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Abstract
Minimal invasive surgery (MIS) is an accepted modality of treatment for rectal cancer. The indications for MIS have 

gradually been extended to locally advanced and locally recurrent rectal cancer as a result of technological advances 

in instrumentation, advances in surgical techniques, increased surgeon experience, and high volume center. However, 

safety and feasibility of laparoscopic surgery and robotic surgery in beyond total mesorectal excision (b-TME) and 

extended TME (e-TME) are not well established. This review summarizes the current evidence for MIS approach for 

b-TME/extended resections in rectal cancer. A systematic search was carried out in PubMed. Studies available in 

English related to MIS approach in b-TME/e-TME in rectal cancers were identified and evaluated. This review concludes 

MIS is feasible with good perioperative outcomes in b-TME/e-TME in carefully selected patients. Laparoscopic surgery 

has considerable learning curve and should be performed by experienced surgical teams. Robotic surgery is feasible and 

beneficial in complex resection in pelvis. However, evidence for long-term oncological outcomes of MIS in b-TME/e-TME 

is low and needs to be studied further by randomized controlled trial once enough numbers are possible in institutes 

with high volume rate.

Keywords: Minimal invasive surgery, laparoscopic surgery, robotic surgery, beyond total mesorectal excision, extended 

resection, locally advanced rectal cancer, pelvic exenteration, lateral pelvic lymph node dissection

INTRODUCTION
Total mesorectal excision (TME) is a standard of care for primary rectal cancer located within mesorectal 
fascia. In locally advanced and locally recurrent tumors extending beyond mesorectal fascia, removal of 
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total mesorectum along with en bloc resection of involved pelvic structures often required to achieve R0 
status[1]. Magnetic resonance imaging (MRI) of pelvis is accurate in staging of locally advanced and locally 
recurrent rectal cancer[2,3]. On the basis of the involvement of fascial boundaries and the anatomic planes 
of dissection between intra-pelvic organs in the MRI, pelvis was divided into seven compartments, namely 
the central, peritoneal reflection, anterior above and below the peritoneal reflection, posterior, lateral, and 
inferior compartments[4]. The locally advanced and locally recurrent rectal cancers were classified depending 
on the MRI findings of tumor invasion within seven intra-pelvic compartments[2].

The extended-TME (e-TME) is defined as partial resection of adjacent organ(s) of the rectum such as posterior 
wall of the prostate or the vagina, the uterus, the seminal vesicles, the hypogastric plexuses, the ureter, and 
bladder en bloc with the TME with curative intent, to achieve a R0 resection[5,6]. The beyond-TME (b-TME) 
includes posterior pelvic exenteration, total pelvic exenteration, extralevator abdomino-perineal resection 
for inferior compartment involvement, and sacral resection for posterior compartment involvement[5,7]. 
Lateral pelvic lymph node dissection is considered for subgroup of patients with clinically suspected lateral 
pelvic lymph node metastasis, even after neo-adjuvant chemo-radiotherapy[8,9].

Only few specialized multidisciplinary units across the world perform these aggressive resections as the 
morbidity and mortality associated with these surgeries is very high[10]. Refinement and standardization of 
these techniques forge the way forward in improving outcomes. Multidisciplinary team approach, advances 
in surgical technique, perioperative care, interventional radiology, and better patient selection have 
contributed to the decrease in complication rates, making it feasible for an increasing number of surgical 
units to adopt these aggressive surgical techniques.

Minimal invasive surgery (MIS) is an accepted modality of treatment for rectal cancer. Laparoscopic resection 
improves perioperative outcomes, including decrease in intraoperative blood loss, postoperative pain, ileus, 
and duration of hospital stay. Randomized trials such as the CLASICC (Conventional vs. Laparoscopic-
Assisted Surgery in Colorectal) trial, COREAN (Comparison of Open vs. Laparoscopic Surgery for Mid 
or Low Rectal Cancer after Neoadjuvant Chemoradiotherapy) trial, and COLOR II (Colorectal Cancer 
Laparoscopic or Open Resection II) trials have confirmed the feasibility and oncological safety of laparoscopic 
surgery in TME[11-13]. Despite the advantages, laparoscopic surgery has some limitations, such as unstable, 
two-dimensional view, limitations in the freedom degrees of the surgical instruments, the amplification of 
the physiological tremor and the “fulcrum” effect, and poor ergonomics[14,15]. The robotic surgery overcomes 
these disadvantages and improves the ergonomics of the surgeon[16]. The robotic surgery helps reduce hospital 
stay and conversion rates and similar oncological outcomes in TME[17-19]. But recently, ROLARR (RObotic vs. 
LAparoscopic Resection for Rectal Cancer) trial revealed that robotic-assisted laparoscopic surgery do not 
confer an advantage over laparoscopic surgery in rectal cancer resection for TME[20]. However this trial did 
not address the e-TME/b-TME.  

