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Abstract
Purpose The present study aimed to compare the operative
and oncologic results of transanal total mesorectum excision
(Ta-TME) (Bdown-to-up^) vs. laparoscopic TME (L-TME,
Bup-to-down^) for low rectal cancer. Additionally, a system-
atic review of the literature was performed to assess the quality
of the current body of evidence on Ta-TME.
Methods The study population included 32 consecutive pa-
tients who underwent Ta-TME between January 2011 and
December 2014 that were compared with a matched group
of patients undergoing L-TME between January 2008 and
December 2010. The literature search was performed follow-
ing the PRISMA guidelines for a systematic review.
Results Ta-TME was associated with significantly shorter op-
erative time (195 vs. 225 min; p=0.017) and hospital stay (7.8
vs. 9.7 days; p=0.018) compared to L-TME. No group differ-
ences were observed for intra-/postoperative complications
and oncologic outcomes. One patient in the Ta-TME and
two patients in the L-TME group developed local recurrence.
The estimated survival rate at 2 years was 95.5 % for the Ta-
TME and 96.6 % for the L-TME group (p=0.646).

The literature search identified 22 relevant retrospective
studies on 423 patients operated on Ta-TME or robotic-
assisted transanal TME for rectal cancer. The only two com-
parative studies found similar short-term oncologic outcomes
between Ta-TME and L-TME. A complete mesorectum was
observed in 85 % of Ta-TME cases. The conversion rate was
estimated at 4.3 % and the postoperative complication rate at
30.4 %.
Conclusions Ta-TME appears to be safe and feasible. It may
find special application in patients with anatomic constraints
that could make L-TME highly challenging.

Keywords Transanalminimally invasive surgery for total
mesorectal excision . Laparoscopy . Total mesorectal
excision . Rectal cancer

Introduction

Total mesorectal excision (TME) is the key oncological prin-
ciple in the management of rectal cancer [1]. Indeed, the in-
tegrity of mesorectal fascia and the circumferential radial mar-
gins are demonstrated as the measure of the quality of the
TME specimen and represent the major prognostic factors
for rectal carcinoma resection [2–4], influencing the risk of
local and overall recurrences as well as the patient’s survival
[5].

Recently published randomized clinical trials, such as
COLOR II [6], COREAN [7, 8], and CLASICC [9], demon-
strated that laparoscopic TME can achieve equivalent short-
and long-term (i.e., 3 to 5 years) oncologic outcomes than the
conventional approach with better results in terms of patient
recovery and hospital stay associated with the minimally in-
vasive surgery [6, 10]. Moreover, the laparoscopic TME ap-
peared to be superior to open surgery in low rectal tumors
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probably because laparoscopy gets a better view and thus
facilitates the mobilization of the rectum in this subset of pa-
tients [6]. Still, laparoscopic TME is a demanding technique,
and it may be hardly performed in male patients with narrow
pelvis or in obese patients. Indeed, approximately 16% (range
0–30 % according to different studies) of laparoscopic TME
are converted to an open approach, mainly due to technical
difficulties [6, 9–14].

To overcome these limitations, a few years ago, a Bdown-
to-up^ procedure with an endoscopic transanal approach was
proposed to give new options in difficult cases and improve
the quality of surgery [15]. This technique uses multiport
transanal devices with standard laparoscopic instruments to
perform TME [16]. Since the first case reported in 2010
[17], few studies evaluated transanal surgery for TME (Ta-
TME) in mid and low rectal cancer and concluded that the
rectal dissection from below can be much easier than either
minimally invasive or open surgery from above [17–19].
More recently, Ta-TME has also been performed using
robotic-assisted surgery, which might offer technical advan-
tages over laparoscopy ultimately to lead to a better quality of
surgical resection [20, 21]. However, evidence appears to be
limited, although promising.

In this clinical and scientific scenario, the present study
aimed to compare Ta-TME (down-to-up approach) vs. lapa-
roscopic TME (Bup-to-down^ approach) in terms of operative
and oncologic results in a single center series of patients with
rectal cancer. Additionally, a systematic review of the litera-
ture was performed to assess the quality of the current body of
evidence on Ta-TME.

Materials and methods

Study population

The study population included consecutive patients who
underwent transanal surgery for TME (Ta-TME) with
coloanal anastomosis (CAA) between January 2011 and
December 2014 in the tertiary care center of Henri
Mondor Hospital, Créteil (France). All included patients
had histologically proven low rectal adenocarcinoma locat-
ed up to 5 cm from the anal verge. Patients who had
undergone Ta-TME were compared with a matched group
of patients undergoing laparoscopic TME (L-TME) be-
tween January 2008 and December 2010 for the same
pathology. Groups were matched based on age, gender,
BMI, and type of procedure. The same surgical team per-
formed all L-TME and Ta-TME procedures considered for
the analysis. The study was approved by the local Institu-
tional Review Board and performed according to the eth-
ical principles ascertained in the Declaration of Helsinki.

