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Abstract

Nanotechnology with artificial intelligence (AI) can metamorphose medicine to an extent that has never been achieved before. Al
could be used in anesthesia to develop advanced clinical decision support tools based on machine learning, increasing efficiency,
and accuracy. It is also potentially highly troublesome by creating insecurity among clinicians and allowing the transfer of expert
domain knowledge to machines. Anesthesia is a complex medical specialty, and assuming Al can easily replace the expert as
a clinically sound anesthetist is a very unrealistic expectation. This paper focuses on the association and opportunities for Al
developments and deep learning with anesthesia. It reviews the current advances in Al tools and hardware technologies and

outlines how these can be used in the field of anesthesia.
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Introduction

Health care providers work in data-rich clinical environments.
Every day, hundreds of terabytes of information are shared,
and data recorded around the globe. There are unlimited data
recorded from electronic health records to specialized data of
genomics and physiological waveforms. The data are accessible
to anesthetists or physicians in acute care settings.!'! Artificial
intelligence (Al) may help the clinician to develop machine
algorithms for decision making in hospital settings. It touches
multiple facets of anesthesia care, along with perioperative and
intensive care and pain management.

Al in Anesthesia

Anesthesiologists became multi-tasking and involved in
processing any information like troubleshooting monitors,
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scribing detailed case records, and performing clinical
procedures in the operating room. Today, an anesthetist
needs Al and machine learning to handle the wealth
of information. Al in medicine has taken space for the
last decade and is growing very fast. It may change the
scenario of anesthesia practice, perioperative medicine
in clinics, and interpretation of images. Al allows the
anesthetist or clinician to work with computer scientists
in computation, predictive analysis, and automation side
by side. Al is already prevalent in daily life, starting with
smartphones to houses or offices and even cars. Technological
advancements and automation have dramatically helped the
anesthetist to reduce the risk of complications associated with
anesthesia care. Al can provide better patient safety and
environment to the anesthetist.”) Anesthesia Information
and Management Systems (AIMS) is developed with
integrated decision support and target-controlled infusion
systems. The other paradigms are the superior model of
anesthesia machines, closed-loop anesthesia delivery, and
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point of care ultrasound-guided procedures, which are good
illustrations.[”!

A meta-analysis demonstrated that automatic administration
of Propofol based on a bispectral index (BIS) seemed to
be superior to anesthesiologists in terms of requirements for
induction of anesthesia, rate of attainment of target anesthesia,
and short wake-up time.!"" Additionally, automatic anesthesia
using an Al system can significantly reduce delirium in
arousal, suggesting the possibility of prognosis improvement.®!

Computerized infusion administration systems with Al inbuilt
systems can be used as an alternative. According to the
study, the feedback Guideline Development Tool (GDT)
system using the pulse contour algorithm is safe and can
shorten postoperative complications and hospitalization. ®
Remifentanil administration based on the analgesia nociception
index (ANI) and automatic administration of phenylephrine
based on non-invasive blood pressure were also attempted.!
Currently, these expert systems are attempting to automate
sleep-analgesia and fluid administration and are likely to be

applied in the clinic soon.!'”

In existing practice, a subject is well until he or she acquires
signs or symptoms of a disease. However, the Al-managed
system can start its work far before the appearance of signs or
symptoms based on biochemical or physiological derangements
or genetic and epigenetic alteration. Even Al can guide the
clinician to start intervention before symptoms appear or
need surgical intervention. Al advancement in these arenas
of anesthesia is discussed below.*'%

History of Al

The initial effort in the history of Al was undertaken in
1950 by Bickford, who used electroencephalogram (EEG)
signals to monitor and maintain the anesthesia depth. Later,
the McSleepy Al machine was developed in 2008 based
on a closed-loop feedback control system concept.!'"" This
system followed a hand-crafted rule and response algorithms
around the setpoint to maintain anesthesia’s depth as shown
in Figure 1. But this machine often failed to handle a complex
situation. To handle such a drawback, Al utilized learning
algorithms.!'"? The automated anesthesia system 1s trained to
perform a particular task by input-output mapping with an
adaptive neural network under machine learning [Figure 2].
Further advancement under investigation is deep learning,
in which an artificial neural network is developed to process
information and get reasonable prediction [Figure 3].1”!