The aforementioned randomized trials have excluded cT4 lesions. Bretagnol et al.[21] assessed feasibility and 
oncological outcomes of laparoscopic surgery for cT4 colorectal cancer and suggested that locally advanced 
rectal cancer cannot be considered as absolute contraindication. A multicenter propensity score-matched 
analysis of laparoscopic surgery vs. open surgery for T4 rectal cancer by de’Angelis et al.[22] suggested that 
laparoscopic surgery can achieve good pathological and oncological outcomes similar to open surgery with 
faster recovery and shorter hospital stay, despite the risk of conversion. The indications for MIS have gradually 
been extended to locally advanced and locally recurrent rectal cancer as a result of technological advances 
in instrumentation, advances in surgical techniques, increased surgeon experience, and high volume center, 
which suggested laparoscopic surgery is feasible with good perioperative outcomes[23-25]. Kim et al.[26] reported 
that laparoscopic multivisceral resection seems to be a feasible and effective treatment option for colorectal 
cancer for carefully selected patients without any adverse long-term oncological outcomes. However, safety 
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and feasibility of laparoscopic and robotic surgery in b-TME and e-TME are not well established, and there 
are very few studies in the world literature. This review summarizes current evidence for MIS approach for 
b-TME/extended resections in rectal cancer.

METHODS
A systematic search was carried out in PubMed. Studies available in English related to MIS approach in 
b-TME/e-TME in rectal cancers were identified and evaluated. Keywords used were “MIS, laparoscopic 
surgery, robotic surgery, b-TME, e-TME, locally advanced rectal cancer, pelvic exenteration, extended 
resection, lateral pelvic lymph node dissection, abdominosacral resection”. The perioperative outcomes such 
as duration of surgery, blood loss, conversion rate, overall morbidity, hospital stay, R0 status, and long-term 
outcomes such as local recurrence rate, disease-free survival, and overall survival (OS) were studied.

PELVIC EXENTERATION
Local control and long-term survival in locally advanced and locally recurrent rectal cancer mainly depend 
on R0 resection[1]. Complete en bloc resection of the tumor along with adjacent structures depending on the 
location and depth of invasion is important to achieve R0 status[27]. Pelvic exenteration by open approach is 
a standard of care for locally advanced and locally recurrent rectal cancer. MIS for pelvic exenteration is not 
well established. Only few studies have been described and have confirmed the feasibility and short-term 
outcomes. Whenever feasible and appropriate, MIS can be performed.

The locally advanced and locally recurrent rectal cancers with invasion limited to the anterior pelvic organ 
are good candidates for laparoscopic pelvic exenteration as a free circumferential margin can be achieved 
easily[28]. The b-TME Collaborative has generated a consensus guideline suggesting certain contraindications 
for these resections[7], which holds true for MIS also. Absolute contraindications are poor performance 
status/medically unfit patients, bilateral sciatic nerve involvement, and circumferential bone involvement. 
Relative contraindications include extension of tumor through the sciatic notch, encasement of external iliac 
vessels - requiring en bloc resection and/or reconstruction of external iliac vessels, high sacral involvement 
(above S2/S3), and predicted R2 resection. Patients who underwent multiple laparotomies and predicted to 
have severe small bowel adhesion are precluded from having MIS[29].

Initial experience in laparoscopic pelvic exenteration was reported in few case reports and video vignette[28,30]. 
Akiyoshi et al.[31] demonstrated an laparoscopic pelvic exenteration for locally recurrent rectal cancer and 
suggested that laparoscopic pelvic exenteration was a technically challenging procedure that requires a long 
operative time with benefits of a very clear view of the operative field, allowing precise dissection, less blood 
loss, and a smaller abdominal wound.

