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a b s t r a c t

Background: The worldwide SARS-CoV-2 pandemic represents the most recent global healthcare 
crisis. While all healthcare systems suffered facing the immense burden of critically-ill COVID-19 
patients, the levels of preparedness and adaptability differed highly between countries. Aim: to 
describe resource mobilization throughout the COVID-19 waves in Tunisian University Medical 
Intensive Care Units (MICUs) and to identify discrepancies in preparedness between the provided and 
required resource.
Methods: This is a longitudinal retrospective multicentre observational study conducted between March 
2020 and May 2022 analyzing data from eight University MICUs. Data were collected at baseline and at each 
bed expansion period in relation to the nation’s four COVID-19 waves. Data collected included epidemio
logical, organizational and management trends and outcomes of COVID-19 and non-COVID-19 admissions.
Results: MICU-beds increased from 66 to a maximum of 117 beds. This was possible thanks to equipping 
pre-existing non-functional MICU beds (n = 20) and creating surge ICU-beds in medical wards (n = 24). 
MICU nurses increased from 53 to 200 of which 99 non-ICU nurses, by deployment from other departments 
and temporary recruitment. The nurse-to-MICU-bed ratio increased from 1:1 to around 1·8:1. Only 55% of 
beds were single rooms, 80% were equipped with ICU ventilators. These MICUs managed to admit a total of 
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3368 critically-ill patients (15% of hospital admissions). 33·2% of COVID-19-related intra-hospital deaths 
occurred within the MICUs.
Conclusion: Despite a substantial increase in resource mobilization during the COVID-19 pandemic, the 
current study identified significant persisting discrepancies between supplied and required resource, at 
least partially explaining the poor overall prognosis of critically-ill COVID-19 patients.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/ 

4.0/).

Introduction

The Coronavirus SARS-CoV-2 spread rapidly, reaching almost 
every part of the world. The pandemic struck healthcare systems 
worldwide, unmasking many deficiencies. Developed countries such 
as Italy and the United States of America were overwhelmed by the 
pandemic [1,2]. In Tunisia, these deficiencies existed prior to the 
pandemic, especially since the revolution, where hospitals suffered 
from poor infrastructure and lack of materials. In addition, the high 
rate of total payroll at 18%, of the gross domestic product, led to the 
absence of new personnel recruitment which resulted in healthcare 
workers (HCW) shortage [3,4]. The expenses for health represent 6% 
of the gross domestic product which is rather modest compared to 
other countries such as France where health expenses attain 11·1% 
[5,6]. In response to the pandemic, hospitals in Tunisia were con
strained to perform changes in their infrastructures and reorganize 
resource such as HCW, materials, and, mostly the creation of surge 
intensive care unit (ICU)-beds [7]. This endeavor was revealed to be 
difficult and was gradual over the several waves of the pandemic. 
First of all, the deployment of personnel was initially influenced by 
fear of contamination [8], once deployed in the ICUs, the nurse-to- 
patient ratio was at 1:3–1:4. As for ICU-beds, the majority did not 
respond to certain standards such as the implementation of in
dividual rooms and negative pressure rooms [7].

The aim of the present study is to describe resource mobiliza
tion throughout respective waves of the COVID-19 pandemic in 
Tunisian university medical intensive care units (MICU) and iden
tify discrepancies in preparedness between resource supply and 
demand.

Methods

Study design and settings

This is a longitudinal retrospective multicentre observational 
study conducted between March 2020 and May 2022 analyzing data 
from eight MICUs out of the 12 University MICUs that dealt with 
COVID-19 patients in Tunisia. Tunisia is a country located in North- 
Africa with a population of 11·8 million individuals and a total of 24 

governorates or states. University MICUs are located in only ten 
governorates in which just over half (54·54%) of the population lives. 
Eight MICUs from six different governorates have participated in the 
current study (Table 1). Fig. 1 was the result of a phone query we 
performed within the 24 governorates to describe the respective 
medical and surgical ICUs, and their affiliation to public or private 
hospitals.

This study is in compliance with the STROBE criteria for ob
servational studies (supplementary material S1).

Definitions and variables

All of the ICUs participating in this study possess required criteria 
to be classed as a level three ICU according to the task force of the 
world federation of societies of intensive and critical care medi
cine [9].

