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ABSTRACT

Evolving Landscape in Colorectal Surgery

In the past three decades, colorectal surgery has embraced a
series of technological advancements focusing on precision
preoperative planning, the adoption of minimally invasive
laparoscopic, robotic, and endoscopic surgical techniques,
and the formulation of personalized, patient-centric care. The
main evidence-based drivers for such utilities are, reduction in
postoperative pain and operative trauma, improvements in
disease specific outcomes, the enhancement of patients’
healthcare journey, and the safeguarding of intermediate and
long-term quality of life measures’?.

Incorporation of these developments into mainstream clinical
practice has presented several challenges. These include, the
concerns related to patient safety, standardization of operative
approach, as well as ensuring cost efficiencies and cost
containment relating to surgical-care®*. Furthermore, there are
ethical, technical, and financial constraints associated with
minimally invasive surgical (MIS) training, which has impacted
a significant section of the existing workforce as well as new

generations of surgeons®®.
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Surgical colleges, such as the Royal College of
Surgeons in England, believe that Virtual
Reality (VR) will become a standardized
feature in surgical training, with Augmented
Reality (AR) exerting a greater role during
operative interventions'. The appetite for
these, and comparable plans is reflected by
the current global AR and VR healthcare
markets-investment, estimated at 2.5 billion
U.S. Dollars. This market value is projected to
increase by five-folds within the next ten
years, with medical and surgical training seen
to be the key drivers for this accelerated
growth”'°,

Nomenclature and Degrees

Immersive Digital Experiences

Virtual Reality (VR) constitutes an immersive
digital experience within a three-dimensional
(3-D) computer-generated environment. User
interaction, facilitated by a sensor-effector
system, is controlled by eye gaze, hand
gestures, and/or voice commands. In contrast,
Augmented Reality (AR) overlays patient-
specific reconstructed digital images with live
visual data, creating a composite view for the
observer. Mixed Reality (MR) refers to the
dynamic use of AR in surgical fields, providing
real-time holographic image-based interactions
for the purpose of navigation and identification
of subsurface anatomical structures. The
delivery of these experiences require a series
of processes, commencing with digital image
acquisition and reconstruction from high-
resolution preoperative computer-tomography
(CT) and magnetic-resonance (MRI) scans.
Advanced image-data-management system
subsequently facilitate the integration of
these 3-D reconstructed images, and their

display in real time with patient-specific live

video images on the surgeon’s screen or head

mounted displays''%.

VR, AR, and MR in Surgery

The exploration of head-up displays in clinical
practice began in the 1990s, gaining regular
utilization by 2009, particularly in the field of
anesthesia for intraoperative monitoring
purposes'. The first clinical application of AR
in visceral surgery was documented by the
IRCAD group in 2004™.  As

evidenced by the current published literature,

France in

the integration of AR and VR in surgical
practice has found utility across multiple
surgical specialties, spearheaded by disciplines

surgery,

13,15

such as neurosurgery, spinal

maxillofacial surgery, and urology
In the field of colorectal surgery (CRS) the
evidence on the utility of VR, AR and MR
exhibits a more nuanced landscape, with a
directed  towards

predominant  focus

minimally invasive surgical (MIS) training™" "¢"?
and the intraoperative assessment of visceral
perfusion”?’.  Nonetheless, the existing
literature also reflect a broader scope for
clinical applications. Potential benefits are
described in areas such as preoperative
anatomical precision planning??, patient
counselling?, perioperative data extraction,
intraoperative augmented navigation?, and
identification of anatomical structures'™ 262,
Furthermore, these technologies have shown
promise in facilitating remote proctoring and

preceptorship training"#.

CRC Training

Within the existing framework of Halstedian
surgical training, CRS has benefited from
additional training modalities, most notably

the utilization of animal and human cadaveric
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training models. Both modalities offer
superior level of fidelity and anatomical
realism, garnering high appreciation among
surgical trainees. In minimally invasive CRS,
however, the learning curve is typically steep,
necessitating multiple exposures to attain

operative proficiency?*.

In reality, the frequent application of these
modalities is constrained by ethical and legal
frameworks, limitations in availability and
access, as well as the financial costs, and

complex logistical preperations®.

