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Optimisation of surgical care for rectal cancer
1.

Anastomotic leakage will occur irrespective of faecal diversion, however the diagnosis of
the leak is delayed if a diverting stoma is present. (this thesis)

2.

An anastomotic leakage develops into a chronic presacral sinus that is present more
than a year after surgery in almost half of the patients and is therefore an important
complication following rectal cancer surgery. (this thesis)

3.

Early detection and early treatment of anastomotic leakage causes less fibrosis of the
neorectum and therefore less complications on the long-term. (this thesis)

4.

Vacuum assisted early closure of anastomotic leak could serve as a first step in a more
profound and minimally invasive approach of a leaking low colorectal anastomosis. (this
thesis)

5.

In the Netherlands there is a variety in surgical approach of rectal cancer; centres that
almost routinely divert their anastomoses, and centres that more often refrain from
constructing an anastomosis but paradoxically more selectively construct a diverting
stoma when they do perform an anastomosis. (this thesis)

6.

Organ preservation for early rectal cancer should not be offered outside the controlled
setting of a trial, as current evidence is insufficient to support its use in clinical practice.
(this thesis)

7.

Among International guidelines on rectal cancer treatment there is still controversy in
clinical lymph node staging and surveillance protocols following the treatment of rectal
cancer. (this thesis)

8.

You can’t connect the dots looking forward; you can only connect them looking
backwards. So have trust that the dots will somehow connect in your future. (Steve Jobs)

9.

We want perfection without practice. Yet everyone is harmed if no one is trained for the
future. (Atul Gawande)

10. Groot worden is zelf doen. (Wilfred en Veronique Borstlap)
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General Introduction
Colorectal cancer has become the second most common cancer in the Netherlands
with approximately 15 000 new cases every year. 1,2 Numerous innovations in the
last decades have significantly improved the prognosis of colorectal cancer in terms
of survival, cancer recurrence and treatment related morbidity.3,4
Current treatment strategies have a multimodal character involving multiple
specialities, in which surgical resection remains the cornerstone of a curative treatment. An important benefit of this multimodal approach of colorectal cancer patients is that it stimulates the physicians to look further than their own speciality. As
a consequence, preoperative optimisation of the patient prior to surgery has gained
more attention. The waiting time from diagnosis to surgery (commonly 4-6 weeks)
could be seen as a window of opportunity to enhance the physical status of the
patient in the work-up towards surgery. 5
Due to differences in biology, prognosis, treatment strategies and treatment related complications cancer of the colon and rectum should be seen as two different
entities. This thesis mainly focusses on the optimisation of surgical care of cancer
located in the rectum, which is the case in approximately a third of all colorectal
cancers. 6
Early in the nineteen eighties, surgical resection of the rectum underwent a
major development due to the introduction of complete resection of the visceral
mesentery en-bloc with the rectum, the total mesorectal excision (TME). The original paper of Heald published in 1986, showed that with the addition of TME, local
recurrence rates less than 4% could be achieved.7 Previously recurrence rates of up
to 30-40% were common. For this reason TME and clear resection margins became
the basic principles of a proper resection for rectal carcinoma.
Due to the recent introduction of screening programs, there is a shift towards
the detection of earlier stage cancers. Detection at an earlier stage potentially allows for less invasive treatment strategies. Very early cancers are commonly defined
as T1, SM1, well differentiatied, no lymphatic and no venous invasion, and <3cm in
size. These cancers have an excellent prognosis and can be treated with local endoluminal excision, thereby preserving the rectum.8 With endoluminal techniques
as snare polypectomy, endoscopic submucosal dissection, or transanal endoscopic
microsurgery (TEM), the rectum stays in situ, and therefore these procedures are
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associated with less morbidity, better functionality and it spares the patient from
the risk of receiving a stoma when compared to TME surgery.
Also for the early stage cancers with less favourable characteristics, rectal preserving strategies are currently being evaluated. A curative treatment strategy of
early staged rectal cancer with preservation of the rectum by using either neoadjuvant or adjuvant (chemo)radiotherapy in combination with or without local excision
seems possible, however the exact boundaries of these treatment strategies are yet
to be defined. Therefore, TME surgery is still considered the gold standard for rectal
cancer other than low risk T1 stage.
The downside of surgery that included resection of the rectum, is the relatively
high risk of postoperative complications, with even a small risk of mortality. Furthermore, there is a substantial impact on functionality, which is one of the major differences with segmental resection for colon cancer. As a rectal carcinoma is located
more deeply in the pelvis, decreased visibility, locoregional ingrowth in other organs
and a narrow operation field complexes the surgical procedure. Recently, a modification of the traditional TME has been introduced. This, so called TaTME (transanal
total mesorectal excision) combines the abdominal approach with a transanal
approach during the dissection of the mesorectum. Despite the fact that the long
term oncologic outcomes of the procedure are still to be awaited, this procedure is
rapidly gaining popularity because of the increased visibility down in the pelvis and
relatively easier mobilisation of the rectum during thebetter construction of the
anastomosis, related to a single stapling technique.9

Anastomotic leak
The technical armamentarium of the surgeon is still expanding and so are the varieties in complications that can occur. To a much greater extent than in colonic surgery,
the decision to restore continuity (to construct an anastomosis and connecting the
two bowels ends) in rectal surgery is based on multiple factors. Comorbidity of the
patient, age, preoperative sphincter function, tumour distance from the anal verge,
resection margin in relation to the sphincter complex and patients’ preference are
all being taken into account in order to prevent the most dreaded complication
following colorectal surgery, namely anastomotic leakage. The definition of an
anastomotic leak has been debated through the years due to the wide variety of
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clinical symptoms with which it is associated. In this thesis the definition is recommended as proposed by the International Study Group of Rectal cancer, which is
‘A defect of the intestinal wall at the anastomotic site (including suture and staple
lines of neorectal reservoirs) leading to a communication between the intra- and
extraluminal compartments.10
The early diagnosis of an anastomotic leak is not only crucial to minimize the
degree of its sequelae, but also increases the probability of preserving the anastomosis.11,12 Clinical signs of anastomotic leaks include fever, ileus, abdominal
pain, abdominal distention and even pulmonary and cardiac symptoms.10 All these
symptoms can be absent or might be vague, especially if a diverting ileostomy
is present. This has prompted towards the use of more objective parameters, of
which CRP measurement has been shown to be a reliable predictor of postoperative
infectious complications. Clinical evaluation and imaging can be misleading when
not conducted complementarily. Therefore adequate timing of imaging is of great
importance. A contrast study performed too early increases the false negative rate
of the test.13 However delayed diagnosis of the leak is associated with poorer outcomes on the long term. Using a cut-off level for day 3 or 4 CRP measurement can
help in selective radiological evaluation of the anastomosis, with optimisation of
its diagnostic performance. In the acute phase of a symptomatic anastomotic leak,
the primary goal of the treatment is control the sepsis. Traditionally when continuity is not intended, the leaking anastomosis is dismantled and an end-colostomy is
constructed. If continuity is preferred on the long term, the anastomotic leak should
be diverted if not done so primarily and subsequently, drainage of the sepsis is the
cornerstone of the treatment.
TME surgery creates a large cavity behind the anastomosis where pus and
debris can accumulate in case of a leak. The anal sphincter thereby functions as
a physiologic barrier preventing drainage via the anus. Drainage of the sepsis can
be performed using a transabdominal, transgluteal or transanal drainage. With this
type of drainage, the healing rate of the anastomosis is around 50%.11 However, this
could take months before the leak has closed. So, the patient must be prepared for
an intensive treatment period. 12 Therefore new strategies are being investigated.11
In 2008, Weidenhagen introduced a negative pressure device that enables a more
active drainage of the presacral abscess. 14 This, so called Endosponge® is placed endoscopically into the abscess cavity. By exchanging it twice a week and tapering the
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size of the Endo-sponge® sequentially, the cavity gradually collapses. Endosponge®
treatment in this early phase shows a healing rate of 75%.14 This technique is labourintensive, expensive and it could take several weeks or even months before healing
of the anastomosis is achieved. Therefore t modifications of this technique are currently being investigated in which the Endosponge® therapy is combined with an
early transanal closure of the anastomotic defect. With the results of larger studies
on these techniques being awaited, it at least enables the surgeon a more step-up
approach of the anastomotic leak, thereby leaving resection of the anastomosis and
the construction of an end-colostomy as a last resort option.

Snapshot studies
The term “Snapshot” is relatively new in surgical research and was introduced in the
United Kingdom. The so-called “multicentre, snapshot cohort” study enables the
collection of outcomes from a large group of patients in a short period of time.15 It
is a form of collaborative research, in which young doctors of different hospitals are
asked to participate in the data-acquisition. As participation results in an authorship,
it is an easy, time effective manner for young doctors to get in touch with doing
research and to expand their scientific circle. But more importantly, this collaborative study design enables a cross-sectional overview of a specific study-population
in a predefined moment in time (Snapshot).
A snapshot cohort study makes it possible to correlate the outcomes of provided
healthcare with the type of treatment the patient received, without using strict inand exclusion criteria and with all variation in practice incorporated. Because large
numbers of patients can be collected, there is enough statistical power to zoom in on
specific patient groups. Although such data cannot be seen as conclusive evidence,
this might generate interesting hypotheses, that subsequently can be explored by
more traditional study designs. In addition to the short-term results of a national
colorectal cancer audit 6, the snapshot design can be used to expand these data with
long-term outcomes during an almost similar follow-up period for included patients,
which is an advantage to the inherent problems of a wide range in follow-up if using
a longitudinal study design. This application of the snapshot design has the potential
to get insight on the quality of daily clinical practice on a nationwide basis beyond
the often reported postoperative outcomes.
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Outline of the thesis
This thesis is divided into three parts. Part I focusses on the preoperative optimisation of colorectal cancer patients, thereby emphasizing on the treatment of
preoperative anaemia with iron therapy in the work-up towards surgery. In Part
II, rectal preserving strategies for early rectal cancers are being investigated. The
third and last part of this thesis focusses on the long term surgical complications
following rectal surgery. With the use of a Snapshot-study design, a cross-sectional
overview was created of the provided surgical care of 71 hospitals throughout the
Netherlands. Moreover, a minimally invasive treatment option for early detected
anastomotic leak is discussed as well as more complex surgical options for patients
with a chronic presacral sinus. A chronic sinus is defined as a pelvic abscess that is
present for more than a year after the initial operation.
Part I - Preoperative optimisation of CRC patients:
Concomitant anaemia is present in approximately one third of the patients undergoing surgery for a colorectal carcinoma. Preoperative anaemia is associated with
increased postoperative morbidity and mortality. As opposed to blood transfusions
or Recombinant Human Erythropoietin (EPO), iron therapy as treatment of anaemia
is known to have less side effects and is cheaper. In Chapter 1 the results are presented of the available literature on the efficacy of preoperative iron therapy in the
treatment of preoperative anaemia. As a next step folloing this literature search, a
multicentre randomised trial protocol is presented in Chapter 2, in which the efficacy of intravenous iron supplementation versus oral iron supplementation in the
treatment of preoperative anaemia and its effects on postoperative complications
and blood transfusion rates is investigated.
Part II - Minimally invasive treatment strategies for early rectal cancer
In Chapter 3, we present the results of a systematic literature review on the oncologic outcomes of patients with early staged (pT1-2) rectal carcinomas who were
treated with completion surgery or adjuvant (chemo)radiotherapy following local
excision, thereby preserving the rectum. The found paucity in available evidence on
this specific topic led to the design of a randomised controlled trial, of which the trial
protocol is described in Chapter 4. In this multicentre trial, patients with an inter-
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mediate risk T1-2 rectal cancer, that has been locally excised using an endoluminal
technique, will be randomised between adjuvant chemo-radiotherapy limited to
the mesorectum and standard completion total mesorectal excision (TME). Primary
endpoint is local recurrence after three-years of follow up. Chapter 5 describes the
natural disease course in terms of local recurrence and survival for patients that
were solely treated with a local excision (TEM) for a more advanced early rectal
cancer. In the described cases, it was decided to deviate from the national guideline
that recommends completion TME-surgery, as patient’s condition or preference
would not allow for any further therapy. In Chapter 6 a synopsis is described of
all available national and international guidelines on rectal preserving treatment
options, in order to determine current consensus and controversy among treatment
recommendations for early rectal cancer.
Part III - Complications following rectal surgery
Chapter 7 encompasses a book chapter that was published in an educational book
on gastrointestinal surgery that offers a stepwise description and treatment of
complications that can occur following surgery of the rectum.
A cross-sectional overview of long-term outcomes of patients who underwent
rectal cancer resection in 2011 was generated by retrospectively analysing the
patient files in 2015 by a group of more than 180 collaborators in a Snapshot study
design. In Chapter 8, a general overview of this cohort is presented and placed
into perspective, by benchmarking with the original datasets of two landmark randomised controlled trials on rectal cancer in. As anastomotic leakage is the most
dreaded complication following rectal cancer surgery, we described its incidence,
predisposing factors and long term outcomes based on this Snapshot cohort in
Chapter 9. A third analysis within this project was related to inter-hospital variability
exists in restoring continuity after low anterior resection for rectal cancer as well as
in the construction of a diverting stoma. Chapter 10 aimed to determine long term
outcome of two different approaches to the construction of a diverting stoma after
low anterior resection at hospital level.
In Chapter 11 the efficacy of early transanal closure of the anastomotic defect
after pre-treatment with Endosponge® therapy is being investigated as a new and
minimally invasive approach of anastomotic leakage. In case the anastomotic leak
persists after initial treatment and bowel continuity is desired, a redo-operation with
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resection of the leaking anastomosis and the construction of a new anastomosis is
the patients’ only chance to avoid a permanent stoma. In Chapter 12 the feasibility
of transanal minimally invasive surgery (TAMIS) as approach in redo anastomotic
surgery is being evaluated, as well as other indications for pelvic redo surgery using TAMIS. If a chronic sinus remains with severe clinical problems (pain, severe
purulent discharge, bleeding, secondary fistula, fasciitis) and bowel continuity is not
an option. Salvage surgery shoud consist of completion proctectomy with complete
debridement of the sinus (and fistula tracts) followed by an omentoplasty to fill the
presacral cavity. This surgical technique is being evaluated in Chapter 13.
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1
Preoperative iron therapy as treatment of anaemia
in patients with colorectal carcinoma;
a systematic review

W.A.A. Borstlap
M.E. Stellingwerf
Z. Moolla
G.D. Musters
C.J. Buskens
P.J. Tanis
W.A. Bemelman
Colorectal Disease 2015

Chapter 1 | Systematic review on iron therapy

Abstract
Aim:
Preoperative anaemia is associated with increased morbidity and mortality. The aim
of this systematic review is to evaluate the efficacy of preoperative iron supplementation in the treatment of anaemia, and its effect on the postoperative recovery of
patients undergoing surgery for colorectal carcinoma.
Methods:
The systematic review was performed using MEDLINE, EMBASE and the Cochrane
library to assess the current evidence on the role of iron supplementation in the
treatment of preoperative anaemia. Our main outcomes were absolute haemoglobin increase, blood transfusion rate and postoperative morbidity. Main inclusion
criteria were: preoperative iron supplementation, presence of colorectal carcinoma
and elective surgery. The Downs-Black questionnaire was used for quality assessment of the included studies.
Results:
Of the 605 studies analysed, 7 studies comprising of 3 randomized controlled trials
and 4 cohort studies were included. Despite iron supplementation, the 3 randomized controlled trials showed a decrease in haemoglobin level. This was contrary
to the 4 cohort studies which all showed a significant increase. All studies showed
a decreased blood transfusion rate following iron supplementation. None of the
included studies assessed postoperative morbidity. Due to heterogeneity in study
design, duration of treatment, dosages and variety in iron substrates, we were unable to perform a meta-analysis.
Conclusion:
In anaemic patients requiring surgery for colorectal carcinoma, current evidence is
of inadequate quality to draw a definitive conclusion on the efficacy of the various
alternatives to treat preoperative anaemia.
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Introduction
At least a third of patients with colorectal carcinoma (CRC) who require surgery are
anaemic preoperatively.1 In clinical practice, however, little consideration is given
to correcting anaemia. Preoperative anaemia might potentially result in a higher
rate of perioperative blood transfusion, an increase in perioperative morbidity
and mortality and a prolonged recovery from surgery. Preoperative anaemia in a
cohort of patients having noncardiac surgery was associated with an increased risk
of 30-day morbidity and mortality.2 Furthermore, anaemia was a major predictive
factor for allogeneic blood transfusion (ABT). ABT is linked to established risks such
as infection, incompatibility reactions and, most importantly, is associated with an
increased incidence of recurrence of cancer.3,4
Recent studies on patients with CRC have shown the prevalence of anaemia and
iron deficiency to be 40% and 60% respectively.4,5 In patients with CRC the cause
of anaemia is often multifactorial, but intestinal blood loss is the most common.
Additional factors such as impaired iron absorption, nutritional deficiency and anaemia of chronic disease, which is a cytokine-mediated disorder, may exacerbate the
anaemia in patients with CRC5. Tumour cells can produce pro-inflammatory cytokines resulting in suppression of erythroid progenitor cells, impaired erythropoietin
production and iron utilization and decreased erythrocyte half-life.6
According to the Dutch Blood Transfusion Guideline7 there are three treatment
options in the management of anaemia, including allogenic blood transfusion (ABT),
erythropoiesis stimulating agents (ESAs) and iron supplementation. ABT is associated with an increased risk of recurrence of cancer and therefore should only be
administered following careful consideration in patients with CRC.3,4 The use of ESA’s
is not recommended, as these are associated with a greater incidence of thrombosis
and a 17% increase in overall mortality.8 Iron supplementation for the treatment of
anaemia is not associated with the negative effects on cancer recurrence, morbidity
or mortality and has proven to be a cheap and save alternative option5,9, but its
efficacy in the preoperative setting has not been routinely established as iron takes
longer to normalize the haemoglobin (Hb) level than ABT or ESA’s. We conducted
this systematic review to assess current evidence on the efficacy of preoperative
oral or intravenous (IV) iron supplementation in terms of an increase in haemoglobin, ABT and postoperative morbidity.
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Methods
Search strategy
This systematic review was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.10 The search
included studies on preoperative oral and/or IV iron supplementation in patients
with CRC undergoing elective surgery. Studies comparing preoperative iron with
any kind of ESA were also included, but only the study arm on iron supplementation was analysed. To ensure a high sensitivity of the review, non-comparative
and non-randomized observational studies were also included. The reference lists
of included studies were crosschecked to identify additional studies. Studies that
omitted details of the operation performed were excluded. In addition, studies
that included patients who had received a blood transfusion in the month prior to
surgery or were prescribed postoperative iron supplementation were also excluded.
Systematic reviews, congress abstracts, animal studies, case reports (<10 patients)
and articles not published in English were excluded.
Search
MEDLINE (PubMed), EMBASE (Ovid) and the Cochrane library were systematically
searched. No restrictions with regard to publication date, patient age or technique
of colorectal resection were applied. The final search was carried out in October
2014. The keywords and medical subject heading (MeSH) terms used for MEDLINE
were: Colorectal carcinoma, surgery and iron (see appendix for detailed search
terms).
Data extraction and analysis
Two reviewers independently assessed the identified studies based on their titles
and abstracts. Full text articles were read by both reviewers. When required, the
opinion of a third researcher was obtained. The study selection progress is displayed
in Figure. 1. Patient Hb levels had to be measured prior to commencing iron supplementation and repeated within a day before surgery. The primary end-point was
absolute change in Hb concentration between start of the treatment and the day of
admission for surgery.
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Secondary outcomes were the percentage of patients requiring a blood transfusion, postoperative morbidity, length of hospital stay and adverse events after iron
supplementation.
Validity assessment and assessment of eligibility
To assess the quality of the included studies, the Downs-Black questionnaire was
used (table 5). This is a questionnaire commonly used for quality assessment for
RCT’s as cohort studies11. The checklist consists of 27 items distributed between five
subscales including: (1) reporting of study findings (10 items), (2) external validity
(three items), (3) bias (seven items), (4) confounding (six items) and (5) power (one
item). Total scores using the original checklist range from 0 to 31 but, as in the
studies of Handler et al. [12] and Chudyk et al.13, we modified the last question if
the study had made a power analysis from a scale of 0 to 5 to a scale of 0 to 1. The
score was 1 if a power or sample size calculation was present and 0 if no power or
sample size calculation was performed. Thus, our modified version ranged from 0
to 28, with a higher score indicating a higher quality of the study. A score greater or
equal to 20 is considered as good, scores between 15 and 19 moderate, and scores
of 14 and below poor. Table 3 shows the total scores of the different studies.

