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KEY POINTS

e ltaly was the first western country to face a large coronavirus disease 2019 (COVID-19)
outbreak.

e COVID19 Lombardy Network responded to the surge of hospital admissions in Northern
Italy; it organized a rapid increase in intensive care unit (ICU) beds and implemented mea-
sures for containment.

e Scientific evidence was provided by ltalian centers to characterize the clinical history of
COVID-19 associated respiratory failure.

Relevant experience was collected in Italy during the pandemic about the use of noninva-
sive continuous positive airway pressure and awake proning, which were implemented to
manage respiratory failure out of the ICU setting.

o Recommendations from national guidelines were structured to guide health care pro-
viders on resource allocation; promotion of awareness among ltalian citizens within spe-
cific humanitarian and educational programs was implemented.
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INTRODUCTION

Italy was the first western country facing an outbreak of coronavirus disease 2019
(COVID-19)." The first ltalian patient diagnosed with COVID-19 was admitted, on
Feb. 20, 2020, to the intensive care unit (ICU) in Codogno Hospital (Lodi, Lombardy,
Italy), and the number of reported positive cases increased to 36 in the next 24 hours,
and then exponentially for 18 days. This triggered a prompt, coordinated response of
the ICUs in the epicenter region of the outbreak that resulted in a massive surge in the
ICU bed capacity.?

An ltalian registry from 3 northern Italian regions (Lombardy, Emilia-Romagna and
Veneto) showed that the rate of ICU admission was 12.6% of COVID-19 hospital ad-
missions. Eight hundred and five patients were admitted and treated in the ICU among
6378 patients hospitalized for COVID-19 in the period between Feb. 24 through March
8, 2020.2 The coordination of a critical care response in Italy happened in collaboration
with out-of-hospital, and out-of-ICU management of patients with respiratory failure.

Furthermore, as part of the implementation of an organizational response to the
SARS-CoV2 outbreak, many Italian research groups collected data and provided sci-
entific evidence to understand how to better defeat coronavirus, and make this infor-
mation quickly publicly available to help other countries that would have to face a
similar challenge.

DEVELOPMENT OF A CRITICAL CARE RESPONSE — CORONAVIRUS DISEASE 2019
LOMBARDY INTENSIVE CARE UNIT NETWORK ORGANIZATIONAL PERSPECTIVE

The critical care response to the COVID-19 pandemic started with the formation of an
emergency task force on Feb. 21, created by the Lombardy region authorities and
health care representatives: the COVID-19 Lombardy ICU Network (2). The aim of
the COVID-19 Lombardy ICU Network was to manage the allocation of resources
for all COVID-19 patients requiring ICU treatment in the region. The intensive care
team of the Policlinico Maggiore Hospital in Milan led the clinical task force, which
was active 24 hours per day, 7 days per week to manage bed request calls.

The 2 primary goals of the network in the initial response phase were to increase
surge ICU capacity and to implement measures for containment.

Increase of Surge Intensive Care Unit Capacity

The precrisis ICU capacity was

e Lombardy: approximately 738 ICU beds (7.4 beds/100,000 people, equal to
2.9% of the total number of hospital beds)
o ltaly: approximately 4682 ICU beds*

An exponential model for the prediction of ICU admission rate estimated a need of
up to 2500 ICU beds in only 1 week for COVID-19 patients.® Using this model, the
whole ltalian National Health System would be saturated by mid-April. Drawing from
the experience of the Venous-Venous ECMO Respiratory Failure Network,® one of
the first initiatives of the network was to create 15 COVID-19 dedicated hub hospitals,
with specific expertise in the management of patients with acute respiratory distress
syndrome (ARDS) and infectious diseases.

Specific tasks of the hub hospitals were to:

1. Create dedicated ICU cohorts for COVID-19 patients
2. Create triage areas with the possibility to assist critical patients waiting for diag-
nostic test results for COVID-19



Critical Care Response to COVID-19 in Italy

3. Establish local protocols for triage and rapid allocation of patients with respiratory
symptoms

4. Ensure adequate personal protective equipment (PPE) availability and training of
health care workers

5. Immediately notify the regional coordinating center of every confirmed case of crit-
ical COVID-19

Through a central coordination of the ICU Network, 130 ICU beds dedicated to
COVID-19 patients were created in Lombardy in 48 hours. After the saturation of
the designated hub hospitals, almost all hospitals of the region created dedicated
ICUs, and on April 2, the ICU capacity reached 1750 beds. In addition, on March
31, 2020, the Milan Fair COVID-19 Intensive Care Hospital was inaugurated. The proj-
ect, developed by Fondazione Fiera Milano in partnership with Lombardy Region con-
sisted of a temporary hospital with up to 250 ICU beds developed in 20 days, and
covering more than 25,000 square meters (Fig. 1). The hospital reorganization pro-
cess, with the opening of newly dedicated ICUs, has been a multidisciplinary effort,
with the involvement of health care providers, hospital managers, and political author-
ities.”™ The ltalian government allocated 845 million euros to the National Health Sys-
tem to ensure a progressive increase of the number of ICU beds for invasive
mechanical ventilation, up to 14% of the total hospital beds.®

