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The COVID-19 pandemic has shocked health systems worldwide, with visible impacts on intensive care units and
emergency departments. The concept of “surge capacity” should be analyzed within this context as this crisis could
be seen as an opportunity to improve the knowledge base of intensive care units and emergency departments.

We reflected, based on our experience from work at the frontlines, on health service planning and with epidemiolog-
ical data, about the importance of surging critical care capacity for COVID, now and as lessons for the future. We sum-
marize and relate virus clinical characteristics, epidemiological patterns and critical care surge capacity as important
factors to consider for effective health systems response. Some practical aspects are described, but also the role that
mathematical models can play to improve intensive care units surge capacity by considering its importance as a pre-
dictor of needs according to epidemiological patterns. Also, in the transitional phase, we consider the importance of
coexisting COVID-19 and non-covid-19 health care services, and the importance of a new surge capacity for postponed
activities. In this new transitional phase, also emergency departments will have to adapt their surge capacity for a re-
bound effect due to delayed visits from non-COVID-19 health conditions during the pandemic.

Health systems and society must remain vigilant for potential resurgence of cases as measures are relaxed to restart the
economy and a new normal. Emergency departments and intensive care units have to develop surge strategies to deal
together with COVID-19 and non-COVID-19 flow of patients.

© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

The pandemic spread of the novel SARS-CoV-2 coronavirus has un-
folded into an unprecedent crisis upon its arrival to Europe and the US, un-
seen since the second World War and is now fast spreading into Africa and
the rest of the Global South. We are learning fast about COVID-19 disease,
[1,2] but early experience from European countries where the epidemic hit
first following China, and a growing body of research confirm that two
points require cautious consideration for an effective health care response:
infectiousness and case severity. (See Fig. 1.)

First, SARS-CoV-2, is a highly contagious virus, even in young healthy
patients with mild symptoms. The novel coronavirus spike protein binds
to human angiotensin-converting enzyme 2 (hACE2) receptor, and could
do so more efficiently than SARS-CoV [2]. The peak of viral load is reached
much earlier that in SARS-CoV, and is 1000 times more concentrated in the
throat, where the virus replicates independently from the lungs [1]. Pa-
tients continue to be potentially infective at the time of seroconversion,
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and some time thereafter. Additional broad contributors to fast spread of
SARS-CoV-2 were a large susceptible population in the absence of specific
immunity for a novel virus [3], aided by dense international and domestic
transportation networks [4] along with the initial undetected transit of peo-
ple incubating the disease (5 days but up to 24 days [5]), asymptomatic [6],
and symptomatic with no fever [7]. Altogether, the prospects of effective
containment strategies implemented on early days of the pandemic were
rigorously minimal.

Second, COVID-19 present with varying degrees of severity, ranging
from asymptomatic to very severe, where severe pneumonia and acute re-
spiratory distress syndrome (ARDS), aggravated by concomitant disease
and age [8,9], can commonly occur and be fatal [7]. Given the aging popu-
lations in a majority of European countries and the US relative to China, this
should translate into a larger number of cases requiring admission to hospi-
tal facilities and important pressure on intensive care units (ICU) [10].

E-mail addresses: jose-manuel.rodriguez-llanes@ec.europa.eu (J.M. Rodriguez-Llanes), rafacastrosamu@yahoo.es (R. Castro Delgado), mortengram.pedersen@unipd.it (M.G. Pedersen),

matteo.meneguini@unipd.it (M. Meneghini), arcos@uniovi.es (P. Arcos Gonzalez).

http://dx.doi.org/10.1016/j.pdisas.2020.100136

2590-0617/© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.pdisas.2020.100136&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.pdisas.2020.100136
arcos@uniovi.es
http://dx.doi.org/10.1016/j.pdisas.2020.100136
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/pdisas

J.M. Rodriguez-Llanes et al.

