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Abstract

Italy was one of the countries most affected by the number of people infected and dead during the first
COVID-19 wave. The authors describe the rapid rollout of a population health clinical and organizational
response in preparedness and capabilities to support the first wave of the COVID-19 pandemic in the Italian
province of Modena. The authors review the processes, the challenges faced, and describe how excess demand
for hospital services was successfully mitigated and thus overwhelming the healthcare services avoided the
collapse of the local health care system. An analysis of bed occupancy in the region predicted during the first
weeks of the epidemic. The SEIR model estimated the number of infected people under different containment
measures. Community resources were mobilized to reduce provincial hospitals’ burden of care. A population
health approach, based on a radical reorganization of the workflow and emergency patient management, was
implemented. The bed saturation of the Modena Healthcare Agency was measured by an ad hoc, newly
implemented intensive care unit (ICU) bed occupancy and COVID-19 centralized governance dashboard. ICU
bed occupancy increased by 114%, avoiding saturation of the Modena Healthcare Agency system. The Emilia-
Romagna region achieved a higher rate of ICU bed availability at 2.15 ICU beds per 10,000 inhabitants as
compared with community 1 ICU bed availability prior to the pandemic. Rapid and radical local reorganization
of regional efforts helped inform the successful development and implementation of strategic choices within the
hospital and the community to prevent the saturation of key facilities.
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Background

The number of people infected worldwide by the cor-
onavirus COVID-19, has exceeded 74 million with more

than 1.6 million dead globally (as of December 20, 2020).1,2

The first report of an Italian resident infected with COVID-19
was confirmed in the Northern Italian Lombardy region on
February 21, 2020.3 On March 8, 2020, the Italian Govern-
ment quickly mobilized and instituted case identification,
containment, and allocated resources, to protect the health of
the community including restricting citizen movement in
many provinces in Northern Italy. A full lockdown of Italy
was instituted on March 11, 2020.

The Italian health care system was quickly overwhelmed
with more than 12,460 infected and 827 dead by March 11,
2020. Once the pandemic was recognized, the Italian Gov-
ernment enforced ‘‘anti-fragile’’ strategies aimed to stop the
exponential spread of the infection, protect the most vul-
nerable citizens (ie, senior citizens, people with preexisting
medical conditions), and support the health care system,
already under enormous financial pressures, preventing its
effective collapse.4–6

This article reports on the extensive public health planning
and deployment efforts in the Modena, Emilia-Romagna
province of Italy to successfully mitigate the predicted in-
tensive care unit (ICU) and emergency department bed sat-
uration at the beginning of the pandemic. The article reviews
the challenges and barriers faced and proposes a planning
and predictive health system strengthening model for health
system leaders as they prepare to manage the next waves of
the pandemic.

Methods

Modena Province

Italy has 60 million people. Each of the 20 Italian regional
governments is independently responsible for overseeing their
local Health Trusts and each is accountable for planning,
delivering, and managing all health services. Modena Pro-
vince has a catchment area of 701,642 people, and comprises
7 local Health Trusts. Hospitals in Modena provide 1800 beds
and are organized in a hub-and-spoke model: 2 teaching
hospitals, 5 general hospitals, and 5 private hospitals.

The Modena COVID task force was established on March
1, 2020. The Modena Province managed the crisis by cre-
ating new organizational structures and workflows to re-
spond to COVID-19. The governance model required a
rapid reorganization of services, physical spaces, and oper-
ational procedures to oversee and provide a seemless
availability of staff, equipment, and available ICU beds.7,8

Data sources

The Modena Taskforce response included hundreds of
action items, detailed in the Supplementary Data. Interna-
tional, national, regional, and local online sources of data
were consulted in implementing a COVID plan (Supple-
mentary Table S1).1,2,9–14 The new dashboard, Pagoda, was
developed ad hoc to monitor all of the information con-
cerning COVID-19 patients with scorecards and data dash-
boards (ie, bed occupancy, test positivity, etc.) The
dashboard was used to retrieve the data for this analysis for
the period February 24 to March 25, 2020.

