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Abstract
Breast reconstruction is an integral part of breast cancer management. Conventional techniques of flap harvesting for autolo-
gous breast reconstruction are associated with considerable complications. Robotic surgery has enabled a new spectrum 
of minimally invasive breast surgeries. The current systematic review and meta-analysis study was designed to retrieve the 
surgical and clinical outcomes of robotic versus conventional techniques for autologous breast reconstruction. An extensive 
systematic literature review was performed from inception to 25 April 2023. All clinical studies comparing the outcomes 
of robotic and conventional autologous breast reconstruction were included for meta-analysis. The present meta-analysis 
included seven articles consisting of 783 patients. Of them, 263 patients received robotic breast reconstruction, while 520 
patients received conventional technique. Of note, 477 patients received latissimus dorsi flap (LDF) and 306 were subjected 
to deep inferior epigastric artery perforator (DIEP) flap. There was a significantly prolonged duration of surgery (MD 
58.36;95% CI 32.05,84.67;P < 0.001) and duration of anaesthesia (MD 47;95% CI 16.23,77.77;P = 0.003) among patients 
who underwent robotic surgery. There was a similar risk of complications between robotic and conventional surgeries. The 
mean level of pain intensity was significantly lower among patients who received robotic breast surgery (MD− 0.28;95% CI 
− 0.73,0.17; P = 0.22). There was prolonged length of hospitalization among patients with conventional DIEP flap surgery 
(MD− 0.59;95% CI − 1.13,− 0.05;P = 0.03). The present meta-analysis highlighted the feasibility, safety, and effectiveness 
of robotic autologous breast reconstruction. This included the successful harvesting of LDF and DIEP flap with acceptable 
surgical and functional outcomes.
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Abbreviations
DIEP flap  Deep inferior epigastric artery perforator flap
LDF  Latissimus dorsi flap
PRISMA  Preferred reporting items for systematic 

reviews and meta-analysis
NSM  Nipple-sparing mastectomy

Introduction

Breasts are the symbolic expression of femininity, attractive-
ness, and motherhood. Breast cancer is the most diagnosed 
malignancy globally, accounting for nearly 12.5% of all 
recently recognized cancer patients. It is the second lead-
ing cause of cancer-related deaths in women worldwide [1]. 
Noteworthy, a considerable improvement in the management 
of patients with breast cancer has been noticed throughout 
the past era. This is attributed to greater awareness, early 
detection, and better therapeutic interventions [2, 3]. Mas-
tectomy is considered a destructive experience resulting in 
substantial psychosexual repercussions. It changes the per-
ception of body image, reducing self-esteem and psychologi-
cal well-being [4, 5]. The increasing number of breast cancer 
survivors highlighted breast reconstruction's ultimate role in 
restoring the aesthetic appearance of breasts after mastecto-
mies. Breast reconstruction could decrease the psychological 
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burden of the disease, improving the sexual well-being and 
self-confidence among breast cancer survivors [6, 7].

Breast reconstruction is an integral part of breast cancer 
management. Breast reconstruction is categorized into either 
autologous or implant-based [8]. In the United States, nearly 
19% of patients undergo autologous breast reconstruction 
yearly [9]. Whereby autologous breast reconstruction tends 
to be a more complex surgical procedure; it is associated 
with more desirable aesthetic and psychological outcomes 
[10]. The autologous breast reconstructive options com-
monly included abdominal-based flaps, latissimus dorsi 
flap (LDF), or free flaps [11]. Since the introduction of the 
deep inferior epigastric artery perforator (DIEP) flap, it has 
become the primary approach for autologous breast recon-
struction. It is associated with minimal donor site complica-
tions and acceptable aesthetic outcomes for both abdomen 
and breasts [12] However, the DIEP flap may not be the ideal 
reconstructive option for patients with previous abdominal 
surgeries or those with inadequate abdominal tissue [13]. 
The LDF is a feasible alternative for such conditions. It 
restores the shape and function of the ptotic breasts and 
offers muscle coverage over breast implants [14].

