < 100 and RR = 30 and/or
respiratory distress
90-95%

= Helmet CPAP with PEEP 5 or 7.5 cmH20 and FiO2 set with the aim of target SpO2 92-96%
= Helmet CPAP with PEEP 5 or 7.5 cmH20 and FiO2 set with the aim of target SpO2 92-96%

= NIV (Also to consider in case of: CPAP failure, hyper-capnia). NIV starting parameters: PEEP
12-16 cmH20 PS set with the aim of Vt 4-6 ml/kg and FiO2 set with the aim of target SpO2

Abbreviations: P/F ratio arterial pO2 divided by the fraction (percent) of inspired oxygen, HFNC High-flow nasal cannula, CPAP Continuous positive airway pressure,
FiO2 fraction (percent) of inspired oxygen, NIV Non-invasive ventilation, PEEP Positive end-expiratory pressure

is able to recruit alveoli leading to a rapid improvement
in oxygenation [21-23]. However, NIV and CPAP
should not delay endo-tracheal intubation in patients
who could benefit of invasive ventilation [24]. In particu-
lar, intubation should be prioritized in patients treated
with CPAP or NIV presenting with clinical signs of ex-
cessive inspiratory efforts, to avoid excessive intratho-
racic negative pressures and self-inflicted lung injury
[25]. Levels of PEEP and pressure support during CPAP
or NIV should be individualized to obtain the lowest
level of support able to oxygenate the patient without in-
crease the risk of both lung and cardiovascular side ef-
fects. A particular consideration shall be given to high
PEEP pressures considering the increase risk of pneumo-
thorax/pneumomediastinum. Furthermore, high PEEP in
a poorly recruitable lung tends to result in severe
haemodynamic impairment and fluid retention [26].
This is the rationale for the implementation in the SOPs
of the COVID-19 HDU of the “zero end-expiratory pres-
sure (ZEEP)-PEEP test” to tailor PEEP level in each sin-
gle patient [27]. Patient posture during NIV is crucial to
optimize ventilation. In particular, slumped posture
should be avoided and early mobilization for all patients
is encouraged. Prone positioning or lateral position
could be also considered in these patients according to
imaging and clinical status [28, 29]. Preliminary evi-
dences show improvements in oxygenation parameters
with prone positioning in patients with COVID-19 re-
ceiving NIV or HENC [30]. However, clinicians should
be aware that prone positioning can be also harmful
[31]. Indeed, prone positioning of patients with relatively
high compliance results in a modest benefit at the price
of a high demand for stressed human resources [32].
Close blood gas analysis (BGA) and clinical evaluation
are performed after position changes to verify the advan-
tages. Finally, all the medical devices for non-invasive re-
spiratory support have a risk of droplet spreading [33,
34]. The risk of infection spread is higher with HENC (a
surgical mask should be put on by the patient) and lower
with helmet CPAP [34]. This is one of the reasons why
we decided to prefer helmet CPAP in the COVID-19

HDU. CPAP and NIV should be equipped with a double
filter (in and out) to minimize the risk of droplet spread-
ing. Heat and moisture exchanger (HME) filters should
be positioned before the PEEP resistance and on inspira-
tory circuit of Helmet. However, the use of out-put filter
positioned before the PEEP resistance can increase the
pressure of 2.5-5 cmH20 (high variability of data) in the
circuit. Aerosol and warm humidifiers are avoided in
our HDU to prevent droplet diffusion.