Machine learning in anesthesia
Machine learning is a significant component of Al.
Machine learning 1s an algorithm for making decisions and
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Figure 1: Schematic flow diagram of Mc Sleepy AI machine!”!

problem-solving through analyzing data. The data are not only
limited to numerical but also texts, images, audio, and video.
There are various techniques in machine learning: Fuzzy
logic, standard logic, neural networks, classical learning, deep
learning, and Bayesian methods. Details of the techniques
are beyond this manuscript’s scope, but brief information
has been shared in Table 1.'"*' Various works of literature
are available which improve anesthesia monitoring with the
help of Al. Al utilizes BIS and EEG to assess anesthesia
depth with the use of the neural network. Like the variability
of heart rate, the clinical variables are recorded to assess the
approximate sedation level.!'®'¥ Natural language processing
is for automated analysis of electronic health records. The
same is currently being investigated to extract information to
build structured databases and identify surgical candidates for
assessing adverse events. Similarly, computer vision is used
to automate the analysis of ultrasound images. Many other
applications are mentioned in Table 2.1

Robotics in the operating room

Robotic systems have been discovered and are available in
the market, which can perform tasks like peripheral and
central venous access, endotracheal intubations, and assisting
regional anesthesia administration. Two categories of robots
accessible in the marketplace are manual and pharmacological
robots. Manual robots are further sub-classified into Kepler
intubation robots, video-laryngoscopy intubating robots,
and endotracheal intubation robotic arms.!'® The Da Vinci
surgical robot might be exploited for regional anesthesia. The
Magellan robot can be used for peripheral nerve block. Mc
Sleepy intravenous sedation machine has been advanced to
inject intravenous anesthetic agents, narcotics, and muscle
relaxants.!'”! An additional machine, iControl-RP, has been
recently built as a closed-loop system for an intravenous
anesthetic delivery system. This machine is proficient at
taking its own decisions concerning the administration of
IV anesthetic agents like Propofol or remifentanil.!'! This
machine has a facility of neuromonitoring based on EEG
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Table 1: Techniques and algorithms of artificial intelligence!'"

Techniques and

learning algorithms

Details

Fuzzy Logic

Classical Machine
Learning

Neural Networks

Deep Learning

Bayesian Methods

Standard logic for the concepts of true (a numerical value of 1.0) and false (a numerical value of 0.0).

Fuzzy logic allows for partial truth (i.e., a numerical value between 0.0 and 1.0). A comparison may be made to
probability theory, where the probability of a statement being true is evaluated.

A rule-based system primarily used in control systems, fuzzy logic approximates the presence of mild, moderate,
and severe hypovolemia based on normalized values of the heart rate (HR), blood pressure, and pulse volume

Analogous to independent variables in logistic regression.

Guide the algorithms in analyzing complex data such as patient demographics, vital signs, and aspects of their
medical history, surgery type, and patient-controlled analgesia (PCA) doses.

The algorithm that can be used to perform either classification (classification trees) or regression tasks
(regression trees) to predict total PCA consumption.

It is made up of an input layer of neurons included in features that analyze the data. These at least single hidden

layer of neurons performs mathematical operations on the input data and an output layer that gives algorithms to
attain a particular aim (e.g., image recognition, data classification).

Depth of anesthesia monitoring and control of anesthesia delivery

A powerful tool with which to analyze massive datasets

It analyses all available data within the training set to determine the optimal output of the given task (e.g., object
recognition from an image).