Conventional open techniques of flap harvesting for breast 
reconstruction are associated with considerable complica-
tions. Conventional harvesting of the LDF can result in an 
apparent dorsal scar of 15 to 45 cm long. Conventional ele-
vation of the DIEP flap necessitates a sizeable incision in the 
anterior rectus fascia to dissect the vascular pedicle [15, 16]. 
Extensive splitting, dissection, and traction of the anterior 
rectus fascia, motor nerves, and rectus muscle may result in 
significant donor site morbidity. This confers a high risk of 
abdominal wall herniation, motor weakness, bulging, and 
persistent post-operative pain [17, 18]. These consequences 
highlighted the need for more minimally invasive procedures 
to mitigate the potential shortcomings of conventional flap 
harvesting techniques.

Robotic technology may decrease the invasiveness during 
flap harvesting for autologous breast reconstruction [19, 20]. 
It is associated with better visualization, surgical dexterity, 
and cosmetic results in contrast to conventional techniques 
[21]. This decreases donor site complications and results 
in less post-operative pain and quick recovery. Paradoxi-
cally, robotic breast reconstruction may be associated with 
prolonged operation time and lesser flap volume and may 
necessitate a lengthy learning curve [22, 23]. Whereby the 
outcomes of robotic-based breast surgeries are promising, 
there is a continuous need for further evaluation of its surgi-
cal and clinical outcomes in the settings of breast reconstruc-
tion [24, 25]. Previously published systematic reviews are 
insufficient to draw conclusive evidence for current clinical 
practice. The results of these reviews are limited without a 
quantitative synthesis of the data. Understanding the mer-
its and pitfalls of robotic autologous breast reconstruction 

can better aid surgeons in facilitating breast surgical care 
[26, 27]. Furthermore, there is a demanding concern to offer 
naturally looking and aesthetically pleasing breasts while 
minimizing donor site morbidity after breast reconstruction 
surgeries [28]. Therefore, the current systematic review and 
meta-analysis study was designed to retrieve the surgical 
and clinical outcomes of robotic versus conventional tech-
niques for autologous breast reconstruction. This knowledge 
may provide a deeper insight into the areas for improvement 
for DIEP flap and LDF harvesting for autologous breast 
reconstruction.

Materials and methods

The steps of the current meta-analysis study followed the 
guidelines and the recommendations offered through the 
Cochrane collaboration [29], and the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines [30] (Supplementary Table 1). The methodology 
of the study was documented in the PROSPERO database 
(Number; CRD42023420626).

Search methods

An extensive systematic literature review was performed 
from inception to 25 April 2023. Each database was 
searched using customized controlled vocabulary terms. 
A combination of medical subject heading, and text words 
were used to retrieve a wide range of potentially eligible 
articles. The systematic search included these databases; 
Google Scholar, PubMed, Web of Science (ISI), SIGLE, 
Scopus, NYAM, VHL, Controlled Trials (mRCT), Cochrane 
Collaboration, Clinical trials, WHO International Clinical 
Trials Registry Platform (ICTRP), and EMBASE. The fol-
lowing keywords were used; ‘Robot’, ‘Robotic’, ‘Robotics’, 
‘Robotically’, ‘Reconstruction’, ‘Flap’,’ Flaps,’ Reconstruc-
tive’,’ Breast’. No restrictions were employed on patients’ 
age, sex, ethnicity, language, race, or place. Manual search-
ing was performed to include all potentially relevant articles 
not retrieved throughout the searching of the databases. This 
included citation tracking, updated searching, cross-refer-
encing, and screening of the citations of previous reviews.

Study selection

All clinical studies comparing the outcomes of robotic and 
conventional autologous breast reconstruction were included 
for meta-analysis. Furthermore, non-comparative studies, 
review articles, studies with unextractable data, guidelines, 
cadaveric articles, case reports, erratum, letters, case series, 
comments, editorials, meeting abstracts, book chapters 



Journal of Robotic Surgery          (2024) 18:189  Page 3 of 15   189 

and posters were excluded. The title, abstract, and full-text 
screening were performed to disclose the potentially relevant 
articles that met the eligibility criteria. The PRISMA flow-
chart documented the searching process, screening, and the 
causes of articles exclusion at each step of the systematic 
literature review.

