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ABSTRACT
OBJECTIVE
The current SARS-CoV-2 pandemic has demonstrated that emergency departments (EDs) need
to reorganize and restructure their operations rapidly. Only few studies have shown the impact
of the pandemic on structural and logistical issues at the ED and measures taken.
METHODS
We surveyed all Belgian ED’s on the implemented changes at the start of the pandemic in
relation to the four S’s in disaster medicine: Structure, Staff, Supplies and System. In addition,
we asked for quantitative data regarding patient numbers.
RESULTS
Belgian EDs felt largely unprepared for an epidemiological disaster of this magnitude, but
nevertheless dynamically restructured their organization. A 46% increase in ED beds was
created in both in- and out-hospital modalities. More than half of the ED beds were reserved
for COVID-19 suspected patients, who were largely accommodated within the hospitals’
structure. 68% indicated they could not provide the same patient care in these modalities. EDs
deployed extra personnel and provided additional training and psychological support. More
than half reported an acute shortage of personal protective equipment and several reported a
shortage of ventilatory equipment and medications.
CONCLUSION
Our retrospective survey demonstrates that EDs were insufficiently prepared, but adequately
employed many aspects of the “4S’s” theory for surge capacity.
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INTRODUCTION
Shortly after the first detection of a Severe Acute Respiratory Syndrome-Coronavirus-2 (SARSCoV-2) case in Belgium, the current health care crisis was declared as a pandemic by the World
Health Organization (WHO) on the 11th of March 2020. At the day of writing, more than 125
million infections and 2.75 million deaths have already been reported worldwide.1
As the current pandemic and previous epidemics have shown, emergency departments (EDs)
are at the frontline of care for outbreaks of viral diseases.2,3 As gate keeper of the hospital, they
have to reorganize and restructure their operations swiftly in order to cope with a rapidly
increasing number of patients while maintaining high quality and efficient care.3–5
In disaster medicine, EDs should respond to a surge in patient presentations by rapidly
expanding their structure, staff, supplies and adjust their functioning systems tailored to the
needs.6 However, there is insufficient scientific literature on how an ED should deal with
sudden onset pandemics.7 Up to now there are limited studies who assessed the ED’s
preparedness of the COVID-19 pandemic. An Indian survey based study revealed that there
was a high variance in the level of preparedness among EDs.8A similar study in France showed
that EDs were poorly prepared.9
This study performed an assessment of measures taken by the Belgian EDs at the start of the
current health care crisis, in the period from the 1st of March until the 31st of May 2020. This
assessment must provide more information in order to learn and to better prepare for a next
wave or pandemic.
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METHODOLOGY
We conducted a retrospective study among Belgian EDs following an approval by the research
Ethical Committee UZ/KU Leuven (reference number MP016300).
A survey consisting of 40 questions was sent by mail to all heads of service of Belgian EDs
using the online SurveyMonkey platform® (SurveyMonkey Inc., California, US). The
questions concerned the four S’s in disaster medicine, namely the expansion and reorganization
of the ED structure, presence of staff and supplies and actions undertaken to facilitate the
extraordinary patient care and flow. The survey covered the time period between the 1st of
March until the 31st of May 2020. The extensive survey took 30 to 40 minutes to complete and
also required data from the hospital management concerning general hospital information. In a
second round, we e-mailed, if necessary, a reminder of our questionnaire. If still no response
was provided, we contacted the ED heads by telephone. In a last round we made extra calls to
ascertain, or to fill in missing data.
For descriptive statistics Excel® (Microsoft Corp., Washington, US) and Graphpad Prism®
(Graphpad Sofware Inc., California, US) were used. Baseline characteristics are expressed as
numbers and percentages for categorical variables. Mean and standard deviation or median and
interquartile range are used for continuous variables, depending on their distribution.
For comparative statistics, we used the Statistical Package for the Social Sciences program
(SPSS version 25, IBM Corp., New York, US). A two-sided p value less than 0.05 was
considered statistically significant.
