
Intensive Care Med (2020) 46:1624–1626
https://doi.org/10.1007/s00134-020-06066-7

LETTER

ICU capacity management during the 
COVID‑19 pandemic using a process simulation
Andres Alban1, Stephen E. Chick1,2*  , Dave A. Dongelmans3, Alexander P. J. Vlaar3, Danielle Sent4 and Study 
Group

© 2020 Springer-Verlag GmbH Germany, part of Springer Nature

Dear Editor,
Hospitals around the world are innovating their 

processes to separate COVID-19 patients from non-
COVID-19 patients. Intensive care unit (ICU) capacity 
for COVID-19 patients has been expanded by converting 
post-anaesthesia care units (PACUs) into ICU, medical 
tents, deployment of care providers from OR to ICU, and 
numerous other innovations across geographies. Further 
capacity has been enabled by rescheduling non-urgent 
elective surgeries or, more generally, from learnings from 
prior reports following an influenza epidemic [1].

Epidemic models that describe how to ‘flatten the 
curve’ with public health initiatives are focused on the 
demand for care services. We have developed a simple 
patient simulation model (called icu-covid-sim) which 
explores the supply side: it supports hospital and regional 
planning decisions to ‘raise the bar’ with ICU capacity 
expansion activities and have deployed it on the web for 
others to use. The need for such a tool customized to sup-
port local and regional decision-making is highlighted by 
the high variability of critical care bed numbers across 
geographies [2].

The icu-covid-sim tool uses queueing theory and 
patient flow simulations [3]. It describes the maximum 
rate of COVID-19 patients which can be handled for 
a given number of ICU beds dedicated to COVID-19 
patients, as a function of the arrival rate of COVID-19 

patients, their length of stay (LOS) distribution, and the 
number of ICU beds dedicated to COVID-19 patients.

We used the tool in analysing the acceptable flow rates 
at the Amsterdam UMC (location AMC). Figure 1 shows 
the output for a range of ICU bed sizes for COVID-19 
patients. The maximum average throughput of COVID-
19 patients might be less than the average arrival rate 
due to bed blocking associated with randomness in the 
arrival times and LOS of each patient. From the figure, 
for example, we can see that with 60 COVID-19 ICU 
beds, approximately 5.5 COVID-19 patients/day can 
make it through if 6.0 such patients/day arrive. The other 
patients would need to be referred to another facility due 
to bed blocking, at that capacity.

Supplementary material [4] provides additional back-
ground for the conceptual model and analysis, and web 
links below provide source code, a user guide, and a pub-
licly available web-based implementation of the model. 
Analysis also includes graphs with the percent utilization 
of those beds. Similar statistics are provided for non-
COVID ICU bed capacity decisions. The graphs were 
computed assuming a LOS distributed for COVID-19 
patients from Wuhan data [5], and with Amsterdam ICU 
data for non-COVIDs. The tool allows for hospitals to 
enter their own arrival rate and LOS distributions.

At a hospital level, the tool can inform decisions 
about how many COVID-19 patients can be handled. 
At a regional level, one might envisage using the tools 
for regional hospitals to compute how many refer-
rals to a central hospital might be anticipated, for any 
given demand level for COVID-19 ICU resources. The *Correspondence:  stephen.chick@insead.edu 
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icu-covid-sim tool is deployed at https​://andre​s-alban​
.shiny​apps.io/icu-covid​-sim/ and source code and further 
modelling and usage details are available at https​://githu​
b.com/sechi​ck/icu-covid​-sim/. See also [4].
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