Data extraction

The data were extracted in a well-organized Microsoft Excel 
sheet. The source-related data, including the title, study 
ID, study regions, study period, and study design, were 
extracted. The methods-related data were extracted, includ-
ing the eligibility criteria, the robotic technique, the platform 
of the robot, the conventional technique, study endpoints, 
and follow-up periods. Baseline patients' demographic char-
acteristics were extracted, including sample size, patients' 
age, body mass index (BMI), comorbidities, and previous 
history of abdominal surgeries. Breast cancer-related data 
were extracted to retrieve tumour pathology and stage of 
breast cancer. Breast surgery-related variables were revealed, 
including type of mastectomy, type of reconstruction, recon-
struction timing, number of implants, and cup size. The out-
comes of robotic surgery were shown, including duration of 
surgery, duration of anaesthesia, intra-operative blood loss, 
incision length, post-operative hospital stays, post-operative 
analgesics use, surgical complications, total costs, and sat-
isfaction with breasts. The data reported only using graphs 
were extracted and converted using WebPlotDigitizer soft-
ware [31].

Quality assessment

The national institute of health (NIH) quality assessment 
tool was used to determine the quality of the included retro-
spective and prospective studies [32].

Data analysis

Standardized mean difference (SMD) or weighted mean dif-
ference (WMD) was used for meta-analyzing the continuous 
data. Data reported using median and range was converted 
to mean and standard deviation (SD) based on Hozo et al. 
equations [33]. The risk ratio (RR) with a 95% confidence 
interval (CI) was used for analyzing binary variables. The 
fixed-effect model was used when homogeneity between the 
effect sizes was revealed. The random-effects model was 
used when the statistical heterogeneity was established. Sta-
tistical heterogeneity was determined using Higgins I2 sta-
tistic, at the value of > 50%, and the Cochrane Q (Chi2 test), 

at the value of p < 0.10 [34]. Review Manager version 5.4 
and Comprehensive Meta-Analysis v3 software [35] were 
used to analyze the data. The significant difference between 
robotic and conventional techniques was revealed when the 
value of P < 0.05.

Results

A systematic search of the twelve databases resulted in 387 
studies. Of them, 76 reports were excluded being duplicated, 
retrieving 311 articles eligible for title and abstract screen-
ing. The later process resulted in 17 articles being included 
for full-text screening. Twelve articles were ousted, result-
ing in five reports included for data extraction. Two articles 
were recognized throughout citation tracking and updated 
searching, resulting in seven articles finally being eligible for 
systematic review and meta-analysis. The process of search-
ing databases, screening, and eligibility is shown in Fig. 1.

Demographic characterestics of the included 
studies

The present meta-analysis included seven articles consist-
ing of 783 patients [36–42]. Of them, 263 patients received 
robotic breast reconstruction, while 520 patients received 
conventional technique. There were five articles of pro-
spective design, while two were retrospective. Of note, 477 
patients received LDF and 306 were subjected to DIEP 
flap. Whereas robotic LDF was performed among 229 
patients, conventional techniques were carried out among 
248 patients. The robotic DIEP flap was performed among 
34 patients using a transabdominal preperitoneal approach. 
Lee et al., 2022 used single port preperitoneal approach, 
while Tsai et al., 2023 used multiport robotic approach [40, 
43]. The average age of the included patients ranged from 
45.4 to 54.5 years and 45.6 to 56.1 years among robotic and 
conventional groups, respectively. Noteworthy, 103 patients 
received post-mastectomy radiotherapy among robotic 
surgery, and 165 patients within the conventional surgery 
group. The follow-up period ranged from 14.6 months to five 
years among the robotic surgery group and from 14 months 
to one year among the conventional surgery group (Table 1).

There were 43 and 81 patients with ductal carcinoma 
in situ among the robotic and conventional surgery groups. 
Nipple-sparing mastectomy (NSM) was performed among 
94 patients subjected to robotic surgery and 97 with conven-
tional surgeries. Immediate robotic breast reconstruction was 
performed among 200 patients, while 12 received delayed 
reconstruction. Subsequently, immediate conventional breast 
reconstruction was performed among 399 patients, whereby 
74 patients received delayed reconstruction. Implant-based 
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Fig. 1  PRISMA Flow chart showing the process of the literature search, title, abstract, and full text screening, systematic review, and meta-
analysis
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robotic surgery was conducted among 68 patients, while 
implant-based conventional surgeries were performed for 
80 patients. The quality of the included studies was good, 
with scores ranging from 66.6% to 83.33% (Table 2).