4

Infectivity

Age

Comorbidity
Environment
Social norms

[ Case \
. severity

y

Progress in Disaster Science 8 (2020) 100136

* Government non-pharmaceutical interventions (eg,
lockdown, pause of non-essential productive activities)

+ Citizens’ awareness and behaviour (eg, hygiene, social
distancing)

* Business sector engagement in response and respecting rules

LOWER AND DELAY THE EPIDEMIC PEAK

control measures*

slow the spread of
., disease and reduce
%, burden on hospitals

e fiest case

* Cortrol Meares Mty FAe NaNdwashng, teieworing ey Lrge QETwANGS, memirng traved, o

* ICU system’s baseline capacity, in house surge capacity, surge
further capacity under different scenarios.

* Planned capacity for routine patients and surging of non-
COVID emergency room admissions

* Coordination and solidarity across hospitals, regions,
countries (patient transferability, staff and resource mobility)

* Coordination of health sector with government interventions

Fig. 1. ICU surge capacity planning and coordination considerations for effective critical care utilization during COVID pandemic.

The combination of infectivity and disease severity, in absence of other
effective measures, have the potential to generate a perfect storm scenario
for health systems in general and ICUs in particular due to the spatial clus-
tering and temporal spike in cases. Patient inflows follow then an epidemic
curve, with manageable growth in number of cases in early days followed
by exponential growth later, which are more difficult to manage as ICU sys-
tems approach full capacity [10]. Additionally, ICU length of stay is typi-
cally long for these patients, [8,9] putting additional pressure on
admission capacity [11].

This situation calls immediately for surge capacity preparedness for crit-
ical care utilization, prone to be under stress first. Surge capacity points to
health care and ICU systems ability to manage a sudden influx of patients
relying on operational and effective crisis management systems, resource
allocation of space, staff, equipment and supplies and special protection
of health workers and patients (the use of personal protection equipment
and compartment of hospitals and ICUs to treat these patients) [12]. All
the above highlights the urgent need for a coordinated and rapid upgrade
of health systems in Europe, US and elsewhere to cope with this protracted
crisis [10]. Moreover, we consider three key concepts that may prove help-
ful to delineate our course of action and improve health systems' response:
coordination, anticipation and solidarity.

Anticipate the epidemic progression and the required critical care ca-
pacity are both attainable objectives. On one hand, regions and nations
must assess their inhouse potential to expand available critical care capac-
ities. For example, the Australian and New Zealand Intensive Care Society
conducted a rapid assessment on surge capacity in Australia and found fea-
sible to increase by 189% ICU beds from baseline [13]. Intensive care and
ventilator capacity vary strongly across countries and regions [14], there-
fore context-relevant planning is essential. In Australia, this exercise proved
useful as ventilators were found to be a scarcer resource (expandable by
120%), allowing for early and progressive stockpiling to correct for this
mismatch. Importantly, commensurate staff resources can be derived

from numbers of ICU beds, saving precious time for administration proce-
dures and staffing [13].

Another important point is to estimate exceedance beyond this ex-
tended capacity due to the exponential presentation of cases. Estimating
this requires a combination of clinical-epidemiological measures (eg, ICU
rates) and mathematical modelling. The latter to predict the maximum
number of active cases, with particular relevance at epidemic peak; the for-
mer to know how many of those patients typically require hospitalization,
an ICU bed, or a ventilator; in good operational conditions that ensure ad-
equate care [10].

There are different approaches proposed to estimate these numbers,
some model these quantities jointly [15] and some separately [10]. We ad-
vise to give priority to national surveillance data [10]. Irrespectively of the
methods chosen, we recommend pragmatism in the measures: clinically
meaningful, robust and locally relevant and available in each context.
Equally important, the epidemic curves should consider government mea-
sures to be realistic enough and applicable. Creating a large number of sce-
narios could be counterproductive and the numbers mistrusted [10].

Coordination is key for this crisis and deserves special attention for two
reasons. On one side, the epidemic is widespread but show intense cluster-
ing in regions and cities. While local and regional health services may be
overwhelmed, certain nations, regions and hospitals may be operating
below maximum capacity. This capacity needs to be urgently loaded into
the system. Agile coordination and removal or softening of bureaucratic
and administrative burdens should be temporarily permitted. These trans-
ferability needs (of patients but also of staff, equipment and supplies),
again, requires anticipation and planning, and well-understood solidarity
in resource use. Patient transferability should be thought of beyond politi-
cal boundaries.

