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ABSTRACT

Artificial intelligence (Al) is rapidly changing the work of perioperative monitoring and making anesthesia reactive as
opposed to proactive. Besides the traditional signs of the degree of sedation, artificial intelligence algorithms can be
used to integrate a range of different sources that predict unstable hemodynamic processes, oxygen desaturation,
and nociceptive changes in advance of clinical symptoms. One of the key elements of the future of precision
perioperative medicine is Al-assisted monitoring because of the possibility of offering significant potential for
increased patient safety and resource optimization. This can be facilitated by its predictive capacity, whereby the
same method of safety can be applied to a heterogeneous group of patients to limit variation in results. The
development of Al-assisted anesthesia is not a new part of the current structure, but it is a step towards the new
era of perioperative procedures.
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The anesthesiologist now has the dual challenge of  The Al-based sedation depth monitoring has

ensuring that he or she achieves optimal sedation and
avoiding acute physiological instability. Conventional
monitoring techniques are relevant but reactive, meaning
that they represent a response to changes after they have
already been made.! Quite on the contrary, Al turns the
retrospective research into a proactive surveillance mode
with continuous learning using the large amounts of
electroencephalography (EEG), hemodynamic waves
and patient characteristics. This prevention capability is
of particular importance to the high-risk population, in
which even some small physiological variation can be
the difference between reliability and unreliability.?
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outperformed the conventional processed EEG indices
by using a deep neural network that can distinguish
between weak cortical oscillatory activities linked to
states of consciousness.® In contrast to older algorithms
that mix up the anesthetic effects with signal artifacts,
machine learning models adapt to drug-specific patterns
and patient variability.* This ability helps to reduce the
risk of intraoperative awareness and overdose so that
anesthetic titration is optimized in accordance with the
principle of precision medicine. Real-time emergence
trajectory prediction also optimizes recovery profiles
and reduces post-anesthesia cognitive dysfunction.
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The role of Al in predicting hemodynamic instability
intraoperatively is also a revolutionary change.
Hemodynamic instability is one of the greatest predictors
of postoperative morbidity, but it occurs suddenly with
little time to react.> Advanced forms of predictive
analytics can now identify micro-patterns in arterial
pressure waveforms, stroke volume variation, and tissue
perfusion markers minutes before overt hypotension or
shock occurs. Using thresholds derived from the millions
of intraoperative events studied, systems continually
improve these limits, so clinicians can intervene with
vasopressors or fluid adjustments preemptively rather
than reactively. This change has the potential to
transform the intra-operative safety standard, to
minimize cardiac and renal complications due to
unrecognized hypotension.®

Al is changing the field of nociception monitoring
through the creation of multidimensional pain indices
based on the integration of hemodynamic, pupillometry,
and EEG-based stimulation.” Al can detect nonlinear
physiological interactions that characterize nociceptive
stress rather than using crude surrogates (e.g., blood
pressure or heart rate).® This reduces one of the longest-
standing iatrogenic costs of anesthesia by reducing
opioid misuse and allowing more precise delivery of
analgesics.® Moreover, within surgical procedures,
adaptive algorithms continue to improve such
frameworks through the real-time continuous learning
feedback from the patients.

Al, in conjunction with closed-loop systems, is the future
of anesthesia administration. Such systems have
predictive algorithms coupled directly to infusion pumps
that titrate anesthetic depth or vasoactive agents
automatically, within a set of safety overrides and
clinician supervision.’® Pilot studies have shown that
drug dosage, hemodynamic disturbances, and emergence
times are lower as compared to manual titration.!
Ethical and regulatory challenges aside, the direction is
obviously towards a semi-autonomous delivery of
anesthesia in which human agents are replaced by hand
controllers and intelligent technologies.

The wider impact of Al-assisted monitoring is in its
capacity to bring perioperative care outside of the
operating room. Predictive analytics would be able to
identify patients at risk of developing postoperative
complications and thus inform ICU triage.*? With the
predictive intelligence implemented in the perioperative
processes, anesthesia becomes not just the art of keeping
patients in a vegetative state and stabilizing them, but the
science of prediction, prevention, and personalization.

Al-assisted anesthetic monitoring is not a step towards
improvement; rather, it is a fundamental change in care
offered throughout the perioperative phase. Al changes
the role of anesthesiologist by measuring the cerebral
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signature of awareness and transforms the role from a
passive responder to change to an active strategist.
Human expertise together with machine intelligence will
always merge, and the future of anesthesia is dictation by
the integration of predictive technologies. The future
operating room will not only be monitored but also
predicted.
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