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General introduction






General introduction

General introduction

By estimation, 13.000 new cases of colorectal cancer are diagnosed every year in the
Netherlands alone. Worldwide, 1.8 million new cases were diagnosed in 2018 alone.!
One third of all colorectal tumours are located in the rectum. In the Netherlands
tumours of the colon and rectum are the third most frequent diagnosed malignant
disease in both female and male patients. Approximately half of all the patients
eventually die from the disease.” Almost all rectal cancers start as a benign adenoma or
adenomatous polyp and progress over time into a malignant adenocarcinoma. These
mutations of specific oncogenes and tumour suppressor genes were first described in
1990 by Vogelstein.’

Figurel.1. Illustration in JF. Lange’s The rectum. Surgical anatomy of the abdomen. chapter 16.
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Chapter 1

The growing incidence of colorectal cancer in combination with high mortality rates of
advanced stages of colorectal cancer led to the development of national screenings
programs. The introduction of population-based screening programmes has led to
improved survival and a shift towards detection of earlier rectal cancers (=T1/2 NO), with
35% of tumours detected by screening being early stage rectal cancer versus 14% in a
non-screened population.*> The expected increase of early rectal cancer in the near
future makes developing new surgical techniques, for the treatment of small and early
rectal cancers in particular, important. These low-risk early stage rectal tumours can be
treated by transanal local excision techniques in contrast to advanced staged rectal
cancers. Radical local excision of early stage tumours yields good oncological results
without extensive morbidity and mortality. Transanal Minimally Invasive Surgery (TAMIS)
is the latest technique designed especially for the local excision of these early stage low
rectal tumours.

In order to understand transanal minimally invasive surgery (TAMIS), the main subject of
the first part of this thesis, it is essential to recognize the achievements of our
predecessors in the treatment of rectal cancer.

First rectal resection

Jacques Lisfranc  performed the first
successful rectal resection in 1826. He used a
transanal approach for a palpable lesion.’
Lisfranc’s technique was quite primitive by
modern standards, for there were no forms
of anaesthesia, asepsis or haemostasis
available yet. Patients experienced a lot of
pain and often did not survive the severe
haemorrhage or pelvic sepsis.” The
introduction of anaesthesia and several
forms of asepsis paved the road for new
surgical procedures that had not been
possible before. Technical advances rapidly
follow each other. Theodore Billroth excised
45 rectums from 1860 to 1872 using the
technique described by Lisfranc. During this

time period, Paul Kraske developed his own Figure 1.2. Kraske’s posterior proctectomy: Left

trans-sacral technique. He first performed a Wingof sacrumis marked.

12



General introduction

colostomy than disarticulated and detached the left side of the sacrum and os coccyx,
then divided the rectum on both sides of the tumour and extracted the cancer. This
technique was considered to be revolutionary in 1885.”% Arthur Trehern Norton
restored intestinal continuity for the first time. Vincent Czerny was the first to attempt a
combined abdominal and perineal resection in 1884.° High mortality rates and
recurrence rates of almost 80% were common and a troubling problem that tormented
the early days of rectal cancer surgery.’

Tackling the problem of local recurrence: “radical abdominoperineal
resection”

While reviewing his own results, William Ernest Miles
found a 95% local recurrence rate within the first six
months after rectum resection in his own patients. In
1908, he recommended a more radical and extensive
mesenteric lymphadenectomy in order to prevent
local recurrence. Since Miles believed the lymphatic
spread attributed the most to the local recurrence
rate, he removed the tumour, rectosigmoid, and
associated lymph nodes en-bloc through a combined

abdominal and perineal approach.”’ (Figure 1.4.) /
Around 1908 this “radical abdominoperineal  Figure 1.3.Sir William Ernest Miles.

resection” (APR) still had a significant mortality rate of 42% but also showed a one year

disease free survival of 58%."" For long the APR remained controversial, despite the
improved oncological results it was deemed too radical and invasive. It wasn’t until after
World War Il, with the introduction of blood transfusion and improved anaesthetics, that
Miles was able to bring the mortality rate down to 9% with an overall recurrence rate of
29.5%."” The APR became the gold standard of surgical rectal cancer treatment around
the 1940’s.

Preservation of the sphincter

The permanent colostomy, genito-urinary dysfunction and a still high mortality rate of
APR procedure kept troubling Cuthbert Dukes. Dukes proved that the majority of the
involved lymph nodes were at the level of, or proximal to the rectal tumour and believed
the caudate resection (including the perineal skin and sphincter complex) could be
avoided.” Henri Hartmann, a French surgeon, was the first surgeon to perform an
anterior resection. In 1923 he published two cases of patients with proximal rectal
cancer he resected. After first creating an end colostomy, he then resected the rectal

13



Chapter 1

tumour leaving the distal rectum unharmed. In a
later stage, he restored bowel continuity. Claude
Dixon, head of the Section of General Surgery at
the Mayo Clinic, further perfected Hartmann’s
technique. The results of this evolution shifted the
focus from radical rectal cancer surgery to more
sphincter preserving techniques. The anterior
resection was adopted more and more for treating
cancer of the middle and upper rectum around
1948
surgery remained the same, not many

For the next couple of years rectal

breakthroughs were reported of. Up until the
1970’s, Alan Parks started working on a sphincter
preserving technique for rectal cancer located in
the lower one third of the rectum. In 1982, he first

published his colo-anal anastomosis. This low Figure 1.4. Radical abdominoperineal

anterior resection (LAR) enabled the resection of a

its  blood supply,

resection specimen. Including recto-sigmoid
and

mesorectum,

tumour that previously could only be excised using lymphnodes and the levator ani muscle.

an APR, whilst preserving intestinal continuity,
leading to potentially better functional outcomes

. . R 9,12
without compromising oncological outcomes.

The “holy plane”

The introduction of the Total Mesorectal Excision
(TME) by Bill Heald in 1982, forms the cornerstone of
modern rectal cancer surgery.”” Up until the late
1970’s (low) anterior resection had been performed
mainly by blunt dissection. This way of dissecting
potentially resulted in breaching of the mesorectum
with positive lateral wall margins, resulting in local
recurrences in up to 85% of the cases.” Aware of the
work by Quirke and co-workers in the early eighties.™
Heald’s insight was that rectal cancer is “more apt to
spread initially along the field of active lymphatic and
venous flow”. He postulated the mesorectal fascia
itself was impenetrable since it is an avascular
interface between  structures of  separate

14
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General introduction

embryological origin. He developed this sharp dissection technique on the basis of his
knowledge of the embryologic development of the hindgut. (Figure. 1.6.) He named this
dissection space ‘the Holy plane’.17 By following this anatomical plane surgeons were
able to operate ‘nerve-sparing’ with resulted in better functional outcomes.
Furthermore, Heald reported the lowest ever local recurrence rate of 3.6% with a

disease- free survival of 80% at five years and 78% at ten years.”**"*

’

Mesorectum

|
L: 3 O.‘ \,
N 1r— Fascia
1 propria

Levator
ani muscle

Figure 1.6 Total mesorectal excision (TME). Dissection planes are shown by the dashed lines. A. demonstrating
dissection planes between visceral mesorectal fascia and parietal fascia. B. lateral view in male patient.
C. lateral view in female patient. J Gastrointest Surg (2014) 18:1358-1372.

Although (TME) surgery remains the golden standard for the treatment of rectal cancer,
it is still associated with serious adverse events. The most serious adverse event remains
anastomotic leakage reported in about 2.8-8.4% of the cases resulting in a mortality rate
of 1.7-16.4%.”° The awareness of the quality of life of our patients has grown, and the
role of radical surgery for all patients with rectal cancer is increasingly doubted. These
considerations eventually led to the development of less invasive surgical techniques for
the resection of specific and carefully selected rectal tumours.

15



Chapter 1

Toward tailored surgery: “transanal local excision”

Transanal endoscopic microsurgery (TEM)

In 1983, just one year after the first report of TME,
Gerhard Friedrich Buess (Figure 1.7.) a German
surgeon, introduced a new procedure for the local
treatment of rectal tumours: Transanal Endoscopic
Microsurgery (TEM). Local excision for rectal lesions
was initially considered a palliative procedure
especially for patients unfit for radical major surgery.
Buess showed that it could now be used with curative
intent in carefully selected tumour. Patients with T1 or
low risk T2 lesions without evidence of nodal

involvement, low grade histology and lesions up to

Figure 1.7. Gerhard Friedrich Buess.

15 cm form the anal verge were optimal candidates

for his new technique.”® Buess and co- workers developed several dedicated
instruments which allowed him to perform the first generation of dedicated transanal
minimally invasive endoscopic surgery.24 Because the distal rectum will form the seal
with the 40-mm diameter TEM device, very low tumours (<5 cm from the anal verge) are
difficult to reach with the TEM procedure. A full thickness excision with 1cm
circumferential margins is performed using the TEM specific instruments.”” The bowel
wall defect is closed in the majority of cases. Postoperatively, patients are discharged
after one day and recover quickly. Morbidity and mortality after TEM local excision are
much lower than after TME surgery. Examples of morbidity associated with TEM are
haemorrhage (27%), urinary tract infection (21%), and suture line dehiscence

(14%).”° The reported incidence of faecal incontinence after TEM is minor and generally
temporary.27’28 A significant improvement in quality of life was noted at 12 and
60 months after TEM, partially due to faecal continence returning to normal.” The cost
of dedicated instrumentation and the high upfront cost of the TEM rectoscope are
considered a disadvantage of this procedure and one of the barriers to its widespread
use. Furthermore, it has a steep learning curve as demonstrated by Barendse and co-
workers. Four different surgeons resected a total of 693 lesions and found it takes at
least 35 procedures to in order to significantly lower the incidence of bowel perforation
and operation time. Furthermore, the risk of recurrence decreased by 10% after
completing the learning phase.26
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General introduction

Transanal minimally invasive surgery (TAMIS)

TAMIS was first described in 2009. This novel approach was pioneered by Sam Atallah
and Mathew Alberts. This technique; a hybrid between TEM and single-port laparoscopy,
was developed as an alternative to the more expensive TEM technique.30 Initially TAMIS
was only used for the local excision of benign lesions and carefully selected early rectal
tumours. Lim and co-workers were the first to use this technique for excision of the scar
after complete pathological response in more advanced rectal tumours. In this way
complete regression could be proved and microscopically small residual tumour foci
could be removed.’* Nowadays TAMIS for the local excision of T1 and T2 rectal tumours
is well accepted.32’33

TAMIS can be performed, utilizing one of many available platforms. (Figure 1.8.) By using
this port, conventional and existing laparoscopic instrumentation including the
laparoscope can be used to perform the procedure. Either spinal or general anaesthesia
is provided, and the patient is placed in the dorsal lithotomy position. The patient
position is not dependent of the tumour location in the rectum, in contrast to TEM
procedure. The pliable 30 mm diameter soft SILS port is inserted in the anal canal. The
pneumorectum is established with a standard laparoscopic CO2 insufflator.®,** A
laparoscopic camera and conventional laparoscopic instruments such as graspers,
thermal energy devices, suction and needle drives are introduced through the TAMIS
port to assist the operator in performing a full thickness resection of the neoplasm with
1 cm margins. (Figure 1.9) The average size of lesions resected published in literature

was, 3.1 cm (0.8-4.75 cm) with a mean distance to the anal verge of 3 cm to 15 cm.>***

The mean procedure time was 76 minutes, ranging from 25 minutes to 162 minutes.*>?®
Incidence of complications following the TAMIS procedure is low with an overall rate of
7.4%.* The conversion rate to laparoscopy was 2.3%. Inadvertent peritoneal breach
during TAMIS was reported in 1% of cases. In malignant polyps, the rate of positive

margins was 4.4% and the rate of tumour fragmentation was 4.1%.

Quality of life and fecal incontinence

The reported incidence of faecal incontinence after TAMIS on the short-term follow-up
is low. Verseveld and co-workers and Schiphorst and co-workers report on Faecal
Impairment Severity Index scores remaining unimpaired (FISI score pre TAMIS 9.8 points
vs post TAMIS 7.3 points) or even improving in 88% of the patients after TAMIS.>"®
Evidence on quality of life after TAMIS is scarce but seems promising on short term
follow-up.”” However, no studies on faecal continence and quality of life with long-term
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Chapter 1

follow-up exist. Before definitive conclusions can be drawn on this subject, studies with
longer follow-up have to be awaited.

Figure 1.8. TAMIS is typically performed with patients positioned in dorsal lithotomy position with legs in
stirrups. In this particular case TAMIS is performed by one surgeon and one resident (A). Most interfaces allow
for 3 cannulas through which suction-irrigator/cautery, graspers and the camera can be introduced to facilitate
TAMIS (B). A variety of conventional laparoscopic instruments and a single-port access platform can used to
perform TAMIS (C).

TEM vs. TAMIS

Extensive global application of the TEM technique has been limited due to several
features, the observed learning curve that led to increased conversion rates, procedure

26 39

time, and complications can be considered the most important reason. Even though

experienced TEM surgeons are not always hindered by these limitations.