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RESULTS
SURVEY RESPONSE RATE
Out of all 114 Belgian EDs questioned, 62 (54%) answered the primary quantitative questions
we inquired for. 41% of the ED heads completed 90% or more of the questions in our survey.
Two out of three respondents were non-university teaching hospitals, 19% non-university nonteaching hospitals and 14% university hospitals. The majority of respondents (60%) were small
hospitals (<500 beds), 32% were middle-sized hospitals (between 500 and 1000 beds) and 8%
were large hospitals (>1000 beds). With a total of 30.990 beds, our respondents represent
approximately 60% of all Belgian hospital beds.10
STRUCTURE
Sudden onset pandemics require extreme precautions as physicians are not aware of the
contingency risks when treating the first patients. Finding the necessary space to treat
potentially affected patients, while limiting exposure to staff and other patients, is a
fundamental aspect of a proper epidemiological disaster response. In Belgium, the majority of
EDs reported that they expanded their capacity. 52 out of 62 respondents (84%) augmented the
amount of ED beds. On average, the total number of beds was expanded by 46%. Interestingly,
there was no correlation between hospital size and relative upscaling of ED beds.
84% of the responding hospitals used, in addition to their ED, one or several extra modalities
to accommodate patients, either COVID-19 suspected or typical ED patients (fig 1a). 40% of
hospitals implemented ED care at other wards, 65% utilized their ED garage, 29% utilized extra
tents and 29% used containers to ensure ED care. 6% reported the use of additional spaces in
the hospital (chapel and dining hall amongst others). There was also no correlation between
hospital size and type of extra structure used. Most EDs reserved 50% or more of their beds for
COVID-19 suspected patients, with an average of 64% (fig 1b). They were mostly
accommodated inside the hospitals’ structure, more specifically in the typical ED space (58%
of ED beds), other wards (15%) and the makeshift garage structure (19%) (fig 1c). Less than
10% of all beds provided for COVID-19 suspect patients were sheltered in tents or containers.
72% of the ED heads indicated they rather used these types of structures outside of the building
for (pre-)triage. Alternatively, care for ambulatory ED patients could be shifted to other
locations. 29% of the hospitals provided the urgent care for ambulatory patients like minor
trauma outside of the ED (this included the use of consultation spaces from
traumatology/orthopedics). 69% of the EDs also indicated that they treated ambulatory patients
with mild respiratory symptoms outside of the typical ED space.
When questioning for the quality of patient care during and before the current healthcare crisis,
68% declared that they were able to provide the same level of care as they did before (fig 1d).
Our dataset was too small to study any correlation between the type of structure used and
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perception of quality of care. However, there was a trend toward a more negative perception of
care when out-of-hospital structures were used.

Providing extra rooms for patient care meant sacrificing other spaces in the ED. The most
encountered issues concerning space were loss of waiting room (42% of respondents), problems
of access to the ambulance garage (38%), loss of storage space (29%), loss of access to toilets
(25%) and loss of training and/or coordination space (22%).
Looking to the future, 64% of the EDs reported that there exist plans for a new hospital or
renovation of the existing ED. 55% of the questioned EDs have scheduled this within 5 years,
the others within 10 years. In the open comments of our survey many EDs indicated they are
exploring means of incorporating surge capacity infrastructure into their new plans, or that they
will revise existing plans.
STAFF
Increased bed capacity also necessitates additional workforce and demands flexibility of
healthcare personnel. Among the participating EDs, the majority deployed extra staff, mainly
nurses (90%), logistical staff (82%) and physicians (71%) (fig 2). Most indicated that they
needed less than 50% extra personnel. These extra staff members originated mostly from other
hospital wards (96%) (fig 2). Furthermore, trainees (38%) and retired staff (8%) were put into
service. 60% of respondents reported that more overtime hours were registered for physicians,
and 20% for nursing staff. A higher absenteeism rate was observed in 27% of the EDs if
compared with the same period of one year earlier.