Surgical outcomes

Duration of surgery

Five articles included 617 patients with autologous breast 
reconstruction [37–39, 41, 42]. There was a significant pro-
longed duration of surgery among patients who underwent 
robotic surgery (MD 58.36; 95% CI 32.05,84.67; P < 0.001) 
with heterogeneity between the included studies (I2 = 72%, 
P = 0.006). Subgroup analysis based on the type of flaps 
used for reconstruction was performed. There was a sta-
tistically significant prolonged duration of surgery among 
patients who underwent robotic LDF (MD 49.82; 95% CI 
15.24,84.40; P < 0.001), with a relatively more prolonged 
duration of surgery among patients treated with DIEP flap 
(MD 73.25;95% CI 47.43,99.07; P < 0.001) (Fig. 2A, B).

Duration of anesthesia

The difference in the anaesthesia duration was reported in 
two articles, including 318 patients [37, 38]. In the random-
effects model (I2 = 78%, P = 0.003), there was a statistically 
significant prolonged duration of anaesthesia among patients 
who underwent robotic surgery (MD 47; 95% CI 16.23, 
77.77; P = 0.003) (Fig. 2C).

Complications

Donor‑site hematoma

Four articles included 408 patients, reported the impact 
of robotic surgery on the risk of donor site hematoma [38, 
39, 41, 42]. There was no statistically significant difference 
between robotic and conventional surgeries (RR 0.75; 95% 
CI 0.15,3.75; P = 0.73) (Fig. 2D).

Donor‑site seroma

Five articles included 648 patients with autologous breast 
reconstruction and assessed the impact of robotic surgery on 
the risk of donor site seroma [36–39, 41]. There was no sta-
tistically significant difference between robotic surgery and 
conventional surgery (MD 0.81; 95% CI 0.59,1.12; P = 0.20) 
in the random-effects model (I2 = 0%, P = 0.35). Subgroup 
analysis based on the type of reconstruction revealed a rela-
tively high risk of seroma among patients with DIEP flap 
(MD 4.52; 95% CI 0.57, 36.09) without significant differ-
ence (P = 0.15) (Fig. 2E, F).

Donor site infection

The risk of donor site infection between robotic and conven-
tional techniques was reported in two articles, including 181 
patients [36, 37]. There was no statistically significant differ-
ence between robotic surgery and conventional surgery (MD 
2.66; 95% CI; 0.69,10.35; P = 0.16) in the random-effects 
model (I2 = 0%, P = 0.50) (Fig. 3A).

Revision rate

The risk of revision surgery between robotic and conven-
tional surgery was reported in four articles [36–38, 41]. 
There was no statistically significant difference between 
both groups (RR 1.01;95% CI; 0.48, 2.12; P = 0.97) in the 
random-effects model (I2 = 0%, P = 0.81) (Fig. 3B).

Functional outcomes

Pain intensity at 1st day

Two articles included 306 patients with autologous breast 
reconstruction [39, 40]. The mean level of pain inten-
sity at the 1st day was significantly lower among patients 
who received robotic breast surgery, in contrast to those 
who received conventional surgery (MD − 0.87; 95%CI; 
− 1.21,− 0.52; P < 0.001) (Fig. 3C).

Fig. 2  Forest plot of summary analysis of the (A) Mean Difference 
(MD) and 95% CI of mean operative time between robotic and con-
ventional autologous breast reconstruction (B) Subgroup analysis of 
mean Difference (MD) and 95% CI of mean operative time between 
robotic and conventional autologous breast reconstruction based on 
the type of reconstruction (C) Mean Difference (MD) and 95% CI 
of mean anesthesia time between robotic and conventional autolo-
gous breast reconstruction (D) The risk ratio (RR) and 95% confi-
dence intervals of the risk of donor site hematoma between robotic 
and conventional autologous breast reconstruction. (E) The risk ratio 
(RR) and 95% confidence intervals of the risk of donor site seroma 
between robotic and conventional autologous breast reconstruction. 
(F) Subgroup analysis of the risk ratio (RR) and 95% confidence 
intervals of the risk of donor site seroma between robotic and con-
ventional autologous breast reconstruction based on the type of breast 
reconstruction. Size of the green or blue squares is proportional to 
the statistical weight of each trial. The grey diamond represents the 
pooled point estimate. The positioning of both diamonds and squares 
(along with 95% CIs) beyond the vertical line (unit value) suggests a 
significant outcome (IV inverse variance, LDF latissimus dorsi flap, 
DIEP deep inferior epigastric artery perforator flap)