18



General introduction

The TAMIS technique is often referred to as be
being more easily to master due to the use of
standard laparoscopic instruments. Laparoscopic
surgeons are already familiar with this
equipment  which  would  hypothetically
facilitate adopting this technique. Lee and co-
workers show that colorectal surgeons already
familiar with laparoscopic surgery require a
minimum of 14-24 TAMIS cases to reach an

acceptable level of R1 resections.”® It would be
interesting to investigate whether structured

proctoring could further enhance the learning
Figure 9. Resected specimen with TAMIS

) ) technique. Adenoma with central focus of T1
Furthermore, the low-profile design of the ,denocarcinoma. Pinned down on Styrofoam

TAMIS port vyields the foremost advantage for pathological evaluation.
when compared to TEM. This makes TAMIS
more suitable for the local excision of tumours closer to the anal verge, because the

curve.

shorter shaft allows the dissection to begin in the very distal rectum and provides a
significantly wider working angle.

Both techniques allow early stage rectal tumours to be locally excised through the anus
with low morbidity and low mortality, allowing an organ preserving technique. (Table 1.1.)

Although TAMIS seems to have some advantages over TEM the risk of incomplete
resection after local excision in general still remains higher when compared to TME
surgery. The risk of leaving microscopic lymphoid metastasis behind is a potential cause

of local failure when comparing these local excision techniques to radical resection.***
Table 1.1. Aspects of two techniques for local excision of early rectal cancer.
TEM TAMIS
Tumour distance from the anal 2 cm up to 15 cm 2cmupto 15cm
verge
Bowel preparation  Required Required
Positioning of the patient  Dependent of tumour position Lithotomy
Anaesthesia  General (or spinal) General (or spinal)
Instruments  Rigid and TEM specific Rigid or flexible, standard
laparoscopy instrumentation
Cost  Higher due to dedicated Lower due to conventional
instruments laparoscopic instruments
View 360 degrees (by repositioning 360 degrees
rigid endoscope)
Learning curve  ‘Difficult’ to learn ‘Short’ learning curve
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Tumour selection

Unrelated to surgical technique, careful patient and tumour selection are the most
critical and challenging elements in achieving adequate oncologic outcomes with local
excision.*® Accurate staging of rectal cancer has wide-ranging implications, including therapeutic
strategy and prognosis. A change in stage may lead to the need for radical TME surgery instead of
local excision or preoperative neoadjuvant therapy to decrease the risk of recurrence. The ideal
tumours that are suitable for excision with TAMIS are pT1 tumours, smaller than
3 centimetres without lymph node involvement on endoluminal ultrasound or MRI
investigation. Selection on the basis of histopathological investigation, after biopsy,
should preferably reveal a well- or moderately differentiated tumour without lymph or
vascular involvement without suggestions for tumour budding. Preoperative clinical and
radiological investigation provides essential information, since the T stage of the tumour
is related to the development of lymph node metastasis. The incidence of lymph node
metastases ranges from 6% to 14% for T1 tumours, 17% to 23% for T2 tumours and 49%
to 66% for T3 tumours.** Several online calculators exist and are useful to help surgeons
predict the estimated risk of metastasis in completely (RO) resected T1 tumours. (Figure
1.10)

The modalities commonly used for the primary and local staging of rectal cancer include
endoluminal ultrasound (EUS) and magnetic resonance imaging (MRI). The accuracy of
EUS for T-staging shows a sensitivity and specificity of 88% and 98% respectively, for
detecting T1-T2 tumours.* Showing that EUS is accurate for T-staging of rectal cancer.*
Concerning the staging of nodal involvement, literature on EUS shows a sensitivity and
specificity of 73% and 76% for lymph node involvement.

However, several studies trying to replicate these
excellent results failed in doing so.””** They concluded

that EUS used in routine practice (with less experienced
endo-sonographers) does not match the high accuracy
reported before. For accurate staging using EUS, great
experience and great case numbers are mandatory.

MRI has the ability to characterize lesion size,
morphology, tumour margin, relation of the tumour to

the mesorectal fascia, presence of extramural vascular
. . Figure 1.10. Calculator for the risk
invasion (EMVI), and the presence of extra-mesorectal f metastasis in resected T1 colo-

lymph nodes. Most of these findings are impossible to rectal tumours. Designed by Dutch
T1 colorectal working group.

characterize by EUS. In literature, the overall reported Gastroenterology. 2018

accuracy for T-staging ranges from 59% to 95% on pelvic
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MRI investigation. On the other hand, MRI is inferior to EUS for early lesions and the
differentiation between T1 and T2 lesions. This is challenging with MRI due to limited
visualization of the submucosa.”’ Specificity for node involvement is reported around
71%.%

However, as stated before this preoperative workup cannot completely confirm that the
tumour can be treated definitively with local excision. Only the postoperative histological
investigation can determine whether the patient had adequate surgical therapy or
requires completion TME surgery.

Bach and co-workers™ retrospectively analyses 424 patients undergoing local excision
for early rectal cancer. He showed that 93% of the patients with well to moderately
differentiated T1 tumours smaller than 3 cm in diameter, with no lymphatic or vascular
invasion with a radical resection stayed disease free for op to 36 months of follow-up.
They also showed that any deviation from the before mentioned specifications led to a
significantly increased recurrence rate. The work by Borschirtz et al.”> emphasizes the
importance of margin positivity and confirms the conclusion by Bach et al. They found
that patients with high risk T1 rectal tumour (deep submucosal invasion, histologic high
grade, budding, and vascular invasion), tumour fragmentation or positive resection
margins had a 49% 10-year overall survival as compared to the 89% of patients with low
risk and complete resected tumours.

Histopathological examination after local excision reveals unfavorable histological
. . .. 38,52,53 .
prognostic factors in up to 24% of the local excision cases. In these particular cases

completion, total mesorectal excision(cTME) is recommended.

Completion surgery after local excision

The discovery of unfavourable histological characteristics after local excision should be
followed by radical resection. Hahnloser and co-workers carefully suggested that these
completion resections can even be performed without any increased adverse oncologic
outcomes when compared to primary radical resection.”® In his study local recurrence
rates were 3% for patients undergoing completion TME surgery after local excision and
5% for patients undergoing primary TME surgery. Distant metastasis occurred in 11% of
the patients undergoing cTME surgery and 12% in the primary TME surgery group.
Overall 5-year survival rates were also not significantly different (78% and 89%
respectively).

However, completion TME surgery after primary local excision is considered to be
challenging as some studies have already addressed.”*® Dissection can be more difficult
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due to fibrotic changes to the bowel wall, after primary full thickness resection, and thus
obscuring normal pelvic dissection planes. These anatomical changes could potentially
lead to difficult surgery (e.g. increased blood loss, increased morbidity) but could also
affect oncological results due to increased risk of violating surgical dissection planes and
thus rendering radical surgery more difficult. Also, the trauma by repeated surgery might
influence morbidity, mortality and oncological results. Whether previous TAMIS leads to
compromised oncological results after completion TME surgery remains an important
guestion we still need to answer.
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Chapter 1

Outline of the thesis

The scope of the current thesis was to investigate the safety of newly implemented
minimally invasive (single port) laparoscopic techniques in colorectal surgery. In part
ONE we focus on the ability of these techniques to reduce morbidity, mortality and the
influence on the quality of life in patients with early stage rectal cancer without
compromising oncological outcomes. Secondly, we analyse the obstacles a surgeon
mastering the technique needs to overcome. In part TWO we use the recently acquired
knowledge and test the feasibility of the minimally invasive single-port techniques as a
new adjunct for the restoration of colonic continuity, hoping to improve patient’s quality
of life without the accompanying high morbidity and mortality rates.

PART ONE Implementation of minimally invasive techniques for minimally
invasive transanal resection of selected neoplasms

Transanal minimally invasive surgery (TAMIS) is a relatively new surgical technique, with
as of yet few large studies available at the initiation of this thesis. Chapter 2 investigates
the impact of TAMIS on the faecal continence of 42 patients. Literature on faecal
continence after local excision is limited. Several studies report on short term follow-up
after Transanal endoscopic microsurgery (TEM) and show inconsistent result. There is
only one study available that reports short term effects after TAMIS. It is therefore
unclear what the effects of TAMIS are on faecal continence after long term follow-up.
Are these outcomes of this new technique compatible with outcomes after TEM and
TME surgery? Radical TME surgery for rectal neoplasms is considered a major surgical
procedure that burdens the patient both physically and emotionally, with negative
consequences for rehabilitation and recovery. Developing and using new surgical
techniques can only be justified when they lead to prolonged survival and when the
quality of life status of the patient is not negatively affected. The measured quality of life
in Chapter 3 is therefore crucial. As is the case with every new surgical technique, a
certain period of acquisition is needed to attain surgical proficiency. This period, also
known as the learning curve, allows a surgeon to become increasingly familiar with the
technique, in order to use it safely and efficiently even in complex cases. It is unclear
how many TAMIS procedures are necessary to reach proficiency? Chapter 4 elaborates
on a surgeon specific learning curve for TAMIS procedures, analyses the effects of
proctoring and suggest a training format for surgeons new to TAMIS. Up until now this
thesis only focused on patient reported outcomes, technical aspects and feasibility of
TAMIS for the local excision of small rectal lesions. Unfortunately, histopathological
examination after TAMIS can reveal unfavourable histological prognostic features,
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including tumour invasion beyond the muscularis propria, poorly differentiated tumour
grading, lympho-vascular invasion or incomplete resection. In these cases, completion
rectal- and mesorectal excision (TME) is recommended. Poor results in terms of
perioperative complications, high colostomy rates and high abdominoperineal resection
rates are reported when completion surgery is performed after TEM. Does completion
TME after TAMIS yield similar results? In Chapter 5 we focus on surgical- and oncological
outcome parameters of patients undergoing completion TME surgery after TAMIS and
compare these results with a historical case-matched cohort of patients undergoing
primary TME surgery.

PART TWO Reducing morbidity after closure of end colostomies;
introduction of a single port technique

Historically, restoration of bowel continuity after Hartmann’s procedure has been
considered technically challenging and is associated with high morbidity and mortality
rates despite modern surgical techniques. This is the main reason why restoration of
intestinal continuity is often not attempted. Intraoperative difficulties during laparotomy
or multiport laparoscopy are mainly caused by the formation of adhesions at the
laparotomy site and lower part of the abdomen after active inflammation and/or
infection and previous surgery. Chapter 6 is a textbook chapter that emphasizes on
different surgical techniques for the restoration of intestinal continuity after Hartmann’s
procedure in general. This chapter introduces and suggests a minimally invasive single-
port technique that uses the former colostomy site as an access point to the abdominal
cavity. In Chapter 7 we test our hypothesis and perform a small number of single port
restoration procedures of intestinal continuity after Hartmann’s procedure. We compare
this new approach with patients undergoing classic restoration of intestinal continuity in
terms of incidence of complications and hospital stay. After standardization
(consolidating) the single port technique for the reversal of left-sided colostomies we
evaluated the results in a large patient cohort. These results were evaluated in chapter 8.

PART THREE Summary, general discussion and future perspectives

The results of this thesis are reviewed in Chapter 9. Future prospects are also discussed
in this chapter.
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Chapter 2

Abstract

Purpose

Transanal minimally invasive surgery (TAMIS) is gaining worldwide popularity as an
alternative for the transanal endoscopic microsurgery (TEM) method for the local
excision of rectal polyps and selected neoplasms. Data on patient reported outcomes
regarding short-term follow-up are scarce; data on functional outcomes for long-term
follow-up is non-existent.

Methods

We used the fecal incontinence severity index (FISI) to prospectively assess the fecal
continence on the intermediate-term follow-up after TAMIS. The primary outcome
measure is postoperative fecal continence. Secondary outcome measures are as follows:
perioperative and intermediate-term morbidity.

Results

Forty-two patients (m=21: f=21), median age 68.5 (range 34-—94) years, were included in
the analysis. In four patients (9.5%), postoperative complications occurred. The median
follow-up was 36 months (range 24-48). Preoperative mean FISI score was 8.3 points.
One year after TAMIS, mean FISI score was 5.4 points (p=0.501). After 3 years of follow-
up, mean FISI score was 10.1 points (p = 0.01). Fecal continence improved in 11 patients
(26%). Continence decreased in 20 patients (47.6%) (mean FISI score 15.2 points, [range
3-31]).

Conclusions

This study found that the incidence of impaired fecal continence after TAMIS is
substantial; however, the clinical significance of this deterioration seems minor. The
present data is helpful in acquiring informed consent and emphasizes the need of proper
patient information. Functional results seem to be comparable to results after TEM.
Furthermore, we confirmed.
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Introduction

The rectum is a challenging area for endoluminal surgery, partly due to limited
accessibility currently, the preferred method for the local excision of rectal polyps is
Transanal Endoscopic Microsurgery (TEM)."? This technique facilitates full-thickness
local excision of large polyps and selected rectal cancers. However, the specialised
instruments for TEM are expensive and the technique is known to have a long learning
curve.”” The functional results after TEM are fairly well investigated, yielding acceptable
results.®"® Transanal Minimally Invasive Surgery (TAMIS) is a relatively new technique
that is gaining worldwide popularity among colorectal surgeons, utilising a disposable
flexible port in combination with conventional laparoscopic instruments for the local

- 11,12
excision of rectal masses.