To support personnel, most of the EDs organized extra training on the correct use of PPE (96%)
and the management of COVID-19 (88%). Specific simulation training (44%) and extra
coaching on the use of thoracic ultrasound (10%) was implemented in several hospitals.
Moreover, 87% of the participating EDs provided additional psychological support for their
staff.
SUPPLIES
Pandemics require a sudden need of large amounts of specialized equipment, not only to test
and treat infected patients, but also to protect health care staff and regular ED patients. More
than half of our respondents (56%) reported an acute shortage (defined as a stock for less than
7 days) of personal protective equipment (PPE) (fig 3). In general, most of the EDs had
sufficient medication available. However, several EDs reported an acute shortage of antibiotics
(10%), muscle relaxants (36%) and certain sedatives (34%). 17% of the participating EDs also
had a shortage of ventilators and/or non-invasive breathing material. The shortage of
medication, respiratory equipment or PPE that was encountered in some EDs was not correlated
with the number of COVID-19 suspected patients they had admitted.
SYSTEM
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The overall hospitals’ response to a disaster, such as their preparedness, structural
reorganization, logistical planning and personnel management, is critical to maintain a
sustainable surge capacity. Most of the participating hospitals (93%) responded that they have
prepared a plan for mass casualty incidents. However, only 61% had made specific preparations
for an epidemiological disaster (fig 4). At best, 15% felt they were sufficiently prepared for the
COVID-19 pandemic. (fig 4)
When reorganizing, hospitals have to anticipate the number of patient presentations. As
mentioned before, almost every hospital augmented their ED bed capacity and provided
separate spaces for COVID-19 suspected and regular ED patients. Most EDs reserved half or
more of their beds for suspect patients (fig 1b). 42 respondents provided information on the
actual number of patients that were seen at their ED in the questioned period. In hindsight, only
1 in 3 patients presenting at the ED was considered a suspect and only 7% finally tested positive
(fig 5a). On average, the number of patient presentations at the ED dropped by 29% compared
to the average number of patients seen in a 3-month period the year before (fig 5b). There were
only two hospitals that registered slightly more patients.

LIMITATIONS
This study has some limitations. As for most datasets resulting from surveys, nonresponse error
might contribute to our findings. Additionally, the answers and requested data that were
provided possessed a certain subjectivity. We did not perform any external validation of the
provided quantitative data. Last, our survey was designed diligently but did not undergo a
formal content validation process.
Given that the pandemic and our knowledge on it is evolving and forcing us to take up-to-date
measures, it would be interesting to conduct a second survey to see if there were dynamic
changes to operational and organizational measures in the second wave of the pandemic.
For future research, it would be useful to inquire about the measures the EDs wish they would
have taken when reflecting back on this disaster experience. These answers would be an
important step toward improved epidemiological preparedness. Besides, it would be interesting
to assess measurable health care parameters and outcomes (e.g. waiting times, mortality, etc.)
to perform a comparison between hospitals and disaster measures taken, or to examine
preparedness as a predictor of disaster outcomes. We did not inquire for these data due to the
sensitivity of this subject and the multifactorial variables defining them. Nevertheless, these
parameters would also greatly enhance our understanding of disaster preparedness.
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DISCUSSION
Since the beginning of the pandemic in 2020, enormous efforts have been made to augment the
surge capacity for COVID-19 patients. Most recent literature on this subject considered surge
capacity of hospitals in general and intensive care departments.11,12 EDs, however, act as the
main gate to enter this part of our healthcare system. Therefore, this study performed an
assessment of the measures taken by the Belgian EDs during the first wave of the pandemic.
Our survey demonstrates that EDs reinvented themselves by expanding their structure, staff and
supplies, and adjusting their operational systems. With a 54 % response rate and a total of
30.990 hospital beds, our respondents represent 60% of all Belgian hospital beds. This makes
our sample representative for Belgium.