◂
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Fig. 3  Forest plot of summary 
analysis of the (A) The risk 
ratio (RR) and 95% confidence 
intervals of the risk of donor 
site infection between robotic 
and conventional autologous 
breast reconstruction (B) 
The risk ratio (RR) and 95% 
confidence intervals of the risk 
of revision surgery between 
robotic and conventional autolo-
gous breast reconstruction (C) 
Mean Difference (MD) and 95% 
CI of mean pain intensity at the 
1st day post-operative between 
robotic and conventional autolo-
gous breast reconstruction (D) 
Mean Difference (MD) and 95% 
CI of mean pain intensity at the 
2nd day post-operative between 
robotic and conventional 
autologous breast reconstruc-
tion (E) Mean Difference (MD) 
and 95% CI of mean hospital 
stays between robotic and 
conventional autologous breast 
reconstruction (F) Subgroup 
analysis of the mean Differ-
ence (MD) and 95% CI of mean 
hospital stays between robotic 
and conventional autologous 
breast reconstruction based on 
the type of breast reconstruc-
tion. (G) Mean Difference (MD) 
and 95% CI of post-operative 
pain intensity between robotic 
and conventional autologous 
breast reconstruction. (H) 
Standardized Mean Differ-
ence (SMD) and 95% CI of 
mean score of satisfaction with 
breasts between robotic and 
conventional autologous breast 
reconstruction Size of the green 
or blue squares is proportional 
to the statistical weight of 
each trial. The grey diamond 
represents the pooled point esti-
mate. The positioning of both 
diamonds and squares (along 
with 95% CIs) beyond the verti-
cal line (unit value) suggests a 
significant outcome (IV inverse 
variance, LDF latissimus dorsi 
flap, DIEP deep inferior epigas-
tric artery perforator flap)
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Pain intensity at 2nd day

The mean levels of pain intensity between robotic and con-
ventional surgeries were evaluated among two articles that 
included 306 patients [39, 40]. There was no statistically sig-
nificant difference between either group regarding the pain 
intensity at the 2nd day post-operatively (MD − 0.28;95% 
CI; − 0.73,0.17; P = 0.22) (Fig. 3D).

Length of hospital stays

Six articles included 693 patients who underwent autolo-
gous breast reconstruction [36–39, 41, 42]. There was no 
statistically significant difference between both groups 
regarding the mean length of hospital stays (MD − 0.23; 
95% CI; − 0.73, 0.27; P = 0.36) in the random-effects model 
(I2 = 81%, P < 0.001). Subgroup analysis based on the type 
of reconstruction revealed a statistically significant pro-
longed length of hospitalization among patients with con-
ventional DIEP flap surgery (MD -0.59;95% CI; − 1.13, 
− 0.05; P = 0.03) (Fig. 2F, 3E).

Post‑operative analgesics usage

Three articles [39, 41, 42] included 299 patients, and 
reported the difference in the post-operative analgesics’ 
usage between robotic and conventional techniques. There 
was no statistically significant difference between both 
groups (MD − 0.31; 95% CI; − 0.62, − 0.01; P = 0.05) in 
the random-effects model (I2 = 0%, P = 0.74) (Fig. 3G).

Patients’ satisfaction and overall costs

Tsai et al., 2023 reported the mean incision length among 
patients with DIEP flaps. The mean length of incision was 
2.67 ± 1.13 cm among the robotic surgery group, in contrast 
to 8.14 ± 1.69 cm within the conventional group [40]. Two 
articles included 247 patients revealed the mean score of 
satisfaction with breasts between the robotic and conven-
tional techniques [42, 43]. Pooling the data in the random-
effects model (I2 = 0%, P = 0.68) revealed a statistically 
significant more satisfaction with breasts among patients 
operated with robotic surgery (SMD 0.548; 95% CI;0.129, 
0.968; P = 0.01). The overall costs of robotic surgery were 
reported in the Houvenaeghel et al., 2021 study. The costs of 
the robotic surgery was 10,398 (9875–10,921) US dollars, in 
contrast to 7788 (7352–8224) within the conventional group 
[38] (Fig. 3H).