Implementation of Measures for Containment

The government instituted extraordinary measures for containment: restrictions within
lockdown areas (red zones) were implemented gradually, and then expanded to the
entire country on March 9, 2020, until May 18, 2020. A second wave of infections is
currently ongoing in several European countries, including Italy. Measures for contain-
ment and restrictions within Italian territory were instituted again from Oct. 26, 2020,

Fig. 1. Representation of the area dedicated to the management of COVID-19 patients at
the Fair Milan Covid-19 Intensive Care Hospital covering more than 25,000 square meters
of area Portello Pavilions 1 and 2 at Fieramilanocity, Milan, Italy. The image represents
the empty space before Fair Milan Covid-19 Intensive Care Hospital was yet staged (permis-
sion obtained to reproduce the image by Fondazione Fiera — All Rights reserved - https:/
www.ospedalefieramilano.it/it/l-progetto.html).
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based on the estimate of transmissibility within each region."" As of Dec. 13, 2020, the
number of hospitalized patients in Lombardy and Italy was 5873 and 30,893, respec-
tively; the number of ICU patients was 714 and 3,158, respectively. Overall, during the
last 8 months, totals of 23,810 and 64,520 patients have died of SARS-CoV2 in Lom-
bardy (Fig. 2A,B) and ltaly (Fig. 2C,D), respectively.
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Fig. 2. Number of daily hospital versus ICU admissions (A, C) and hospital admissions versus
hospital mortality (B, D) during the Italian first and second wave of SARS-CoV2 outbreak in
Lombardy (top panels) and in Italy (bottom panels) from Feb. 24 to Dec. 13, 2020 (original
data reports from the public source of “Presidenza del Consiglio dei Ministri - Dipartimento
della Protezione Civile” https:/github.com/pcm-dpc/COVID-19/blob/master/dati-regioni/dpc-
covid19-ita-regioni.csv). (D) The peak of mortality reported on Aug. 15 was explained by inter-
nal verification of mortality data of Azienda Unita Sanitaria Locale of Parma (Emilia Romagna)
that reported 154 deaths over March, April, and May that were not previously included. The
distribution of hospitalized patients, ICU admissions, and deaths was different during the 2
peaks of the Italian SARS-CoV2 pandemic. In Lombardy, while the highest number of deaths
during the first wave (ie, 546 deaths) was reported approximately 10 days before (ie, on March
20) the highest number of hospitalized patients (ie, 13,328 on April 4) and ICU admissions (ie,
1381 on April 3), during the second coronavirus peak, the highest capacitance in terms of hos-
pital and ICU beds (ie, 9340 and 949, respectively) was reached earlier (ie, on Nov. 22), and con-
trary to the first wave, 10 days in advance compared with the highest number of deaths (ie,
347 on Dec. 3). Accordingly, in the whole country, a similar date was observed. During the first
SARS-CoV2 wave, the highest number of deaths (ie, 969 deaths) was reported about 10 days
before (ie, onMarch 26) compared with the highest request of hospital (ie, 33,004 on April 4)
and ICU beds (ie, 4068 on April 3). In contrast, during the second peak of the pandemic, the
highest numbers of hospital and ICU admissions (ie, 38,507 and 3848, respectively) were re-
corded on Nov. 23 and 25, respectively, about 10 days before the peak of COVID-19 deaths
(ie, 993 on Dec. 3). (Visual courtesy of Francesco Casola.)
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OUT-OF-HOSPITAL CORONAVIRUS DISEASE 2019 RESPONSE - AN ORGANIZATIONAL
PERSPECTIVE
Organization of the Emergency Medical Service

The Emergency Medical Services (EMS) of the Lombardy region had to deal with an
unprecedented increase in telephone calls to 112 (European emergency number) after
the announcement of the first COVID-19 positive patient in Italy on Feb. 20, 2020. Call
volumes registered a 264 % increase compared with the 3 previous years on the 23rd
of February in the metropolitan area of Milan (SOREU metropolitan).'? Similar reports
from other areas showed an increase in calls up to 440% compared with the pre-
COVID-19 period.'®

