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ABSTRACT

Breast reconstruction techniques continue to evolve to best suit the patient and provide the most efficient oper-
ative planning and execution for the surgeon. It is a common practice for plastic surgeons to utilize CT angiog-
raphy for surgical planning in autologous reconstruction and has demonstrated improved operative times and 
perforator choice. The application of artificial intelligence (AI) in the planning, informed consent, patient and 
surgeon decision making allows the delivery of the optimal outcome for patient care, education and the surgeon. 
Leveraging current and future modalities of mixed realities (MR) will be essential to the innovation and evolu-
tion of breast reconstruction.
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Introduction 
While artificial intelligence (AI) is a familiar concept with origins 

dating back several decades, in recent years, it has rapidly evolved 
into a pivotal force poised to transform many aspects of everyday life. 
Most broadly, AI is characterized by the development of software and 
algorithms that allow machines to approximate some facets of human 
intelligence such that they are able to “learn,” correct mistakes based 
on data inputs, and independently reason within certain constraints 
[1,2]. As such, the potential applications of this nascent technology 

are self-evidently far-reaching, though it does appear that the domain 
of healthcare may face particularly profound transformations in light 
of these developments. First, medical imaging is one area that lends 
itself particularly well to enhancement by way of AI. Here, much de-
velopment has been pursued in an area of AI known as deep learn-
ing. Using advanced algorithms and convolutional networks, deep 
learning machines are capable of advanced computer vision that has 
already allowed clinicians improve diagnostic performance and re-
duce subjectivity and errors [3]. Surgeons similarly stand to benefit 
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from practice-enhancing AI tools such as advanced robotics, and the 
burgeoning use of robotic assistance in many surgical procedures has 
already transformed the landscape of the practice in the past few de-
cades [4].

Lastly, artificial intelligence has begun to offer significant utility 
with regard to predictive analytics, and in the context of surgery, such 
models may assist in supporting decisions to operate, identifying risk 
factors that influence outcomes, and pinpointing unique patient char-
acteristics that may favor one surgical technique over another [5]. 
Along these lines, AI will allow for further personalization of health-
care delivery to better suit individual patient needs.

Potential for AI in Plastic Surgery
As the utilization of AI continues to spread across medical spe-

cialties, the number of applications in which this technology can be 
utilized similarly increases. Regarding plastic surgery, AI has proven 
useful in clinical scenarios including initial consultations for aes-
thetic surgeries, diagnosis of conditions like craniosynostosis, and 
prediction of free flap survival in microsurgery procedures [6]. Data 
collected from patient-physician interactions and surgical outcomes 
will continue to improve overall success in operations and patient 
satisfaction; however, there remains a deficit in the literature relat-
ing to how to use AI to maximize efficiency intraoperatively [7]. Like 
surgical navigation systems used by ear, nose, and throat surgeons, AI 
has the potential to be incorporated into surgical planning and aiding 
surgeons in maximizing efficiency while simultaneously providing 
improved outcomes in operative interventions. If AI could be applied 
to the planning of microsurgical procedures such as free flap breast 
reconstruction, not only may patient satisfaction with the aesthetic 
results of breast reconstruction be improved, but morbidity related 
to the dissection of tissues and duration of time under anesthesia be 
decreased. By providing AI with data in the form of medical imaging, 
this technology could drastically change the way microsurgeons plan 
their dissections for free flap harvest.

Robotic DIEP Procedure & Variable Techniques
Although the DIEP free flap has proven to be a reliable source of 

tissue for breast reconstruction, the procedure itself can be morbid 
as the rectus abdominus and its facia are dissected, leading to dener-
vation of the rectus muscle, bulges, and hernias in some patients. The 
recent introduction of the robotic DIEP procedure allows for greatly 
reduced dissection and postoperative complications when perfora-
tors with short intramuscular courses are available. In a robotic DIEP 
procedure, the abdominal tissue is first raised in the standard fashion. 
Perforators are dissected down to the posterior rectus fascia, followed 
by insufflation and port placement in the contralateral abdomen [8]. 
The robot is docked, and the pedicle is dissected to its perforator 
which is then clipped and severed at its origin before completing the 
harvest of the DIEP flap. A similar extraperitoneal approach has been 

described by Choi, et al. [9] which utilizes only a single port site [9] 
This technique again begins with the dissection of a perforator down 
to the posterior rectus sheath, after which a single fascial incision is 
made along the linea semilunaris ipsilateral to the pedicle. Blunt dis-
section is utilized to create a space for insufflator placement below 
the arcuate line and insufflation is achieved to develop a preperito-
neal space. The pedicle is then dissected via the undersurface of the 
rectus muscle and vasculature is transected near its origin at the ex-
ternal iliac arteries. The robot is undocked, the remaining fascial at-
tachments are dissected, and the pedicle is freed and ready for inset 
in the chest.