The four COVID-19 waves were defined as first, second, third, and 
fourth waves from, respectively, March 2020 to April 2020, from 
August 2020 to May 2021, June 2021 to September 2021, and 
December 2021 to May 2022.

SARS-CoV-2 infection was defined as either a positive Real-Time 
Reverse Transcriptase-Polymerase Chain Reaction assay of nasal 
swabs or a positive coronavirus-19 rapid antigen test device [10], 
along with a high pre-test clinical probability.

COVID-19-related Acute Respiratory Distress Syndrome (ARDS) 
management protocol: Therapeutic protocols complied with national 
and international guidelines, which recommend systematic corticos
teroids and preventive anticoagulation to all patients, and elective 
antibiotherapy and anti-IL-6 in specific indications [11]. The main 
concern in the management of ARDS related Acute Hypoxemic Re
spiratory Failure is to improve oxygenation and reduce muscle use 
[12,13] and promote lung recruitment while preventing Patient Self- 
Inflicted Lung Injury (P-SILI) [14,15] and not delay intubation while 
promoting protective ventilation and preventing Ventilator Induced 
Lung Injury (VILI) and heart/lung interaction [16]. Diagnostic and 
therapeutic procedures were protocolized. Based on that, a goal-di
rected bundle associating Non-Invasive Respiratory Support (NIRS), 
bed rest, awake proning, and ICU delirium prevention and manage
ment was implemented in spontaneous breathing patients [16].

Table 1 
Distribution of the bed capacity and healthcare workers’ in the included Medical Intensive Care Units (MICUs) according to the related region and hospital. 

MICUs, Governorate Governorate 
Population

Hospital 
beds

MICU beds Hospital Adult 
total ICU beds

Hospital 
nurses

Hached, Sousse 737 027 704 10(0.014) 14 1384(1.96)
Mami, Ariana 655 455 375 20(0.053) 20 575(1.53)
Sfar, Mahdia 439 824 535 14(0.026) 18 441(0.824)
Zaghouan 187 990 163 11(0.067) 13 210(1.28)
La Rabta, Tunis 1 073 110 980 6(0.006) 11 2018(2.06)
Thameur, Tunis 1 073 110 348 7(0.020) 17 499(1.43)
Yasminet, Ben Arous 703 206 154 8(0.052) 8 195(1.26)
CAMU, Tunis 1 073 110 22 9(0.409) 9 85(3.86)
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Data collection

Most data were collected prospectively through pre-existing 
registers for each hospital and ICU. Data not already collected in 
registers were recorded retrospectively following a consensus de
scribing each variable that was shared via email. The principal in
vestigator visited each site before and during data collection to 
ensure that the respective ICUs' report forms were consistently filled 
out, thus controlling for any information bias. A single senior in
tensivist trained in data collection and handling from each site was 

responsible for recording and providing data from his center to 
control for potential interobserver and intraobserver bias. Each 
hospital and its corresponding ICU recorded their data on a specific 
case record form. Data were collected at baseline and at each bed 
expansion period in relation with the nation’s four COVID-19 waves. 
There were no missing data.

For the current study, epidemiological data recorded in each 
evolution period consisted of total COVID-19 admissions, deaths, and 
non-COVID admissions to the corresponding regular ward and ICU. 
Furthermore, the need for invasive mechanical ventilation (IMV) in 

Fig. 1. Visual presentation of regional indexed distribution of ICU beds within the public and private hospitals in Tunisia within the COVID-19 pandemic. *H, hospital-ICU beds; *P, 
private-ICU beds; MICU, Medical Intensive Care Unit; SICU, surgical Intensive Care Unit; ICU, Intensive Care Unit.
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ICU patients was recorded. Organizational data in each ICU were also 
recorded for each evolution period: number of beds and surge beds, 
critical care and non-critical care nurses, critical care and non-cri
tical care residents, and senior critical care doctors. To evaluate the 
impact of resource mobilization, mortality rates were compared 
between the two periods, before and after the maximum reached 
resource mobilization. Early reports from northern Italy and China 
pointed to a high burden of ICU as well as poor outcomes [17–19]. On 
the other hand, adequate preparedness for the COVID-19 pandemic 
was associated with better outcomes in Nordic countries [20].