Pandemic disasters pose many specific challenges due to the risk of infecting staff and other
patients. When uncertain about infection rates and transmission, it is imperative that suspected
infected patients do not come in contact with other ED patients. There are a number of
possibilities to ensure separation: individual hospitals can restructure their ED space, they can
use other (non)medical hospital spaces, or build temporary structures such as tents or containers
outside of the hospital building. Alternatively, large, centrally coordinated temporary surge
facilities, as were used in the U.S., China and Hong Kong, can be constructed.13 These
possibilities have their own advantages and disadvantages. Large temporary units could be a
good scenario for prolonged surges, but they are costly, and finding enough staff and supplies
can be a barrier. In Belgium, it was opted to reorganize every ED individually, adapting their
individual capabilities to meet the surge in continuation of care for other ED patients. Our
survey demonstrated that EDs used various structural approaches to meet the increased spatial
demands. Most hospitals provided the majority of COVID-19 suspect patient care within the
walls of the hospital structure. Although almost one out of three of the respondents used tents
and/or containers, only a minority of COVID-19 suspect patients were accommodated here.
The out-of-hospital structures were rather used for triage or ambulatory patient care.
Our assessment on the planning of new hospitals or ED renovations revealed that the majority
of Belgian EDs plan to do so within 5 to 10 years. Many EDs indicated that they are exploring
means of incorporating surge capacity infrastructure into their new plans, or that they will revise
the existing plans. This creates great opportunities for better preparedness for future
epidemiological disasters. It is advised to convey new plans with the counsel of hospital disaster
management specialists in order to anticipate specific needs. Amongst others, the following
modifications are worth considering. The obvious needs include a possibility of double entry
and easy makeshift separation walls for cluster isolation. Negative pressure rooms, although
not crucial in this pandemic, might be in the light of future pandemics. It would be of interest
to opt for out-of-hospital structures rather as pre-triage and for ambulatory patient care.
In addition to structural problems, several Belgian EDs also faced staffing challenges. However,
due to the decision of the federal government on 14th of March 2020 to postpone all non-urgent
care in the hospitals, there was extra staff available (working previously at the operating theatre,
consultation or other departments). Our study demonstrated that the majority of Belgian EDs
deployed additional staff (physicians, nursing and logistical staff), most of them normally
working on other wards. Furthermore, we also noticed an increased absenteeism rate than
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normal. We could not determine whether this was due to an infection with COVID-19,
psychological burden or other reasons.
Belgian EDs did not challenge major medication shortages. However, in more than half of the
EDs there was an acute shortage of PPE. This shortage was a worldwide problem during the
first wave of the pandemic.14,15 For future reference, it would be wise to stockpile sufficient
PPE in a central and/or local stock managed and distributed centrally. Additionally, universal
guidelines on the appropriate use and need of PPE could help to optimize the availability of
PPE.16
EDs had to estimate the number of patient presentations in anticipation of the surge. Nearly all
Belgian EDs decided to expand their bed capacity. Nevertheless, it has now become clear that
ED patient volumes have decreased across the globe and our study further supports these
findings.17,18 One can speculate that this was due to fewer traffic and/or workplace accidents,
or due to fear of exposure to infected patients or concerns of themselves overwhelming the
hospitals. It is becoming increasingly clear that these latter impose great risks for so called
‘secondary deaths’.19
The increased bed capacity and time-consuming workup of patients in the COVID suspect zone
forced hospitals to deploy more staff and to increase working hours. Personnel under pressure
and afraid to get infected may have lead to psychological disorders.20 During disasters, it is
therefore recommended to guide staff and to provide sufficient psychological support.21 We
observed that the Belgian EDs committed themselves to organize additional training. In
addition, the majority of EDs provided additional mental support during the first wave of the
pandemic to respond to these challenges and needs.