Although not supported by scientific evidence, it is thought
that the technique of TAMIS is more easy to learn.”® Moreover, no specialised
instruments are needed, making this technique more readily available and less
expensive. While no sphincter lesions have been reported following TAMIS in

144 date, the literature on the short-term functional outcome after TAMIS

literature,
is limited. Recently, data on the short-time fecal continence after TAMIS, were published
1% We concluded that Short-

term functional results of transanal minimally invasive surgery were excellent and

by our group as well as by the group of Verseveld et al.

comparable to functional results using the dedicated transanal endoscopic microsurgery
equipment. To the best of our knowledge, no data on fecal continence after longer
periods of follow-up exist, we therefore aim to assess the fecal continence of TAMIS
after an intermediate-term of follow up using the Fecal Incontinence Severity Index (FISI)
in the present study.17 Based on the conclusion of our earlier study, we hypothesize that
no deterioration of fecal continence will occur over a longer period of follow-up after
TAMIS.

Patients and methods

Consecutive patients who were eligible for local transanal surgery were included in our
study population. Patients were eligible for the present study if they had sessile rectal
adenomas with any degree of dysplasia, low risk cT1-carcinomas, or more invasive
tumours for patients who were unsuitable for rectal resection. Patients with an ostomy
and patients, in whom TAMIS was converted to laparoscopy, were excluded. Patients in
whom post-operative histology reports showed a carcinoma greater than T1 for which
they underwent completion TME surgery were also excluded from the present analysis.
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Preoperative assessment included digital rectal examination, a flexible colonoscopy, a
tumour biopsy, and rigid rectoscopy. The latter was performed to determine the height
and the location of the lesion as well as to assess whether transanal resection was
feasible. Preoperatively, endoanal sonography was performed to exclude any deep
invasion (>T1) in all patients. In case of signs suggesting an invasive carcinoma or when a
lesion larger than 30 mm was found on either endoanal sonography or during
rectoscopy, patients were staged with pelvic Magnetic Resonance Imaging (MRI). Follow-
up for all patients consisted of a 3-monthly physical examination and a flexible
sigmoidoscopy, supplemented by polyp screening as described by national guidelines. In
the case of T1 invasive carcinomas, the follow-up also included an annual pelvic MRI.
Patient characteristics were entered a prospective database for quality control purposes.
A written informed consent was obtained from all individual participants included in the
study. The study was approved by the Institutional Ethics Committee.

The present report was prepared in concordance with STROBE guidelines
(http://www.equator-network.org/reporting-guidelines/strobe/ ).

Surgical procedure

TAMIS was performed or supervised by one certified colorectal surgeon (D.Z.), trained in
transanal endoscopic microsurgery as well as laparoscopic surgery. Methods were
described in detail in our earlier report.15

Data collection

The following data was prospectively collected: patient demographics, details on
preoperative diagnostic examinations, surgical details, histopathological results, post-
operative complications (defined as post-operative haemorrhage requiring readmission,
re-intervention or transfusion, abscesses and/or fistulae, urinary tract infections,
mortality), hospital stay, readmissions, pre- and post- operative FISI scores and follow-up
data (local recurrences and long-term morbidity). The Clavien-Dindo classification for
surgical complications was used. For the purpose of this study, intermediate-term
follow-up was defined as a minimum length of follow-up 2 years.

The first FISI detailed questionnaire was completed by the patient together with the
treating physician during the preoperative consultation. The FISI included four types of
leakage: gas, mucus, liquid, and solid stool. Incidence was defined as: one to three times
per month, once per week, twice per week, once per day, and twice per day.17 The FISI
scores ranged from O (total continence) to 61 (complete incontinence on a daily basis).
Postoperatively, fecal continence was assessed at every outpatient consultation and
entered the database. Patients who were discharged from surgical follow-up were asked
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to complete a paper questionnaire, which was send to their home address. The
preoperative FISI scores were compared to the postoperative scores. In this study,
abnormal continence was defined as any FISI score higher than zero.

Statistical analysis

Our primary endpoint was the possible change in fecal continence at the intermediate-
term follow-up after TAMIS. Secondary endpoints were to assess perioperative and
intermediate term morbidity. All data were collected on a Microsoft Excel spreadsheet
(Microsoft Corporation, Redmond, Washington, USA). Descriptive statistics were used in
describing the study population (demographic and clinical characteristics). Statistical
significance was defined as p<0.05. The changes in FISI score were evaluated by using
the non-parametric Wilcoxon signed-ranks test. To determine which factors were
associated with an improvement or a decline in the pre- and post- operative FISI scores,
a multivariate linear regression analysis was performed. The statistical analysis was
performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) for Windows.

Results

Between October 2011 and March 2014, 49 patients underwent a TAMIS procedure for
neoplasms or benign polyps throughout the rectum. Of these, five patients were
excluded from the study (Figure 2.1). Of the remaining 44 patients, 42 (m=21 (50%):
f=21 (50%)) completed all the FISI follow-up moments (i.e. response rate 95%) and were
included in the present analysis (Figure 2.1). Patient characteristics are depicted in
Table 2.1. The median age was 68.5 [range 34-94] years. The median distance of the
lesions from the dentate line was 7.5 [range 0-19] cm.

The median operation duration was 63 [range 17-211] minutes. The rectal defect was
closed in 34 cases (80.9%). Closure was deemed unnecessary due to distal localisation of
the defect in the remaining eight cases.

The median follow-up was 36 months [range 24-48months]. During this period, one
patient (2.3%) had recurrent local disease, as she developed an in-situ carcinoma nine
months after a microscopic complete (RO) excision with TAMIS for a T1 carcinoma. A
successful re-excision was performed with TAMIS and the patient remained recurrence
free 47 months later.
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Patients with rectal neoplasms
n=49

Excluded n=5
Conversion to another technique n=1
Ostomy n=1

A 4

Y

Patients followed up at 12 months
n=44

4{ Mortality during follow-up n=2

Y

Patients followed up at 36 months
n=42

Figure 2.1. Study design. Months are in median. Intermediate term follow-up is 36 months. (Range 24-48).

Histopathology

A median surface area of 19.2 [range 6-56] mm” was resected. The histopathological
results of the resected specimens showed adenoma in 26 cases (61.9%), in-situ
carcinoma in five patients (11.9%), and invasive carcinoma in 11 patients (26.2%). One of
the invasive carcinomas was staged as a T2 rectal carcinoma necessitating additional
surgery; however, this patient declined any additional surgical or adjuvant
chemoradiation. The remaining invasive carcinomas that were found were staged as T1.
None of the patients were treated with neoadjuvant therapy. There were no fragmented
excisions. Four specimens (9.5%) showed microscopically positive margins; however, all
showed adenomas in the resection margin. All patients received a close follow-up
attention with frequent sigmoidoscopies and biopsies; no additional surgery was
performed.
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Table 2.1. Patient characteristics.

Characteristics Data (n=42)
Male, n (%) 21 (50)
Median Age, y (range) 68.5 (34-94)
Median distance from the dental line, cm (range) 7.5 (0-19)
Median operation time, min (range) 63.5 (17-211)
Portion of rectal circumference covered in percentage, median (range) 31 (10-50)
Defect closed, n (%) 33 (78.6)
Median hospital stay, d (range) 1(1-24)
Peri-operative complications, n (%) 0 (0)
Rectal perforation, n
Post-operative complications, n (%) 4(9.5)
Haemorrhage, n 3
Abscess, n 1
Long-term morbidity, n(%) 2(4.7)
Local recurrence, n 1
Rectal stricture, n 1
Re-admissions, n(%) 4(9.5)
Histopathologic results
Adenoma, n(%) 26 (61.9)
In-situ carcinoma, n(%) 5(11.9)
T1,n 11 (26.2)
Median size of resection, mm? (range) 19.24 (6-56)
Positive margins, n 4
Margin positive for adenoma, n 4

Margins positive for carcinoma, n 0

Continuous variables are described as mean + standard deviation (range); categorical variables are described
asn (%).

Postoperative course

Patients were discharged after a median hospital stay of one day [range 1-24].
Postoperative complications occurred in four patients (9.5%). Three patients were
readmitted for postoperative haemorrhage and were successfully treated with
conservative measures; no reoperations or blood transfusions were necessary (Clavien-
Dindo grade ). One patient developed a pelvic abscess, subsequent sepsis and a perianal
fistula. This patient received antibiotics and the abscess was drained surgically, the
fistula healed spontaneously. The patient was discharged after a total hospital stay of
24 days (Clavien-Dindo grade Il1).

Fecal continence

The observed differences in the mean FISI scores during short term follow-up were
8.3 points pre-TAMIS [range 0-35] vs. 5.4 points 1-year post-TAMIS [range 0-20]; this
difference was not statistically different (p=0.501). After intermediate-term follow-up; a
decrease in FISI score was observed from 5.4 [range 0-20] points at 1-year post-TAMIS to
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10.1 [range 0-31] points 3 years after TAMIS. This difference was statistically different
(p=0.01). These results are summarised in Figure 2.2. Of the 27 patients (m:f=13:14) with
normal continence pre-TAMIS (FISI=0), 17 patients (63.0%) suffered deterioration of
their fecal continence over a period of three years (mean FISI score: 14.2). Of these
patients, 11 patients suffered only minor incontinence (incontinence to flatus or soiling).
However, 6 patients encountered more severe incontinence to liquid stool). Fortunately,
none of these patients suffered incontinence for solids, and in the patients encountering
incontinence to liquids, actual loss was very infrequent (once monthly or less frequent).

14,00

12,004

FISI score
3
3
7

®
=]
S

1

6,001 \ -

4,007

2,00 : — .
Pre-TAMIS 1 year post-TAMIS 3 year post-TAMIS

Follow-up

Figure 2.2. Overall pre- and post- operative FISI scores. Values are mean (+SEM). Higher FISI scores indicate a
worse anorectal functioning. FISI scores range from O (total continence) to 61 (complete incontinence to a
solid stool on a daily basis). TAMIS: Transanal Minimally Invasive Surgery. FISI: Faecal Incontinence Severity
Index.

A total of 14 patients reached a normal FISI score postoperatively. The results are
summarised in Figure 2.3A.

Before the operation, 15 patients (m:f=9:6) (35.7%) had an abnormal continence (any
FISI Score higher than 0) (mean FISI score: 21.4, range: 4-40). After 3 years of follow-up,
a total of 28 patients (66.6%) had impaired continence (mean FISI score: 15.2,
range: 3-31). Of these 15 patients, 8 patients complained of minor incontinence before
the operation, whereas 7 patients complained of more severe incontinence. After the
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operation, 4 patients regained normal function. 4 patients did not encounter a
significant improvement in their continence status. 2 patients encountered a further
decrease of their continence. These results are summarised in Figure 2.3B.

A
n=12—— Improved after TAMIS
Abnormal FISI Normal FISI
— n=0 — Same after TAMIS —— n=10—
n=15 n=27
n=3 —— Worse after TAMIS n=17

Figure 2.3A. Functional Outcomes 3 years after Transanal Minimally Invasive Surgery (TAMIS).

NORMAL ) NORMAL
(27) a (14)
MINOR Irm MINOR
(Flatus, Soiling) (8) L=/ (Flatus, Soiling) (19)

MAJOR MAJOR
(Liquids or Solids) (7) \ (Liquids or Solids) (9)

(I

Figure 2.3B. Detailed overview, depicting number of patients (in parentheses) with impaired and normal
continence pre-TAMIS (left side) and post-TAMIS (right side). Change in degree of continence after TAMIS is
shown in the arrows for each individual patient. Incontinence for flatus, liquids or soiling was encountered
once monthly or less frequent. No incontinence for solids was reported.

Of the total amount of patients with fecal incontinence after TAMIS; no significant age
difference could be observer when compared to those patients with an improved or an
unchanged FISI score (64.8 vs. 63.5 years. p=0.607). There was no significant difference
in the tumour distance from the anal verge (5.5 vs. 6.1 cm. p=0.567). No difference in
tumour size could be observed between the two groups (21.1 vs. 28.2 cm’. p=0.206). A
univariate linear regression analysis resulted in no significant association of independent
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variables with either an improvement or a decline of pre- and post- operative FISI scores
at the medium-term follow-up. A multivariate regression analysis was performed to
predict fecal incontinence from gender, age, tumour size and distance from the anal
verge. These variables did not predict the FISI score: F (4, 35)=95.7, p=0.740, R?=0.053.
All four variables did not add statistically significant to the prediction.

Discussion

In the current study, we analysed the influence of TAMIS on fecal continence in
42 patients undergoing TAMIS. While there are two previous studies that reported on

15,16

this subject, our study is the first study focusing on the impact of TAMIS on fecal

continence after a longer follow-up period.

In a previous study conducted by our group, continence improved in 88% of the
patients, 11 months after TAMIS. These findings were confirmed by Verseveld; in their
study, the FISI scores improved in 79% of the patients, 6 months after TAMIS. Both
studies reported a deterioration of the anorectal function in 5% and 21% of the patients,
respectively. No significant predictors of this deteriorated anorectal function were
determined. It was hypothesized that this difference in observed anorectal function
could be associated with the relatively short period of follow-up. Contrary to the
hypothesis of the present study we found that statistically significant more patients had
some degree of fecal incontinence three years after TAMIS when compared to the total
number of patients with impaired continence 1 year after TAMIS.