Several callers were just requesting information and guidance about COVID-19.
Many others were suspected symptomatic patients deserving a prompt evaluation
of respiratory symptoms, home isolation, and domicile SARS-CoV-2 testing or hospi-
talization. To cope with the escalation of calls, a COVID-19 response team was insti-
tuted by the EMS of the metropolitan area of Milan.' The team, composed of 10
health care professionals and 2 technicians, worked 24 hours per day 7 days per
week in assessing the clinical condition of screened individuals to determine the
need for hospital admission, or for home testing for SARS-CoV-2 and subsequent
isolation. In essence, patients were screened for fever and any respiratory symptoms
in order to

1. Organize ambulance
dispatch and hospitalization in case of moderate or severe respiratory symptoms
2. Counsel, record, and isolate suspected or confirmed COVID-19 cases with mild
symptoms

Despite efforts to maintain ordinary EMS activities through the creation of the
COVID-19 response team, the reorganization of the 112 emergency response system,
and the implementation of the staff, recent data showed that EMS arrival times were
significantly higher compared with the same period in 2019 in Milan,'" and in other
provinces of Lombardy and Veneto, particularly for time-dependent conditions like
out-of-hospital cardiac arrest.'>1°

The Lombardy EMS coped with a dramatic increase in events caused by the
outbreak in the region in an extremely short timeframe, and in a limited area, as
occurred in the province of Bergamo. Data about the events managed by the dispatch
center for the EMS of Brescia and Bergamo describe a devastating scenario. Fagoni
and colleagues reported an increase of 50% in the number of events managed in
March to April 2020, compared with the same period in 2019, with a tenfold increase
in the number of the so-called respiratory or infective events. An alarming increase in
the number of deaths was reported: +246% (odds ratio [OR] 1.7, P<.0001) in March to
April 2020, compared with 2019." This high mortality was in line with other reports
from Italian cities severely affected by the COVID-19 pandemic in northern Italy.'®

The Challenging Experience of Out-of-Hospital Cardiac Arrest During the
Coronavirus Disease 2019 Outbreak

An almost 60% increase in out-of-hospital cardiac arrest (OHCA) incidence, coupled
with a reduction in the short-term outcomes during the COVID-19 outbreak, was
observed in ltaly for the first time.'® Specifically, during the first 40 days of the
COVID-19 pandemic (Feb. 21 through March 31, 2020), the number of OHCAs occur-
ring in the provinces of Lodi, Cremona, Pavia, and Mantua, increased up to 58%
compared with the same period in 2019. An increase in the number of OHCA was
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seen in all 4 provinces, with a worrisome peak in the 2 most afflicted by COVID-19
infection: Lodi (+187%) and Cremona (+143%).

Among different etiologies, medical causes were more represented in OHCA during
the COVID-19 pandemic. Age and sex of the patients were similar in the 2 study periods,
but in 2020 home location and unwitnessed OHCA were more frequent compared with
2019. A decrease in bystander cardiopulmonary resuscitation rate of 15.6% was
observed compared with the 2019 period. The median arrival time of emergency med-
ical service was 3 minutes longer in 2020 than in 2019, and the incidence of out-of-
hospital death was almost 15% higher in 2020 than in 2019. The cumulative incidence
of out-of-hospital cardiac arrest in 2020 was strongly associated with the cumulative
incidence of COVID-19. The authors then expanded the analysis to the following
60 days after the first COVID-19 patient was isolated, replicating the same results re-
ported for the first 40 days.'® On the contrary, a report from Padua in Veneto (northeast
of Italy), did not highlight an increase in OHCA incidence and mortality.'® However, in
line with previous findings, the authors reported an increased EMS arrival time of
1.2 min in 2020 compared with 2019. Interestingly, when they broke the total arrival
time into its main components (ie, call to dispatch, dispatch to departure, and departure
to arrival), an increase in the time between the call and EMS departure was observed.
The authors suggest that the longer call-to-departure time of the EMS could be due
to the time spent to investigate COVID-19 status, while the delay in ambulance depar-
ture could be explained by PPE procedures and requirements.

IN-HOSPITAL CORONAVIRUS DISEASE 2019 RESPONSE - BUILDING SCIENTIFIC
EVIDENCE
Intensive Care Unit Management of Coronavirus Disease 2019 Respiratory Failure

The COVID-19 Lombardy ICU Network was created to promptly respond to the SARS-
CoV2 outbreak in Italy, and to manage the exponential surge of patients with respira-
tory failure, needing respiratory support in ICU. Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico in Milan was the coordinating center of COVID-19
Lombardy ICU Network, which connected all the ICUs in the Lombardy region. Dedi-
cated staff in the coordinator center of this consortium performed at least 2 telephone
calls every day to obtain real-time granular information on most clinical characteristics
and outcomes of patients admitted to the ICU.?%22

Despite the massive clinical and logistical efforts, COVID-19 Lombardy ICU
Network was able to collect and provide scientific evidence about clinical character-
istics, risk factors, pathophysiology, and prognosis of patients with SARS-CoV2
induced lung injury. Data collection was not limited to the mentioned phone calls,
but also by local granular data collection in a centralized eCRF.