Statistical analyses

Characteristics were described as frequencies and percentages for 
categorical variables. Where appropriate, data are presented nor
malized to the population (per 100 000 inhabitants). Statistical ana
lyses were performed with SPSS software. Epi Info statistics software 
was used to compare the between periods mortality proportions.

Results

Resource mobilization

MICUs’ beds and response in surge bed capacities
During the course of the pandemic, there were four different 

evolutions within all ICUs; the first as a preparation for the 2nd 
COVID-19 wave, the second within the course of the 2nd wave, the 
third at the beginning of the 3rd wave, and the last evolution during 
the 4th spike.

The total number of beds within the eight ICUs increased ex
ponentially from 66 beds at baseline, of which only 14 were dedi
cated to COVID-19 patients, to 117 beds of which all can be dedicated 
to COVID-19 patients if required. The maximum bed capacity was 
reached during the 3rd wave which was the deadliest. Table 2 dis
plays all MICUs bed capacities and their evolution periods within the 
different waves. To reach these numbers different hospitals applied 
different means: equipping pre-existing non-functional ICU beds 
and creating dedicated surge beds in medical wards.

Nurses’ mobilization and trends throughout the COVID-19 pandemic

Fig. 2 displays trends of MICU-beds, HCW, and doctors (colored 
bar chart) and managed patients (blue curve) within the eight MICUs 
according to the respective pandemic waves referred to by the spikes 
of national COVID-19 mortality incidence (gray bar chart).

During the start (period 1, Fig. 2) of the pandemic COVID-19 
patients were only admitted to two MICUs (Hached, Sousse and 
Mami, Ariana), in the two hospitals initially considered as referral 
hospitals, n = 14 MICU-beds having managed the only first 66 COVID- 
19 patients. The remaining hospitals started progressively admitting 
COVID-19 patients during the course of the pandemic. It was only at 
the 3rd bed-expansion period within the second wave of the pan
demic, that all eight hospitals, thus all eight MIUCs, were obliged to 
admit COVID-19 patients. The maximum number of patients man
aged within the eight MICUs was recorded during the 4th period 
(corresponding to the 3rd wave) at 1475 patients managed within 
117 MICU-beds by 200 nurses (101 ICU nurses + 99 non-ICU de
ployed nurses).

The number of nurses increased along with the increase in bed 
capacity. Surge nurses were either recruited in form of temporary 
work contracts or deployed from other departments that decreased 
or stopped their activity during the waves. Through the different 
waves of the pandemic, despite the continuous increase in recruited 
nurses, the nurse-to-MICU-bed ratio never exceeded 2·26:1. Half of 
the deployed nurses were non-ICU ones.

Organization of doctors within the different MICUs

Deploying both senior doctors and residents was difficult due to 
the limited number of intensivists available. The number of senior 
doctors remained constant within all four pandemic waves whereas 
the number of residents only slightly increased from 57 to 
66. (Fig. 2).

General outcomes of patients admitted to hospitals and related MICUs 
during the COVID-19 pandemic

Throughout the pandemic, the MICUs managed to absorb 3368 
critical COVID-19 patients, corresponding to 15% of all COVID-19 
patients admitted to the respective hospitals (ranging between 5·4% 
and 65·9%). Forty-six percent required IMV, ranging from 16·9% to 
56·3%. Mortality was rather high at 43·4% ranging from 25·7% to 
54·5%. As the maximum of MICU beds and nurses was mobilized 
within the year 2021, respective compared mortality rates between 
2020 and 2021–2022 were 50·70% vs 45·14%, p = 0·012.

Only six MICUs continued admitting both COVID-19 and non- 
COVID-19 patients. In those ICUs, 2301 non-COVID-19 patients were 
admitted ranging between 47 (Yasminet, Ben Arous) and 1043 
(CAMU Toxicology-MICU, Tunis).

Table 2 
Compared Medical Intensive Care Units (MICUs) beds’ capacities and their evolution within the different pandemic waves. 

