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Abstract 

COVID-19 infection, identified in December 2019, is a severe acute respiratory syndrome, associated with high 

rate of mortality among infected population. In some cases, intubation may be the first respiratory support to 

save patient’s life, and any deletion in making this decision could implicate several clinical outcomes. Machine 

learning is known to be the first recent technology in the realm of healthcare, that automated in algorithm, based 

on several clinical, laboratory and demographical predictors and parameters to help in identifying the patients 

at a higher risk and in need for intubation.   
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Introduction  

In patients suspected to have COVID-19 infection, and severe symptoms 

of respiratory distress, machine learning is known to be one of the most 

important technologies used in our time, due to the fact that it plays a key 

role in the realm of healthcare [1]. Machine learning or artificial 

intelligence is adopted by specialists, physicians and clinicians to predict 

the severity of a disease, the risk of mortality, and the need for 

hospitalization, in order to increase the quality of patient’s life [2]. The 

clinical spectrum of COVID-19 patients ranges from mild to critically life 

threatening conditions [3]. Most patients suffer from mild symptoms such 

as fever, myalgia, dry cough, and headache, while others develop fatal 

complications such as respiratory failure, shock, sepsis and could require 

intubation [4, 5]. Therefore, machine learning based on several relevant 

predictors, can be used as a model to predict intubation in patients with 

COVID-19 infection, by providing algorithms based on clinical, 

demographical, and laboratory examinations to identify patients at a 

higher risk, and hence preventing their mortality [1, 6]. 

Coronavirus disease, is an infectious disease caused by SARS-CoV-2 a 

virus from the family of coronaviridae, that started in Wuhan China by 

the end of December 2019 [7], and emerged rapidly around the world, 

resulting in the loss of livelihoods, and called the WHO in March 2020 to 

announce it as a global pandemic [8]. Alongside with the severe acute 

respiratory syndrome, the mutation rate of SARS-COV-2 has increased 

significantly, and new strains have been developed, leading to aggressive 

symptoms and overwhelming increase in hospitalization [9,10]. 

Therefore, many technologies mainly artificial intelligence, have been 

designed to detect patients with severe symptoms in order to prioritize 

them and facilitate their treatment, by collecting the main data required to 

manage their lifesaving process [1,3]. 

In this review paper, machine learning will build and automate an 

algorithm based and focused on specific data and predictors to evaluate 

the patients infected with COVID-19 who are mostly in need for 

intubation. 

Discussion 

Given the wide spectrum of clinical symptoms of COVID-19 infection, 

that may range from asymptomatic to severe critical illness, such as acute 

respiratory failure, intubation may be required to support patient’s 

ventilation and protect the airways [11]. Machine learning was designed 

in a way to predict the need for intubation in COVID-19 patients, based 
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on few clinical features and predictors, as it helps in identifying those at 

high risk [12]. 

Currently, several risk factors have been associated with critical outcomes 

in patients with COVID-19 infection and have been identified from 

clinical, laboratory, and demographical parameters. Machine learning 

models have been formulated according to these parameters. 

Starting with the clinical parameters, which predominantly incorporate 

and include these components: the airway, the breathing, the circulation 

and the oxygenation based on the saturation, the neurological status, the 

vital signs and symptoms mainly fever, cough, shortness of breath and 

fatigue, patients of COVID-19 infection may be exposed to a sudden 

decompensation, and rapid deterioration of the respiratory function, hence 

require emergency intubation [12, 13].  

COVID-19 infection is associated with acute respiratory distress 

syndrome, as it causes severe alveolar damage and respiratory 

dysregulation [14]. In the very advanced stage of COVID-19 infection, 

patients will start experiencing dyspnoea, with excessive production and 

retention of mucus, that will lead to obstructing the airways, hence 

increasing the risk of intubation [15].  

Hypoxia is another predictor for respiratory support in subjects with 

COVID-19 infection [16]. It is well known, that since hypoxia is 

considered to be one of the main causes leading to multiple organ 

dysfunction, hence death, in COVID-19 patients, aggressive oxygen 

therapies are being considered [17], due to the fact that hypoxia leads to 

hypoperfusion and hypotension, as well as severe brain damage caused 

by oxygen starvation [18]. However, the most challenging controversial 

phenomenon is the silent hypoxia, in which the physician finds himself 

unable to make a clear decision whether to intubate or not. A silent 

hypoxia is a medical term that is applied on patients who have significant 

hypoxia in the absence of any respiratory symptoms [19]. 

