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Abstract: Autologous breast reconstruction surgery is a vital part of the recovery process for patients with
breast cancer. While various reconstructive options exist, the deep inferior epigastric artery perforator (DIEP)
flap is often favoured for its ability to closely mimic natural breast tissue. However, the complex vascular
anatomy associated with the deep inferior epigastric artery (DIEA) presents challenges for surgeons during
DIEP flap execution. Preoperative imaging, such as computed tomography angiography (CTA), is commonly
used to understand vascular architecture and aid in selecting appropriate perforators. Conventional reporting of
CTA scans is a labour-intensive process that can be challenging and requires specific expertise. The integration
of artificial intelligence (AI) and machine learning (ML) algorithms in medical imaging has the potential to
address these challenges. Al can enhance CTA through improved data acquisition, image post-processing, and
potentially interpretation. By automating the perforator selection process, Al applications can significantly
reduce the time spent on preoperative imaging analysis and potentially improve accuracy and reliability. While
Al shows promise in optimizing efficiency, accuracy, and reliability in breast reconstruction planning, challenges
and ethical considerations need to be addressed. This article explores the challenges, opportunities, and future

directions of using Al in the preoperative planning of autologous breast reconstruction.
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Autologous breast reconstruction surgery has become an
integral part of recovery for patients with breast cancer,
providing them with the opportunity to regain physical
characteristics that were lost during their oncological
procedure (1). Multiple reconstructive options exist, such as
the transverse rectus abdominis musculocutaneous (TRAM)
flap and the deep inferior epigastric artery perforator (DIEP)
flap. The DIEP flap is often the preferred choice due to its
ability to closely mimic the natural appearance and texture
of the native breast tissue (2). However, successful execution
of the DIEP flap often presents challenges for surgeons,
due to the unpredictable nature of the vascular anatomy
associated with the deep inferior epigastric artery (DIEA),
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which can vary in location, size, and number of perforators
(3,4). As a countermeasure, surgeons often use preoperative
radiographic imaging, such as computed tomography
angiography (CTA) to better understand the vascular
architecture prior to surgery which helps in selecting
appropriate perforators and reducing operative times (4-10).

Despite its usefulness, the conventional reporting of
CTA scans is a labour-intensive process that can often be
challenging and requires specific expertise (9,11). Manual
identification of each perforating branch of the DIEA
results in inherent subjectivity in accurately determining its
size and location in relation to the umbilicus, creating inter-
reporter variability. In addition to preoperative imaging,
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Figure 1 3D volume rendered reconstruction of a CTA scan of the
abdominal wall for preoperative planning of DIEP flaps displaying
the perforating branches of the DIEA. 3D, three-dimensional;
CTA, computed tomography angiography; DIEP, deep inferior
epigastric artery perforator; DIEA, deep inferior epigastric artery.

over time, surgeons have explored various other adjuncts
to help with surgical planning and efficiency including the
use of three-dimensional (3D) reconstructions/models and
virtual/augmented reality projections (Figure 1) (1,9,12).
More recently, the advent of artificial intelligence (Al) in
the field of medical imaging has exhibited impressive results
in improving diagnostic accuracy, reporting speed, and
prediction of clinical outcomes (13-15). With respect to the
preoperative planning of free flap surgery, Al undoubtedly
has the potential to make considerable advancements
to current techniques resulting in potentially improved
accuracy, reliability, and efficiency. Yet, whilst the potential
benefits are attractive, there remain certain risks that must
also be considered. This study delves into the role of Al
in preoperative planning of breast reconstruction. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). No institutional ethics of this
report was required. Full informed consent was obtained
from the patient whose abdominal CTA reconstruction was
used in Figure I of this article.

