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Abstract—In the early stages of the pandemic, both poor and developed na-
tions lacked healthcare infrastructure capacity. ICUs had more patients than or-
dinary wards, and hospital resources for patients were minimal. The possibility 
of contamination and infection, as well as restricted resources, pose challenges 
to ICU staff. The circumstance posed a significant difficulty for ICU manage-
ment to protect healthcare staff while providing healthcare services to patients. 
Similarly, technology participation in prevention and dissemination control was 
limited both within and outside of ICUs treating infected patients. The current 
study investigated the hospital management performance in intensive care units 
(ICUs) during the COVID-19. We used the PRISM statement 2020 to include 
and exclude the records in the study. In addition, the study used the VOS viewer 
software to identify key term occurrences and classification of literature. The ma-
jor three categories find COVID-19, ICUs and performance management. The 
current study findings indicate that healthcare personnel such as physicians, 
nurses, and other support staff made significant contributions during the peak 
period of pandemic transmission. Nurses are the closest to the infected patients 
within the ICUs, and the findings show that a considerable percentage of nurses 
have been infected with the COVID-19 virus (Kramer et al., 2021). Aside from 
this, in ICUs, technology engagement and infrastructure are substantially lower 
than in pandemic control and management. Future pandemic damage control and 
minimising the strain on healthcare workers require advanced technologies and 
performance management mechanisms. Furthermore, AI and robotic technology 
can be utilised to address this challenge. 
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1 Introduction  

A cluster of atypical pneumonia cases was discovered in Wuhan, China, in Decem-
ber 2019, and the World Health Organization (WHO) recognised it as Coronavirus dis-
ease 2019 (COVID-19) on February 11, 2020. SARS-CoV-2, the causal virus, was a 
new coronavirus strain with a 79 per cent genetic resemblance to SARS-CoV from the 
2003 SARS outbreak [1]. The WHO labelled the outbreak a worldwide pandemic on 
March 11, 2020 [2]. According to [3], people's lives and many areas of the global, pub-
lic, and private economies have been severely impacted due to the quickly changing 
scenario. Tourism, airlines, agribusiness, and the banking industry have all suffered 
because of the COVID-19 outbreak, with governments worldwide mandating substan-
tial reductions in the economy's supply and demand components. In addition to this, a 
significant strain was placed on healthcare systems throughout the world as the virus 
spread and affected everyone's health equation [4]. It appears that the countries were 
unprepared and ill-equipped to deal with COVID19 and especially vulnerable to the 
disease's spread. Compared to many other low-income countries, the developed coun-
tries also face the brunt of COVID-19 associated damage, based on the quick increase 
in cases, growing hospital constraints, and the most recent modelling predictions [5].  

However, the current infrastructure could not control the pandemic and the medical 
capabilities were under great challenge during the peak months of the spread of the 
virus [6]. A global health emergency was declared, with health professionals playing 
critical roles in assisting infected individuals. While many physicians and nurses were 
fighting an uphill struggle on the front lines, they played a critical role in preventing 
the spread of the virus outbreak and contributing to overall emergency management 
[7]. According to the reports [8], between 80,000 and 18,0000 healthcare professionals 
might have perished from COVID-19 between January 2020 and May 2021, with a 
median of 115500 fatalities. The majority of infections and deaths of health workers 
were recorded in intensive care units (ICUs) throughout the world [9]. In addition, dur-
ing the pandemic's peak days, health personnel contributed significantly with extra ef-
fort and lengthy job hours.  

According to [10], during the pandemic, the ICU administration faced two key chal-
lenges: the infection of healthcare personnel and the availability of preventative strate-
gies. In the outbreak's early days, both developing and industrialised countries lacked 
infrastructure capacities. There were more patients in ICUs than good places and facil-
ities for patients in hospitals [11]. In this scenario, prevention and control measures 
were developed to flatten the contagion curve and minimise the rate of transmission, as 
well as to maintain the sustainability of health care systems in the face of limited ICU 
capacity and equipment [12]. Similarly, technology participation in prevention and dis-
semination control was limited both within and outside of ICUs treating infected pa-
tients. According to [13], maintaining and supporting healthcare providers over the pro-
jected protracted course of this pandemic, technology is necessary at the bedside. The 
possibility of contamination and infection, as well as restricted resources, pose chal-
lenges to ICU staff. The circumstance posed a significant difficulty for ICU manage-
ment to protect healthcare staff while simultaneously providing healthcare services to 
patients. 
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The present study will concentrate on the issues confronting ICU management dur-
ing the pandemic outbreak and the performance of healthcare workers in the face of 
significant health risks. Furthermore, based on the present COVID-19 learning, the cur-
rent study will suggest future outbreak prevention efforts. We used the PRISMA state-
ment 2020 to include and exclude documents published on the ICUs' management per-
formance during the COVID-19 outbreak. 