Data analysis

Risk of exposure. The research team used the deterministic
compartmental model SEIR, a classic infectious disease model
that models the risks of exposure of people in 4 states: suscep-
tible (S), exposed (E), infected (I), and resistant (R).15–17 The
basic assumption of the SEIR model is that all individuals (n) in
the model will assume the 4 roles over time, meaning that
n = S+E+I+R. The SEIR model has some limitations for real-
world situations, but it provides a good-fit model for simulating
the course of different types of epidemics. The team estimated
that the infected component (I) must be evaluated in different
scenarios as a measure of risk: if there is no, partial, or a total
quarantine.

The research team defined extreme scenarios using a
model with progressively efficient containment measures.
The outbreak was calculated estimating the effectiveness of
the containment interventions (later on implemented by the
Italian Government and still in use) from the data collected.

ICU bed occupancy. The ICU bed occupancy and avail-
ability in the Emilia Romagna and Lombardy regions were
calculated by developing a statistical model forecasting hospital
utilization against capacity as a crude number, and as a ratio
between the most current total number of ICU beds available in
a catchment of 10,000 inhabitants. A higher ratio meant greater
ICU bed availability. Data were analyzed using Python soft-
ware (Python Software Foundation, Wilmington, DE).

Results

Models for estimating the number of infected people

Figure 1 shows the different predictive scenarios regarding
the spread of COVID-19 infection in the Modena Province by
implementing containment measures from day 1 with varying
degrees of effectiveness. The peak infections, with virus spread
containment measures implemented at 60% effectiveness
(q = 0.4), would have fallen on day 161 (August 8, 2020)
with an estimated 2.9% of the population, equal to 161,000
infected people. However, a rise in the number of occupied ICU
beds was already observed before the first containment measure
was instituted on March 8 (Supplementary Figure S1).

Resource allocation: logistics and operations

The Modena Taskforce took an active role in directing the
reallocation of resources to the hospitals and in the commu-
nity, using a multi-level, multi-jurisdictional approach detailed
in the following sections, and summarized in Figure 2.

Surge planning. The Modena Taskforce leaders saw a
progressively increased utilization of hospital ICU beds across
Modena (Supplementary Figure S1). The aim was to ensure
ICU bed availability as the pandemic spread caused a massive
increase in infected people. The surge was mitigated by re-
ducing the number of patients requiring post-surgical beds,
and by freeing up acute care practitioners (ie, physicians from
surgery, emergency medicine, acute care). Ambulatory clinic
spaces were converted to inpatient wards. Elective surgical
and clinical nonurgent outpatient activities (eg, lab testing,
imaging) were stopped, following lessons learned from the
earlier influenza epidemic.18 All patients with a scheduled
appointment were alerted by individual text message (29,000
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text messages were sent in the first 2 weeks, reaching 100% of
those who had an appointment), and an aggressive public
media and public health campaign was rolled out.

From February 20 to March 31, 2020, the number of ICU
beds that became available for patient care in Modena

province increased from 44 to 105, while in the neighboring
Emilia-Romagna region, they increased from 449 to 962
beds, making the ICU availability rate 2.15 beds per 10,000
inhabitants. The region was able to rely on existent available
ICU beds and did not need the extra non-ICU beds that were

FIG. 1. Comparison of patient peak numbers according to the effectiveness of the containment interventions (rho).
Variance on % of people infected (y-axis).

FIG. 2. Summary of Modena Taskforce logistics and operations.
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newly created. This is in contrast to the lack of available
ICU beds in the nearby, equally hard hit, Lombardy region,
which was quickly overwhelmed, leading to rationing of
medical care for sick patients (Figs. 3a, 3b). Patients who
needed invasive support with mechanical ventilation were
admitted to ICU units or surgical operating rooms converted
to ICU units. High-dependency care (noninvasive ventila-
tion) was made available in converted infectious disease,
emergency department, and internal medicine units.

