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Abstract

Background The most important advancement in the surgical management of rectal cancer has been the introduction of
total mesorectal excision (TME). Technical limitations to approaching mid and distal lesions remain. The recently described
transanal TME makes it possible to minimize some of the difficulties by improving access. Anastomotic leak is a persistent
concern after colorectal surgery no matter what technique is used. The objective of this study was to explore the impact
of experience on the incidence of anastomotic leak after transanal TME. Secondary endpoints were local recurrence and
margin status.

Methods A retrospective cohort study was conducted over a period of 3 years at a tertiary care center in Northern Ontario
with high volume of rectal cancer patients. The initial 100 consecutive patients with rectal neoplasia who had transanal
TME surgery were included. All cases were performed by a single team. The main outcome assessed was the incidence of
anastomotic leak beyond a pre-determined learning curve, as previously established in the literature. For statistical analysis,
associations between patient characteristics and outcomes were estimated using ordinary least squares and logistic regression.
Results Six cases of anastomotic leak occurred over the course of the study, the last of which occurred in the 37th patient.
Relative to a baseline anastomotic leak rate of 7.8%, cumulative sum (CUSUM) analysis indicated that a 50% improvement
in risk occurred at trial 50 of 85 patients that had an anastomosis performed. Two patients developed local recurrence during
the study period. No correlation between learning curve and oncologic outcomes was identified.

Conclusions Proficiency is likely to have a positive effect on the 30-day occurrence of anastomotic leak. Larger studies are
required to explore the impact of experience on local recurrence.
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Introduction

The most important advancement in the surgical manage-
ment of rectal cancer has been the introduction of total
mesorectal excision (TME) [1, 2]. Patients with locally
advanced disease benefit from the addition of multimodal-
ity therapy with chemoradiation therapy [3]. Evidence indi-
cates that surgical difficulties are influenced by surgeon’s
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skills and patients’ anatomical and clinical factors. Particu-
larly unfavorable characteristics include male sex, obesity,
low tumor location, tumor size, and narrow pelvis [4, 5].
There are technical challenges associated with both open
and laparoscopic approaches; nevertheless, TME has been
shown to have a positive impact on local recurrence and
curative rates [6, 7]. More recently, a bottom-up approach
has been described, known as the transanal TME (taTME)
[8], which has gained increasing attention from the surgical
community. In theory, taTME mitigates some of the tech-
nical difficulties of operating in the mid and distal rectum
because of perpendicular division of the mesorectum and a
more precise dissection due to improved access to the target.
Multiple publications have accrued evidence supporting the
procedure [9, 10]. However, safe implementation has dem-
onstrated to be lengthy and challenging despite the wide
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availability of surgical workshops and the development of
training pathways [11-13].

Lee et al. have reported on proficiency and the likelihood
of achieving it after 45-51 cases [14]. Experience and vol-
ume seem to have a significant impact on most of the major
short-term postoperative outcomes after taTME surgery,
including oncologic results and postoperative complications
such as anastomotic leak (AL) [14, 15]. A persistent concern
is the potential marginal increase of AL related to the pro-
cedure, which, according to recent literature, could be up
to 12-15% overall and close to 8% in the 30 days following
surgery [16, 17]. Anastomotic failure after the construction
of a colorectal anastomosis is associated with significant
morbidity and mortality; the risk of permanent stoma after
AL is more than 60% and oncologic results, including over-
all survival, disease-free survival, and cancer-specific sur-
vival, are definitively less favorable [18]. In a retrospective
analysis, Kang et al. identified the overall AL rate after low
anterior resection (open and laparoscopic) to be 13.7%, and
a higher overall mortality in those cases was also identified
in this study [16, 19]. According to the most recent publica-
tion by the international registry, on 1594 patients, the main
risk factors for AL after taTME surgery included male sex,
obesity, tumors > 25 mm, excessive intraoperative blood
loss, manual anastomosis, and prolonged perineal operative
time [17].

