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Abstract. - OBJECTIVE: The recent outbreak of
SARS-CoV-2 infection in Italy has resulted in a sud-
den and massive flow of patients into emergency
rooms, and a high number of hospitalizations with
the need for respiratory isolation. Massive admis-
sion of patients to the Policlinico “Agostino Gemel-
li” Foundation of Rome, Italy, determined the need
for reengineering the entire hospital.

MATERIALS AND METHODS: In this article, we
consider some of the structural and organizational
changes that have been necessary to deal with the
emergency, with particular reference to non-inten-
sive medicine wards, and the preventive measures
aimed at limiting the spread of SARS-CoV-2 infec-
tion among hospital staff and patients themselves.

RESULTS: 577 staff members were subjected
to molecular tests in 1-month period and 3.8% of
the total were positive. 636 patients admitted to
the COVID-19 pathway were included and ana-
lyzed: 45.4% were identified as SARS-CoV-2 pos-
itive. More SARS-CoV-2 negative patients were
discharged in comparison to SARS-CoV-2 posi-
tive patients (59% vs. 41%, respectively). On the
other hand, more SARS-CoV-2 positive patients
were transferred to ICUs in comparison to SARS-
CoV-2 negative patients (16% vs. 1%, respective-
ly). Occurrence of death was similar between the
two groups, 11% vs. 7%, for SARS-CoV-2 nega-
tive and positive patients, respectively. 25% of
=80 years old SARS-CoV-2 positive patients died
during the hospitalization, while death rate was
lower in other age groups (5% in 70-79 years old
patients and 0% in remaining age groups).

CONCLUSIONS: Rapid hospital reengineering
has probably had an impact on the management
of patients with and without SARS-CoV-2 infec-
tion, and on in-hospital mortality rates over the
reporting period.
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Introduction

Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is the etiologic agent of
the outbreak of 2019 novel coronavirus disease
(COVID-19), originating from the city of Wuhan,
Hubei Province, China'. Initially, the Wuhan Mu-
nicipal Health Committee reported 41 cases of
“pneumonia of unknown etiology” to the World
Health Organization at the end of December
20192, In a period of 3 months, an outbreak of
apparent idiopathic pneumonia had become the
COVID-19 pandemic, spread to more than 100
countries around the world®.

To date, Italy is one of the most affected coun-
tries, with important repercussions on the health
system*. Strong containment measures have been
adopted by Italian government, as the predict-
ed relevant increase in the number of cases of
COVID-19 was expected to exceed quickly the
capacity of hospitals to admit affected patients,
without taking into account other emergencies™®.
Other undertaken measures have regarded the
need of equipment and of trained personnel, as
well as the necessity of organizational models
based on standard protocols and collaborative
networks’” .

8202 Corresponding Author: Alberto Tosoni, MD; e-mail: alberto.tosoni@policlinicogemelli.it



Hospital reengineering against COVID-19 outbreak: 1-month experience of an Italian tertiary care center

The Policlinico “Agostino Gemelli” Founda-
tion of Rome, Italy, developed disease outbreak
response measures in coordination with nursing
and other allied health staff. The two goals of
these measures were to facilitate the care of pa-
tients with known or suspected COVID-19, and
to reduce the risk of viral transmission to health-
care workers and other patients. This article aims
to describe the measures taken to address these
goals, including identification and set-up of a
COVID-19 dedicated hospital pathway, modifica-
tion of workflow and processes, and management
of staff, with particular regards to the non-Inten-
sive Care (non-IC) environment.

Materials and Methods

Reengineering process

The Policlinico “Agostino Gemelli” Founda-
tion of Rome is a tertiary care hospital, the largest
in number of beds in Central and Southern Italy
and considered one of the best 100 hospitals in
the world"".

Facing the pandemic, one of the pivotal aims
of our hospital was to protect hospital staff from
being infected with the virus. The rapid spread of
this new and little-known Coronavirus, the huge
influx of patients at a frenetic pace, and the wide-
spread shortage of personal protective equipment
(PPE) are factors that can expose frontline health
workers to great risk of infection'?, First aim was
to increase staff knowledge on how to self-protect
from the virus while ensuring the best possible
care for patients. This occurred through establish-
ment of training and updating courses on using
PPE (recognition of available PPE, choice of PPE
necessary according to different care situations,
dressing and undressing process, process of dis-
posal or reuse of PPE). These courses were car-
ried out every day, several times a day, to make it
possible and simple for all hospital staff involved
in the management of SARS-CoV-2 positive or
suspected patients to participate these courses.