Antiviral therapy
» Remdesivir (clinical trial)

Despite several randomized trials being underway to
evaluate the safety and efficacy of different antiviral
agents, data supporting the use of any anti-viral agents
in COVID-19 have been mostly extrapolated from case
series or in vitro experiments [14-16, 35, 36]. The multi-
disciplinary team of the COVID-19 HDU discussed the
pro and cons and the evidence of introducing an anti-
viral drug in patients with COVID-19 pneumonia and
acute respiratory failure, and initially decided to consider
the use of hydroxychloroquine for all patients in absence
of contraindications [35-37]. In vitro, hydroxychloro-
quine hampers low pH-dependant steps of viral replica-
tion resulting in antiviral activity [38]. Retrospective and
open-label non-randomized clinical trial in patients hos-
pitalized with COVID-19 showed that hydroxychloro-
quine was associated with decreased mortality and viral
load reduction [35, 36]. Before starting hydroxychloro-
quine treatment, an electrocardiogram (EKG) was per-
formed given the risk of QT prolongation and
interactions with other drugs was checked [39]. EKG
was usually repeated every 48 h to assess the risk of QTc
prolongation. Indeed, studies have highlighted the po-
tential for toxicity of hydroxychloroquine, particularly
QTc prolongation and risk of arrhythmias [40, 41].
However, accumulating data from trials and observa-
tional studies suggested that hydroxychloroquine do not
provide a clinical benefit regards of mortality or leght of
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hospital stay for patients with COVID-19 [40-42]. Ac-
cording to this data the multidisciplinary team decided
to not routinely use hydroxychloroquine in COVID-19
patients. After multidisciplinary discussion, the COVID-
19 team decided again the use of lopinavir/ritonavir ac-
cording to evidence showing no benefit of this treatment
beyond standard of care [13]. Furthermore, lopinavir/ri-
tonavir is associated with gastrointestinal adverse events
leading to discontinuation of treatment in 14% of the pa-
tients within a clinical trial [13]. Remdesivir, a broad-
spectrum antiviral with potent in vitro activity against a
range of RNA viruses, has shown in vivo activity against
related coronavirus MERS-CoV and SARS-CoV-2 ani-
mal models [15, 16]. Furthermore, preliminary data from
randomized trials suggest clinical benefit of remdesivir
in hospitalized COVID-19 patients [14, 43]. In the
COVID-19 HDU, remdesivir is used within a clinical
trial programme [14].

Anti-inflammatory therapy

= Methylprednisolone alone in patients with all the
following criteria: CPAP / NIV support; procalcitonin
<1 pg/L; active inflammation (C-reactive Protein>
upper limit of normal and/or fever without alternative
origin); no clinical signs of sepsis. Methylprednisolone
dosage is 80 mg/die intravenous (consider 120 mg/die
in severe cases).

= Anakinra (anti IL-1) and methylprednisolone in pa-
tients with all the following criteria: CPAP / NIV sup-
port; ferritin > 1.000 ng/ml; procalcitonin (PCT) < 1 pg/
L; no clinical signs of sepsis; no other biologics. Ana-
kinra dosage is 200 mg subcutaneously every 8 h
followed by 100 mg every 6 h according to inflamma-
tory markers and ferritin, associated with methylpred-
nisolone dosage is 80 mg/die intravenous (consider 120
mg/die in severe cases) [5, 44]. The most common
Anakinra side effects are wheal at the injection site and
neutropenia [45].

= Tocilizumab (anti IL-6) in patients with all the follow-
ing criteria: IL6 > 5 x ULN; transaminase levels lower
than x 5 upper limit of normal; neutrophils > 500 cell/
mm3; platelets > 50,000 cell/mm3; no clinical signs of
sepsis; no diverticulitis nor bowel perforation; no systemic
or cutaneous infection; no other biologics. Tocilizumab
dosage is (anti IL-6) 8 mg/kg (weight > 30 kg) or 12 mg/kg
(weight < 30 kg). Adverse events are: upper respiratory
tract skin and soft tissue infections; headache; transient
decreases in neutrophil count; abnormal liver function
tests; nasopharyngitis; and diarrhea [46, 47].