Preoperative assessment

All patients in both groups were preoperatively assessed by
the following: magnetic resonance imaging (IMR) and
endorectal ultrasonography for local staging, total body com-
puted tomography (CT) for distance metastasis detection, and
blood analyses with carcinoembryonic antigen serum concen-
tration. Patients with locally advanced tumors (i.e., T3, T4N0,
or T1-T4N1-N2) were treated with neoadjuvant chemoradia-
tion with a total dose of 45–50.4 Gy delivered in daily frac-
tions of 1.8–2 Gy over a 5- to 6-week period associated with
5-fluorouracil infusion.

Surgical techniques

Surgery was performed 6 to 8 weeks after the completion of
chemoradiotherapy, if needed. Mechanical bowel cleansing
by oral polyethylene glycol solution was systematically per-
formed the day before surgery. All patients received preoper-
ative immunonutrition and intravenous antibiotic prophylaxis
with 2 g of cefoxitin (or 400 mg of ciprofloxacin) and 500 mg
of metronidazole.

For both Ta-TME and L-TME, patients were placed in the
lithotomy position with legs in padded, adjustable stirrups. A
postoperative nasogastric tube was not routinely used. Con-
versely, a urinary catheter was always placed and removed
24 h postoperatively. In all cases, one drain was placed in
the pelvic cavity.

The L-TME was performed following the conventional
protocol with 5 ports and a 30° scope [22, 23]. Surgical de-
vices used during the procedure included the following: bipo-
lar cautery, Harmonic Scalpel (Ethicon EndoSurgery, Inc.,
Cincinnati, OH, USA), and Endo GIA stapler (US Surgical
Corp., Norwalk, CT, USA). L-TME was carried out up-to-
down, according to the key principles of a correct oncologic
surgical procedure. After high ligation of the inferior mesen-
teric vessels, the splenic flexure was mobilized to achieve a
tension-free anastomosis, and the colon was divided at the
descending sigmoid junction. The rectal excision was com-
pleted transanally at the dentate line. Then, after transanal
specimen retrieval, a hand-sewn CAAwas performed. Divert-
ing ileostomy was always fashioned at the right lower abdo-
men. Conversion was defined as the shift from L-TME to
open surgery.

The Ta-TME started with the placement of the Lone Star
Retractor (Lone Star Medical Products Inc., Houston, TX,
USA) to expose the anal canal [24, 25]. A full-thickness cir-
cumferential rectal transection was performed above the den-
tate line. For very low-lying tumors, an intersphincteric dis-
section was also carried out. Then, the distal rectum was
closed with a purse string suture as soon as possible to mini-
mize the risk of septic contamination and spillage of tumor
cells. After the closure of the rectal stump, the GelPOINT Path
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Transanal Access Platform (Applied Medical, Rancho Santa
Margherita, CA, USA) was introduced trough the anus. A
pneumorectum was created with CO2 with a pressure of
10 mmHg using three triangulated ports and a 30° scope.
Surgical devices used during the procedure included a bipolar
cautery and a Harmonic Scalpel (Ethicon EndoSurgery, Inc.,
Cincinnati, OH, USA). The avascular presacral plane was
developed by gently pushing against the tissue, starting at
the dorsal side. The dissection was extended down-to-up first
posteriorly, then anteriorly, and finally laterally to achieve a
correct oncologic surgical procedure. After the mobilization of
the rectum, the peritoneal reflection was exposed and opened,
thereby entering the peritoneal cavity. At this point, the pro-
cedure was completed by the laparoscopic part, which was
performed with four standard laparoscopic ports. The de-
scending colon and sigmoid were mobilized from medial to
lateral as during traditional laparoscopic surgery, and the
splenic flexure was also mobilized. The fecal stream was
diverted with an ileostomy at the right lower abdomen. The
rectosigmoid was exteriorized transanally and, after the sig-
moid transection and the anal retrieval of the specimen, a
hand-sewn CAA was performed. Conversion was defined as
a Ta-TME procedure not completed down-to-up transanally.

Study outcomes

Ta-TME and L-TME were compared by means of intra-
operative and postoperative variables, including blood loss,
operative time, complication rates, conversion rate, postop-
erative morbidity and mortality (within 90 days), and sur-
vival. The Dindo-Clavien classification was used to de-
scribe the postoperative complications [26]. Moreover, on-
cological parameters (e.g., positivity of resection margins,
number of lymph nodes harvested) were evaluated and
compared between groups. Tumor characteristics and
TNM staging were recorded. Pathological examination
was performed according to the standardized procedure
as described by Quirke et al. [27]. The quality of the
mesorectum was scored using three grades, Bcomplete,^
Bnearly complete,^ or Bincomplete.^ Tumor involvement
of the circumferential resection margin of 2 mm or more
was considered as positive, as defined by Nagtegaal et al.
[3]. The Cleveland Clinic Florid (Wexner) score was used
to evaluate fecal incontinence approximately 3 months af-
ter ileostomy closure [28].