Patient monitoring dashboard. A new data dashboard,
Pagoda, was developed within 2 weeks from the start of
the pandemic, and was implemented on March 16, 2020.
The Pagoda dashboard was updated every 3 hours and was
available to all clinical leaders in the province. Data were
retrieved from a data warehouse run by the Modena Health
Agency and included fully linkable demographic, hospital,
emergency department, speciality, laboratory, and medi-
cation data. During the pandemic, Pagoda collected daily
patient flow data from hospitals and ICUs, and collated the
results of COVID-19 tests (Supplementary Figs. S2, S3).
The dashboard improved considerably the ability of re-
gional leaders to manage clinical resources, including
staffing and ICU bed availability. The Pagoda software
tool allowed for a rapid response to urgent requests for bed
availability by regional hospitals: the facilitator or bed
manager triaged the request and an ICU specialist was in
charge of deciding the appropriate destination unit ac-
cording to selected disease severity indexes.

Telehealth and remote patient monitoring. Previous work
has described the potential to use telemedicine in disasters
and public health emergencies.19 Strategies were quickly
implemented to assure adequate remote care for patients
with chronic non-COVID conditions. These included ro-
bust use of newly designed and adopted telemedicine
software that enabled the use of video calls, and remote
monitoring of physical health parameters, in order to assure

the safe monitoring of vulnerable patients, such as those with
mental and physical chronic illnesses.20,21 A specific
COVID-19 telemedicine digital platform that allowed re-
mote patient triage and monitoring service was im-
plemented in the Modena long-term care residential
facilities. Monitoring included a pulse oximeter connected
via Bluetooth technology to a trackpad, which allowed the
remote monitoring of blood oxygen levels and other vital
signs such as heart rate, blood pressure, and body tempera-
ture (manually entered by the operator). Data retrieved were
sent to the assigned primary care physician, and the digital
platform also supported transmitting data to the closest
emergency department.

Pregnancy care was assured using the Regional Birth
Commission recommendations.22 Additionally, a multidis-
ciplinary priority scale was developed and implemented to
prioritize and support cancer patients.23

Transportation and access to health care facilities.
Access to hospitals and emergency departments was only
allowed for acute health emergencies and preceded by a
detailed screening in adjacent newly erected tents. All pa-
tients were instructed on correct hand hygiene, and surgical
masks were provided to all patients. Information on re-
spiratory hygiene and cough etiquette was also provided
(Supplementary Fig. S4).

Ambulance services were boosted to assure timely
COVID-dedicated transfer of patients among units and to
hospitals. Initially, 3 ambulances were dedicated to con-
firmed or suspected COVID-19 patients only; other ambu-
lances were kept available for emergencies. However, later
in the course of the epidemic, all regional ambulances were
devoted to managing the increased COVID-19 patient care
needs. Local industries donated more ambulances equipped
for biocontainment transportation. A total of 3200 COVID-
19 ill patients were transported by ambulances from Feb-
ruary 20 to April 21, 2020, a 6-fold increase in patient
volume compared to the same period in 2019.

FIG. 3. Percentage of ICU bed occupancy, by time. In blue, the number of beds utilized. In red, current ICU beds
available. In green, present and newly opened ICU beds. Figure 3a (left panel) Region Emilia-Romagna. Percentage of
ICU beds occupancy (y-axis) by time. Total beds available: 962 (2.15/10K inhabitants). Figure 3b (right panel) Region
Lombardy. Percentage of ICU beds occupancy (y-axis) by time. Total beds available: 1260 (1.25/10k inhabitants). ICU,
intensive care unit.
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Each hospital established specific routes for moving
COVID-19 patients. Temporary triage areas, staffed by
emergency medicine staff, were created outside the hospital
to separate suspected infected individuals from other
emergencies (eg, trauma, stroke). Suspected COVID-19
patients presenting with mild symptoms were sent home
with supportive treatment and instructed to self-isolate and
tracked by phone and remotely.