2 Material and methods  

Using the PRISMA statement 2020, we reached the current study goals. The Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment is a guideline to assist authors in preparing a comprehensive report of their sys-
tematic review [14]. The records were chosen using the PRISMA statement inclusion 
and exclusion criteria. We used the Scopus and Web of Science databases to find rec-
ords that fit the research goals. The keywords selected were "ICU AND COVID 19" 
and "ICU AND management performance". We identified the relevant documents for 
the current investigation by using several keywords. We began by filtering the data after 
finding 180 items from the search. We confined the publishing of the record to the years 
after the pandemic's spread, and we chose the articles, review papers, and book chapters 
during the selection process. 

Furthermore, the only published material is used in the current study, including Eng-
lish language papers. We also chose medical, engineering, computer science, nursing, 
social science, multidisciplinary, business, management, and accounting. Furthermore, 
we also included the article cited a minimum of 5 times for the more authentications of 
the results in the study. The number of articles is gradually being reduced, and the most 
relevant materials are being screened. Figure 1 is illustrated the PRISMA research 
methodology process.  

Moreover, the study deleted duplication, irrelevant entries, and missing author de-
tails throughout the screening process. We manually sorted the records into three pri-
mary groups before using the VOS viewer software for validation. We included the 
final 51 articles in the review after the detailed records screening.  
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Fig. 1. PRISMA statement 2020 inclusion and exclusion process 

2.1 Descriptive  

The final 51 articles later categorise the records from each subject, and the subject 
distributions are depicted in Figure 2 below. The study's most significant contribution 
comes from medical-related issues, with ten publications chosen. Many records were 
also produced by engineering, computer science, and social sciences. The study in-
cluded interdisciplinary nursing subjects and business, management, and accounting 
disciplines. Figure 2 depicts the publications from the subjects covered in the current 
study. 

 
Fig. 2. Missing Figure Caption/Label 
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In addition, Figure 3 depicts the year-based publishing. The current study's scope is 
mainly connected to the COVI-19 pandemic and the literature. With 25 papers, the year 
2020 generated the most documents. The other significant contribution comes from the 
year 2021, with 16 articles. However, because of the pandemic spread, the year 2019 
and 2022 is still in progress, so the article contribution is low.  

 
Fig. 3. Distribution of articles in the year-based publication 

Furthermore, the sources and citation report are included in Table 1. The primary 
goal of the sources and citations report is to determine the number of articles chosen 
from each publication and the overall number of citations in the table. The Ultrasound 
in Obstetrics and Gynecology publication contributed four papers in the previous two 
years and received 237 citations. The remaining vital citations and publications are 
drawn from the Applied Clinical Informatics journal, which has three articles and 92 
citations. Similarly, two publications and 73 citations were contributed to the current 
study by the European Journal of Physical and Rehabilitation Medicine. The other jour-
nals and citations are shown in Table 1 below. 

Table 1.  Source, citations, and number of articles 

Source Citations Numbers  
Ultrasound in Obstetrics and Gynaecology 237 4 
Applied Clinical Informatics 92 3 
European Journal of Physical and Rehabilitation Medicine 73 2 
Physiotherapy Theory and Practice 42 2 
Critical Care 29 4 
International Journal of Molecular Sciences 25 2 
Medical Image Analysis 25 2 
Clinical 22 2 
Clinical Nutrition 15 2 
MedRxiv 15 2 
Annals of intensive care 13 2 
Simulation and Gaming 11 2 
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Furthermore, we used vital term occurrences analysis to identify the major themes 
in the review literature. The VOS Viewer highlighted the number of keywords and key 
phrases used in the published articles. To examine the critical occurrence, 51 articles 
were chosen, with 46 essential words occurring more than four times. The three essen-
tial areas of data streams are ICUs, COVID-19, and performance management. We also 
offer the relevancy score for each sentence and the average score. A phrase that occurs 
at least four times in the current study is included in the critical occurrence term analy-
sis. Table 2 illustrates each term's key terms, classification, occurrences, and relevance 
score below.  