Al is a multifaceted field of computer science focused
on creating systems that perform tasks requiring human
intelligence, including pattern recognition, decision-
making, and problem-solving. A subset of Al, machine
learning (ML), deep learning (DL), and radiomics, can
extract quantitative data from radiological images, hold
significant potential in addressing existing challenges in
radiology (16,17). These technologies can enhance CTA
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through improved data acquisition, image post-processing,
and interpretation. Currently, CTA coupled with computer-
generated 3D segmentation is the ‘gold standard’ for
identifying DIEA perforators (9). The selection of optimal
perforators is crucial, given that they serve as the exclusive
blood supply to the flap. Implementing Al could expedite
operation times and enhance reproducibility, reducing
the time-consuming human input required in perforator
selection. Incorporating Al into preoperative mapping
of perforators through CTA could result in substantial
advancements. These algorithms learn from large datasets
and develop mathematical models that can make predictions
or classifications based on new input data. ML systems
can be trained to detect and classify relevant features in
images, such as anatomical landmarks, or pertinent lesions
apparent on the scan (16-18). The models analyse image
features such as texture, shape, or intensity patterns using
statistical techniques to identify patterns indicative of
specific anatomy or conditions. DL, a subset of ML utilizes
artificial neural networks mirroring the human brain’s
structure and function (14,19). DL algorithms automatically
learn hierarchical representations from raw data through
an iterative optimization involving multiple layers of
interconnected neurons. Initially, the model generates
predictions on training images using random parameters.
These predictions are compared to the known true labels
of the images, and the parameters of the model are adjusted
based on the differences identified by the algorithm. This
process is repeated over multiple iterations, allowing the
model to learn and refine its internal representations to
better match the training data. Once trained, the model
can be deployed to analyse new, unseen medical images.
Furthermore, AI models have the potential to offer
advanced perforator selection that could allow for enhanced
predictive capabilities when planning operations. With
the inclusion of perioperative and postoperative surgical
data (e.g., complication rates, operative times, flap failure
rates) into the Al models, there is the possibility for the
systems to learn to identify which perforators (based on
characteristics such as size, shape or location) would lead
to reduced operative times, improved operative success and
a lower rate of postoperative complications such as failure
or infection. This has already been seen to be done by Al
models basing predictions for flap failure and postoperative
outcomes on patient characteristics (20,21). In the context
of preoperative planning of breast reconstruction, the
development of this technology will be dependent on the
available and quantity/quality of training data, as opposed
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to the quality of technical programming. Nevertheless,
while this is an exciting prospect, it remains the case that
operative success or failure remains largely dictated by
patient factors and surgical expertise and Al models will
not replace the importance of patient selection and surgeon
competence. The field of Al is growing rapidly, and the
potential applications of ML and other Al technologies in
medical imaging are yet to be fully realized.