MICUs Baseline Wave 1 
March 20- 
April 20

Wave 2 
August 20- 
May 21

Wave 3 June 21- 
Sep 21

Wave 4 Dec 21- 
May 22

Surge beds n (%) Means

Hached, Sousse 10 4 12 23 12 13 (130) A, 5 B, 8
Mami, Ariana 20 10 10 20 20 0 (0) -
Sfar, Mahdia 10 - 4 14 10 4 (40) A, 4
Régional, 

Zaghouan
6 - 6 10 11 5 (83·3) A, 3 B, 2

La Rabta, Tunis 6 - 6 8 8 2 (33·3) A, 2
Thameur, Tunis 7 - 6 21 20 14 (200) B, 14
Yasminet, Ben 

Arous
8 - 8 10 12 4 (50) A, 4

CAMU, Tunis 9 - 5 11 11 2 (22·2) A, 2
Totals 76 14 57 117 104 44 (57·9)

A, equipping pre-existing non-functional ICU beds; B, creating dedicated surge beds in medical wards.
Data were expressed as n (%) for categorical variables.
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Patient admissions, IMV management, and deaths in each MICU 
and its corresponding hospital are summarized in Table 3.

Discrepancies in preparedness between resource supply and 
demand

MICUs’ infrastructures prior to the pandemic discrepancies

Within the eight MICUs participating in the present study, none 
had “cleanrooms” modern standard infrastructure (which are well 
isolated, well-controlled from contamination, and actively cleansed). 
Out of the existing 76 MICU-beds prior to the pandemic, only 55% 
were individual beds in individual rooms. All individual rooms had a 
surface of over 25 square meters. None of the MICUs had pre-ex
isting airlocks at the entrance of the rooms and only eight negative- 
pressure rooms within one MICU (Yasminet, Ben Arous) were 
available at the start of the pandemic. Two MICUs were able to in
stall airlocks during the first wave (Hached, Sousse and Mami, 
Ariana).

Material supply discrepancies

Eighty percent of pre-existing beds were equipped with ICU 
ventilators. However, these ventilators were predominantly old 
models and unable to perform High Flow Nasal Oxygen function. 
Most recent ventilators lacked heated humidification systems. The 
absence of humidification also impeded the use of Continuous 
Positive Airway Pressure (CPAP) via ICU ventilators. Impedance 
valves used to produce CPAP via facial masks were inexistent.

Immediately before the first COVID-19 wave many parties, in
cluding the government and donors from the society, attempted but 
failed to provide ventilators for the MICUs due to their unavailability 
in the local market along with COVID-19 related international re
strictions complicating import.

Healthcare workers’ mobilization discrepancies

Healthcare worker’s shortage during the pandemic has been 
described by the discrepancies between the observed nurse: 

Fig. 2. MICU-beds and healthcare workers’ mobilization across respective COVID-19 pandemic waves in Tunisian University MICUs. Fig. 2 displays trends of MICU-beds, healthcare 
workers, and doctors (colored bar chart) and managed patients (blue curve) within the eight MICUs according to the respective pandemic waves referred to by the spikes of 
national COVID-19 mortality incidence (gray bar chart).

Table 3 
Compared in-hospital and Medical Intensive Care Units’ (MICUs) admissions, invasive mechanical ventilation (IMV) and deaths within the pandemic. 

MICUs COVID-19 
Hospital- 
admissions 
n

COVID-19 
MICU/ 
hospital- 
admissions 
n (%)

Non-COVID- 
19 MICU- 
admissions 
n

COVID-19 
IMV-MICU 
n (%)

COVID-19 MICU- 
deaths n (%)

COVID-19 
Hospital-deaths 
n

COVID-19 MICU/ 
Hospital-deaths 
%

Hached, Sousse 3714 534 (14·4) 378 280 (52·4) 246 (46·1) 759 32·4
Mami, Ariana 4880 674 (13·8) 244 371 (55·0) 362 (53·7) 701 51·6
Sfar, Mahdia 1784 472 (26·5) 0 230 (48·7) 188 (39·8) 431 43·6
Zaghouan 1 551 368 (23·7) 235 154 (41·4) 158 (42·9) 342 46·2
La Rabta, Tunis 5071 343 (6·8) 0 193 (56·3) 187 (54·5) 1057 17·7
Thameur, Tunis 892 538 (60·3) 354 91 (16·9) 138 (25·7) 493 28·0
Yasminet, Ben 

Arous
4260 230 (5·4) 47 128 (55·7) 110 (47·8) 552 19·9

CAMU, Tunis 317 209 (65·9) 1043 103 (49·3) 74 (35·4) 74 100
Totals 22,469 3368 (15·0) 2301 1550 (46·0) 1463 (43·4) 4409 33·2
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ICU-bed ratio and a calculated ratio of 3:1, estimated to provide a 
nurse-to-patient ratio of 1:2 per shift [21–23], ensuring at least four 
shifts. Fig. 3.