Workforce and health care worker protection. A sig-
nificant number of physicians and nurses were hired ex-
peditiously from across Italy, as the needs for professionals
in the region increased. Moreover, general practitioners,
specialists, and other health care professionals were de-
ployed to inpatient wards as necessary, because of the need
to staff general medical and ICU wards. Palliative care
physicians were charged with overseeing communications
with family members and provided guidance to colleagues
about managing pain and the suffering for patients in ter-
minal states. Health care professionals received specific
training on the correct donning and doffing of enhanced
personal protective equipment (PPE). This training was
done in class and coupled with remote live video training
with an instructor at all hospital facilities. Educational ac-
tivities on correct hand hygiene, waste disposal, and the use
of disinfectant products were implemented within the
province. During this emergency, in-person audits were
done regularly by the Health Agency’s Infection Control
team in all hospitals and ICUs to ensure correct im-
plementation of PPE and infection control.

Community measures

Public health surveillance strategies for COVID-19. Public
health authorities defined protocols (available upon request)
to classify patients according to their current symptoms and
clinical comorbidities, in order to plan for their correct
management and effective resource utilization (eg, inpatient
admission, surveillance, home treatment, isolation).

As the number of patients arriving at the emergency de-
partment and admitted to the hospital for COVID-19 rose,
an appropriate stockpiling of critical supplies was necessary,
including an increased supplies of PPE and other critical
devices (eg, ventilators, infusion pumps). Increased human
resources (technicians, supplies) were required in laborato-
ries to handle the dramatically increased requests for
COVID-19 diagnostic tests. COVID lab test capacity rose
by 136% (4860 tests per day) during the 20 days after March
24, when only 2100 tests per day were completed. The test
results of the general public and health care workers were
tracked using the Pagoda dashboard.

Increase community health resources. The long-term
physical, mental, and community effects of COVID-19 are
not yet clear. The Emilia-Romagna region dedicated a new
post-COVID care unit to extend the continuum of patient
care into the community. General practitioners and the public
health department had a strategic role in triaging referrals of
suspected or confirmed cases, avoiding or reducing inap-
propriate access to emergency departments, and accelerating
patient discharge from the hospital. These teams, named
Care Continuity Special Units [USCA], included pediatri-

cians, primary care, and public health physicians, who were
put in charge of delivering care to recovering COVID-19
patients isolated at home. Each of the 7 health districts had a
dedicated community management team. The mission of these
activated teams was to provide care to COVID-19 patients at
their residence, using in-person visits supported by newly
implemented technology to assist them (eg, portable wireless
ultrasound probe to diagnose pneumonia).

Isolation of suspected and confirmed cases. Isolation of
patients in external facilities (eg, hotels) after hospital dis-
charge was implemented to mitigate against further expos-
ing other people and members of their families. Three hotels
in total, one for each of the major regional health areas
(North, Center, and South Modena Province), were selected
and hosted 200 individuals. Home delivery of medications
to COVID-19 patients in isolation was conducted by com-
munity volunteer organizations. An agreement was signed
between local entrepreneurs and the Modena Healthcare
Agency to host health care professionals in local hotels at no
expense to the health care professionals.

Discussion

This article reports on an innovative system- and region-
wide reorganization approach implemented in the Italian
Modena Province to help preserve hospital and ICU capacity.
These measures were deployed effectively in the region of
Italy that was the second most affected by the COVID-19
pandemic during the unprecedented first wave of COVID-19
in Europe. The Modena Province leadership quickly pivoted
to address urgent clinical and organizational needs and was
able to prevent overwhelming local health care and ICU
capacities. Unlike in other European countries, such as
Germany, where the availability of ICU beds exceeded de-
mand before the pandemic hit,24 and there was no need to
triage patients during the first COVID-19 wave,25 Modena
had to face an unprecedented demand for ICU beds on top of
a chronic ICU bed shortage.7

