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Abstract  
A new era is coming for medicine, and for critical care in particular. The intensive care unit is at the edge of being 
completely changed by artificial intelligence, and many challenges are ahead of the intensive care physician. This 
article aims to address the benefits and difficulties that big data will bring to clinicians, and to provide an overview 
on the subject. 
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1. Introduction 
There is no going back. Artificial Intelligence (AI) will 

revolutionize healthcare in every aspect, within no 

more than 10 years.  Numerous innovations will come 

through data generated by physiological monitoring of 

patients, which is the hallmark of the Intensive Care 

Unit (ICU). The use of Electronic Health Records 

(EHR) is of great help in gathering qualitative and 

quantitative information of patients, making critical 

care an excellent opportunity for flourishing of 

automated algorithms. Despite being one of the 

youngest specialties, Intensive Care Medicine has 

always been at the forefront, contributing to the 

development of organizational protocols that changed 

the care of patients forever. Now, it is time for big data.  

2. Big data and machine 
learning: An overview 

Since ancient times, physicians have been writing 

down their experiences on treating patients and 

alleviating suffering. Countless books and universities 

were created in an effort to keep, disseminate and 

structure this knowledge. In the last decades, 

technology started to play a key role connecting the art 

of medicine and science,1 especially with the adoption 

of mobile devices. In our days, it is possible to record 

information about almost every aspect of human life, 

and healthcare is no exception to this. Continuous 

physiological monitoring has created high-volume 

critical care databases, offering substratum for 

machine learning (ML). Some countries have been 

developing their own databases in the recent years,2,3,4,5 

and chances are others will follow in the same direction 

very soon. The first resource of the kind was the 

Multiparameter Intelligent Monitoring in Intensive 

Care (MIMIC),6 maintained by the Massachusetts 

Institute of Technology Laboratory for Computational 

Physiology. The project is already in its fourth iteration 

(MIMIC-IV),7 containing data from more than 53000 

admissions to the Beth Israel Deaconess Medical 

Center as of 2019.8 Another example is the Phillips 

eICU.9 These huge and very complex datasets are 

colloquially known as big data. 
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The mythical figure10 of the computer with human-like 

capabilities, such as communication skills, flexibility, 

empathy and responsibility, is not a reality yet.11 Due 

to its limitations, it is not expected that AI will replace 

physicians in the ICU anytime soon. Nonetheless, 

machines can identify hidden patterns from high-

volume datasets through automated algorithms, 

generating new knowledge, that will build upon human 

expertise. 

ML can be supervised, unsupervised or mixed.12 

During supervised learning, the machine knows if the 

patients have the studied disease or not and it looks for 

patterns within the database to determine which 

variables will predict the outcome. With unsupervised 

learning, the outcome is not given to the program. As 

the final answer is not given, the program looks for 

patterns within the data, in order to identify different 

groups. With semi-supervised or mixed ML, the 

machine will have access to labeled and unlabeled 

data, and will attempt to categorize patients, and to 

prognosticate. 

Currently, ML is intrinsically related to the use of 

various statistical techniques, in order to make 

predictions and decisions based on patterns that will be 

appreciated from big data analysis.13 Some of these 

advanced statistical techniques are data mining, 14 

gradient boosting,15 linear regression,16 canonical 

regression17 and Bayesian analysis, 18 amongst others. 

The objective is applying the revealed frameworks to 

new data. Predictive models generated by statistical 

analysis can forecast many outcomes in medicine, 

allowing clinicians to develop a better-informed 

decision-making process.  

3. Improving critical care: 
from protocols to 
advanced algorithms  

In 1974, William C. Shoemaker wrote an editorial on 

Protocol Medicine,18 elucidating that “routine or 

patient protocols are useful means to standardize care, 

to facilitate completeness of services, and to evaluate 

both patient`s progress and the therapeutic efficacy of 

the program. It is also an educational tool”. Meade and 

Ely emphasized in 2002 that “the use of protocols has 

yielded some of the most important improvements in 

patient mortality and morbidity.20 Now, in the third 

decade of the new millennium, advanced algorithms 

will be responsible for boosting intensive care, and 

medicine in a broader sense. Machine learning is 

already being used, amongst other features, to 

prognosticate patient outcomes,21 to predict prolonged 

ventilation and tracheostomy,21 acute kidney injury,23 

hypotension in perioperative patients,24 pressure 

injury,25 volume responsiveness,26 and the need of 

critical care in prehospital emergency medical 

services.27 Depth of sedation is being accessed by 

collecting data from continuous 

electroencephalography.28 Pain prediction has been 

evaluated from brain imaging, using functional 

magnetic resonance analysis of human volunteers 

exposed to painful and non-painful thermal stimuli.29 

The multivariate machine-learning models built from 

brain imaging and autonomic activity can predict 

clinical pain more accurately than traditional analysis 

of individual brain regions associated with 

nociception. In a few years, it might be possible to 

predict perioperative pain before patients are admitted 

to the ICU. 

