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Abstract 

Robotic surgery has seen rapid and widespread uptake among gynecologic surgeons, largely 

because of its proven capacity to lower patient morbidity. Plastic surgeons must therefore update 

their reconstructive strategies to fully leverage the advantages of robotic-assisted procedures. 

This paper describes our clinical outcomes using robotic-assisted rectus abdominis muscle flaps 

for posterior vaginal wall reconstruction. It includes a review of the existing literature on 

robotic-assisted reconstructive pelvic surgery. Following IRB approval, we conducted a 

retrospective analysis of all patients who received robotic pelvic reconstruction at a single 

institution from 2016 to 2024. Those who specifically underwent posterior vaginal wall 

reconstruction with a robotic-assisted rectus abdominis muscle (RRAM) flap were included in 

the final evaluation.   

Thirty-two patients underwent pelvic reconstruction employing robotic surgical methods. Of 

these, five (mean age = 56.2 years, range = 32–72 years; mean BMI = 30.0, range = 24–39.9) 

received posterior vaginal wall reconstruction using an RRAM flap. Two patients (40%) 

experienced minor wound complications, while one patient (20%) developed vaginal stenosis 

eight years postoperatively. No major complications occurred that required return to the 

operating room or hospital readmission. All patients ultimately achieved complete and 

successful healing. Published studies indicate that robotic-assisted surgery offers important 

benefits, including lower morbidity through reduced intraoperative blood loss, decreased pain, 

quicker recovery times, and shorter hospital stays. The RRAM flap proves to be well tolerated 

for pelvic reconstruction even in patients with significant comorbidities, while still preserving 

the minimally invasive nature of the original extirpative procedure. As robotic technology 

continues to gain broader acceptance, plastic surgeons should actively incorporate these 

techniques into their surgical repertoire.   
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Introduction 

The National Aeronautics and Space Administration 

(NASA) and the United States military originally funded 

the development of robotic-assisted surgical systems in 

pursuit of “telepresence” surgery, which would allow 

surgeons to operate without being physically present at the 

patient’s side [1, 2]. Due to existing technological 

limitations at the time, the project was handed over to 

Intuitive Surgical for further advancement of the DaVinci 

platform. A key priority in contemporary surgery has been 

minimizing the invasiveness of procedures, and robotic 
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technology has been instrumental in driving this 

transformation. Robotic-assisted methods have delivered 

clear advantages to both surgeons and patients by 

providing improved dexterity, greater precision, and 

motion scaling for the operator [1-6]. Numerous 

investigations have documented reduced patient 

morbidity, including less intraoperative blood loss, shorter 

hospitalizations, decreased postoperative pain, and 

accelerated recovery. Moreover, the availability of three-

dimensional visualization and magnified operative fields 

has made more intricate operations feasible.   

The Food and Drug Administration approved the DaVinci 

system for gynecologic surgery in 2005 [7]. Since that 

approval, robotic-assisted laparoscopic surgery has 

experienced steady growth in adoption. Between 2007 and 

2010, the percentage of hysterectomies performed with 

robotic assistance rose sharply from 0.5% to nearly 10% 

[8]. Robotic-assisted laparoscopic techniques are now 

firmly established for managing benign gynecologic 

disorders [8-11]. Procedures such as myomectomies and 

hysterectomies have shown notably lower blood loss 

compared with traditional vaginal or open approaches. The 

DaVinci platform is especially beneficial for obese 

patients, individuals with extensive prior adhesions, and 

those suffering from severe endometriosis. Robotic 

assistance has also significantly reduced the conversion 

rate from laparoscopy to laparotomy. Sacrocolpopexies 

and sacrohysteropexies particularly benefit from the 

superior precision and wrist-like articulation offered by 

robotic systems when compared with standard 

laparoscopy [12, 13]. Operative suturing times are often 

reduced, and the management of mesh- or suture-related 

complications from sling procedures has been enhanced 

with robotic assistance. 

Additionally, robotic techniques have been linked to fewer 

conversions to open surgery in endometrial and cervical 

cancer cases [14-16]. Reports have also indicated lower 

overall complication rates and fewer bladder injuries. The 

ability to work effectively across multiple abdominal 

quadrants makes robotics especially valuable in complex 

gynecologic procedures.   

Our institution, the University of Nevada, Las Vegas, 

previously reported one of the largest series on robotic 

rectus abdominis flaps for perineal reconstruction [17]. 