The objective of this study was to determine the effect
of experience and proficiency on the incidence of AL after
taTME surgery in the single-team setting. Secondary out-
comes included the incidence of complete/near complete
pathological specimens, margin positivity, intra- and post-
operative complications, readmission, local recurrence rate,
conversion, and length of stay.

Materials and methods
Settings and patients

The study cohort consisted of the initial 100 consecutive
patients who underwent taTME surgery at a tertiary care
center in Northern Ontario [Health Sciences North (HSN),
over a period of 3 years (June 2015-July 2018)]. All patients
had either histopathologic proof of neoplasia with or without
confirmation of malignancy or large lesions with radiologic
assessment reporting high suspicion of invasion, therefore,
warranting radical excision. A prospectively collected and
maintained database was queried for this study. We prefer-
entially included patients with tumors located in the mid-
low rectum. All cases had colonoscopic and radiologic
staging by computed tomography (CT) scan of the chest,
abdomen, and pelvis as well as pelvic magnetic resonance
imaging (MRI). Procedures were performed by a single team
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composed of one sub-specialty trained colorectal surgeon, a
surgical assistant, and two operating room nurses. Approval
of the study protocol was obtained from the institutional
ethics review board.

Surgical technique

A brief description of our previously published surgical
technique [20]. Prior to surgery, all patients receive mechan-
ical bowel preparation. Patients are set on the Pink Pad™
positioning device system (New Kensington, PA, USA) in
lithotomy position, under general anesthesia. Prophylactic
antibiotics and anticoagulants are administered. Under asep-
tic conditions, a regular laparoscopic approach is used to
perform an oncologic dissection of the left colon including
release of the splenic flexure. Our preference is the medial-
to-lateral approach. This is ensued by dissection of the upper
rectum to the level of the peritoneal reflection or lower if
possible. Once the top dissection is completed, a Lonestar®
retractor (Trumbull, CT, USA) is placed to efface the anal
canal, and the TAMIS ® levator sling (Rancho, Santa Mar-
garita, CA, USA) is introduced into the anal canal. A closed
purse string is created with O-prolene ® below the level of
the tumor, and the purse string is secured air tight, followed
by a thorough washout. The rectal wall is incised circumfer-
entially with monopolar cautery and full-thickness division
of the rectal wall is performed. The mesorectal plane is then
dissected from the bottom-up until the rendezvous occurs.
Occasionally, it is necessary for the surgeon to go back and
forth from the top to the bottom. A special attention is placed
on preserving the integrity of the surrounding structures. A
decision is made regarding transanal versus transabdominal
extraction. Finally, in cases where reconstruction is feasible,
this is carried out with a transanal circular stapler versus a
hand-sewn coloanal anastomosis and the majority of these
patients have a diverting loop ileostomy installed.

Outcomes

The main objective of this study was to identify the occur-
rence of AL during the first 30 days after taTME surgery.
As experience was acquired, we looked at its effect on the
incidence of leakage. AL was defined as evidence of pel-
vic infection determined by any combination of the follow-
ing: pelvic pain, purulent secretion per rectum, increased
withe blood cell count, and confirmation of anastomotic
dehiscence by axial imaging and/or endoscopic evaluation
demonstrating disruption of the anastomosis. Secondary out-
comes included completeness of the mesorectum and mar-
gin positivity, intraoperative complications, 30-day periop-
erative outcomes including morbidity, conversion, 30-day
readmission, and length of stay. Local recurrence was also
considered. Quality of the mesorectum and margin positivity
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was assessed by the institutional pathologists following the
Nagtegaal classification [21].

Statistical analysis

Patient characteristics included age, sex, body mass index
(BMI), tumor height, TNM stage (0—4 or not determined),
neoadjuvant chemotherapy and radiotherapy (yes/no), OR
duration, and anastomosis type (circular stapler, hand sewn,
or none) (Table 1). Outcome measures included AL (yes/
no), mesorectal resection quality (incomplete or complete/
near complete), tumor margins (positive or negative), 30-day

Table 1 Summary of patient characteristics

postoperative complications (yes or no), intraoperative com-
plications (yes/no), 30-day readmission (yes/no), conver-
sion (yes/no) length of stay, and local recurrence (yes/no)
(Table 2). Characteristics and outcomes were summarized as
mean + standard deviation (minimum/maximum) or count.