One of the aims of the COVID-19 Lombardy ICU Network was to deliver knowledge
as rapidly as possible on a disease still poorly described, ultimately to help other coun-
tries facing a similarly dramatic health care experience.?® Essentially, the research
commitment of Ospedale Maggiore Policlinico was twofold in its objectives:

1. To build a registry that included all epidemiologic, clinical, and prognostic informa-
tion of adult patients admitted to the hospital from the onset of the pandemic.
2. To create a biobank of samples to perform translational studies.

Data from this registry for national and international researchers will benefit patient
care worldwide.?* The authors summarized in Table 1 the main scientific evidence re-
ported by the COVID-19 Lombardy ICU Network, together with other Italian investiga-
tors, during the pandemic outbreak.



Table 1

Scientific evidence provided by the COVID-19 Lombardy ICU Network together with other Italian investigators during the pandemic outbreak to characterize
the clinical history of critically ill COVID-19 patients

Areas of
Research

Group of Research

Patient Population

Time of Inclusion

Main Findings

Clinical
characteristics
of COVID-19
ICU patients

COVID-19 Lombardy
ICU Network?®

1591 critically ill COVID-19
patients

Feb. 20 to March 8, 2020

e Median age of 63 (IQR 56-70)

o Male-to-female ratio 4:1

e Hypertension was the most
common comorbidity (49% of
cases)

e Of 1300 patients with ventilator

data, 88% on mechanical

ventilation, 11% on noninvasive

ventilation

Median PEEP = 14 cmH,0 (IQR

12-16) -median Paoy/Fio, = 160

(114-220)

Median Fio, = 70 (IQR 50-80)

e Prone positioning was used in

27% of 875 patients

Patients with hypertension —

compared to patients without

hypertension — were older, with

a more severe ARDS, requiring

higher levels of PEEP and

showing a higher ICU mortality

(38 vs 22%, overall mortality

26%)

Short-term follow-up and half

of patients with complete data

at follow-up (March 25, 2020)

were still in ICU

(continued on next page)
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Table 1
(continued)

Areas of
Research

Group of Research

Patient Population

Time of Inclusion

Main Findings

Risk factors of
mortality in
COVID-19 ICU
patients

COVID-19 Lombardy
ICU Network?'

3988 critically ill COVID-19
patients

Feb. 20 to April 22

e Mortality was higher in males; in
patients with at least 1
comorbidity; and in older
patients (56 years old was the
cut off — follow-up until May 30)

e A higher severity of lung injury
(ie, patients with a lower Pao,, a
higher Fio,, and higher PEEP
levels [>13 cmH,0]) and a
shorter duration of mechanical
ventilation and hospital length
of stay were correlated with a
higher mortality rate

e Among independent predictors
of mortality — adjusted for time
effect — 1. Older age and male
sex (ie, baseline characteristics);
2. Hypercholesterolemia, type 2
diabetes, and chronic
obstructive pulmonary disease
(COPD) (ie, comorbidities); 3. A
higher PEEP, a higher Fio, and a
lower Pao,/Fio, at admission
(severity of lung injury); and 4. A
trend to the use of any
mechanical respiratory support
(either noninvasive or invasive)
was associated with a higher
mortality rate

(444
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Pathophysiology
of COVID-19
ARDS patients

Grasselli et al,?? 2020

301 critically ill COVID-19
patients

March 9 -22

Prospective multicenter
observational study conducted
in different regions from north
to south of Italy

Median respiratory system
compliance was 9 mL/cmH,0
higher in COVID-19 associated
ARDS compared to patients with
ARDS unrelated to COVID-19
Lung injury associated to
COVID-19 appeared not only to
be characterized by a
parenchymal damage but
included also an endothelial
injury

The study reported a strong
association between D-dimer
concentration and areas of
pulmonary hypoperfusion that
was assessed by computed
tomography (CT)-pulmonary
angiography in a subgroup of
patients

The role of different
combination of levels of
respiratory system compliance
and D-dimer on outcome was
investigated - in a multivariate
model adjusted for sex, age, and
severity of ARDS using Paoy/Fio,
the group of patients at the
higher risk of mortality was the
one with the worse epithelial
and endothelial lung injury, as
suggested by the combination
of high D-dimer concentration
and low compliance of the
respiratory system