One of the initial experiences of laparoscopic pelvic exenteration come from Uehara et al.[29]. They 
discussed the technical points of laparoscopic pelvic exenteration and compared the short-term results 
of laparoscopic pelvic exenteration with those of conventional open pelvic exenteration. The surgeon 
performed posterior and lateral pelvic wall dissection in the initial part of surgery and anterior dissection 
in the last phase to avoid suspension of urinary bladder. Dissection along internal iliac vessels and 
identification and transection of small branches are important to avoid intraoperative bleeding[29]. The 
dorsal vein complex was clipped and divided using bipolar soft-coagulation of a VIO system. Investigators 
observed that laparoscopic-guided perineal approach avoided much blood loss by helping proper dissection. 
Intraoperative blood loss was significantly lower in laparoscopic pelvic exenteration group (830 vs. 2769 mL, 
P = 0.003), and operative time and rate of R0 resection were similar in both groups. The authors concluded 
that laparoscopic pelvic exenteration performed by an experienced pelvic surgeon was safe and efficient in 
carefully selected patients.
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Ogura et al.[32] compared perioperative outcomes of laparoscopic pelvic exenteration (n = 13) with open 
approach (n = 18), and results were similar to those of Uehara et al.[29]. The estimated blood loss (930 vs. 
3003 mL; P = 0.001) and total volume of blood transfusion (0 vs. 1990 mL; P = 0.002) were significantly 
lower in patients undergoing laparoscopic pelvic exenteration compared with those undergoing open pelvic 
exenteration. The operative time, complications rate, and postoperative hospital stay were similar in both 
the groups. According to the authors reduced blood loss in laparoscopic pelvic exenteration group was due 
to the high-definition, illuminated, and magnified view to detect smaller vessels and control the bleeding, 
and the high pneumoperitoneal pressure to reduce venous oozing. The dorsal vein complex was transected 
after intracorporeal suturing in most of the patients and when patient required sacral resection or perineal 
reconstruction, dorsal vein complex was divided under direct vision. There was no conversion to open and 
all achieved R0 resection. Investigator emphasizes on careful selection of patients, as those with tumors 
spreading only to the prostate and requiring total pelvic exenteration are better candidates than those with 
urinary bladder also being invaded and requiring anterior pelvic exenteration.

Our institute is a high volume referral center for colorectal cancer[33] and we do perform e-TME, b-TME, and 
multivisceral resection for locally advanced and locally recurrent rectal cancer[34-36]. We standardized our 
technique of laparoscopic pelvic exenteration[37,38]. We use standard five-port technique followed by medial-
to-lateral retroperitoneal dissection, inferior mesenteric artery division, dissection of retrorectal space up 
to origin of levator ani, pararectal space dissection after medializing ureters, dissection of paravesical space 
to the level of the endopelvic fascia, dissection of Retzius space, division of dorsal vein complex, urethral 
transection, division of ureters, sigmoid transection, perineal dissection, and Bricker’s ileal conduit through 
small infraumbilical incision. In patients who already have transverse stoma, previous stoma was retained 
and ureterosigmoid anastomosis was performed after stapling the sigmoid colon distal to the transverse 
stoma. We emphasize on transection of ureters at the end of abdominal part surgery for monitoring urine 
output and avoiding urine leak. We divide dorsal vein complex at the last stage of pelvic dissection using 
Ligaclip and Harmonic Ace (Ethicon, India) [Figure 1]. In case of bleeding, we would increase abdominal 
gas pressure, pack with tape gauze, and suture during perineal part of surgery. In our study, blood loss was 
1000 mL (range 300-2000 mL), mean duration of surgery was 9.13 h (range 7-13 h), and mean postoperative 
stay was 14.6 days (range 9-25 days)[38]. When compared to other studies, we have demonstrated good 
perioperative outcomes [Table 1].

Hayashi et al.[39] reported that laparoscopic pelvic exenteration using transanal minimal invasive surgery has 
certain advantages. They claimed that good visual field in the pelvis can be maintained even after entry into 
abdominal cavity as pneumoperirectum is sustained by the pneumoperitoneum. The small perineal wound 
and less bleeding reduce the perineal surgical site infection. Uematsu et al.[40] also confirmed the advantages 
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Figure 1. Laparoscopic pelvic exenteration with division of dorsal vein complex using Ligaclip and Harmonic Ace (Ethicon, India)
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of transanal minimal invasive surgery during perineal part of laparoscopic pelvic exenteration. Investigator 
suggested that the division of dorsal vein complex is feasible and safe because of broader working area. 
Injury and bleeding from visceral pelvic fascia can be prevented by dividing the urethra at the junction with 
prostate and dissecting levator ani along the attachment of internal obturator muscle.