Discussion

Robotic-assisted surgery has now become an integral part of 
all surgical specialities. However, there has been a delayed 
adoption of robotic techniques in the plastic surgery field. 
This is because of insufficient clinical studies that revealed 
the feasibility of this technology in different surgical settings 
[28, 44]. The present systematic review revealed the safety 
and effectiveness of robotic surgery in autologous breast 
reconstruction using LDF and DIEP flap. This innovation 
achieved acceptable surgical and functional outcomes with 
minimal adverse events. This included less post-operative 
pain, shorter post-operative hospital stays, and better cos-
metic outcomes than the conventional open techniques. 
There was a similar risk of complications between robotic 
and conventional autologous breast reconstruction. However, 
robotic-based autologous breast reconstruction necessitated 
a prolonged duration of surgery, particularly among patients 
subordinated to DIEP flap. Robotic technology minimizes 
human error risk and enhances patients’ safety in autolo-
gous breast reconstruction. This reduces the complication 
risk and promotes a successful long-term surgical and func-
tional outcome.

Robotic-based autologous breast reconstruction is a 
promising minimally invasive technique. The present meta-
analysis revealed better pain control, shorter post-operative 
hospital stays, and smaller incisions among patients sub-
jected to robotic breast reconstruction. Khan et al., 2022 
highlighted the feasibility of robotic harvesting of DIEP 
flaps without converting to the open technique. This was 
achieved with minimal complications, shorter post-operative 
hospital stays, and improved cosmetic outcomes [45]. Con-
sistent with these results, Vourtsis et al., 2022 revealed the 
safety of robotic harvesting of LDF with excellent aesthetic 
outcomes, even in the settings of radiotherapy or delayed 
reconstruction [46]. De la Cruz-Ku et al. reported a signifi-
cantly lower risk of complications with robotic NSM, yet 
with prolonged operative time and more lengthy hospital 
stays [47]. The lesser early post-operative pain with robotic 
surgery interferes with delayed post-operative recovery and 
poor outcomes after breast surgeries [48]. Robotic surgery 
involves minimal tissue handling, less invasiveness and 
tissue traction, and better surgical exposure. This allowed 
a safe raising of the harvested flaps with minimal donor 
site complications and acceptable aesthetic results [25]. 
In this respect, Chen et al. reported effective breast recon-
struction with low complications and better quality of life 
after robotic-assisted breast surgeries [24]. Roy et al., 2023 
reported a comparable complication rate and shorter incision 
length, yet with prolonged operation time when compar-
ing robotic and traditional autologous breast reconstructive 
procedures [26].
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The robotic-based breast reconstruction surgeries convey 
significant advantages. The ability to offer enhanced preci-
sion and execute fine, delicate movements could improve 
the outcomes of breast surgeries. The technology provides 
a clear, detailed view of the surgical field. This accurately 
aids in identifying vital structures, such as blood vessels 
and nerves, necessary for harvesting flaps for breast recon-
struction [49, 50]. Despite these advantages, the robotic 
technology has multiple limitations. The acquisition and 
maintenance of robotic systems represent a substantial bur-
den for healthcare facilities. The present systematic review 
revealed a relatively higher cost of robotic-based autolo-
gous breast reconstruction. The robotic systems require 
specialized training programs and well-prepared facilities. 
The training is time-consuming and costly and necessitates 
dedicated efforts for proficiency. These technical challenges 
may result in a lengthy learning curve, affecting the integra-
tion of robotic technology into the breast surgery practice 
[51, 52]. The substantial costs and the challenges of robotic 
technology raise concerns regarding the ability of patients at 
various healthcare facilities to benefit from the advantages 
of this promising technology. Further studies are needed to 
comprehensively evaluate the cost-effectiveness of differ-
ent robotic platforms for autologous breast reconstruction. 
This could be evaluated in the context of less post-operative 
hospital stays and comparable complications to the conven-
tional technique.