Management decisions about the rapidly changing patient
flow in the province were informed by the implementation
of an innovative and transparent data dashboard that pro-
vided real-time feedback to hospital leaders with moment-
to-moment snapshots of hospitals and ICU bed utilization in
all provincial health facilities. This data dashboard advised
local efforts on how many COVID-19 patients could be
safely handled in real time. As a result of all the rapid
measures adopted in the Emilia-Romagna region the num-
ber of ICU beds more than doubled during the pandemic.
When compared with the Lombardy region, the Italian re-
gion most affected by COVID-19 infected patients, the
Emilia-Romagna region was able to support an effective
higher rate of ICU bed availability at 2.15 beds per 10,000
inhabitants as compared with the 1.25 beds per 10,000 in-
habitants in Lombardy. Fagiuoli et al report a different
outcome from Bergamo’s COVID experience in the adja-
cent Lombardy region: the tertiary hospital required con-
verting many non-ICU wards into new ICU departments to
admit sick COVID-19 patients because of the dramatic
surge in very sick patients and the need for more ICU
staffed beds.26 The rapid saturation of these additional units
in the Lombardy region within 72 hours required extreme
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rationing of ICU care, leading to a refusal to admit sick
COVID-19 patients, who were left to die in their homes
because of the limited ICU resources.

The Modena Healthcare Agency’s resilient leaders were
able to shepherd their organizations and stakeholders through
the COVID-19 crisis, with trust being critical to the recovery.
The range of actions included the institution of USCA, the
delivery of home medications, providing mobile units for the
delivery of treatment and follow-up assessments, and main-
taining an effective triage and home monitoring system for
discharged patients. Importantly, implementing this com-
munity network model in a transparent and fair manner of
enabled the Emilia-Romagna region to be selected by the
Italian Ministry of Health as the National ICU coordinating
hub for all infected COVID-19 patients.27

Modena’s strong health care agency organization and
resilient leadership played an essential role in the effective
management of the COVID-19 crisis; they learned from
early failures in optimizing staffing and equipment to sup-
port patient flow needs according to demand levels.7 For
example, the idea of creating COVID-19-dedicated hospi-
tals, as suggested by level 5 Regional guidance (Supple-
mentary Material), was deemed impractical and, ultimately,
rejected. The Modena COVID Taskforce quickly realized
that all the hospitals in the province had an emergency care
unit that represented the only community access point for
acute care. Moreover, at the beginning of the epidemic,
hospitals were reluctant to receive COVID-19-positive cit-
izens as these patients put additional organizational pressure
on units that were already struggling to accommodate a
higher than expected volume of sick patients.

Lessons learned

As the ninth-month mark after the first confirmed
COVID-19 pandemic case in Italy nears, 5 lessons can be
learned from the Modena experience for other jurisdic-
tions to consider:

1) Accelerating the pace of innovation and new tech-
nology, despite being in the midst of a pandemic. Commu-
nity medical services–including diagnosis, treatment, and
isolation delivered at the homes of patients–were crucial to
effectively reducing the pressure on and access to hospitals,
and minimize the spread of the virus. The Modena web-based
triage tool connected people with the appropriate level of care,
whether speaking with an emergency department clinician, or
staying home. These tools were deployed rapidly, providing
patients the help they needed in the early days of the pandemic.

2) Strong community-hospital partnership. Immediate
hospital admission of all suspected and confirmed cases was not
sustainable in the long run. An effective alternative option was
the use of hotels and community resources that were turned into
patient isolation hubs. This contributed to strengthening public
confidence and building social trust in Modena’s leaders.

3) Better data support and decision-making. The auto-
mated centralized dashboard for the monitoring of patient
flow was essential to enable real-time, optimal decision-
making. The use of the Pagoda data dashboard has since
become routine practice for all COVID and non-COVID
care. Just-in-time performance indicators and predictive
intelligence played an essential role in guiding rational

and need-based decision-making. Key stakeholders agreed
on indicators to measure performance,28 in a transparent and
timely manner. The data was monitored and reported on in
order to transparently strategize actions toward a pandemic-
resilient health system.29

4) You can never be overprepared. Having organiza-
tional preparedness plans in place is essential to respond
effectively to emergencies so that effective containment
measures can be implemented effectively. Strategic protocols
were developed to allow elective care activities to restart, with
detailed procedures for a rapid return to only emergency ac-
tivities as needed.30 In preparation for the second wave of the
COVID pandemic, the Modena Healthcare Agency has hired
and trained more health professionals, increased the number of
beds permitted in each ICU unit, installed ad hoc technologies,
enforced community USCA, introduced the use of a thermo-
scanner at hospital entrances, and refined the diagnostic per-
formance of COVID-19 molecular tests.