Accumulating evidence suggests that a subgroup of
patients with severe COVID-19 have laboratory and clin-
ical evidence of an exuberant inflammatory response.
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This constellation of features is reminiscent of a family
of syndromes broadly gathered under the umbrella of
cytokine storm syndrome, in which hyperinflammation
and multi-organ disease arise through excessive cytokine
release from uncontrolled immune activation, with
persistent fevers, elevated inflammatory markers, and
elevated pro-inflammatory cytokines [11, 12]. These
“endotypes” have been associated with critical and fatal
illnesses [11]. Therefore, identification of biomarkers
such as ferritin or IL-6, and treatment of these bio-
markers stimulating hyper-inflammation using approved
or under-evaluation therapies is of paramount import-
ance to reduce the rising mortality. Indeed, predictors of
mortality from a multicentre retrospective study of con-
firmed COVID-19 cases in China included elevated fer-
ritin and IL-6, suggesting that mortality might be due to
virally driven hyper-inflammation [48]. Therapeutic op-
tions to target specific pathways leading to hyper-
inflammation include selective cytokine blockade agents
such as anakinra or tocilizumab [5, 44, 49]. However, no
randomized control trial has been published to support
the use of these drugs in COVID-19 disease. The use of
these drugs has been extrapolated from case series, ob-
servational studies or is based on trials on other diseases
that leads to viral-driven hyper-inflammation [12, 44,
49-53]. Finally, the use of steroid therapy to control the
hyper-inflammation is largely debated. The WHO, the
Centers for Disease Control (CDC) and the Infectious
Diseases Society of America (IDSA) does not recom-
mend glucocorticoids in patients with COVID-19 pneu-
monia because they have been associated with an
increased risk for mortality in patients with influenza
and delayed viral clearance in patients with Middle East
respiratory syndrome coronavirus (MERS-CoV) infection
[54-56]. However, a recent observational study from
China suggested that the use of corticosteroids may
reduce mortality in COVID-19 patients with Acute Re-
spiratory Distress Syndrome (ARDS), so systemic corti-
costeroids could be considered in moderate to severe
ARDS in our unit, as suggested by Surviving Sepsis
Campaign [5, 57]. During the writing of the present
manuscript, dexamethasone has been approved in the
United Kingdom for all hospitalized patients with
COVID-19 requiring oxygen [58].

Antibiotic coverage

e Antibiotic coverage is considered in case at least one
of the following criteria is present: 1) WBC < 4.000
0>10.000 (and neutrophilia); 2) PCT > 1 ug/L (or
PCT > 0.5 pug/L on two consecutive determination);
3) Clinical-radiological signs of bacterial infection.
Antibiotic selection follows the latest IDSA/ATS
CAP Guidelines [21].
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Inappropriate antibiotic use may reduce their availabil-
ity and broad-spectrum antibiotics in particular may lead
to Clostridium difficile infection and antimicrobial resist-
ance [21, 22]. For these reasons, we consider antibiotic
therapy only in case of criteria suggesting risk of co-
infection or super-imposed infection with bacteria.
Broad spectrum antibiotic coverage is based on risk fac-
tors for Methicillin-Resistant Staphylococcus aureus
(MRSA) or Pseudomonas aeruginosa [21]. Empiric broad
spectrum antibiotic coverage is continued while obtain-
ing definitive cultural data [21]. In patients tested posi-
tive for Influenza virus A or B, oseltamivir 75mg 1
tablet every 12 h is initiated with the aim of reducing the
risk of death [59, 60]. Finally, in case of treatment with a
macrolides or respiratory fluoroquinolones, EKG is per-
formed on daily basis especially if the patient is on
hydroxychloroquine or other medications that prolong
QT interval [39, 42, 61-65].

Anti-thrombotic prophylaxis

e In patient with a low-risk of bleeding (normal clot-
ting time with PT < 1.5, platelets > 100,000 mm?, no
active bleeding, and no risk of trauma), an individu-
alized prophylaxis with enoxaparin sodium is given
subcutaneously (either 4000 IU every 24 h, or 100
IU/kg every 24 h, or 70 IU/kg every 24 h, according
to disease severity and inflammatory and coagulative
markers). In case of creatinine clearance < 30 ml/min,
Heparin calcium at starting dose of 5000 Units/ 0.2 ml
solution x 3 daily for subcutaneous injection was given
(aPTT target: 2.0). Patients on chronic therapy with
direct anti FII, anti FX oral anticoagulants or warfarin
have been switched to enoxaparin sodium 100 IU/kg
x 2/die subcutaneously.

e In patients with a high-risk of bleeding or abnormal
clotting time, a multidisciplinary discussion is orga-
nized with haematologists in order to individualize
anti-thrombotic prophylaxis on patient’s
characteristics.