A silently hypoxic patient is a “not to intubate decision”, unless there are 

complications and signs of deterioration of the patient’s clinical 

presentation [20]. Hypoxia can reach a point of no return since it will 

promote hypoxaemia, a condition characterized by decrease of SpO2 

saturation below 90% [21]. Hypoxaemia is a life threatening criterion, 

specially in COVID-19 patients with comorbidities such as hypertension, 

obesity, and obstructive lung disease, due to the fact that it can induce 

death mainly when causing severe dyspnoea [22]. Hypoxaemia will 

provoke hyperinflammation, by activating the cytokines storm, causing 

by that irreversible lung damage. However, in some patients with 

hypoxaemia but masked symptoms of fatigue and dyspnoea, a 

paradoxical condition of hypoxaemia may develop, under the name of 

silent or happy hypoxaemia [21, 23]. When patients with COVID-19 

infection evolve happy hypoxaemia, intubation must be delayed, as long 

as their condition doesn’t progress to a respiratory distress, due to the fact 

that this type of hypoxaemia is reversible [24]. 

On the other hand, several studies have shown lately that patients with 

COVID-19 infection and neurological comorbidities and illnesses such as 

history of prior strokes and cerebrovascular events, are more likely to be 

intubated, as the neurological status of these patients is considered to be 

a strong predictor of adverse health effects [25, 26]. Moreover, Glasgow 

coma scale, responsible for evaluating the degree of consciousness and 

brain  damage in patients with COVID-19 infection, is considered to be a 

predictor for intubation [27]. A deviation in the Glasgow coma scale score 

in patients with COVID-19 infection was significantly correlated to death 

[28]. The cause of altered consciousness level in patients with COVID-19 

infection is not fully understood, however, several case studies have 

suggested that it may be due to either direct brain viraemia, or 

demyelination secondary to pro-inflammatory cytokines storm [29], 

alongside to hypoxia, and pH impairment that found to cause 

unconscious, therefore necessitate intubation [30]. 

According to Stevens et al 2019, dyspnoea is defined as the “air hunger”. 

While being presented with other symptoms such as highgrade fever and 

cough, patients with COVID-19 infection will be subject for intubation 

since they will be requiring oxygen to improve their clinical conditions 

[31]. Patients with dyspnoea will exert more effort to breath, which, in 

turns, will increase the pulmonary pressure, henceforth, enabling 

inadequate gas exchange [32]. When having this condition, a conservative 

oxygen therapy has to be taken into consideration as a rescue therapy to 

prevent mortality. 

Crucial laboratory parameters are another predictor for intubation in 

COVID-19 patients [33]. This category of parameters that include mainly 

C- reactive protein, interleukin-6, LDH protein, white blood cells count, 

D-Dimer was classified into mild, progressive and severe, according to 

the severity of respiratory failure, where progressive and severe required 

intubation within the first few hours of patient’s admission, whereas the 

mild did not [33, 34]. 

Elevated C- reactive protein concentration more than 100 mg/L alongside 

with IL-6 levels are associated with additional adverse outcomes on 

COVID-19 patients, due to the fact that these two predictors contribute in 

accelerating the magnitude of systemic and disseminated inflammation 

[35], which is found to be, not only, featured to COVID-19, but also to 

other life threatening events such as thromboembolism and myocardial 

injuries that could worsen the prognosis in these patients [36]. 

IL-6 plays an important role in the pathogenesis of COVID-19 infection, 

as it induces the systematic circulation of the virus, and causes alveolar 

damage [37]. A IL-6 concentration above 24 pg/mL could be in favor of 

hypoxaemia, a potential predictor of hospitalization hence intubation 

[38], additionally of being a hot marker for respiratory failure, due to its 

unique role in the cytokine storm, that destroys the lungs functions 

significantly [36, 39]. 

Moreover, lactate dehydrogenase protein, was found to be a predictive 

biomarker that could highly affect the clinical course of the infection and 

the urgent need of intubation and respiratory support [40]. Ghobrial et al 

and Boothpur et al identified  that high level of LDH in COVID-19 

patients has a negative prognosis, due to the fact that it was found to be 

associated with lymphoproliferative disorders, by dropping T cell 

immunity and increasing inflammatory cytokines [41], additionally to its 

association with the severity of symptoms, mainly dyspnoea, due to the 

fact that it was found to stage the progression of fibrosis in these patients 

into  alveolitis stage, fibrosis stage and progressive stage that in case was 

attained, they will be in need of invasive procedures [37, 38, 42]. 