Results
Systematic search
The literature search produced 605 studies. After remocal of duplicates (n=110) and
exclusions based on title (n=367) and abstract (n=111), 17 studies were selected
for full text analysis. After a thorough search one full text study was not available,
leaving 16 studies for analysis. After analysing the 16 full text publications, 9 were
excluded for reasons given in Figure 1. Seven studies were included in the review,
of which three were RCT’s14-16 and four were cohort studies.17-20 Of the latter, three
were prospective and one retrospective. All studies were published between 1999
and 2014. The study characteristics are summarized in Table 1 and 2.
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Identification

Records identified
through database
searching (n=604)

Additional records
identified through other
sources (n=1)

Screening

Records after removal of duplicates (n=495)

No abstract available
(n=7)
Records screened
(n=488)

Records excluded
based on title/abstract
(n=471)

Eligibility

No full text available
(n=1)
Full-text articles
assessed for eligibility
(n=16)

Included

Studies included in
qualitative synthesis
(n=7)

Excluded based on full text
(n=9)
No patients with CRC
analysed separately (n=1)
No distinction between oral
and IV (n=1)
No description of
postoperative outcomes
(n=1)
Blood transfusion before
surgery (n=1)
Descriptive article (n=2)
Systematic review (n=3)

Studies included in
quantitative synthesis
(RCT: n=3, OBS: n=4)

Figure 1. Flow-diagram

Methodological quality assessment
Only the studies of Edwards et al.14 and Lidder et al.15 complied with the requirements of good studies (Table 5). All other studies were considered moderate, except
that of Bisbe et al.19, which was assessed to be of poor quality.
Increase of haemoglobin
Despite preoperative iron supplementation, a decrease in Hb level was seen after
iron supplementation in all three included RCT’s. The trials of Edwards et al.14 and
Lidder et al.15 compared placebo with IV and oral iron, respectively. A greater decrease in Hb level was seen in patients receiving a placebo (-0.5 g/dl and -0.6 g/dl)
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compared to patients who received iron therapy (-0.19 g/dl and -0.3 g/dl), P-values
for these differences were not provided (Table 3). Both these trials also included
non-anaemic patients. The RCT of Qvist et al.16 included anaemic patients. They
randomized patients into three groups including two that received a different dose
of Recombinant Human Erythropoietin (EPO) and a third group that received a
placebo in combination with four days of oral iron. We only included the outcome
of the third group that demonstrated a decrease in Hb of 0.6 within four days of iron
supplementation.
The four included cohort studies demonstrated a significant increase in the level
of Hb from start of iron supplementation to surgery (Table 2).17-20 The cohort studies
of Bisbe et al.19 and Keeler et al.18 showed a significant Hb-level increase of 2.5 g/dl
(1.55 mmol/L, p <0.05) and 1.65 g/d (l.02 mmol/L, p <0.01).
Okuyama et al.17 compared preoperative oral iron supplementation with
a placebo in anaemic patients and showed a significant increase in Hb of 2 g/dL
(1,24 mmol/L) compared with a mean rise of 0.9 g/dl in the placebo group. The
observational cohort study of Quinn et al.20, which was the only cohort study that
also included nonanaemic patients, showed a significant increase in Hb of 1.2 g/
dL (0,75 mmol/L, p <0.001) after supplementation for at least 14 days (median 39
days). Analysis of the anaemic subgroup of 58 patients identified a mean increase
in Hb of 1.73 g/dL (1,08 mmol/L) (P<0,001) compared to 0,46 g/dL (0,29 mmol/L) in
the nonanaemic group (table 4).
Blood transfusion
Based on the results of the RCT’s, the percentage of patients receiving an ABT varied
from 14.7% to 71.4%. The trial of Edwards et al.14 showed a trend towards a lower
percentage of patients receiving an ABT in the iron-supplemented group compared
with patients who received a placebo (14.7% vs. 19.2%, Table 3). In the anaemic
subgroup the difference was 22% (iron) compared with 56% (placebo), however this
difference was not statistically significant.
In the study of Lidder et al.15, the percentage of patients that required an ABT was
significantly lower following iron supplementation (26% vs. 59%; P=0.05). Analysis
of the anaemic subgroup revealed that 59% of patients who received iron required
an ABT compared with 71.4% of patients who did not, although no p-value was
staed (Table 3). The study carried out by Okuyama et al.17 was the only cohort study
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with a control group that did not receive iron, and the authors found a significant
difference in the percentage of patients receiving ABT compared to the placebo
group (9.4% vs. 27.4%;P<0.05).
Morbidity
The only study that analysed postoperative morbidity was the small noncomparative
study of Keeler et al.18 Length of stay was measured in four of the seven studies14-16,18
but the differences in length of stay were not significant in any of them.

Discussion
The present review focussed on three important considerations for the implementation of preoperative iron supplementation into current practice. These included
efficacy in terms of Hb-increase, its influence on morbidity and the rate of ABT. The
review revealed contradictory results on the benefit of preoperative iron in anaemic
CRC patients in contrast to orthopaedic and gynaecologic studies.21-23 In these studies preoperative iron supplementation proved to significantly increase the level of
Hb significantly and to reduce the rate of ABT and length of hospital stay.
All three RCT’s all showed a decrease in the level of Hb after the initiation of iron
therapy. This was in contrast to the four cohort studies which all showed a significant
increase. The decrease could be explained by the design of the studies. In the trials
of Edwards et al.14 and Lidder et al.15 nonanaemic patients were included, possibly
skewing positive results in anaemic patients. The efficacy of iron therapy on the level
of Hb in nonanaemic patients is minimal, as these patients do not have a restriction
in erythropoiesis based on iron deficiency. In order to make firm conclusions about
preoperative iron therapy, RCTs focussing exclusively on anaemic patients are needed. A possible explanation for the inclusion of nonanaemic patients is the difficulty
of obtaining approval of the ethics committee for a trial in which a treatment with
known benefits is deliberately withheld from a group of patients. Another reason
might be the use by Edwards et al.14 of a fixed dose of IV iron sucrose supplementation, whereas current guidelines recommend that the dose should be adjusted to
level of Hb and to the weight of the patient.24 The decrease in the Hb level observed
in the study on oral iron supplementation by Qvist et al.16 can be explained by the
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short duration of the iron therapy (4 days). The normal response time for oral iron
to increase the HB level by 2.0 g/dl is 3-4 weeks.25
The blood transfusion rate was consistently higher in patients without preoperative iron supplementation. In the studies of Edwards et al.14 and Lidder et al.15 the
rate were relatively high (19% and 59% respectively) since in centralized centres
transfusion rates may be as low as 4%1. Colorectal surgery is becoming less invasive
and the low ABT rate raises the question whether blood transfusion is the most
relevant clinical endpoint in relation to treatment of preoperative anaemia.
Unfortunately, postoperative morbidity was poorly assessed in the included
studies.
In general surgery, preoperative anaemia negatively affects morbidity and mortality after surgery.2,26,27 Musallam et al.2 showed in a retrospective cohort study
on 227425 patients undergoing noncardiac surgery that even mild anaemia was
independently associated with higher postoperative morbidity. However, they did
not specify the number of patients with CRC in this cohort.
Several side effects have been described following the administration oral and
IV iron. The incidence of anaphylactic shock following IV iron has been reduced
with the introduction of newer IV substrates such as ferric carboxymaltose which
have resulted in a reported incidence of <0.1%.28 No anaphylactic reactions were
reported in any of the included studies. With a low incidence of adverse events
(a total of three events) we conclude that iron supplementation, both oral and IV
seems to be harmless.
None of the included studies reported on compliance to oral iron supplementation. It is known, however, that gastrointestinal side effects and the unpleasant taste
of oral iron supplements reduce compliance. Intravenous iron reduces noncompliance, but the potential advantages of cost, efficacy and safety in the preoperative
period require further investigation.
Including only Level 1 evidence is preferable when conducting a systematic review is to be desired, but the included RCTs were influenced by several confounders.
Two14,15 out of three RCTs mainly included nonanaemic patients and the third16 gave
oral iron for only four days. The conclusions based on the RCTs would not have
been sufficient and for this reason the cohort studies were included in the present
systematic review.
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Based on current available data, no conclusion can be drawn on the efficacy
of preoperative iron supplements in patients undergoing surgery for a colorectal
carcinoma. This is due to the methodological shortcoming of the studies, including
small population size, variation in the iron preparations used, lack of standardization of dosage, variation in treatment periods and the inclusion of anaemic and
nonanaemic patients. It was not possible, therefore, to perform a meta-analysis.
The secondary end-point of length of stay and postoperative morbidity, were not
adequately investigated in the included studies.
Two of the three options for treating preoperative anaemia, namely ABT and
ESAs, are associated with a higher incidence of recurrence of cancer and increased
morbidity.3,4,8
Currently there is a paucity of information in the literature regarding the third
treatment option, namely iron supplementation. Despite this lack on evidence,
oral iron is being recommended in current guidelines as treatment of preoperative
anaemia.7,29,30
The present study highlights the lack of conclusive data on the relation between
iron supplementation and any effect on postoperative anaemia, morbidity, tumour
recurrence, cost and quality of life of patients with CRC.
It is important to use the period before to elective colorectal surgery to optimize
a patients’ physiological status, but more data are necessary to establish the different alternatives of iron supplementation.
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Lidder et al. 45

Reference
Edwards
et al.

Cohort
size
60

Table 1. Patient and study characteristics of RCT studies

Not
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Not reported
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Neoadjuvant
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Hb concentration at
various time points.
Number of blood
transfusions. Increase
in reticulocyte count.
Adverse events.

Relevant endpoints
Change in Hb
concentration,
transfusion rate,
changes in serum
iron markers, length
of stay and adverse
perioperative events.
Change in Hb and
ferritin concentration,
reticulocyte count,
estimated blood loss,
blood transfusion
requirements and
length of stay.

LAR (n=13), rectal
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colonic resection (n=22),
palliative colostomy (n=5)

Anterior resection (n=12),
A-P resection (n=2), left
hemi (n=2), right hemi
(n=5)
Anterior resection (n=13),
A-P resection (n=1), right
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Resectional surgery

1
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28

20
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(SD 11,2)
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100%
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T3: 60, T4:
10,

A: 9,4,:
C: 12,5, A:
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Number of blood
transfusions and
adverse events. Iron
treatment costs.
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hematocrit levels,
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anterior resection,
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intestinal bypass surgery
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FCM: Ferric carboxymaltose; C: Cecum; A: Ascending; T: Transverse; D: Descending; S: Sigmoid; R: Rectum; M: male; F: female;
SD: standard deviation.* Quinn et al.23 used participants with different Hb levels, therefore they made an anaemic (a) subgroup.
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al.23
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al.22

No.
Reference patients
45
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Table 2. Patient and study characteristics of Cohort studies.
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Table 3. Main outcomes Randomized Controlled trials
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Table 4. Main outcomes of Cohort studies
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Table 5. Down-Black Quality assessment.
Bisbe Edwards Lidder
et al.24 et al.19 et al.20
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9/10
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Okuyama
et al.22
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Quinn
et al.23
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Qvist
et al.21
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Keeler
et al.20
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2/3

2/3

1/3

2/3

0/3

2/3

8/8

6/8

4/8

6/8

6/8

5/8

6/6

4/6

3/6
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2/6

1/6

1/1

1/1

0/1

0/1

0/1

0/1

26/28
Good

22/28
Good

Reporting
1. Hypothesis
2. Main outcomes
3. Patients
4. Intervention
5. Confounders(2 points)
6. Main findings
7. Variability
8. Adverse events
9. Follow up
External validity
1/3
10. P-values
11. Representative .1
12. Representative .2
Bias
3/8
13. Hospitals
14. Blinding study subjects
15. Blinding those measuring
16. Retrospective
17. Length of follow up
18. Statistical tests
19. Compliance
20. Accurate
Confounding
0/6
21. Selection
22. Time period
23. Random
24. Concealment
25. Confounding
26. Loss to follow up
Power
0/1
27. Power
Total score
10/28
Quality
Low

17/28
18/28
18
15/28
Moderate Moderate Moderate Moderate

+
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Search terms:
(“Colorectal Neoplasms”[Mesh] OR colorectal neoplasm*[tiab] OR colorectal
cancer*[tiab] OR colorectal carcinoma*[tiab] OR colorectal tumor*[tiab] OR
CRC[tiab] OR colon cancer*[tiab] OR colonic cancer*[tiab] OR colon neoplasm*[tiab]
OR colonic neoplasm*[tiab] OR cancer of the colon[tiab] OR rectal cancer*[tiab] OR
rectum cancer*[tiab] OR rectal neoplasm*[tiab] OR rectum neoplasm*[tiab] OR rectal tumor*[tiab] OR rectum tumor*[tiab] OR cancer of rectum[tiab]) AND (“General
Surgery”[Mesh] OR “Surgical Procedures, Operative”[Mesh] OR surgery*[tiab] OR
resection*[tiab] OR “surgery”[Subheading]) AND (Iron[Mesh] OR ferritins[Mesh] OR
iron*[tiab] OR ferric[tiab] OR ferrous[tiab]).
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Abstract
Background:
At least a third of patients with a colorectal carcinoma who are candidate for surgery,
are anaemic preoperatively. Preoperative anaemia is associated with increased
morbidity and mortality. In general practice, little attention is paid to these anaemic
patients. Some will have oral iron prescribed others not. The waiting period prior to
elective colorectal surgery could be used to optimize a patients’ physiological status.
The aim of this study is to determine the efficacy of preoperative intravenous iron
supplementation in comparison with the standard preoperative oral supplementation in anaemic patients with colorectal cancer.
Methods/Study design:
In this multicentre randomized controlled trial, patients with an M0-staged colorectal carcinoma who are scheduled for curative resection and with a proven iron
deficiency anaemia are eligible for inclusion. Main exclusion criteria are palliative
surgery, metastatic disease, neoadjuvant chemoradiotherapy (5x5 Gy = no exclusion) and the use of Recombinant Human Erythropoietin within three months before
inclusion or a blood transfusion within a month before inclusion. Primary endpoint
is the percentage of patients that achieve normalisation of the haemoglobin level
between the start of the treatment and the day of admission for surgery. This study
is a superiority trial, hypothesizing a greater proportion of patients achieving the
primary endpoint in favour of iron infusion compared to oral supplementation. A
total of 198 patients will be randomized to either ferric(III)carboxymaltose infusion
in the intervention arm or ferrofumarate in the control arm. This study will be performed in ten centres nationwide and one centre in Ireland.