There are a few case series and reports on robotic pelvic exenteration for gynecological, urological, and 
locally advanced rectal cancer[41-43]. One of the first reports of robotic pelvic exenteration for locally advanced 
rectal cancer come from Shin et al.[44]. They described three cases including two extended resections with 
en bloc prostatectomy and intracorporeal vesicourethral anastomosis, and one total pelvic exenteration with 
intracorporeal ileal conduit. Winters et al.[45] compared robotic pelvic exenteration with laparoscopic rectus 
flap and open pelvic exenteration, and reported similar operative times with reduced blood loss, less narcotic 
usage, shorter intensive care unit stays, and shorter hospital stays. The surgical steps of robotic pelvic exenteration 
are similar to those of laparoscopic pelvic exenteration[46] [Figures 2, 3 and 4]. Long-term oncological outcomes 
need to be studied further to implement robotic pelvic exenteration as a standard procedure.

LATERAL PELVIC LYMPH NODE DISSECTION
The incidence of lateral pelvic lymph node metastasis in locally advanced mid- and low-rectal cancer ranges 
from 10% to 25%[47,48]. In Japan, lateral pelvic lymph node involvement is considered as loco-regional disease, 
and in West, it is regarded as systemic disease[49-51]. Thus, present strategies for the management of lateral 
pelvic lymph node are TME with neo-adjuvant chemo-radiotherapy and/or lateral pelvic lymph node 
dissection[47,52-54]. The recent study suggested that patients with lateral pelvic lymph nodes responsive to neo-
adjuvant chemo-radiotherapy may not benefit from lateral pelvic lymph node dissection and subgroup with 
persistent lateral pelvic lymph node following neo-adjuvant chemo-radiotherapy may benefit from lateral 
pelvic lymph node dissection[8]. In our institute, we perform lateral pelvic lymph node dissection in selective 
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Table 1. Case series of laparoscopic pelvic exenteration and outcomes

Study Year Number of 
patients (n )

Median 
operative time, 

min (range)

Median 
blood loss, 
mL (range)

Conversion 
to open (%)

Overall 
complications 

(%)

Hospital 
stay 

(days)

R0 status 
(%)

Follow-up 
(months)

Uehara 
et al .[29]

2015 6/48 
(LPE/OPE)

935 
(716-1219) 

830 
(283-5225)

16.7 66.7 27 
(23-53)

77.8 NR

Ogura 
et al .[32]

2016 13/18 
(LPE/OPE)

829 930 0 61.5 29 100 NR

Pokharkar 
et al .[38]

2018 10 (LPE) 547 1000 
(300-2000)

0 20 14.6 
(9-25)

100 NR

LPE: laparoscopic pelvic exenteration; OPE: open pelvic exenteration; NR: not reported

Figure 2. Robotic pelvic exenteration with division of dorsal vein complex
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patients with persistent lateral pelvic lymph node dissection after neo-adjuvant chemo-radiotherapy[34,35,55,56]. 
The template of lateral pelvic lymph node dissection in rectal cancer differs from that of genitourinary tract 
malignancy as it extends inferior to the plane of the obturator nerve up to pelvic floor[57] [Figure 5].

In extending the scope of MIS and its advantages over open approach, high volume centers initiated 
laparoscopic/robotic lateral pelvic lymph node dissection. One of the initial experiences by Liang[58] 
suggested that laparoscopic pelvic lymph node dissection is a technically demanding procedure and should 
be performed by highly experienced laparoscopic surgeons on carefully selected patients. Park et al.[59] reported 
the technical feasibility, safety, and oncological outcomes of laparoscopic lateral pelvic lymph node dissection 
following TME with mean number of lateral lymph nodes harvested to be 9.1 (range 3-19). Liu et al.[60] suggested 
that the laparoscopic radical correction combined with extensive lymphadenectomy and pelvic autonomic 
nerve preservation is feasible and safe.

Akiyoshi[61] reviewed the published series involving at least 10 patients with locally advanced low rectal cancer 
who underwent laparoscopic/robotic lateral pelvic lymph node dissection from 2011 to 2015 and opined 
that MIS is technically safe and feasible procedure with good perioperative outcomes when performed by 
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Figure 3. Robotic pelvic exenteration with lateral pelvic lymph node dissection showing division of vesicle artery

Figure 4. Specimen of total pelvic exenteration
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experienced laparoscopic surgeons specializing in pelvic surgery. The author emphasized that lateral pelvic 
lymph node metastasis more commonly occurs around the distal internal iliac vessels located very deep in 
the pelvic space[49]. With magnified and illuminated vision of MIS and surgeons with good knowledge of 
lateral pelvic anatomy and sufficient experience in MIS TME procedure, lateral pelvic lymph node dissection 
can be performed meticulously with less blood loss[61].