The application of Al in medical imaging, particularly in
breast surgery dates back to 1992, where a computer system
was used to detect microcalcifications in mammography (22).
Overtime, Al has advanced to the point where Al systems are
now being reported to outperform human radiologists with
years of experience in reporting mammograms, displaying
fewer false negatives and false positives (23). Moreover,
in 2017, an Al-based radiology reporting algorithm was
approved by the Food and Drug Administration in the
USA for use in clinical practice (24). Numerous other
developments of Al technology have been seen across
several medical specialties, including retinal imaging
in ophthalmology, cardiac imaging in cardiology and
neurological imaging in stroke care (25-27). Furthermore,
augmented reality projections have been developed to allow
real-time intraoperative surgical planning (28). Despite
the growing prevalence of Al in medical imaging and the
notable advancements witnessed in recent years, the current
role of Al for preoperative planning of free flaps, including
the DIEP flap, remains relatively less well established.
Mavioso and colleagues in 2020 conducted a study
evaluating the efficacy of a semi-automatic image processing
algorithm (relying on computer vision technology) in
identifying and analysing perforators in the preoperative
planning of DIEP flaps (29,30). The authors compared this
Al algorithm to traditional, manual evaluation, assessing
the accuracy in estimating size and location of perforators,
and the time-efficiency of each method. In comparison to
traditional manual reporting, the Al algorithm reduced the
time spent on the analysis of perforators from 2-3 hours
to approximately 30 minutes per scan (29). This led to an
estimated total saving of about 80 hours for the 40 patients
involved in the study. Yet, the software had mixed results
regarding the assessment of perforator size. It performed
significantly better in estimating calibres of perforators
larger than 1.5 mm, however, it led to a significant increase
in error when estimating perforators of 1.5 mm or less (29).
The software’s ability to identify the location of perforators
was comparable to manual evaluation, but it did introduce a
significant vertical error, albeit with a small effect size (29).
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Despite these limitations, the Al algorithm could be a
valuable tool in optimising efficiency in the preoperative
planning of DIEP flaps. Similarly, in 2022, Saxena
successfully developed a DL model for the automatic
segmentation of vessels in synthetic images of vascular
trees (31). Despite the models being trained on a small
dataset of synthetic images, they generalized well as
indicated by the high sensitivity and specificity on the test
set (31). The authors plan to utilize transfer learning to
fine-tune the model on real images, anticipating that the
synthetic pre-training will assist the model in identifying
features associated with vessel structures, and hence perform
better with more complex, real cases (31). Therefore Al’s
pattern recognition capabilities allow for the analysis of
image attributes such as texture, shape, and intensity,
enabling the identification of patterns potentially missed in
human interpretation (32). This level of detailed analysis
can result in a more accurate and consistent selection of
perforators, potentially even leading to improved surgical
outcomes (33). Furthermore, by automating the perforator
selection process, Al applications can substantially reduce
the time traditionally invested in preoperative imaging
analysis. These studies highlight the potential utility of Al in
optimising efficiency, accuracy and reliability in preoperative
planning of breast reconstruction (34).

The application of Al in the preoperative planning of
free flap breast reconstruction is currently in its infancy,
with limited integration into clinical practice. The future
direction of using Al in the preoperative planning of free
flap breast reconstruction offers exciting potential to advance
the field, with the capability to quickly analyse large volumes
of data, predict outcomes, and accurately plan for complex
surgical procedures. However, this prospect also presents
notable challenges and ethical limitations (35,36). Given the
reliance of Al models on datasets, the risk of potential bias
emerges—bias that could stem from skewed datasets due to
socioeconomic, racial, or geographic disparities in healthcare
access. Therefore, ensuring fairness and equality in Al
algorithms and in the data, they’re trained on is crucial. Such
biases could lead to inaccurate predictions and assessments
for patients that do not fit the parameters on which the
model was based—potentially leading to inaccurate decision
making preoperatively. Additionally, questions of patient
consent and privacy arise with the utilization of health
data for Al training. The transparency of Al decision-
making also poses challenges. Though Al could be highly
accurate, the so-called “black box” problem—wherein Al
processes data and makes recommendations without a clear,
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understandable rationale—can lead to ethical dilemmas.
AT’s potential to hasten preoperative planning and, perhaps
operative durations, may lower healthcare costs, yet upfront
investment in technology and training could offset these
savings. It’s critical to perform cost-benefit analyses and
ensure equitable care access, preventing disparities that
could arise from the implementation of Al in healthcare
settings. Therefore, Al implementation in healthcare
must be accompanied by robust guidelines for data use,
mechanisms to identify and mitigate bias, and efforts to
enhance algorithmic transparency.

Despite the challenges, Al presents novel opportunities
in preoperative planning of breast reconstruction, promising
to advance this aspect of healthcare. The power of Al
necessitates thoughtful implementation, safeguarded by
robust regulations and ethical guidelines to ensure benefits
are fairly distributed and potential misuse is mitigated.
While there is still much research to be done to realize the
full potential of Al in this area, the early signs are promising.
The integration of Al in breast reconstruction surgery
exemplifies the incredible potential for Al in medicine.
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