5) The safety of the Modena health care workforce re-
mains the number one priority. Nine months into the pan-
demic, health care workers are still becoming infected and
dying despite wearing PPE, raising indignation about inad-
equate PPE, poor understanding of the dangers of reusing
PPE, and a need for a deeper understanding of practical
infection control practices in hospitals and clinics.31 A ro-
bust health care worker protection and risk stratification plan
is needed; ongoing self- and system monitoring of health
care worker health conditions is essential.26

Limitations

There are limitations to this study. The study’s findings
concern only a single Italian province and region, and may
limit the generalizability of the results. The region’s ICU bed
utilization continues to be held up as a success nationally and
internationally and is being audited rigorously, given the on-
going pandemic. A more extensive epidemiological investi-
gation is needed to provide a robust analysis of the
effectiveness of the range of steps we have described that
helped preserve the health systems resiliency.

The research team recognize that it is not possible to
disentangle the contribution of the hundreds of actions that
were implemented to obtain effective population health
management outcomes in Modena. Moreover, these actions
were implemented under a framework of a local and national
lockdown and have been praised for their effectiveness
by the World Health Organization. They contributed sig-
nificantly to limiting the diffusion of COVID-19 into the
Modena community.32,33 Nevertheless, as the second wave
of COVID is hitting Italy, critical differences have emerged
in regard to ICU bed management and, therefore, occupancy
in the different Italian regions.34,35

Conclusions

This article reports on the actions undertaken inside the
hospital and in close concert with the actions taken at the
meso and macro levels of the Modena Province in success-
fully addressing the first wave of the COVID-19 pandemic.
The actions included strengthening the network of resources
available in the community–from administering chemotherapy
to cancer patients right in their own home, to providing
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residents with coronavirus testing and educational resources at
home–which greatly helped to reduce the burden of care on
hospitals while protecting health care workers from being
harmed.36–38

The automated, centralized data dashboard for monitoring
patient flow enabled the correct real-time management of
patient admissions and ICU bed optimization in the Modena
Province. These findings support the importance of strong
leadership willing to use and implement a centralized data
dashboard, instrumental in managing bed utilization and
mitigating a larger public health crisis. The region was able
to avoid overwhelming its provincial hospitals, helping to
minimize the inevitable pitfalls related to a surge in ICU bed
demand, which led to higher mortality in other adjacent,
similarly equipped regions.39

The measures adopted by the Modena Province contributed to
the containment of the pandemic in Italy and most likely pre-
vented major outbreaks in other regions. Some of the measures
undertaken by the Modena Province have been implemented in
other European and non-European countries. However, all of
these measures were quickly and rapidly implemented (in a short
time frame between March and April 2020) not as a single
practice, but together in a concerted manner. The effective
leadership exhibited by the Modena Province is supported by the
effectiveness of the seamless and collective effort in managing
the first severe outbreaks of the virus.

Modena’s health care managers were able to reach the
goal rapidly: reducing the Rho value with respect to the
predictions, avoiding ICU overload and rationing of medical
care. As a result, these rapid decisions and actions made the
Modena region of Emilia-Romagna, the model region in
Italy, and justified their selection by the Italian Ministry of
Health as the National ICU coordinating hub for all sick
COVID-19 patients in Italy.

The results of this study offer potential insights to many
countries, that are continuing to see a rapid, dramatic rise in
the number of hospitalized COVID-19 patients, threatening
to overwhelm ICU units. The findings from this study can
inform decision makers in thier responses to quickly mo-
bilize and institute specific approaches for case identifica-
tion, containment, contact tracing, and smart resource
allocation. We believe this approach can help protect the
vitality of their health systems, and importantly engender
trust in their systems and leaders.
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