COVID-19 patients have an increased risk of pulmon-
ary embolism (PE) and deep venous thrombosis (DVT),
in particular those who are critically ill [6-8, 66—-69]. A
recent study enrolling 184 critically ill patients who re-
ceived at least standard dose thromboprophylaxis found
31% incidence of thrombotic complications [68]. How-
ever, the exact frequency of these complications is un-
known, and a large data collection through the WHO’s
COVID19 Clinical Network is ongoing. Reasons leading
to PE and DVT occurrence in COVID-19 patients are
unclear. Evidence suggests that elevated D-dimer is com-
mon in COVID-19 patients, especially in those at severe
stage [7, 9]. It is well known that elevated D-dimer is
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associated with a higher risk of PE and DVT, as well as
other conditions such as cancer, peripheral vascular dis-
ease, pregnancy, and inflammatory disease [70]. Inflam-
mation is one of the key mechanisms in the worsening
of respiratory conditions in COVID-19 [12, 71]. Autopsy
results of multiple series of SARS patients showed that
vascular thromboses were common in lung specimens,
suggesting an underlying thrombophilia in the lungs [8].
The predominant coagulation abnormalities in patients
with COVID-19 suggest a hypercoagulable state called
“thromboinflammation” or COVID-19-associated coagu-
lopathy by some experts [7]. It appears to be distinct
from disseminated intravascular coagulation (DIC),
though DIC has been reported in severely affected pa-
tients [7, 72]. Furthermore, reduced physical movements
can result in higher risk of DVT in patients’ lower limbs.
Finally, a pre-clinical study shows that heparin bind
structural proteins of SARS-CoV-2 inducing conform-
ational changes. These data support the repurposing of
heparin and its derivatives as potentially anti SARS-
CoV-2 agents. For all these reasons, anti-thrombotic
prophylaxis should be encouraged in patients with
COVID-19 pneumonia determining respiratory failure
[68]. We favour pharmacologic prophylaxis of venous
thromboembolism consistent with recommendations
from expert societies [57]. However, the intensity of
thromboprophylaxis, especially in severe and moderate
COVID-19 patients, is an outstanding question. Our ap-
proach is to apply pharmacological thrombosis prophy-
laxis in severe and moderate COVID-19 patients
towards high prophylactic doses, even in the absence of
randomized control trial evidence. However, physicians
should start by being vigilant for signs of thrombotic
complications, and order appropriate diagnostic tests at
a low threshold.

Other therapies

= Other therapies are crucial to control signs and
symptoms related to ARF and systemic inflammation
induced by COVID-19 disease, see Table 4.

Antipyretic medication in critically COVID-19 patients
may reduce the risk of haemodynamic instability and
hypoxic tissue damage, in particular for elderly patients
and/or those with comorbidities [73]. These patients are
more vulnerable to elevated physiological demands during
high-grade fever presenting an increased risk of dehydra-
tion or circulatory dysregulation [74]. For these reasons,
as suggested by the Surviving Sepsis Campaign guidelines
on management of critically ill patients with COVID-19,
anti-piretic agents are used. Furthermore, fluid manage-
ment, especially in-patients with severe febrile illness, is of
paramount importance. Antihypertensive therapy is
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Table 4 Other therapies for patients with COVID-19 disease
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Antipyretic

- Paracetamol 1 g intravenous/orally every 8 h (with the goal to keep fever under control in

patients with respiratory insufficiency) for all patients with body temperature > 37 °C.