These interventions were implemented sec-
ondary to a double awareness: healthcare per-
sonnel represent the population at highest risk
of exposure to the infection; moreover, hospital
workers can become main carriers of the infec-
tion itself, if they are not adequately protected and
controlled”. For this reason, surveillance mea-
sures were also implemented to reduce risk of in-
fection transmitted by infected healthcare person-
nel. The protection program included performing

nasopharyngeal swabs to hospital staff with fever
or respiratory symptoms, or who have been acci-
dentally exposed to COVID-19 affected patients
(COVID-patients) without wearing PPE; screen-
ing of personnel employed in COVID-19 dedicat-
ed wards (COVID-wards) was also included.

Another key aim was to identify patients and
staff flow within the hospital, in order to sepa-
rate departments that could be SARS-CoV-2 con-
taminated from wards less at risk*. A dedicated
hospital pathway for established or suspected
COVID-patients was identified, starting from
Emergency Department (ED). Patients with fe-
ver or respiratory symptoms have been channeled
into a separate flow maintaining preventive isola-
tion procedures.

The Policlinico “Agostino Gemelli” Founda-
tion response to COVID-19 outbreak was a dilut-
ed and prolonged emergency plan: in anticipation
of massive patients’ influx with established or
suspected SARS-CoV-2 infection, 14 new non-1C
medical units have been specifically assigned to
COVID-patients management. Starting March,
this has occurred rapidly and gradually anticipat-
ing the increased demand for hospital beds, run-
ning up to a total 381 beds intended exclusively
for this type of patients (out of around 1500 hos-
pital beds). This was possible thanks to suspen-
sion of hospital elective activities (both medical
and surgical) with the exception of urgent elective
services. Subsequently, we have faced a gradu-
al reduction of COVID-19 related accesses, and
inpatient units previously destined for managing
COVID-patients have been concordantly reduced
(minimum opening length of COVID-unit: 7
days; maximum opening length: 30 days still on-
going) (Figure 1 and Figure 2).

These non-IC COVID-wards were managed
by multidisciplinary teams organized de novo,
and composed of specialists and residents in the
following medical disciplines: Internal Medicine
(30 consultants and 35 residents), Geriatrics (21
consultants and 7 residents), Gastroenterology
(11 consultants and 9 residents), Endocrinology
(5 consultants and 9 residents), Rheumatology (6
consultants and 4 residents), Allergology (3 con-
sultants and 3 residents) and Neurology (2 consul-
tants and 2 residents). The mean doctor-to-patient
ratio in non-IC COVID-wards was 1/2.2 (min
1/1.5 — max 1/3.1). The aforementioned multi-
disciplinary teams managed COVID-patients in
constant collaboration with on-call colleagues
specialized in Infectious Diseases and Pulmonol-
ogy, and with the Intensive Care Center.
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Figure 1. Cumulative COVID-19 pathway admissions (blue columns) and cumulative COVID-19 hospital beds number (red line).

Each multidisciplinary team was coordinat-
ed by a team leader, part of the team’s doctors.
Team leader’s tasks were to organize daily du-
ties and to evaluate care quality and criticalities
of the team itself. Team leaders meetings have
been held every day in order to take stock of the
situation and to align teams’ health assistance
quality (Figure 3).

Furthermore, it has been considered that
around 10-20% of COVID-patients are critically
ill patients with a possible need for intensive care;
ICU stay can be long, with an average duration

of about 10 days'. This reduces chances of rap-
id patients discharge or transfer from ICUs, and
therefore affects the possibility of accepting new
patients. For this reason, the Policlinico “Agosti-
no Gemelli” Foundation ICU beds have been in-
creased by 65%.