Since the introduction of TEM,® local excision gained a wide acceptance while regarded
being safe, effective and associated with less post-operative morbidity in terms of
defecation disorders and anterior resection syndromes when compared to anterior

. . . 8,19,20,10
resection with total mesorectal excisions.™

In 2009, transanal minimally invasive
surgery (TAMIS) was developed.11 Several research groups have already proven that

TAMIS is safe and feasible, leading to a rapid worldwide adoption by colorectal surgeons.

During the implementation of TAMIS in our hospital, different transanal platforms were
used. In the search for an optimal system, different systems were tried, that had a ring
of comparable rigidity incorporated. The ease of use and the quality of pneumorectum
using all system was good.
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Since TAMIS is considered to be the successor, or a suitable alternative to TEM, a
comparison of functional results between these modalities is relevant. Outcome data in
this area is limited; most of the data is relatively short-term (6-12 months).®*>*!
Therefore, reliable conclusions cannot be drawn from these direct comparisons.
However, results on follow-up data after TEM, reported by several other research
groups, seem to be comparable with those reported after TAMIS. 2 Studies that

conclude this are summarised in Table 2.2.

Table 2.2. Summary of studies analysing functional outcomes after TAMIS and TEM.

Study Modality Year of Follow-up (month) Postoperative Impaired
publication continence, patients (%)

Hermans et al. TEM 2001 6 7 (21)

Kennedy et al. TEM 2002 1.5 0(0)

Dafnis et al. TEM 2004 24 18 (37)

Doornebosch et al. TEM 2008 6 7 (4)

Allaix et al. TEM 2011 60 0(5)

Planting et al. TEM 2013 12 0(0)

Schiphorst et al. TAMIS 2014 11 2 (5)

Verseveld et al. TAMIS 2015 6 5(21)

Hompes et al. TEM 2015 12 0(0)

Restivo et al. TEM 2016 40 32(36)

Present Study TAMIS 2016 36 28 (67)

It has been postulated that anorectal continence is maintained by the combination of
multiple physiological mechanisms and is therefore seldom disrupted by one single
factor. The internal anal sphincter is responsible for most of the anal resting pressure
and chiefly responsible for the fecal continence. This function is supported by the anal

. . 23,24
mucosal folds, and the haemorrhoidal cushions.

Damage to the internal sphincter
may therefore lead to significant fecal incontinence. The external anal sphincter
reinforces the aforementioned structures during voluntary squeeze.zs’26 Damage or
weakening of the external sphincter can cause urge-related incontinence or fecal

incontinence for liquid stool. Damage to the haemorrhoidal plexus can resolve in a poor

| “ |II

anal “seal” and thus incontinence for flatus and quuids.26 The logical primary factor
developing fecal incontinence after TAMIS must therefore be the surgically induced
trauma. Upon speculating on the factors influencing the anorectal function in the
intermediate or long-term follow-up after TAMIS, one of the post-surgery hypothesis
states that some part of the fecal incontinence is related to a disturbed rectoanal
inhibitory reflex, leading to disturbed rectoanal coordination. Authors describing this

hypothesis believe the main risk factor for developing this disturbed sphincter reflex is
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the extent of the resection (>50% of the rectal wall circumference). Furthermore, some
authors believe the depth (full thickness) of the resection in combination with the
location of the tumour (internal anal sphincter defects) influence rectal wall compliance
and maximal tolerable rectal volume.” These results however are based upon low
number of patients after TEM and short-term follow-up therefore solid conclusions
cannot be drawn. However, causality between the extent and the depth of the resection
and the compliance of the rectal wall sounds plausible. Furthermore, it is likely that
stretch to one, or both sphincters can have a detrimental effect as well. A similar
mechanism has been described in haemorrhoidal and fistula surgery.y’28 Based on this
theory, it could be advocated that TAMIS may have a less detrimental influence on fecal
continence, since a flexible port is used in lieu of a rigid operating rectoscope as in TEM.
Unfortunately, the present data do not support this postulate.

If these hypotheses are true and there is a relation to permanent damage of the
anorectal apparatus, fecal incontinence should be more likely to occur in tumours
located close to the anal verge and should be less severe for tumours resected higher in
the anal canal. Unfortunately, the present study could not demonstrate any association
between location of the tumour and FISI scores. Moreover, it is difficult to explain why
patients with decreased continence before TAMIS would encounter an improvement of
their continence after local excision. Even though no clinical evidence is available, we
postulate that the presence of a large polyp or tumour may induce a continuous anal
sphincter inhibitory reflex that may result in a decreased continence preoperative. This
would explain why continence can be improved after local excision.

Some authors have previously stated that transanal operations lasting over 2 hours
account for a significant worsening of occurrence of fecal incontinence.® In the present
series, only 3 procedures lasted over 2 hours. Two of these patients had normal pre-
operative FISI scores, only one patient experienced a worsening after 3 years of follow-
up. One of these patients had impaired fecal incontinence pre-TAMIS. Despite an
operation time of 139 minutes, the FISI score was normalised after the TAMIS
treatment.

There is ongoing debate on the possibility of an age-related anal sphincter pressure

2939 some studies report a decrease of 30-40% in both man and woman over

change.
70 years of age, when compared to patients younger than 30 years of age. Other studies
that examined anal pressures have reported only insignificant decrease with age.31 In the
present study, however, analyses for age differences between continent and incontinent

patients showed no statistically significant difference.
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Moreover, some studies show thickening of the internal anal sphincter due to fibrosis
during aging.””** Fibrotic muscle fibres generate less resting pressure leading to a lower
volume and pressure threshold for the desire to defecate. Maybe the development of
scar- and fibrotic tissue after TAMIS plays a role in the development of anorectal
dysfunction on the medium-term follow-up. This may be the reason why studies
focussing on the short-term follow-up after TAMIS find less patients with impaired
incontinence when compared to the present study.

Interestingly, the present study does not show a statistically significant difference in the
mean FISI Score in the total study population, 3 years following TAMIS. However, the
total number of patients with an impaired anorectal function did increase from
15 patients (35.7%) pre-TAMIS to 28 patients (66.6%), 3 years after TAMIS. At first
glance, the lack of change in overall FISI scores can be deceiving. This can be explained
by the larger part of patients in whom continence improved. In the questionnaires, only
minor incontinence was noted by the study subjects, even though we believe the
incidence of impaired continence cannot be ignored. Since this impairment is not nearly

34,35

as severe as the impairment reported after low anterior resection and reported

functional results after TAMIS are superior to the functional results reported after total

- 36,37
mesorectal excision

we believe these the current study results are sufficient reason
for TAMIS to be the procedure of choice for patients with rectal adenomas and selected

carcinomas.

A shortcoming of the present study is the lack of quality-of-life measurements, in
addition to assessment of anorectal functioning, because this would depict patient
perspectives and may attribute to clinical significance. However, the FISI questionnaire
used in our study is an easy-to use validated instrument, using patient input to weigh
type and severity of fecal incontinence. Furthermore, it has been shown to have an
excellent correlation with quality-of-life measures (lifestyle, restriction, depression, and
embarrassment).* In past years, this questionnaire has proven to be a highly sensitive
measuring tool that enables assessment of functional recovery (or deterioration) over
time.*® Investigations concerning the effect of TAMIS on quality of life after TAMIS is

currently being performed by our group.

In our opinion, even when considering the limitations of our study and the ongoing
ambiguity on the cause of fecal incontinence, it is clear that the incidence of persistent
minor impairment of continence should not be overlooked. Furthermore, there does not
seem to be a difference between the results reported after TAMIS or those reported
after TEM. Patients should be informed that a risk of permanent (minor) anorectal
function impairment exists. In this regard, we believe that future studies on TAMIS
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should focus more on the functional outcomes and less on the safety and feasibility of
this technique.

Conclusion

This study found that the risk of developing minor functional impairment is considerable.
No less than 2/3 of all patients with preoperative normal continence will encounter
impairment of their fecal continence. Even though these disturbances can be considered
minor, especially when compared to far more invasive procedures such as low anterior
resection, they deserve to be discussed in detail. However, functional results after TAMIS
seem to be comparable to the results after TEM in the intermediate-term follow-up.
Furthermore, the present study confirms that transanal minimally invasive surgery for
rectal adenomas and early rectal cancer is safe and is associated with a low morbidity in
the intermediate term. In our opinion, future studies following TAMIS should focus on
the functional outcome and the quality of life in the long term and not so much on the
feasibility and the safety issues.
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Should we closure the rectal defect after transanal minimally invasive surgery?

With great interest we read the article, Transanal minimally invasive surgery (TAMIS) for
rectal lesions: should the defect be closed? By Hahnloser et al." We congratulate the
authors for their efforts to provide the largest study on transanal minimally invasive
surgery in the present literature. In this afore mentioned article Hannloser states that
the rectal defect may be left open without any risk of increasing morbidity. We believe
otherwise hence the following written comment.

Dear sir,

Since the first report on TAMIS in 2010 by Atallah et al.? various groups have reported on
this elegant minimally invasive technique. Unfortunately, these studies mostly contained
small numbers of patients and lacked long-term outcomes. We are strong believers of
TAMIS, therefore we encourage this kind of research and advocate the use of TAMIS.?
TAMIS has been shown to be feasible and safe in several studies. Morbidity is shown to

- 2,4-6
be minimal and long-term results are excellent.

One of the disadvantages of this
technique as reported by some authors is the technically challenging closure of the
surgical defect after local excision has been completed. The group of Hahnloser reports
on this phenomenon as well, to the best of our knowledge they are the first to openly
claim that all the defects can be left open without increased morbidity after TAMIS.

The authors reported to have left the rectal defect open in 47% of the patients; they
report that suturing the defect was not feasible in a total of 30% of the procedures. The
authors did not mention the reason for leaving the remaining 17% of the defects
unclosed. They suggest that suturing of the defect can increase the operation time. We
wonder whether this is the main argument for leaving the defect open in their series?
We acknowledge the difficulty and the occasional impossibility of closing the defect,
either due to the size of the defect or due to proximal position of the defect. However,
we believe that this is an invalid argument for leaving all defects open. Furthermore, the
present study was not initially designed to answer the question whether to close or not
to close the defect (as stated in the discussion by the authors). We question making this
a primary endpoint of the present study.

In the current literature on TEM (the predecessor of TAMIS) some authors describe
leaving the defect open is just as safe as closing the defect, without increasing the
incidence of pelvic sepsis.>™® Other authors prefer to leave the defect open because they
believe that closing the defect may lead to rectal strictures.™ However, most of the
recent literature on TEM does not explicitly report on leaving the defect open. In
contrast, most literature reports on closing the defect.”® Therefore we are in favour of
routinely closing the defect and illustrate our reticence and concerns in leaving the
defect open using the following case; a sixty-seven-year-old male patient underwent
TAMIS for a T1 rectal lesion located at 7 centimetres from the anal verge. A complete full
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thickness resection was performed. Closure of the defect was deemed unnecessary.
During the evening, after admission to the surgical ward, the patient complained of
increasing size and bloating of his abdomen. During this evening, the patient developed
a respiratory insufficiency due to the increasing intra-abdominal pressure. Nine hours
after the TAMIS a Veress-needle desufflation was performed after confirming massive
pneumoperitoneum on plain abdominal x-ray (Figure 1). The following day a laparoscopy
was performed, a micro perforation was found that acted as an air valve, which was then
closed transabdominally. The patient recovered uneventfully without antibiotic
treatment and was discharged home in good condition 6 days after the TAMIS
operation. A complete resection of the adenocarcinoma was performed, there were no
further deviations from the postoperative course during the follow-up period. In our
opinion, an argument in favour of consistently trying to close the defect is that in more
proximal lesions, closure of the defect is more difficult, whereas the chance of
inadvertently entering the peritoneal cavity increases.

Figure 1  Plain abdominal x-ray showing a massive pneumoperitoneum nine hours after TAMIS
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Obviously closure of intraperitoneal perforations is mandatory. Based on available
clinical data, we believe that all defects below the peritoneal reflection should also be
closed. The Benefits of closing these defects strongly outweigh the inconvenience of the
additional operating time as mentioned in the original article.

Therefore, it is our belief that surgeons performing TAMIS should always strive for
closing the defect.
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Abstract

Background

Transanal minimally invasive surgery (TAMIS) is considered the successor of transanal
endoscopic microsurgery (TEM). It makes use of more readily available laparoscopic
instruments and single-port access platforms with similar perioperative, clinical and
oncological outcomes. Little is known about quality of life (QolL) outcomes after the use
of TAMIS.

Aim

The aim of this study was to assess QoL after TAMIS in our patients and compare this
with QoL in the healthy Dutch population. Methods All patients undergoing TAMIS for
selected rectal neoplasms between October 2011 and March 2014 were included in this
analysis. Patients were studied for a minimal period of 24 months. QoL outcomes were
measured using the Short-Form 36 Health Survey (SF-36) questionnaire; fecal continence
was measured using the Fecal Incontinence Severity Index questionnaire. Patient
reported outcomes were compared to case-matched healthy Dutch control subjects. We
hypothesise that undergoing TAMIS will subsequently result in a decreased quality of life
in patients compared to healthy individuals.

Results

Thirty-seven patients (m:f = 17:20, median 67 years) were included in the current
analysis. In four patients (10.8%), postoperative complications occurred. The median
follow-up was 36 (range 21-47) months. Postoperative Qol scores are similar
comparable to those reported by Dutch healthy controls. Patients reported a statistically
significant better QoL score in the ‘bodily pain” domain when compared to the controls
(81.8 vs. 74.1 points) (p=0.01). Significant worse QoL scores for the ‘social functioning’
domain was reported by patients after TAMIS (84.4 vs. 100 points) (p=0.03).