Nagayoshi et al.[62] evaluated the feasibility and oncological safety of laparoscopic lateral pelvic lymph node 
dissection compared with the conventional open approach. The mean operative time was longer in the 
laparoscopic group than in the open group (641.0 vs. 312.0 min, P < 0.001). The laparoscopic group had less 
blood loss (252.0 vs. 815.0 mL, P < 0.001) and a shorter hospital stay (22.9 vs. 29.1 days, P = 0.04) than the 
open group. The morbidity rate and OS (3-year OS: 94.7% vs. 82.9%, P = 0.25) did not differ between the two 
groups. The mean number of harvested lateral pelvic lymph nodes was more in the laparoscopic group than 
in the open group (19.5 vs. 15.8, P < 0.05). In lateral pelvic lymph node dissection following neo-adjuvant 
chemo-radiotherapy, lymph node yield would be low[63] and studies have shown that the number of lymph 
nodes does not affect the recurrence rate and survival[64]. Furuhata et al.[65] confirmed the good oncological 
outcomes with perioperative morbidity of 16.7% as three patients developed grade 2 urinary retention.

Robotic surgery may facilitate lateral pelvic lymph node dissection because of its advantage over laparoscopic 
surgery. Initial small series have confirmed the feasibility of robotic lateral pelvic lymph node dissection[66,67]. In 
our institute, we standardized the technique of robotic lateral pelvic lymph node dissection[57]. We use standard 
five-port technique followed by completion of TME, medialization of ureter, skeletonization and dissection 
around external and internal iliac vessels, dissection of obliterated umbilical artery, dissection in paravesical 
space, standard template dissection, identification of obturator nerve, and dissection up to pelvic floor [Figure 6].

Kagawa et al.[68] reported short-term outcomes in 50 consecutive robotic lateral pelvic lymph node dissections. The 
median operative time was 165 min (range 85-257 min) and median blood loss was 27 mL (range 5-690 mL). The 
median number of harvested lymph nodes was 19 (range 5-47). There was no conversion to open or laparoscopic 
approach. Clavien-Dindo classification grade III-IV complications occurred in only one patient (2.0%).

Yamaguchi et al.[69] compared short-term outcomes of robotic-assisted laparoscopic lateral pelvic lymph node 
dissection with open approach. Operative time was significantly longer in the robotic surgery (P = 0.007). The 
blood loss and perioperative complications were significantly less in the robotic group.

Kim et al.[70] have compared robotic lateral pelvic lymph node dissection with laparoscopic approach. There was 
no significant difference in operative time between the two groups (robotic vs. laparoscopic, 41.0 ± 15.8 min vs. 
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Figure 5. Robotic lateral pelvic lymph node dissection with dissection inferior to obturator nerve
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35.3 ± 13.4 min; P = 0.146), but the estimated blood loss was significantly lower in the robotic group (34.6 ± 
21.9 mL vs. 50.6 ± 23.8 mL; P = 0.002). Seven patients in the laparoscopic group and two in the robotic group 
developed urinary retention postoperatively (P = 0.029). The mean number of harvested lateral pelvic lymph 
nodes was 6.6 (range 0-25) in the robotic group and 6.4 (range 1-14) in the laparoscopic group. Three patients 
(6.0%) in the robotic group and four (11.4%) in the laparoscopic group developed local recurrence (P = 0.653).

Thus, short-term outcomes of MIS for lateral pelvic lymph node dissection are acceptable and long-term 
oncological outcomes need to be studied further [Table 2].

EXTENDED RESECTION
Locally advanced rectal cancer adherent to adjacent organs in 10%-20%, might be due to direct invasion 
or inflammation[68]. In locally recurrent rectal cancer, the plane of dissection would be very difficult due 
to severe fibrosis from previous surgery and adhesions between neo-rectum and adjacent organs[24]. En bloc 
resection of tumor along with adjacent organs is required to achieve negative margin and to prevent 
exposure and dissemination of tumor cells as it is difficult to determine if these adhesions are benign or 
malignant[23,33]. Several studies suggested that en bloc resection of prostate/seminal vesicle is an acceptable 
option to avoid total pelvic exenteration in selected patients[23,71,72]. The controversy still exists on options 
of treatment following neo-adjuvant chemo-radiotherapy in locally advanced rectal cancer with adjacent 
organ involvement. A recent study by Denost et al.[5] suggested that TME or e-TME are technically and 
oncologically feasible and should be considered in preference to b-TME in responders. They also reported 
that b-TME procedures should be preferred in non-responders, allowing for high rates of morbidity and 
local recurrence in patients with e-TME.