In addition, an entire hospital - the Columbus
Integrated Center -, which has previously housed
some of Internal Medicine, Nephrology, Rheu-
matology, Gastroenterology and Surgery depart-
ments, was converted into a COVID-19 dedicat-
ed hospital. This hospital is located a very short
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Figure 2. New COVID-19 dedicated hospital beds per day (red columns) and new COVID-19 pathway admissions per day

(blue line).
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Figure 3. Doctors and Nurses Teams Leaders’ daily briefing. Courtesy of Luigi Avantaggiato.

distance from the Policlinico “Agostino Gemelli”
Foundation and shares the same ED. On March
16, 2020, an ICU with 21 beds and a non-IC ward
with 30 beds were opened; and a week later, a to-
tal of 60 IC beds and 150 non-IC beds were avail-
able. The completion time was 12 days in total.

As previously mentioned, along with grad-
ual reduction of COVID-19 related accesses,
a progressive reduction of units assigned to
COVID-patients management has begun, and
hospital elective activities, both medical and
surgical, have gradually resumed. In order to
keep separate pathways and avoid infection
spread between SARS-CoV-2 positive and neg-
ative patients or hospital staff, it was decided to
carry out nasopharyngeal swabs and rapid sero-
logical tests for all elective patients, before ac-
tual hospitalization. Patients with positive rapid
serological test are hospitalized with preventive
isolation procedures, pending swabs result. In
case of SARS-CoV-2 positive swab, patients are
managed in the COVID-path and assessed any
discharge based on clinical picture, postponing
elective procedure to negative swab or clinical
stability.

Results

Regarding the hospital staff protection pro-
gram, starting March, molecular tests for SARS-
CoV-2 infection diagnosis or screening have been
carried out according to surveillance program
established by Policlinico “Agostino Gemelli”
Foundation health management. Therefore, 577
staff members were subjected to molecular tests
in 1-month period and 3.8% of the total were pos-
itive (n = 22). In particular, 1.7% of COVID-path-
way staff and 0.35% of non-IC COVID-wards
were positive.

On March 7, 2020, the first case of SARS-
CoV-2 infection was diagnosed at the Emergen-
cy Department of Policlinico “Agostino Gemelli”
Foundation. As of April 7, a total of 869 patients
were admitted to the COVID-pathway. Analysis
was performed retrospectively and last updated
on April 16, 2020. We analyzed only patients who
were hospitalized in non-IC COVID-wards after
Emergency Department (ED) admission. We ex-
cluded from the analysis 233 patients who were ad-
mitted to other wards (non-COVID wards, surgical
wards) or directly to intensive care units (ICUs).
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A total of 636 patients were finally included and
analyzed. Average age of included patients was
68.3 years. When patients were stratified by age,
29.4% (m=187) were >80 years old, 24.7% (n=157)
were between 70-79 years old, 15.9% (n=101) were
between 60-69 years old, 16.8% (n=107) were be-
tween 50-59 years old and 13.2% (n=84) were <50
years old. Males were 61.3% (n=390).

Based on the outcome of two nasal swabs - col-
lected at least 48 hours from each other - a total
of 289 patients (45.4%) were identified as SARS-
CoV-2 positive. Male patients were found to be
positive to SARS-CoV-2 in 55% of cases while
38.2% of women were found positive.

We then analyzed the outcomes of ED ad-
mission based on the following five categories:
discharge, transfer to non-COVID wards (only
for patients with 2 negative nasal swabs, and
clinical and radiological picture non-consistent
with SARS-CoV-2 infection), transfer to non-
IC COVID-wards, transfer to COVID or non-
COVID ICUs, and death.

When analyzing all patients included we found
that 43% (n= 271) of patients were discharged, 22%
(n= 140) were transferred to a non-COVID ward,
17% (n= 106) were transferred to a non-IC COVID-
ward, 8% (n= 48) were transferred to ICUs, 8% (n=
19) deceased and 3% (n= 22) were still in progress.

Based on the SARS-CoV-2 status, we found
that more SARS-CoV-2 negative patients were dis-
charged in comparison to SARS-CoV-2 positive pa-
tients (59% vs. 41%, respectively). On the other hand,
we found that more SARS-CoV-2 positive patients
were transferred to ICUs in comparison to SARS-
CoV-2 negative patients (16% vs. 1%, respectively).

Occurrence of death was similar between the
two groups, 11% vs. 7%, for SARS-CoV-2 nega-
tive and positive patients, respectively. Up to 62%
of patients in the SARS-CoV-2 negative group
died in <4 days after hospital admission.