All patients were followed every 3 months for the first
3 years and every 6 months thereafter (French Guidelines
from the Thesaurus National de Cancerologie Digestive,
2011). At the follow-up visits, physical examination, CT,
and serum chemistry analysis were performed. Colonoscopy
was carried out if abnormalities were detected during any
follow-up visit.

Statistical analysis

Statistical analyses were performed with Statistical Package
for Social Science (SPSS, IBM SPSS Statistics, Version 22 for
Macintosh). For group comparisons, the chi-square test or
Fisher’s exact test was used for categorical variables, and,
according to the data distribution, the t test or Mann–Whitney
U test was applied for continuous variables. Hence, continu-
ous data were expressed as the means (standard deviation, SD)
or medians and ranges (minimum to maximum). Overall and
disease-free survival rates were analyzed using the Kaplan–
Meier method and compared between groups using the log
rank (Mantel–Cox) test. A p value <0.05 was considered to
be statistically significant.

Systematic review

The literature review was conducted using a systematic ap-
proach and following the PRISMA statements checklist [29].
Relevant articles were selected if presenting results about pa-
tients treated with transanal TME (Ta-TME), and all its differ-
ent nomenclatures, including transanal minimally invasive
surgery for TME (TAMIS-TME), transanal endoscopic micro-
surgery (TEM), natural orifice transluminal endoscopic sur-
gery (NOTES), or robotic-assisted transanal surgery for TME
(RATS-TME) for rectal cancer. Trials evaluating patients with
benign pathology, reports of local excision, or studies on ca-
daver and swine models were excluded. Case reports were
also excluded. All types of TME procedures were considered,
including low anterior resection of the rectum (LAR),
abdominoperineal resection (APR), partial intersphincteric re-
section (pISR), and total intersphincteric resection (tISR). The
following online databases were searched on May 2015:
MEDLINE (through PubMed), EMBASE, Google Scholar,
Cochrane and ProQuest Dissertations, and Thesis Database.
To increase the probability of identifying all relevant articles, a
specific research equation was formulated for each database,
using the following keywords and/or MeSH terms: Ta-TME,
transanal rectal resection, TAMIS, endoscopic transanal
proctectomy (ETAP), transanal proctectomy, NOTES,
transanal total mesorectal excision, transanal minimally inva-
sive surgery, transanal TME, and rectal cancer. In addition,
reference lists from eligible studies and relevant review arti-
cles (not included in the systematic review) were
crosschecked to identify additional studies. A grey literature
search was also performed by using the OpenGrey database.
No time restriction was applied. Studies written in English and
meeting the selection criteria were reviewed. Two reviewers
(NdeA and LP) independently retrieved, screened, and ana-
lyzed the selected studies. Risk of bias and study quality was
assessed by using the Newcastle-Ottawa Scale (NOS) [30]
and the Grading of Recommendations Assessment Develop-
ment and Evaluation (GRADE) system [31].
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The outcomes of interest included intraoperative variables
(e.g., blood loss, operative time, conversion rate, operative
time), postoperative results (e.g., postoperative complication,
length of hospital stay), oncological criteria (e.g., circumfer-
ential and distal margins, number of harvested lymph nodes,
quality of mesorectum), feasibility and safety of transanal
TME. Data from the studies included in the systematic review
were processed for qualitative and possibly quantitative anal-
yses. Outcome measures (mean values, standard deviation,
and ranges) were extracted for each treatment approach and
estimated as weighted means.

Results

Comparison between Ta-TME and L-TME for rectal
cancer

The study population included 32 patients who underwent Ta-
TME and 32 patients who underwent L-TME. Demographic
and clinical characteristics of the matched groups are shown in
Table 1. Overall, the study sample included 42 (65.6 %) males
and 22 (34.4 %) females. Only 8 patients (15.6 %) were obese.
All patients were diagnosed with rectal adenocarcinoma locat-
ed in the low rectum, at a median distance from the anal verge
of 4 cm (range 2.5–5 cm), and 1 cm from the anal ring (0–
3 cm). In both groups, two patients were treated with
intersphincteric resection (ISR) to obtain negative distal mar-
gins. The majority of the patients (78.1 %) received neoadju-
vant therapy. No difference was observed in tumor size, T
stage, and N stage between the Ta-TME and L-TME groups.

Operatively, all patients had hand-sewn straight CAA. The
Ta-TME procedures were associated with significantly shorter
operative time (195 vs. 225 min; p=0.017) and hospital stay
(7.8 vs. 9.7 days; p=0.018) compared to L-TME (Table 2). No
other differences were observed between the two groups about
the operative and postoperative variables assessed. No intra-
operative complication occurred. However, one Ta-TME and
one L-TME were converted due to technical difficulties,
which could hamper the achievement of a correct oncologic
resection. Specifically, the Ta-TME was converted because of
problems with insufflation due to a too early Douglas perito-
neum opening, and the L-TME was converted due to difficult
exposition during low anterior rectal dissection.