That work illustrated that minimally invasive repair 

remains effective even when substantial dead space is 

present or when vaginal reconstruction is required. A 

statistically non-significant rise in minor complications 

(specifically wound dehiscence) was noted among patients 

treated with open flaps. No meaningful differences 

emerged regarding major complications, total operative 

time, or hospital length of stay when comparing RRAM to 

traditional open techniques in that earlier cohort, which 

extended through 2021. Importantly, eliminating the skin 

paddle and associated subcutaneous fat bulk — typically 

seen with vertical rectus abdominis myocutaneous flaps — 

appeared to decrease the incidence of vaginal stenosis 

when using the RRAM flap. Furthermore, the peritoneum 

covering the deep aspect of the harvested RRAM flap 

demonstrated comparable strength and pliability to native 

vaginal tissue in vaginectomy defects.   

The present study seeks to expand on the existing literature 

by detailing our more recent experience and long-term 

outcomes with robotic-assisted rectus abdominis muscle 

flap harvest for vaginal wall reconstruction. 

Materials and Methods 

Following IRB approval, a retrospective analysis was 

conducted on every robotic rectus abdominis muscle 

(RRAM) flap raised for perineal reconstruction by a single 

surgeon at a single center using the da Vinci Surgical 

System from 2014 to 2024. 32 patients met the inclusion 

criteria (mean age = 59.9 years; number of females = 12). 

From this group, those who specifically received posterior 

vaginal wall reconstruction via RRAM methods were 

chosen for detailed qualitative review and descriptive 

statistical evaluation. 

Results and Discussion 

Case 1   

The patient was diagnosed with biopsy-verified invasive 

rectal adenocarcinoma. She completed preoperative 

chemoradiation therapy, underwent low anterior resection, 

and finished adjuvant chemotherapy afterward. One year 

later, a rectovaginal fistula developed, prompting the 

creation of a diverting colostomy. She subsequently had a 

primary repair of the vaginal fistula using a coloanal flap 

in addition to another low anterior resection with 

formation of an end colostomy. Rectal recurrence was 

later identified. Consequently, she proceeded with 

abdominoperineal resection combined with vaginal 

reconstruction employing a robotic rectus (RRAM) flap. 

Extensive scar tissue resulting from earlier operations and 

radiation was evident. To enhance visibility amid the 

dense scarring, lateral port placement was required. 

Harvest of the muscle proceeded from superior to inferior, 

with the rectus sheath divided down to the vascular 

pedicle. The posterior rectus sheath, together with the 

peritoneum, was anchored to the vaginal wall borders 

using interrupted sutures. Speculum examination 

afterward confirmed satisfactory tissue alignment and 

secure closure. No immediate wound issues arose; 

however, adenocarcinoma recurred along the vaginal wall, 

necessitating repeated courses of chemotherapy and 

further vaginal brachytherapy. Vaginal stenosis became 

apparent eight years following the RRAM operation. 
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Case 2   

The patient presented with Bartholin gland carcinoma that 

had spread through the posterior vaginal wall, rectum, and 

anus. An abdominoperineal resection was performed 

jointly by colorectal surgery and gynecologic oncology 

teams. Plastic surgery employed an RRAM flap for 

reconstruction of the posterior vaginal wall, obliteration of 

the fresh pelvic cavity, support of the rectal vault, and final 

perineal closure. Extra ports were inserted in the left lateral 

abdominal wall to locate the deep inferior epigastric artery 

pedicle situated in the right lower quadrant. Division of the 

falciform ligament was also performed to secure greater 

RRAM flap length reaching above the costal margin. 

Overall closure length measured 16 cm. The patient 

recovered satisfactorily after surgery, though she 

experienced superficial perineal wound separation 

managed with packing for one month and 

hypergranulation tissue addressed with gentian violet 

application. 

Case 3   

This patient developed a rectovaginal fistula following an 

earlier low anterior resection for rectal cancer after 

completing both chemotherapy and radiation. Radiation-

related soft tissue injury was present in the region. 

Following initial adhesiolysis and rectovaginal fistula 

repair with rectal stump closure performed by colorectal 

surgery, an RRAM flap was elevated. Two additional ports 

were introduced, the pedicle was carefully isolated, and a 

myoperitoneal flap measuring 7 × 8 cm² was used to 

provide robust vascularized coverage over the repair in a 

previously irradiated field. Biologic mesh reinforcement 

was applied at the anterior repair site. The patient tolerated 

the reconstruction without difficulty and had no wound-

related problems. Hospitalization was extended because of 

a left ureter injury that occurred during adhesiolysis, 

requiring both an indwelling Foley catheter and 

nephrostomy tube placement. 