On the other side, in an emergency phase, we should prioritize surge ca-
pacity estimation in coordination with health sector and government mea-
sures to protect health systems, and ICU systems in particular. Our ability to
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implement the above heavily relies on publicly available data of sufficient
quality and adhering to international standards. Hospitalization, ICU and
ventilator use rates are key, highly contextual, and prone to vary as the sit-
uation evolves and learning accumulates. Research and early experience
from China and Europe suggest that an organized surge capacity and
planned response should be effective in dealing with this unprecedent pan-
demic emergency [3,8,10,11].

Yet, significant uncertainties remain. Overall, it is unknown for how
long the pandemic may last and where it will last longer. While temperature
and humidity could play a role in disease dynamics, there is not yet a solid
and generalizable answer to this question [16,17]. Given the high infectiv-
ity of SARS-CoV-2 and the large susceptible population, even these effects
may not be enough to control the disease. A vaccine may last months or
years to come and today we do not have the capacity for vaccinating bil-
lions quickly [16]. As clinical management of the disease improves by
more effective treatment and the early detection of patients at higher risk
of ARDS or other complications, [2,16] length of ICU stay and better disease
prognosis will become tangible, and pressure on critical care utilization
may gradually diminish.

A key point remains: dealing with regular patient flows. In the transi-
tional phase, both COVID-19 and non-COVID-19 health care activities will
have to coexist, but a new surge capacity will have to be developed for post-
poned activities during the pandemic [18]. In previous weeks, while prepar-
ing for COVID-19 and during the health response, many elective and semi-
elective surgeries, consultations and diagnoses were postponed. Therefore,
additional facilities like university residences, medicalized hotels or even
the so called “field hospitals” built around the globe to support overwhelmed
hospitals may be an important factor to recover normal health care system
activities by admitting mild to moderate COVID-19 patients.

Emergency room workloads in particular may suffer from a rebound ef-
fect as a result of delayed visits from non-COVID-19 health conditions during
the pandemic. Severe patients not properly followed up by their primary
health care team, may be more likely to end in an emergency room as well
as patients with mild to moderate chronic diseases who did not seek care
during the epidemic rise may end up in more severe presentations [19].

Overall, the impact of the pandemic has been uneven in Europe and the
US depending on various factors, with sufficient laboratory testing and ICU
capacity, and timely and categorical government responses, or combina-
tions of those factors, having a positive impact. The pandemic may now ac-
celerate its course in countries from the South Hemisphere as they progress
into winter, if indeed temperature and humidity play a role [17]. This offers
an opportunity window to these countries to be prepared for surging critical
care capacity while dealing with routine services.

The first wave is proving hard to be flatten and the field data is confirma-
tory of that trend. In Italy, at the time of writing after more than 40 days
since the start of the first lockdown and above 30 days since the pause of
all non-essential productive activities, surveillance is daily detecting around
2000 to 3000 new cases whereas over 6000 were detected at peak [20]. Our
recommendations are certainly valid for countries presenting important ep-
idemic peaks (e.g, Spain, Belgium) as well as for those that showed a slower
increase during the first epidemic wave (e.g., Portugal, Greece).

The COVID-19 pandemic has unfolded a large diversity of complex re-
sponses from citizens, government and businesses and positive experiences
exemplify important lessons to prevent overload of health care services in
the future. Adequate resources for, the respect of social distancing and
use of masks, adequate contact tracing services coupled to sufficient testing
capacity and smart use of mobile technologies, as well as community sup-
port and solidarity, along with good governance and tempered and evi-
dence base government communication are good examples of the
complexity of effective response and resiliency to COVID-19 [ 21].

Conclusions
After overcoming pandemic peak, and while developing the transitional

phase, governments and citizens, and particularly surveillance and health
care systems should, thanks to the lessons learnt, remain vigilant and
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connected for potential resurgence of cases as measures are relaxed to re-
start the economy and a new normal. Emergency departments and inten-
sive care units have to develop surge strategies to deal together with
COVID-19 and non-COVID-19 flows of patients.
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