In our institute, extended resections are performed in carefully selected patients by balancing oncological 
safety and complications such as impaired urinary and sexual functions, as most of the patients belong to 
younger age group[33]. However, achieving an R0 resection is the primary goal of surgery. We do perform 
these resections by MIS approach[35]. Seminal vesicle is the most common adjacent organ involved in male 
patients[73]. We standardized our technique of laparoscopic seminal vesicle excision along with TME in 
locally advanced rectal cancer[35]. Technique differs from standard TME in anterior plane of dissection. 
Anterior peritoneal dissection started higher on urinary bladder followed by identification and division of 
vas deferens, dissection of distal ureter, identification of seminal vesicle, and dissection anterior to seminal 
vesicle till Denonvilliers’ fascia is cut [Figures 7 and 8]. The most important step of surgery is identification 
and dissection of ureter where it arches below the vas deferens mostly when the disease involves tip of 
seminal vesicle [Figure 9]. If the base of seminal vesicle is involved, the ureters are usually spared.
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Figure 6. Robotic surgery showing template of lateral pelvic lymph node dissection
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surgery are paramount for successful laparoscopic extended resections. Nagasaki et al.[25] confirmed the role of 
laparoscopic extended resections for locally recurrent rectal cancer to achieve R0 resection.

The reports on robotic extended resections are scarce. One of the largest series of robotic extended resections 
was published by Shin et al.[74]. The study included eight prostate or seminal vesicle excisions, three partial 
cystectomies, and five partial vaginal wall excisions along with other multi visceral resections. There were 
urinary leakage in one patient and five patients developed urinary retention. R0 resection was achieved in 
all patients. The 5-year cumulative local recurrence rate was 3.6%. The 5-year actuarial disease-free rate was 
54.6% and an OS rate was 80%. The authors confirmed that the robotic extended resection is safe and feasible 
with good perioperative outcomes, a low risk for conversion, a high rate of R0 resection, and acceptable long-
term oncological outcomes.

ABDOMINOSACRAL RESECTION
Abdominosacral resection is required when locally advanced/recurrent rectal cancer involves presacral 
fascia and sacrum. Williams et al.[75] reported an R0 resection following laparoscopic abdominosacral 

Figure 7. Laparoscopic anterior resection with seminal vesicle excision

Figure 8. Specimen of laparoscopic anterior resection with seminal vesicle excision
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resection in three patients with locally advanced rectal cancer. After abdominal part of laparoscopic surgery, 
sacral resection (below S3/S4) was performed in prone position. Laparoscopic abdominosacral resection 
provides short-term benefits of MIS approach with negative circumferential margin[76,77]. Uemura et al.[78] 
recently reported a complete laparoscopic abdominosacral resection using a Gigli wire saw for a locally 
recurrent rectal cancer. The distance between the estimated line of resection (below the S4 vertebra) and 
sacral promontory was measured by preoperative imaging. Intraoperatively, line of resection was marked and 
Gigli wire was passed dorsal to sacral bone at the level of resection. Both the ends of wire were brought out 
through lower abdominal ports and sacrum was cut by the linear reciprocating motion of the Gigli wire saw.

This review has several limitations. There were no randomized controlled trials or prospective studies 
available in the current literature in context to this review. There was heterogeneity between the studies with 
small sample size. There were no studies with long-term follow-up to evaluate oncological outcomes. Short-
term outcomes were variable due to patient selection bias and heterogeneity in the available studies.

CONCLUSIONS
The technological advances in instrumentation, advances in surgical techniques, increased surgeon 
experience made MIS feasible with good perioperative outcomes in b-TME/e-TME in carefully selected 
patients. Laparoscopic surgery has considerable learning curve and should be performed by experienced 
surgical teams. Robotic surgery is feasible and beneficial in complex resection in pelvis. However, evidence 
for long-term oncological outcomes of MIS in b-TME/e-TME is low and needs to be studied further by 
randomized controlled trial once enough numbers are possible in institutes with high volume rate.
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