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Surgeons’ assessment of internal anal sphincter nerve supply during
TaTME - inbetween expectations and reality
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ABSTRACT
Background: Intraoperative identification of nerve fibers heading from the inferior rectal plexus
(IRP) to the internal anal sphincter (IAS) is challenging. The transanal total mesorectal excision
(TaTME) is said to better preserve pelvic autonomic nerves. The aim of this study was to investi-
gate the nerve identification rates during TaTME by transanal visual and electrophysiological
assessment.
Material and methods: A total of 52 patients underwent TaTME for malignant conditions. The
IRP with its posterior branches to the IAS and the pelvic splanchnic nerves (PSN) were visually
assessed in 20 patients (v-TaTME). Electrophysiological nerve identification was performed in 32
patients using electric stimulation under processed electromyography of IAS (e-TaTME).
Results: The indication profile for TaTME was comparable between the v-TaTME and the e-TaTME
group. The identification of IRP was more meaningful under electrophysiological assessment than
under visual assessment for the left pelvic side (81% vs. 45%, p¼ 0.008) as well as the right pelvic
side (78% vs. 45%, p¼ 0.016). The identification rates for PSN did not significantly differ between
both groups, respectively (81% vs. 75%, p¼ 0.420 and 84% vs. 70%, p¼ 0.187).
Conclusions: The transanal approach facilitated visual identification of IAS nerve supply. In com-
bination with electrophysiological nerve assessment the identification rate almost doubled. For
further insights functional data are needed.
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Introduction

Urogenital and ano-neorectal dysfunction also referred
to as ‘‘pelvic unhappiness’’ occur frequently after total
mesorectal excision (TME) for rectal cancer. Patients
report a tremendous impact on their daily life. One of
the major causes is intraoperative pelvic autonomic
nerve damage. Current international guidelines and
consensus panels define the nerve-sparing dimension
as a crucial part of the TME concept. In particular the
nerve fibers emerging from the inferior hypogastric
plexus to the internal anal sphincter (IAS) are at the
focus of ongoing scientific discussion. Their existence
with its subsidiary plexus, the so-called inferior rectal
plexus (IRP) has been described anatomically (Figure 1)
and, more precisely, immunohistochemically (1–5).
Novel computer-assisted anatomic dissection techniques
have further facilitated quite elegantly the creation of a
3D-cartography of the complex IAS innervation (6).
This gives the surgeon at least an idea as to where one
should be cautious when it comes to preservation of
internal anal sphincter nerve supply.

Even under today’s favorable examination condi-
tions in laparoscopic and robotic rectal cancer surgery,
the intraoperative identification of IRP nerve outflow
is challenging. Hence, particular attention is paid to
the status of surgical technology with respect to intrao-
perative electrophysiological measurements (7–10). The
trend towards transanal TME (TaTME) conveys
amongst others that nerve-sparing may be better
achieved transanally (11). Reflecting the difficult intra-
operative conditions, the aim of this study was to
investigate surgeons’ nerve identification rates during
TaTME by visual and electrophysiological assessment.

Material and methods

Patients

From February 2014 to May 2016, 52 patients with
malignant conditions were selectively considered for
TaTME in case of difficult anatomical and oncological
conditions. Patient characteristics are summarized in
Table 1. Preoperative assessment and treatment
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algorithm were based on a colorectal-specific multidis-
ciplinary team discussion. Patients were preoperatively
categorized with regard to the intraoperative difficulty
level for pelvic autonomic nerve preservation based on
surgery- and patient-related factors (12). Forty-four
patients were preoperatively categorized as grade III
(more problematic) and nine as grade IV (very prob-
lematic). None of the patients was attributed to grade
I (ideal) or grade II (not entirely ideal), respectively.
Local anatomical and pathological factors indicating
TaTME as stated by a panel of international experts
(13) were assessed.

Surgery

Transabdominal assisted TaTME was mainly per-
formed with a one-team approach by an experienced
colorectal surgeon (WK). In one patient with carcin-
oma of the left-sided colon and history of open low
anterior resection for rectal cancer an open abdominal
approach was used. All other patients underwent mul-
tiport laparoscopy. The abdominal part included
mobilization of the splenic flexure, high tie of the
inferior mesenteric artery, and central ligation of the
mesenteric vein. The peritoneal fold was opened

circumferentially with mesorectal dissection down to
the level of the midrectum.