Although disaster preparedness is an integral part of hospital procedures, this survey is an eyeopener regarding Belgian ED preparation for pandemic disasters. More than one out of three
indicated they had not prepared a plan for epidemiological disasters. Almost every Belgian ED
reported they felt unprepared for this disruptive pandemic. As this might not be the last
pandemic22,23, it is clear that specific pandemic disaster plans should be established. Hospital
pandemic disaster preparedness should involve all aspects of patient care. Having disaster teams
that include representatives from all hospital areas is of paramount importance in avoiding
fragmentation.24
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CONCLUSION
Due to the specific nature of pandemics, it is now clear that this type of disasters requires
multidisciplinary strategic and operational planning to be appropriately prepared. Based on
limited information, EDs had to make difficult decisions regarding hospital management, such
as how to restructure their ED to triage and care for both suspect and non-suspect patients, how
to manage personnel working schemes and how to guarantee their physical and psychological
well-being. Our survey demonstrates that Belgian EDs were unfortunately not well prepared
for this type of disaster, but nevertheless adequately employed many aspects of the “4S’s”
theory for surge capacity (Structure, Staff, Supplies, Systems) to respond to this pandemic.
Overall, EDs were able to create more than enough space in their EDs, adjacent departments
and in out-hospital structures to accommodate COVID-19 suspect patients. Although the
number of patients decreased compared to the year before, the care including donning and
doffing clearly required more time per patient. To manage this, Belgian EDs could deploy more
personnel, mostly originating from departments in which certain functions were temporarily
tapered down. Nearly all EDs provided the much-needed additional support for their personnel
(training and psychological).
For future reference, EDs should, in addition to stockpiling sufficient supplies, prepare strategic
plans for coming pandemics.
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Figure 1: Structural reorganization of emergency departments (ED’s) at the start of the
COVID-19 pandemic. A. Different modalities were used at the ED’s to accommodate patients,
both COVID-19 suspected patients and nonsuspected. Data are depicted as % of hospitals that
used the different spaces. Bars in green represent in-hospital structures, bars in red are out-ofhospital structures, alternatives are depicted in orange. B. A certain amount of beds were
reserved for COVID-19 suspect patients. Data are presented as % of hospitals that reserved a
certain number of their ED beds of COVID-19 suspect patients. The solid red line represents
predicted values modeled with nonlinear regression. C. The % of reserved COVID-19 beds per
modality. D. Perception of quality of care for patients per modality, compared to the usual
perception of care. The data are depicted as Tukey boxplots.
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Figure 2: Extra personnel deployment at the ED’s during the pandemic. Top: Type of extra
personnel; bottom: origin of extra personnel. Data are presented as % of hospitals that either
answered ‘yes’ or ‘no’. For the top panel, when answering ‘yes’, respondents could specify
whether they deployed more or less that 50% of their usual staffing.
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Figure 3. Acute shortage of supplies during the pandemic. Top: personal protection
equipment (PPE); middle: medication; bottom: invasive ventilators and non-invasive
ventilators (NIV material). Data are presented as % of hospitals that either answered ‘yes’, ‘no’
or ‘no idea’.
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Figure 4: The ED’s preparedness for (epidemiological) disasters. Top: The preparation of a
general Mass Casuality Incident plan and specific preparation for epidemiological disasters.
Data are presented as % of hospitals that either answered ‘yes’ or ‘no’. Bottom: Perception of
preparedness during the COVID-19 pandemic. The respondents could choose between
answering ‘very well’, ‘decent’, ‘moderate’, ‘largely not’ and ‘absolutely not’.
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Figure 5: Number of (COVID-19 (suspect)) patients seen at the ED during the first wave
of the COVID-19 pandemic in Belgium. A. ED patients that were considered COVID-19
suspect and/or that tested positive. Data are presented as % of ED patients per hospital. Dashed
lines represent matched datapoints from the same hospital. B. The total number of patients seen
at the ED during the first wave of the pandemic, presented as % of the expected number of
patients as deduced from the year before.

18