Case 4   

Plastic surgery was asked to assist with pelvic floor 

reconstruction in a patient suffering from recurrent 

adenocarcinoma at the rectosigmoid junction. She had 

already received a low anterior resection with loop 

ileostomy creation, followed by ostomy reversal once 

chemoradiation was completed. She then underwent 

robot-assisted laparoscopic abdominoperineal resection 

with subsequent reconstruction of the perineum and 

posterior vaginal wall using a right-sided RRAM flap and 

abdominal wall support with Strattice mesh. Figure 1 

demonstrates reinforcement with the biological mesh. Her 

recovery after surgery proceeded without complications. 

 
Figure 1. Reinforcement of the repair with a Strattice 

mesh using a barbed suture. 

Case 5   

The patient was scheduled for a joint procedure involving 

both colorectal and plastic surgery teams. She had a 

documented history of squamous cell carcinoma of the 

anal canal that persisted despite chemotherapy and 

radiation, in addition to a previous low anterior resection. 

The recurrent tumor had invaded the rectum and posterior 

vaginal wall. She subsequently underwent robot-assisted 

laparoscopic abdominoperineal resection, followed by 

reconstruction performed with a robotic rectus abdominis 

flap. Postoperative imaging revealed no intra-abdominal 

abscess or signs of disease recurrence, and the remaining 

recovery period proceeded without issues. 

Dead space is an unoccupied cavity that results from tissue 

loss due to injury, infection, or surgical removal. This 

space increases the likelihood of serious problems, most 

notably hernia formation and fluid buildup, which may 

become a breeding ground for infection and progress to 

deep-space abscesses [18, 19]. Pelvic exenteration carried 

out for advanced or recurrent gynecologic malignancies 

generates sizable cavities in the effort to obtain clear 

oncologic margins. Reconstructive efforts are often 

undertaken simultaneously with intricate urogynecologic 

operations to restore typical anatomy and shrink these 

cavities. Such reconstruction can also correct issues, 

including pelvic organ prolapse, congenital absence of the 

vagina, and various fistulas. 

Flap procedures represent a cornerstone of reconstruction 

after major gynecologic interventions and can even 

reinstate the functional role of pelvic structures such as the 

vaginal canal, perineum, and vulva [20-23]. A flap 

involves moving tissue from a donor area to a recipient site 

to replace lost skin, fat, muscle, or bone. While nearby 

tissue can sometimes be advanced, pedicled or free flaps 

permit relocation across greater distances and are 

frequently selected by plastic and reconstructive surgeons 

when dealing with extensive pelvic cavities [22]. 

Perforator flaps are supplied by vessels that travel through 
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the underlying muscle or fascia before reaching the 

subcutaneous layer and skin [24]. Pedicled flaps allow 

repair of defects without severing the original blood 

supply. Free flaps are completely detached from their 

source vessels and require reconnection of the vessels at 

the target location. Options regularly chosen for pelvic 

coverage and volume restoration include gracilis, omental, 

rectus abdominis, gluteus maximus, and anterolateral 

thigh flaps [22]. With gynecologic surgeons increasingly 

favoring minimally invasive methods to lessen overall 

patient harm, a parallel demand has emerged for flap 

elevation to follow the same minimally invasive pathway. 

Adding robotic assistance to gynecologic and pelvic 

reconstruction helps unify the surgical process, lower 

complications at the donor site, and better maintain the 

advantages of minimal access surgery. 

The rectus abdominis flap remains a dependable mainstay 

for abdominal and pelvic reconstruction. Its primary 

strength lies in reliably filling dead space, a central tenet 

of successful pelvic repair. The standard rectus abdominis 

flap (VRAM) is traditionally raised through an open 

incision incorporating a vertical skin island and requiring 

direct exposure of the muscle [17, 25-34]. This flap is 

highly adaptable thanks to its dual vascular input from the 

superior and inferior epigastric arteries [17, 25]. Figure 2 

shows an intra-abdominal view of the inferior epigastric 

pedicle during rectus abdominis flap elevation. Even so, 

the added morbidity of open harvesting can counteract the 

gains achieved by minimally invasive tumor removal in 

the pelvis. 

 
Figure 2. Intra-operative photo of indocyanine green 

used for the identification of the deep inferior epigastric 

pedicle for the flap. The white arrow is the vessel 

(highlighted pedicle). 

As colorectal surgeons and gynecologic oncologists 

increasingly adopt minimally invasive techniques, the 

cavities left behind are typically smaller than those 

resulting from conventional open laparotomy. Enhanced 

visualization frequently enables precise isolation of 

tumors lying close to the vaginal wall. In earlier years, 

when resections were more radical, the skin paddle 

included with VRAM flaps provided useful bulk. 