CT Angiography & Current Literature
It is well-documented in the literature that, with regard to mea-

sures of patient satisfaction following surgery, autologous reconstruc-
tive methods are generally superior to implant-based techniques 
[10]. According to more recent studies, it appears that autologous, 
abdominal-based reconstructions (i.e., DIEP and TRAM flaps) lead to 
overall similar levels of general and aesthetic satisfaction following 
surgery [11]. Nevertheless, these procedures can lead to significant 
morbidity with potential problems occurring at donor sites, most 
commonly abdominal hernias, though complication rates can be re-
duced by minimizing the extent of harvested fascia and preserving a 
maximal amount of muscle [12]. CT angiography (CTA) has emerged 
as the most useful preoperative imaging study (in lieu of alternatives 
like Doppler ultrasonographic techniques, magnetic resonance angi-
ography (MRA), etc.) and has been pivotal in helping surgeons to re-
duce complications and choose optimal surgical techniques based on 
unique patient anatomy [13]. Evidence for the utility of preoperative 
CTA is robust. Colakoglu, et al. [14]. report findings in their recent ran-
domized controlled trial (RCT) that patients undergoing preoperative 
CTA experienced shorter times for flap harvest as well as overall op-
erating room time when compared to patients who did not undergo 
preoperative imaging. A systematic review and meta-analysis further 
advances these findings by demonstrating that, in the aggregate, pre-
operative CTA leads to lower rates of partial necrosis and decreased 
flap loss [15].

Preoperative CTA even helps surgeons to reduce the number of 
perforators included in harvested flaps [16]. Most importantly, this 
imaging study has recently been shown to be useful in selecting can-
didates for robotic DIEP harvest. Kurlander, et al. [17]. report their 
groups practice of offering robotic DIEP flap harvest in any patient 
whose CTA reveals large-caliber perforators with short intramuscular 
courses. With a rigorous and standardized review of imaging, clini-
cians are able to predict the length of the robotic fascial incision and 
its position relative to the arcuate line. This may lead to reduction in 
donor site morbidity by way of carefully planned fascial incisions that 
avoid dipping below the arcuate line, which is typically considered to 
be a cause of such morbidity.
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Expansion to Mixed Reality in Plastic Surgery
As discussed, AI applications have enhanced productivity while 

delivering high quality interpretations and has been used for deci-
sion making and diagnosis in areas such as dermatologic conditions, 
interpreting electrocardiograms, radiograph interpretation ranging 
from plain radiographs to CT scans and magnetic resonance imaging 
(MRI) [18]. When considering the application of AI designed for ra-
diologists, other stakeholders, such as plastic and reconstructive sur-
geons have looked for opportunities to capitalize on this innovation to 
improve delivery of care for patients. It has been demonstrated that 
CT angiography can significantly shorten operative time [19] and reli-
ably predict which perforator will be used in DIEP breast reconstruc-
tion [20]. Information from 3D photographs and CT angiography will 
predict needed flap volume for unilateral and bilateral breast recon-
struction, flap type, perforator choice and breast mound shaping to 
meet patients’ needs, minimizing fascial incisions, assisting both ex-
perienced and less experienced surgeons [21]. AI has been described 
and utilized in plastic surgery, seemingly at the highest level in cranio-
maxillofacial and facial plastic surgery [22]. Augmented reality (AR) 
technology is game-changer in the field of surgical navigation, and 
revolutionized the way complex procedures are performed. This has 
the potential to significantly improving patient outcomes. When eval-
uating the use of AI in DIEP planning and execution, there are multi-
ple areas to apply the modalities.