Table 2.  Below illustrates the details of important phrase categorization. 

Term Classification Occurrences Relevance Score 
acute respiratory distress syndrome 

COVID-19 

6 0.5879 
Cedar 5 1.7587 
Challenge 5 0.643 
Coronavirus 5 0.5902 
Day 12 1.1592 
Myopathy 4 0.7431 
NLR 5 1.7303 
Paper 7 0.3741 
Paradigm 4 2.4518 
physical function 4 1.1315 
physical therapist 9 0.7356 
physical therapist intervention 4 1.1315 
Response 10 0.5136 
Review 10 0.4962 
Surge 6 1.3594 
Admission 

ICU 

14 0.874 
Age 7 1.3453 
Ards 9 0.5986 
Case 11 0.3738 
Delivery 9 0.6063 
Discharge 8 0.9685 
Icus 6 1.7995 
ill patient 14 0.6956 
Institution 6 0.8071 
Knowledge 5 0.776 
Model 11 0.9209 
per cent 4 0.6021 
Person 4 0.9706 
Planning 6 1.0708 
Pregnancy 10 0.7594 
Risk 10 0.6277 
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TBA 4 0.4216 
Tcc 8 1.1003 
Woman 10 0.6467 
Approach 

Performance Manage-
ment 

12 0.838 
Communication 8 1.0658 
Function 9 0.7668 
Future 4 1.3937 
Icuaw 6 0.9061 
IoT 5 2.3505 
Sars 4 0.7995 
Scan 6 2.0496 
Statement 8 1.2865 
Swift 6 1.4984 
Value 8 0.9034 
Weakness 8 0.7706 

3 Classification 

3.1 COVID-19 

As the COVID-19 outbreak spreads, the ICU is being physically, materially, and 
emotionally taxed by the massive caseload. Therefore, assessing the number of patients 
and capacity and resource consumption is critical for appropriately addressing the 'staff, 
"stuff, "space,' and' systems' to mount a surge response [15]. In addition, isolating the 
patient undoubtedly increases tension and anxiety, which may result in an aggravation 
of symptoms not only connected to COVID-19 but also a worse clinical state and sub-
sequent deterioration with a higher chance of delirium and depression [16]. According 
to [17] research findings, some of the most often cited delirium risk factors include 
mobility limitations, undernutrition, and improper patient care offered by the therapeu-
tic team. Furthermore, loudness or a lack of knowledge about the actions being con-
ducted frequently results in greater dread, which might progress to delirium. However, 
the COVID-19 symptoms include fever, headache, a dry cough, and radiological indi-
cations of viral pneumonia. In severe instances, dyspnea typically appears approxi-
mately a week after the disease begins, and some patients can quickly advance to acute 
respiratory distress syndrome (ARDS), septic shock, refractory metabolic acidosis, and 
coagulation abnormalities [18]. In addition, sleep disturbance is common in COVID-
19 patients (Liguori et al., 2020), which may be related to an isolated environment 
without a family member's companion, physical discomfort induced by the illness, or a 
psychological aspect [19]. Table 3 illustrates the authors, segment and setting details. 
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Table 3.  Authors, segment, and settings 

Authors Segment  settings  
L. Li et al., 2020 COVID-19 vaccine and specific drugs 
Y. Liu et al., 2020 management of coagulopathy in COVID-19 monitoring and treatment 
P. Zhang et al., 2021 Patients in the poor recovery 
Y. Liu et al., 2020 ICU patients patients hospitalized 
Aziz et al., 2020 clinical management ICU surge 
P. Zhang et al., 2021 Reducing mortality in ICU World Health Organization 
Ma et al., 2020 ICU for severe condition HD patients 
X. Liu et al., 2020 Chinese Management Guideline ICU admission 
Q. Li et al., 2020 critical patients  acute kidney injury 