- Alternative:

o Diclofenac 75 mg intravenous in 24 h.
o Metamizole 500 mg intravenous every 8 h.

Systemic hypertension treatment

- Patients with systemic hypertension already on medication: antihypertensive therapy should

be continued regardless of pharmacologic (ACE-inhibitor, sartan, beta-blocker) [73]. Diuretics
should be discontinued to avoid hypovolemic status.

- Patients that develop systemic hypertension during the hospitalization: treatment options
include potassium-spring diuretics (spironolactone 50 mg x 2/die or potassium canreonate
intravenous with a minimum dose of 100 mg x 2/die) associated with ACE-inhibitors or sartans.

« Hydration should be considered in all patients (especially patients with fever).

« Before start of treatment with CPAP or NIV hydration should be provided in patients with

- In patients that are able to eat in HFNC or nasal cannulas: self-sufficient oral feeding

« CPAP or NIV-dependent: nasal feeding tube should be placed to provide enteral feeding (e.g.:

- In selected cases parenteral feeding (after positioning of central arterial access):
o 1. BMI 2 20 provide at least 1080 kcal (speed:1,5 ml/kg/h)
o 2. BMI < 20 provide at least 1540 kcal (speed:1,5 ml/kg/h)

Hydration

signs of hypovolemia.
Nutrition

isosource protein 25 Kcal/kg)
Sedation

« Anxious state: Alprazolam (starting dose 0,25 mg x 2/die orally)

« Psychomotor agitation, attempt to remove medical devices, tachypnoea: morphine bolus
(2,5mg iv./s.c, max every 6 h) +/— Alprazolam (starting dose 0,25 mg x 2/die). At least 2 h
between administration of alprazolam and morphine.

End of life support

- Starting dose: syringe pump with morphine 10 mg + midazolam 5 mg + haloperidol 5 mg +

metoclopramide 10 mg
« Dose should be modified according to clinical condition of the patient

Gastric protection

Home therapy that should not be
discontinued during hospitalization

- Levothyroxine

+ Omeprazole 20 mg every 24 h orally/intravenous

- Beta-blockers and others essential cardiological therapies

- Insulin in diabetic patients (oral antihyperglycemic should be discontinued in case of P/F ratio
<300 or acute kidney injury)
- Corticosteroid therapy (decalage should be encouraged based on clinical condition of underlying

condition)

Abbreviations: HFNC High-flow nasal cannula, CPAP Continuous positive airway pressure, NIV Non-invasive ventilation, BVI Body mass index

another controversial area. Systemic hypertension is the
most common comorbidity in COVID-19, especially in
severe cases [75]. Preliminary studies speculated that the
SARS-CoV-2 might enter the human body via angiotensin-
converting enzyme 2 (ACE2) on the surfaces of type II
alveolar cells [76, 77]. Furthermore, earlier studies
about SARS-CoV pathogenesis proved the binding of
virus protein S to ACE2 receptor, is associated with
ACE2 down-regulation, excessive production of angio-
tensin by ACE and less vasodilatory function of hepta-
peptide angiotensin [78]. The renin-angiotensin system
(RAS) plays an important role in the occurrence and
development of hypertension, and ACE inhibitors
(ACEIs) and angiotensin receptor antagonists (ARBs)
are the main antihypertensive drugs recommended by
the current guidelines. Despite the possible up-
regulation of ACE2 by RAS inhibition, there is cur-
rently no data proving a causal relationship between
ACE2 activity and SARS-CoV-2 associated mortality.
Thus, antihypertensive therapy is continued in COVID-
19 patients hospitalized in the HDU regardless of
pharmacologic.