Hospitalization outcomes were then analyzed
only for SARS-CoV-2 positive patients. In this
group, discharge occurred in 18% of >80 years old,
25% of 70-79 years old, 51% of 60-69 years old,
52% of 50-59 years old and 54% of <50 years old pa-
tients. Only 6% of >80 years old patients positive for
SARS-CoV-2 were transferred to ICUs. On the oth-
er hand, 25% of >80 years old SARS-CoV-2 positive
patients died during the hospitalization, while death
rate was lower in other age groups (5% in 70-79
years old patients and 0% in remaining age groups).

Finally, number of hospitalization days was
recorded. For all patients the average number of
days of hospitalization was 9. Hospitalization was
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longer for SARS-CoV-2 positive in comparison
to negative patients (12 vs. 7 days). On average,
patients were transferred to ICUs after 3 days (4
days for SARS-CoV-2 positive vs. 2 days for neg-
ative patients). Death occurred on average after
5 days from admission (6 days for SARS-CoV-2
positive vs. 4 days for negative patients).

Discussion

In recent months, the COVID-19 pandemic
has been posing many challenges to hospital or-
ganization and patient care'®. The lack of aware-
ness and training of healthcare professionals, the
lack of personal protective equipment (PPE) and
the lack of diagnostic tests for healthcare profes-
sionals were considered among the main reasons
behind the spread of SARS-CoV-2 infection,
as reported by Zhou et al'?. In Italy, as of May
1, 2020, more than twenty-one thousand health
workers tested positive after real-time reverse
transcriptase—polymerase chain reaction (rRT-
PCR) assay for SARS-CoV-2, making up 10% of
Italian COVID-19 cases'”. It is known that SARS-
CoV-2 has a high indoor transmissibility rate and,
therefore, patients with no respiratory symptoms
have probably propagated the infection to unsus-
pecting and unprotected health workers within
the healthcare environments's.

Rate of Policlinico “Agostino Gemelli” Foun-
dation staff who tested SARS-CoV-2 positive was
low. In particular, only one doctor resulted positive
among those who worked in non-ICU COVID-
wards (0.6% of medical staff employed in these
units). There can be several explanations for this
result. First, in Italy the SARS-CoV-2 epidemic
has begun to spread from northern regions since
February'; this led to a high level of alert in the
city of Rome before first cases have been found
in our hospital, secondary to a great awareness of
the problem. Second, prevention measures under-
taken within the Policlinico “Agostino Gemelli”
Foundation were aimed to separate internal routes
(COVID and non-COVID pathways) as rigidly as
possible from ED access throughout hospitaliza-
tion, with total separation also of staff assigned
to the two different paths. Third, before first cas-
es have been detected and then on a regular basis,
entire hospital staff undergone training and updat-
ing courses on the process of using PPE (recog-
nition of available PPE, choice of PPE necessary
according to the different care situations, process
of dressing and undressing, process of disposal or
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reuse of PPE). In this regard, we underline that we
have never gone short of PPE for managing SARS-
CoV-2 positive or suspected patients; inadequate
personal protection of health workers was a cen-
tral problem in areas with a higher infection rate
among health professionals'>. Fourth, extensive
screening of hospital staff allowed to identify early
any infected operator, who has been immediately
treated as inpatient or quarantined at home, reduc-
ing chance of spreading the infection to patients,
visitors or other hospital staff.

Analyzing l-month data concerning SARS-
CoV-2 positive patients, we found that more posi-
tive patients were transferred to ICUs in compari-
son to negative patients. These data might suggest
that positive patients require more frequently in-
tensive care management, including advanced ven-
tilation methods. However, it should be considered
that usual hospital activities were greatly reduced
with an influence also on ICUs admissions.

The mortality rate of COVID-patients was low-
er than the national average (7.0% vs. 12.7%)". This
data must be subject to further evaluations, and
explanations should be sought carefully through a
comparative evaluation of different hospital centers.
Among the possible explanations, we can speculate
on the non-homogeneous diffusion of this epidemic
in Italy, affecting first and most the northern regions
and then extending towards the South. This deter-
mined greater awareness and higher alert long be-
fore first positive patients were found at our hospital;
in particular, rapid hospital reengineering processes
were implemented. First, the creation ofa COVID-19
dedicated path before first COVID-patients were
detected. Second, rapid transformation of hospital
wards into departments dedicated to management
of SARS-CoV-2 positive or suspected patients, with
an increasing number of beds available, which made
it possible to manage all patients who accessed the
ED and needed hospitalization. Third, a multidis-
ciplinary management of COVID-patients: doctors
with different medical specialties joined teams tak-
ing care of patients who in most cases turned out to
be elderly and with multiple comorbidities.

