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Abstract 
In view of the need to manage and forecast the number of Intensive Care Unit (ICU) beds for critically ill COVID-19 

patients, the Forecast UTI open access application was developed to enable hospital indicator monitoring based on past 
health data and the temporal dynamics of the Coronavirus epidemic. Forecast UTI also enables short-term forecasts 
of the number of beds occupied daily by COVID-19 patients and possible care scenarios to be established. This article 
presents the functions, mode of access and examples of uses of Forecast UTI, a computational tool intended to assist 
managers of public and private hospitals within the Brazilian National Health System by supporting quick, strategic 
and efficient decision-making.
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Introduction

Since the beginning of the COVID-19 epidemic in 
Wuhan, capital of Hubei Province in China, in December 
2019, up until June 30th 2020, the disease has infected 
more than 10 million people and caused approximately 
500,000 deaths worldwide.1 In Brazil, according to official 
data, as at June 20th 2020, more than 1 million cases and 
50,000 deaths had been recorded.2 

COVID-19 is known to be a highly transmissible 
disease, its prevention and control are restricted to non-
pharmaceutical measures and there is no medication 
proven to be efficacious in curing the disease; vaccines 
to prevent it are still in the experimental stage. In 
addition to asymptomatic infection, SARS-CoV-2 virus, 
the disease’s etiological agent, is capable of producing 
acute respiratory syndrome, varying between mild 
cases (around 80%) to very severe cases (between 5% 
and 10%), which develop respiratory insufficiency and 
require medical care in hospital. COVID-19 lethality, 
defined as the proportion of cases that die, varies 
according to age range and comorbidities of affected 
individuals, and is also influenced by health service 
capacity to provide care.³ 

International studies indicate greater 
frailty and mortality among elderly people 
whose body weight changed.

In this context, one of the main uncertainties of 
Brazilian National Health System (SUS) hospital 
managers lies in forecasting the number of intensive 
care unit (ICU) beds needed for severe cases of the 
disease, taking into consideration the epidemic’s 
temporal dynamics.  With the aim of assisting Public 
Health decision-making, researchers have developed 
computerized tools4,5 which, through the application 
of mathematical models, are able to estimate the daily 
number of new COVID-19 cases, based on distribution 
and severity of the disease, so as to be able to forecast its 
impact on capacity to provide ICU beds. In short, these 
methods make short-term forecasts based on official 
health data and, by means of online applications, enable 
users to adjust those data according to local needs.6,7

Considering the unequal distribution of SUS hospital 
beds over the national territory and the fact of the 
COVID-19 epidemic being at different stages in the 
Brazilian municipalities and states, managing ICU beds 

is a challenge to be faced according to the specificities 
and realities of each health service territory.8 

This paper presents the functions, mode of access 
and use of the Forecast UTI application, a computer tool 
capable of assisting public and private hospital managers 
within SUS to forecast the number of ICU beds needed for 
severe COVID-19 cases over a given time period, based on 
past health service data.

The Forecast UTI application

Software development 
The software was developed using the following 

programming languages: 
a) SQL for developing the database 
b) Angular Framework for developing the user 

interface (front-end)
c) C# for developing the algorithms (back-end) 
In computer science, the terms front-end and 

back-end refer to the initial and final stages of the 
process, respectively. 

Statistics and forecasts produced by the Forecast 
UTI application 

Forecast UTI calculates average values and standard 
deviation for the ‘number of hospitalizations per day’ and 
‘time of hospitalization’ (in days) variables. It calculates 
a percentage value for the ‘hospital lethality’ variable, 
defined as the proportion of COVID-19 cases that have 
died. The application provides graphic visualization for 
the ‘number of ICU beds occupied per day’, ‘number 
of new hospitalizations per day’, ‘cumulative number 
of hospitalizations’ and ‘number of deaths by age 
group’ variables, by means of bar plots. It provides 
boxplot graphs for ‘patients’ age’ (in years) and ‘time of 
hospitalization’. Finally, the ‘current patients’ situation’ 
variable, classified as ‘inpatient’, ‘discharged’ or ‘death’, 
is visualized by means of a donut chart. 

Forecast UTI uses polynomial regression models9 
adjusted to the fifth degree, for forecasting the ‘number 
of COVID-19 occupied ICU beds’. For each model, the 
application calculates the forecast root mean square 
error (RMSE) and chooses the model with the lowest 
RMSE. The statistical analyses consider a equal to 5%.

Forecast UTI scenario simulation: ICU bed use 
Based on the ‘total number of beds’, ‘number of 

planning days’, ‘average number of patients per day’, 
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‘time of hospitalization’ and ‘number of COVID-19 
occupied beds’ variables, the application simulates 
hypothetical care scenarios. Based on data input by 
the user, parameters are generated randomly for each 
scenario. The daily number of new patients is calculated 
according to a Poisson distribution, while for the 
calculation of hospitalization times for new patients, a 
Uniform distribution is considered.

The simulations generate 1000 different scenarios 
for the set of variables input to the application. Each 
scenario is planned with the aim of allocating the new 
patient to the first available ICU bed. If all the beds are 
occupied, the patient will not be admitted to the hospital. 
After simulating all the scenarios, the tool shows the 
worst possible scenario, i.e. the scenario with the highest 
number of patients when cannot be cared for because of 
maximum ICU bed occupation.

Accessing Forecast UTI 
All SUS managers interested in the application should 

fill in the form available at https://www.forecastuti.
unifesp.br/ 

They will later receive a username and a password to 
be used to access the application free of charge.