Clinical stability and clinical failure in COVID-19

The concept of clinical stability is widely adopted into
clinical practice for CAP patients [21, 79-81]. A variety
of criteria for determining clinical improvement have
been developed and validated in clinical trials for pa-
tients with CAP, including resolution of vital sign abnor-
malities (heart rate, respiratory rate, blood pressure,
oxygen saturation, and temperature), ability to eat, and
normal mental status [80]. Failure to achieve clinical sta-
bility within 5days is associated with higher mortality
and worse clinical outcomes in CAP patients [79, 82].
Translating the idea of clinical stability from CAP to
COVID-19 is difficult because of the characteristics of
the virus, the absence of antiviral licensed therapy, and
the dis-regulation of the immune system. All these rea-
sons make the evolution of the disease unpredictable
with the risk of sudden worsening of pneumonia. Iden-
tifing patients who are refractory to initial treatment in
COVID-19 pneumonia is of paramount importance.
However, no validated definition of clinical failure exists
in COVID-19 pneumonia and the same limitations de-
scribed for clinical stability also applies to clinical failure.
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Based on our experience, clinical failure could be defined
when one of the following criteria is identified: persist-
ence of fever (TC >37.5°C) and/or no improvement in
inflammatory parameters levels; no improvement or
worsening in P/F ratio; tachypnoea and respiratory dis-
tress (respiratory rate >30 breaths/minute); refractory
hypoxemia; multiorgan failure; sepsis; new onset of
complications.

Criteria to identify patients who are candidate to
intubation and invasive support

Two meetings with critical care colleagues are organized
every day to discuss patients who are eligible for intub-
ation as well as those who have been transferred from
ICU for weaning. All patients with at least one of the fol-
lowing criteria are evaluated for invasive respiratory sup-
port: 1) CPAP/NIV dependency for at least 24 h; 2)
PaO,/FiO, ratio < 150; 3) Respiratory rate >30 and re-
spiratory distress despite optimization of non-invasive
respiratory support; 4) Hypercapnia and/or pH < 7.30; 5)
Intolerance to respiratory support interface leading to
discontinuation of respiratory support; 6) Haemo-
dynamic instability (defined by mean systemic arterial
pressure < 65 mmHg and/or diuresis < 0.5 ml/kg/h and/

Table 5 Infection control procedures
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or patient non-responder to fluid challenge and/or
amines support).

Clinical recovery and transfer low dependency units
(ward)

A patient is considered recovered when all the following
criteria are fulfilled: 1) Apiretic patient for at least 72 h;
2) Respiratory rate < 22 breath/minute; 3) SpO2 in room
air > 94% (or > 90% in case of chronic pulmonary disease);
4) Two negative samples (at least 24 h between the first
sample and the second sample) for SARS-CoV-2.

Patients are considered eligible to be transferred to
low-dependency units if all the following criteria are sat-
isfied: 1) Apiretic for at least 24 h without use of anti-
piretics drugs; 2) No respiratory support with CPAP,
NIV or HENGC; 3) No new onset of complications or car-
diovascular deterioration.

Infection control

The rapid expansion of COVID-19 outbreak is indicative
of efficient human-to-human transmission [83, 84].
Virus transmission via respiratory secretions in the form
of droplets (>5pum) or aerosols (<5 pum) appears to be
the most common form of transmission [84, 85]. Health-
care workers are at high risk of contracting the infection

Dressing and undressing procedures for healthcare providers in COVID-19 high-dependency unit [34, 88, 89].

Dressing

+ Remove all personal items

- Practice hand hygiene with soap and water or alcoholic solution
- Wear a first pair of gloves

+ Wear the disposable gown over the uniform

- Wear FFP2/FFP3 covering the nose and mouth to minimize the
space between the face and mask

+ Wear protective full face shield or glasses

« Put on a second pair of gloves

Undressing

+ Remove the disposable gown and dispose of it

+ Remove the first pair of gloves and dispose of them
- Remove the glasses and sanitize them

- Practice hygiene of gloves with alcoholic solutions

+ Remove FFP2/FFP3 by handling it from the rear and dispose of it in the
container

- Remove the second pair of gloves

- Practice hand hygiene with alcoholic solutions or with soap and water

« Shower including disinfection of the ears and mouth

Protective equipment and recommendations for respiratory devices [34, 90, 91, 89, 92]