Discussion:
This is the first randomized controlled trial to determine the efficacy of preoperative
iron supplementation in exclusively anaemic patients with a colorectal carcinoma.
Our trial hypotheses a more profound haemoglobin increase with intravenous iron
which may contribute to a superior optimisation of the patient’s condition and possibly a decrease in postoperative morbidity.
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Background
Colorectal carcinoma has a peak incidence in the seventh decade of life and patients
often presents with comorbid iron deficiency anaemia. At least a third of patients
with a colorectal carcinoma who undergo surgery, are anaemic preoperatively.1
Anaemia in patients with colorectal carcinoma is partly caused by gastrointestinal (GI) blood loss and is partly cancer-related. Cancer related anaemia is
multifactorial and is caused by impaired iron absorption, nutritional deficiency and
anaemia of chronic disease, which is a cytokine-mediated disorder. These effects
cause functional iron deficiency, which is characterized by insufficient available iron
at the site of erythroblast production (iron restricted erythropoiesis) with adequate
iron stores2. In addition, iron is an essential component of a large number of human
metabolic enzymes, including ribonucleotide reductase and NADH dehydrogenase3.
Therefore iron deficiency even without concomitant anaemia is associated with
fatigue, impaired physical performance and cognitive function.5-9 Currently there
are three options in the treatment of anaemia: blood transfusion, erythropoietin
stimulating agents (ESA) and iron supplementation. Blood transfusion and ESA are
effective modalities in increasing haemoglobin (HB) levels, however both modalities
should be given with caution in oncologic patients as they are associated with an
increased risk of cancer recurrence and ESA is even associated with an 17% increase
in overall mortality in oncologic patients.10,11,12
With the application of laparoscopic surgery, blood loss is limited and blood
transfusions are rarely necessary. In the LAFA study including 50% open and 50%
laparoscopic segmental colectomies the blood transfusion rate was only 4%1. This
decreasing rate of blood transfusion could be a reason for the moderate attention
for the treatment of light to moderate anaemia in the preoperative setting. However
it has been shown that preoperative anaemia, even to a mild degree, is independently associated with an increased risk of morbidity and 30-day mortality.12.13
There is no standard of care in the treatment of light to moderate anaemia in
the preoperative setting; some will have oral iron prescribed others not. A more
profound treatment of iron deficiency anaemia could play a crucial role in optimizing patient’s condition prior to surgery5. Even tumour response on chemotherapy,
as suggested by Lindsey14, could be negatively influenced by low HB levels.15,16 In
the Netherlands, average waiting time before surgery in case of a colorectal car-
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cinoma is two to three weeks. This period could be used more effective in the
optimisation of patients towards surgery. Studies on iron supplementation (both
oral and intravenous) prior to orthopaedic and gynaecologic surgery showed that
iron supplementation is effective in treating anaemia, reducing blood transfusions
and also reducing length of stay.17-19
However, in patients with colorectal carcinoma and concomitant anaemia current evidence on the role of iron supplementation seems inconclusive. This is due
to methodological short comings of the studies, with small study populations, heterogeneity in iron preparations supplied, the lack of data on surgical outcomes and
most importantly due to inclusion of both anaemic and non-anaemic patients.20-22
All of the above underlines the need for a new trial on the efficacy of pre-operative
iron therapy in treatment of anaemia in patients with a colorectal carcinoma and its
effect on outcomes after surgery.

Methods/Design
The aim of this multicentre trial is to investigate which route of iron supplementation
is superior in the treatment of iron deficiency anaemia in patients with colorectal
carcinoma. By enhancing the preoperative condition of the patient, this trial aims
to optimize postoperative outcome in anaemic patients.. It is our hypothesis that
a more profound approach of anaemia with intravenous iron will lead to a higher
percentage of patients with normalization of Hb-level (> 12 g/dl (7.5 mmol/l) for
women and > 13 g/dl (8 mmol/l) for men) undergoing surgery, which potentially
reduces morbidity, length of hospital stay, improves quality of life, decreases fatigue
and could be more cost effective compared to current practice with oral substitution
of iron.
In addition, an economic evaluation of intravenous iron versus oral iron will be
performed. The evaluation will be performed from a societal perspective as (i) a
cost-effectiveness analysis with the costs per responder to iron supplementation
therapy as primary outcome and (ii) a cost-utility analysis with the costs per quality
adjusted life-year (QALY) as primary outcome. The cost effectiveness analysis closely
relates to clinical efficacy measure and allows for setting priorities in treatment of
anaemia in colorectal cancer patients. The cost-utility analysis allows for a comparison of the societal impact of intravenous iron supplementation on post-operative
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recovery, such as improved health utility, shorter length of stay and earlier return to
daily activities.
The primary aim of the FIT trial:
1)

To compare the percentage of patients with normalization of Hb-level (> 12

g/dl (7.5 mmol/l) for women and > 13 g/dl (8 mmol/l) for men) after intravenous
versus oral iron therapy in patients undergoing curative surgery for colorectal
carcinoma.

Secondary aims of the FIT trial are:
2)

To analyse the effect of preoperative iron therapy (intravenous versus oral)

on postoperative morbidity, length of stay, amount of blood transfusions needed
and quality of life and fatigue scores.
3)

To determine the cost effectiveness of preoperative intravenous iron sub-

stitution in comparison with oral substitution.

Study Design
The study is designed as a multicentre randomized clinical trial comparing ferric(III)
carboxymaltose infusion with oral supplementation of ferrofumarate in the treatment of preoperative anaemia in colorectal cancer patients. Patients with a proven
iron deficiency anaemia who undergo segmental colonic resection or (low) anterior
resection because of M0-stage colorectal carcinoma are eligible for inclusion. Patients undergoing local excision of a rectal carcinoma (TEM/EMR/ESR) will not be
included.
When a patient has got a proven iron deficiency anaemia and the patient does
not meet the criteria for exclusion, he/she will be included in the trial. Written
informed consent will be obtained from each patient. The patients’ albumin and
C-reactive protein (CRP) levels are used to derive a Glasgow Prognostic Score (GPS)
which can be used as a predictor of post-operative outcome.
Patients will be computer randomized in random blocks of sizes 2 or 4 for either
intravenous- or oral iron. Randomization will be stratified for age, colon or rectal
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carcinoma, open or laparoscopic operation and baseline Hb (8-10 g/dl vs 10-13 g/
dl).
Apart from routine 5 year oncological follow-up, patients will be followed more
intensively until 6 months after surgery as part of this trial. Hb, transferrin saturation
(TSAT), ferritin, Hematocrit and CRP levels are measured at postoperative day 1, day
7, at 4, 8 and 12 weeks to monitor the anaemia.

Study procedures
Surgical procedures include all laparoscopic and open segmental resections. Patients randomized to intravenous iron will receive ferric(III)carboxymaltose dosed
according to Summary of Product Characteristics (SPC) depending on body weight
and Hb-level and it will be administered in one or two infusions with one week in
between, prior to the operation. (also see table 1). The maximum dose administered to the patient may not exceed 15mg/kg and a maximum of 1000mg may be
administered per week. When the patient has a weight of lower than 35 kilogram,
a dose of 500mg will be given. Patients randomized to intravenous iron will receive
iron infusion on the short stay / colon care unit. Ferric(III)carboxymaltose has to be
infused in a period of 15 minutes. Patients randomized to standard care with ferrofumarate will receive three tablets of 200 mg daily from randomisation until day
before surgery. This dose is conform national farmacotherapeutic protocol23. When
patients remain anaemic postoperatively, they will be supplied with iron according
to the allocated study arm.
Table 1: Determining the cumulative dose of ferric(III)carboxymaltose
Hb mmol/L (g/dl)
< 6.2 mmol/L (10 g/dl)
> 6.2 mmol/L (10 g/dl)

Patients weight:
35-70 kg
1500 mg
1000 mg

Patients weight:
> 70 kg
2000mg
1500 mg

N.B: The maximum dose administered per week is 1000mg.The maximum dose administered per patient
may not exceed 15mg/kg. Therefore, for patients with a weight under 67 Kg, all calculated doses should
be given in two infusions. (as 1000/15 = 66.7).
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Study Population
The patient population consists of patients with M0-stage colorectal carcinoma and
concomitant iron deficiency anaemia (Hb <7,5 mmol/l (12 g/dl) for women and Hb
< 8 mmol/l (13 g/dl) for men and TSAT<20%) who will undergo a laparoscopic/open
segmental colonic resection or (low) anterior resection. Additionally the patient
should be 18 years of age or older and informed consent must be obtained. Exclusion criteria are: palliative surgery / metastasized disease, blood transfusion within
one month before screening, serum ferritin above 800 µg/L, pregnancy, contraindication to use ferric(III)carboxymaltose or ferrofumarate, ASA classification higher
than 3, the use of erythropoietin stimulating agents within three months before
screening, chronic kidney disease (Glomerular filtration rate (GFR) <30ml/min/m),
myelodysplastic syndrome, elevated liver enzymens (more than three times normal
value), hereditary hemochromatosis, thalassemia, haemolytic anaemia/ chronic
haemolysis.

Outcome parameters
Our primary endpoint is the percentage of patients with normalization of Hb-level
from start treatment until surgery (Hb >12g/dl (7.5mmol/L) for women and Hb >13
g/dl (8.0mmol/L) for men). Our secondary endpoints are morbidity, assessed with
the Comprehensive Complication index, amount of blood transfusions needed,
length of stay, absolute change in HB from baseline prior to surgery and postoperatively, time needed to achieve normalization of Hb-level, change in baseline of other
iron/haematological parameters (TSAT, ferritin, CRP), health-related quality of life
and fatigue scores (EQ-5D, EORTC-C30, EORTC -CR29 iMCQ, BFI & iPCQ), relation between anaemia and Glasgow Prognostic Score (derived from CRP and Albumin) and
cost-effectiveness of intravenous iron treatment compared to oral. Blood samples
to assess Hb- and iron values will be taken at baseline, at admission, postoperative
day 1, 7 and after 1-,2- and 3 months.
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Sample size calculation
The principal analysis will be an intention-to-treat comparison of the proportions
of patients with iron deficiency anaemia between the two study groups. The trial
is designed as a superiority trial, hypothesizing a greater percentage of patients
achieving normalization of Hb-level (called ‘responder’) in favour of infusion of
ferric(III)carboxymaltose compared to oral iron suppletion. Our power calculation
is based on the study of Seid et al.24, which compared ferric(III)carboxymaltose with
oral ferrous sulphate in a population of post-partum women with an iron deficiency
anaemia. The proportion achieving a normalization of Hb after two weeks of treatment was 55% in the intravenous iron group and 35% in the oral iron group. We
expect that the efficacy of the iron therapy is lower in patients with a colorectal
carcinoma. Therefore, the expected percentage of patients who achieve normalization of Hb-level (Hb >7.5 mmol/l (12 g/dl) for women and Hb >8.0 mmol/l (13 g/dl)
for men) is 45% in the intravenous iron group and 25% in the oral iron group. Based
on these proportions, a sample size of 89 patients per group is needed for a Chi
square test to achieve 80% power at a two sided alpha of 0.05. With an estimated
loss to follow up of 10%, a sample size of 198 is calculated. We used nQuery advisor
version 7.0 to calculate the sample size.

Data-analysis
The intention-to-treat population will include all patients who give their informed
consent, for whom there is confirmation of successful allocation of a randomization
number, and who received at least one dose of the study medication. Statistical
analyses will be performed using SPSS software for Windows version 19.
The primary endpoint, the percentage of patients with a normalised Hb-level at
admission will be compared between the two study groups on a intention to treat
basis. Using a two-sided Chi-square test at a significance level of 0.05. All data will
be collected in an electronic database. The outcome parameters will be analysed
with appropriate statistical tests by a statistician blinded for the treatment allocation using the statistical program SPSS software for Windows version 19.
Appropriate summary descriptive statistics will be determined for all secondary endpoints at each visit using raw scores. To assess morbidity the continuous
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scale of the Comprehensive Complication Index25 and the categorical Clavien-Dindo
classification will be used, for which appropriate statistical tests will be undertaken
(the Mann Whitney U test, in case of non-normal distribution, and the Chi squared
test respectively). For continuous secondary endpoints, either analysis of variance
or analysis of covariance models will be used and where necessary, the repeated
measures procedure will be implemented.
Quality of life data (e.g. EORTC-C30, EORTC-CR29 and EQ-5D) will be graphically
represented across all time points and analysed using a repeated measures analysis
of variance. All tests based on proportions will be analysed using a logistic regression
model with treatment as a factor and, where appropriate, other specified covariates
to include baseline score. Time-to-event will be analysed with use of Kaplan-Meier
Survival analysis and compared using the log-rank test. Where appropriate, a stratified log-rank test and Cox proportional hazard model will be used to explore the
potential influences of baseline HB and other specified covariates.
The secondary efficacy analysis will be based on the Full Analysis Set (FAS) and
the per protocol populations. Significance level is set at an alpha of 0.05 and no
adjustment will be made for testing multiple secondary outcomes. Some significant
findings are expected to occur by chance so undue consideration will not be given to
any particular significant difference. Moreover, interpretation of the results will be
based on patterns of differences and in conjunction with the results of the primary
analyses.

Cost analysis
Unit costing of distinct health care resources will be in accordance with national
guidelines26. Cost data will be derived as the product sum of health care volume
data and their respective unit cost. Observed health utilities based on the EQ-5D
health status profiles will be linked to the lengths of the periods in between measurements to derive QALYs. Incremental cost-effectiveness and cost-utility analyses
will be performed to calculate the extra cost per additional ‘responder’ and the extra costs per additional quality adjusted life year respectively. Differences between
groups will be assessed by calculating 95% confidence intervals for the mean differences after non-parametric bootstrapping, drawing at least 1,000 samples of the
same size as the original sample separately for each group and with replacement.
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A cost-effectiveness acceptability curve will be drawn to show the probability of
intravenous iron supplementation being cost- effective at willingness-to-pay values
up to €80,000 per QALY. Single and multi-way sensitivity analyses will be performed
to study the robustness of these findings to plausible changes in key unit costs and
to alternative health utility scoring algorithms27. With a time horizon of six months
of follow-up, no discounting of efficacy and cost data will be applied to account for
time preference.

Ethics and safety
This trial will be conducted according to the principles of the declaration of Helsinki
(Fortaleza, October 2013) and in accordance with the Medical Research Involving Human Subjects Act (WMO) and other European guidelines, regulations and
acts. Data management, monitoring and reporting of the study will be carried out
in accordance with the ICH GCP guidelines. The medical ethical committee of the
Academic Medical Centre, Amsterdam, the Netherlands, has approved the
study protocol (NL50013.018.14). As this trial concerns the effectiveness of a
medication a Data Safety Monitoring Board (DSMB) will be assigned. The DSMB will
guard the safety of the included patients, give advice on continuation of the study
upon superiority of one of the types of treatment, and will guard the methodological quality of the study.

Discussion
This is the first randomized controlled trial to determine the efficacy of preoperative iron supplementation in exclusively anaemic patients with a colorectal carcinoma. In current literature there are two randomized trials on preoperative iron
supplementation for colorectal carcinoma patients.20,21 Both included non-anaemic
patients, were small sized and used a fixed dosage of iron supplementation.20 As
iron-therapy is unlikely to be effective when the patient has no deficiency this is
a huge confounder in both studies. Apart from these two randomized controlled
trials there are four cohort studies addressing preoperative iron supplementation in
patients undergoing surgery for colorectal carcinoma.22,28-30 These four cohort series
all focussed mainly on perioperative blood transfusion rate. Currently, in centralized
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centres the blood transfusion rate after colorectal surgery is around 4%.1 This low
blood transfusion rate adds to the debate whether postoperative transfusion is the
most important clinical endpoint assessing patients with anaemia.
It is well-known that anaemia is associated with impaired physical performance
and lower quality of life.5 In a retrospective cohort study of 227 425 patients undergoing non-cardiac surgery Musallam et al. showed that anaemia is associated
with a higher postoperative morbidity.13 A reduction in morbidity was seen in the
non-anaemic patients compared to anaemic patients from 28% to 5% in nonanaemic patients. A reduction in postoperative morbidity was also seen even in mild
to moderate anaemic patients, compared to more severe anaemic patients. This
strengthens our hypothesis that more effective treatment of anaemia improves the
morbidity after surgery.
In current practice, the period between diagnosis and surgery is approximately
two to three weeks. This provides a window of opportunity for treatment with iron
supplementation, as it takes time to increase the Hb-level with iron therapy. Blood
transfusions or erythropoietin stimulating agents (ESA) are both successful in the
treatment of anaemia, but as these modalities significantly increase the risk of recurrence and even mortality, they should be given with restraint.31 Both intravenous
and oral therapy are currently used and accepted as treatment of iron deficiency
anaemia. However, a study directly comparing the effectiveness of both treatment
options and simultaneously assessing the correlation with postoperative outcome
has never been performed. Therefore the primary aim of this trial is to provide evidence on the safest and most effective treatment option of anaemia in the limited
time period of the preoperative setting.
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Patient with colorectal cancer planned for
Laparoscopic/open segmental colectomy/low anterior resection

Iron deficient anemia;

(Female Hb: < 7.5 mmol/l ,Male Hb:< 8.0 mmol/l
and Transferrin saturation levels (TSAT) < 20%)

Randomisation
(N=198)

Standard Arm
Oral Ferrofumarate
3x200mg
Untill surgery

Exclusion criteria:
- Palliative surgery / Metastatic disease
- Blood transfusion <1 month before inclusion
- Serum ferritin >800 μg/L
- Sensitivity to ferric(III)carboxymaltose
- Pregnant
- ASA classification >3
- Preoperative (chemo)radiation
- Erythropoiesis stimulating agents
- Chronic Kidney disease (GFR <30 ml/min/m)
- Myelodysplastic syndrome/Chronic hemolysis
- Hereditary hemachromatosis
- Thalassemia

Intervention Arm
Ferinject intravenously
Whithin 4 weeks of surgery

Preoperative Hb
(one day before surgery)

Surgery
Laparoscopic/open segmental
colectomy/low anterior resection

Follow-up
Serum hemoglobine level at
Day 1, and at 1, 4, 8 and 12
weeks

Primary outcome:
Percentage of patients with normalization of Hb level
(>12g/dl (7.5mmol/L) for women or > 13 g/dl (8 mmol/l) for men)
Secondary outcome:
Morbidity score (using Clavien-Dindo classification)
Change in baseline HB-Level
Change in baseline in other iron/hematological parameters
(i.e.Transferritine saturation,ferritin, CRP, Hematocrit)
Amount of bloodtransfusions needed
Time to normalization of HB to minimum reference value
Health related Qol
Fatique scores
Length of hospital stay
Complications
(Serious) Adverse events
Costs

Figure 1. Flowchart of FIT-trial
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Figure 2. Study follow-up
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Abstract
Background:
Completion total mesorectal excision (TME) is advised for a high risk early (pT1/
pT2) rectal cancer following transanal removal. The main objective of this metaanalysis was to determine oncological outcomes of adjuvant (chemo)radiotherapy
as a rectum-preserving alternative to completion TME.
Methods:
A literature search using PubMed, Embase and the Cochrane Library was performed
in February 2015. Studies had to include at least ten patients with pT1/pT2 adenocarcinomas that were removed transanally and followed by either adjuvant
chemoradiotherapy or completion surgery. A weighted average of the logit proportions was determined for the pooled analyses of subgroups according to treatment
modality and pT category.
Results:
In total, 14 studies comprising 405 patients treated with adjuvant (chemo)radiotherapy and seven studies comprising 130 patients treated with completion TME
were included. Owing to heterogeneity it was not possible to compare the two
strategies directly. However, the weighted average local recurrence rate for locally
excised pT1-2 rectal cancer treated with adjuvant (chemo)radiotherapy, was 14(95
per cent c.i. 11 to 18) per cent and 7(4 to 14) per cent following completion TME. The
weighted averages for distance recurrence were 9(6 to 14) and 9 (5 to 16) per cent
respectively. Weighted averages for local recurrence rate after adjuvant (chemo)
radiotherapy and completion TME for pT1 were 10(4 to 21) and 6 (3 to15) per cent
respectively. Corresponding averages for pT2 were 15(11 to 21) and 10(4 to 22).
Conclusions:
A higher recurrence rate after transanal excision and adjuvant (chemo)radiotherapy
must be balanced against the morbidity and mortality associated with mesorectal
excision. A reasonable approach is close follow-up and salvage mesorectal ssurgery
as needed.
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Introduction
Local excision of early rectal carcinomas results in reduced morbidity and better
functional outcome than radical surgery.1,2 A stoma is generally avoided. Only
patients with low-risk T1 carcinomas (well to moderately differentiated, no lymphatic or venous invasion, diameter less than 3 cm and a clear resection margin) are
considered to have an acceptable oncological outcome after local excision without
further treatment.3,4 If one or more risk factors are present, local recurrence rates
of up to 25 per cent have been reported, so completion total mesorectal excision
(TME) is recommended by7 many national treatment guidelines.5-9
A rectal-preserving regimen with adjuvant (chemo)radiotherapy after local
excision may be a valid alternative to completion TME in intermediate risk pT1/pT2
rectal cancer. This approach potentially decreases the risk of local and distant recurrence by sterilizing mesorectal lymph nodes and the excision bed, with expected
lower morbidity and similar long-term survival.7,10,11 The aim of this study was to
determine oncological outcomes with adjuvant (chemo)radiotherapy as an organpreserving alternative to completion TME in this setting.