We also found that mortality of Sars-CoV-2
positive patients during the reporting period was
lower than mortality of negative patients. We
noticed that there has been a sharp drop in ED
accesses number of non-COVID patients, proba-
bly due to a spread of alleged increase in risk of
contagion within healthcare environments, and as
consequence of extended lockdown. There was an
increase in average clinical condition severity of
patients who arrived in ED, while patients with

less serious illness probably decided not to go or
postponed the hospital arrival. Moreover, most
SARS-CoV-2 negative patients died in the very
first days of hospitalization, thus precluding com-
plete diagnostic work-up and, in particular, swab
execution, thus potentially underrating the actual
number of SARS-CoV-2 positive patients.

The population of infected patients hospitalized
into Medical wards is usually heterogeneous®. Pa-
tients admitted to non-IC COVID-wards turned out
to be highly complex, characterized by advanced age
and multiple comorbidities?; in several cases, given
the poor prognosis, intensive cares have been not
indicated even before hospital admission. At Poli-
clinico “Agostino Gemelli” Foundation, multidisci-
plinary teams have had in charge the complexity of
COVID-patients admitted to non-IC wards. Teams’
components were chosen between specialists and
residents already employed in medical departments,
with high prevalence of internists and geriatricians
that usually manage this kind of patients. The favor-
able doctor-to-patient ratio allowed regular medical
rota and safe rest hours for every doctor involved.
Moreover, low rate of SARS-CoV-2 infection among
hospital staff kept level of stress and emotional in-
volvement low. Beyond the specific medical treat-
ments implemented for COVID-patients, not cov-
ered by this article, all the aforementioned aspects
regarding COVID-19 management within non-IC
wards have probably had an impact on patients’ out-
comes. Further studies are needed to evaluate all the
variables that affected the above results.

Conclusions

In the hospital setting, preparation for a pandem-
ic involves changing infrastructures and processes,
managing hospital staff and planning infection pre-
vention strategies. Policlinico “Agostino Gemelli”
Foundation is a highly complex environment with
multiple stakeholders including doctors, nurses and
technicians. Aligning the interests and concerns of all
parties can be a challenge. However, we believe these
reengineering measures were necessary to optimize
the quality of care provided to COVID-patients and
to reduce the risk of viral transmission to hospitalized
patients or healthcare professionals. All this was pos-
sible thanks to early planning of strategies, to great
sense of duty of each operator involved, and above all
to resilience skills that allowed rapid adaptation of all
the forces involved to exceptional healthcare needs.
We hope that our experience may be useful to other
hospitals in the event of possible further crises.

8207



A. Tosoni, G. Rizzatti, N. Nicolotti, S. Di Giambenedetto, G. Addolorato, F. Franceschi, et al

Appendix A.