Associations between our patient characteristics and
outcomes were estimated using ordinary least squares and
logistic regression. Univariate models were performed in
addition to multivariable models that were adjusted for
sex, BMI, and tumor height; these covariates were selected
a priori. Only those associations for the outcomes AL and
length of stay are presented as all other outcomes either

N Mean + SD (min/max)
Age, years 100 64 +10.8 (39.6/85)
Body-mass index 100 27.6+6.5 (16.8/50.4)
Tumour height 100 6.17+2.57 (0/13)
Operation duration 100 5.09+1.19 (0.25/8.02)
Value Count
Sex
Female 32
Male 68
Stage
T (primary tumour)
2 22
3 64
4 8
ND 4
NA’s 2
N (regional lymph nodes)
0 44
1 45
2 11
M (distant metastasis)
0 91
1 8
NA’s 1
Neoadjuvant therapy
Chemotherapy
No 36
Yes 64
Radiotherapy
No 32
Yes 68
Anastomosis type
Circular stapler 70
Hand sewn 15
None 15

NA missing data, ND not determined, SD standard deviation, min/max minimum/maximum, N sample size
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Table2 Summary of recorded outcomes

Value N

Anastomotic leak?®

No 94
Yes 6
Quality (surgical specimen)
Complete 83
Near complete 17
Margins
Circumferential
Negative 97
Positive 3
Distal
Negative 100
Complications
Postoperative
No 66
Yes 34
Intraoperative
No 98
Yes 2
Readmission
No 89
Yes 11
Conversion
No 100
Local reoccurrence
No 98
Yes 2

#‘No’ anastomotic leak includes those patients in which no anastomo-
sis was performed (n=15). These individuals were removed prior to
regression and CUSUM analyses

lacked an appreciable number of events for the levels
recorded or did not exhibit associations with any of the
patient characteristics. For AL specifically, we removed
those patients that did not have an anastomosis performed
(n=15) prior to analysis. For all regression analyses,
p <0.05 was considered significant.

To monitor improvement in our surgical procedure for
the outcome of AL, we performed a non-risk adjusted
cumulative sum (CUSUM) chart analysis [22] using the R
package ‘cusum’. This approach is effective for assessing
the learning curve for a repeated procedure as it monitors
the occurrence of a binary outcome over time and indi-
cates when the rate of occurrence changes significantly.
For our analysis of AL, the baseline risk was set to 7.8%,
as previously reported by Penna et al. [23], and the thresh-
old was set to detect a 50% improvement from the baseline
risk. As with our regression analyses, patients that did
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not have an anastomosis performed were removed prior to
analysis. All analyses were performed in R v3.6.