However, the vaginal lining is hairless and differs 

markedly in microscopic structure from cutaneous tissue. 

Drs. Wu and Song at the University of Chicago 

documented five patients treated between 2003 and 2005 

who received a rectus abdominis myoperitoneal flap for 

vaginal wall repair [35]. Their series confirmed the 

reliability of these flaps and noted that the peritoneum had 

successfully merged with the vaginal lining by two months 

after surgery. The RRAM approach preserves the 

peritoneal layer, which experimental work in rats and 

swine has shown to promote improved healing [36]. In one 

model, the myoperitoneal flap developed uroepithelial 

metaplasia as early as two weeks postoperatively [3]. A 

further study using an open rectus abdominis 

myoperitoneal flap for vaginal reconstruction reported that 

the peritoneum was histologically nearly identical to 

native vaginal mucosa [35, 37]. 

The intraperitoneal robotic harvest of the rectus abdominis 

muscle has become increasingly popular among surgeons 

involved in pelvic reconstruction over the last 20 years. 

This shift is driven by multiple factors that extend well 

past simply upholding the minimally invasive character of 

the primary tumor removal. Key benefits include fewer 

incision-related complications and hernias, closer 

alignment with natural gynecologic anatomy, and 

enhanced cosmetic outcomes at the donor site [24-34].   

The RRAM approach relies on a three-port method 

combined with Airseal (Conmed, Largo, FL, USA) to 

maintain proper pneumoperitoneum. Once the pedicle—

originating from the external iliac artery and vein—is 

traced through the peritoneum, the posterior fascia is 

opened with electrocautery. A barbed suture is then used 

to attach the mesh to the posterior fascial opening. Off the 

console, the posterior rectus fascia and its attached 

peritoneum are shaped to rebuild the pelvic floor. Our 

team has already provided a full technical description of 

this RRAM harvesting process in an earlier report [17].   

Since 2014, our center has carried out thirty-two RRAM 

operations for pelvic reconstruction. Among them, five 

patients (mean age = 56.2 years, range = 32–72 years; 

mean BMI = 30.0, range = 24–39.9) underwent posterior 

vaginal wall reconstruction using an RRAM flap, as 

previously described. Patient demographics are 

summarized in Table 1. Every patient in this group had 

undergone preoperative neoadjuvant chemoradiation. No 

major adverse events occurred that necessitated a return to 

the operating room or inpatient readmission. Complete and 

successful healing was observed in all cases.   
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Table 1. Demographic overview of patients receiving robotic rectus abdominis flap for vaginal wall reconstruction. 

Case Age Diagnosis Associated procedure BMI (kg/m²) Postoperative outcome 

Case 1 32 
Rectovaginal fistula associated with rectal 

carcinoma 
Abdominoperineal resection 24.0 Vaginal stenosis 

Case 2 33 Carcinoma of the Bartholin gland Abdominoperineal resection 39.9 
Minor wound issues managed 

with topical therapy 

Case 3 66 
Rectovaginal fistula secondary to rectal 

carcinoma 

Surgical takedown of 

rectovaginal fistula 
26 

No flap-related complications 

(ureteric injury occurred during 

initial fistula surgery) 

Case 4 72 
Adenocarcinoma at the rectosigmoid 

junction 
Abdominoperineal resection 20.9 No reported complications 

Case 5 78 Anal squamous cell carcinoma Abdominoperineal resection 39.9 No reported complications 

One individual developed vaginal stenosis eight years 

following the procedure. Notably, this patient had needed 

adjuvant brachytherapy and suffered a direct recurrence 

involving the vaginal wall. While radiation therapy 

effectively targets cancer cells by triggering apoptosis and 

halting progression at the G1/S phase in fast-dividing 

cells, it simultaneously inflicts considerable harm on 

nearby healthy tissues [38, 39]. It disrupts blood vessels 

and prevents new vessel growth, thereby undermining 

tissue strength and quality. Radiation-induced vaginal 

stenosis represents a recognized consequence of pelvic 

radiation treatment. The mechanism involves 

overproduction of scar tissue due to collagen accumulation 

in the vaginal connective tissue, leading to fibrosis and 

tissue hardening [40].   

Two of the five patients (⅖) experienced minor wound-

related issues. Existing studies report wound complication 

rates for VRAM flaps during abdominoperineal 

reconstruction ranging from 25% to 79%. In our previous 

analysis involving 16 RRAM flaps, the minor wound 

complication rate was 31%, compared with 55% in the 

corresponding VRAM cohort. These outcomes are partly 

attributable to radiation effects, especially since 92% of 

individuals receiving VRAM flaps also undergo radiation 

therapy as part of their care.   