(continued on next page)
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Table 1
(continued)

Areas of
Research

Group of Research Patient Population

Time of Inclusion

Main Findings

Hematological
characteristics
of COVID-19
patients

e 62 COVID-19 patients — with
low, intermediate or high
intensity of care

e 24 critically ill COVID-19
patients

e Angelo Bianchi
Bonomi Hemophilia
and Thrombosis
Center in Milan
(COHERENT project)?®

e Angelo Bianchi
Bonomi Hemophilia
and Thrombosis
Center in Milan?®

First peak of the Italian COVID-19
outbreak

Both studies — according to the
analyses of laboratory
biomarkers of pro and
anticoagulation, together with
data regarding the viscoelastic
properties of blood of COVID-19
patients by the use of
thromboelastography — do not
support hematological
characteristics of disseminated
intravascular coagulation - in
contrast they demonstrated the
presence of a prothrombotic
phenotype that leads to a
procoagulant imbalance that
originates from a complex
interplay between the
inflammatory insult, hemostasis,
and endothelial cells
perturbation

LT
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Double patient ventilation with a single ventilator — feasible and ethical?

During a pandemic, there may be an imbalance between the numbers of critically ill
patients requiring invasive ventilation, and the numbers of mechanical ventilators
that are available. An interesting option that was proposed almost 15 years ago by
Neyman and Irvin is to connect multiple patients to a single ventilator in order to
compensate for the equipment shortage.?” Researchers from Milano and Bologna in
Italy successfully tested the feasibility of using a single turbine ventilator to provide
ventilation in 2 simulated patients with different respiratory mechanic characteris-
tics.?® Beitler and colleagues took this experience to the next level and provided evi-
dence of feasibility in COVID-19 patients with ARDS who shared ventilators for at least
2 days, under rigorous protocols, and experienced no adverse events.?® This strategy
still remains experimental. Critical points still need to be addressed such as the match-
ing of respiratory mechanic characteristics of patients ventilated with a single venti-
lator — in order to avoid harm in one of them - and the safety of prolonged ventilator
sharing.

Out of Intensive Care Unit Management of Coronavirus Disease 2019 Respiratory
Failure

Noninvasive ventilation — state-of-the-art and guidelines
As stated, the massive burden of SARS-CoV2 on the Italian health care system quickly
saturated the availability of ICU beds and mechanical ventilators. Among several, one
of the challenges for health care providers was to manage and contain severe intraho-
spital respiratory failure outside the critical care environment. Noninvasive ventilation
allowed physicians to stabilize patients, avoiding the progression to severe hypoxemia
and muscle exhaustion that would eventually require invasive mechanical ventilation.
Noninvasive positive pressure oxygenation strategies have been recently confirmed to
be associated with a lower mortality risk compared to standard oxygen therapy.=°
Noninvasive positive pressure ventilation (NIPPV) has played a key role in the man-
agement of COVID-19 patients out of the ICU during the Italian crisis surge. The rapid
guidelines of the European Society of Intensive Care Medicine suggested on 1 side
high-flow nasal cannula (HFNC) and NIPPV as strategies to reduce the need for intu-
bation and overcome shortages of mechanical ventilators; on the other side, NIPPV
was suggested for invasive ventilation as a last option in a scenario of a shortage of
standard full-featured ventilators.®' The worldwide guidelines on the management
of critically ill COVID-19 patients confirmed the suggestion of the implementation of
HFNC and NIPPV in acute hypoxemic respiratory failure (AHRF) and recommended
early intubation in a controlled setting if worsening occurred.®? The potential increase
of virus aerosolization with NIPPV remains a significant concern regarding transmis-
sion of infection to health care providers.®®

The Italian helmet continuous positive airway pressure experience during the
coronavirus disease pandemic
The ltalian approach to noninvasive ventilator management of COVID-19 AHRF was
characterized in northern ltaly by the use of helmet continuous positive airway pres-
sure (c-PAP), because of the large ltalian experience in the management of AHRF
with this interface.3

The helmet is an interface of utmost utility in a pandemic scenario, in order to avoid
the risk of aerosolization when helmet NIPPV is delivered through a ventilator, as sug-
gested by Cabrini and colleagues®® However, the use of helmet c-PAP has an excel-
lent performance simply with a free-flow generator and a positive end-expiratory
pressure (PEEP) valve at the helmet outlet, combined with a high-efficiency particulate
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air (HEPA) filter at the helmet outlet to reduce the risk of environmental contamina-
tion.3"%6 Furthermore, the helmet c-PAP bundle was proposed to optimize patient
comfort using

1. A heat and moisture exchanger (HME) filter to decrease incoming noise
2. Counterweight fixing systems to stabilize the helmet position
3. Heated wire tubing with active humidification®’