A frequentist approach to statistics is applied, wherein hypothesis testing occurs based on the frequency of events
Allows for both modeling of uncertainty and updating or learning repetitively as new data are made an available

assessment of clinical tests.
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Figure 2: Flow diagram of automated anesthesia system with training and working!”!
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Figure 3: Flow diagram of an artificial neural network!!

and hemodynamic monitoring based on the BIS monitor.
No devices are available on the horizon that could replace the
expert, but, it is challenging to run along with this Al-based
machine.['¥

Role of Al computers in pre-operative assessment
clinics

In day-to-day practice, the computer programmed for recording
the patient’s information is essential to maintain the records

of the patient’s history, findings of physical examination, and
laboratory studies. The Al computers add another hand,
which help analyze the data for diagnosis and to monitor the
treatment regimen for a high percentage of success. IBM’s
Watson computer is well designed to analyze more than 10
million data from patients or evidence reports from medical
journals.!"® This machine cannot be superior to the doctor
as projected, but it dramatically improves delivering service
by the clinician. The Al machines can provide input of new
patients in a flow-chart, and it can guide the physician to ask
a specific question to reach the diagnosis. Once the diagnosis
is confirmed, then the Al machine can follow the already
established algorithm for treatment.!'”

Role of Al computer in image analysis and
diagnostic laboratory

The Al computers have the capability for deep learning
from the previous database and pattern analysis. The same is
applicable for image analysis in medicine. The Al computers
are well trained to assess the array of pixels and analyze data
from digital radiograph, a computerized scan of tomography,
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Table 2: Uses of artificial intelligence in anesthesia practice.'?!

Domain Uses

Control of
Anesthesia Delivery
related drugs
Control of mechanical ventilation

Automated delivery of anesthesia by the machine based on the input of BIS and EEG
Forecasting of drug pharmacokinetics to further improve the control of Infusions of neuromuscular blockade or other

To automate weaning from mechanical ventilation

Event Prediction

Predicts the hypnotic effect (as measured by BIS) of an induction bolus dose of Propofol

Prediction of return of consciousness after general anesthesia
Neural networks have also been used to predict the rate of recovery from neuromuscular blockade
Prediction of hypotensive episodes postinduction or during spinal anesthesia

To automate the classification of ASA status
To define difficult laryngoscopy findings

To identify respiratory depression during conscious sedation

To assist in decision making for the optimal method of anesthesia in pediatric surgery

To predict hypotension in the ICU setting by arterial waveform

To predict morbidity, weaning from ventilation, clinical deterioration, mortality, or readmission and in the ICU setting

by machine learning

To detect sepsis in the ICU setting
Ultrasound
Guidance

Pain Management Prediction of opioid dosing

Differentiation of artery and vein with the help of convolution neural network
Identification of vertebral level for epidural catheter placement

Assessment of pain from functional magnetic resonance imaging data
Development of nociception level index based on machine learning analysis of photoplethysmograms and skin

conductance waveforms

Operating Room
Logistics

Scheduling of operating room time

Tracking movements and actions of anesthesiologists

Prediction of the duration of an operation based on the team, type of operation, and a patient’s relevant medical history

magnetic resonance, or ultrasonography. An Al computer
that masters in deep learning may not be able to provide an
exact diagnosis but directs toward the possible diagnosis;
for example, it can analyze a biopsy of a skin lesion with
greater than 99% chance of being diagnostically correct from
microscopic images or a radiologic scan with more than a 99%
chance of accuracy.!'”?"

Role of Al in tele-anesthesia

The concept of tele-anesthesia could allow distant pre-operative
assessment of the patients’ fitness for anesthesia or execute
anesthetic tasks. It would regulate anesthesia delivery in
a far-off location with automated anesthesia drug delivery
systems maintaining a sufficient depth of anesthesia.’?"" The
demography and global healthcare bill have been pushed
further for this change. This century is an eyewitness of
exponential growth and advances in technology occurring at
an unparalleled scale.