Drożdżal et al., 2020 patients infected treatment during the COVID-19 
pandemic 

Ozga et al., 2020 specialised approaches ICU nurses 

 
Furthermore, according to the findings of [20], during the pandemic's early days, 

much emphasis was placed on pulmonary problems, whereas less emphasis was placed 
on other organ dysfunctions, such as acute kidney damage (AKI), which was first doc-
umented with a low incidence and might be regarded unimportant. However, the grave 
concern from the researchers was related to a low platelet count, often known as throm-
bocytopenia, which is linked to an increased risk of severe sickness and death in SARS 
and COVID-19 patients for unknown causes [21]. Heparin-induced thrombocytopenia 
(HIT) is a well-known consequence of heparin treatment that can occur without heparin 
[22]. Besides this, diabetes has been shown to suppress the innate and humoral immune 
systems by lowering macrophage, lymphocyte, and neutrophil activity. Diabetes pa-
tients are more vulnerable to many illnesses, including the influenza virus, SARS, and 
MERS [23]. Immunity and nutrition are vital for all patients infected by the COVID-
19 pandemic, not only people with diabetes; avoiding mortality in the intensive care 
unit are critical in treating COVID-19 [24]. Nutritional therapy should not be over-
looked in treating severely sick COVID-19 patients. Before administering available 
therapies, the nutritional condition of each COVID-19 patient, particularly those in 
ICUs, should be assessed [25]. 

3.2 Intensive Care Units (ICUs) 

The horrific pandemic that has afflicted the world's population has resulted in an 
unprecedented flood of severe ARDS patients, surpassing ICU bed capacity in many 
nations [26]. As a result, four new options were considered with the common goal of 
saving the most significant number of lives: prioritise ICU beds for patients with the 
best prognosis; increase the number of ICU beds at all costs, thereby creating step-down 
ICUs; organise transfer to distant ICUs with more beds available; or accelerate the 
withdrawal of life support in ICUs [27]. Additionally, due to the high number of criti-
cally ill patients, several nations' operating rooms are converted into ICUs. The conver-
sion of operating rooms to intensive care units has allowed us to meet the demands of 
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our local community while also allowing an infusion of patients from other hospitals 
that were at capacity [28]. Precise planning for improving critical care capacity, includ-
ing interdisciplinary assistance, is necessary for institutions anticipating Covid-19 pa-
tient surges [29]. However, in the absence of adequate and consistent government fi-
nancing, practically all ICUs continue to encounter significant obstacles in providing 
quality care to the most vulnerable patients [30]. Table 4 illustrates the authors, segment 
and setting details. 

Table 4.  Authors, segment, and settings 

Authors Segment  settings  
Kiekens et al., 2020 dysfunctions in patients rehabilitation 
Gualtieri et al., 2020 risk of malnutrition patients admitted 
Naik et al., 2020. ventilator management critical patient care services 
Jin et al., 2021 management of COVID-19 patients  management of COVID-19 patients 
Qian et al., 2021 quarantine ICU critically ill COVID-19 patients 
Lei et al., 2020 COVID-19 patients diabetes 
Zhou et al., 2020 ICU beds for severe cases lymphopenia 
Xia et al., 2020 independent risk factor of ICU stratification management 

 
On the other hand, healthcare personnel spent long hours inside the ICU during the 

pandemic to safeguard critical patients from infection recovery [31]. The COVID-19 
ICU (Intensive Care Unit) hospitalisation can last up to three weeks, longer than the 
average ICU stay. Furthermore, recovery intervals following waking and bed rest are 
quite protracted, leading to several acute and long-term issues [32]. The ICUs get a 
significant intention from the researchers due to innovative designs for health to im-
prove isolation and care facilities for infectious illnesses [33]. One of the preliminary 
proposals shown is the use of tele-ICUs to prevent the spread of the virus while simul-
taneously providing treatment to patients [34]. Studies have demonstrated that Tele-
ICU has a considerable influence on education, patient safety, and quality of care 
among residents [35]. In addition, tele-ICUs can be a beneficial option during the pre-
sent pandemic to provide proper treatment to an overwhelming number of critically 
sick COVID19 patients while also protecting residents' safety and wellbeing [29], [36]. 