Early consensus management of non-ICU patients with SARS-CoV2 in ltaly sug-
gested the use of helmet c-PAP without humidification as the first choice.® Three Ital-
ian studies have reported data on the use of helmet c-PAP and NIPPV out of a critical
care environment in COVID-19 patients.3%*

1. In a multicenter observational prospective study, Aliberti and colleagues described
the characteristics and the outcome of patients undergoing c-PAP treatment in 3
high-dependency units in 2 ltalian hospitals in Milan during the first pandemic
wave. Out of 157 patients, helmet c-PAP successfully improved oxygenation
from a Pao,/Fio, = 143 to 206. However, intubation or death was higher compared
to non-COVID-19 patients with the same severity of AHRF (45% vs 23%). Interest-
ingly, patients with c-PAP failure showed higher inflammation (eg, high interleukin
[IL]-6 levels) and activation of the coagulation cascade (eg, high D-Dimer levels)
compared with patients who did not fail helmet c-PAP.*°

2. In the emergency department of Papa Giovanni XXIIl hospital (HPG23) from Ber-
gamo (a city overly affected by the surge), Duca and colleagues described patient
characteristics and the ventilator management. In a time frame of 10 days, the au-
thors reported that out of 611 patients admitted to the emergency department with
suspected COVID-19, 99 received ventilator support (12% invasive and 88%
noninvasive) in the emergency department, and 85 of them were confirmed positive
to SARS-CoV2 (median age 70 years, median Pao,/Fio, ratio = 128). Given the
resource limitation in the ICU setting at the outbreak onset, the internal hospital
protocol in the emergency department of HPG23 adopted the use of helmet
c-PAP or NIPPV in the presence of hypoxemia (SpO2<90%) or RR greater than
30/min during the administration of oxygen therapy by non-rebreather mask with
an oxygen flow of 15 L/min. Patients were admitted to the ward until availability
of an ICU bed. The follow-up mortality 2 months later was 77%, which was poten-
tially explained by the severity of hypoxemia of patients admitted to the emergency
department with standard oxygen therapy already maximized.*°

3. The results from the largest data set that described the prevalence and the clinical
characteristics of patients with COVID-19 treated with NIV outside the ICU, and
that explored the factors associated with NIV failure (defined as need of intubation
or death) were reported by Bellani and colleagues in a prospective single-day prev-
alence study (WARd-COVID). In 31 centers within the COVID-19 Lombardy ICU
Network 8753 COVID-19 patients were present, accounting for an average of
62% of the overall hospital beds. Of these, 909 subjects (10.4%) received NIV
out of the ICU. The use of the helmet or face-mask was used in a ratio of 3:1.
NIV failed in 300 patients (37.6%). A higher c-reactive protein and lower Pao,/
Fio, and platelet counts were independent predictors of NIV failure. Mortality rate
was 25% at 60-day follow-up. Although with a large sample size and the multicen-
tric design of the study, the lower rates of NIV failure and mortality in the WARd-
COVID - compared with previous reported studies®**° - may be explained by
the different timing of patient enrollment and data collection (ie, 1 month later
that the Italian SARS-CoV2 outbreak). At that time, the organizational optimization
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of the ICU resources was already implemented by the COVID-19 Lombardy ICU
Network. This consisted of an exponential increase of the number of ICU beds
that might have allowed to treat patients with a less severe acute hypercapnic res-
piratory failure (AHRF) on the ward at the moment of patient enrollment (average
Pao,/Fio, = 168).*" An exemplary image representing the use of helmet c-PAP in
prone positioning — as performed in the authors’ Institutions in Monza and Milano
—is provided in Fig. 3.

The Italian experience with prone-positioning in spontaneously breathing patients
As with ARDS from other causes,*> COVID-19 guidelines propose cycles of 12 to
16 hours of prone positioning in patients with moderate-severe ARDS and undergoing
mechanical ventilation,*® based on strong physiologic rationale.*>** No information
was provided on the use of proning in awake, non-intubated patients in the recent
guidelines where the knowledge of the benefits is limited. Nonsystematic differences
have been reported in prone positioning compared to supine positioning in healthy
volunteers, with the presence of a more homogeneous perfusion in selected subjects
that might improve ventilation/perfusion matching.*® The use of PEEP has been
described to increase the ventilation/perfusion ratio in the dorsal areas of healthy sub-
jects.*® However, little is known in terms of the physiologic effects of PEEP in patients
undergoing prone positioning with a severe impairment of gas exchange, as in the
case with COVID-19 related ARDS.