Methods
Search strategy
This meta-analysis was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines.12 MEDLINE (PubMed),
EMBASE (Ovid) and the Cochrane library were searched systematically. The final
search was carried out on 23 February 2015. Details of the search are presented in
Appendix 1.
Included studies had to present data on rectal adenocarcinoma with a pathologically proven T1 or T2 category, treated with local excision followed by either
adjuvant (chemo)radiotherapy or completion TME. Studies had to include at least
ten patients per clinical T category with a minimal follow-up of one year. Included local resection techniques were transanal endoscopic microsurgery (TEM), transanal
excision (TAE), excision using a transsphincteric or transrectal approach and excision
through a midline posterior proctotomy. Studies were included independent of
resection margin status. Exclusion criteria were neoadjuvant therapy before local
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excision, metastases or mesorectal lymphadenopathy on imaging at time of local
excision, and articles published before 1990. Animal studies, reviews, letters to the
editor and non-English articles were also excluded.
The reference lists of included studies were crosschecked to identify additional
studies. When studies described a patient population with early rectal cancer from
which only a subgroup met our inclusion criteria, only this subgroup was included
in the analysis.
Two reviewers independently assessed all titles, abstracts and full texts for potential inclusion independently. When required, a third researcher was consulted.
Included articles based on full text were checked for overlapping statistical data with
other studies.
Quality assessment
For quality assessment, a modified version of the Methodological Index for NonRandomized Studies (MINORS) checklist was used.13 In addition to the standard
eight questions proposed by the checklist, an extra question was added to assess
allocation bias. If the included study had a strict protocol for the assignment of
either adjuvant (chemo)radiotherapy or completion TME based on pathology, it
received the maximum of 2 points for this question. If there was no protocol and
the selection was based on physician preference, the study would score no points.
Outcome measures and Statistical analysis
The primary outcome was local recurrence. Secondary outcome measures were
distant recurrence, overall survival (OS), disease-free survival (DFS) and diseasespecific survival (DSS). Survival endpoints (OS, DFS and DSS) were extracted as
reported by the included studies. The primary outcome was assessed for combined
pT1-2 categories, as well as pT1 and pT2 categories separately.
For each defined subgroup according to treatment modality and pT stage, a
weighted average of the proportions was determined by the use of the generic
inverse variance method. This is a method for aggregating multiple effect sizes to
minimize the variance of the weighted average, giving more weight to the effect of
large studies more than to small ones. Heterogeneity was assessed by use the I2
statistic. A prediction interval was calculated to present the dispersion of outcomes
graphically. Analyses were performed with the inverse-variance method, using a
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random-effects model. As the inverse variance method may lead to overestimation
in smaller sized cohorts, crude local recurrence rates for the main study populations and the different subgroups were also calculated. Subsequently the Wilson
score method for single proportions was used to calculate a confidence interval
for these crude averages. It was expected that our search would yield mainly small
sized cohorts, which was the reason to provide both weighted averages and crude
rates. Analyses were performed with the use of R version 3.2.0.(R Foundation for
Statistical Computing, Vienna, Austria).

Results
Included studies
The process of selection and reasons for exclusion are displayed in Figure. 1.14-32
Fourteen of the 19 included studies were on local excision followed by adjuvant
radiotherapy and seven on completion TME; two compared both treatment modalities.
Quality assessment of the included studies is summarised in Appendix 2 and 3.
Owing to the strict in- and exclusion criteria, the included studies were adequate
with regard to length of follow-up and assessment of endpoints, but insufficient on
sample size and prospective study design. No randomized studies comparing the
two treatment modalities could be identified.
Fourteen cohort studies on local excision with adjuvant (chemo)radiotherapy
were selected, including two comparative studies.17,21 Of a total of 405 patients,
94 (23.2 per cent) had a pT1 disease and 292 (72.1 per cent) had pT2; pT category
was not specified for 19 patients (4.7 per cent). Eight studies17-24 included patients
with positive resection margins.Local excision was performed by TEM in five studies15,21,22,25,32, by TAE in four14,18,20,31; more than one technique was used in three
studies16,19,23, and the method for local excision was not reported In the remaining
two.17,24 The adjuvant treatment consisted only of radiotherapy in five14,15,20,31,32 of
the 14 studies, chemoradiotherapy alone in four16,18,21,22, and various radiotherapy
schedules with and without concomitant chemotherapy in the remaining five studies.17,19,23-25 Patient selection for adjuvant (chemo)radiotherapy based on pathological criteria differed between the studies. Detailed baseline characteristics of patients
who underwent adjuvant (chemo)radiotherapy are shown in Table 1.
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Table1. Baseline characteristics of studies on local excision and adjuvant (chemo)radiotherapy
Study
Sun et al.14
2014
Retro-spective

1995-2008

Size
cohort
49

Ramirez et al.15
2011
Prospective

1997-2006

28

Mean
69
(23-91)

TEM

T1:6/30
T2:24/30 (2
were LTFU)

Morino et al.21
2011
Retrospect. analysis of
prospect.

1993-2009

19

Median
71
(34-94)

TEM

T2:19/19

Greenberg et al.16
2008
Retrospect. analysis of
prospect.
Duek et al.32
2008
Retro-spective

1990-1995

51

Mean
63.4
(28-87)

TAE/
transsphincteric/
transrectal

T2: 51/51

1995-2005

12

Median: 68
(53-84)

TEM

T2: 12/12

Min et al.17
2007
Retro-spective
Cohort

1991-2000

19

Median
60
(27-85)

TAE

T1: 11/19
T2: 8/19

Gopaul et al.24
2004
Retro-spective

1984-1988

15

Median
69
(25-91)

TAE

T1:4/15
T2:11/15

Stipa et al.25
2004
Retro-spective
Mendenhall et al.23
2001
Retro-spective
Cohort

1990-2000

7

Mean 66
(35-89)

TEM

T1:3/7
T2:4/7

1974-1999

67

Not reported

TAE; 65
2 transsacral

Lamont et al.18
2000
Retro-spective

1991-1999

20

Median
67
(38-96)

TAE

T1: 34/67
T2: 12/67
T3: 2/67
No data: n=
19)
T1: 10/20
T2: 10/20

60

Period

Age (range)
**
Median
61
(30-80)

Intervention**

T-stage

TAE

T1: 8/49
T2: 41/49

Tumour size,
Adjuvant
Follow-up time,
cm **
therapy
mo. **
< 4 (n =
RT: 15-50 (n=13)
Median
109/116),
45 (n=4)
58.5
> 4 (n = 7/116) 10-60 (n=14)
(14-160.5)
21-67 (n=21)
Mean
RT
Mean
3.4 (1.0-6.0)
50.4/28
71 (36-128)

Median
3.0 (1.0-7.0)

Details not
reported

Mean
54.2 (12-164)

Mean
2.5 (0.1-4.0)

CHRT
5-FU +
50.4/28

Median
85 (25-137)

Mean 2.7
(1.5-3)

Details not
reported

Median 48
(8-81)

Mean
2.2 (0-6.0)

RT: 45/25 + 5.4
(n=7/19)
CHRT 5-FU +
45/25 + 5.4
(n = 12/19)
RT: 45/25
(n = 10/19)
CHRT: 5-FU +
45/25 (n= 9/19)
Details not
reported

Median
84.9 (39.9155.7)

Median
2.7 (0.6-6.0)

Mean 3.4

Follow-up protocol
Not reported

CE, sigmoidoscopy, ERUS
and CEA.
- 0-2 yrs: every 3 months
- 2-5 yrs: every 6 months
- > 5yrs: every year
- periodical CS, X-thorax,
abdominal US, and CT
CE, PS and CEA
- 0-2 yrs: every 3 months
- 2-3yrs: every 6 months.
CS at 1 yr. and then every
3yrs. CT at 6, 12 and 24
months
Not reported

pT1-high risk & pT2low risk:
High risk: G3-4/L1/
V1/R0
Low risk: G12+L0+V0+R0

CE and PS 1 month after
surgery
- 0-2 yrs. every 3 months. - >
2 yrs: every 6 months.
CE, US liver, X-thorax, CEA,
CS, CT:
- 0-3yrs: every 3 months
- 3-5 yrs: every 6 months

pT2 with clear
resection margins

Median
37 (9-125)

CE and endoscopy
-0-5 yrs: every 3-6months

Median
37 (18-118)

CE, US Liver and PS every
3 months and then every 6
months. CS + CT every yr.
Not reported

Median
2.5 (0.5-6.0)

RT: 45/25 + 10
(n = 48/67) or
27-50.4/25 + 15
(n = 19/67)

Median
65 (6-273)

Median
2.5 (1.0-5.0)

CHRT
5-FU +
45/25 or 46/22

Median
33 (2-102)

Indication for
adjuvant therapy
Not reported

CE, PS and CS: No strict time
schedule

pT2-patients who
denied radical
surgery

All pT2

pT1-high risk
& all pT2
High risk: G3-4/L1/
V1/R1
pT1-2, based on
physicians preference

Not reported

pT1-highrisk
& all pT2
High-risk: G3-4/Rx/R1
/perineural invasion
No strict guideline
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Table1. Baseline characteristics of studies on local excision and adjuvant (chemo)radiotherapy (continued)
Study
Period
Size
Age (range)
Intervention**
T-stage
cohort
**
Wagman et al.19
1986-1997
31
Median
TAE: 28
T1: 6/31
1999
66
Proctectomy: 9
T2:25/31
Pro-spective
(32-80)
polypectomy: 2
Cohort
Steele et al.22
1990-1995
51
Not reported
TEM
T2: 51/51
1999
Pro-spective
Taylor et al.20
1998
Retro-spective
Cohort
Coco et al. 31
1995
Retro-spective

1984-1994

21

Median
69
(48-86)

TAE

T1: 12/21
T2: 9/21

1967-1992

15

Not reported

TAE

T2: 15/15

LE = local excision, TEM = transanal endoscopic microsurgery, TP = target population (LE or TEM +
(chemo)radiotherapy for T1-2), RT = radiotherapy, CHRT = chemo-radiotherapy, CE=clinical examination,
PS=proctoscopy, CT=computed tomography, ERUS=endoscopic rectal ultrasound, US=ultrasound,
CS=colonoscopy, G1-2=well to moderately differentiated, G3-G4 = Poorly or undifferentiated,
L1=lymphatic invasion, V1 = venous invasion, R1 = irradical resection, Rx = equivocal radicallity.**
accounts for the total population
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Tumour size,
cm **
Median
2.4 (1.0-6.5)

All < 4

Median
3.0 (1.0-7.0)

Only range
reported: 1.5-4

Adjuvant
Follow-up time,
Follow-up protocol
Indication for
therapy
mo. **
adjuvant therapy
RT (all): 45/25 +
Median
Not reported
pT1-high-risk
3,6-10,8
41 (9-131)
& all pT2
CHRT: 5-FU + RT
High-risk: G3-4/L1/R1
(n = 16/31)
CHRT:
Median
CE, CEA, X-thorax, PS, Barium
All pT2
5-FU + 54/30
48 (22-92)
enema, CT:
- 0-2 yrs every 3 months
- > 2 yrs every year.
RT:
Median
Not reported
No strict guideline
45-50/25
52 (14-115)

RT (n=
44.6/25

Mean 68 (No CI
provided)

No strict schedule: CE, CS,
CT, laboratory tests. Every
3 months and then every 6
months

T2 with clear
resection margins
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Table 2. Baseline characteristics of studies on local excision and completion TME.
Study

period

Size cohort

Age (range)

T-stage

Median
71 (34-94)

Intervention Interval
between
TEM and
TME
TEM + TME
Not
reported

Morino et al.21
2011
Prospective

1993-2009

Total: 107
TP: 5

Borschitz et al.27
2008
Prospective

1985-2005

Total: 175
TP: 39

Median
64 (39-87)

TEM + TME Within 4
weeks

T1: 19/39
T2: 20/39

Lee et al.26
2007
Retrospective

1994-2004

Total: 36
TP: 9

Mean
59.9 (29-79)*

TEM + TME

Not
reported

T1: 3/9
T2: 6/9

Min et al.17
2007
Retrospective

1991-2000

Total: 76
TP: 7

Median
60 (27-85)*

TAE + TME

Not
reported

T2: 7/7

Hahnloser et al.28 1980-2000
2005
Retrospective
Nakagoe et al.30 1993-2003
2004
Retrospective

Total: 52
TP: 37

Mean
66.6

Total: 11
TP: 11

Median 64
(36-79)

Heintz et al.29
1998
Retrospective

Total: 103
TP: 22

1985-1996

T2:5/5

TEM + TME Within 4
weeks

T1: 29/37
T2: 8/37

TEM+TME

Median
35 days
(7-113)

T1: 8/11
T2: 3/11

Mean low-risk: TEM + TME
Not
64
reported
Mean highrisk: 63

T1: 22/22

TAE = transanal excision, TEM = transanal endoscopic microsurgery, TP = target population (TAE
or TEM + completion TME), CE=clinical examination, PS=proctoscopy, CT=computed tomography,
ERUS=endoscopic rectal ultrasound, S=ultrasound, S=colonoscopyG1-2=well to moderately
differentiated, G3-G4 = Poorly or undifferentiated, L1=lymphatic invasion, V1 = venous invasion, R1 =
irradical resection, Rx = equivocal radicallity *accounts for target population ** accounts for the total
population

64

Tumour size, cm
(range)**

Follow-up time,
mo. (range)**

Median
3.0 (1.0-7.0)

Mean
54.2 (12-164)

Median
3.1 (0.5-10.0)

Median FU
61 (9-190)

Mean
2.5*

Median
62.0 (7.6-115.6)*

Mean
2.2 (0-6.0)*

Median
84.9 (39.9-155.7)*

CE, US liver, X-thorax. CEA, CS,
CT 0-0-3 yrs every 3 months
3-5 yrs: every 6 months

Mean
2.4

Median
101 (range not
reported)
Median 86.5 (63.2110.5)

Not reported

Median
1.8 (0.8-2.8)

Follow-up
protocol

Indication for completion TME

CE, PS and CEA
pT2-patients
- 0-2 yrs: every 3 months
- 2-3yrs: every 6 months.
CS at 1 yr. and then every 3yrs.
CT at 6, 12 and 24 months
PS,ERUS, US liver, X-thorax, CEA:
pT1-highrisk & all pT2
- 0-2 yrs: every 6 months
High-risk: G3-4/L1/V1/
- 2-5 yrs: once a yr.
R1/Rx/R < 1mm
- > 5 yrs: examinations every 2 yrs.
CS: after the 2 & 5 yrs. Optional: CT,
MRI or PET
Not reported
pT1-highrisk & all pT2
High-risk: G3-4/L1/V1/R1
/mucinous carcinoma
pT1-high risk
& all pT2
High risk: G3-4/L1/V1/R1
All pT1-2

CE:
- 0-3 yrs: every 3 months
- > 3yrs: every 6 months
CS: once a year.

pT1-high risk & all pT2
High-risk: G3-4/L1/V1/
R0 /submucosal invasion
> 200-300 µm from the
m.mucosa
Mean low-risk: 2.9 Mean low-risk: 52 CE, CS, PS, US abdomen, X-thorax,
pT1-low risk (before
Mean high-risk: 3.2 Mean high-risk:
- 0-2yrs: every 3 months
1988) & pT1-high risk
42.8
- 2-5 yrs: every 6 months
(after 1988)
- 5-10 yrs: once a year
Low-risk: G1-2+L0+R0-1
High-risk: G3-4+L1+R0-1
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Seven observational cohort studies reported on completion TME after local excision, with an overall number of 130 patients. Two of these seven studies were the
previously mentioned comparative studies17,21 Of these 130 patients, 81 (62.3 per
cent) had category pT1 disease and 49 (37.7 percent) had pT2.Five studies21,26-29
included patients with positive resection margins. Local excision was performed
using TEM in six studies21,26-30, and the method for local excision was not reported in
one stduy.17 The study of Nakagoe and colleauges30 was the only one in which the
entire cohort received completion TME; only the subgroups with completion TME
were included fromW.the
six studies.
Detailed
characteristics
cohortand J. B. Tuynman
A. A.remaining
Borstlap, T. J. Coeymans,
P. J. Tanis,
C. A. M. Marijnen,
C. Cunningham,of
W.the
A. Bemelman
studies on completion TME are presented in Table 2.
Records identified through
database searching
n = 3254

Records screened after duplicates
removed n = 2530

Records excluded
based on title or
abstract n = 2393
Articles eligible for full
text review n = 137
Studies found
through reference
checking n = 3
Studies included in
systematic review
n = 19
Fig. 1

Records excluded based on full text n = 121
Local excision with no further treatment n = 39
Local recurrence not available or stratified for
T category or intervention type n = 24
Non-English article n = 3
Neoadjuvant therapy n = 13
Local excision versus radical surgery n = 10
Fewer than ten patients n = 7
Primary radical surgery n = 5
Data overlap with other included study n = 5
Review, letter to editor n = 4
Study published before 1990 n = 3
Treatment of recurrent cancer n = 2
pT category not reported n = 4
No early rectal cancer n = 1
Follow-up less than 1 year n = 1

Flow diagram of literature search

Table 1

Baseline characteristics of studies on local excision and adjuvant (chemo)radiotherapy

Local recurrence

Size of

Reference
cohort
Intervention‡
T category
Adjuvant therapy†‡
Indication for adjuvant therapy
Local
recurrence
rates after
local excision
followed by (chemo)radiotherapy
ranged
Sun et al.14

49

TAE

T1: 8

RT: 15–50 Gy (13)

T2: 41
(4)
from zero of 12 to three of seven patients
for both 45TGycategories
combined (Figure

n.r.