For the transanal part, a Lone Star retractor
(CooperSurgical, Trumbull, CT, USA) was inserted.
After irrigation with iodine solution a purse-string
suture was placed to occlude the rectum.
Circumferential full-thickness incision of the rectal wall
was performed above the dentate line (�1 cm distal
resection margin) in patients with a supra-anal tumor.
In case of juxta-anal tumours (<1 cm from the anorec-
tal junction), the incision was made at the level of the
dentate line for partial intersphincteric resection (pISR).
Different transanal access platforms were applied
(SILSTM Port; Covidien, Inc., Norwalk, CT, USA;
GelPOINT path transanal platform; Applied Medical,
European Union; D-PORT, K. Storz, Tuttlingen,
Germany; TEOVR with flexible working end, K. Storz,

Figure 1. Vertical organized inferior hypogastric plexus (star)
with superior, central and inferior branches and its sympa-
thetic/parasympathetic sources. Hypogastric nerve marked with
arrow. Cadaver dissection via abdominal surgical approach with
Prof. Dr. med. M. Herrmann (Institute of Anatomy, University of
Ulm)

Table 1. Patient characteristics
Gender (male/female) 36/16
Age in years (median) 60 (23, 79)
BMI (median) 26.2 (18.3, 41.8)
ASA I/II/III/IV 2/31/15/3
Malignancy

Primary rectal cancer 47
Recurrent rectal cancer§ 1
Colitis associated colon cancer 2
Rectal GIST 1
Left-sided colon cancer† 1

Neoadjuvant long-term chemo-radiotherapy 27
Neoadjuvant short-term radiotherapy 1
Preoperative chemotherapy 5
Operation

LAR 29
pISR 20
Proctocolectomy 3

Anastomosis technique
Hand-sewn 35
Stapled 11
Hartmann 6

Trans-anal specimen extraction 42
Tumor size in mm (median, range)#* 28 (9, 90)
Distal resection margin in mm (median, range)# 11 (1, 120)
Circumferential resection margin (� 1 mm)# 2
M.E.R.C.U.R.Y Grading#

I� / II�/ III� 39/8/0
(y)pT-category (n)#

pCR 7
Tis-T1 3
T2 15
T3 21
T4 1

(y)pN-category#
N0 26
N1 11
N2 10

cM-category#
M0 38
M1 9

BMI: body mass index; ASA: American Society of Anesthesiologists; GIST:
gastro-intestinal stromal tumour; LAR: low anterior resection; pISR: partial
intersphincteric resection; pCR: pathological complete response.
§History of transanal endoscopic microsurgery for low-risk pT1 rectal

cancer.
†History of low anterior resection for rectal cancer.
#Primary rectal cancer.
*On fixed specimen.
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Tuttlingen, Germany). A 30� angled laparoscope
(K. Storz, Tuttlingen, Germany) was used (Ø10mm or
30 mm; length 30 cm or 60 cm). CO2 was continuously
insufflated to a pressure of 9–16 mmHg. Transanal mes-
orectal dissection was achieved with a monopolar hook,
bipolar scissors, and LigaSureTM (Covidien).

Transanal visual and electrophysiological nerve
identification

The surgical team visually assessed the pelvic auto-
nomic nerves by videoendoscopy during transanal
mesorectal dissection in 20 patients. The integrity of
the inferior rectal plexus with its posterior branches to
the internal anal sphincter (IRP) and the pelvic
splanchnic nerves (PSN) was documented for both pel-
vic sides. Transanal electrophysiological nerve evalu-
ation was performed in 32 patients using the current
standard methodological setup (14). Electric stimula-
tions were carried out under processed electromyog-
raphy (EMG) of the internal anal sphincter. The
stimulations were performed bilaterally above the level
of the pelvic floor and along the pelvic side with a
hand-guided bipolar microfork probe inserted through
one of the trocars of the transanal access platform.
Currents of 6 mA, frequency of 30 Hz, and monopha-
sic rectangular pulses with pulse duration of 200 ls
were chosen. A stimulation-induced increase in EMG
amplitude (V) was rated as identified nervous tissue.
The nerve identification rates based on visual
(v-TaTME) and electrophysiological (e-TaTME) con-
trolled procedure were compared.

Statistical analysis

Statistical analysis was performed using SPSS version
23.0 (SPSS, Chicago, IL, USA). For comparison of the
v-TATME and e-TaTME group the chi-squared test

(v2) was used for categorical variables and the Mann-
Whitney U-test for continuous variables. A p val-
ues<0.05 was considered statistically significant.