Augmented Reality (AR) and Virtual Reality (VR) combined as 
Mixed Reality (MR) will be the application of the future for breast 
reconstruction with DIEP or other flaps [23]. As we examine the AR 
of the vascularity and perforators in an autologous tissue donor site, 
the mapping of the 3-D model allows for accurate visualization of the 
perforators in the tissue deemed to be transferred. Our AI modeling 
concept involves review of the CT angiography or MR angiography 
obtained from patients and the AI predicted perforator and flap of 
choice. This is based on the concept of adequate perfusion, tissue 
volume, aesthetic desires and decreased morbidity that improved 
pre-operative planning provides. If the patient has adequate abdom-
inal adiposity for a unilateral or bilateral DIEP, the flap perforators of 
choice are chosen to meet the robotic dissection criteria, predicted 
volume and aesthetic outcomes, MR intraoperatively allow the sur-
geon and resident physicians the advantage to work efficiently to dis-
sect the subcutaneous prefascial perforator so that flaps are prepared 
for the completion dissection with the robotic surgical platform. This 
approach will also be utilized for mastectomy, tumor resection and 
dissection of the internal mammary or other recipient vessels. As 
robotic microsurgery and supermicrosurgical techniques evolve, the 
combination with MR will produce enhanced precision and perfor-
mance during autologous reconstruction, reducing complications and 
speeding patient recovery.

Once the procedure is complete, the combination of ambient lis-
tening AI monitoring will allow for real-time evaluation of flap viabili-

ty, intra-flap perfusion changes and improve clinical decision-making 
of nursing and resident physicians in urgent and emergent situations. 
Innovations in AI expanded greatly during the COVID-19 pandemic 
as physicians, providers and staff demonstrated agility in accommo-
dating the needs of the patients while maintaining excellence in care 
delivery and safety of all involved. Many of these innovations have 
revolved around telemedicine and remote patient monitoring. This 
allows health care professionals to gather real-time physiologic infor-
mation about the patient’s condition [24]. Remote patient monitoring 
is considered a feasible application by many physicians and provid-
ers. As the applications continue to grow, plastic surgeons can utilize 
this in combination with AI to obtain relevant information on the vac-
ular pedicle in the DIEP or other autologous reconstruction and the 
physiologic status of the patient and flap during hospitalization and 
once the patient is discharged. Utilizing this type of monitoring com-
bination will allow patients to be safely discharged as same day or af-
ter observation status while freeing up needed inpatient beds for pa-
tients with greater medical needs. This will provide a positive overall 
effect on patient care and the health care system. Our use of ambient 
listening in the pre- and post-operative settings provides a meaning-
ful experience for clinicians and patients reducing the administrative 
burden and allowing improved clinical care and informed consent. 
The previously mentioned monitoring capabilities can be utilized by 
the patient on discharge in the home setting which assists in good 
clinical outcomes by enabling the patient to participate in their own 
care and outcome. Successfully utilizing AI in predicting which pa-
tients are candidates for DIEP and robotic DIEP breast reconstruc-
tion, evaluating the potential for 3-D breast shaping and volumetric 
analysis and delivering high value care, relies on leveraging the com-
plementary algorithms of the surgeon and the machine.

References
1.	 Mintz Y, Brodie R (2019) Introduction to artificial intelligence in medicine. 

Minimally Invasive Therapy Allied Technologies 28(2): 73-81.

2.	 Hamet P, Tremblay J (2017) Artificial intelligence in medicine. Metabolism 
69S: S36-S40.

3.	 Ruitenbeek HA O, Oei EHG, Visser JJ, Kijowski R (2024) Artificial intelli-
gence in musculoskeletal imaging: realistic clinical applications in the next 
decade. Skeletal Radiol 53(9): 1849-1868.

4.	 D’Ettorre C, Mariani A, Stilli A, Ferdinando Rodriguez y Baena, Pietro Val-
dastri, et al. (2021) Accelerating Surgical Robotics Research: A Review of 
10 Years With the da Vinci Research Kit. IEEE Robotics & Automation Mag-
azine 28(4): 56-78.

5.	 Loftus TJ, Tighe PJ, Filiberto AC, Philip A Efron, Scott C Brakenridge, et 
al. (2020) Artificial Intelligence and Surgical Decision-making. JAMA Surg 
155(2): 148-158.

6.	 Qin F, Gu J (2023) Artificial intelligence in plastic surgery: current devel-
opments and future perspectives. Plast Aesthetic Res 10(1): 3.

7.	 Spoer DL, Kiene JM, Dekker PK, Samuel S Huffman, Kevin G Kim, et al. 
(2022) A Systematic Review of Artificial Intelligence Applications in Plas-
tic Surgery: Looking to the Future. Plast Reconstr Surg Glob Open 10(12): 
e4608.



Copyright@ :  Casey Martinez | Biomed J Sci & Tech Res | BJSTR.MS.ID.009467. 52710

Volume 60- Issue 3 DOI: 10.26717/BJSTR.2025.60.009467

8.	 Selber JC (2020) The Robotic DIEP Flap. Plast Reconstr Surg 145(2): 340-
343.

9.	 Choi JH, Song SY, Park HS, Kim CH, Kim JY, et al. (2021) Robotic DIEP Flap 
Harvest through a Totally Extraperitoneal Approach Using a Single-Port 
Surgical Robotic System. Plast Reconstr Surg 148(2): 304-307.