Postoperative mortality was nil. Eight (25 %) patients
in the Ta-TME group and 12 (37.5 %) patients in the L-
TME group developed postoperative complications (p=
0.419). In the Ta-TME group, postoperative complications
included urinary disorder (n=1), urinary infection (1),
wound infection (1), pelvic abscess in the proximity of
the anastomosis (anastomotic leakage grade A, according
to the International Study Group of Rectal Cancer, 2010)
(2), blood cell transfusion (1), anastomotic leakage

medically managed (grade B) (1), and anastomotic leakage
requiring surgical drainage (grade C) (1). In the L-TME
group, postoperative complications included urinary disor-
ders (2), pulmonary infection (1), pelvic abscess in the
proximity of the anastomosis (anastomotic leakage grade
A) (2), ileus (1), blood cell transfusion (1), anastomotic
leakage medically treated (grade B) (4), and anastomotic
leakage requiring surgical drainage (grade C) (1). Overall,
5 patients (7.8 %) were readmitted for pelvic collection
(2), ileostomy complications (1), acute urinary retention
(1), and dehydration (1).

Both procedures were associated with adequate oncologic
outcomes; only 4 (6.2 %) patients presented with positive
circumferential margin, and 2 (3.1 %) patients with positive
distal resection margin. Overall, an average of 18 (SD: 8.97)
lymph nodes were harvested, without difference between the
Ta-TME and L-TME procedures. The Wexner score did not
differ between groups, with a median score of 9 for the Ta-
TME group (range 3–15), and a median of 10.5 for the L-
TME group (range 4–19) (p=0.115). Overall, 38 (59.4 %)
patients (22 in the Ta-TME group and 16 in the LT-TME
group) had a Wexner score <10 (mild incontinence).

The mean follow-up was 32.06 (12.1) months for the Ta-
TME group and 62.91 (12.3) for the L-TME group. Two pa-
tients (6.2 %) in the Ta-TME group showed tumor recurrence:
one patient with R1 resection developed local recurrence at
14 months after Ta-TME and died at 33 months due to an
untreatable disease progression; one patient presented with
untreatable metachronous lung metastases at 11 months after
Ta-TME and died at 27 months. Four patients (12.5 %) in the
L-TME group showed tumor recurrence: two patients with R1
resection developed local recurrences at 12 and 13 months
after L-TME, respectively, and died at 31 and 37 months,
respectively. One patient presented with metachronous liver
metastasis diagnosed at 8 months after L-TME and was treat-
ed by surgery and chemotherapy; the patient is still alive. The
fourth patient in the L-TME group showedmetachronous liver
and lung metastases at 7 months after L-TME, which were
treated by surgery and chemotherapy. He died due to
untreatable disease progression at 43 months. For the entire
study population, the overall survival rate was 90.6 % over a
mean follow-up of 47.5 months. The estimated survival rate at
2 years was 95.5 % for the Ta-TME group and 96.6 % for the
L-TME group (p=0.646). Disease-free survival rate at 2 years
was 90.5 % for the Ta-TME group and 85.2 % for the L-TME
group (p=0.395).

Systematic review of the literature

Overall, the literature search identified 270 articles (after re-
moving duplicates); of these, 223 were excluded upon title
and abstract evaluation because of not being pertinent to the
review question (n=216) or not pertinent to the study design
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(n=7). Out of the remaining 47 articles that underwent a full-
text evaluation, 25 were excluded because they did not meet
the inclusion criteria. Finally, 22 articles were found eligible
for the systematic review and were included in the qualitative
synthesis of the current literature (Fig. 1).

The selected studies were 20 retrospective case series [18,
20, 21, 24, 25, 32–46] and 2 retrospective case–control com-
parative studies [47, 48]. They were conducted in 10 different
countries including Europe (n=16), North America (n=3),
South America (n=1), Asia and the Pacific (n=2). The study
time frame ranged from 2012 to 2015. A total of 423 patients
underwent Ta-TME (n=407) or RATS-TME (n=16) (range
3–80 patients/study) for rectal cancer most of the time
(68.3 % of cases) located in the low rectum (Table 3). Overall,
375 (88.7 %) LAR, 30 (7.1 %) APR, 17 (4 %) pISR, and 1
(0.2 %) tISR were performed by Ta-TME or RATS-TME
(Table 4). Only 6/22 (27.2 %) studies used a two-team ap-
proach where the abdominal and transanal approaches were
carried out simultaneously [18, 31, 38, 39, 43, 47]. The anas-
tomosis was performed by the use of a circular mechanical
stapler in 157 cases and as hand-sewn CAA in 152 patients.
Stoma diversion was carried out in 74.4 % of the patients. The
overall weighted mean operative time was 242.4 min (range

143–375 min). Specifically, the weighted mean operative time
of Ta-TME was 240.66 (143–365 min), while the weighted
mean operative time of RATS-TME was 283.37 min (range
165–375 min).

