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Abstract

New Artificial Intelligence (Al)/Machine Learning (ML) technology offers great potential to assist
surgeons with real-time intraoperative decision-making. While currently, Al/ML-driven tools for
surgeons focus primarily on technical assistance and postoperative insights, Al/ML cognitive support

in surgery can add further capability. However, these Al/ML models usually conceal their underlying



algorithmic reasoning process. As a result, such “black box” Al/ML models have important clinical

and legal implications for patient’s safety and surgeon’s liability.

This article provides an overview of surgeons’ current practice and the potential for Al enhancement
in surgical decision-making. It suggests a path toward a safe and effective integration of black-box
Al/ML models into the OR. We argue that future surgeons who rely on Al for cognitive assistance do
not necessarily need to fully understand, interpret, and explain the algorithmic basis of an Al’s real-
time recommendation in the midst of surgery, but rather, they need to know that these tools work as
promised. Assuming new black-box Al/ML models demonstrate clear benefits for surgical patients,
their use will likely be incorporated into the legal standard of care and affect the liability landscape

for surgeons.
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Artificial intelligence (Al), especially machine learning (ML), in medicine has already proved useful for
administrative tasks such as clerical documentation, patient scheduling, and prescribing, as well as
for improving diagnostic accuracy and efficiency in radiology and pathology." In surgery, Al tools are
currently focused primarily on providing surgeons with technical assistance for post-surgical analysis.
For example, Al technologies can use computer vision to analyze operative videos to provide valuable
post-surgical insights for training, auditing, and Al development.” More experimental technical
applications, such as automation of instrument placement or even component parts of procedures
(e.g., suturing), are being benchmarked to equal human capability.> However, it is controversial
whether using electromechanical robotic systems operated by human surgeons to provide increased
dexterity has moved the needle much in improving surgical outcomes versus equivalent nonrobotic

minimally invasive techniques.*



Perhaps the real promise of Al in surgery lies in its ability to provide real-time cognitive support for
surgeons because surgery is more about ‘decisions than incisions’. Fundamentally, operations involve
a series of decisions, many of which are irreversible and need to be near instantaneous, with each
new patient representing a new set of circumstances. Al is now capable of analyzing operative video
in real-time to provide surgeons with patient-specific anatomical, physiological, and pathological
insights and direction. It could be that it is this type of cognitive assistance that surgeons need more
than technical augmentation. However, introducing such Al surgical decision support tools into the
operating room (OR) has important medical, ethical, and legal implications. In this article, we address
issues related to safety and liability. We first provide an overview of surgeons’ current practice and
the potential for Al enhancement in surgical decision-making. We then suggest a path towards a safe
and effective integration of complex and opaque Al/ML-models (so-called “black boxes”) into the OR
to improve patient outcomes. Lastly, in terms of liability, we argue that surgeons who rely on Al for
cognitive assistance do not necessarily need to entirely understand, interpret, and explain the
algorithmic basis of an Al’s real-time recommendation amid surgery while juggling time-sensitive
decisions with technical tasks that require meticulous manual dexterity, coordination, and
visuospatial awareness. However, surgeons need to know, of course, that these tools work as

promised, such as through the manufacturer’s demonstration of successful clinical trials.

The Al-Enhanced Surgeon

At present, surgeons use their expertise, experience, and judgment to progress the surgery through
its many sequential steps. Where technology is used, it is merely to present the surgeon with internal
appearances that the surgeon alone is responsible for interpreting or to indicate the completion of
cautery sealing, for example.” In contrast to the anesthesiologist in the same case, who has
considerable patient monitoring data to support and supplement their medical decision-making, the
21st-century surgeon is essentially intellectually unaided. As a result, surgeons often operate with a
high cognitive workload as they are simultaneously occupied with task performance and sequencing
while reacting to unfolding intraoperative findings and tissue behaviors. While 21%-century surgeons
are experts qualified to make surgical decisions using their own opaque (“black-box”) reasoning, they
also bear all the liability associated with adverse outcomes when those decisions are deemed to fall

below the applicable standard of care.

The Al-enhanced Surgeon is a surgeon who uses black-box Al to augment and improve real-time

surgical decision-making. When black-box Al/ML models like deep learning models make real-time



recommendations in the OR, surgeons (and even developers) would usually not be able to
understand the Al’s underlying rationale or basis.” However, black-box Al/ML models have often been
shown to be more accurate than transparent “white-box” models (e.g., decision trees) outside of
surgery and thus may hold promise for improving surgical outcomes.® As a result, despite the lack of
transparency, black box Al/ML models have great potential to catapult surgical technology beyond
the current focus on using Al in the OR to improve the display and resolution of imaging systems or
robotic arm movement, which have already reached their useful limit. There is no “perfect” Al tool
for all surgical procedures. Instead, the future of Al-enhanced surgery lies in the development of
different Al tools for different types of surgical procedures or for specific component steps within

different operations.