For all, the 117 beds (54 invasive beds, 63 noninvasive beds) and 
given the respective nurse:patient ratios at 1:1 for invasive and 1:2 
for noninvasive, the total required nurses number is estimated at 
304 ICU nurses, while in the present study, there were only 200 
nurses (101 ICU nurses and 99 deployed non-ICU nurses).

The 99 deployed non-ICU nurses are largely insufficient, as in 
hospital-1 that mobilized the largest number of non-ICU nurses 
(n = 41), there were only 28 deployed non-ICU nurses from the 
nurses already working in the hospital’s regular wards (n = 1384), 
and 13 non-ICU short employment contract nurses. Within this large 
reserve of the already employed 1384 nurses, only 200 were dis
patched to the COVID-19 oxygen wards, the remaining were evolving 
either in medical wards with restricted non-COVID-19 activity or 
surgical wards with delayed elective surgery. Meanwhile, the gap in 
ICU nurses’ recruitment and the real workload was absorbed by the 
already understaffed residents.

Organization discrepancies

A surrogate of this discrepancy could be the number of intra- 
hospital patients potentially denied for ICU admission. As this in
formation was missing, intra-hospital deaths could be assumed as 
potentially severe to critical patients denied for ICU admission. 
Indeed, the low ICU / intra-hospital deaths ratio at 33·2% means 
clearly that 66% of deaths occurred out of the MICUs demonstrating 
that the system is largely overwhelmed.

Discussion

Pandemics generally exhibit a critical challenge and a unique 
threat to the country’s health care system. Many healthcare systems 
worldwide were overwhelmed by the substantial increase in the 
demand and supply of health services. Therefore, pandemic 

preparedness necessitates adapted scalable infrastructure and ca
pacity as a critical aspect of a country’s emergency response.

Albeit huge efforts were deployed to increase MICU bed surge 
capacity, ventilators, HCW, and organization, Tunisian ICUs failed to 
accommodate and ingest the overwhelming demand for healthcare 
services, one of the most critical issues during the healthcare system 
response to epidemics. This was demonstrated by the huge pro
portion of ICU mortality, a consequence of the discrepancy between 
supply and demand, slow supply, and supply quality. Furthermore, 
relatively high intra-hospital COVID-19 deaths within the oxygen 
wards (a surrogate for the patients denied for ICU admission) de
monstrate an overwhelming system.

Study limitations

Several limitations could be addressed in the present study. First, 
the retrospective design was an impediment to exactly appreciate 
the proportion of patients necessitating ICU admission, thus an exact 
measurement of the supply/demand discrepancies. This was ad
dressed by the use of pre-defined surrogates such as in-hospital 
COVID-19 mortality. Second, the present study included only eight 
over 12 University MICUs, but this is quite representative of the real 
response to the epidemic as these MICUs’ respective hospitals 
drained the quasi-majority of the severe to critical COVID-19 pa
tients nationwide. Other ICUs were secondarily involved in the 
management of the third wave of the pandemic mainly surgical 
ICUs, non-University MICUs, or the several field hospitals. Finally, the 
relatively poor outcomes should be balanced with the poor struc
tural, material, HCW, and organizational resource prior to the pan
demic in a low-middle-income country experiencing difficulties in a 
continuing process of a post-revolution political transition.

Strengths of the study

First, this is the first multicentre study addressing the issue of 
preparedness in Tunisian University MICUs, relating 66% of the 
MICUs involved in the pandemic. Second, it unveiled difficulties 

Fig. 3. Compared maximum bed capacity, ICU-nurses and deployed-nurses, admitted COVID-19 patients and deaths within respective eight Tunisian University Medical-ICUs. 
* 1·78, nurse-to-ICU-bed ratio. ICU, Intensive Care Unit.
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faced by a North-African low-middle income country displaying 
different geopolitics, cultural and social singularities, low resource 
and infrastructure, and organizational issues. This could be used as a 
valuable benchmark to adapt the response to future pandemics. 
Finally, the present study sheds light on the different management 
aspects of severe to critical COVID-19, thus giving great lessons and 
messages when facing future pandemics.