3.3 Performance management system  

During the global COVID-19 outbreak, there is a high demand for ICU assistance 
for patients and heavy-duty hours for the nurses, doctors and supporting staff [37]. Ac-
cording to [38], nurses are most vulnerable to infection because they interact closely 
with patients, and their immune systems are impaired due to long working hours and 
stress. Many nurses combating COVID-19 avoid contact with their families to avoid 
spreading the virus and infecting their loved ones [39]. In addition, ICU nurses must 
handle a busy schedule that includes frequent invasive procedures and high levels of 
attentiveness. As a result, protecting the physical and psychological health of ICU 
nurses can significantly contribute to the effectiveness of epidemic management [40]. 
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The findings of [41] suggested that The ICU nurses reported symptoms, which could 
be classified into three symptom clusters, and the average number of symptoms rec-
orded by each nurse was 1.5. A night shift is likely to cause drowsiness and fatigue. 
The safety of healthcare workers was a critical component of COVID-19 defence 
measures in hospitals since personnel working in ICUs were at high risk of becoming 
infected with the virus [42]. 

According to [43], tertiary class protection is recommended for health care personnel 
in critical care units due to the high-risk environment (ICU). Disposable surgical caps, 
N95 masks, work uniforms, disposable medical uniforms, latex gloves, goggles, and 
full-face shields are personal protective equipment (PPE). However, other studies found 
that hospitals employed advanced methods and technology to prevent patients and 
healthcare personnel from the physical connection to control the spread in ICUs [44]. 
In addition, some hospitals used the AI-assisted CT measurement of COVID-19 pneu-
monia and ML models for disease severity categorization and clinical outcome predic-
tion in COVID-19 patients. The U-Net architecture based on deep learning provides a 
practical and effective method for detecting and segmenting pneumonia lesions in CT 
images [45]. Table 5 illustrates the authors, segment and setting details. 

Table 5.  Authors, segment, and settings 

Authors Segment  settings  
Candan et al., 2020 physical therapists  acute respiratory distress syndrome  
Hu et al., 2021 Patients COVID-19 
Cai et al., 2020  ICU treatment physicians 
S. Yang et al., 2021 CU patients Culture 
X. Yang et al., 2020  clinical features  ICU patients 
Wang et al., 2021 management strategy ICU nurses treating 
Ichai et al., 2020  Infrastructure pressure system in ICU 
Contou et al., 2021  COVID-19 pneumonia admission of patients  

 
However, compared to pandemic control and management in ICUs, technological 

participation and infrastructure are significantly lower [46]. Advance technology and 
performance management structures are critical for future pandemic damage control 
and reducing the burden on healthcare professionals. In addition, elective procedures 
are cancelled to prevent virus transmission, with high physical, mental, and economic 
costs for patients and institutions. AI and robotic technologies can be used to meet this 
difficulty. Beyond the operating room, these innovations can be used for a variety of 
tasks, including digitised patient admission, effective triaging during peak times, vital 
sign merger and monitoring, classification of high-risk nodes, sterilisation with real-
time contamination feedback, blood drawing, and drug and food delivery [47]. 

4 Conclusion 

The current study aimed to evaluate ICU performance management during the 
COVID-19 pandemic. The current pandemic had a substantial impact on healthcare 
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resources and infrastructure in terms of spread control methods. However, current re-
search indicates that healthcare personnel such as physicians, nurses, and other support 
staff made significant contributions during the peak period of pandemic transmission 
[48]. The intensive care units were packed with infected patients, making physical in-
teraction a difficult task. In addition, healthcare personnel are experiencing record lev-
els of COVID-19-related psychological stress in both professional and personal realms. 
Nurses, in particular, are the closest to the infected patients within the ICUs, and the 
findings show that a considerable percentage of nurses have been infected with the 
COVID-19 virus [14]. Similarly, throughout the extended duty working hours within 
the ICUs, the healthcare personnel's annoyance, stress, and psychological disorders 
were considerably reported.  

Aside from this, in ICUs, technology engagement and infrastructure are substantially 
lower than in pandemic control and management. Future pandemic damage control and 
minimising the strain on healthcare workers require advanced technologies and perfor-
mance management mechanisms. Furthermore, AI and robotic technology can be uti-
lised to address this challenge. These advancements can be used for various tasks out-
side of the operating room, such as digitised patient admission, effective triaging during 
peak times, vital sign merger and monitoring, classification of high-risk nodes, sterili-
sation with real-time contamination feedback, blood drawing, and drug and food deliv-
ery. 
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