Results

The 100 patients in our sample were mostly male (68%),
with a mean age of 64 +10.8 years, a mean body mass
index (BMI) of 27.6 + 6.5 kg/m?, and mean tumor height of
6.17 cm+2.57 cm (0/13) (Table 1). The leak rate of anasto-
motic reconstruction within 30 days was 7.1% (85 patients
with anastomosis and 6 with AL). No incomplete specimens
were identified. Three percent of circumferential tumor mar-
gins were positive (cases 10, 59, and 94); no distal margins
were positive. Intraoperative complications occurred in 2
patients: an early case with presacral bleeding and a later
case with splenic injury requiring a splenectomy, performed
in a second intervention. There were no intraoperative con-
versions. The 30-day readmission rate was 11% (Table 2).
Of the outcomes recorded, circumferential and distal mar-
gins, intraoperative complications, and conversion exhibited
less than 5% incidence (Table 2). The remaining outcomes
were regressed against the patient characteristics age, sex,
BMI, tumor height, neoadjuvant therapy, and anastomosis
type in both a univariate and multivariable fashion; other
characteristics listed in Table 1 were either exhibited too
little variance or were not of enough clinical interest to war-
rant performing regression analysis. Following univariate
regression, length of stay was the only secondary outcome
to exhibit a significant association with patient characteris-
tics; hence, only associations with AL (primary outcome)
and length of stay are reported (Table 3). In both univari-
ate and multivariable analyses, AL was not associated with
any patient characteristics. Males had a significantly longer
length of stay than females (beta [95% CI]=3.2 days [1.4,
4.9], p<0.001) after adjusting for BMI and tumor height,
while tumor height was inversely correlated (—0.38 cm
[—0.69, —0.07]) after adjusting for sex and BMI (Table 3).
A primary objective of our study was to determine the
point at which surgeons significantly improve their profi-
ciency in taTME, using AL as our benchmark outcome. Six
cases of anastomotic leak occurred, the last on trial 37. Rela-
tive to a baseline AL rate of 7.8% (23), CUSUM analysis
indicated that a 50% improvement in risk occurred at trial
50 of 85 patients that had an anastomosis performed (Fig. 1).
Follow-up in our cohort ranged from 1639 to 491 days. Dur-
ing the study period, we only identified two cases of local
recurrence (cases 13 and 86). For both trials, specimens
after surgery were deemed complete with negative mar-
gins; thus, a recurrence rate of 2% for the study period is
reported. The first patient, a healthy 42-year-old woman,
had a distal tumor staged as T2NO disease: no neoadjuvant
chemoradiation was offered and sphincter preservation was
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Table 3 Associations between participant characteristics and the outcomes anastomotic leak and length of stay

Variable Level Anastomotic leak (OR Length of stay (beta
[95% CI1], p value) [95% CI1], p value)
Univariate model Multivariable model Univariate model Multivariable model
Age, years - 1.01 [0.93-1.09], 0.887 1.03 [0.94-1.12],0.551 0.06 [-0.02 to 0.13], 0.01 [-0.07 to 0.09],
0.134 0.797
Sex Female Ref Ref Ref Ref
Male 0.46 [0.08-2.65], 0.366 0.4 [0.07-2.34],0.288 2.9 [1.19 to 4.61], 3.17 [1.44 to 4.89],
0.001 0.0004
Body-mass index, kg/ — 1.02 [0.89-1.15], 0.725 1.02 [0.88-1.15], 0.777 0.02 [-0.11 to 0.15], 0.02 [-0.11 to 0.14],
m? 0.801 0.806
Tumour height, cm - 1.09 [0.77-1.57], 0.621 1.12[0.78-1.63], 0.546 -0.29 [-0.62 t0 0.03], —0.38 [-0.69 to —0.07],
0.075 0.018
Neoadjuvant (chemo-  No Ref Ref Ref Ref
therapy) Yes 0.52 [0.09-2.97], 0.441 0.48 [0.07-2.98], 0.42 0.75 [—0.98 to 2.48], 0.51 [-1.15to0 2.18],
0.393 0.542
Neoadjuvant (radiation) No Ref Ref Ref Ref
Yes 0.44 [0.08-2.5],0.331 0.42[0.06-2.61], 0.333 0.51 [-1.28t0 2.3], 0.03 [-1.7 to 1.76], 0.97

Anastomosis type

Circular stapler

Hand sewn

None

Ref
NA

NA

Ref
NA

NA

0.572
Ref

0.68 [— 1.71 to 3.07],
0.573

0.55 [-1.84 to 2.94],
0.65

Ref

—0.19 [-2.85 to 2.47],
0.89

—-0.9[-3.431t01.63],
0.482

Associations with anastomotic leak were estimated by logistic regression, and the odds ratio (OR), 95% confidence interval (CI), and p value
were presented. Associations with length of stay were estimated by linear regression, and the regression coefficient (beta), 95% CI, and p value

are presented. Multivariable models were adjusted for sex, body mass index, and tumor height. Significant (p <0.05) associations are in bold

Ref reference level, NA not enough events were available to reliably calculate confidence intervals