Complete nerve assessment on one pelvic side was
defined by identification of IRP and PSN. If at least
one of them could not be identified the evaluation was
considered as incomplete. For further analysis patients
were dichotomized based on the number of observed
factors indicating TaTME according to Motson et al.
(13) (�4 factors referring to less difficult conditions
for transanal nerve identification vs.>4 factors refer-
ring to more difficult conditions).

Results

The indication profile for TaTME was comparable
between the v-TaTME and the e-TaTME group. The
median number of factors that may make the transanal
procedure a preferred approach was four (range 1–6)
in each group (p¼ 0.829). Further potential risk fac-
tors were also equally distributed (Table 2). There was
no conversion from the planned minimally invasive
approach.

In the v-TaTME group posterior branches of the
IRP could be identified bilaterally in eight and unilat-
erally in two of 20 patients (Figure 2). PSN were rec-
ognized bilaterally in 14 patients and unilaterally in
one patient (Figure 3). In the e-TaTME group IRP
branches could be identified electrophysiologically on
both pelvic sides in 24 and on one pelvic side in four
of the 32 patients (Figure 4). Identification of PSN was
accomplished bilaterally in 24 and unilaterally in five
patients.

The identification of IRP with its posterior branches
heading to the internal anal sphincter was more mean-
ingful under electrophysiological assessment than
under visual assessment for both pelvic sides
(p< 0.05). The identification rates for PSN did not

Table 2. Factors (1–8) according to Motson et al. (13) indicating TaTME in 52 consecutive patients: Comparison of visually
(v-TaTME) and electrophysiologically (e-TaTME) controlled transanal total mesorectal excision.
Anatomical and pathological factors Total v-TaTME (20 patients) e-TaTME (32 patients) p values

1. Male gender 36 15 (79%) 21 (66%) 0.347
2. Tumor <12cm from AV (including very low cancers)† 47 (45) 19 (95%) 28 (88%) 0.354
3. Narrow and/or deep pelvis 32 14 (74%) 18 (56%) 0.244
4. Visceral obesity (and / or BMI >30kg/m2) 22 (12) 8 (42%) 14 (44%) 0.510
5. Prostatic hypertrophy 16 8 (42%) 8 (25%) 0.202
6. Tumor diameter >4 cm# 16 6 (32%) 10 (31%) 0.588
7. Distorted tissue planes due to neoadjuvant radiotherapy 15 4 (21%) 11 (34%) 0.214
8. Impalpable, low primary tumor requiring accurate
placement of the distal resection margin

7 2 (11%) 5 (16%) 0.447

Further potential factors* 13 5 (25%) 8 (25%) 0.624

TaTME: transanal total mesorectal excision; AV: anal verge, BMI: body mass index.
†Tumor location within 6 cm from anal verge.
#Measured on fixed specimen.
*Prior pelvic surgery (n¼ 5), myomatous uterus (n¼ 1), peritumoral fibrosis (n¼ 3), T4 (n¼ 1), extraluminal tumor (n¼ 2), distal positive lymph node

(n¼ 1).
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differ significantly between the v-TaTME and
e-TaTME group (Table 3).

Based on the above mentioned assessment criteria,
complete nerve assessment in the v-TaTME group

could be achieved in nine of 20 patients (45%) on
either pelvic side. In the e-TaTME group 25 of 32
patients (78%) on the right pelvic side and 26 of 32
(81%) on the left pelvic side, respectively. Overall,
patients with more than four factors indicating
TaTME had a significantly lower nerve identification
rate than those with equal to or less than four factors
(complete nerve assessment rate for 104 pelvic sides:
46% vs. 68%, p¼ 0.038).

Discussion

The present study demonstrates in a consecutive series
of TaTME cases the surgeon’s quantitative visual
evaluation of internal anal sphincter nerve supply in
20 patients on the one hand and a more qualitative
electrophysiological assessment in 32 patients on the
other hand. The tiny neurogenic pathways could be
visually identified in up to 45% on each pelvic side
and were found tracing the pelvic floor in posterolat-
eral (4–5 and 7–8 o’clock lithotomy position) to
anterolateral direction on the supralevatoric pelvic

Figure 2. Visually assessed tiny nerve fibers heading to the
internal anal sphincter (arrows)

Figure 3. Pelvic splanchnic nerves located posterolaterally run-
ning along the right pelvic side wall to intermingle with the
inferior hypogastric plexus.