10–60 Gy (14)

17,19,21
21–67 Gy (21)
2).
The crude
local recurrence
rate
for the combined
T categories was pT1
51high-risk
(12.6
RT: 50⋅4/28 Gy
(G3–4/L1/V1/R0)
Ramirez et al.
28
TEM
T1: 6 of 30
15

T2: 24 of 30
(G1–2 + L0 + V0 + R0)
per cent) of 405. The weighted average
of LTFU)
local recurrence rate was 14 (95 pT2
perlow-risk
cent
(2 were
Morino et al.21

19

Greenberg et al.16

51

TEM

T2: 19

CHRT: details n.r.

pT2: patients who refused radical

T2: 51

CHRT: 5-FU + 50⋅4/28 Gy

All pT2

surgery
c.i. 11 to 18) per cent. The crude local recurrence rate after adjuvant (chemo)radioTAE/transsphincteric/
transrectal

therapy was three (5 per cent) of 60 for patients with pT1 and 40(14.3 per cent) of
Duek et al.
12
TEM
T2: 12
RT: details n.r.
with clear resection margins
280
for those with
pT2 cancers,
with weighted
averages
of 10 (4 to 21) and pT2
15(11
to
19
LE
T1: 11
RT: 45/25 + 5⋅4 Gy (7)
pT1 high-risk (G3–4/L1/V1/R1)
Min et al.
32

17

T2: 8

CHRT: 5-FU + 45/25 + 5⋅4 Gy (12)

All pT2

21)
per
forLEpT1-2 combined
(Figure RT:
2).45/25AGysubgroup
of TEM
15
T1: 4
(10 of 19 patientsanalysis
with
pT1–2,
based on physician
Gopaul
et al.cent respectively
24

T2: 11

T1–T3 disease)

preference

versus TAE followed by adjuvant (chemo)radiotherapy
a(9weighted
average
CHRT:showed
5-FU + 45/25 Gy
of 19)
et al.25

7

Mendenhall et al.23

67

Lamont et al.18

20

66Wagman et al.19

31

Stipa

TEM

T1: 3

CHRT: details n.r.

T1: 34
T2: 12
T3: 2
No data: 19

RT: 45/25 + 10 Gy (48) or
27–50⋅4/25 + 15 Gy (19)

T1: 10
T2: 10

CHRT: 5-FU + 45/25 or 46/22 Gy

No strict guideline

T1: 6
T2: 25

RT: 45/25 + 3⋅6–10⋅8 Gy (31)

pT1 high-risk (G3–4/L1/R1)

CHRT: 5-FU + RT (16)

All pT2

T2: 4
of 17 and 13 percent respectively for pT1-pT2
combined (Figure 3).
TAE 65; 2
trans-sacral

TAE
TAE 28;
proctectomy 9;
polypectomy 2

n.r.
pT1 high-risk
(G3–4/Rx/R1/perineural invasion)
All pT2

Steele et al.22

51

TEM

T2: 51

CHRT: 5-FU + 54/30 Gy

All pT2

Taylor et al.20

21

TAE

T1: 12
T2: 9

RT: 45–50/25 Gy

No strict guideline

Local recurrence rates after local excision followed by completion TME for the
two T categories combined ranged from zero of 37 28 to one of five21 patients, with
an overall crude local recurrence rate of six (4.6%) of 130. The weighted average
of the local recurrence rate was 7(95 per cent c.i. 4 to 14) per cent. The crude
local recurrence rate after completion TME was lower in patients with pT1 than
pT2 disease: three (4 per cent) of 81 versus three 3 (6 per cent) of 49 patients.
The weighted average of the local recurrence rate was 6 (3 to 15) per cent for pT1
compared with 10(4 to 22) for pT2 (Figure 4).
W. A. A. Borstlap, T. J. Coeymans, P. J. Tanis, C. A. M. Marijnen, C. Cunningham, W. A. Bemelman and J. B. Tuynman

Reference
Sun et al.14

Local recurrence

Proportion

3 of 49

0·06 (0·01, 0·17)

Ramirez et al.15

3 of 28

0·11 (0·02, 0·28)

Morino et al.21

4 of 19

0·21 (0·06, 0·46)

Greenberg et al.16

9 of 51

0·18 (0·08, 0·31)

Duek et al.32

0 of 12

0·00 (0·00, 0·26)

Min et al.17

1 of 19

0·05 (0·00, 0·26)

Stipa et al.25

3 of 7

0·43 (0·10, 0·82)

Gopaul et al.24

2 of 15

0·13 (0·02, 0·40)

Mendelhall et al.23

8 of 67

0·12 (0·05, 0·22)

Lamont et al.18

2 of 20

0·10 (0·01, 0·32)

Wagman et al.19

6 of 31

0·19 (0·07, 0·37)

Steele et al.22

7 of 51

0·14 (0·06, 0·26)

Taylor et al.20

2 of 21

0·10 (0·01, 0·30)

Coco et al.31
Crude average

1 of 15

0·07 (0·00, 0·32)

51 of 405

0·13 (0·01, 0·16)

Random-effects model
Prediction interval
Heterogeneity: I2 = 0~

a

0·14 (0·11, 0·18)
(0·10, 0·18)
0

0·2

0·4

0·6

0·8

pT1–pT2

Reference
Sun et al.14

Local recurrence

Proportion

0 of 8

0·00 (0·00, 0·37)

Ramirez et al.15

1 of 6

0·17 (0·00, 0·64)

Morino et al.21

1 of 12

0·08 (0·00, 0·38)

Min et al.17

0 of 11

0·00 (0·00, 0·28)

Gopaul et al.24

1 of 4

0·25 (0·01, 0·81)

Stipa et al.25

0 of 3

0·00 (0·00, 0·71)

Lamont et al.18

0 of 10

0·00 (0·00, 0·31)

Wagman et al.19

0 of 6

0·00 (0·00, 0·46)

Crude average

3 of 60

0·05 (0·02, 0·14)

Random-effects model

0·10 (0·04, 0·21)

Prediction interval

(0·03, 0·25)

Heterogeneity: I2 = 0~
0

b

0·2

0·4

0·6

0·8

pT1

Fig. 2 Forest plots of local recurrence following local excision (transanal excision or transanal endoscopic microsurgery) combined with
adjuvant (chemo)radiotherapy in patients with a pT1–pT2, b pT1 and c pT2 adenocarcinoma. An inverse-variance random-effects
model was used for analysis. Proportions are shown with 95 per cent confidence intervals. Fig. 2 continues on next page

studies. The primary outcome was assessed for combined
pT1–2 categories, as well as for pT1 and pT2 categories
separately.
For each defined subgroup according to treatment
modality and pT category, a weighted average of the
proportions was determined by means of the generic
inverse-variance method. This is a method for aggregating
multiple effect sizes to minimize the variance of the

weighted average, giving more weight to the effect of large
studies than to small ones. Heterogeneity was assessed by
use of the I 2 statistic. A prediction interval was calculated
to present the dispersion of outcomes graphically. Analyses
were performed with the inverse-variance method, using
a random-effects model. As the inverse-variance method
67
may lead to overestimation in smaller cohorts, crude local
recurrence rates for the main study populations and the
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Oncological ouctomes after local excision of rectal cancer

Reference

Local recurrence

Proportion

Sun et al.14

3 of 41

Ramirez et al.15

2 of 24

0·08 (0·01, 0·27)

Morino et al.21

4 of 19

0·21 (0·06, 0·46)

0·07 (0·02, 0·20)

Greenberg et al.16

9 of 51

0·18 (0·08, 0·31)

Duek et al.32

0 of 12

0·00 (0·00, 0·26)

Min et al.17

1 of 8

0·12 (0·00, 0·53)

Gopaul et al.24

1 of 11

0·09 (0·00, 0·41)

Stipa et al.25

3 of 4

0·75 (0·19, 0·99)

Lamont et al.18

2 of 10

0·20 (0·03, 0·56)

Wagman et al.19

6 of 25

0·24 (0·09, 0·45)

Steele et al.22

7 of 51

0·14 (0·06, 0·26)

Taylor et al.20

1 of 9

0·11 (0·00, 0·48)

Coco et al.31

1 of 15

0·07 (0·00, 0·32)

Crude average

40 of 280

0·14 (0·11, 0·19)

Random-effects model

0·15 (0·11, 0·21)

Prediction interval

(0·09, 0·26)
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Random-effects model
Prediction interval

Included studies

0·6
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different subgroups were also calculated. Subsequently the
Reference
Localwas
recurrence
Wilson score method
for single proportions
used to
3 of 28
Ramirez
et al.15for these crude averages.
calculate a confidence
interval
It
21
4 of 19
Morino
et al.
was expected that the
search
would yield mainly small-sized
32
0 of
12
et al. for providing both
cohorts, which was Duek
the reason
weighted
25
3 of 7 with
et al.Analyses
averages and crudeStipa
rates.
were performed
22
of 51
Steele
et al.(R
the use of R version
3.2.0
Foundation for7 Statistical
Crude
average
17 of 117
Computing, Vienna,
Austria).

Results

0·4

Heterogeneity: I2 = 27·4~
0

a

TEM

The process of selection and reasons for exclusion are
14 – 32
Reference of the 19 included
Localstudies
recurrence
displayed in Fig. 1. Fourteen
3 of 49
Sun et
al.14
were on local excision
followed
by adjuvant radiotherapy
17,21
of 51
Greenberg
et al.16 TME; two9 studies
and seven were on
completion
17
1 of 19
Min et al.modalities.
compared both treatment
of 15
Gopaul
al.24
Quality assessment
of et
the
included studies2 is
summa8 of 67
et al.23
rized in Figs S1 andMendelhall
S2 (supporting
information).
Owing
18
2
of
20
Lamont
al.
to the strict inclusion
andetexclusion
criteria, the included
19
6 of 31
Wagman
al.
studies were adequate
withetregard
to length of
follow-up
2 of 21
et al.20
and assessment of Taylor
endpoints,
but insufficient for sam1 of 15
Coco et al.31
ple size and prospective
study design. No randomized
34 of 288
Crude average
studies comparing the
two treatment modalities
could be
Random-effects model
identified.
Prediction interval
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0

Fourteen cohort studies on local excision with adjuvant (chemo)radiotherapy Proportion
were selected, including two
0·28) of 405 patients, 94
comparative studies17,21 . 0·11
Of(0·02,
a total
0·21 (0·06,
(23⋅2 per cent) had category
pT10·46)
disease and 292 (72⋅1
(0·00, 0·26)
per cent) had pT2; pT0·00
category
was not specified for
0·43 (0·10, 0·82)
19 patients (4⋅7 per cent).
Eight studies17 – 24 included
0·14 (0·06, 0·26)
patients with positive resection
margins. Local excision
0·15in(0·10,
was performed by TEM
five0·25)
studies15,21,22,25,32 and
14,18,20,310·17
(0·09,than
0·28) one technique was
; more
by TAE in four
used in three studies16,19,23 ,(0·04,
and0·50)
the method for local
excision was not reported in the remaining two17,24 .
0·2 adjuvant
0·4
0·6
0·8
The
treatment
consisted of radiotherapy alone
in five14,15,20,31,32 of the 14 studies, chemoradiotherapy
16,18,21,22
alone in four
, and various radiotherapy schedProportion chemotherapy in the
ules with and without concomitant
25 . Patient
0·06–(0·01,
0·17) selection for adjuremaining five studies17,19,23
0·18based
(0·08, 0·31)
vant (chemo)radiotherapy
on pathological criteria
0·05 (0·00,
0·26)
differed between the studies.
Detailed
baseline charac(0·02, 0·40) adjuvant (chemo)teristics of patients who0·13underwent
0·12
(0·05,
0·22)
radiotherapy are shown in Table 1 and Table S1 (supporting
0·10 (0·01, 0·32)
information).
0·19 (0·07,
0·37)reported on compleSeven observational cohort
studies
0·10 (0·01, 0·30)
tion TME after local excision,
with a total of 130 patients.
0·07 (0·00, 0·32)
were the previously menTwo17,21 of these seven studies
0·12 (0·09, 0·17)
tioned comparative studies.
Of these 130 patients, 81 (62⋅3
0·13 (0·09, 0·17)
per cent) had category pT1 disease and 49 (37⋅7 per cent)
(0·09, 0·18)
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Forest plots of local recurrence following a transanal endoscopic microsurgery (TEM) and b transanal excision (TAE), both
followed by adjuvant (chemo)radiotherapy in patients with pT1–pT2 adenocarcinoma. An inverse-variance random-effects model was
used for analysis. Proportions are shown with 95 per cent confidence intervals

Fig. 3

had pT2. Five studies21,26 – 29 included patients with positive resection margins. Local excision was performed using
TEM in six studies21,26 – 30 , and the method of local excision
was not reported in one study17 . The study of Nakagoe and
colleauges30 was the only one in which the entire cohort
received completion TME; only the subgroups with completion TME were included from the remaining six studies.
68
Detailed characteristics of the cohort studies on completion TME are presented in Table 2 and Table S2 (supporting
information).

The crude local recurrence rate for the combined T categories was 51 (12⋅6 per cent) of 405. The weighted average of the local recurrence rate was 14 (95 per cent c.i.
11 to 18) per cent. The crude local recurrence rate after
adjuvant (chemo)radiotherapy was three (5 per cent) of 60
for patients with pT1 and 40 (14⋅3 per cent) of 280 for
those with pT2 cancers, with weighted averages of 10 (4
to 21) and 15 (11 to 21) per cent respectively (Fig. 2). A
subgroup analysis of TEM versus TAE followed by adjuvant (chemo)radiotherapy showed a weighted average of
17 and 13 per cent respectively for pT1–2 combined
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Reference

Local recurrence

Proportion

Morino et al.21
Borschitz et al.27
Lee et al.26
Min et al.17
Hahnloser et al.28
Nakagoe et al.30
Heintz et al.29

1 of 5
3 of 39
0 of 9
0 of 7
0 of 37
0 of 11
2 of 22

0·20 (0·01, 0·72)
0·08 (0·02, 0·21)
0·00 (0·00, 0·34)
0·00 (0·00, 0·41)
0·00 (0·00, 0·09)
0·00 (0·00, 0·28)
0·09 (0·01, 0·29)

Crude average

6 of 130

0·07 (0·04, 0·14)
(0·03, 0·17)
0

a

3

0·05 (0·02, 0·10)

Random-effects model
Prediction interval
Heterogeneity: I2 = 0~
0·1 0·2 0·3 0·4 0·5 0·6 0·7

pT1–pT2

Reference

Local recurrence

Proportion

Borschitz et al.27

0 of 3

0·00 (0·00, 0·71)

Lee et al.26

1 of 19

0·05 (0·00, 0·26)

0 of 29

0·00 (0·00, 0·12)

Hahnloser et

al.23

Nakagoe et al.30

2 of 22

0·09 (0·01, 0·29)

Heintz et al.29

0 of 8

0·00 (0·00, 0·37)

Crude average

3 of 81

0·04 (0·01, 0·10)

Random-effects model

0·06 (0·03, 0·15)

Prediction interval

(0·01, 0·25)

Heterogeneity: I2 = 0~
0 0·1 0·2 0·3 0·4 0·5 0·6 0·7

b

pT1

Reference

Local recurrence

Proportion

Morino et al.21

1 of 5

Borschitz et al.27

2 of 20

0·10 (0·01, 0·32)

Lee et al.26

0 of 6

0·00 (0·00, 0·46)

Min et al.17

0 of 7

0·00 (0·00, 0·41)

Hahnloser et al.23

0 of 8

0·00 (0·00, 0·37)

Nakagoe et al.30

0 of 3

0·00 (0·00, 0·71)

Crude average
Random-effects model
Prediction interval

3 of 49

0·06 (0·02, 0·17)
0·10 (0·04, 0·22)
(0·03, 0·30)

0·20 (0·01, 0·72)

Heterogeneity: I2 = 0~
0 0·1 0·2 0·3 0·4 0·5 0·6 0·7

c

pT2

Fig. 4 Forest plots of local recurrence following local excision (transanal excision or transanal endoscopic microsurgery) followed by
completion total mesorectal excision in patients with a pT1–pT2, b pT1 and c pT2 adenocarcinoma. An inverse-variance
random-effects model was used for analysis. Proportions are shown with 95 per cent confidence intervals

of 130. The weighted average of the local recurrence

per cent) of 81 versus three (6 per cent) of 49 patients. The

rate was 7 (95 per cent c.i. 4 to 14) per cent. The crude

weighted average of the local recurrence rate was 6 (3 to

Distant
recurrence
local recurrence
rate after completion TME was lower in

15) per cent for pT1 compared with 10 (4 to 22) per cent

patients with pT1 than in those with pT2 disease: three (4
for pT2 (Fig. 4).
Distant
recurrence rates after local excision with
adjuvant (chemo)radiotherapy for
15
pT1/pT2
rectal
cancer ranged from zero of 28
to three of 1921 patients. Overall, BJS
© 2016 BJS Society
Ltd
www.bjs.co.uk
Published by John Wiley & Sons Ltd

the crude distant recurrence rate was 22 (8.2 per cent of 268), and the weighted
average was 9 (95 per cent c.i.6 to 14) per cent (Figure 5). After local excision with
completion TME, the distant recurrence rate ranged from zero of 1130 to one of

69

Chapter 3 | Oncological outcomes after local excision

five21 patients, with an overall crude rate of 10 (7.7 per cent) of 130 and a weighted
A. A. Borstlap, T. J. Coeymans, P. J. Tanis, C. A. M. Marijnen, C. Cunningham, W. A. Bemelman and J. B. Tuynman
average of 9 (5 toW.16)
per cent.