Telemonitoring is one step ahead of telemedicine.
The automated critical care system (ACCS) is under
development in the United States. This system may be used
to maintain intravenous anesthesia for a critically injured
person during transportation from a remote location.
It works autonomously or assists in the mode for the
physician.??

Critical care of the COVID-19 patients using Al
The Al algorithms could be used to predict if a subject
has a higher risk of health crisis based on clinical signs and
symptoms of COVID 19. A predicting tool via a data mining
approach could be developed to estimate the viral load. The
viral spread could be tracked at hot-spots and epicenters based
on the input of data from the Arogya Setu app, social media,
phone contacts, and traffic mapping. Al could be utilized to
develop the tool for personalized medicine and tracking the
vaccination on a subject basis. Al-based monitoring of mildly
symptomatic patients will reduce the burden of tertiary care
hospitals and treatment costs. Machine or deep learning could
be used to predict the vulnerability or resistance of patients
based on the immunological status and predisposing factors.
A study has shown that Al-based monitoring of critically
il patients 1s possible with a deep learning system. The
deep learning system needs history, physical examination,
paraclinical data, chest CT (Computed Tomography) scan,
along with RT-PCR tests from deep nasotracheal samples.
An Al machine has the capacity to guide a clinician by
predicting the risk and need for mechanical ventilation
and potential regimen for COVID 19. Al and related
mechanisms could enable us to make more efficient decisions.
This starts from risk stratification, diagnostic data, prognosis
and survival trends, risk classification, risk prediction, and
finally, survival prediction; all of them would be appropriate
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for COVID19 patients.” Figure 4 summarizes the role of
Al in the care of COVID-19 patients.

Role of Nanotechnology

Nanotechnology, coupled with Al, has the extraordinary
capacity to monitor the human body at the molecular level.
Nanotechnology i1s used in medicine for drug delivery,
in vivo imaging, and nanotherapeutics. More than 100 FDA
(Food and Drug Administration) approved nanomolecules
are already in use, and thrice of that are undertrials. These
nanomolecules and nanodevices are designed to interact with
high specificity with subcellular or molecular levels in the
body.* Nanoparticles, along with drug molecules, can target
specific cells or tissues to delay drug metabolism and clearance
and improve the drug’s bioavailability. Their submicron
size permits them to pass through endothelial fenestrae and
penetrate the tissues at the capillary level. In the coming days,
it is possible to induce local anesthesia by colloidal suspension
containing millions of active analgesics instilled on the patient’s
mucosa, and the nanorobots can guide these molecules deep into
the tissue, even in the bone or teeth canal.””® In post-surgical
pain, anesthetists may use new molecular targets, such as
sodium channel blockers (Nav 1.3, Nav 1.7, and Nav 1.8);
potassium channel openers in sensory neurons; N-type calcium
channels (Cav 2.2) blockers; P2X4 and P2X7 receptor
antagonists in microglia; vanilloid receptor-1 antagonists; and
the cannabinoid-2 receptor agonists. Introducing nanocarriers
inside the halothane molecule can increase its benefits as an
anesthetic in the lungs and cardiovascular system and prevent
liver exposure. Anesthetic agents, such as Propofol, can
improve anesthesia quality using nanomedicine.?®!

The innovations are undertrial to replace the functions of the
entire cells like red blood cells by respirocytes. They have
an excellent design that acts as a tiny container storing the
gases at high pressure. It could bind with oxygen and carbon
dioxide like normal erythrocytes. These respirocytes may carry

Artificial
Intelligence

Machine Learning
& Deep Learning
il
Expert
Systems

Diagnosis
Treatment
Risk Stratification
Prognosis
Management

A three stage model of AI application in ICU (8, 12-20).

Figure 4: Role of Al in the care of COVID-19 patients®

blood glucose as an abundant energy source for collecting,
compressing, storing, and releasing the gases and powering
the nearby cells.?”!