The Authors of the present manuscript are on
behalf of Gemelli Against COVID-19 Clinician
Team (GAC-19 CT) Study Group: Coordinator:
Gasbarrini Antonio. Secretary: Mora Vincenzina.
Teams Leaders: Armuzzi Alessandro, Biscetti Fed-
erico, Franceschi Francesco, Gambassi Giovanni,
Garcovich Matteo, Gremese Elisa, laconelli Amer-
igo, Landi Francesco, Montalto Massimo, Pompili
Maurizio, Rapaccini Gian Ludovico, Santoliquido
Angelo, Tosoni Alberto, Zileri Dal Verme Lorenzo.
Internal Medicine: Abbate Valeria, Capristo Esmer-
alda, Cianci Rossella, De Matteis Giuseppe, De Vito
Francesco, Feliciani Daniela, Funaro Barbara, Gallo
Antonella, Guidone Caterina, Impagnatiello Michele,
Marrone Giuseppe, Miele Luca, Montalto Massimo,
Nesci Antonio, Nicoletti Alberto, Pizzoferrato Mar-
co, Pizzolante Fabrizio, Ponziani Francesca Romana,
Porfidia Angelo, Santoliquido Angelo, Agostini Fabi-
ana, Amato Elena, Antonucci Gabriele, Burzo Livia,
Camma Giulia, Casciaro Antonio Francesco, Cec-
chini Andrea Leonardo, Costante Federico, D’Addio
Stefano, D’Alessandro Alessia, Del Zompo Fabio, Di
Gialleonardo Luca, Di Luca Roberta, laquinta Ange-
la, Leo Massimo, Liguori Antonio, Macerola Noemi,
Mancarella Francesco Antonio, Monti Flavia, Murace
Celeste Ambra, Nardella Elisabetta, Paratore Mattia,
Pero Erika, Popolla Valentina, Porceddu Enrica, Rossi
Raimondo, Rossini Enrica, Rovedi Fabiana, Salvatore
Lucia, Santini Paolo, Schiavello Francesca, Sestito
Luisa, Stella Leonardo, Talerico Rossella, Tarli Clau-
dia. Geriatrics: Acampora Nicola, Bellieni Andrea,
Brandi Vincenzo, Carfi Angelo, Ciciarello Francesca,
Cipriani Maria Camilla, D’Angelo Emanuela, Falsiro-
li Cinzia, Fusco Domenico, Landi Giovanni, Liperoti
Rosa, Lo Monaco Maria Rita, Martis Ilaria, Martone
Anna Maria, Marzetti Emanuele,

Pagano Francesco Cosimo, Pais Cristina, Russo
Andrea, Salini Sara, Tosato Matteo, Tummolo Ani-
ta Maria, Benvenuto Francesca, Bramato Giulia,
Ciciarello Francesca, Rocchi Sara, Rota Elisabetta,
Salerno Andrea, Tritto Marcello. Endocrinology:
Bianchi Antonio, Giampietro Antonella, Locan-
tore Pietro, Milardi Domenico, Policola Caterina,
Bruno Carmine, Corsello Andrea, Del Gatto Vale-
ria, Gelli Silvia, Palombo Andrea, Ramunno Vit-
toria, Rossi Laura, Visconti Felicia, Zelano Loren-
z0. Rheumatology: Bosello Silvia Laura, Bruno
Dario, Fedele Anna Laura, Gigante Laura, Lizzio
Marco Maria, Natalello Gerlando, Perniola Sim-
one, Petricca Luca, Verardi Lucrezia. Allergolo-
gy: Buonomo Alessandro, Caruso Cristiano, Rumi
Gabriele, Andriollo Gloria, Parrinello Giuseppe,
Sarnari Caterina. Gastroenterology: Bove Vin-
cenzo, D’Aversa Francesca, laniro Gianluca, Landi
Rosario, Lopetuso Loris, Papa Alfredo, Papparel-
la Luigi Giovanni, Pontecorvi Valerio, Santopaolo
Francesco, Settanni Carlo, Coppola Gaetano, De
Siena Martina, Mangiola Francesca, Matteo Maria
Valeria, Mignini Irene, Morretta Chiara, Napoli
Marco, Schepis Tommaso, Vetrone Lorenzo, Pul-
cini Gabriele, Rinninella Emanuele. Emergency
Medicine: Capaldi Lorenzo, Gabrielli Maurizio,
Migneco Alessio, Santarelli Luca, Bungaro Maria
Chiara, De Cunzo Tommaso, Esperide Alessandra,
Franza Laura, Gasparrini Irene, Valletta Federi-
co. Neurology: Guglielmi Valeria, lorio Raffaele,
Nicoletti Tommaso, Tricoli Luca. Pulmonology:
Calabrese Angelo, Inchingolo Riccardo, Lombar-
di Francesco, Smargiassi Andrea. Infectious Dis-
eases: Borghetti Alberto, De Gaetano Kathleen, Di
Giambenedetto Simona, Tamburrini Enrica, Tum-
barello Mario, Visconti Elena.

Acknowledgments

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Declaration of Competing Interest
The Authors declare they have no conflict of interest.

References

1) Periman S. Another decade, another coronavirus.
N Engl J Med 2020; 382: 760-762.

8208

2) HuanG C, WANG Y, Li X, Ren L, ZHAo J, HU Y, ZHANG
L, FAN G, Xu J, Gu X, CHENG Z, YU T, Xia J, We Y,
Wu W, Xie X, YIN W, Li H, Liu M, Xiao Y, Gao H,
Guo L, Xie J, WaNG G, JIANG R, Gao Z, JiIN Q, WANG
J, Cao B. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet
2020; 395: 497-506.