10.	 Stefura T, Rusinek J, Wątor J, Adrian Zagórski, Maciej Zając, et al. (2023) 
Implant vs. autologous tissue-based breast reconstruction: A systematic 
review and meta-analysis of the studies comparing surgical approaches in 
55,455 patients. J Plast Reconstr Aesthet Surg 77: 346-358.

11.	 Yueh JH, Slavin SA, Adesiyun T, Theodore T Nyame, Shiva Gautam, et al. 
(2010) Patient satisfaction in postmastectomy breast reconstruction: a 
comparative evaluation of DIEP, TRAM, latissimus flap, and implant tech-
niques. Plast Reconstr Surg 125(6): 1585-1595.

12.	 Chang EI, Chang EI, Soto Miranda MA, Hong Zhang, Naveed Nosrati, et al. 
(2013) Comprehensive analysis of donor-site morbidity in abdominally 
based free flap breast reconstruction. Plast Reconstr Surg 132(6): 1383-
1391.

13.	 D’Angelo A, Cina A, Macrì G, Paolo Belli, Sara Mercogliano, et al. (2021) 
Conventional CT versus Dedicated CT Angiography in DIEP Flap Planning: 
A Feasibility Study. J Pers Med 11(4): 277.

14.	 Colakoglu S, Tebockhorst S, Freedman J, Sara Douglass, Duygu Siddikoglu, 
et al. (2022) CT angiography prior to DIEP flap breast reconstruction: a 
randomized controlled trial. J Plast Reconstr Aesthet Surg 75(1): 45-51.

15.	 Teunis T, Heerma van Voss, Kon M, van Maurik JFMM (2013) CT-angiog-
raphy prior to DIEP flap breast reconstruction: a systematic review and 
meta-analysis. Microsurgery 33(6): 496-502.

16.	 Haddock NT, Dumestre DO, Teotia SS (2020) Efficiency in DIEP Flap Breast 
Reconstruction: The Real Benefit of Computed Tomographic Angiography 
Imaging. Plast Reconstr Surg 146(4): 719-723.

17.	 Kurlander DE, Le Petross HT, Shuck JW, Butler CE, Selber JC (2021) Robotic 
DIEP Patient Selection: Analysis of CT Angiography. Plast Reconstr Surg 
Glob Open 9(12): e3970.

18.	 Rajpurkar P, Lungren MP (2023) The Current and Future State of AI Inter-
pretation of Medical Images. N Engl J Med 388(21): 1981-1990.

19.	 Casey WJ 3rd, Chew RT, Rebecca AM, Smith AA, Collins JM, et al. (2009) 
Advantages of preoperative computed tomography in deep inferior epi-
gastric artery perforator flap breast reconstruction. Plast Reconstr Surg 
123(4): 1148-1155.

20.	 Casey WJ 3rd, Rebecca AM, Kreymerman PA, Macias LH (2011) Comput-
ed tomographic angiography: assessing outcomes. Clin Plast Surg 38(2): 
241-252.

21.	 Tomita K, Yano K, Hata Y, Nishibayashi A, Hosokawa K (2015) DIEP Flap 
Breast Reconstruction Using 3-dimensional Surface Imaging and a Printed 
Mold. Plast Reconstr Surg Glob Open 3(3): e316.

22.	 Choi E, Leonard KW, Jassal JS, Levin AM, Ramachandra V, et al. (2023) Ar-
tificial Intelligence in Facial Plastic Surgery: A Review of Current Applica-
tions, Future Applications, and Ethical Considerations. Facial Plast Surg 
39(5): 454-459.

23.	 Sullivan J, Skladman R, Varagur K, Elijah Tenenbaum, Jacob L Sacks, et al. 
(2024) From Augmented to Virtual Reality in Plastic Surgery: Blazing the 
Trail to a New Frontier. J Reconstr Microsurg 40(5): 398-406.

24.	 Serrano LP, Maita KC, Avila FR, Ricardo A Torres Guzman, John P Garcia, et 
al. (2023) Benefits and Challenges of Remote Patient Monitoring as Per-
ceived by Health Care Practitioners: A Systematic Review. Perm J 27(4): 
100-111.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2025.60.009467
 Casey Martinez. Biomed J Sci & Tech Res 