Conclusion

TAMIS seems to be a safe technique with postoperative QoL scores similar to that of
healthy case matched controls in 3-year follow-up. There seems to be no association
between fecal incontinence and reported QolL. Negative effects of TAMIS on social
functioning of patients should not be underestimated and should be discussed during
preoperative counselling.
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Introduction

Local excision using transanal endoscopic microsurgery (TEM) is considered to be the
golden standard for the treatment of selected neoplasms in the lower two-thirds of the
rectum. However, transanal minimally invasive surgery (TAMIS) is gaining popularity
among colorectal surgeons worldwide. Both techniques have already proven to have
similar perioperative, clinical and (where appropriate) oncological outcomes.™”
Literature concerning quality of life (QoL) in patients undergoing local excision for rectal
neoplasms is scarce.

Available data for longer term follow-up focusses solely on patients who underwent local
excision using TEM.®'® To date, the impact of TAMIS on the QoL is severely
underreported. It is unclear, to what extent this relatively new and promising technique
affects the QoL of patients in the longer term. Since our previous work we came to
understand that faecal incontinence and quality of life are inextricably linked. These
outcome parameters should not be considered as independent values. Therefore, based
on the conclusion of our previous study in which we showed that TAMIS can have a
negative effect on faecal continence,™ ™ we hypothesize that undergoing TAMIS will
subsequently result in a decreased quality of life in patients compared to healthy
individuals.

The aim of the present study was to assess and evaluate the impact and effects of TAMIS
on quality of life (QolL) and compare these results with reference values of a healthy

case-matched Dutch population.

Materials and methods

Patients

The study population consists of patients who underwent TAMIS between October 2011
and March 2014. Inclusion criteria were patients with sessile rectal adenomas with any
degree of dysplasia and selected cT1-carcinomas or more invasive neoplasms in patients
unsuitable for rectal resection. Exclusion criteria were patients that underwent a
combined operation, patients with an ostomy, patients in which TAMIS was converted to
laparoscopy (Flowchart 3.1.) and patients receiving additional surgery due to carcinoma
greater than T1 in postoperative histology reports after TAMIS. No patients in this study
were treated with neoadjuvant therapy before TAMIS.

Preoperative  assessment included: flexible colonoscopy, biopsy by the
gastroenterologist and rigid rectoscopy by a colorectal surgeon. In case of invasive
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carcinomas or lesions larger than 30 mm, patients were also staged preoperatively with
pelvic magnetic resonance imaging (MRI). Routine follow-up consisted of 3-month
physical examination and flexible sigmoidoscopy, supported by polyp screening as
described by national guidelines. In case of T1 invasive carcinomas, follow-up also
included annual pelvic MRI.

Approval by the institutional medical review board was given prior to starting the study.
Written informed consent was signed by all patients.

Patients with Rectal Neoplasms

n=44
Excluded n=5
Conversion to Other Technique n=1
> Ostomy n=1
T2 Rectal Cancer n=3
v

Patients followed up at 11
months n=39

> Mortality during follow-up n=2

v

Patients followed up at 36
months n=37

A 4

Completed questionnaires
n=37 (100 percent response rate)

Flowchart 3.1. Study design

Methods

Patient demographics, tumour characteristics, intraoperative details and postoperative
outcomes were collected prospectively from the theatre records and the electronic

patient files. Anorectal function and impact of this technique on faecal continence was

13,14

measured using the Faecal Incontinence Severity questionnaire (FISI) as described

. 11,12
earlier by our group.
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Patients were asked to complete a questionnaire to assess the quality of life following
TAMIS. For this purpose, the validated Dutch version of the Short Form 36 Health Survey
(SF-36) was chosen.”

The SF-36 questionnaire is a multidimensional generic instrument composed of
36 questions categorised in the following eight domains: physical functioning, physical
role problems, social functioning, bodily pain, general mental health, vitality, emotional
role problems and general health perception.16 The questions are specifically designed
to enable the Likert method of summated ratings.”” The scores rated by the patients per
item are linearly converted into a scale ranging from 0 to 100, higher scores indicate a
higher level of functioning.18

Scores from the eight subcategories can be used to calculate a Physical Component
Summary scale (PCS) and a Mental Component Summary scale (MCS). These scores are
calculated by aggregating highly correlating domain scores to give an overall physical
and mental health profile.

The study population was compared to a healthy Dutch control group that consists of a
random sample of adult residents of Amsterdam (n=4172) and a random, nationwide
sample of adults (n=1742). The control group was part of a large database provided and
administrated by the Dutch Cancer Institute: Antoni van Leeuwenhoek Hospital (NKI-
AVL) that was initially used to validate, and generate normative data on the SF-36 Health
Survey for use among Dutch-speaking residents of the Netherlands.”

Quality of life parameters of the control subjects was collected using the Short Form 36
Health Survey (SF-36). To ensure a balanced comparison without confounders known to
influence quality of life outcomes, we case-matched every study subject for an age, sex,
living status, highest level of education and working status match from the large healthy
Dutch control database.

Surgical technique

All TAMIS procedures were performed or supervised by one certified colorectal surgeon
(D.Z.), who was has extensive experience in transanal endoscopic microsurgery and
laparoscopic surgery. All procedures were performed using a single-site laparoscopic
(SSL™) access system (Ethicon Endo-Surgery, Cincinnati, OH, USA), or the GelPOINT Path
Access Platform (Applied Medical, Los Angeles, CA, USA). Standard techniques were used
as described earlier.”

Statistical analysis

Primary endpoint was the Qol at the intermediate-term follow-up after TAMIS.
Intermediate-term follow-up was defined as a minimum of 2 years.
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SF-36 scores were compared to the values of a control group that was case-matched for
age, sex, living status, highest level of education and working status. The SF-36 reference
values were extracted from a database of the Dutch Cancer Institute. All questionnaire
results were presented as median [range] and standard deviation (SD).

Descriptive statistics were used for describing the study population (demographic and
clinical characteristics). Chi-square analysis was done for categorical comparisons across
patient and control groups. The Mann-Whitney U tests was used for continuous data
and as a post-hoc analysis for pairwise comparison in case differences between groups
were encountered. The one-way ANOVA test was used to determine group differences.
Statistical significance was defined as p<0.05. Statistical analysis was performed using
SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) for windows. The present report was prepared in
concordance with STROBE guidelines (http://www.equator-network.org/reporting-
guidelines/strobe/ ).

Results

Between October 2011 and March 2014, 44 patients were treated for a neoplasm in the
rectum. Of these patients, 5 were excluded; in one patient TAMIS was converted to
multiport laparoscopy due to perforation into the peritoneal cavity. One patient was
excluded from the analysis because she received a colostomy during later surgery and
3 patients required additional surgery because of more invasive carcinoma. Two patients
died during follow up. The questionnaire was completed by all 37 patients, resulting in a
response rate of 100%. Patient characteristics are depicted in Table 3.1. A total of
20 females and 17 males were included with a median age of 67 (range 34-82) years.
Median distance of the lesions from the dentate line was 6.5 (range 0-19) cm.

Operation details

Median operation duration was 61.5 (range 17-211) minutes. The rectal defect was
closed in 31 cases (83.7%). The closure was deemed unnecessary in the remaining
6 cases. The median specimen surface of the resection specimen was 23.3 (range
6-56) cm’. Histopathological analysis revealed adenoma in 23 (62.1%) cases, in-situ
carcinoma in 5 patients (13.5%) and invasive carcinoma in 9 (24.3%) patients. Of these
9 invasive carcinomas; 1 patient was staged T2 but declined additional surgical therapy.
None of the specimens were fragmentised on excision. No incomplete resections were
noted. No recurrent disease was observed during the follow-up period of 36 months
(range 24-48 months). Median hospital stay was one day (range 1-5 day(s)).
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Table 3.1. Patient characteristics

Characteristics Data (n=37)
Male/female, n(%) 17/20 (46/57)
Median age, yrs (range) 67 (34-82)
Median distance form dental line, cm(range) 6.5 (0-19)
Median operation time, min (range) 61.0(17-211)
Defect closed, n (%t) 31(83.7)
Median hospital stay, d(range) 1(1-5)
Peri-operative complications, n(%) 0(0)
Rectal perforation, n -
Post-operative complications, n(%) 4(10.8)
Haemorrhage, n 3
Abscess, n 1
Long-term morbidity, n(%) 0
Local recurrence, n -
Rectal stricture, n -
Readmissions, n(%) 4(10.8)
Histopathologic results
Adenoma, n(%) 23(62.1)
In-situ Carcinoma, n(%) 5(13.5)
T1,n 8(21.6)
T2,n 1(2.7)
Median size of resection, cm2 (range) 23.3 (6-56)
Positive Margins, n (%) 4(10.8)
Margin Positive for Adenoma, n 4
Margins Positive for Carcinoma, n 0

Continuous variables are described as mean + standard deviation (range); categorical variables are described
asn (%).

Morbidity and mortality

Postoperative complications were observed in 4 patients (10.8%): 3 patients were
readmitted for postoperative haemorrhage and treated successfully with conservative
treatment, blood transfusion was unnecessary (Clavien-Dindo (CD) classification grade I).
One patient developed a pelvic abscess resulting in a perianal fistula and reoperation (CD
classification grade lllb). The abscess was drained, and the perineal fistula healed
spontaneously. No 90-day mortality was observed in the present study.

Quality of life and functional outcome

Demographics in patients after TAMIS and healthy controls are summarized in Table 3.1.
Differences were noted in employment status with significantly more cases on
retirement in the control group (6 vs. 22, p<0.05) and significantly more homeworkers in
the operated group (19 vs. 3, p<0.05). There were no statistically significant differences
between both groups for age (65 years vs. 65 years) (p=0.24) and sex (20 female and
17 males vs. 20 females and 17 males) (p=1.00) (Table 3.2).
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Table 3.2. Demographics in patients after TAMIS and healthy Dutch controls.

Patients after Matched controls from Dutch p-value
TAMIS (n=37) reference group (n=37)
Age:
Median + SD 67 +11.2 68 +11.5 0.24
Mean (range) 65 (34-82) 65 (39-84)
Sex:
Female 20 (54.1) 20 (54.1) 1.00
Male 17 (45.9) 17 (45.9)
Education:
Primary school 6(16.2) 14 (37.8) 0.44
High school 9(24.3) 9(24.3)
Further education 18 (48.6) 12 (32.4)
University 3(8.1) 2(5.1)
Living status:
Alone 13(35.1) 13(35.1) 1.00
With partner 24 (64.9) 24 (64.9)
Working status:
Unemployed 4(10.8) 4(10.8) 0.01
Retired 6(16.2) 22 (59.4)
Homemaker 19 (51.3) 3(8.1)
Employed/full-time 8(21.6) 8(21.6)

Percents are in parentheses unless noted otherwise.

Median postoperative QoL scores from the patient’s perspective (SF-36) are summarized
in Figure 3.1. On the domains physical functioning, general health perception and social
functioning, patients after TAMIS performed worse, meaning patients experienced an
impaired QoL in comparison with the case-matched healthy Dutch reference group. For
the domain social functioning this difference was even statistically significant with a
mean patient SF-36 score of 84.4 [12-100] versus a mean control subject SF-36 score of
100 [37.5-100], p=0.03. Patients scored a higher quality of life for the domains: mental
health and bodily pain in comparison with the reference group. Patients showed
statistically significant better (higher) QoL scores for the domain bodily pain 81.8
[22-100] vs. 74.1 [21-100], p=0.01. A comparison of summarized physical and mental
components between patients and controls is depicted in Figure 3.2. On the PCS scale
patients scored 46 [20-100] points in comparison to 47.9 [26.5-65.4] points scored by
the healthy Dutch control group (p=0.34). On the MCS scale patients after TAMIS scored
a mean of 56.5 [32-100] points, control subjects scored 50.2 [19.2-62.5] points (p=0.24).
After 3 years of follow-up, a total of 26 patients (70.2%) had impaired continence (mean
FISI score 15.0, range 3-31) (m:f=12:14). When further dividing the patient population on
self-reported faecal continence, three groups emerge. Analysing these groups show that
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patients with improved FISI scores three years after TAMIS (n=9) (mean FISI: 9, range O-
20) reported a mean PCS of 45.8 [33-57] and mean MCS of 55.9[45.7-61.9].
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Figure 3.1. Comparison between SF-36 results of patients 3 years following TAMIS and the Dutch healthy
control group.

In the group of patients with unchanged faecal continence (n=9) (mean FISI score: 1.7,
range 0-16), mean PCS score was 44.5 [20.4-58.1] and a mean MCS score of 55.3
[32.8-71]. The group with deteriorated FISI scores (n=19) (mean FISI: 15.4, range 5-31)
after TAMIS reported a mean PCS score of 49.5[23.6-100] and a mean MCS score of
59.6[34.6-100]. When comparing Physical Components Summary scale scores and
Mental Components Summary scale of all three groups no statistically significance was
observed p=0.70 and p=0.64, respectively. The rest of the SF-36 components are
compared with regard to the FISI scores after TAMIS and are showed in detail in
Table 3.3. No statistically significant differences were observed.
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Figure 3.2. Comparison of SF-36 summary scales between patients 3 years following TAMIS and healthy Dutch
control group.
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Table 3.3. Quality of life outcomes compared (SF-36) to change in faecal incontinence (FISI) scores in patients
three years after TAMIS.