Figure 4. Electrophysiologically assessed posterior branches of
the inferior rectal plexus (arrows). Former exidental opening of
levators fascia (star)

Table 3. Identification of extrinsic internal anal sphincter nerve
supply: Comparison of visually (v-TaTME) and electrophysiologi-
cally (e-TaTME) controlled transanal total mesorectal excision

v-TaTME
(20 patients)

e-TaTME
(32 patients) p values

Left pelvic side
IRP 9/20 (45%) 26/32 (81%) 0.008
PSN 15/20 (75%) 26/32 (81%) 0.420

Right pelvic side
IRP 9/20 (45%) 25/32 (78%) 0.016
PSN 14/20 (70%) 27/32 (84%) 0.187

TaTME: transanal total mesorectal excision; IRP: inferior rectal plexus with
its posterior branches heading to the internal anal sphincter; PSN: pelvic
splanchnic nerves.
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sidewall (3 and 9 o’clock lithotomy position) up to the
IRP. Cadaver dissection via non-surgical approach
demonstrated variations of the branches in terms of
number (three to six nerve fibers), diameter (up to
1.1 ± 0.2 mm) and length (up to 37.3 ± 13.6 mm) (2).
Recently, video-endoscopic supported cadaver dissec-
tions with a ‘‘bottom up’’ approach revealed them to
reach the most distal rectum constituting nerve fibers
to the IAS (15). On the basis of adult anatomical dis-
section, 3D reconstructions of fetal pelvic neuroanat-
omy as well as surgical experience pioneering TaTME,
it was stated that neurological lesions could easily
occur at the level where nervous tissue is situated in
a virtual space between levator ani muscle fascia
and fascia recti. Furthermore, it was emphasized
that there is no risk of nerve damage during postero-
lateral dissection between visceral and parietal pelvic
fascia at the level of the middle rectal third (16).
The intraoperative findings in the present study
support this statement as PSN could be visually
assessed in more than two thirds for both pelvic sides
with even higher rates under electrophysiological
assessment. Nevertheless, we would not preclude the
risk of damage at this side completely. In comparison
to the v-TaTME group the identification rates for
the IRP branches were significantly higher in the
e-TaTME group on the left and right pelvic side
(81% and 84% vs. 45% for both sides). The lower
amount of visual confirmation of nervous tissue
should be interpreted with caution. There are two
main reasons for this finding: On the one hand in the
e-TaTME group a distinct identification of initially
undefined structures was possible, and, on the other
hand, intact neural pathways covered or embedded in
connective tissue layers of the thin endopelvic fascia
could be confirmed (Figure 4).

The ‘‘down to up’’ approach requires excellent tech-
nical skills and a special knowledge of surgical anat-
omy. Besides the ongoing discussion on pelvic fascias
and the highly complex and partly not entirely clari-
fied pelvic neuroanatomy, it should be considered that
intraoperative conditions are often severely hampered
by patient-, tumor- and surgery-related factors. Lacy
et al. pointed out a huge variability when selecting
patients for TaTME (17). There is no doubt that the
present study included only patients with technically
advanced situations according to oncological as well as
functional aspects (i.e. sphincter-saving and nerve-
sparing). Acceptable oncological surrogates in terms of
quality of specimen and free resection margins were
achieved with a satisfactory valuable intraoperative
nerve identification rate of 68%. The rate still remains

46% even if more than four advanced criteria indicat-
ing TaTME exist. To the best of the author’s know-
ledge, comparable data are not available to date,
neither for ordinary nor for challenging situations,
which indicates the need for further research.
Consequently, particular attention must be given to
the superior and central branches of the inferior hypo-
gastric plexus responsible for urogenital innervation.
Noteworthy is a recent prospective study comparing
visualization of the neurovascular bundles between 18
TaTME and 15 laparoscopic TME procedures (18).
The authors observed a significantly higher amount of
visualization with TaTME (78% vs. 33%).

The present study has several limitations. First,
multifactorial analysis of functional data is necessary
to be able to draw more reliable conclusions on sur-
geons’ nerve-sparing efforts (19). Second, data were
registered along the learning phase of TaTME. The
technique was not standardized, in particular with
regard to access and insufflation platforms as well as
dissection instruments. Furthermore, a possible learn-
ing curve effect for nerve assessment cannot be
ruled out.

In conclusion, there is definitely a need for special
skill acquisition in order to disseminate TaTME
(20–22). Therefore, it is worth thinking about includ-
ing nerve-preservation during the transanal phase as
an element of training. The combination with electro-
physiological assessment may be considered as an add-
itional helpful modality in order to meet current
expectations. Even though this was not a comparative
study, we can promote and encourage a crucial aspect
of TaTME: PSN heading to IHP and posterior
branches of the IRP could be identified during the
most difficult part of mesorectal dissection. However,
this needs conscious effort.
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