3) WorLD HEALTH ORGANIZATION. CORONAVIRUS ~ DISEASE
2019 (COVID-19) Situation Report — 87. https://
www.who.int/docs/default-source/coronaviruse/
situation-reports/20200416-sitrep-87-covid-19.
pdf?sfvrsn=9523115a_2

4) LivingstoN E, BucHer K. Coronavirus Disease 2019
(COVID-19) in Italy. JAMA 2020; 323: 1335.

5) Remuzzi A, Remuzzi G. COVID-19 and ltaly: what
next? Lancet 2020; 395: 1225-1228.



Hospital reengineering against COVID-19 outbreak: 1-month experience of an Italian tertiary care center

6) GrasseLLl G, Pesenti A, Ceccont M. Critical care utili-
zation for the covid-19 outbreak in lombardy, italy:
early experience and forecast during an emergency
response. JAMA 2020; 323: 1545-1546.

7) LivingstoN E, Desal A, Berkwits M. Sourcing per-
sonal protective equipment during the COVID-19
Pandemic. JAMA 2020; 323: 1912-1914.

8) Wona J, GoH QY, Tan Z, Lie SA, Tar YC, Na SY, SoH
CR. Preparing for a COVID-19 pandemic: a review
of operating room outbreak response measures
in a large tertiary hospital in Singapore. Can J
Anaesth 2020; 67: 732-745.

9) ZANGRILLO A, BEReTTA L, Sitvani P, CoLomso S, ScAN-
DrROGLIO AM, DELI’Acaua A, Fominskiy E, LANDONI G,
MonTti G, Azzouni ML, Monaco F, OriaNI A, BELLETTI
A, SARTORELLI M, PALLANCH O, SALeH O, Sarmini C,
NArDELLI P, LomBArRDI G, MorseLLl F, Scauizzato T,
FRONTERA A, RUGGERI A, ScoTTi R, AsSANELLI A, DAGNA
L, Rovere-QuerINI P, CASTAGNA A, ScARPELLINI P, Di
Narou D, Awmsrosio A, Ciceri F, Tresolpr M. Fast
reshaping of intensive care unit facilities in a
large metropolitan hospital in Milan, Italy: facing
the COVID-19 pandemic emergency. Crit Care
Resusc 2020; 22: 91-100.

10) WALDMAN G, MAYEUX R, CLAASSEN J, AGARWAL S, WiL-
LEY J, ANDERSON E, PunzALAN P, LicHTCSIEN R, BELL M,
Przebgorski S, ULANE C, RoBerts K, WiLLiams O, LAss-
MAN AB, LEnNIHAN L, THakur KT. Preparing a neu-
rology department for SARS-CoV-2 (COVID-19):
Early experiences at Columbia University Irving
Medical Center and the New York Presbyterian
Hospital in New York City. Neurology 2020; 94:
886-891.

11) Newsweek. The World's Best Hospitals 2020 rank-
ing list. https:// www.newsweek.com/best-hospi-
tals-2020/

12) ZHou P, HuanG Z, Xiao Y, HuanG X, Fan XG. Protect-
ing Chinese healthcare workers while combating
the 2019 novel coronavirus. Infect Control Hosp
Epidemiol 2020; 41: 745-746.

13) WanG D, Hu B, Hu C, ZHu F, Liu X, ZHANG J, WANG
B, XianG H, CHENG Z, XIONG Y, ZHAO Y, LI 'Y, WANG
X, Peng Z. Clinical characteristics of 138 hospi-
talized patients with 2019 novel coronavirus-in-
fected pneumonia in Wuhan, China. JAMA 2020;
323: 1061-1069.

14) Restivo A, DE Luca R, Spowverato G, DELrio P, Lo-
RENZON L, D'UGo D, GroncHi A; ltalian Society of
Surgical Oncology (SICO). The need of COVID19
free hospitals to maintain cancer care. Eur J Surg
Oncol 2020; 46: 1186-1187.