SF-36 scores Comparison
Improved FISI  Deteriorated FISI  Unchanged FISI p-value
scores (n=9) scores (n=19) scores (n=9)

Physical functioning

Mean [range] 72.8 [40-100] 70.2 [15-100] 71.6[5-100] 0.97
Physical role functioning

Mean [range] 72.2[25-100] 75.0[0-100] 69.4[0-100] 0.93
Bodily pain

Mean [range] 88.0 [62-100] 81.15[32-100] 77.3[22-100] 0.61
General health perception

Mean [range] 63.9 [47-87] 57.7 [20-92] 63.5[37-97] 0.64
Vitality

Mean [range] 68.8 [50-90] 68.6 [20-95] 70[40-100] 0.99
Social functioning

Mean [range] 83.3[37.5-100]  86.2 [62-100] 81.9[12.5-100] 0.88
Emotional role functioning

Mean [range] 92.6 [66.7-100] 87.7[0-100] 81.4[0-100] 0.72
Mental health

Mean [range] 84.4 [60-96] 81.4[44-96] 85.7[48-100] 0.77
Physical Components Summary scale

Mean [range] 45.8[33-57] 44.5[20.4-58.1]  49.5[23.6-100] 0.70
Mental Components Summary scale

Mean [range] 55.9[45.7-61.9]  55.3[32.8-71] 59.6[34.6-100] 0.64
Discussion

Local excision of rectal neoplasms may be considered definitive therapy for benign rectal
lesions. It may also be chosen as definitive therapy for selected early rectal neoplasms or
even for more advanced rectal cancer in combination with chemo-radiotherapy or as a
palliative procedure for patients unable to undergo rectal surgery. As shown by the
group of de Graaf et al., local excision is considered to be the procedure of choice.”?
TAMIS is often considered to be the successor, or a suitable alternative to TEM, with
equal safety and oncological results in the present literature.™

The development of these novel techniques reflects the increasing interest of surgeons
and their patients in avoiding major, morbid operations for early stage disease. After all,
resection of rectal neoplasms is considered a major surgical procedure that burden the
patient both physically and emotionally, with negative consequences for rehabilitation
and recovery. The advances in surgical techniques described earlier can only be justified
when they lead to prolonged survival and when the quality of life status of the patient is
not negatively affected. Therefore, measuring QoL is crucial. Despite this, outcome data
in this area are limited; most of the data are relatively short-term.*

67



Chapter 3

In earlier studies, we showed risk of developing or maintaining minor functional
impairment after TAMIS is not negligible.'"" The primary objective of the present
analysis is to investigate the impact of TAMIS on the Qol after intermediate term follow-
up. Furthermore, we studied QoL of patients in comparison with healthy subjects of the
same age, sex and socio-economic status.

Despite the relatively modest sample size in this study, we believe that these results, are
meaningful. The collected Qol data up to 3 years after TAMIS compared to the healthy
population allows some extrapolation to long term outcomes and these results are
representative of the general population, in our opinion.

To enable valid comparison of postoperative QoL outcomes, consideration must be
given to any pre-existing differences at baseline. Despite significantly more people being
retired in the control group (6 vs. 22, p<0.05) and significantly more homeworkers in the
patients group (19 vs. 3, p<0.05), there were no significant differences to other
demographic parameters known to affect QoL and thus making both groups
comparable.21

Presently there are some studies describing the QoL on the intermediate term and long
term follow up after TEM. The paper by Allaix et al. can be considered one of the leading
studies on this subject.10 In this study 93 patients underwent local excision of adenomas
and early rectal cancer located in the lower 1/3 of the rectum by TEM. This is the longest
follow-up study focusing on local excision for early rectal cancer with a follow up for a
total of 60 months. In this study, fecal incontinence levels deteriorated postoperatively,
but returned to preoperative levels 5 years after TEM. Furthermore, at the 12-month
assessment a significant improvement in QoL was reported, which remained unaffected
during consecutive follow-up. Some critics state TEM is not a significant divergent
technigue when compared to TAMIS and therefore they believe functional results must
be comparable. However, first of all TEM requires the transanal introduction of a rigid
rectoscope 40 mm in diameter, while TAMIS uses a malleable flexible port. It could be
speculated that this latter method has a lesser impact on the continence mechanism.
Secondly, there is literature reporting on long-term functional outcomes after TEM
describing persistent fecal incontinence in 28% of the patients after 40 months of follow
up.22 Since this persistent degree of incontinence corresponds to the level of
incontinence reported by the patients in our study population we feel obligated to study
QoL outcomes specifically for patients undergoing TAMIS and find out whether TAMIS
can really be titled the successor of TEM.

To the best of our knowledge, there is only one other study focusing on QoL after
TAMIS. This study by Verseveld et al.”® showed a general improvement of QoL after
TAMIS after 6 months of follow-up, no quality of life domains that deteriorated during
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the follow-up period were identified. They even noted a significant improvement in
“coping behaviour” in patients after TAMIS.

In this study patients reported the same level of QoL when focussing on the summarized
‘physical components” when compared to their healthy counter parts. A summary of the
‘mental components’ even showed higher scores in the patient group in comparison to
the healthy Dutch population. There are however, differences in median duration of
follow-up between the study by Verseveld and the present study (6 vs. 24 months),
median resection specimen size (6 vs. 23.2 cm®) and cancer as final histopathology result
(16.6 vs. 35.7%). These factors may attribute to the differences found in some
postoperative quality of life domains, for instance a larger resection leaves a larger
wound surface, which may lead to a different and increased pain sensation.
Histopathology results are known to interfere with patients’ QoL perception, as will be
discussed later in this paper. Furthermore, in the study by Verseveld mean faecal
incontinence scores (faecal incontinence severity index, FISI) improved from 9.8 point to
7.3 points, 6 months after TAMIS, whereas FIS| scores of the present study population
deteriorated from 8.3 points pre-TAMIS to 10.1 points three years after TAMIS.
Interestingly, In the present study patients generally report higher overall SF-36 scores in
comparison to their healthy Dutch counterparts. Specific higher QoL scores were
observed for the domains ‘mental health” and ‘bodily pain’. A possible explanation for
this observed patient perspective could be the ‘rejoice phenomenon’. In the literature,
this phenomenon is often used when improvement of Qol is observed in patients with
some type of malignancy. It describes the improvement of QoL when patients are
relieved that the neoplasm is excised successfully.”> We believe this phenomenon can be
used to explain an improved QoL on the short-term follow-up for example the study
population of Verseveld et al. However, it is doubtful whether this phenomenon explains
the improvement of perceived QoL on the longer-term follow-up in the present study
population. Another possible explanation for the improved mental health and bodily
pain could be the presence of cancer (or its precursor) in all patients, associated with a
certain amount of fear, especially in those encountering morbidity or complications.
Also, many cope with some degree of faecal incontinence on a daily basis."" We believe
surviving or dealing with these factors could give patients the feeling that they are
mentally stronger and able to endure more pain than their healthy counterparts. A
phenomenon previously described by Anthony et al.** who observed higher Qol scores
in patients confronted with life-threatening or chronic illness, concluding that these
patients adapt to their disease.

In the current study patients scored lower SF-36 scores on the ‘physical functioning’,
‘social functioning’ and ‘general health perception” domains. For the ‘social functioning’
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domain this difference was statistically significant. We believe that all of the above-
mentioned domains can be influenced by some degree of faecal incontinence. Especially
for social and physical functioning. In almost two-thirds of patients faecal continence is
affected after 3 years of follow up, as was shown earlier by our group13 and is analysed
again for the patients in this paper. Most patients experienced a minor deterioration of
incontinence limited to incontinence for flatus only. In the present analysis, we
subdivided the studied patient population in three groups according to their state of
fecal continence 3 years after TAMIS. There seems to be no association between FISI
scores and de Qol scores reported by the patients. However, the literature shows there
is only weak association between the severity of fecal incontinence and patient reported
quality of life scales in SF-36, even though this is a common assumption.”> Nevertheless,
in our opinion these findings cannot be titled as irrelevant findings.

The lower self-reported (general) health status by our patients is a frequently reported
phenomenon in patients with (suspicion of) malignant disease. It seems that these
patients change their internal standards on which they base their QoL estimation.”®*’
This so called ‘reframing’ of perception is thought to be a part of patients’ adaptation to
their disease, the treatment and to side effects.

A limitation of the present study is the lack of patients treated with neo-adjuvant chemo
radiation therapy in combination with TAMIS. Lately the management of early rectal
cancer has undergone an important paradigm shift from radical surgery to local excision
and even chemo radiation therapy as definitive therapy followed by ‘watchful waiting’.
Local excision is often used to confirm pathological complete response (ypTO) in patients
with complete clinical response (cT0) after chemo radiation. It would be interesting to
investigate whether this combination of neo-adjuvant therapy followed by TAMIS effects
patient’s faecal incontinence ore quality of life.

Conclusion

The present study shows that TAMIS does not significantly compromise QoL of patients
on the longer-term follow-up when compared to healthy individuals. Despite the fact
that these patients coped with some degree of faecal incontinence during the study
period. Moreover, this data will help surgeons in counselling patients in terms of the
impact of this type of surgery on their daily activities and quality of life.

Still more data on patient reported outcomes will be required to confirm our results and
determine exact the effects of induced anorectal dysfunction on the patient reported
quality of life.
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Abstract

Background

The current method of choice for local resection of benign and selected malignant rectal
tumors is transanal endoscopic microsurgery. Transanal minimally invasive surgery
(TAMIS) vyields similar oncological results and better patient reported outcomes when
compared to transanal endoscopic micro surgery. However, due to the technical
complexity of TAMIS, a significant learning curve has been suggested. Data on the
surgical learning curve are limited. The aim of our study was to investigate surgeon
specific learning curves for TAMIS procedures for the local excision of selected rectal
tumors and analyze the effects of proctoring on operating time and outcome.

Methods

The current study was prospective of all TAMIS procedures performed by two surgeons
from October 2010 to November 2017. Margin positivity, specimen fragmentation,
adverse events and operative time were evaluated with a cumulative sum analysis to
determine the number of procedures required to reach proficiency. Cumulative sum
(CUSUM) analysis was used to determine trends in changes over time.

Results

The earliest adopter, surgeon A, performed 103 procedures, was not proctored and
developed the standardized institutional program. Surgeon B, performed 26 cases, had
the benefit of a proctorship and availability of a standardized program. The CUSUM
curve for operative time showed a change after 36 cases for surgeon A and after
10 cases for surgeon B. For margin positivity proficiency was reached after 31 and 6
cases for surgeon A and B, respectively. The complications curve for surgeon A showed a
three-phase learning curve with a decrease after the 26th case whereas surgeon B only
had one (3.8%) complication in the learning phase with no change point in the CUSUM
curve. Comparing pre- and post-proficiency periods there was a decrease in operating time
for both surgeon A (84.4+47.3 to 55.9+30.1 min) and surgeon B (90.6+64.to 53+26.5 min;
p<0.001). Overall margin positivity rates decreased non-significantly from 21.7 to 4.8%
(p=0.23). Complications were higher in the pre-proficiency period (21.7% vs. 13.0%;
p=0.02). Surgeon A had significantly more postoperative complications in pre-proficiency
phase when compared to surgeon B (25% vs. none, p<0.001), in the post-proficiency
phase there was no statistically significant difference between both surgeons (p=0.08).

Conclusion

Our results suggest that to reach satisfactory results for TAMIS, 18-31 procedures are
required. Standardized institutional operative protocols together with proficient
proctorship may contribute to a shorter learning curve with fewer cases (6-10) required
to reach proficiency.
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Introduction

Local excision has gained popularity in the treatment of benign and selected malignant
tumors, defined as being well differentiated T1 cancers, smaller than 30mm in size
without radiologic suspicion of lymph node, vascular or perineural involvement.'”
Advantages of local treatment over total mesorectal excision include lower morbidity
and mortality with better quality of life scores.* Transanal endoscopic microsurgery
(TEM) was introduced in 1984 and was the first endoscopic platform specifically
developed for the local excision of lesions located in the lower two-thirds of the rectum.’
However, there are some disadvantages to this technique. TEM-equipment is relatively
expensive, technically demanding and therefore a technique that is relatively difficult to
master, with reported long procedure times.”® Trans-Anal Minimally Invasive Surgery
(TAMIS), as first described in 2009, combines the TEM technique with laparoscopic
instruments and a single port access platform.” This relatively new technique offers
oncological outcomes that are comparable with TEM and superior patient reported
outcomes.®** For these reasons, the use of TAMIS for the excision of selected rectal
neoplasms has showed a major increase over the past years.

As is the case with every new surgical technique, a certain period of acquisition is
needed to attain surgical proficiency. This period allows a surgeon to become
increasingly familiar with the technique, in order to use it safely and efficiently even in
complex cases. To our knowledge, only one study has evaluated the learning curve

needed to attain proficiency in TAMIS."*"

Besides being surgeon specific, we believe the
learning curve can be influenced by proctoring. In this study, we report on a surgeon
specific learning curve for TAMIS procedures for the local excision of selected rectal
tumours, analyze the effects of proctoring and suggest a training format for surgeons

new to TAMIS.