Human and material resource mobilization through the different 
COVID-19 waves

The current study demonstrated a sharp rise in the number of 
MICU beds available for COVID-19 patients throughout the pan
demic. Despite substantial achievements, a delay was noted in co
ordinating efforts between the MICUs.

Although MICUs failed to accommodate and ingest the over
whelming demand for healthcare services, as they managed only 
15% of the respective hospital admitted patients, this is largely dis
crepant with initial worldwide reports within the pandemic relating 
over 35% [24,25], they were able to achieve a significant decrease of 
ICU mortality within the second year of the pandemic after they 
have reached the maximum of resource mobilization. This gain 
could also be explained by the improvement of the evolving 
knowledge [26,27], and the ICU management quality [28] but not the 
vaccination as it started very late in the course of the pandemic or 
the greater flux and severity of the patients within the second 
period.

Within the study, we noted a first increase between the 1st and 
2nd waves, on account of six MICUs joining in managing COVID-19 
patients. In fact, at the very start of the pandemic only two hospitals, 
considered as referral hospitals, admitted patients from all around 
the country. This sectorization was mainly the result of a poor ap
preciation of the pandemic’s severity by officials along with con
siderable fear striking both HCW and administrates. As a result of 
efforts deployed throughout the study period, all eight MICUs 
combined, managed to provide a maximum of 117 MICU-beds, 
generating a maximum total surge capacity of 44/76 MICU-beds 
(57·9%). Overwhelmed by a never-ending increase in critically-ill 
patients requiring life-sustaining management, ICUs around the 
world adopted different strategies for the sole purpose of increasing 
bed capacity [29–31]. The response to the overflow of critically-ill 
patients varied depending on public health policies. As a matter of 
fact, various reports demonstrated that ICUs in different demo
graphic settings and political environments managed to produce 
different rates of increase in surge bed capacity. Nordic countries 
displayed a variable increase in ICU beds between March 2020 and 
May 2020 ranging from 30·3% to 143·75% [20] while a tertiary 
teaching hospital in Saudi Arabia of over 1100 beds managed to 
obtain a 117·24% increase in the number of ICU beds between March 
1st and July 31st [32]. The recent UNITE-COVID study including 280 
ICUs from 46 countries showed a global increase between February 
and May 2020 by 54·74%, which is comparable to the findings in the 
current study [33]. In certain cases however, healthcare systems 
failed to adapt such as in a recent Brazilian survey reporting that ICU 
beds, nurses, and ventilators were significantly less available during 
the second national surge [34], an assessment of the surge capacity 
in the Kenyan health system unveiled a major shortage in hospital 
accommodation capacities [35].

Discrepancies between what we have done and what we should have 
done better

Managing critically-ill COVID-19 patients comes down to much 
more than a mere physical ICU bed [9]. Although vital, continuous 

monitoring technology as well as organ support therapy require 
trained and qualified HCWs. It has already been established that 
higher nursing staff-to-patient ratio is associated with better safety 
and patient outcomes [21]. Many teams have already stated that the 
main limit to further increasing bed capacity despite abundant 
physical beds and ventilators is available nursing staff [29,36]. In the 
present study, diverse strategies were adopted to provide sufficient 
nursing staff for functioning ICU beds, resulting in a two-fold in
crease in the nurse-to-patient ratio which remains very insufficient 
compared to recommendations [22,37].

The main difficulty at the beginning of the pandemic was over
coming the disproportional fear of infection transmission [8], po
tentially explaining the delay in deployment of nurses working in 
other departments with decreased activity (surgical wards, post- 
operative units, surgical ICUs…). Over the course of the evolution, 
there was an increase in both the number and competence of de
ployed nurses. The more effective way of increasing the nursing staff 
was secondarily exerted by the government which consisted in 
providing short-term employment contracts to recently-graduated 
and unemployed nurses. The recruitment of these young volunteer 
nurses provided an important number of HCWs, but with in
sufficient experience relating to critical care, and required intensive 
training within the ICUs and they ought to be accompanied by 
trained nurses already evolving in the respective ICUs.

Despite a substantial increase in ICU beds, equipment, and 
nurses, there was little to no addition to the number of senior doc
tors or medical residents. In fact, a major drawback in the current 
study’s healthcare system is that Anesthesiology and Intensive care 
are two separate specialties meaning that there was a limited pool of 
qualified intensivists available. In certain healthcare systems such as 
during the first wave in France, despite also being different spe
cialties, there was a 65% increase in critical care medical manpower 
by mobilizing anesthesiology physicians and residents with com
plete intensive care training [30].