Importing files to Forecast UTI 
After accessing the application, the user should use the 

‘Import Files’ tab to load the system with a file with a ‘.csv’ 
file extension containing the obligatory variables for their 
patients: ‘identification number’, ‘date of birth’, ‘inpatient 
bed’, ‘date of admission’ and ‘patient’s current status’. If 
necessary, the user can also include the following variables: 
patient ‘ICU type’, ‘ICD on admission’ and ‘ICD on discharge’ 
(Figure 1). Confidentiality of data loaded via the website is 
ensured as they are available only to the registered user.

Examples of Forecast UTI use
For illustration purposes, we have used artificial data 

to provide examples of Forecast UTI features. This login 
(exemplo@unifesp.br) and password (dadosexemplo) 
can be used to access the application website, if readers 
would like to reproduce the following examples.

The two main monitoring tabs are available: ‘Statistics 
and forecasts’ and ‘ICU bed use’, which enable ICU bed 

ICU: Intensive Care Unit.

Figure 1 – Forecast UTI ‘Import Files’ tab: explanation and exemplification of how to set up the database and import it  
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ICU: Intensive Care Unit.

Figure 2 – Forecast UTI ‘Statistics and Forecasts’ tab, using artificial data: hospital indicators of interest and forecast 
number of occupied ICU beds per day
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ICU: Intensive Care Unit.

Figure 3 – Forecast UTI ‘ICU bed use’ tab, using artificial data: simulation of bed occupation, considering customized 
parameters with the largest number of patients not admitted due to maximum ICU bed occupation (worst 
scenario)
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occupation by COVID-19 cases to be monitored and 
different scenarios to be simulated, respectively. 

Selecting the ‘Statistics and forecasts’ tab, one can 
visualize average daily ICU bed occupation, average time 
of hospitalization in the ICU and COVID-19 lethality. 
Using this tab, one can see the distribution of the daily 
number of occupied ICU beds and make forecasts of up to 
10 days. It is also possible to visualize the daily distribution 
of new COVID-19 admissions, the cumulative number of 
admissions, monitor number of deaths by age group, 
length of inpatient stat and current status (Figure 2).

The ‘ICU bed use’ tab (Figure 3) enables different 
scenarios to be simulated in order to assist with ICU bed 
management. This simulation enables one to check 
what will happen with ICU bed occupation if there is 
a change in the daily number of new patients, average 
time of hospitalization and number of beds available. 
The application shows each ICU bed on a line on the 
graph, as well as hospitalized patients, in their respective 
beds, along the planning horizon. The bars on the graph 
represent each patient’s admission and discharge date. 
Information is also provided about patients who were 
not admitted because of lack of available ICU beds on the 
day they arrived at the hospital. Finally, Figure 3 shows 
in the form of a graph the situation under the worst 
simulation scenario achieved by using test data. The 
following values were used in this example: total number 
of beds = 30 beds; number of planning days = 15 days; 
average number of patients per day = 3 patients; average 
length of inpatient stay = 10 days; standard deviation 
of length of inpatient stay = 3.6 days; and number of 
occupied beds = 15 beds. Using this simulation, the worst 
scenario produced resulted in 16 patients who could not 
be admitted because of lack of beds.

Final considerations

This paper presented the Forecast UTI application 
and its features for managing SUS ICU beds. This tool 
has been developed to meet the need to monitor hospital 
beds during the COVID-19 pandemic and facilitate the 
management of public and private hospitals within the 
SUS network. 

The ‘Statistics and forecasts’ tab enables information 
on patients with COVID-19 admitted to ICUs to be 
visualized and monitored, assisting with ICU bed 
management within the context of epidemics. The 
‘ICU bed use’ tab enables different scenarios of patient 

allocation to be simulated, resulting in the scenario with 
the largest number of patients not admitted because of 
maximum ICU bed occupation.

The Forecast UTI tool is free, confidential, flexible 
and can be used by any interested health service 
manager. Given that the data are input by the user 
and that the platform updates them automatically, 
it will always be possible to have real-time access to 
basic patient statistics, forecasts and simulations. The 
application is user-friendly and intuitive, although 
enhancements and updates will always be possible, 
such as the possibility of (i) loading files with other file 
extensions, (ii) implementing other forecast models, 
such as fractional polynomial models and machine 
learning models, (iii) including new variables of 
interest, such as presence of comorbidities, for instance, 
as well as (iv) enabling the system to be integrated 
with the patient’s electronic medical records and (v) 
translating the language it uses into other languages. 
Finally, it is important to highlight that the accuracy 
of the statistics and forecasts produced depends on the 
quality of data input to the platform.

At the time of finalizing this manuscript, there are 
approximately 20 Forecast UTI users, including hospitals, 
Municipal and State Health Departments and researchers 
and, thus far, no problems have been reported with using 
this software.

We believe that tools such as Forecast UTI are useful 
for managing Brazilian National Health System public 
and private hospital services, since they inform decision-
making in a rapid, strategic and efficient manner. We 
hope that this paper will contribute to enhancement and 
expansion of the use of technologies of this nature.
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Erratum

In the article “Forecast UTI: application for predicting intensive care unit beds in the context of the CO-
VID-19 pandemic”, doi: 10.5123/s1679-49742020000400023, published on Epidemiology and Health Services, 
29(4):1-7, in the page 1:

Original text:

“doi: 10.5123/s1679-49742020000400023”

Corrected text:

“doi: 10.1590/s1679-49742020000400023”