Overall, 11 (2.6 % of cases) intraoperative complications
were reported, including bleeding (n=2), perforation of the
rectum (4), urethral injuries (2), pneumatosis of small bowel
mesentery (1), impossible dissection due to radiotherapy in-
duced fibrosis (1), and air embolism (1). Conversion rate was
estimated at 4.3 %. The described 10 cases were converted
due to adhesions of previous abdominal surgery (3), technical
difficulties due to a narrow pelvis in obese patients (2), tumor
features such as high location (1), bulky tumor (1), posterior
fixity (2), and bleeding (1).

The overall weighted mean length of hospital stay was
8.31 days (range 4.3–14), with a weighted mean of 8.45 days
(range 4.5–14) for Ta-TME and 5.05 days (range 4.3–6) for
RATS-TME. Overall, 119 (30.4 %) postoperative complica-
tions were reported, including (when specified) persistent
postoperative ileus (n=20), anastomotic leak (17), urinary
dysfunction (16), pelvic abscess/pelvic fluid collections (16),
dehydration due to high ileostomy output (6), and, more rare-
ly, late strictures at the level of the anastomosis (4). A

Table 1 Demographics and clinical characteristics of Ta-TME and L-TME groups

Variables Ta-TME group (n=32) L-TME group (n=32) p value

Age (years) [mean (SD)] 64.91 (10.05) 67.16 (9.61) 0.364

Female/male [n] 11/21 11/21 1

BMI [mean (SD)] 25.19 (3.52) 24.53 (3.19) 0.438

Obesity (BMI≥30 Kg/m2) [n (%)] 5 (15.6) 3 (9.4) 0.708

ASA score I/II/III [n] 21/10/1 18/13/1 0.733

Comorbidity>1 [n (%)] 7 (21.9) 10 (31.2) 0.572

Neoadjuvant therapy [n (%)] 27 (84.4) 23 (71.9) 0.365

Tumor height from the anal verge (cm) [median (range)] 4 (2.5–5) 3.7 (2.5–5) 0.631

Tumor height from the anal ring (cm) [median (range)] 1 (0–2.5) 1 (0–3.0) 0.434

Type of resection [n (%)] 1
• LAR 30 (93.8) 30 (93.8)

• ISR 2 (6.2) 2 (6.2)

Tumor size (mm) [mean (SD)] 21.38 (5.57) 20.25 (5.70) 0.428

T Stage [n (%)]a 0.593
• T2 13 (40.6) 16 (50)

• T3 17 (53.1) 13 (40.6)

• T4 2 (6.2) 3 (9.4)

N stage [n (%)]a 0.183
• N0 21 (65.6) 14 (43.8)

• N1 10 (31.2) 15 (46.9)

• N2 1 (3.1) 3 (9.4)

Statistics: Fisher’s exact test, chi-square test, t test

Ta-TME transanal surgery for total mesorectal excision, L-TME laparoscopic total mesorectal excision, BMI body mass index, ASA American Anes-
thesiology Score, LAR laparoscopic anterior rectal resection, ISR intersphincteric resection
a Assessed by magnetic resonance imaging
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particular case of a patient readmitted for circular full-
thickness ischemia of the mucosa in the anal canal possibly
due to transanally placed trocar was reported by Veltcamp
Helbach et al. [44]. The overall weighted mean postoperative
mortality was 0.51 %. The only two cases of postoperative
death reported were due to myocardial infarction [40] and
septic complications after reoperation of an anastomotic leak-
age [44].

Histological findings of the included studies are summa-
rized in Table 5. The quality of the mesorectal specimen was
defined as complete (according to Quirke’s classification [2])
in 85.1 % of cases, nearly complete in 8.9 % of cases, and
incomplete in 1.9 % of cases. Of note, most clinical series
reported only short-term oncological outcomes with a weight-
ed mean follow-up time of 18.3 months (range 2.5–29). Only
two comparative studies in the literature evaluated Ta-TME

Table 2 Operative, postoperative, and histological outcomes of Ta-TME and L-TME groups

Variables Ta-TME group (n=32) L-TME group (n=32) p value

Operative time (min) [mean (SD)] 195 (43.62) 225 (51.74) 0.017

Conversion [n (%)] 1 (3.1) 1 (3.1) 1

Intraoperative complications [n (%)] 0 0 n/a

Postoperative complication (within 30 days) [n (%)] 8 (25) 12 (37.5) 0.419

Dindo-Clavien [n (%)] 0.663
• 0 24 (75) 20 (62.5)

• I 3 (9.4) 2 (6.2)

• II 3 (9.4) 5 (15.6)

• III 1 (3.1) 3 (9.4)

• IV 1 (3.1) 2 (6.2)