In the present study, the eight MICUs tackled organizational is
sues by equipping pre-existing non-functional ICU beds, creating 
dedicated surge beds, stopping all non-urgent surgical activities, and 
using postoperative beds for COVID-19 patients. Meanwhile, some 
studies offered an alternative to ICU organization such as the study 
of Oakley et al. where the configuration of the ICU followed an " 
assembly line " approach, where ICU care of the COVID-19 disease 
was deconstructed into its constituent’s parts allowing several 
teams, that each had a particular set of skills, to work in a sequential 
manner [38]. In contrast, another strategy was conducted in a French 
hospital where one building with its three floors was restructured to 
englobe all the aspects of dealing with the disease, namely, an in
tensive care unit, an acute care unit, a physical medicine and re
habilitation, and a COVID-19 screening area. Another interesting fact 
is that the pavilion had autonomy regarding dedicated patients’ 
pathway and the logistical organization such as materials and 
workforce. This type of organization facilitates transfer of patients 
between the different units [39]. Some hospitals, chose other stra
tegies such as canceling elective surgeries and suspension of most 
deferrable activities to improve hospital capacity [31,40].

Messages learned from the pandemic

Several lessons can be drawn from the results of the present 
study assessing preparedness and impact during the COVID-19 
pandemic.

Act early and widely. It is never to underestimate a crisis and to act 
as early as possible. A common theme in our countries is that we 
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designated certain hospitals to care for COVID-19 patients at the 
start of the crisis. Little did we know that all the hospitals in the 
country would be overwhelmed by the sheer number of critical 
cases. The point here is never to underestimate a crisis, always be 
vigilant and prepared for the worse.

Engagement with social accountability partners. This is the 
cornerstone of the management of a pandemic [41]. Being inspired 
from similar projects facilitated elsewhere could be a valuable 
behavior to start with.

Healthcare systems organizational aspects. In a public health crisis 
such as the COVID-19 pandemic, prompt priority should be given to 
the creation of large-scale ICUs “Mega-ICUs” in hospitals dedicated 
to treating the same disease with its myriad of severity 
presentations. Protocolization and deconstruction of tasks creating 
devoted teams of doctors, nurses, and caregivers managing tasks 
within their respective area of expertize could help improve 
outcome, increase commitment, and reduce psychological impact 
(teams dedicated to triage, delirium management, family-needs, 
ventilatory management, renal replacement therapy, interventional 
procedures). These hospitals should be kept up-to-date with 
emerging guidelines and recommendations, being flexible and 
following trends while ensuring continuous commitment with 
authorities, stakeholders and the civil society. Simplicity and 
flexibility, rather that rigidity and fear, seem to have favorably 
impacted outcomes.

Team building and efficiency. Designate a team of professionals 
with the specific tasks of i) managing staff members within hospitals 
ensuring equitable and customized deployment, ii) ensuring 
minimal required training prior to deployment, iii) anticipate and 
provide psychological support, promoting transparency between 
administration and frontline staff, detecting early signs of burnout 
and managing fear, iv) ensure the provision of necessary staff 
protection. The creation of airlocks for disinfection or even areas 
for donning and doffing personal protective equipment can reduce 
fear and the psychological impact on caregivers.

Simplicity, pragmatism, frugality and adherence to basic 
principles. Striving for excellence in face of adversity as doing 
more with less or promoting creativity and innovation. The art to 
do simple things well, is encouraged, aiming toward clinical acumen 
and less invasive critical care.

Bed capacity to be substantially increased. There is a high need to 
upgrade and standardize existing ICUs and create new ones.

This pandemic has finally taught us to move from the ventilator 
to the staff, to pay attention to equity, to accept the uncertainty, to 
have faith in science, in data, in ourselves and in our colleagues. We 
have to manage fear and misinformation and develop leadership.

Conclusion

Albeit respectable deployed efforts to mobilize resources 
throughout respective waves of COVID-19 pandemic in Tunisian 
University MICUs, the present study identified significant dis
crepancies in preparedness between resources’ supply and demand. 
This may explain in part the poor prognosis of COVID-19 especially 
in mechanically ventilated patients.
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