-0.2 0.0

-0.4

-0.6

-0.8

Cumulative sum statistic
(Anastomotic leak)
-1.0

-1.2

T T T T T
0 20 40 60 80
Trial

Fig.1 Cumulative sum (CUSUM) analysis to detect improvement in
the occurrence of anastomotic leak. Baseline risk was set to 7.8% and
the threshold was set to detect a 50% improvement in the outcome
rate. For this analysis, the threshold was crossed at trial number 50

possible. The second patient was a 77-year-old man with
T3N1 disease who received neoadjuvant chemoradiation.
After surgery, he had a prolonged ileus that lengthened his
hospital stay to 11 days. There were no intraoperative com-
plications in either case. Recurrences were identified 553
and 484 days after the index operation, respectively, and
the second patient eventually succumbed to his disease. The
recurrence pattern in both cases was unifocal and occurred
over a year after the initial resection.

Discussion

Newer surgical approaches for the management of rectal
cancer, including taTME have recently been introduced
[24]. Although there is evidence of acceptable short-term
outcomes of taTME [9, 17, 25], concerns and criticism
regarding the safety and generalizability of the procedure
have been voiced [12, 26, 27]. The publication by Lee
et al. [14] estimated that to become proficient in taTME,
45 procedures are required if only low anterior resections
are considered and 51 cases if abdominoperineal resections
are included. In another publication exploring the learning
curve of taTME [28], the authors focused on operative time
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and major postoperative morbidity. They showed compe-
tency was achieved after 40 cases and indicated improved
patient-related clinical outcomes, since operative time was
identified as a poor surrogate of surgical quality. The average
leak rate reported in their 138 patients was 13.8%; however,
this dropped from 27.5% in the first 40 patients to under 5%
in the subsequent cases. Interestingly, the authors included
lesions between 0 and 15 cm and the average location was
7.3 cm. In our center, we have elected to reserve taTME
for lesions in the mid-low rectum with an average height
of 6.17 cm from the anal verge. The international registry
provides the largest number of patients in any publication
so far, and the early incidence of AL is 7.8%; however, this
needs to be interpreted with caution, since the registry is a
voluntary collaboration and under-reporting is possible [17].

AL and postoperative complications have an unequivo-
cally deleterious impact on patients’ functional and oncolog-
ical outcomes [18, 29], hence the importance of minimizing
their incidence. taTME has proven to be difficult to adopt
and challenging to become proficient at; the risk of experi-
encing leaks must be lowered to really accept the technique
as advantageous. We encountered an average AL incidence
of 7.1%, representing 6 out of 85 patients in whom an anas-
tomosis was created. More importantly, events occurred
within the initial 37 cases, well within the described learn-
ing curve [14, 28]. As experience grew and proficiency was
acquired, our AL incidence dropped to O after case number
38. We performed univariate and multivariate analyses and
no specific correlations were identified between any specific
factor and AL, although this may be related to the relatively
few number of events. We found that male sex and increased
BMI were significant factors for an increased length of stay.

Lee et al. considered completeness of the mesorectum
as the most important measure of surgical quality [14];
acceptable and unacceptable rates of good-quality TME
were defined in accordance to the ACOSOG Z6051 trial
(laparoscopic unacceptable rate was 81.7% and open accept-
able rate was 86.9%) [30]. In their series of 87 consecutive
patients, a high-quality TME was identified in 95% of cases,
negative circumferential radial margin (CRM) was 98%, and
distal rectal margin (DRM) was 99%. Based on those results,
the authors concluded that a range of 45-51 taTME cases
is required to reach an acceptable incidence of high-quality
TME. Simultaneously, de Lacy’s group published on the
largest series from a single center [31]. Their study included
186 consecutive patients with a complete TME in 97.3% of
cases; positive CRM (<1 mm) and distal resection margin
(DRM) (<1 mm) were 8.1% and 3.2%, respectively. Finally,
Kodeman et al. from the Netherlands [28], who reported
on their estimated learning curve as well, obtained high-
quality TME in 99% of cases, positive CRM (0%), and DRM
was 1.4%. All these results come from three of the most
experienced groups in taTME surgery in the world and are
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definitively above the range of acceptability. Our results are
comparable to those above; however, the most relevant dif-
ference is that in our center, all cases were performed using
a single-team approach (see Table 4). The incidence of local
recurrence after taTME has become a point of central con-
cern since the issuing of the Norwegian moratorium [26]. Its
relevance has been perfectly illustrated by Atallah et al. in a
recent editorial [32]. Our first local recurrence occurred in
a healthy 42-year-old female who underwent surgery within
the learning curve period. In this case, the patient developed
pelvic pain associated with an increased carcinoembryonic
antigen level and recurrent disease was found on imaging to
be inside the sacrum. After biopsy, the patient underwent
further surgery and radiation therapy. The second case of
local recurrence occurred in a 77-year-old male after profi-
ciency was reached. Recurrent disease was inside the pelvis
encasing the anastomosis, and the patient was debilitated
and only received palliative management. We did not iden-
tify multiple focal recurrence in either of the patients. Our
local recurrence rate and pattern are in keeping with the
recent publication of the long-term results published by the
Netherlands group [26].