In the near future, physicians will regularly make 

clinical decisions strengthened by machines.30 

Choosing the most suitable algorithm for each 

situation will be a challenge, keeping in mind that data 

issues will occur.31 We will need distinct and validated 

algorithms for different populations, since data will 

vary from one to another. Therefore, quality and 

quantity of data is vital. The necessity for new datasets 

will come to light, making individualization of 

algorithms essential. Cellular and molecular biology 

will be shifted into clinical practice by adding “omic” 

data to the equation.32  Genomics, epigenomics, 

transcriptomics, metabolomics and proteonomics will 

probably play a significant role in sepsis, by subtyping 

the disease and taking individualization to a whole new 

level.33 Aiming for a patient-tailored treatment will be 

the goal. The path towards a precision medicine is 

already being traced.   

Unprecedented occasion for expanding databases at 

developing countries are at the doorstep, since these 

will be the last to enter the new era. Endless 

opportunities for research are at hand, as medicine is 

about to be rediscovered. 

4. The hospital without walls 
In 2002, Ken Hillman anticipated a bigger role for the 

critical care physician outside the ICU. In the paper 
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“Critical Care without Walls”34 he foresaw the 

establishment of the fast response teams, offering rapid 

recognition and treatment to the critically ill patients at 

any ward of the hospital. Today, we are heading into 

an era of expanding the very limits of the hospitals. 

Machine learning is turning wearable intelligent 

monitoring devices into powerful tools that will create 

an explosion of clinical data, inside and outside the 

healthcare institutions. We already know that critical 

illness is preceded by undetected changes in vital signs 

over a period of hours.35 Hospitals and clinics will have 

departments dedicated to data evaluation from patients 

in their homes, using algorithms to predict the 

necessity of admission. Data oriented mobile apps will 

give support to patients, becoming virtual health 

assistants, and reducing length of stay in institutions, 

since much of the problems will be remotely solved. 

These predictive models will provide a more efficient 

use of resources, as well as facilitate prioritization and 

personalization of services.36 Palliative care and post-

ICU patients will have the chance to spend more time 

at their homes with their families. Data analysis will 

predict the chance of readmission and clinical 

complications.  

Beyond any doubt, privacy preservation will become a 

major concern for healthcare institutions, since 

personal medical data will be continually shared. 

Encryption37 and de-identification38 of data will be 

necessary, in order to protect privacy at minimal cost 

to innovation. Although confidentiality is essential in 

the context of medical records, it is important to keep 

in mind that fragmented and de-identified data imposes 

significant technological and economic hurdles to the 

development of AI.39 To determine the appropriate 

balance on this matter will be a key issue in the future. 

5.  The black box problem: a 
troubled frontier between 
the human mind and 
artificial intelligence 

Sooner than we think, physicians will have the 

responsibility of choosing algorithms during their 

clinical practice, aiming to offer the best solutions to 

patients’ problems. Considering that AI will become 

integrated into the physician`s workflow, an important 

question arises: will the majority of doctors be 

qualified enough to make such decisions?  

The “Black Box” problem refers to the difficulty that 

the human brain contends with understanding how AI 

agents make clinical decisions.40 Sometimes, it will be 

difficult to follow the intricated ways that lead the 

program to a clinical decision. Some doctors will be 

resistant to the use of AI, and many will have a hard 

time developing a taste for technological affairs.  

However, disregard of the fundamental concepts of 

ML might lead to hesitation and mistakes, the 

consequences of which can be fatal on a critical care 

environment. Although the idea of bearing an 

intelligent machine at the hospital is exactly not having 

to be an expert on computational science, assimilating 

primary notions will be very important.  

Extreme caution is advisable on the implementation of 

AI, as the clinical staff and the multidisciplinary team 

must have technological proficiency. Clinicians will 

have to be confident of these new resources, so they 

can build trust in patients and their families. Surveys 

made with the public have shown that most people 

believe that AI will have a positive impact in 

healthcare.41 Yet, people are also less likely to use 

medical services that are known to use AI.42 

New disciplines will emerge at medical school, in 

order to provide physicians with the capacity of 

dealing with the new reality. Medical residency is 

about to be redesigned as well. 

6. Conclusion 
In the next ten years, AI will be a groundbreaking 

innovation, empowering the intensive care physician. 

A lack of time is a common problem that these 

professionals face, especially in developing countries, 

where resources are scarce. Algorithms will allow 

doctors to spend more time at bedside and with the 

patients’ families, exerting their indispensable human 

skills. Nonetheless, every benefit comes with a duty. 

Keeping an updated knowledge on the technological 

transformations will be a heavy task.  On the other 

hand, a new world of possibilities is closing-in, and the 

limits are yet to be discovered. 
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