Materials and methods

In this retrospective comparative study, we included all consecutive patients eligible for
elective transanal surgery over a 7-year period at the Elisabeth-TweeSteden Hospital
(ETZ), a general large teaching hospital specialized in minimally invasive colorectal
surgery. All TAMIS procedures, performed by 2 separate surgeons beginning their
learning curves at different time periods, were analyzed starting from the first procedure
performed in October 2010 to November 2017. Surgeon A was experienced in minimally
invasive colorectal surgery without formal training in TAMIS but extensive training in
TEM (animal model, proctor and >25 procedures solo). It is noteworthy that TAMIS
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technique was at this time a new methodology that was being pioneered but no
proctoring or training was available. Surgeon B experienced minimally invasive colorectal
surgery, had received training in TEM (performed 10 procedures in a supervised setting)
and participated in TAMIS training courses.

Criteria for eligibility in the present analysis were the presence of sessile rectal
adenomas with any degree of dysplasia, endoscopically unresectable polyps and early
rectal cancer defined as well differentiated T1 cancers, smaller than 30 mm in size
without lymph node, vascular or perineural involvement on MRI. Furthermore, TAMIS
was performed in patients after chemo-radiation, with radiological response, to prove
pathological complete response (ypT0). The final category of patients in this analysis
consists of patients with more invasive tumors (>T1) unwilling or unfit to undergo radical
TME resection.

Surgical technique

The TAMIS procedures were performed by certified gastrointestinal or colorectal
surgeons with extensive experience in laparoscopic surgery. All procedures were
performed using a single-site laparoscopic (SSL™) access system (Ethicon Endo-Surgery,
Cincinnati, OH, USA), or the GelPOINT Path Access Platform (Applied Medical, Los

Angeles, CA, USA). Standard techniques were used as described earlier.'>"**?

Statistical analysis

The boundaries of proficiency were determined following a method described by Lee et
al. ** Values used for the limits of proficiency range were derived from the literature on
TAE and TEM.>”*"™ We used data on TAE as value for the “unacceptable” range since
transanal excision is deemed obsolete. Data on TEM was used for the “acceptable” level
since TAMIS is considered the successor of TEM.

For the parameter “border positivity” an incidence of 26% specimen border positivity
was defined as the unacceptable proficiency limit. An incidence under 8% specimen
border positivity was defined the acceptable proficiency level. For the parameter
“specimen fragmentation” an incidence of 22% specimen fragmentation was defined as
unacceptable, under 4% specimen fragmentation was defined as acceptable level.
Operation duration, fragmentation rate, margin status and perioperative complications
were the outcome parameters used to assess competence by the different surgeons in
the present study.

Descriptive statistics were expressed as median and range (minimum, maximum) for
continuous variables. Differences between groups were calculated by using the Mann-
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Whitney U test for continuous variables. The Pearson Xz test or the Fisher’s exact tests, if
appropriate, were used for categorical variables. Proficiency curves concerning
operation time, oncological outcomes and complications were plotted.

Cumulative sum analysis (CUSUM) was used for monitoring change in fragmentation
efficacy, and we tested whether or not acceptable surgical outcomes were achieved.”
CUSUM analysis is a graphical method of quality control that examines consecutive
series of procedures to determine trends in changes over time.”! Additionally, a change
point analysis identifies the point at which the statistical properties of a sequence of
observation changes in mean and/or variance under distribution-free circumstances.”
CUSUM failure charts for dichotomous variables were derived from the literature.”> We
focused on the detection of a single change point in mean. In case of extreme values,
the rank score was analyzed. Statistical significance was considered at p<0.05. Statistical
analyses were performed by IBM SPSS Statistics version19 and SAS version 9.4. Approval
from the hospital’s review ethics board was obtained. The present report was prepared
in concordance with STROBE guidelines (http://www.equator-network.org/reporting-
guidelines/strobe/ ).

Results

A total of 129 cases performed by two surgeons were analyzed. Surgeon A, performed
the largest number of local resections (n=103) and was the earliest adopter of the TAMIS
technique. Surgeon B (n=26) started learning the technique in 2015. Surgeon A
proctored the first 5 TAMIS cases of Surgeon B. Patient, tumor, perioperative and
histopathological characteristics and differences between patients treated by both
surgeons are summarized in Table 4.1. The study population comprised of a higher
number of male patients (65%). Mean age was 68.4+10.4 years (range 34-91 years).
Most patients included were graded ASA class 2 (48.8%). The majority of the patients
were treated for early rectal cancer (48.8%).

Mean tumor distance from the anal verge was 83435.3 with a mean of 25.6+14.2% of
the rectal circumference covered by the lesion. Mean theatre time was 66.2+41
minutes. When these characteristics were compared between both surgeons there were
no statistically significant differences between, gender, age, number of patients treated
with neo-adjuvant chemo-radiation therapy, lesion distance from the anal verge, or
theater time. Furthermore, there was no significant difference for margin positivity 7.7%
vs. 11.5% (p=0.81) for surgeon A and B respectively. Neither were there differences
observed for fragmentation of the resection specimen between both surgeons (1.9% vs.
0%, p=0.38). Statistically significant differences between two groups were observed for
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inadvertent peritoneal entry. Surgeon A entered the peritoneal cavity unintentionally in

9(8.7%) cases, transanal closure of the defect was impossible in two of the nine cases,

laparoscopic closure was necessary in the remainder of the cases. There were 3
peritoneal entries by surgeon B (p=0.34) two of the perforations were closed
laparoscopically. There were statistically significant more post-operative complications

in group A (p=0.02). (Table 4.1.)

Table 4.1. Patient characteristics.

Overall (n=129) Surgeon A (n=103)  Surgeon B (n=26)  p-valuet
Gender (M:F) (%) M=85(65), F=44(35) M=66(64), F=37(36) M=19(73), F=7(27) 0.39
Age mean + SD [range] 68.4+10.4 [34-91]  68.7+10.3 [34-91]  67.6+8.9 [50-86] 0.63
ASA (%) 0.94
1 45(34.9) 34(33) 11(42.3)
2 63(48.8) 55(53.4) 8(30.8)
3 18(14) 11(10.7) 7(26.9)
4 3(2.4) 3(2.9) 0(0)
Neo-adjuvant therapy 10(7.8) 9(8.7) 1(3.8) 0.85
Volume, mean + SD [range] (mm®)  27.3+24[10-90] 26.0+24.1 [10-90]  32.2423.5[10-88] 0.25
Distance from anal verge, mean+  83+35.3 [10-190]  81.1+35.2 [10-190] 91.1+35.4 [10-149] 0.19
SD [range] (mm)
Portion of rectal circumference 25.6+£14.2 26.8+14.8 20.8+10.2 0.05
covered in percentage, mean + SD
Position within the rectum 0.31
Dorsal (%) 32(24.8) 25(24.3) 7(29.6)
Ventral (%) 34(26.3) 44(42.7) 10(38.5)
Left lateral (%) 20(15.5) 17(16.5) 3(11.5)
Right lateral (%) 9(6.9) 8(7.7) 1(3.8)
Not reported (%) 35(27) 4(3.8) 5(19.2)
Lesions final pathology <0.001
Adenoma (%) 44(34.1) 41(39.8) 3(11.5)
Carcinoma(%) 63(48.8) 47(45.6) 16(65.5)
CIS (%) 10(7.8) 10(9.7) 0(0)
T1 (%) 28(21.7) 22(21.4) 6(23.1)
T2+ (%) 25(19.4) 15(14.6) 10(38.5)
Scar (%) 22(17.1) 15(14.6) 7(26.9)
Positive margin 11(8.5) 8(7.7) 3(11.5) 0.81
Fragmentation 2(1.5) 2(1.9) 0(0) 0.38
Operation duration mean + SD 66.2+41 [15-240]  66.0+39.2 [15-224] 67.4+47.7 [27-240] 0.86
[range] (min)
Closure of defect 0.69
Yes (%) 103(79.8) 77(74.8) 26(100)
Unnecessary (%) 15(11.6) 15(14.6) 0(0)
Impossible (%) 11(8.5) 11(10.7) 0(0)
Length of hospital stay mean + SD 1.5+2.2 [1-23] 1.542.4 [1-23] 1.3+0.8 [1-5] 0.56
[range] (d)
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Table 4.1. (continued)

Overall (n=129) Surgeon A (n=103)  Surgeon B (n=26) p-valuet
Perioperative complications 0.34
Rectal perforation (percentage) 12(9.3) 9(8.7) 3(11)
Postoperative complications 20(15.5) 18(17.4) 2(7.6) 0.02
Haemorrhage(percentage) 6(4.6) 6(5.8) 0(0)
Abscess(percentage) 2(1.5) 1(0.9) 1(3.8)
Fever(percentage) 7(5.4) 6(5.8) 1(3.8)
Urinary retention (percentage) 4(3.1) 4(3.8) 0(0)
Pneumonia(percentage) 1(0.7) 1(0.9) 0(0)
Clavien-Dindo complications type
(n)(%)
| 7(5.4) 7(6.7) 0(0)
Il 9(6.9) 7(6.7) 2(7.6)
Il 5(3.8) 5(4.8) 0(0)
\Y 0(0) 0(0) 0(0)
Mortality, (n)(%) 0(0) 0(0) 0(0) -
Patients readmitted, (n) (%) 14(10.8) 13(12.6) 1(3.8) 0.006

Continuous variables are described as mean * standard deviation (range); categorical variables are described
as n (%), ASA American Society of Anaesthesiologists, T p-value comparing groups A and B.

The CUSUM charts were plotted for both surgeons using the limits that were outlined
beforehand in the ‘Methods’ section. Alfa (type | error rate) and beta (type Il error rate)
were set to 5% and 20% respectively.

The CUSUM curve for operative time showed a change point after 36 cases for surgeon
A (Figure 4.1A) for surgeon B the CUSUM curve changed after the 10" case (Figure 4.1B).
For margin positivity proficiency was reached after 31 and 6 cases for surgeon A and B,
respectively (Figure 4.2A) (Figure 4.2B). Surgeon A performed two fragmented
resections, surgeon B had none during this analysis. Both CUSUM curves for
fragmentation stayed well below the acceptable levels (Figure 4.3A) (Figure 4.3B). The
complications CUSUM proficiency curve for surgeon A showed a 3-phase learning curve.
After the first 18 cases an acceptable 16% complications rate was reached. During phase
2 (consisting of cases 22-26) the curve spiked upwards but never reached unacceptable
levels. After the 26th case a definitive change point was observed. (Figure 4.4A). During
the learning phase surgeon B only had one (3.8%) procedure that resulted in
complications. Therefore, no change point was seen in the CUSUM curve (Figure 4.4B).
The learning curves for both surgeons were divided into two phases based on the
CUSUM analyses. A comparison of patient characteristics pre- and post-proficiency for
both surgeons is summarized in Table 4.2. Analysis shows no statistically significant
differences in tumor dimensions, distance of the lesion from the anal verge or portion of
the rectal circumference covered by the tumor between both surgeons’ learning phases.
Prior to achieving competence surgeon A performed more procedures for lesions
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located at the right side of the rectum (p=0.005). A significant decrease of total
operation duration was notable for both surgeons between both learning phases.

Operative Time

10

2

5

2

>

=}

3

o 36 cases

5 |

. (\
HoiNoadmns gm0 MM NA MR AMNG AMNNG AMINN G D mINN Qo m o o m

A0dS2NRAARRAR MM mmsIesINNANARCOBcIRNRRRRE O B0 30 & &35 g

Number of Cases

Figure 4.1B. Operative time surgeon. CUSUM plot for surgeon’s A chronological operative time for TAMIS. The
dotted vertical line indicates the change point in TAMIS proficiency.

Operative Time

10 cases

Mumber of Cases

Figure 4.2B. Operative time surgeon. CUSUM plot for surgeon’s B chronological operative time for TAMIS. The
dotted vertical line indicates the change point in TAMIS proficiency.
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Figure 4.2A. Margin positivity surgeon. CUSUM graph for surgeon A. The solid horizontal line represents the
unacceptable rate of positive margin, and the dotted horizontal line represents the acceptable rate of positive
margin (derived from the literature.>”"*™). The dotted vertical line indicates the change point in TAMIS

proficiency.
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Figure 4.2B. Margin positivity surgeon. CUSUM graph for surgeon B. The solid horizontal line represents the
unacceptable rate of positive margin, and the dotted horizontal line represents the acceptable rate of positive
margin (derived from the literature.>”"*™). The dotted vertical line indicates the change point in TAMIS

proficiency.
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Fragmentation

CUSUM S(Xi - 5)
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Figure 4.3A. Fragmentation surgeon. CUSUM graph for surgeon A. The solid horizontal line represents the
unacceptable rate of specimen fragmentation, and the dotted horizontal line represents the acceptable rate of
specimen fragmentation (derived from the literature.>”**™).