High levels of white blood cells should be given more attention in 

COVID-19 patients, as they can correlate with mortality [43]. Recently, 

several scientific studies have been exploring the link between the 

increased count of these laboratory parameters and the adverse outcomes 

of COVID-19 infection and the need for intubation, as these results were 

not found to be severely increased in the early stage of COVID-19 

infection, but rather in the very advanced stage, where patients were found 

to have a higher SOFA score and poor prognosis [44]. SOFA score is a 

score that helps in assessing and estimating the degree of organ failure 

and mortality [45]. When having COVID-19 infection along with 

leukocytosis and neutrophilia, SOFA score  will be high enough to 

suggest sepsis and the urgent need for intubation [46]. 

Finishing with the last important predictor in the laboratory parameters, 

D- Dimer is one finding that measures the risk of thrombosis in COVID-

19 patients [47]. A value of 1.5  μg/ml of D-Dimer on admission, is the 

optimal cutoff value to intubate [48]. 

The last category of parameters is the demographical model which 

involves age, gender, BMI, vaccination status and comorbidities, mainly 

COPD, obesity and hypertension [49].  
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Elderly patients with COVID-19 infection were found to be at a higher 

risk of intubation, specially if they were suffering from chronic diseases 

and comorbidities [50]. Although the reason for that was not fully 

understood, it was found out that angiotensin-converting enzyme 2 

expression increases with the age factor, in terms of alveolar damage, 

hence, making the disease more severe to cooperate with [51, 52, 53]. 

On the other hand, male gender had a higher prevalence in intubated 

patients [54]. Several conducted studies showed that male patients had a 

significant association with oxygen requirements, due to the fact that the 

human Leydig cells in testis may enhance the expression of ACE2 [55], 

leading to a viral safe harbor, moreover, facilitating the entry of SARS-

CoV-2 into the host cell. Unlike female patients, male patients were more 

vulnerable to many bacterial, fungal and parasitic infections, as reason of 

missing the X chromosome which plays in important role in adaptive  and 

innate immunity [56, 57]. 

The impact of BMI on the severity of the disease and the need for 

intubation is not surprising [58]. An increased BMI level above 30 is 

highly linked to obesity, which in turns, was found to be biologically 

associated with higher levels of inflammatory cytokines [59], and the 

release of IL-6 from pulmonary cells, leading by that to inadequate 

ventilation and lung injury [60, 61]. 

Vaccination status is another important predictor for intubation in 

COVID-19 patients [62]. Unvaccinated patients were more likely to 

present with hypoxaemia, respiratory failure and shock [63]. COVID-19 

vaccines have shown great efficacy against the disease by inhibiting the 

inflammatory biomarkers such as D- Dimer and CRP, which worsen the 

outcomes of the infection, as well as producing high affinity of virus 

neutralizing antibodies to avoid undesirable effects [64, 65]. For that 

reason, unvaccinated population is at higher risk to be intubated. 

To finalize this category of parameters, comorbidities mainly chronic 

obstructive lung disease, obesity and hypertension are other additional 

predictors that put the patients with COVID-19 infection at greater risk 

for intubation [66].  

COPD is known to be a chronic airway disease characterized by 

destruction of lung tissue and hypoxaemia development. Patients with 

COPD and COVID-19 infection are more imposed to acute respiratory 

distress syndrome, pulmonary thromboembolic events hence mortality 

[67]. On the other hand, COPD can impair the innate immune response to 

virus and facilitate the propagation of SARS-COV-2 in the lung of 

COVID-19 patients, leading to a rapid clinical deterioration [68]. 

COVID-19 infection and obesity is a deadly combination. Obese patients 

are more prone to metabolic inflammations [69]. Studies have shown that 

adipose tissue may be a target site for COVID-19 infection, as it leads to 

increasing in the AEC-2 expression, main receptor of SARS-COV-2 for 

host cell entry, and which was found to be higher in adipose tissue than 

in lungs [70, 71]. As conclusion, obesity is considered to be a dependent 

risk factor for intubation, as it contributes in excessive production of pro 

inflammatory mediators, specially in COVID-19 patients.  

Finally, hypertension is the most common comorbidity in patients with 

COVID-19 infection [72]. COVID-19 patients who have history of 

hypertension are more probably to develop acute respiratory distress 

syndrome, due to the fact that hypertension will lead to endothelial 

damage, furthermore vascular injury and hypoperfusion, promoting end 

organ ischaemia and dysfunction [73, 74]. Hypertension is an emergency 

for intubation in COVID-19 subjects with poor clinical assessment, as it 

can activate ACE-2 production in lungs and leading to pulmonary 

thrombotic events [75]. 

Conclusion: 

To intubate is known to be a critical decision. However, a delayed 

decision to intubate mainly in COVID-19 patients, may worsen the 

clinical outcomes of the disease, hence leading to death. In this review 

paper, we confirmed all clinical, laboratory and demographical 

parameters as predictors for intubation in COVID-19 patients. 
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