Italy pioneered the use of prone positioning in awake COVID-19 patients spontane-
ously breathing and explored the role of noninvasive ventilation during protonation
outside the ICU.

1. In a prospective study, Coppo and colleagues explored the feasibility and physio-
logic effects of prone positioning in 56 patients - on supplemental oxygen therapy
only (21%) or with helmet c-PAP (79%). Prone positioning was feasible in 84% of
patients. Oxygenation was significantly improved in the prone position (average
Pao./Fio,, 286 vs 181, P<.0001), and the oxygenation gain was maintained in
50% of the patient population after resupination. Among other factors, prone posi-
tioning seemed more effective if applied early after hospital admission.*”

2. Data from a retrospective study by Ramirez and colleagues reported that pronation
was feasible outside the ICU. Furthermore, patient mobilization, which included
prone positioning, was effective in reducing failure rates of c-PAP in COVID-19
patients.*®

Fig. 3. Exemplary image of continuous positive pressure ventilation delivered by a helmet
¢-PAP during prone positioning in a healthy volunteer as per the authors’ practice at San
Gerardo Hospital, Monza and Policlinico Maggiore Hospital, Milano.
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3. Bastoni and colleagues reported a series of 10 patients who met criteria for pron-
ing. In 6 patients, with a median Pao,/Fio, of 68 mm Hg, prone positioning was
effective at increasing oxygenation to a median Pao,/Fio, of 97 mm Hg 1 hour
after.*®

4. The use of both prone and lateral positioning for 1 hour has been tested in 26
COVID-19 patients during helmet c-PAP admitted to the high-dependency unit of
Policlinico Hospital in Milan. Retucci and colleagues observed that the success
rate (ie, oxygenation improvement) of proning was higher compared with the use
of lateral positioning. However, the short duration of patient positioning may
have contributed to the loss of the beneficial improvement of oxygenation when pa-
tients returned to the semiseated position.°°

In-hospital interplay and differences in the use of critical care resources between
critical and noncritical care environments

Three regions in northern Italy joined together in a common effort to build a large
network that included different experiences from the part of Italy that was severely
hit by the outbreak. This led to the development of the COVID-19 Northern Italian
ICU Network, which strived to report scientific evidence on the management and pa-
tient characteristics from different ltalian areas.

In an interesting analysis from the COVID-19 Northern Italian ICU Network, the in-
vestigators reported differences among patients managed in and out of the ICU during
the first 14 days of the pandemic outbreak (Feb. 24 to March 8, 2020). In the ICU, bed
capacity rapidly increased from 1545 to 1989 beds (28.7%). In data obtained in 802
patients within 14 days, the percentage of patients who received respiratory support
increased from 0.6% to 37% out of the ICU. Patients were located in the infectious
disease ward, pneumology ward, emergency medicine, and intermediate care unit,
with a proportion of 47%, 31%, 15%, and 7%, respectively. The proportion of patients
admitted to ICU decreased from 20.3% to 15.2%. Patients located out of the ICU,
compared to within the ICU, had more comorbidities, received more oxygen therapy
and NIV, (with the exception of c-PAP that did not differ between the 2 groups), had
higher Pao,/Fio, and pH, and lower respiratory rate, Paco,, and base excess.>

A useful score to predict clinical deterioration (defined as escalation of care to the
ICU or death) in COVID-19 patients was proposed by Cecconi and colleagues. Higher
levels of C-reactive protein (CRP) and creatinine, together with the presence of coro-
nary artery disease, higher degree of hypoxemia, and a respiratory rate above or equal
to 20 breaths per minute were used to build a prognostic index with a high predictive
accuracy (85%) and easy implementation at bedside.®' The findings obtained by Cec-
coni and coworkers were confirmed by the CORIST study - including almost 4000 pa-
tients from 30 clinical centers from northern, central and southern Italy — in which
elevated CRP, impaired renal function, and advanced age predicted in-hospital
mortality.>?

SURGICAL PROCEDURES - CORONAVIRUS DISEASE 2019 POSITIVE AND NEGATIVE
PATIENTS

The hospital overload of COVID-19 patients led to a sudden and unplanned interrup-
tion of elective surgical activities that led to the difficult process of balancing between
the risk of delaying a cancer diagnosis and treatment, versus suffering a potential
COVID-19 exposure, An individualized approach, based on a case-by case evaluation,
is suggested.®® Furthermore, in COVID-19-positive patients, precise, well-established
plans and protocols must be implemented to perform emergent and nondeferrable
surgical procedures.®
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NATIONAL GUIDELINES ON RESOURCE ALLOCATION DURING CORONAVIRUS
DISEASE 2019 — THE RESPONSE OF THE ITALIAN SOCIETY OF ANESTHESIA,
ANALGESIA, RESUSCITATION, AND INTENSIVE CARE