The current series is modest in size (n = 5), making 

qualitative assessment more appropriate than statistical 

generalization. Although limited patient numbers limit 

broad inferences, the results clearly demonstrate that 

plastic surgeons can reliably perform flap harvest, defect 

repair, and tissue inset.   

Investigators at Mayo Clinic Arizona reviewed six cases 

in which the rectus abdominis muscle was harvested for 

pelvic floor repair [32]. The patients presented with 

diverse conditions ranging from complex pelvic organ 

prolapse and vesicovaginal fistula to gynecologic 

malignancies requiring exenteration, vaginectomy, 

vulvectomy, or abdominoperineal resection. Even with 

multiple underlying health problems and compromised 

tissue quality, all six achieved satisfactory pelvic wound 

healing. A separate Mayo Clinic report described a female 

patient with a persistent vesicovaginal fistula after uterine 

cancer treatment. Earlier conservative management and a 

robotic attempt later converted to open surgery had proven 

unsuccessful [41]. Interposition of a robotic rectus 

abdominis flap between the vagina and bladder ultimately 

secured reliable fistula closure.   

Emerging techniques now include robotically procured 

peritoneal flaps for constructing the upper portion of a 

neo-vagina in gender-affirming vaginoplasty procedures. 

A team from New York University documented an extra 5 

cm of vaginal canal depth in their series, with no 

complications reported [42]. 

Conclusion 

Robotic surgery offers a range of substantial benefits. The 

robotic arms facilitate precise dissection in complex areas, 

remove hand tremors, and enable deep pelvic work 

without the usual constraints of surgeon posture and reach 

[17, 25-34]. In addition, the camera system of the DaVinci 

platform delivers outstanding clarity and magnification 

that would be difficult to achieve in traditional open or 

standard laparoscopic procedures. Superior visualization 

is one of the robotic platform’s greatest strengths, proving 

especially valuable during pelvic operations. Greater 

instrument dexterity is particularly useful in confined 

anatomical spaces. Reports also indicate quicker patient 

recovery linked to smaller incisions and less overall tissue 

disruption. These reduced incisions often yield improved 

cosmetic results. 

Despite its strengths, robotic surgery has notable 

drawbacks. Surgeons and operating room teams face a 

demanding initial learning period that involves mastering 

robot docking, console operation, and various setup 

requirements [6]. Consequently, early procedures may 

take longer while the team builds proficiency with the 

technology. Dissection efficiency tends to improve 

markedly with accumulated experience. Another obstacle 

is the wide variation in robot credentialing policies across 

different hospitals, which can limit surgeon access [1]. 

From a technical perspective, the absence of haptic 

feedback — a feature available in conventional 

laparoscopy — remains a limitation. Robotic procedures 
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are typically more expensive due to specialized 

instruments and potentially longer operating room time at 

the outset. 

Nevertheless, multiple long-term investigations in other 

minimally invasive specialties have shown that these 

higher upfront costs are often offset by shorter 

postoperative hospital stays [43]. At present, relatively 

few studies address the specific application of robotics in 

reconstructive surgery. Much of the existing evidence 

consists of case reports or small series, which makes it 

challenging to draw firm general conclusions. 

Robotic technology continues to evolve beyond current 

platforms, with ongoing innovations aimed at integrating 

robotics into microsurgery and enhancing fine motor 

control. The fifth-generation DaVinci system now 

includes haptic feedback, addressing one of the main 

earlier criticisms of robotic surgery [44]. The Medtronic 

Hugo system introduces a novel modular intracorporeal 

robotic platform that may challenge Intuitive’s 

longstanding dominance in this field [45]. The Musa-3 

platform, developed specifically for microsurgeons, shows 

considerable promise for performing vascular 

anastomoses in vivo [46]. Ongoing efforts to refine 

ergonomics could also extend surgeons’ professional 

longevity. 

In summary, robotic-assisted techniques have proven to be 

both feasible and safe when used by plastic and 

reconstructive surgeons following robotic pelvic 

procedures. Available literature indicates that methods 

such as the robotic rectus abdominis muscle (RRAM) flap 

achieve outcomes at least as good as those of conventional 

open approaches. Once the learning curve is surmounted, 

robotic techniques may even surpass open surgery in 

selected aspects. Additional well-designed studies are 

needed to confirm these advantages and to establish clear, 

evidence-based benefits of incorporating robotic methods 

into plastic and reconstructive surgery. 
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