Reference

Distant recurrence

Proportion

Ramirez et al.15

0 of 28

0·00 (0·00, 0·12)

Morino et al.21

3 of 19

0·16 (0·03, 0·40)

Greenberg et al.16

6 of 51

0·12 (0·04, 0·24)

0 of 12

0·00 (0·00, 0·26)

Duek et

al.32

al.17

2 of 19

0·11 (0·01, 0·33)

Mendelhall et al.23

Min et

4 of 67

0·06 (0·02, 0·15)

al.22

5 of 51

0·10 (0·03, 0·21)

Taylor et al.20

2 of 21

0·10 (0·01, 0·30)

22 of 268

0·08 (0·06, 0·12)

Steele et

Crude average
Random-effects model

0·09 (0·06, 0·14)

Prediction interval
Heterogeneity:

I2

(0·06, 0·15)

= 0~
0·1 0·2 0·3 0·4 0·5 0·6 0·7

0

a

(C)RT

Reference
Morino et al.21

Distant recurrence

Proportion

1 of 5

0·20 (0·01, 0·72)

Borschitz et al.27

4 of 39

0·10 (0·03, 0·24)

Lee et al.26

0 of 9

0·00 (0·00, 0·34)

Min et al.17

1 of 7

0·14 (0·00, 0·58)

Hahnloser et al.28

3 of 37

0·08 (0·02, 0·22)

Nakagoe et al.30

0 of 11

0·00 (0·00, 0·28)

Heintz et al.29

1 of 22

0·05 (0·00, 0·23)

Crude average

10 of 130

0·08 (0·04, 0·14)

Random-effects model
Prediction interval
Heterogeneity: I2 = 0~

0·09 (0·05, 0·16)
(0·04, 0·18)
0

b

0·1 0·2 0·3 0·4 0·5 0·6 0·7

TME

Fig. 5 Forest plots of distant recurrence in patients with pT1–pT2 adenocarcinoma according to treatment modality: a local excision
plus adjuvant (chemo)radiotherapy ((C)RT) and b local excision plus total mesorectal excision (TME). An inverse-variance
random-effects model was used for analysis. Proportions are shown with 95 per cent confidence intervals

Distant recurrence

data was not performed because local excision alone
was sometimes included in the overall results, and
Distant recurrence rates after local excision with adjuvant
Survival
timing and type of survival analysis varied substantially
(chemo)radiotherapy for pT1/pT2 rectal cancer ranged
among the studies. The 5-year OS rate for patients
from zero of 2815 to three of 1921 patients. Overall, the
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survival data of the two treatmentreceiving
strategies
are (chemo)radiotherapy
summarized in Table
3
adjuvant
after local
crude distant recurrence rate was 22 (8⋅2 per cent) of 268,
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Morino et al.21
2011

Greenberg et al.16
2008

Duek et al.32
2008

Min et al.17
2007

Gopaul et al.24
2004

Stipa et al.25
2004

No. of
patients
49

Ramirez et al.15
2011

Sun et al.14
2014

Study

T1:43% (n = 3)
T2: 57% (n = 4)

T1: 27% (n = 4)
T2: 73% (n = 11)

T1: 58% (n = 11)
T2: 42% (n = 8)

T2: 100% (n = 12)

T2: 100% (n = 51)

T2: 100% (n = 19)

T1: 20% (n=6)
T2: 80% (n = 24)

T1: 16% (n=8)
T2: 84% (n=41)

T-stage

Table 3 Outcome data of local excision with adjuvant (chemo)radiotherapy

2/15 (13%)
- T1: 1/4
- T2: 1/11
3/7 (43%)
- T1: 0/3
- T2: 3/4

1/19 (5%)
- T1: 0/11
- T2: 1/8

T2: 0/12

9/51 (18%)

3/49 (6%)
- T1: 0/8
- T2: 3/41 (5yr)
3/28 (10.7%)
2 lost to follow-up
- T1: 1/6
- T2: 2/30
4/19 (21%)

Local recurrence

4/83 (5%)*

6/64 (9%)*

2/19 (11%)
- T1: 2/11
- T2: 0/8

0/12

6/51 (12%)

3/19 (16%)

0/28

Distant
recurrence
13/116
(11.2%)*

Not reported

5yr DFS
- T1: 100% (11/11)
- T2: 75%
5yr DSS
- T1: 100% (11/11)
- T2-group: 75%
5yr OS: 71%*
5yr DSS: 83%*

10yr OS: 66% (CI 51-84)
10yr DFS: 64% (CI 51-80)
10yr DSS: 75% (CI 64-89)
3 yrs. OS: 100%
3 yrs. DFS: 100%

Not reported

5yr OS 30/49 (61%)
- T1: 63% (5yr), 50% (10yr)
- T2: 61% (5yr), 34% (10yr)
5yr DSS: 93%

Survival (OS/DFS/DSS)

3

71

72

21

15

Taylor et al.20
1998

Coco et al. 31
1995
T2: 100% (n=15)

T1: 57% (n = 12)
T2: 43% (n = 9)

T2: 100% (n=51)

2/21 (10%)
- T1: 1/12
- T2: 1/9
T2: 1/15

7/51 (14%)

2/21 (10%)
- T1: 1/12
- T2: 1/9
Not reported

5yr OS: 70%*
5yr DFS: 77%*

15% abdominal
failure **
15% distant
failure***
5/51 (10%)

5 yr. OS: 75%
5 yr. DSS: 90%

5yr DSS: 77%
5yr DFS: 81%

6yr OS: 85% (CI 57-96)
6yr DFS: 71% (CI 43-88)

DFS: 70%

5yr OS: 80%*
5yr DSS: 90%*

Survival (OS/DFS/DSS)

3/48*

Distant
recurrence
4/67 (6%)

OS = overall survival, DSS = disease-specific survival, DFS = disease-free survival, * account for total study population, ** Abdominal failure: liver, retroperitoneal lymph
nodes or peritoneal seeding, *** Distant failure: lung, bone, brain.
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Steele et al.22
1999

Table 3 Outcome data of local excision with adjuvant (chemo)radiotherapy (continued)
Study
No. of
T-stage
Local recurrence
patients
67
T1: 51% (n = 34)
8/67**
Mendenhall et al.23
2001
T2: 18% (n = 12)
T3: 3% (n = 2)
No data: 28% (n=19/67)
20
T1: 50% (n = 10)
2/20 (10%)
Lamont et al.18
2000
T2: 50% (n = 10)
- T1: 0/10
- T2: 2/10
31
T1:19% (n = 6)
6/31 (19%)
Wagman et al.19
1999
T2: 81% (n = 25)
- T1: 0/6
- T2: 6/25
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Discussion
The local recurrence rate appeared to be higher in patients with locally excised
pT1/pT2 category rectal cancer treated by adjuvant (chemo)radiotherapy than in
patients who underwent completion TME. However, these two patient cohorts are
not directly comparable. The relatively high recurrence rate in the pooled adjuvant
(chemo)radiotherapy cohorts could be explained by the larger proportion of T2
carcinomas. Furthermore, ten out of 14 included studies on adjuvant (chemo)radiotherapy included patients with a carcinoma larger than 4cm, which is associated
with an increased risk of recurrence.4 TEM was the more common local excision
approach in the completion TME group. Studies have shown that TEM is associated
with lower recurrence rates owing to higher rates of clear margins and a lower risk of
tumour fragmentation compared with TAE.33 However, subgroup analysis revealed
a similar risk of recurrence after TEM and TAE followed by adjuvant radiotherapy
(Figure 3).34,35 Bias might exist in favor of the completion group, possibly due to
greater experience with the TEM procedure and better follow-up.
Several other characteristics differed among the included cohorts, which hampers
interpretation of outcome for each treatment modality. Radiotherapy schedules differed, and a substantial number of patients received radiotherapy alone. From the
neoadjuvant setting, it is known that response rates are increased by concomitant
chemotherapy, and this is likely to be translatable to the adjuvant setting. Decisions
to treat a patient with adjuvant (chemo)radiotherapy were left to the discretion of
the physicians and were likely influenced by patient preferences. None of the studies prospectively evaluated a strict treatment protocol with predefined selection
criteria based on tumour characteristics. Even when pT category was specified as
selection criterion for adjuvant radiotherapy, further risk stratification using other
histological characteristics was often lacking. Selection for completion TME was
more clearly specified in the identified studies, and seemed to be more consistent.
In addition, completion TME studies were all consecutive series, in contrast to the
majority of the radiotherapy studies, with the potential risk of introducing allocation
bias.
It was decided eventually to perform pooled analyses (the calculated weighted
average) of local recurrence for each treatment modality despite all the methodological issues. This gives more insight than separate results from small individual
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studies with wide confidence intervals. The weighted averages for the more homogeneous subgroups of pT1 and pT2 categories should be interpreted with caution,
for the above-mentioned reasons. Despite all shortcomings, it can be concluded
that the local recurrence rate after adjuvant radiotherapy for locally excised early
stage rectal cancer is relatively high, based on the best available evidence to date.
Better selection is needed to consider this as a valid option for fit patients being
treated with curative intent. Additionally, adjuvant radiotherapy may be an acceptable alternative for completion TME in patients with high operative risk.
Further improvement in imaging modalities such as MRI may enable more accurate selection of node negative tumours for local excision and early detection of
locally recurrent disease. When rectum-preserving treatment is applied, a careful
follow-up schedule using digital rectal examination, endoscopy and imaging should
be followed for timely detection of local recurrences, which enables effective salvage
surgery. This will lead to a better outcome as early salvage therapy is associated
with an acceptable oncological outcome.11 In seven of the 14 included studies on
adjuvant radiotherapy, no strict follow-up protocol was reported.
Local excision alone for high risk T1 and low risk T2 rectal carcinomas is generally not accepted, because it is associated with an unacceptable risk of recurrence
when compared to TME surgery owing to outgrowth of (micro)metastases in the
mesorectum or residual disease in the excision bed. De Graaf and colleagues1 reported a local recurrence rate of 24 per cent after TEM without adjuvant therapy,
compared to 0 per cent after TME surgery for pT1 rectal cancer. Rectum-preserving
approaches should therefore be tailored to carefully selected patients based on
pathology-based risk profiles, in order to prevent curable disease from being treatd
inadequately.
Based on this systematic review, it is not possible to conclude that patients with
locally excised pT1/pT2 rectal cancer can be safely treated with adjuvant (chemo)
radiotherapy. Completion TME should still be considered standard of care after local
excision or endoscopic resection of a high risk pT1 and pT2 rectal cancer. However,
adjuvant radiotherapy in selected patients with intensive follow-up and early salvage
of recurrence could be investigated as a less invasive treatment strategy compared
to completion TME in well-designed prospective studies. Such a randomized trial
has been initiated by the authors and started accrual in autumn of 2015.
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Table 4 Outcome data of local excision with completion total mesorectal excision
Study
Morino et
al.21
2011

No. of
patients
5

T-stage
T2: 100% (n
= 5)

Local
recurrence
1/5 (20%)

Distant
recurrence
1/5 (20%)

Survival (OS/DFS/DSS)
Not reported

Borschitz et
al.27
2008

39

T1: 49% (n= 19)
T2: 51% (n= 20)

3/39 (8%)
- T1: 1/19
- T2: 2/20

4/39 (10%)

10yr DFS: 86%
10yr DSS: 89%

Lee et al.26
2007

9

T1:33% (n = 3)
T2:66% (n = 6)

0/9

0/9

Not reported; 1 death

Min et al.17
2007

7

T2: 100% (n = 7)

0/7

1/7 (14%)

Patients undergoing TME were
excluded in the survival rates

Hahnloser
et al.28
2005

37

T1: 78% (n = 29)
T2: 22%(n = 8)

0/37

3/37 (8%)
- T1: 2/29
- T2: 1/8

Nakagoe et
al.30
2004

11

T1: 73% (n= 8)
T2: 27% (n = 3)

0/11

0/11

5yr OS: 79% (CI 66-93)
10yr OS: 62% (CI 46-80)
5yr DFS: 94% (CI 86-99)
10yr DFS: 90% (CI 79-99)
5yr OS: 100%

Heintz et
al.29
1998

22

T1: 100%
(n=22)

2/22 (9%)

1/22 (5%)

OS low risk radical surgery group:
81% (OS also includes primary
TME)
OS high risk radical surgery group:
69% (OS also includes primary
TME)

OS = overall survival, DSS = disease-specific survival, DFS = disease-free survival,
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Appendix 1 Search details:
Pubmed search 1206 hits:
(“Rectal Neoplasms”[Mesh] OR rectal neoplasm*[tiab] OR rectal cancer*[tiab] OR rectal
carcinoma*[tiab] OR rectal tumor*[tiab] OR rectal tumour*[tiab] OR rectal malignan*[tiab]
OR rectum neoplasm*[tiab] OR rectum cancer*[tiab] OR rectum carcinoma*[tiab]
OR rectum tumor*[tiab] OR rectum tumour*[tiab] OR rectum malignan*[tiab]) AND
(“Microsurgery”[Mesh] OR transanal endoscopic microsurgery[tiab] OR microsurgery[tiab]
OR microsurgical*[tiab] OR “Surgical Procedures, Minimally Invasive”[Mesh] OR transanal
minimally invasive surgery[tiab] OR TEM[tiab] OR TAMIS[tiab] OR EMR[tiab] OR ESD[tiab]
OR endoscopic mucosal resection[tiab] OR local excision [tiab] OR transanal*[tiab]
OR rectoscop*[tiab] OR endoscop*[tiab] OR limited[tiab]) AND (“Chemotherapy,
Adjuvant”[Mesh] OR “Chemoradiotherapy, Adjuvant”[MeSH Terms] OR “Radiotherapy,
Adjuvant”[MeSH Terms] OR adjuvant[tiab]) OR completion surgery[tiab] OR total mesorectal
excision[tiab] OR TME[tiab] OR TME surgery[tiab] OR radical surgery)

Cochrane Search: 143 hits:
rectal neoplasm [Mesh]* or rectal cancer* or rectal carcinoma*OR rectal tumor* or rectal
tumour* or rectal malignan* or rectum neoplasm* or rectum cancer* or rectum carcinoma*
or rectum tumor* or rectum tumour* or rectum malignan*:ti,ab,kw (Word variations have
been searched) and
Surgical procedures [Mesh] or transanal endoscopic microsurgery or microsurgery [Mesh]
or microsurgical* or transanal minimally invasive surgery or TEM or TAMIS or EMR or
ESD or endoscopic mucosal resection or local excision or transanal* or rectoscop* or
endoscop* or limited or TME or total mesorectal excision or completion surgery or radical
surgery or colorectal surgery : ti,ab,kw (Word variations have been searched) and Adjuvant
Chemotherapy [Mesh] or Adjuvant Radiotherapy [Mesh} or Adjuvant Chemoradiotherapy
[Mesh]

Embase 1905:
rectum tumor/ or exp colorectal tumor/ or exp rectum cancer/ or (rectal neoplasm* or
rectal cancer* or rectal carcinoma*OR rectal tumor* or rectal tumour* or rectal malignan*
or rectum neoplasm* or rectum cancer* or rectum carcinoma* or rectum tumor* or rectum
tumour* or rectum malignan*).ti,ab. And exp microsurgery/ or minimally invasive surgery/
or (transanal endoscopic microsurgery or microsurgery or microsurgical* or transanal
minimally invasive surgery or TEM or TAMIS or EMR or ESD or endoscopic mucosal resection
or local excision or transanal* or rectoscop* or endoscop* or limited).ti,ab. And adjuvant
chemotherapy/ or adjuvant chemoradiotherapy/ or adjuvant.mp. or exp colorectal surgery/
or exp TME surgery/ or exp total mesorectal excision/ or radical surgery.ti,ab. And completion
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surgery/ or exp TME surgery/ or exp total mesorectal excision/ or radical surgery.ti,ab.