The Italian Society of Anesthesia, Analgesia, Resuscitation, and Intensive Care (SIAARTI)
provided documents and recommendations to manage the SARS-CoV2 outbreak at
different levels, including both clinical practice®® and ethical considerations.%%-°”

From an ethical perspective, SIAARTI elaborated recommendations in a scenario in
which the surge of critical patients admitted to the hospital created an “imbalance be-
tween the real clinical needs of the population and the effective availability of intensive
resources.” The society highlighted 3 principles that should guide the decision-making
process for appropriate allocation of limited health care resources:

1. Clinical appropriateness
2. Proportionality of care
3. Distributive justice

The SIAARTI guidelines aimed to help the clinicians in managing the potential
emotional burden associated with resource allocation and make explicit the criteria
for resource allocation. Although individual judgment must be considered part of the
clinical decision, the presence of national recommendations served as a guide for cli-
nicians to avoid frank disparities in the judgment and an arbitrary perspective in the
presence of dramatic choices.

Scarce resources should be evaluated and considered in the presence of a higher
probability of survival and of saved years of life — evaluating patient age, comorbidities,
and the functional status before the event —and aiming to achieve a better outcome for
the highest number of people.®®>” Ethical and legal nuances of the national recom-
mendations have been provided by the SIAARTI.%8:5°

SIAARTI, with the collaboration of Societa Italiana di Infermieri di Terapia Intensiva
(ANIARTI), Societa Italiana di Medicina di Emergenza e Urgenza (SIMEU), Societa ltal-
iana di Cure Palliative (SICP), also provided guidance to health care workers for the
management of communication on patient clinical conditions to the families that
were completely isolated during the lockdown, and could not have any visual or phys-
ical interaction with their relative admitted to the hospital. The document, shared by
these 4 societies, had 3 components, including a statement on communication with
families, the key points used to develop the statements, and a checklist with instruc-
tions for how to make appropriate phone calls.®®

Communication of clinical information to patient families was made difficult not only
by the severity and acuity of such a novel disease, but also by the fear of the disease in
non-health care workers, which created situations where health care professionals
were praised while they were at work, but experienced discrimination when outside
of the hospital setting.®” This may have contributed to a psychological effect in the
frontline personnel of the SARS-CoV2 pandemic.5?

To promote awareness among people about the clinical condition of patients, and
the daily working conditions of the health care workers during the COVID outbreak
in ltaly, Hope Onlus was created in collaboration with the Ospedale Maggiore Policli-
nico in Milan, and promoted the project “#Covid-19 con Hope” #Covid-19@storiedis-
peranza (www.hopeonlus.org). This important project has an educational and cultural
mandate to explain the impact of COVID-19 on the society to Italian citizens within a
humanitarian program of Hope Onlus, at both national and international levels. This
project is composed of photo exhibitions, including images of the real-life conditions
in the hospitals, together with stories of the health care workers in action (Fig. 4). The
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Fig. 4. Humanitarian Program Hope Onlus “#Covid-19 con Hope” #Covid-19@storiedisper-
anza. On the first stand, Prof. Antonio Pesenti, on the left, and Prof. Giacomo Grasselli,
on the right — Clinical Director and Clinical Lead of the Intensive Care Unit of Policlinico
Maggiore Hospital, Milano — the 2 main actors who led the Lombardy Crisis Unit and coor-
dinated the COVID-19 Lombardy ICU network.

authors’ university is also participating in the FLOWS project, led by the National Uni-
versity of Ireland in Galway, which aims to identify the needs and development of best
practice guidance for the psychological support of frontline health care workers during
and after COVID-19.%®

In conclusion, the Italian critical care experience during the first wave of the COVID-
19 pandemic was a pioneer example of an organizational and clinical response to the
outbreak. At the same time, a continuous effort was made to provide scientific evi-
dence to understand how to better defeat coronavirus, and make this information
available to help other countries worldwide.

CLINICS CARE POINTS

Italy was the first western country to face a large COVID-19 outbreak.

COVID19 Lombardy Network responded to the surge of hospital admissions in the Northern
Italy; it organized a rapid increase in ICU beds and implemented measures for containment.

Scientific evidence was provided by Italian centers to characterize the clinical history of
COVID-19 associated respiratory failure

Relevant experience was collected in Italy during the pandemic about the use of noninvasive
continuous positive airway pressure and awake proning, which were remarkably
implemented to manage respiratory failure out of the ICU setting.

e Recommendations from national guidelines were structured to guide health care providers
on resource allocation; promotion of awareness among Italian citizens within specific
humanitarian and educational programs was implemented
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