The difficulties surrounding taTME implementation have
been previously reported by various authors [11, 12, 33].
Expert consensus recommends having the previous expe-
rience on transanal surgery, having two surgeons training
at high-volume centers followed by mentorship and online
education [34]. In the past, we emphasized that a single-
team (surgeon) taTME program is feasible [35]; however,
we also stated that this does not constitute justification nor
endorsement for liberal single-surgeon taTME implementa-
tion without a careful evaluation of the needs and availability
of resources. The latter statement needs to be seriously con-
sidered by any potential operator and/or institution entertain-
ing the idea of adopting this technique. While it is difficult
to predict when a surgeon becomes proficient in a deter-
mined surgical technique, considering our results and those
obtained by others, it is fair to assume that the incidence of
AL and its consequences can be seriously diminished once
proficiency is achieved. It is necessary to implement very

Table 4 Representation of the variables of a high-quality TME after
taTME as reported by different authors

Complete/ CRM (%) DRM (%)
near complete

(%)

Koedam et al. 2018 [28] 99 1.40 0
Lee et al. 2018 [14] 99 2 1
Lacy et al. [9] 97.30 8.10 3.20
Caycedo-Marulanda et al. 100 3 0

2020 (this article)

CRM circumferential radial margin, DRM distal radial margin
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rigorous standards when adopting a unique and complex
technique such as taTME.

This study has limitations: it was conducted in a single
center with dedicated experience on the procedure; therefore,
generalizability of the results may pose a challenge. Addi-
tionally, other patient-related factors previously reported to
have an impact on AL, such as diabetes and smoking, were
not part of the analysis; therefore, their effect on this study
is not known.

Conclusions

Adequate training, high volume, and experience may poten-
tially play a significant role on the incidence of complica-
tions, especially incidence of AL and their consequences,
after taTME surgery. Proficiency is likely acquired after
45-51 or more cases, and this has a positive effect on the
30-day occurrence of anastomotic leak. We did not iden-
tify a correlation between local recurrence and experience;
to explore this effect, it is possible that larger studies are
required. Implementation of the technique is challenging and
the learning curve in a single-team setting is likely more
prolonged than it is for a double-team approach.

Funding No grant support or financial relationship to declare by any
of the authors.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval Approval of the study protocol was obtained from the
institutional ethics review board.

Informed consent All patients were consented prior to surgery.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Jin-Keat Lee D, Sagar PM, Sadadcharam G, Tan K (2017)
Advances in surgical management for locally recurrent rectal
cancer: how far have we come? WJG 23(23):4170-4180

2. Heald RJ, Husband EM, Ryall RDH (1982) The mesorectum in
rectal cancer surgery—the clue to pelvic recurrence? Br J Surg
69(10):613-616

3. Lawson EH, Melvin JC, Geltzeiler CB, Heise CP, Foley EF, King
RS et al (2019) Advances in the management of rectal cancer.
Curr Probl Surg 56(11):100648-22