In the present study, robotic breast surgery required pro-
longed operative time. This included a prolonged duration 
of time after DIEP Flap relative to LDF. Robotic surgery is 
a complex procedure requiring additional time to prepare 
the equipment, troubleshooting, highly skillful surgeons, and 
well-prepared healthcare facilities [53]. Furthermore, the 
time needed to reach the flap's pedicle, dissection around it, 
and harvest the flap with robotic surgery is more pronounced 
than open techniques. This time was even more pronounced 
during DIEP flap harvesting, even with robotic technolo-
gies [45]. The prolonged operative time with robotic surgery 
may increase the cost of the procedure by approximately 1.5 
folds. However, the robotic breast reconstruction costs may 
be balanced by the resulting satisfactory clinical and surgical 
outcomes. Parallel with these findings, Nehme et al. reported 
the prolonged set-up and operating time, demanding learn-
ing curve, and high costs with robotic-assisted reconstructive 
surgeries [28]. In this respect, reconstructive surgeons' ten-
dency to use robotic platforms for breast reconstruction may 
lead to a considerable decline in the future operative time, 
decreasing the learning curve and minimizing the overall 
costs of the procedure [54].

There was a relatively similar risk of complications 
between robotic and conventional autologous breast recon-
struction procedures. These findings were parallel with Fil-
ipe et al., 2022 who reported a non-significant difference 

between robotic and conventional NSM regarding the risk 
of post-operative complications [55]. Clarke et al. reported 
a low risk of complications among patients subjected to 
robotic NSM and immediate breast reconstruction [56]. 
However, patients subjected to robotic DIEP flaps were 
at a relatively higher risk of donor site seroma. DIEP flap 
is one of the most advanced reconstructive procedures, 
necessitating meticulous harvesting. In the present meta-
analysis, the DIEP flap was performed robotically using a 
transabdominal pre-peritoneal approach. This technique is 
more invasive than the extra-peritoneal approach, requir-
ing a peritoneal incision to enter the abdominal cavity 
to reach the vascular pedicle. Subsequently, the pre-per-
itoneal technique represents a burden for reconstructive 
surgeons unfamiliar with the abdominal cavity's detailed 
anatomy. Despite being associated with a substantial risk 
of complications, no patient experienced abdominal her-
nia, bowel perforation, or intra-abdominal bleeding in the 
present meta-analysis. This is because the robotic platform 
allowed the surgeons to harvest the vascular pedicle of the 
DIEP flap using minor fascial defects [57]. Furthermore, 
the platform allowed the operator to follow the vascular 
pedicle in an inside-out fashion, limiting the dissection 
through the abdominal muscles and the neurovascular 
plane [58]. Multiport robotic surgery necessitates multiple 
openings in a narrow pre-peritoneal space, bearing a sub-
stantial risk of injury to the neighboring tissues and bowel 
perforation. Single-port robotic breast reconstruction can 
reduce the risk of intra-abdominal complications in which 
the movement can be executed without collision between 
the robotic arms. Extra-peritoneal robotic harvesting of 
the DIEP flaps could minimize the risk of fascial inci-
sions and the damage encountered to the motor nerves 
and rectus muscle with the pre-peritoneal approach. How-
ever, it is associated with prolonged operating time and a 
challenging learning curve compared to the pre-peritoneal 
approach [59, 60].

This meta-analysis gathered evidence related to the 
effectiveness of robotic-assisted autologous breast recon-
struction. However, the study's results should be evaluated 
in the context of some limitations. All the included stud-
ies were observational, with four articles of retrospective 
design. This conveys a higher risk of information selection 
bias and reporting bias. Furthermore, most of the included 
studies included a relatively small number of patients 
subjected to robotic surgery. There was statistically sig-
nificant heterogeneity between the included studies. Such 
heterogeneity may reveal the difference in the surgical 
procedures, demographic characteristics, study designs, or 
follow-up periods. Prospective randomized clinical trials 
with adequate sample sizes and prolonged post-operative 
follow-up protocols are required to mitigate the limitations 
of the included observational studies.
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Conclusions

The robotic technology marks a transformative innovation in 
breast reconstruction. The present meta-analysis revealed the 
feasibility, safety, and effectiveness of robotic flap harvesting 
for breast reconstruction. The robotics allowed a success-
ful LDF and DIEP flap harvesting with acceptable surgi-
cal and functional outcomes. Robotic breast reconstruction 
was associated with less post-operative pain, and shorter 
post-operative hospital stays with a comparable risk of 
complications to the conventional techniques. Despite these 
promising advantages, robotic surgery conveys substantial 
challenges, including prolonged operative time, high costs, 
and specialized, well-prepared healthcare facilities.
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