15) GrasseLLl G, ZANGRILLO A, ZANELLA A, ANTONELLI M,
CaBriNI L, CasteLr A, CerepA D, Coruccelo A, Fori
G, FUMAGALLI R, loTTi G, LATRONICO N, LoRINI L, MERLER
S, Natauni G, PIaTTi A, RANIERI MV, ScANDRrROGLIO AM,
StorTl E, Ceccont M, Pesenti A; COVID-19 LomBARDY

ICU NEetwork, NAiLescu A, CORONA A, ZANGRILLO A,
ProTTI A, ALBERTIN A, FORASTIERI MOLINARI A, LOMBARDO
A, Pezzi A, BENINI A, ScANDROGLIO AM, MALARA A,
CasterLl A, CorucceLto A, Micucal A, PeseNTI A, SALA
A, ALBORGHETTI A, ANTONINI B, CaPra C, TroIANO C,
RoscitaNo C, RADrizzani D, CHiumeLLo D, Corpini D,
GuzzoN D, CostanTint E, MALPETTI E, ZoiA E, CATENA
E, AGosteo E, BARBARA E, BERETTA E, BoseLLl E, STORTI
E, HARizAY F, DELLA MURA F, LoriNI FL, DONATO SIGURTA
F, MariNo F, Mool F, RasuLo F, GrasseLLl G, CASELLA
G, De Fiuer G, CasteLll G, ALDEGHERI G, GALLioLl G,
Lotm G, ALBano G, LANDONI G, MARINO G, VITALE G,
BATTIsTA PEREGO G, Evasi G, Citerio G, Foti G, NATALINI
G, Meru G, SrorziNi I, BiANcIARDI L, CARNEVALE L,
GrAzioLl L, CaBrINI L, GUATTERI L, SALvi L, Del PoLl M,
GALLETTI M, GEMMA M, RaNuca M, Riccio M, BoORELLI
M, ZavBoN M, Suert M, Ceccont M, Mazzoni MG,
RammonDl M, PANIGADA M, BELLIATO M, Bronzini N,
LATrRONICO N, PeTrRuccl N, BEeLGiorRNO N, TAGLIABUE P,
CorTELLAZZI P, GNESIN P, Grosso P, GritTi P, PERAZZO
P, SEVERGNINI P, RuGGerl P, SEBAsTIANO P, CoveLLo RD,
FErRNANDEZ-OLmos R, FumAGALLI R, Kem R, RoNA R,
VALseccHI R, CATTANEO S, CoLomBo S, Cirrl' S, BoNAZz
S, Greco S, MutTint S, LANGER T, ALaivo V, VioLa U.
Baseline characteristics and outcomes of 1591
patients infected with SARS-CoV-2 admitted to
ICUs of the Lombardy Region, Italy. JAMA 2020;
323: 1574-1581.

16) van HaLem K, Cox J, MEssiaen P, Pat K, DecLerca C,
MEeersMAN A, RAMAEKERS D, CARTUYVELS R, VAN DER
HiLst J. Care for adult non-ICU Covid-19 patients:
early experiences from a Belgian tertiary care
centre. Neth J Med 2020; 78: 111-115.

17) IstiruTo SUPERIORE DI SANITA. Epicentro. Sorveglianza
integrata COVID-19 in ltalia. Published May 01,
2020. Accessed May 03, 2020. https://www.epi-
centro.iss.it/en/coronavirus/sars-cov-2-integrat-
ed-surveillance-data

18) CHen C, ZHao B. Makeshift hospitals for COVID-19
patients: where health-care workers and patients
need sufficient ventilation for more protection. J
Hosp Infect 2020; 105: 98-99.

19) Carina F. Covid-19: preparedness, decentralisation,
and the hunt for patient zero. BMJ 2020; 368: bmj.
m799.

20) Tosoni A, ApDOLORATO G, GAsBARRINI A, De Cosmo
S, Mruerto A; Internal Medicine Sepsis Study
Group. Predictors of mortality of bloodstream
infections among internal medicine patients: mind
the complexity of the septic population! Eur J
Intern Med 2019; 68: e22-e23.

21) Covino M, De MaTTEIs G, SANTORO M, SABIA L, SIMEONI
B, CanpeLu M, Ousetmi V, FrancescHi F. Clinical char-
acteristics and prognostic factors in COVID-19
patients aged =80years. Geriatr Gerontol Int
2020 Jun 9:10.1111/ggi.13960.

8209