Mortality (within 90 days) [n (%)] 0 0 n/a

Hospital stay (days) [mean (SD)] 7.78 (2.12) 9.75 (3.97) 0.018

Readmission (within 90 days) [n (%)] 2 (6.2) 3 (9.4) 1

Complete remission [n (%)] 4 (12.5) 6 (18.8) 0.732

pT stage [n (%)] 0.879
• T1 3 (9.4) 2 (6.2)

• T2 12 (37.5) 9 (28.1)

• T3 11 (34.4) 13 (40.6)

• T4 2 (6.2) 2 (6.2)

pN stage [n (%)] 0.558
• N0 27 (84.4) 25 (78.1)

• N1 5 (15.6) 6 (18.8)

• N2 0 1 (3.1)

Length of resected specimen (cm) [mean (SD)] 19.31 (5.51) 21.06 (5.32) 0.104

Circumferential resection margin (mm) [mean (SD)]a 9.68 (4.57) 9.19 (5.55) 0.958

Positive circumferential margin [n (%)] 1 (3.1) 3 (9.4) 0.342

Distal resection margin (mm) [mean (SD)]a 21.32 (8.59) 22.92 (8.44) 0.903

Positive distal margin [n (%)] 2 (6.2) 0 0.492

Lymph nodes harvested [n (%)] 17.06 (7.14) 18.63 (10.07) 0.697

Macroscopic quality of mesorectum [n (%)] 0.611
• Complete 27 (84.4) 24 (75)

• Nearly complete 3 (9.4) 4 (12.5)

• Incomplete 2 (6.2) 4 (12.5)

Type of adenocarcinoma [n (%)] 0.528
• Well differentiated 21 (65.6) 18 (56.2)

• Moderately differentiated 10 (31.2) 11 (34.2)

• Poorly differentiated 1 (3.1) 3 (9.4)

Statistics: Fisher’s exact test, chi-square test, Mann–Whitney U test. Significant differences are shown in bold text

Ta-TME transanal surgery for total mesorectal excision, L-TME laparoscopic total mesorectal excision
a Patients with complete remission have been excluded from this analysis
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for rectal cancer vs. L-TME [47, 48]. Both studies were in
accordance concerning the short-term oncologic outcomes
that appeared similar between the two operative techniques.
However, Fernandez-Hevia et al. [47] found that significant
shorter operative time and hospital stay were associated with
Ta-TME compared to L-TME; moreover, early readmissions
were more frequent in the laparoscopic group. Finally, two
reviewers (NdeA and LP) scored the methodological quality
of the included studies according to the criteria described
above. All the 22 studies included were assessed at high risk
of bias (Supplement Table S1). Overall, the available literature
was rate at very low [18, 20, 21, 24, 25, 32–46] or low quality
[47, 48] according to the GRADE system.

Discussion

The present matched case–control study shows that Ta-TME
combined with abdominal laparoscopic assistance is an
oncologically safe approach for low rectal cancer associated
with shorter operative time and hospital stay compared to L-
TME. These results are in accordance with the previous liter-
ature that demonstrated the feasibility of the down-to-up ap-
proach for TME [47, 48]. The shorter operative time

associated with Ta-TMEmay reflect the fact that some critical
steps of the procedure (e.g., dissection of the distal horizontal
part of the rectum) are simplified by this surgical approach,
which secures a direct visualization and a safer exposure es-
pecially of the low rectum [24]. Indeed, the surgeon’s view in
the same axis as the low rectum and the plane of dissection
allows overcoming the technical limitations in case of narrow
pelvis, bulky tumors, or voluminous prostate. Moreover, the
transanal approach could be also started simultaneously with
the abdominal approach in a Btwo-team approach,^ and this
could further contribute to shorten the related operating time
[32]. In the present study, however, as in the majority of the
studies reported in the literature, a one-team approach was
performed.

In the available comparative studies and in the present one,
the conversion rate was low and similar between Ta-TME and
L-TME (ranging from 0 to 3 %) [47]. Evidently, these data
cannot be directly compared to the results of large randomized
controlled trials [14], but they suggest that Ta-TME is a fea-
sible technique. Reasons for conversion include problems
with insufflation, bleeding, difficult dissection, and inade-
quate view, which do not differ between L-TME and Ta-
TME. Moreover, when considering the current available liter-
ature, the weighted mean conversion rate of Ta-TME is

Records iden�fied through 
database searching 

(n = 269)

Sc
re

en
in

g 
In

clu
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d 
El

ig
ib
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Id
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Addi�onal records iden�fied 
through other sources 

(n = 4)

Records screened on �tle and abstract  
(n = 270) 

Records screened on  
full-text  
(n = 47) 

Records excluded (n = 25): 
Non per�nent studies 
(n = 9) 
Review, le�ers 
comments (n = 10) 
Language other than 
English (n = 3) 
Mul�ple repor�ng  
(n = 3) 