In this regard, AR and VR are transformative
tools. Their face-and-construct-validity have
been firmly established in demonstrating an

enhanced MIS
smoothness  of

operative perceptual

awareness, movement,
navigation, object positioning, suturing, knot
These

simulation models have also facilitated the

tying, and sharp dissection’?".
worldwide dissemination of training and
assessment opportunities’”. While the current
fidelity of AR technology falls short in
comparison to, and is unlikely to replace
human cadaveric training, many investigators
consider AR a crucial adjunct in preparing
candidates to achieve specific operative
metrics. This would enable them, in turn, to
fully realize the tangible and transferable
benefits from cadaveric and operative training

models®'.

CRC Surgical Planning

In the context of preoperative surgical
planning, VR models have gained recognition
as a crucial asset for providing detailed
anatomical and pathological visual mapping.
Surgeons can manipulate these models by
adding or deleting, magnifying or minimize

individual anatomical structures. A study by

Lyuksemburg et al. demonstrated the role of
preoperative 3D-VR images in significantly
enhancing the safety of resection margins and
reinforcing surgeons' confidence?.
Furthermore, research by Guerriero et al,
underscored the significance of VR in
delineating vascular anatomy of the colon,
identifying  anatomical anomalies, and
thereby permitting safe and adequate colonic

resections®.

Operative Potentials and

Challenges

The integration of Mixed Reality (MR) in CRS
is envisioned to offer precise navigational
certainty, enhance operative experience, and
a boost to surgeon’s confidence. This, in turn,
would result in improvements in operative
efficiencies, completeness of  surgical
objectives, and reduction in intraoperative
errors. Such a vision is yet to be realized. To
date, the incorporation of MR into CRS
remains in its  preliminary  phase®.
Transitioning to these technologies would
require overcoming a number of technical
challenges posed by the inherent mobile and
nature that
fields.

challenges include the rendering of high-

multicompartmental typifies

colorectal surgical Such technical
definition 3-D preoperative images to enable

accurate and subtle differentiation of

adherent and close tissue  plains®.
Improvements in image tracking systems, and
solving issues related to image latency and
information loss are also critical to further
enhance the accuracy, scale, and orientation
of projected virtual objects onto the physical
operative field?. Furthermore, experiences of
dizziness, disorientation, and motion sickness

following extended use of head-mounted
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display-sets™, will also need to be addressed

to improve the user interface experience.

An alternative MR strategy involves the
utilization of molecular fluorescence-image
guided surgery (FIGS)?. In this approach, an
intraoperative fluorescence dye is used to
highlight specific anatomical or pathological
structures. The emission from these structures
is then captured by a fluorescence-capable
laparoscope or a wide-field cameras. Within
the context of CRS, indocyanine green dye is
increasingly used by surgeons to assess
visceral  perfusion

prior to  surgical

anastomosis as a safeguard against

anastomotic leaks®?'. Other intraoperative
applications include the identification of
specific  anatomical and  pathological
structures such as ureters, lymph nodes,
vessels and malignant tissue. Development of
specific dyes to target specific organs offer an
exciting future and the potential to broaden
the scope for FIGS applications. Early studies
show promis and have demonstrated the cost
efficiency and safety profile of this
technology. However, current, and future
prospective randomized control trials will
shed further light on FIGS' efficacy, and short-

and long-term benefits?®?13+37,

The Future Ahead
Despite the challenges highlighted earlier,

the future for augmented and immersive
in CRS

Advancements in

realities remain very promising.

robotic surgery with
stereoscopic volume-rendered image pairing
capabilities, is a step forward enabling
augmented- reality robot-assisted surgery®.
Furthermore,

greater computational and

image processing powers, should provide

reconstructed images with greater fidelity and
the potential for adaptabilities to operative
fields. Innovations in artificial intelligence and
machine learning, together with fluorescence
guidance will seamlessly assist surgeons in the
identification of anatomical structures and the
determination of dissection plains. These new
developments will additionally have implications
for training and operative skill acquisition, as
well as assessment in MIS training®°. This
future is likely to be shaped by operators
willing to embrace these new technologies
and influence their development to meet the
needs of current and future surgical care.
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