4. Kawada K, Sakai Y (2018) Can we predict surgical difficulty of
rectal surgery? Ann Laparosc Endosc Surg 3(5):44-54

5. Heald RJ (2013) A new solution to some old problems: transanal
TME. Tech Coloproctol 17(3):257-258

6. van Leersum NIJ, Snijders HS, Henneman D, Kolfschoten NE,
Gooiker GA, ten Berge MG et al (2013) The Dutch Surgical Colo-
rectal Audit. Eur J Surg Oncol (EJSO) 39(10):1063-1070

7. Dayal S, Battersby N, Cecil T (2017) Evolution of surgi-
cal treatment for rectal cancer: a review. J Gastrointest Surg
21(7):1166-1173

8. Sylla P, Rattner DW, Delgado S, Lacy AM (2010) NOTES transa-
nal rectal cancer resection using transanal endoscopic microsur-
gery and laparoscopic assistance. Surg Endosc 24(5):1205-1210

9. Lacy AM, Tasende MM, Delgado S, Fernandez-Hevia M, Jime-
nez M, De Lacy B et al (2015) Transanal total mesorectal exci-
sion for rectal cancer: outcomes after 140 patients. ] Am Coll
Surg 221(2):415-423

10. Penna M, Buchs NC, Bloemendaal AL, Hompes R, Penna M,
Buchs NC et al (2016) Transanal total mesorectal excision for
rectal cancer: the journey towards a new technique and its cur-
rent status. Expert Rev Anticancer Ther 16:1-35

11. Abbott SC, Stevenson ARL, Bell SW, Clark D, Merrie A, Hayes
J et al (2018) An assessment of an Australasian pathway for
the introduction of transanal total mesorectal excision (taTME).
Colorectal Dis 20(1):01-06

12. Atallah SB, DuBose AC, Burke JP, Nassif G, deBeche-Adams T,
Frering T et al (2017) Uptake of transanal total mesorectal exci-
sion in North America. Dis Colon Rectum 60(10):1023-1031

13. on behalf of the St.Gallen Colorectal Consensus Expert Group,
Adamina M, Buchs NC, Penna M, Hompes R (2017) St Gallen
consensus on safe implementation of transanal total mesorectal
excision. Surg Endosc 24(5):1205-1213

14. Lee L, Kelly J, Nassif GJ, deBeche-Adams TC, Albert MR,
Monson JRT (2018) Defining the learning curve for transa-
nal total mesorectal excision for rectal adenocarcinoma. Surg
Endosc 47:48-49

15. Deijen CL, Tsai A, Koedam TWA, Veltcamp Helbach M, Sietses
C, Lacy AM et al (2016) Clinical outcomes and case volume
effect of transanal total mesorectal excision for rectal cancer: a
systematic review. Tech Coloproctol 20(12):811-824

16. Guel-Klein S, Biebl M, Knoll B, Dittrich L, Weil3 S, Pratschke
J et al (2019) Anastomotic leak after transanal total mesorectal
excision (Ta TME): grading of severity and management aimed
at preservation of the anastomosis. Colorectal Dis. https://doi.
org/10.1111/codi.14635

17. Penna M, Hompes R, Arnold S, Wynn G, Austin R, Warusavi-
tarne J et al (2018) Incidence and risk factors for anastomotic
failure in 1594 patients treated by transanal total mesorectal
excision. Ann Surg 269:1-12

18. Bashir-Mohamed K, Hansen CH, Krarup P-M, Fransgard T,
Madsen MT, Gogenur I (2019) The impact of anastomotic
leakage on recurrence and long-term survival in patients
with colonic cancer: a systematic review and meta-analysis.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/codi.14635
https://doi.org/10.1111/codi.14635

316

Techniques in Coloproctology (2020) 24:309-316

20.

21.

22.

23.

24.

25.

26.

27.

28.

