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REVIEW PAPER

Artificial Intelligence in Surgery: Promises and Perils

Daniel A. Hashimoto, MD, MS,* Guy Rosman, PhD,{ Daniela Rus, PhD,t and Ozanan R. Meireles, MD, FACS*

Objective: The aim of this review was to summarize major topics in artificial
intelligence (Al), including their applications and limitations in surgery. This
paper reviews the key capabilities of Al to help surgeons understand and
critically evaluate new Al applications and to contribute to new developments.
Summary Background Data: Al is composed of various subfields that each
provide potential solutions to clinical problems. Each of the core subfields of
Al reviewed in this piece has also been used in other industries such as the
autonomous car, social networks, and deep learning computers.

Methods: A review of Al papers across computer science, statistics, and
medical sources was conducted to identify key concepts and techniques
within Al that are driving innovation across industries, including surgery.
Limitations and challenges of working with Al were also reviewed.
Results: Four main subfields of Al were defined: (1) machine learning, (2)
artificial neural networks, (3) natural language processing, and (4) computer
vision. Their current and future applications to surgical practice were intro-
duced, including big data analytics and clinical decision support systems. The
implications of Al for surgeons and the role of surgeons in advancing the
technology to optimize clinical effectiveness were discussed.

Conclusions: Surgeons are well positioned to help integrate Al into modern
practice. Surgeons should partner with data scientists to capture data across
phases of care and to provide clinical context, for Al has the potential to
revolutionize the way surgery is taught and practiced with the promise of a
future optimized for the highest quality patient care.

Keywords: artificial intelligence, clinical decision support, computer-
assisted surgery, computer vision, deep learning, machine learning, natural
language processing, neural networks, surgery

(Ann Surg 2018;XX:XXX—XXX)
Artificia] intelligence (Al) can be loosely defined as the study of

algorithms that give machines the ability to reason and perform
cognitive functions such as problem solving, object and word

Stories of man-versus-machine, such as that of John Henry
working to death to outperform the steam-powered hammer, dem-
onstrate how machines have long been feared yet ultimately both
accepted and eagerly anticipated. Society proceeded to integrate
simple machines into human workflow, and the resulting Industrial
Revolution yielded a massive shift in productivity and quality of life.
Similarly, Al has inspired awe and struck fear in people who now face
a technology that can not only outperform but also potentially
outthink its creators.

With the Information Age, a shift in workflow and productiv-
ity similar to that of the Industrial Revolution has begun; and surgery
stands to gain from the current explosion of information technology.
However, as with many emerging technologies, the true promise of
Al can be lost in its hype.*

It is, therefore, important for surgeons to have a foundation of
knowledge of Al to understand how it may impact health care and to
consider ways in which they may interact with this technology. This
review provides an introduction to Al by highlighting 4 core sub-
fields—(1) machine learning, (2) natural language processing, (3)
artificial neural networks, and (4) computer vision—their limita-
tions, and future implications for surgeons.

SUBFIELDS IN Al

Al’s roots are found across multiple fields, including robotics,
philosophy, psychology, linguistics, and statistics.> Major advances
in computer science, such as improvements in processing speed and
power, have functioned as a catalyst to allow for the base technolo-
gies required for the advent of Al. The growing popularity of Al
across many different industries has attracted venture capital invest-
ment up to $5 billion in 2016 alone.® Much of the current attention on
Al has focused on the 4 core subfields introduced below.

* O
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Abstract

The metaverse refers to a collective virtual space that combines physical and digital realities to
create immersive, interactive environments. This space is powered by technologies such as
augmented reality (AR), virtual reality (VR), artificial intelligence (Al) and blockchain. In healthcare,

the metaverse can offer many applications. Specifically in surgery, potential uses of the metaverse PRESFEANRGERE, “TFE XM

RESARERREL, TFEREXA— I REWERLSHK
FEERVSIVEINFER, EEREBTZMENERARNERMN
A, EEMse (AR). EMEISE (VR). ATHEEE (A) KL
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include the possibility of conducting immersive surgical training in a VR or AR setting, and enhancing
surgical planning through the adoption of three-dimensional virtual models and simulated
procedures. At the intraoperative level, AR-guided surgery can assist the surgeon in real time to
increase surgical precision in tumour identification and selective management of vessels. In post-
operative care, potential uses of the metaverse include recovery monitoring and patient education.
In urology, AR and VR have been widely explored in the past decade, mainly for surgical navigation in
prostate and kidney cancer surgery, whereas only anecdotal metaverse experiences have been

reported to date, specifically in partial nephrectomy. In the future, further integration of Al will
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Inflammatory risk and cardiovascular events in patients without obstructive coronary artery disease: the

ORFAN multicentre, longitudinal cohort study.

JEFHEM IR R IR B E RN FIOMESEMH: ORFANE LN BAFIFAS .

Chan K, Wahome E, Tsiachristas A, Antonopoulos AS, Patel P.
Lancet. 2024 Jun 15;403(10444):2606-2618. doi: 10.1016/50140-6736(24)00596-8.
PMID: 38823406

Background: Coronary computed tomography angiography (CCTA) is the first line investigation for
chest pain, and it is used to guide revascularisation. However, the widespread adoption of CCTA has
revealed a large group of individuals without obstructive coronary artery disease (CAD), with unclear

prognosis and management.

: TEREFIBKGTEY B RPN E SR (CCTA) ElMBH—%#KE, BTES
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Methods: This multicentre, longitudinal cohort study included 40 091 consecutive patients
undergoing clinically indicated CCTA in eight UK hospitals, who were followed up for MACE (ie,
myocardial infarction, new onset heart failure, or cardiac death) for a median of 2-7 years (IQR 1-4-5-3).
The prognostic value of FAI Score in the presence and absence of obstructive CAD was evaluated in 3393
consecutive patients from the two hospitals with the longest follow-up (77 years [6:4-9-1]). An Al-
enhanced cardiac risk prediction algorithm, which integrates FAI Score, coronary plague metrics, and

clinical risk factors, was then evaluated in this population.
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library (caret)
library(Cairo)
library (dplyr)

mydata <- read.csv("data.csv”)

set. seed (2020)

mydata = mydata %>% as.data. frame() %>% mutate (qfuuid=1:n())
set. seed (2020)
trianandvad<- createDataPartition(y=mydata$qfuuid, p=0. 7, 1ist=FALSE)
dev<{-mydataltrianandvad, |
vad{-mydata[-trianandvad, ]

library (plyr)
describe (deV) ” » ” 27 2 14 ” » 2
x <- as.matrix(data. frame (dev[, c ("course of disease”, “hypertension”, “Hyperlipidemia”, “marital status”, “Cerebrovasculai

y <~ as.matrix(dev[, ¢ ("hypoglycemia”)])

fit<{-glmnet (x, v, alpha=1, family= binomial’)

Cairo: :CairoTIFF (file="1assol. tiff”, width=4, height=5,units="in", dpi=150)
plot (fit)

dev. of £ ()

Cairo: :CairoTIFF (file="1lasso2. tiff”, width=4, height=5,units="in”", dpi=150)
plot (fit, xvar = “lambda”, label = FALSE)
dev. off ()
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[1.7142, 8.2935, -7.1404, -6.8167/, -6.8581, -6.4915, -7.0756, -6.4936, -6.9/80, -6.7/989, -6.9548, -
6.7/570, -6.9469, -6.5757, -6.5459, -6.6526, -7.0005, -6.9324, -6.8588, -6.2746, -7.0450, -7.0044,
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