Role of genomic medicine

The concept of personalized medicine was introduced
to overcome the inter-individual differences in the
pharmacogenetics of a given drug. Pharmacogenomics has
been able to exert a considerable influence on anesthetic
and surgical outcomes, thereby decreasing perioperative
anesthesia morbidity.?® Dexmedetomidine may produce
variable vasoconstrictor response in individuals with a
homozygous genetic variation at the AR-alpha-2BD
allele.” Individuals with a variant of the SLCO1B1 gene are
susceptible to statins-induced rhabdomyolysis. The subjects
with mutations of NMDA (N-methyl-D-aspartate) and
GABAA (Gamma-aminobutyric acid) receptors show the
resistance to hypnotic effects of nitrous oxide or sedative and
hypnotic effects of Propofol and etomidate.?%34

Genetic variations may sway the activity of hepatic enzymes
CYP2D6, which impact many pharmacological activities
during the perioperative period. Gene expression in enhanced
CYP2D6 activity may induce conversion of codeine to
morphine resulting in a greater incidence of opioid-related
side effects or vice versa. The enhanced metabolic activity
of CYP2D6 ensues in increased metabolic turnover of
5HT3 antagonists like ondansetron and a consequent higher
incidence of PONV (Postoperative nausea and vomiting).??
Genetic variations in the m-receptors are associated with the G
variant of the OPRM 1304 receptor, leading to an exaggerated
response of intrathecal fentanyl administration. Genetic
variations in the hepatic enzyme CYP3A4 result in variable
response to routinely-used drugs such as benzodiazepines,
opioids, steroids, and 5HT?3 antagonists.!

Future direction

Al is contributing to healthcare improvement, but it leads to a
paradigm shift in medicine. At the same time, the anesthesia
workforce should also align themselves with these changes.!"
It needs continuous motivation and devotion to walk parallel
with the Al system. Al algorithms are still not competent
enough to surpass human performance. But Al has a rapid
ability to learn and correct errors. With the advancement of
technologies and quick learning, Al can minimize system
error, which would be more user-friendly and without human
errors. Such advancement would be a boon for ICU settings

and pain clinics.["®!

The genomic medicine could be self-programmed with the
help of the micro-biome for personalized or précised anesthetic
needs.”” Within a few decades, technologies will flourish
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in the market. These efforts are continuously going on to
reduce the global burden of disease or financial burden.
Entrepreneurs assume that healthcare is a multi-billion-dollar
business and utilize these avenues of a lucrative business. The
Al machine developers are trying to amalgamate electronic
health information statistics from large patient populations,
increasing computing power, and artificial intelligence devices,
with the eventual aim of cutting down healthcare expenses
while increasing efficacy.?’!

Limitation and ethical issues

We have a very high expectation with Al. It has its limitations,
like the predicting algorithms of the machine would not
support further action of intervention in a clinical setting.
The Al machine’s prediction is based on the training data,
which would not help specific situations. A single machine
would not solve all clinical problems. The user needs adequate
training for a good outcome; otherwise, it may lead to a worse
outcome. There is criticism of Al because of the inability to
establish a causal relationship, and it may not be more than a
black box. Some reports have shown inadequate transparency
and trust about Al machines during clinical decisions. The
specific patient population for clinical trials can lead to various
types of biases, including bias in the treatment decision when
applied to real-world care. This can significantly affect the
types of predictions made by Al.

In brief, technological advancement can widen the safety margin
and reduce human error to a minimum. The quality of anesthesia
practice will achieve its highest level. Automation will reduce
human effort, but it may also decrease the human workforce.
There will be competition between the human workforce and the
robotics workforce, which may reduce job opportunities—one of
the major concerns in the anesthetist community.

Thus, anesthesiologists should shoulder with data scientists
and other healthcare providers to develop systemic error-free
Al algorithms. The anesthesiologists would be team leaders in
implementing Al and nanotechnology for safe clinical practice
and continuing the innovations in safe anesthesia practice with

Al and robotics.
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