Studies included in 
qualita�ve synthesis 

(n = 22)

Records excluded 
(223): 

Non per�nent to the 
review ques�on (n = 
216) 
Case report (n = 7) 

After removing duplicates

Fig. 1 Flow chart of study
search, selection, and inclusion.
Example of search equation:
Btransanal^[All Fields] AND
(Btotal mesorectal excision^[All
Fields] OR Bproctectomy^[All
Fields] OR BNOTES^[All Fields]
OR Bhybrid NOTES^[All Fields]
OR Brobotic^[All Fields] OR
BTME^[All Fields] OR
Bminimally invasive surgery^[All
Fields] OR BTaTME^[All Fields])
AND (B2010/01/
01^[PDAT]:B3000/12/
31^[PDAT])
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estimated at 4.3 %, which is largely inferior to the 16 % for
conversion observed for L-TME in mid and low rectal cancer
[6]. Although promising, these results need to be interpreted
with caution because they are derived from small retrospective
studies only.

Intraoperative and postoperative complication rates ap-
peared to be similar between the two TME techniques, al-
though lower but not significant incidence of postoperative
complications was associated with Ta-TME in both the pres-
ent study (25% for Ta-TME vs. 37.5% for L-TME) and in the
one published by Fernandez-Hevia et al. [47] (32 % for Ta-
TME vs. 51 % for L-TME). Moreover, this latter study found
a significant low rate of early readmission supporting a lower
incidence of postoperative complications related to Ta-TME
[47]. In the literature, the mean postoperative complication
rate of Ta-TME is estimated at 30.4 % that is very similar to
the one reported in a recent meta-analysis for L-TME in rectal

cancer [14]. Also, the Ta-TME related mortality rate, which
was nil in the present study, is very low based on the available
literature (0.51 %) and similar to L-TME (1 %) and or open
TME (2.4 %) [14].

Concerning the quality markers of rectal cancer surgery,
Ta-TME was found to achieve complete mesorectum, ade-
quate number of lymph nodes harvested, and negative resec-
tion margins in the large majority of the patients. Particularly,
84 % of patients in the present study had a complete
mesorectal resection without difference from the L-TME
group. This result was also observed by Fernandez-Hevia
et al. [47] and Velthuis et al. [48] in their comparative studies.
From the literature, the complete mesorectum is observed in
an average of 85.1 % of Ta-TME cases, while complete plus
nearly complete in 94 % of cases. These estimates are in ac-
cordance with the present results and very similar to those
reported in the COLOR II trial (84 %), although caution is

Table 3 Systematic review of the literature about the use of transanal total mesorectal excision in rectal cancer. Study characteristics.

First author
and year

Country Type of
study

Type of
procedure (n)

Patients
(n)

Female/
male (n)

Mean age
(years)

Mean BMI
(kg/m2)

Neoadjuvant
therapy (n)

Tumor location
(n)

Mid
rectum

Low
rectum

Dumont et al. 2012 [34] France Case series Ta-TME 4 0/4 66.75 23.35 n/a 1 3

Sylla et al. 2013 [43] USA Case series Ta-TME 5 2/3 48.6 25.7 2 1 4

Lacy et al. 2013 [38] Spain Case series Ta-TME 3 2/1 73 21.7 2 3 0

Rouanet et al. 2013 [41] France Case series Ta-TME 30 0/30 65 26 29 10 20

de Lacy et al. 2013 [18] Spain Case series Ta-TME 20 9/11 65 25.3 14 10 7

Wolthuis et al. 2014 [45] Belgium Case series Ta-TME 5 1/4 69.2 24.2 0 n/a n/a

Atallah et al. 2014 [25] USA Case series Ta-TME 20 6/14 57 24 17 6 14

Chouillard et al. 2014 [33] France Case series Ta-TME 16 10/6 57.7 27.9 n/a 3 13

Velthuis et al. 2014 [48] Netherlands Comparative Ta-TME 25 7/18 64 25 25 n/a n/a

Meng et al. 2014 [39] Hong Kong Case series Ta-TME 3 1/2 80 n/a 1 0 3

Zorron et al. 2014 [46] Brazil Case series Ta-TME 9 4/5 62.6 n/a n/a 5 4

Atallah et al. 2014 [20] USA Case series RATS-TME 4 1/3 45 31 3 0 4

Fernandez-Hevia et al.
2015 [47]

Spain Comparative Ta-TME 37 13/24 64.5 23.7 27 26 11

Tuech et al. 2015 [24] France Case series Ta-TME 56 15/41 65 27 47 0 56

Gomez Ruiz et al. 2015 [36] Spain Case series RATS-TME 5 1/4 52.6 25.8 4 2 3

Knol et al. 2015 [37] Belgium Case series Ta-TME 10 2/8 60.5 26.5 5 0 5

Serra-Aracil et al. 2015 [42] Spain Case series Ta-TME 32 8/24 68 25 16 20 12

Huscher et al. 2015 [21] Italy Case series RATS-TME 7 4/3 63.2 29.9 0 n/a n/a

Veltcamp Helbach et al.
2015 [44]