Appendix 2.. Quality assessment according to MINORS checklist

3

Appendix 3. Graphical representation of Minors checklist
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Abstract
Background:
Rectal cancer surgery is accompanied with high morbidity and poor long term
functional outcome. Screening programs have shown a shift towards more early
staged cancers. Patients with early rectal cancer can potentially benefit significantly
from rectal preserving therapy. For the earliest stage cancers, local excision is sufficient when the risk of lymph node disease and subsequent recurrence is below
5%. However, the majority of early cancers are associated with an intermediate risk
of lymph node involvement (5-20%) suggesting that local excision alone is not sufficient, while completion radical surgery, which is currently standard of care, could
be a substantial overtreatment for this group of patients.
Methods/Study design:
In this multicentre randomised trial, patients with an intermediate risk T1-2 rectal cancer, that has been locally excised using an endoluminal technique, will be
randomized between adjuvant chemo-radiotherapy limited to the mesorectum and
standard completion total mesorectal excision (TME). To strictly monitor the risk of
locoregional recurrence in the experimental arm and enable early salvage surgery,
there will be additional follow up with frequent MRI and endoscopy. The primary
outcome of the study is three-year local recurrence rate. Secondary outcomes are
morbidity, disease free and overall survival, stoma rate, functional outcomes, health
related quality of life and costs. The design is a non inferiority study with a total
sample size of 302 patients.
Discussion:
The results of the TESAR trial will potentially demonstrate that adjuvant chemoradiotherapy is an oncological safe treatment option in patients who are confronted
with the difficult clinical dilemma of a radically removed intermediate risk early rectal cancer by polypectomy or transanal surgery that is conventionally treated with
subsequent radical surgery. Preserving the rectum using adjuvant radiotherapy is
expected to significantly improve morbidity, function and quality of life if compared
to completion TME surgery.
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Background
The introduction of population based screening programs for colorectal cancer is expected to cause a shift towards more early stage carcinoma’s, as shown in the United
Kingdom.1 Radical rectal surgery (i.e. low anterior resection (LAR) or abdominoperineal resection (APR)) is accompanied with high operative morbidity of 36% and is
associated with a significant negative impact on functional outcome and quality of
life.2-4 More than 50% of patients experience some form of faecal incontinence with
a negative impact on quality of life. Urinary incontinence or retention and sexual
dysfunction are common.2,5-7 Furthermore, patients after total mesorectal excision
(TME) are confronted with stoma related difficulties, morbidity and subsequent
hazards from stoma reversal in those with protected low anastomoses. In the Dutch
TME-trial, 19% of patients did not have a reversal of a temporary stoma after LAR
and the overall long term or permanent stoma rate was 40%.8 After APR, up to 40%
of patients experience perineal wound complications. Long-term discomfort after
APR is related to stoma and stoma appliance-related complications, occurring in up
to 66%.9 The disadvantages of radical surgery have been acceptable in the pursuit
of oncological control. However, early stage cancer might be amenable to cure by local excision with avoidance of radical surgery with its negative impact in a significant
proportion of patients.10 Local excision alone has only been considered oncological
safe for low risk T1 rectal cancer, which may be defined as well/moderately differentiated without lymphatic or vascular invasion and excised with at least 1 mm
margin. In case of any unfavourable histological characteristic, there is a substantial
increase in the risk of lymph node metastases with impaired oncological outcome
after local excision alone, requiring completion total mesorectal excision (TME).11
Histological characteristics which are associated with increased risk of local recurrence are: poor differentiation, deep submucosal infiltration, lymphatic or vascular
invasion and tumour size > 5 cm for pT1 or > 3 cm for pT2.11,12
Early rectal cancer (T1 and T2) with intermediate risk for recurrence make up
to 75% of locally excised rectal cancer, and present a management dilemma for
patient, surgeon and oncologist. These patients could be treated with additional
chemo-radiotherapy, thereby preserving their rectum which likely has a positive
impact on function and quality of life (HRQoL). Additional chemo-radiotherapy in
the intermediate risk group has a potential to decrease the risk of local recurrence
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by sterilizing mesorectal lymph nodes in the vicinity of the excised tumour that
may harbour (micro)metastasis. Current evidence on rectal preserving treatment
options after local excision is limited, because of small sized retrospective studies
with several methodological problems. Characteristics of included patients, surgical
technique of local excision, and reported local recurrence rates and survival after
adjuvant chemoradiotherapy for pT1-T2 carcinomas are highly variable.13-18 We
conducted a systematic review of all these studies, showing poor quality of the selected studies with lack of randomised data.(Borstlap et al.) A relatively high pooled
weighted average of local recurrence rate of 14% after adjuvant radiotherapy was
found, probably related to inclusion criteria that were not confined to an intermediate risk group. Only two of the 14 included studies in the review consisted of a
patient population that all had clear resection margins.19-20 Their pooled average of
6% recurrence after adjuvant chemoradiotherapy therapy is low, but the sample size
(n=27) was too small to draw any conclusion. Using strict patient selection based on
MRI imaging to exclude patients with suspicious lymph nodes and pathological assessment of the excised tumour, adjuvant (chemo)radiotherapy is potentially a valid
option as curative completion treatment for radically excised pT1 and small pT2.
Additionally, improvements in MRI and advanced endoscopic imaging will enable
careful follow-up and early detection of locoregional recurrent disease, allowing for
early salvage surgery that offers acceptable oncological outcome.21
Therefore, there is an urgent need to define a new treatment approach for patients who are confronted with invasive growth in a locally excised rectal lesion with
intermediate risk of lymph node metastases. Such an approach should result in an
optimal balance between treatment related morbidity and oncological control for
these early stage carcinomas. A multicentre randomised controlled trial with strict
inclusion criteria based on tumour characteristics and an intensive follow-up schedule in the rectal preserving treatment arm could provide the much needed evidence
on oncologic outcome after adjuvant chemoradiotherapy for locally excised rectal
cancer compared to standard completion TME.

Methods / Design
The main objective of this multicentre randomised controlled trial is to determine
the optimal treatment strategy for patients with a locally excised rectal lesion reveal-
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ing an early stage rectal cancer with post excision pathology predicting intermediate
(5-20%) risk of recurrence. The patients will be randomised, after local excision,
between either adjuvant chemoradiotherapy or standard completion TME surgery.
The TESAR trial hypothesizes that local excision combined with adjuvant chemoradiotherapy and close-surveillance with the possibility of early salvage surgery is
non-inferior to completion TME in terms of local recurrence and superior in terms
of treatment related morbidity, functional outcome, and HRQoL.
All pathology specimens of potentially eligible patients will be centrally revised
by one pathologist in order to exclude inter-observer bias. The patient who meets all
the inclusion criteria without any of the exclusion criteria will be given information
about the proposed trial. The patient will have at least three days to decide upon
study participation. Randomization will be performed by a central automated randomization system using the trial website, with stratification for age (75- and 75+),
ASA (I and II+) classification, initial treatment (full thickness excision and endoscopic
excision) and tumour classification (high risk T1 and low risk T2). The treatment,
either adjuvant chemo-radiotherapy or completion TME surgery, should start within
4-8 weeks from randomisation. Randomisation will be performed in random blocks
of sizes 2 and 4.
The primary aim of the TESAR-Trial:
• To compare rectal preserving therapy (local excision followed by adjuvant
chemoradiotherapy) with completion TME surgery in terms of 3-year locoregional recurrence rate.
Secondary aims of the study are:
• To compare treatment related morbidity between the study arms, both short
and long-term.
• To determine 3-year and 5-year disease free survival and overall survival after
both treatment strategies
• To determine stoma-free survival at one, three and five years for both groups of
patients.
• To investigate the impact of organ preserving therapy on HRQol and functional
outcomes compared to radical surgery.
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• Determining cost-effectiveness of rectal preserving therapy with intensified
follow-up using MRI and endoscopy.
Study procedures
Since the control arm consists of completion TME which will remove the mesorectum, the investigational arm consists of chemoradiotherapy which is primarily
targeted at the mesorectum without expansion to pelvic sidewall and lymph nodes
along the iliac vessels. This is based on the hypothesis that potential lymph node
metastases are located close to the primary tumour site in these early stage
cancers. Adapting radiation fields that are normally used in more advanced rectal
cancer limits toxicity based on a patient tailored approach according to estimated
recurrence risks. Patients will receive 25x1.8 Gray, 5 days a week, combined with
Capecitabine 825 mg/m2 twice a day, which will not be continued during the weekends. The treatment in both study arms should start between 4-8 weeks after local
excision. Patients treated with adjuvant chemoradiotherapy in the experimental
arm will receive an intensified follow-up schedule with four extra pelvic MRI’s and
three extra sigmoidoscopies in addition to routine follow-up according to the Dutch
colorectal cancer guideline, while control patients undergo routine follow-up with
one additional pelvic MRI at 24 months(see Figure 1).
Patient population
Patients who are diagnosed with early rectal cancer that was locally excised with
tumour free margins (≥ 1 mm) and a carcinoma within 10 cm from the anal verge
are informed about the TESAR trial if histopathology reveals the following characteristics: pT1 with a diameter of 3-5 cm, or pT1 with a maximum diameter of 3
cm and at least poor differentiation and/or lymphatic and/or venous invasion, or
a pT2, maximum size 3 cm, well/moderately differentiated and without lymphatic
or venous invasion. (Figure 2) Any endoluminal technique for local excision may be
included (TEM, TAMIS, TSPM, EMR, ESD or polypectomy). A central review of the
pathology will be performed in order to verify the histological inclusion criteria.
Furthermore, clinical nodal status should be N0 by pelvic MRI. In order to prevent
overstaging by post-excision MRI in these early rectal cancers, mesorectal and extramesorectal lymph nodes with a size smaller than 10 mm will be interpreted as benign
independent of their morphologic features. Other inclusion criteria are absence of

88

distant metastasis by CT thorax/abdomen, age > 18 years, life expectancy of at least
12 months, WHO performance status 0-2, and written informed consent.

4

Figure 1: Study Flowchart

Patients are excluded from the study or registry in case of a proximal rectal
cancer (>10 cm from the anal verge or requiring partial mesorectal excision), not
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fulfilling pathology or imaging inclusion criteria, previous pelvic irradiation, concomitant malignancies within past 5 years, or if patients are unfit for subsequent
chemoradiotherapy or surgery.
Early rectal carcinoma’s with pathological features showing low risk T1 (<5 cm,
well differentiated, no lymphatic or vascular invasion) or high risk T2 (>3 cm and/
or poorly differentiated and/or lymphatic or vascular invasion) will be asked for
registration only and will be asked to sign informed consent to collect to use the
paraffin specimen for translational studies.
Outcome parameters
Loco-regional recurrence, morbidity, disease free survival, stoma free survival and
overall survival will be assessed by regular follow-up at 3, 6, 9, 12, 18, 24, 36, 48 and
60 months post-operatively. Morbidity will be assessed using the Comprehensive
Complication Index (CCI) for the patients that undergo TME surgery and the NCI
CTCAE Toxicity Criteria (v4) for patients in the adjuvant chemoradiotherapy arm.
(22) Health related quality of life and functional outcomes will be measured using
the EQ-5D, EORTC QLQ C29 & C30 and the LARS score. Possible advantage of the
new rectal preserving treatment in cost per quality of life adjusted life years using
the EQ5D score will be analysed. The total costs will be assessed by summing the
procedure related costs, in hospital stay costs, re-intervention and morbidity related
costs and time to return to work will be calculated in loss of work days, which can
be converted to costs.
Follow-up
Patients in the intervention arm will receive an intensified follow-up schedule to
facilitate an early salvage procedure in case of recurrence. Patients will have an
additional clinical evaluation including digital rectal examination at 3 and 9 months
and a pelvic MRI will be performed at 6,18,36 and 60 months. Besides routine colonoscopy at 12 and 48 months according to the national guideline, three additional
sigmoidoscopies are performed at 6, 24 and 36 months. Patients in the control arm
will receive one additional MRI, 2 years after local excision. The follow-up schedule
is presented in Figure 3.
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Figure 3: Follow-up schedule TESAR Trial
Green = extra follow-up moments for included patients in the rectal preserving group. The white x’s are
the follow-up moments according to national guideline.

Sample size
The trial is designed as a non-inferiority trial. The expected percentage of patients
who are free of local recurrence after a three-year follow-up is 98% in the control
group and 96% in the study group. The difference in percentage of recurrence free
patients between standard treatment and experimental treatment may not be
larger than 7%. Hence, the experimental treatment is non-inferior if at least 91% of
patients is free of local recurrence. This 91% is seen as a worst case scenario when
adjuvant treatment has no influence on local recurrence. Hypothesizing that the
difference in percentage of patients with local recurrence may not be larger than 7
%, with a one sided alfa, an 80% power and a drop-out of 5% a sample size of 302
patients (151 per group) is needed.
Data Analysis
All analyses will be on an intention-to-treat basis.23 Patients will be analysed as they
are randomized irrespective of the treatment actually received. The intention-totreat population will include all patients who have given their informed consent and
for whom there is confirmation of successful allocation of a randomisation number.
To substantiate the interpretation of the intention-to-treat analysis a per protocol
analysis will also be performed.
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Statistical analyses will be performed using SPSS software for Windows version
23 or higher. The one-sided 95% confidence interval for the between-group difference in locoregional recurrence corresponds to the lower limit of the two-sided
90% confidence interval for this difference (experimental minus standard). The
organ preserving treatment group (intervention) is considered to be non-inferior
to the standard treatment group if the one-sided 95% confidence for the difference in loco-regional recurrence excludes a difference of minus 7 percentage points
or farther away from zero in the same direction. For the secondary outcomes as
disease free survival and overall survival two-sided 95% confidence intervals will be
calculated. Appropriate summary descriptive statistics will be determined for all secondary endpoints at each visit using raw scores. To assess morbidity the continuous
scale of the Comprehensive Complication Index22 and the categorical Clavien-Dindo
classification will be used, for which appropriate statistical tests will be undertaken
(the Mann Whitney U test, in case of non-normal distribution, and the Chi squared
test respectively). For continuous secondary endpoints, either analysis of variance
or analysis of covariance models will be used and where necessary, the repeated
measures procedure will be implemented. Quality of life data (e.g. EORTC-C30,
EORTC-CR29, LARS and EQ-5D) will be graphically represented across all time points
and analysed using a repeated measures analysis of variance. All tests based on
proportions will be analysed using a logistic regression model with treatment as
a factor and, where appropriate, other specified covariates. Time-to-event will be
analysed with use of Kaplan-Meier Survival analysis and compared using the logrank test. The secondary efficacy analysis will be based on the Full Analysis Set (FAS)
and the per protocol populations. Significance level is set at an alpha of 0.05 and no
adjustment will be made for testing multiple secondary outcomes. Some significant
findings are expected to occur by chance so undue consideration will not be given to
any particular significant difference. Moreover, interpretation of the results will be
based on patterns of differences and in conjunction with the results of the primary
analyses.
Cost analysis
Unit costing of distinct health care resources will be in accordance with national
guidelines.24 Cost data will be derived as the product sum of health care volume
data and their respective unit cost. Observed health utilities based on the EQ-5D
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health status profiles will be linked to the lengths of the periods in between measurements to derive QALYs. Incremental cost-effectiveness and cost-utility analyses
will be performed to calculate the extra cost per additional patient free of local
recurrence and the extra costs per additional quality adjusted life year respectively.
Differences between groups will be assessed by calculating 95% confidence intervals for the mean differences after non-parametric bootstrapping, drawing at least
1,000 samples of the same size as the original sample separately for each group and
with replacement. A cost-effectiveness acceptability curve will be drawn to show
the probability of adjuvant chemoradiotherapy being cost- effective at willingnessto-pay values up to €80,000 per QALY. Single and multi-way sensitivity analyses will
be performed to study the robustness of these findings to plausible changes in key
unit costs and to alternative health utility scoring algorithms Efficacy and cost data
will be discounted to account for time preference.25

Discussion
The TESAR-Trial is the first multicentre randomised trial in which patients with a
pT1-T2 rectal carcinoma will be randomised after local excision between rectal
preserving adjuvant chemoradiotherapy and completion TME. In this non-inferiority
trial we hypothesize that rectal preserving therapy for early rectal cancer has similar
oncological outcome with significant improved morbidity, function and quality of
life compared to conventional radical surgery. The TESAR-Trial is part of a national
treatment consortium of multicentre studies founded to create sufficient evidence
on the best treatment strategies for early rectal cancer.
The TREC trial from the UK (TEM and Radiotherapy in Early Rectal Cancer) included patients with clinically staged early (cT1-2N0M0) rectal cancer and randomised
between radical TME surgery and short course preoperative radiotherapy followed
by TEM. The CARTS phase II Dutch multicentre study prospectively evaluated
outcome after chemoradiotherapy followed by TEM for clinical T1-3N0M0 rectal
cancer.26 Recently it was proposed to combine both initiatives in a new protocol:
the STARTREC trial. This study will be conducted parallel to the TESAR trial in the
Netherlands. The STARTREC study will be randomizing between intentional organ
preserving therapy and radical TME surgery. The STARTREC will include patients
based on imaging with the rectal cancer is still in situ. Patients with small tumours
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staged as T1N0, less then 3cm can still be treated with initial local excision according
to the national guideline. If histopathology shows intermediate risk features, they
are eligible for the TESAR trial. Moreover, a large proportion (up to 40%) of rectal
cancer is diagnosed and discussed at the rectal cancer Multi-Disciplinary Team
meeting (MDT) after the patient has had an endoluminal local- excision of a lesion
that shows infiltrative growth at pathological examination. These excisions might
have been polypectomies within the national screening program or an excision of
a clinically diagnosed adenoma by for example TEM or EMR.11 This subgroup of
patients can therefore not be included in the STARTREC trial, but will be included
in the TESAR. Both TESAR and STARTREC use the same patient reported outcome
measurements allowing comparative combined analysis. Together, potentially all
patients with early rectal cancer can be included and results from the randomised
trials will be powerful to answer which is the best treatment strategy for patients
with early rectal cancer.
Current literature on adjuvant chemoradiotherapy after local excision consists
of small cohort series which show substantial variability in recurrence rates, ranging
between 6 and 43%.15-19,27-35 Patient selection in these series was often unclear, but
often chemoradiotherapy was chosen in patients refusing further surgery or being
unfit for completion TME despite they had an incomplete resection or high risk
T2 rectal cancer. This explains the relatively high recurrence rates in these series.
Furthermore, a variety in adjuvant radiotherapy regimens was used, and none of
the studies reported a strict follow-up schedule including digital rectal examination,
MRI and endoscopy to allow for early salvage treatment.
Within the TESAR trial, strict pathological selection criteria based on differentiation grade, lymphatic- or vascular invasion and size of the tumour are used in order
to include only the intermediate risk group and to exclude patients at high risk of
local recurrence. Therefore we expect that the risk of recurrence after adjuvant
chemoradiotherapy following local excision will be lower than reported so far. Treatment related morbidity from the chemoradiotherapy is expected to be lower than
earlier reported.26 This is related to the radiation field which is limited to the mesorectum and a lower total dose of 45 Gy than generally applied in more advanced
rectal cancer. Additionally, concomitant chemotherapy is only given on weekdays.
This less intensive chemoradiotherapy schedule is considered to be oncologically
save because only radically removed early rectal carcinomas are included. Never-
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theless, patients in the rectal preserving group of the TESAR are expected to have
a slightly higher risk of recurrence than the control group. However, this increase is
accepted due to the close standardised follow up schedule which allows for early
salvage of recurrence. To ensure adequate patient inclusion with the anticipated
intermediate risk of recurrence, all specimens of the locally excised tumours are
centrally reviewed before a patient can be included in the trial.
In conclusion, due to a shift towards more early staged carcinomas shift and high
morbidity of TME surgery, there is an increasing need for less invasive treatment
approaches with acceptable oncological outcome. After local excision has revealed
a high risk T1 or low risk T2 carcinoma, adjuvant chemoradiotherapy could be an
oncological safe alternative for radical surgery, with potential improvements in
treatment related morbidity, functional outcome and quality of life. This will prospectively be evaluated in the randomised multicentre TESAR trial.