The Path Towards Integrating Safe and Effective Black-Box Al/ML Models into the OR

The current regulatory approach to medical Al technologies often emphasizes the need for high
levels of interpretability or explainability. This focus can limit surgeons’ Al use to situations in which
they can understand (or have a perception of understanding) the Al’s algorithmic reasoning process.*
This approach, however, may slow the integration of beneficial black-box Al/ML models in the OR.
Instead, such models (if used) should have demonstrated some value to justify their integration into
the OR, particularly in terms of safety, effectiveness, and improving patient outcomes, such as
through the successful conduct of clinical trials.* ’ Because surgeons often do not have the benefit of
avoiding or delaying crucial decisions in an invasive surgery, the black-box Al/ML model should
provide the surgeon with all the medically relevant information relating to its output — what
assumptions it makes and how it weights the surgical recommendation — so that surgeons can
effectively exercise their expert judgment.” In this context, it is important to clearly define which
information is medically relevant and thus must be provided to the surgeon to facilitate their expert
intraoperative decision making and protect the patient’s well-being. Furthermore, human factors
testing and the design of these Al tools are crucial to determine whether they effectively assist
surgeons’ decision-making.® Therefore, the Al's method of presenting information to surgeons in the
OR (i.e., stop-go traffic light display versus dense data ticker tape) requires careful consideration and
may need to include a visual indicator of uncertainty or probability. Human factors testing should
also consider cases where the Al might present an output that conflicts with traditional signals.
While the technical inner workings of the black-box Al/ML model’s algorithmic decision-making
process may not be available to the surgeon in real-time, this may be less important as long as the
model functions as promised and can be effectively integrated into surgical workflows. Like other

new medical technologies, regulators, hospitals, and surgeons should focus on the results of clinical



trials to ensure adequate safety and effectiveness before facilitating the transition of Al-driven
technologies into surgical practice. At least currently, limitations on collecting training data can

impact accuracy and generalizability of the Al tools developed.

In the absence of pure Al decision-making in surgery, surgeons and hospitals should collaborate
closely with Al developers, especially when Al systems are learning and evolving. This likely requires
users to provide continuous feedback to the Al developer regarding their experience and the Al’s
performance, as well as the developer’s continuous incorporation of this feedback to improve the
Al's performance. Hospitals must support and maintain this collaboration outside the usual medical
device product cycle after purchase, which typically proceeds without manufacturer involvement. Of
course, the robustness of the regulatory framework governing Al-driven tools of the respective
country will play a crucial role towards ensuring adequate safety and effectiveness throughout their

life cycle.

There is no “perfect” Al tool for all surgical procedures. Instead, the future of Al-enhanced surgery
lies in the development of different Al tools for different types of surgical procedures or for specific
component steps within different operations. At least currently, limitations on collecting training data

can impact the accuracy and generalizability of the Al tools developed.

Education and training are also crucial components of the safe implementation of black-box Al/ML
models in surgery. Medical schools and training programs should integrate Al-driven tools into their
curricula, highlighting the risks and benefits of such technologies and the continued importance of
human medical expertise. All surgeons using Al-driven technology should undergo extensive surgical
training, either through existing training programs and protocols or through special certification
training offered by the manufacturer. Surgeons should also be required to maintain and update their

competencies for using Al-driven tools at regular intervals.

Liability Aspects

In keeping with the current medical Al technology development trend, black-box Al/ML models in
development are often benchmarked against the ultimate clinical outcome, final pathology,
anatomical, or physiological ground truth, but it may be better, at least initially, to ground them
against a peer surgeon’s interpretation or decision given a similar set of circumstance and
appearances. However, it is crucial to recognize that surgery is not an exact science, and surgeons are

not statisticians. Indeed, whether a surgeon is held liable for a patient’s surgical injury is determined



by assessing whether the surgeon’s actions fall below the standard of care, which considers the
generally accepted standards for surgeons in similar circumstances, regardless of the final surgical
outcome. Whether a surgeon’s reliance on the recommendation of a black-box Al/ML model to make
a real-time surgical decision breaches the applicable standard of care is an ongoing question since
that standard is not static but evolves.® Further complicating the liability issue is that the Al
recommendation may affect only a single step out of the many involved in surgery (extending indeed
back to preoperative factors and preparations). This would make it difficult to determine whether the
black-box Al/ML model’s involvement in the operation caused an adverse (or even improved) surgical
outcome for the patient. In the future, however, rather than assume all liability for decisions and
actions in surgery, a surgeon whose real-time decision-making is enhanced by cognitive assistance
from a properly developed black-box Al/ML model would ideally share liability risks with the Al
developer and hospital. This would allow a fair allocation of liability that can take into account
potentially substandard conduct of both the manufacturer and the healthcare organization under
existing medical liability principles. Figure 1 below describes black-box Al/ML models and

summarizes the main recommendations for best integrating such models in the OR.

Figure 1: Integrating Black-Box Al/ML in the OR

[Insert Figure 1]
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