Netherlands Case series Ta-TME 80 32/48 66.5 27.5 65 n/a n/a

Muratore et al. 2015 [40] Italy Case series Ta-TME 26 10/16 65.8 26.2 19 0 26

Elmore et al. 2015 [35] Italy Case series Ta-TME 6 4/2 63.2 25 3 1 5

Chen et al. 2015 [32] Taiwan Case series Ta-TME 20 9/11 57.8 24.7 11 n/a n/a

Total (sum or weighted
mean)

– – – 423 141/282 63.89 26.01 290 88 190

BMI body mass index, Ta-TME transanal surgery for total mesorectal excision, RATS-TME robotic-assisted transanal surgery for total mesorectal
excision
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required because these studies are not directly comparable due
to differences in study design, tumor location, and staging. For
example, several trials excluded T4 tumors or tumors with
distant metastases from their study populations; thus, the gen-
eralizability and comparability of the findings are limited.
Similarly to the macroscopic quality of the mesorectum, cir-
cumferential and distal resection margins were found to be
positive only in a small percentage of patients having under-
gone Ta-TME (3.1 and 6.2 %, respectively, for the presence
study and 3.1 and 0.36 %, respectively, for the systematic
review of the literature). These data suggest that, despite the
direct vision obtained by Ta-TME, the macroscopic distal
margin may be underestimated especially when facing highly
fibrotic tissues (postradiation). As known, positive margins
are the most important predictors of tumor recurrence after
surgery [2, 4, 49]; unfortunately, the available literature still
lacks long-term studies reliably assessing recurrence rate and
survival after Ta-TME. In the present study, the 2-years over-
all and disease-free survivals were similar between Ta-TME
and L-TME, with only 1 patient (3.1 %) in the Ta-TME group
and 2 (6.2 %) patients in the L-TME group that developed
local recurrence. This finding is in accordance with the 5 %
recurrence rate observed in the COLOR II [6] trial, the 2.6 %
in the COREAN study [8], and the 5.3 % in the Dutch trial of
Kapiteijn et al. [50] for L-TME.

Three studies, including a total of 16 cases, applied robotic
surgery to perform TME (RATS-TME) [20, 21, 36]. The very
small number of patients treated does not allow drawing any
conclusion about the usefulness of this technique. However,
based on this preliminary evidence, RATS-TME seems to
have satisfactory pathological data and operative results. Its
use may be supported by the potential, and still to be proven,
advantages of robotic surgery, such as a 3-dimensional view,
improved dexterity, reduced tremor, and enhanced ergonom-
ics. Moreover, the stable camera view and the improved visu-
alization of the anatomy including mesorectal plane and plex-
uses might secure the quality of surgical resection, the onco-
logic outcomes, and the sexual function far better in the future
[21]. Further studies are awaited to assess the clinical and
oncologic benefits of robotics in down-to-up TME. Similarly,
the use of a 3-dimensional laparoscopic camera may represent
an important technical improvement in Ta-TME procedures to
obtain a better view, a paramount factor to accomplish a com-
plete cancer resection with sufficient margins [47].

Despite the overall low level of evidence and the lack of
randomized controlled trials, Ta-TME could be considered as
oncological safe and feasible and a valuable alternative to L-
TME for rectal cancer in the hands of experienced laparoscop-
ic colorectal surgeons. This is suggested by the promising
oncologic outcomes on the surgical specimen reported in the
literature and further supported by the low conversion rate and
shorter operative time associated with Ta-TME. Notwith-
standing, it is early to conclude that Ta-TME is the option of

choice in those selected patients who could be technically
demanding by an up-to-down laparoscopy. Moreover, little
is known concerning the patient quality of life after Ta-
TME, as well as the risk and incidence of nerve damage and
functional impairment related to this procedure. Although the
Wexner score was acceptable and similar between Ta-TME
and L-TME in this study, it remains under investigation
whether a prolonged anal dilation due to use of transanal de-
vices could adversely impact on the sphincter functions. Al-
though it appears to be preserved after TEM [51, 52],
anorectal function still needs to be assessed following long
and complex dissection for rectal cancer by Ta-TME.

Finally, it is advisable that experts in the field make an
effort in the near future to establish appropriate Ta-TME train-
ing paradigms, standardize the surgical procedure, and define
its nomenclature, which appear to be pre-requirements before
performing large randomized controlled trials and support the
widespread application of this technique.

Conclusion

Ta-TME for mid and low rectal cancer has gained popularity
in the last 2 years. The present study and the available litera-
ture suggest that Ta-TME is safe and feasible and may find
special application in patients with anatomic constraints that
could make L-TME highly challenging. The current evidence
is promising, although further studies are needed to assess the
long-term outcomes of this technique.
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