Procedures and/or device

Aerosol-generating procedures (airway suction, bronchoscopy)

Recommendation

« Should be performed in negative pressure rooms

« FFP3 mask for operator

NIV - Use a double-limb circuit with a non-vented mask
- Place three filters per ventilator: between the expiratory port and the
ventilator; between the inspiratory port and the ventilator; near the patient’s
mask
- The interface with the lowest risk of aerosol emission is the helmet equipped
with an inflatable neck cushion

Conventional oxygen therapy

- Do not use humidifiers

« The patient has to wear the surgical mask to reduce contamination risk

HFNC

- The patient has to wear the surgical mask to reduce contamination risk

« Nasal cannula must be completely inserted in the nostrils and secured with
the elastic bands on the patient’s head to minimize lateral losses

Abbreviations: NIV Non-invasive ventilation, HFNC High-flow nasal cannula
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particularly when applying respiratory devices such as
oxygen cannulas or NIV, or when performing aerosol
generating procedures on patients with COVID-19. Fur-
thermore, the vulnerability in healthcare settings has
been proved by the high numbers of reported cases of
hospital-acquired infections [86]. Recent studies indi-
cated that aerosol and fomite transmission of SARS-
CoV-2 are plausible, as the virus can remain viable in
aerosols for multiple hours and on surfaces up to days
[87]. Therefore, hospitals present unique challenges dur-
ing the process of protecting all healthcare providers
from an infectious disease outbreak. Personal protective
equipment (PPE) is an important component, but not
the only one, of a system protecting healthcare providers
from COVID-19 cross-infection. Indeed, appropriate use
of PPE significantly reduces risk of viral transmission.
Recommendations for the process of dressing and
undressing for healthcare workers to avoid SARS-CoV-2
infection in COVID-19 unit and the safest use of “re-
spiratory devices” in the COVID-19 unit are described in
Table 5. Notably, after the adoption of a dedicated HDU
for COVID-19 patients, none of the healthcare providers
were infected by SARS-Cov-2. Healthcare providers are
weekly screened with nasopharyngeal swab specimen to
detect SARS-CoV-2 RNA from the upper respiratory
tract. A serological test was performed for each health-
care provider after 3 months of COVID-19 HDU estab-
lishment. At the time of writing the present manuscript,
only three pulmonologists and one nurse have been
tested positive for IgG antibodies. However all of them
developed the infection and they were tested positive by
nasopharyngeal swab before the establishment of the
COVID-19 HDU.

Conclusions

COVID-19 is a complex and heterogeneous disease. Sev-
eral patients with COVID-19 disease show the signs and
symptoms of a dis-regulated inflammatory response to
infection leading to a systemic disease. Moreover, hyper-
coagulability seems an important problem leading to
pulmonary embolism and DVT. Lack of experience in
managing the disease and lack of highly effective anti-
viral drug are important limitations. Furthermore, there
is need for improvement of ventilatory care. Increasing
evidences have been showed the presence of biomarkers,
such as IL-6 or ferritin, that can be targeted by off-label
treatments. For these reasons a multidisciplinary ap-
proach, as the one that is used in our hospital seems to
be reasonable. A multidisciplinary involvement of several
figures is able to better identify treatable traits of
COVID-19 disease, early identify patients who can
quickly deteriorate, particularly patients with multiple
comorbidities, and better manage complications related
to off-label treatments. The management of patients in
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COVID-19 dedicated units is advisable for segregation
purpose as well as for infection control. All the proce-
dures adopted in our hospital cannot be generalized in
other hospitals and different healthcare systems. How-
ever, we think that our experience and our point of view
can be helpful for countries and hospitals that are now
starting to face the COVID-19 outbreak.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512931-020-01516-8.

Additional file 1: Figure 1. Map of Ca’ Granda Ospedale Maggiore
Policlinico, Milan (Sacco, highlighted in red is the pavilion dedicated to
COVID-19 HDU patients).
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