Fragmentation

Mumber of cases

Figure 4.3B. Fragmentation surgeon. CUSUM graph for surgeon B. The solid horizontal line represents the
unacceptable rate of specimen fragmentation, and the dotted horizontal line represents the acceptable rate of
specimen fragmentation (derived from the literature.>”**™).
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Operation time for surgeon A decreased from 84.4+47.3 minutes to 55.9+30.1 minutes,
for surgeon B from 90.6+64.7 minutes to 53+26.5 minutes (p<0.001). There were no
statistically significant differences in margin positivity between both surgeons and
learning curves (19% vs. 12.5%, p=0.23). None of the ‘border positive specimen’ were
positive for carcinoma. In the present cohort margin positivity only consisted of
adenomas. Differences between unintended breach of the peritoneal cavity were not
statistically significant when comparing the pre-proficiency phases of surgeons A and B
(3 vs. 0, p=0.91) neither was there a statistically significant difference between both
surgeons in the post-proficiency phase (8 vs. 0, p=0.34). There was also no significant
difference between surgeons and learning phases when comparing the need for
laparoscopic closure of the defect (6.5% vs. 4.8%, p=0.65). Evaluation of the post-
operative complications showed a notable statistically significant higher number of
complications in the overall pre-proficiency period (21.7% vs. 13.0%, p=0.02). In this case
there was a difference between both surgeons for phase one and two. Whereas surgeon
A has significantly more post-operative complications in phase 1 when compared to
surgeon B (25% vs. 0%, p<0.001), in the post-proficiency phase there was no statistically
significant difference between both surgeons (p=0.08). More patients were readmitted
in phase 1 for surgeon A when compared to phase 1 for surgeon B (13.9% vs. 0%,
p=0.005). In the post-proficiency phase, there was no statistically significant difference
between both surgeons (11.9% vs. 6.3%, p=0.17).

Regression analysis, with the regression coefficient defined as 3, on data of surgeon A
revealed procedure number (B=-0.29, 95% ClI -0.64, -0.14) (p=0.002), lesion dimensions
(B=0.22 95% Cl 0.05, 0.67) (p=0.025) and ventral location within the rectum (=1.05 95%
Cl 0.09, 2.01) (p=0.032) as independent predictors for total procedure time. In case of
post-operative complications total procedure time (B=0.45 95% Cl 0.003, 0.007)
(p<0.001) was reported as independent predictor, procedure number (=-0.17 95% ClI
0.005, 0.0) (0.083) showed a trend. Regression analysis for surgeon B showed a trend in
terms of post-operative complications for procedure number (=0.33 95% CI -0.02, 0.02)
(p=0.096) as independent predictor.
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Complications
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Figure 4.4A. Complications surgeon. CUSUM graph for surgeon A. The solid horizontal line represents the
unacceptable complication rate rate, and the dotted horizontal line represents the acceptable complication
rate, (derived from the literature.*’’*™). The dotted vertical line indicates the change point in TAMIS
proficiency.
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Figure 4.4B. Complications surgeon. CUSUM graph for surgeon B. The solid horizontal line represents the
unacceptable complication rate, and the dotted horizontal line represents the acceptable complication rate
(derived from the literature.*”**™).
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Discussion

Transanal minimally invasive surgery (TAMIS) is a relatively new technique in the
armamentarium of minimally invasive rectal surgery. The initial publication on feasibility
in 2009, together with publications on comparable oncological outcomes to TEM and
superior patient reported outcomes, has led to a rapid adoption of this technique by
surgeons all over the world.” ™"

This study illustrates the surgical learning curve for TAMIS during the adaptation phase
and after reaching proficiency. It also reports on the learning curve when adopting the
procedure in an appropriately proctored and supervised context and differences
between the learning curve of self-taught procedures. In the present study Surgeon A
served as proctor in the first 5 cases for surgeon B well after reaching his own level of
proficiency. During all the proctored cases surgeon A was scrubbed in and assisted
surgeon B.

In this series Surgeon B requires fewer cases to achieve proficiency (6-10 cases) when
compared to surgeon A (31-36 cases). We postulate that surgeon B benefited from the
experience already gained by surgeon A who advanced the learning program by
establishing an institutional specific (teaching) protocol at the introduction of TAMIS in
2010. This protocol includes the standardization of patient positioning, specific single
port access platform selection, appropriate use of insufflation devices and
instrumentation and post-operative patient care. Furthermore, extensive experience in
laparoscopic colorectal surgery (at least 200 independent laparoscopic colon resections
and 50 independent laparoscopic rectal resections) is considered a mandatory condition
before the surgeon may commence to learn or implement TAMIS.

One difference between the two surgeons that may play a minor role is the experience
of the minimally invasive team that increased over the years, which may have made
procedures more uneventful. However, we interpret this to have played only a limited
role in the learning curve.

In this study there were no statistically significant differences in patient characteristics
between both groups, with the expectation of more tumours located on the right side of
the rectum operated on by surgeon A. We believe this single difference in tumour
location is an incidental finding without effect on the difficulty of the resection since
there is an equal amount of left sided tumours. We therefore believe there is no patient
selection bias across the different learning phases and an evenly distributed case mix
between both surgeons.
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There is sufficient evidence to conclude that defining the learning curve on single
parameters is too simplistic.”’ In the present study we therefore, used a
multidimensional assessment of CUSUM analysis on data for operation time, margin
involvement, fragmentation of the specimen and postoperative complications.25
Proficiency gain was defined by combining margin involvement, fragmentation and
postoperative complications. We used Operative time only as a measuring device to test
the proposed learning curve and not define it, since operative time is in our opinion only
to be considered a surrogate for learning curve. After all, increasing experience reflected
by shorter operative time is not always translated into better patient outcomes. As
surgeons become more experienced, they tend to take on more challenging case and
subsequently offsetting operative efficiency.”®

CUSUM analysis for margin positivity show a change point at case 31 for Surgeon A,
during the initial learning phase 9 cases had adenoma with low grade dysplasia in the
resection borders. Of these 9 specimens two were classified as fragmented resection
specimen. Therefore, from that moment on all resection specimens were pinned on
Styrofoam with the intent to provide additional information during evaluation by the
pathologist. No fragmented resection specimen was reported ever since. Since no local
recurrences were noted, it is unclear whether the findings on histological examination
were a representation of the quality of the surgery or of the pathology or both.

Change point analysis for margin involvement on the account of surgeon B revealed a
minimal amount of 6 cases before proficiency was reached, no fragmented resections
were observed.

The post-operative complication rate was statistically significant higher for surgeon A
during the initial learning phase (25% vs. 0%, p<0.001). CUSUM analysis revealed a
change point after the 26™ case for surgeon A, no change point could be detected for
surgeon B. After gaining proficiency the incidence of postoperative complications
showed a significant decrease. Availability of a standardized protocol and mentorship
during the initial learning phase could hypothetically be responsible for the significant
difference in morbidity during the initial learning phase between both surgeons.
Stabilization of the operative an oncological efficiency occurred after 26-31 cases and
6 cases for surgeon A and B respectively. This correlates with the stabilization of
individual CUSUM analysis for operative time.

As mentioned before, data for comparison is scarce. Currently only one study in the
literature reports on the learning curve for TAMIS.™ This study by Lee et al. conducted in
a high-volume tertiary referral institute for rectal neoplasms, analyzes the learning curve
of 5 experienced colorectal surgeons. We believe some degree of self-teaching is
inevitable during the (early) learning phase of any novel surgical procedure. The reduced
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amount of cases necessary to reach this point for surgeon B in the present study and the
surgeons in group C of the study by Lee et al. demonstrates that through proctoring
and/or fellowships, rather than self-learning, an abbreviated learning curve with fewer
morbidity may be achieved. *” Furthermore, we postulate that the availability of a
procedure specific standardized protocols (e.g. developed by surgeon A in the present
study and group A in the study by Lee et al.) is mandatory when ascertaining novel
surgical techniques by (relatively) novice surgeons. Furthermore, large tumours and
tumours located anteriorly in the rectum should be avoided in the early stages of the
learning process. Appropriate case selection will reduce complications, as well as

28,29

increase training quality. We provided a schematic overview of the specific training

pathway, for surgeons new to TAMIS, used at our institute. (Figure 4.5)

Extensive experience in laparoscopic rectal
resections

Standardised training

Fellowship in center were TAMIS
procedures are already being performed

TAMIS hands-on couse

Introduce standardise procedure specific
protocols in own institute

Proctored Cases

By surgeon with extensive Case selection in first 10
experiance in TAMIS cases minimally

5 cases minimally

Evaluate outcome data

Figure 4.5. Schematic representation of proposed learning pathway for surgeons new to TAMIS.
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A limitation of our study is that we evaluated the learning curve of only one single
surgeon during a period were no standardized institutional TAMIS program was at hand
versus one surgeon that had the benefit of this program and was proctored. Currently
there is not much literature on TAMIS learning curve especially concerning self-taught
versus proctored learning curves. Therefore, we cannot definitely conclude that it was
standardized protocols and proctoring that cut the number of training cases in half.
However, achieving margin negativity and non-fragmented specimens with less
complications can be taught, as demonstrated by our results and the results published
by Lee et al.

Another limitation of our study is that we only evaluated surgical process measures and
oncological outcome parameters. These are variables of paramount significance to
learning curve analysis, though they are only indirectly related to patient outcomes.*®
The importance of patient reported, or functional outcomes has been emphasized by
other studies on learning curves.”® Therefore symptom-based outcomes should be
gathered and analyzed in future studies on learning trajectories.

In conclusion the proposed learning curve for local excision of rectal tumours using the
TAMIS technique is somewhere between 18 and 31 procedures. Standardized
institutional teaching protocols together with proficient proctorship may contribute to a
shorter learning curve with fewer case (6-10) required to reach proficiency.
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Nuances on assessment of TAMIS learning curve for local excision of rectal neoplasms

Dear Editor,

We read with great interest the recent article “Establishing the learning curve of
transanal minimally invasive surgery for local excision of rectal neoplasms. Surgical
Endoscopy February 2017.” by Lee and co-workers." We congratulate the authors on
their excellent work in defining the learning curve for transanal minimally invasive
surgery (TAMIS) and being the first to publish it. In addition, we feel that using TAMIS for
the local excision of early rectal cancer is a technique that needs more emphasis
especially since the introduction of national screening programs has led to the increase
of detection of stage | rectal cancer.” Several authors have advocated that local excision
for early rectal cancer, offers lower morbidity and mortality when compared to radical
TME surgery’ Meanwhile, several studies have suggested it may lead to oncologic and
patient reported outcomes that seem to be fully comparable to accepted treatment
protocols.‘l'6 Furthermore, TAMIS seems superior to transanal endoscopic microsurgery
(TEM) with less conversions required, a lower complication rate and use of less costly
and more readily available equipment.3’6'7

The authors report on a total of 254 TAMIS procedures that were performed at their
high-volume tertiary referral centre between 2006 and 2016. Using a standardized
technique that was described before.®

The main proficiency outcome chosen by the authors in this study was the positive
margin status (R1 resection) in combination with total procedure time. We agree with
the authors on choosing an oncologic outcome parameter as their primary outcome
measure. We firmly believe that defining the learning curve on the basis of morbidity
and mortality alone is outdated and too simplistic. The present study emphasizes the
importance of using oncologic outcome measures in combination with operation
duration and case complexity in modern-day literature on attaining competence for
surgical oncological procedures. An interesting avenue for further research might be,
adding patient reported outcome measures such as anorectal function and / or quality
of life to future learning curve studies.

The authors pooled data on acceptable incomplete-resection rate and unacceptable
incomplete-resection rates from literature on TEM and TAE to determine the proficiency
limits for their learning curves.

The procedures presented in this study were performed by a total of 5 surgeons. These
surgeons were divided into 3 groups on the basis of their experience in transanal surgery
and by means of training in TAMIS. This study identified that surgeons experienced in
laparoscopic colorectal surgery but without any formal training in TAMIS (groups A and
B) need around 20-24 cases to reach proficiency. The surgeons in group C received
standardised fellowship training and needed only 14 TAMIS procedures to reach
proficiency. The authors postulated that the shorter learning curve may be accounted to

99



Intermezzo

the fellowship training they received by surgeons that already mastered the technique
which is a very plausible explanation. However, another factor that may play a role is the
evolution of surgical instruments and new devices in the accelerated learning curve as
seen in group C. For example; barbed sutures for closing the defect, curved instruments
in the narrow anal canal and the development of advanced insufflation devises that led
to a more stable pneumorectum. These developments together with the proctorship will
undoubtedly have made the procedures somewhat ‘easier’.

When investigating the implementation of TAMIS at our own institute we saw a similar
shorter learning curve for the surgeons that were proctored by experienced surgeons in
this new technique. Therefore, we agree with the authors structured proctorship in
combination with case selection in the early learning phase of a new technically
demanding surgical technique is mandatory.

Unfortunately, the present study does not define a surgeon specific learning curve.
Grouping multiple surgeons together may lead to inter surgeon and inter group
heterogeneity. Also training in TaTME while simultaneously training in TAMIS could
result in a biased learning curve for one of the procedures. It would be an interesting
avenue for future research to describe the operating surgeon and assisting surgeon
relation in more detail, and dwell on the total number of procedures or the level of
teaching/mentoring that was provided. Nevertheless, we believe this study is of
tremendous value as an addition to the already existing literature on TAMIS. We
recommend this publication be read by all surgeons new to TAMIS, training in TAMIS or
considering implementing this promising surgical procedure in their hospital.
Furthermore, this study highlights the importance of using oncological outcome
parameters for defining the learning curve and the effect of standardization and
fellowship training for new technically demanding surgical techniques.
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