Eur J Surg Oncol 46(3):439-447. https://doi.org/10.1016/j.
€js0.2019.10.038

. Kang CY, Halabi WJ, Chaudhry OO, Nguyen V, Pigazzi A,

Carmichael JC et al (2013) Risk factors for anastomotic leak-
age after anterior resection for rectal cancer. JAMA Surg
148(1):65-67

Caycedo-Marulanda A, Ma G, Jiang HY (2018) Transanal total
mesorectal excision (taTME) in a single-surgeon setting: refine-
ments of the technique during the learning phase. Tech Coloproc-
tol 30(2):464-511

Nagtegaal ID, van de Velde CJH, van der Worp E, Kapiteijn E,
Quirke P, van Krieken JHIM et al (2002) Macroscopic evaluation
of rectal cancer resection specimen: clinical significance of the
pathologist in quality control. JCO 20(7):1729-1734

Steiner SH, Cook RJ, Farewell VT, Treasure T (2000) Monitoring
surgical performance using risk-adjusted cumulative sum charts.
Biostatistics 1(4):441-452

Penna M, Hompes R, Arnold S, Wynn G et al (2018) Incidence
and risk factors for anastomotic failure in 1594 patients treated by
transanal total mesorectal excision: results from the International
TaTME Registry. Ann Surg 9:2808-2809

Matsuda T, Yamashita K, Hasegawa H, Oshikiri T, Hosono M,
Higashino N et al (2018) Recent updates in the surgical treatment
of colorectal cancer. Ann Gastroenterol Surg 2(2):129-136
Penna M, Hompes R, Arnold S, Wynn G, Austin R, Warusavi-
tarne J et al (2017) Transanal total mesorectal excision. Ann Surg
266(1):111-117

Larsen SG, Pfeffer F, Korner H, Norwegian Colorectal Cancer
Group (2019) Norwegian moratorium on transanal total meso-
rectal excision. BrJ Surg. 106(9):1120-1121

Aubert M, Mege D, Panis Y (2019) Transanal total mesorectal
excision for low and middle rectal cancer: time for audit? Tech
Coloproctol 23(8):703-705

Koedam TWA, Helbach MV, van de Ven PM, Kruyt PM, van
Heek NT, Bonjer HJ et al (2018) Transanal total mesorectal

@ Springer

29.

30.

31.

32.

33.

34.

35.

excision for rectal cancer: evaluation of the learning curve. Tech
Coloproctol. 22(4):279-287

Park EJ, Baik SH, Kang J, Hur H, Min BS, Lee KY et al (2016)
The impact of postoperative complications on long-term onco-
logic outcomes after laparoscopic low anterior resection for rectal
cancer. Medicine 95(14):¢3271-e3279

Fleshman J, Branda M, Sargent DJ, Boller AM, George V, Abbas
M et al (2015) Effect of laparoscopic-assisted resection vs open
resection of stage II or III rectal cancer on pathologic outcomes.
JAMA 314(13):1346-1410

de Lacy FB, van Laarhoven JJEM, Pena R, Arroyave MC, Bravo
R, Cuatrecasas M et al (2017) Transanal total mesorectal exci-
sion: pathological results of 186 patients with mid and low rectal
cancer. Surg Endosc 32(5):2442-2447

Atallah S, Sylla P, Wexner SD (2019) Norway versus The Neth-
erlands: will taTME stand the test of time? Tech Coloproctol
23(9):803-806

McLemore EC, Harnsberger CR, Broderick RC, Leland H, Sylla
P, Coker AM et al (2015) Transanal total mesorectal excision
(taTME) for rectal cancer: a training pathway. Surg Endosc
30(9):4130-4135

The International TaTME Educational Collaborative Group,
Francis N, Penna M, Mackenzie H, Carter F, Hompes R (2017)
Consensus on structured training curriculum for transanal total
mesorectal excision (TaTME). Surg Endosc 31(7):2711-2719
Caycedo-Marulanda A, Chadi S, Patel S, Knol J, Wexner SD
(2018) Is a transanal total mesorectal excision programme feasible
in a single-team setting? Colorectal Dis 20(7):571-573

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.ejso.2019.10.038
https://doi.org/10.1016/j.ejso.2019.10.038

	Experience beyond the learning curve of transanal total mesorectal excision (taTME) and its effect on the incidence of anastomotic leak
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Settings and patients
	Surgical technique
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	References