Abbreviations:
TESAR: Rectal preserving treatment for early rectal cancer. A multi-centred randomised trial of radical surgery versus adjuvant chemoradiotherapy after local
excision for early rectal cancer.
TEM: Transanal Endoscopic Microsugery
TAMIS: Transanal minimally invasive surgery
TSPM: Transanal single-port microsurgery
EMR: Endoscopic mucosal resection
ESD: Endoscopic submucosal dissection
LAR: Low anterior resection
APR: Abdominoperineal resection
TME: Total mesorectal excision
HRQoL: Health related quality of life
CCI: Comprehensive Complication Index
FAS: Full Analysis Set (FAS)
QALY: Quality Adjusted Life Years
KWF: Dutch Cancer Society
DSMB: Data Safety Monitoring Board
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WMO: WMO: Medical Research Involving Human Subjects Act (in Dutch: Wet
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METC: Medical research ethics committee (MREC) (in Dutch, Medisch Ethische
Toetsings Commissie
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Abstract
Aim:
Transanal endoscopic microsurgery (TEM) is used for resection of large rectal adenomas and well or moderately differentiated T1 carcinomas. Due to difficulty in
preoperative staging, final pathology may reveal a carcinoma not suitable for TEM.
Although completion total mesorectal excision (TME) is considered standard of care
in T2 or more invasive carcinomas, this completion surgery is not always performed.
The purpose of this article is evaluating the outcome of patients after TEM only,
when completion surgery would be indicated.
Methods:
In this retrospective multicenter, observational cohort study, outcome after TEM
only (N=41) and completion surgery (N=40) following TEM for a pT2-3 rectal adenocarcinoma was compared.
Results:
Median follow-up was 29 months for the TEM only group and 31 months for the
completion surgery group. Local recurrence rate was 35% and 11%, respectively.
Distant metastasis occurred in 16% of the patients in both groups. The three-year
overall survival was 63% in the TEM only group and 91% in the completion surgery group respectively. Three-year disease-specific survival was 91% versus 93%,
respectively.
Conclusions:
Although local recurrence after TEM only for pT2-3 rectal cancer is worse compared
to completion surgery, disease-specific survival is comparable between both groups.
The lower unadjusted overall survival in the TEM only group indicates that TEM only
may be a valid alternative in older and frail patients, especially when high morbidity
of completion surgery is taken into consideration. Nevertheless, completion surgery
should always be advised when curation is intended.
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What does this paper add to the literature?
In contrast to patients treated with curative intent, where literature is extensive, to
our knowledge no literature exists on the course of disease following TEM for pT2
or more invasive rectal carcinomas without (neo-)adjuvant (chemo)radiotherapy in
comparison to completion TME.

Introduction
Transanal endoscopic microsurgery (TEM) was introduced by Buess in 1984.1,2
Currently, TEM is the preferred treatment of large rectal adenomas and selected
early rectal carcinomas.3-5 TEM proved to be an oncological safe procedure for low
risk pT1 carcinomas with low morbidity rates and good postoperative anorectal
function.6-9 Despite optimized preoperative imaging techniques, unexpected T2-T3
rectal cancers after TEM are discovered. For high risk pT1 and pT2-3 stage, total
mesorectal excision (TME) has shown to be superior compared to TEM in oncologic
outcome, but at the cost of high morbidity and poor functional outcomes.10-13 Although advised in current national guidelines, yet unpublished data suggest many
patients are refrained from completion TME. This may be on doctor’s or patient
preferences, although this remains unclear. In those cases, where completion TME
is not performed, TEM only is regarded as a palliative treatment option. In contrast
to patients treated with curative intent, where literature is extensive14-19, to our
knowledge no literature exists on the course of disease following TEM for pT2 or
more invasive rectal carcinomas without (neo-)adjuvant (chemo)radiotherapy in
comparison to completion TME. This study presents the oncologic outcomes and
short-term morbidity of patients in with pT2 or more invasive rectal carcinomas,
treated with TEM only, and outcomes were compared in patients who did undergo
completion TME.

Materials and methods
A retrospective study was performed with patient data that were collected at the
surgical departments of six hospitals in the Netherlands (see list in appendix). Between 1994 and 2010, all patients with a pT2 or pT3 rectal carcinoma in whom TEM
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was performed, with or without completion TME, were included. In these patients,
initial TEM was performed as treatment when a benign lesion or a T1 rectal cancer
was clinically assumed or as diagnostic procedure when T2-3 rectal cancer was
suspected on ERUS, but multiple biopsies could not prove malignancy nor the lesion
was obvious malignant at colonoscopy. No patient received a TEM with palliative
intent. Patients with radical resection of the carcinoma after TEM were compared
to patients with radical resection after completion TME. Neoadjuvant therapy prior
to TEM, adjuvant therapy in the TEM only group and after completion TME were
exclusion criteria, however patients that received (chemo)radiotherapy according
to the Dutch guideline on rectal cancer prior to the completion TME were included
in the analysis. Patients with adenomatous polyposis, Lynch syndrome, more than
one colorectal carcinoma, a converted TEM procedure to technique other than as
described by Buess2, or recurrent disease were excluded from the study.
The preoperative work-up included clinical evaluation, colonoscopy, biopsy and
endorectal ultrasound (ERUS) when a benign lesion was expected. When patients
had a biopsy proven carcinoma they received CT, MRI or contrast enhanced MRI
prior to the TEM. TEM procedure was performed full-thickness following the standard technique as described by Buess2. In general, completion TME was performed
eight weeks after the local excision was carried out.
Local recurrence was defined as a recurrence endoscopically diagnosed and
confirmed by histology or pelvic lymph node detected on MRI. A distant metastasis
was defined as any tumour recurrence outside the pelvis. Morbidity was defined as
any unexpected event in the postoperative course requiring a medicinal, surgical,
radiological or endoscopic intervention until 30 days from surgery. Radical resection
(R0) was defined as a minimal margin of 1 mm from the resection plane to the
microscopically visible carcinoma.
Primary endpoint was oncological outcome in terms of local and distant recurrence, overall survival and disease-specific survival. Disease-specific survival was
defined as death from recurrent rectal carcinoma or postoperative death after
salvage surgery. Secondary endpoint was treatment-related morbidity of the TEM
and completion TME procedures. This study was approved by the medical ethical
review board in Maastricht, the Netherlands.
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Statistical analyses
Baseline characteristics were collected and compared between the rectal preserving group and completion TME group. Differences in baseline characteristics were
evaluated Mann-Whitney U tests for comparison of median values. A Chi-square
test was used for the comparison of proportions. Kaplan Meier survival functions
were used to estimate the cumulative proportions of 3-year local recurrence and
distant metastasis rate, overall and disease-specific survival. Difference between
cumulative proportions was calculated and presented with 95% confidence interval.
Cox regression function was used to adjust overall survival between both groups for
ASA classification and age. A p-value of <0.05 was considered statistically significant.
Statistical analyses were performed using IBM SPSS software version 20.

Results
Patient characteristics
Between January 1994 and December 2010, 81 patients (37 female and 44 male
patients) with a pathological T2-3 rectal carcinoma were included. The TEM only
group consisted of 41 patients and the completion TME group of 40 patients. The
median age was 81.0 (SD8.7) and 65.5 (SD9.8) years, respectively (p < 0.001). A pT2
rectal carcinoma was reported in 67/81 (83%) patients, 35/41 (85%) patients in the
TEM only group and 32/40 (80%) patients in the completion TME group. In the TEM
only group 6/41 (15%) were a pT3 carcinoma versus 8/40 (20.%) in the completion
group. Other baseline characteristics are presented in table 1. In 69% of the patients
in the TEM only group a reason for not continuing with additional treatment was
given. Thirteen patients refused further treatment and in 14 patients the choice for
not continuing treatment was based on high age (median 86,0 years, IQR 83,5-88,3).
In the records of the other 14 patients no conclusive reason could be retrieved. In
the completion TME group, 16 (21%) patients received an end colostomy, including
four Hartmann procedures and twelve abdominoperineale resections (APR). Median follow-up in TEM only group was 29 (range 0-155) months and 31 (range 3-168)
months in completion TME group.
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Table 1 Baseline characteristics.
Median age in years (range)
% male
ASA I-II (n, %)
ASA III-IV (n, %)1
Median follow-up in months
Neoadjuvant therapy
Tumor characteristics
Anterior location
Circumferential tumour
Preoperative T-stage (n, %)
Benign
uT1
uT2-3^
Pathologic T-stage (n, %)
pT2
pT3
differentiation (n, %)*
Well differentiated
Moderately differentiated
Poorly differentiated
Unknown
Lymphatic invasion
Unknown lymphatic invasion
Vascular invasion
Unknown vascular invasion
Positive Resection Margin after TEM

TEM (n=41)
81 (56-96)
44
16 (47%)
18 (53%)
29 (155%)
0/41

TEM + TME (n=40)
65 (36-82)
65
29 (83%)
6 (17%)
31 (168%)
23/40 (55%)

13
3

10
2

21 (52%)
10 (24%)
10 (24%)

27 (68%)
7 (18%)
6 (14%)

35 (85%)
6 (15%)

32 (80%)
8 (20%)

6 (15%)
27 (66%)
3 (8%)
5 (13%)
1 / 17
24 / 41
2 / 19
22 / 41
0 / 41

6 (15%)
21 (53%)
6 (15%)
8 (20%)
0 / 14
26 / 40
3 / 22
18 / 40
9 / 40 (23%)

1 ASA Classification was unknown in 6 patients in TEM only group and in 5 patients in TEM + TME group
^ Diagnostic TEM as tumor could be T2-3 based on ERUS, however no positive biopsies or malignant
aspect at colonoscopy
*Grading according to the American Joint Commission on Cancer

Local recurrence
At three years, local recurrence rate was 35.4% (n = 11) in the TEM only group
compared to 10.5% (n = 3) in the completion TME group (difference 24.9%; 95% CI
4.8% to 45.8%, p = 0.020). Median time to local recurrence was 9 months (range
3 - 36) and 11 months (range 11 - 18) respectively, p = 0.555. One patient in the
TEM only group and one patient in the completion TME group had a local recurrence with signs of a distant recurrence. In the TEM only group, local recurrence
was managed by TEM in one patient, low anterior resection in two patients, APR
in three patients, Hartmann procedure in one patient and non-operative therapy
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in three patients. One patient with concurrent liver metastasis died of the disease.
In the completion group, local recurrence was managed by APR in one patient, and
non-operative therapy in one patient. One patient with concurrent liver metastasis
was not treated for the local recurrence and died of the disease.
Distant recurrence
At three years, distant recurrence rate was reported in 16.0% and 16.0% respectively (difference 0.0%; 95% CI -21.2% to 21.2%). Median time to distant recurrence
was 18 months (range 10 - 21) and 17 months (range 9 - 36), p = 0.886. Three out of
four patients in the TEM only group and three out of four in the completion TME had
distant recurrence without signs of a local recurrence.
Survival
The overall 3-year survival was 62.6% in the TEM only group and 90.8% in the
completion TME group (difference 28.2%; 95% CI 8.8% to 47.6%, figure 1), adjusted
for age and ASA classification no significant difference between both groups was
found (p = 0.128). The disease-specific 3-year survival was 90.5% versus 93.3% respectively (difference 2.8%; -12.9% to 18.5%, figure 2). The disease-specific survival
showed no significant difference between both groups.

Figure 1. Kaplan Meier showing the difference in overall survival between TEM group (dots) and completion TME group (line). Follow-up period has been truncated at 36 months.
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Figure 2. Kaplan Meier showing the difference in disease-specific survival between TEM group (dots) and
completion TME group (line). Follow-up period has been truncated at 36 months.

Morbidity
Combining both groups, complications after TEM occurred in 12 patients (15%). In
the TEM only group eight patients (20%) had one or more postoperative complications, including an intra-abdominal abscess (5%), re-bleeding (8%), urinary tract
infection (5%), bladder retention (3%). In 4 patient’s complications outside the
abdomen occurred (table 2). One patient died because of a bilateral pneumonia
within 30 days after the TEM procedure. One patient was re-operated and a stoma
was created after bleeding at the local excision site. In the completion TME group
four patients (10%) suffered a complication after TEM, as specified in table 2.
Table 2 Cumulative morbidity and mortality
Variable
Postoperative complications
(no. of patients)
Prolonged fever (events)
Re-bleeding (events)
Urinary tract infection (events)
Bladder retention (events)
Presacral abscess/
Anastomotic leakage (events)
Stoma formation (events)
Other
Mortality < 30 days
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TEM (n=41)
8/41

TEM prior to
TME (n=40)
4/40

TME (n=40)
18/40 (45%)

0
3
2
1
2

1
1
1
0
0

0
0
2
1
7/40 (18%)

1
4
1

1
0
0

2
9
1

Postoperative morbidity following completion TME was reported in 18 patients
(45%) including an anastomotic leakage in 7 patients (18%). Of these seven patients,
one patient died postoperatively and another patient needed a re-operation with
formation of a stoma.

Discussion
TEM only for pT2-T3 without (neo-)adjuvant treatment results in a substantial
higher local recurrence rate than TEM followed by completion TME, and therefore
should only be considered a palliative treatment. These results are in line with
current national guidelines and patients who have a pT2-pT3 carcinoma, should
undergo completion TME.12,20 In this retrospective cohort with mainly older and ASA
III patients in whom only TEM was performed, worse three-year overall survival was
observed compared to patients in whom completion TME was performed. When
looking at the disease-specific survival of the comorbid and almost octogenarian
group treated with TEM as a stand-alone procedure, similar result was found for
group treated with completion TME group, indicating mortality was mainly caused
by other factors than the rectal cancer.
With a patient population increasing in life expectancy, and a shift towards a higher
incidence of early rectal cancers due to the national screening programs, treatmentrelated morbidity, mortality and quality of life play a pivotal part in the decision
making process of the optimal treatment strategy of rectal cancer. TME following
TEM is associated with a higher complication rate, than TME alone, especially shown
in the high rate of anastomotic leaks within 30 days. Even though that the literature
on completion TME is scarce, the 18% anastomotic leakage after completion TME
found in our study, doubles the rate found in the study from Hompes et al.21 They did
report that in half of the cases the dissection was considered difficult due to disruption of the normal tissue planes at the TEM site. Levic et al. reported a perforation at
the TEM site happened in 20% of the patients during completion TME.22 Additionally,
scarring of the mesorectal plane and a weakened rectal wall could be attributing to
the increased risk on perforation, and subsequently contribute to an increase of
the local recurrence rate.23 Our study was limited by its retrospective nature, and
unfortunately we are unable to report on perforation during completion TME since
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it was not clearly reported in the patient records. However, the high recurrence rate
at 3 years (10.5%) in our completion TME cohort support this hypothesis.
No significant difference was found between groups for distant recurrences. De
Graaf et al. reported a similar distant recurrence rate in patients treated with TEM
or TME alone with comparable overall survival and disease-specific survival7.
Without a doubt this study has its limitations. The TEM procedure without additional treatment is as expected an oncologic inferior procedure in pT2 and pT3
rectal tumors, but is often chosen as a palliative option for unexpected pT2-T3
rectal carcinomas. The size of the cohort was too small to conduct an univariable or
multivariable analysis to identify independent predictors for recurrence or impaired
survival. Due to the sample size it was also not possible to identify which patient,
at what age and with what ASA classification, should be considered for this option.
As the median follow-up is around 30 months mainly due to death or some lost to
follow-up, especially in the TEM only group, we had decided to limit the analysis to
3-years follow-up in order to increase the level of evidence of our results.
Nevertheless, nowadays early rectal cancers will increasingly be diagnosed due to
the implementation of screening programs, and elderly patients more often request
for rectal preserving therapy. This study may lend support for a more conservative
way of treating ‘accidentally’ found T2-3 rectal cancer after local excision in the
comorbid elderly patient since completion radical treatment will decrease the risk
for local recurrence, but not distant recurrence nor disease-specific survival, and
is associated with increased risk on postoperative complications. If an unexpected
T2-3 rectal carcinoma after local excision is discovered, rectal saving therapy might
be suggested with postoperative (chemo)radiotherapy as it could decrease the local
recurrence.24 This is however not common practice at the moment in the Netherlands as clear evidence is lacking and data of the randomized clinical trial TESAR
comparing adjuvant chemoradiotherapy after local excision versus completion TME
is to be awaited.25 Therefore, we believe that this study, despite these limitations,
provides evidence that for a specific group of patients TEM for pT2 and pT3 might
be a valid alternative for completion TME when all options are to be discussed with
the patient.
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In conclusion, from an oncologic perspective TEM only in pT2-3 rectal tumors is
clearly inferior to TEM followed by completion TME if indicated. However, it could
be considered in old and frail patients.
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Abstract:
Background:
The high morbidity associated with rectal resection for rectal cancer serves as an
incentive for rectal preserving treatment strategies. This synopsis of national and international guidelines aims to determine current consensus and controversy among
treatment recommendations for early rectal cancer.
Methods:
The databases PubMed, Embase, Trip database, national guideline clearinghouse,
BMJ Best practice were systematically searched for relevant papers. Guidelines
published before 2010 were excluded. The AGREE-II tool was used for quality assessment.
Results:
Out of 2278 potential documents, 24 guidelines were included. Consensus exists
for local excision of low risk T1 rectal cancer, although there is no uniformity how to
stratify risk. It’s generally agreed that TME surgery is standard of care for all other
stages. If rectal preserving alternatives are mentioned, this is mostly recommended
only in patients unfit for radical surgery or in trial setting with a low level of agreement. Guidelines mostly lack any statement on assessing cN0, and surveillance protocols after local treatment. Clinical complete response after chemoradiotherapy is
addressed by a minority of guidelines, mostly emphasizing the experimental status
of a ‘watch and wait’ strategy or local excision of the scar.
Conclusion:
Rectal preserving treatment strategies for rectal cancer, except for low risk T1 stage,
are still considered experimental or only indicated in patients not suitable for standard care according to current guidelines and consensus statements, underlining
the need for high quality studies. The definition of cN0 stage and surveillance of the
preserved rectum are underexposed issues that need to be explored further.
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What does this paper add to the literature?
This guideline synopsis provides a systematic overview of national and international
guidelines on rectal preserving treatment strategies, thereby identifying lacunae in
current evidence and highlighting fields for further research.

Background
The treatment of rectal cancer is rapidly developing towards a more patient tailored
approach. Focus is also shifting from solely oncological control towards achieving
a balance with optimal functional outcome and quality of life. The high morbidity and long-term functional implications that are associated with radical surgery
for rectal cancer have encouraged the development of treatment strategies that
enable preservation of the rectum. Introduction of transanal approaches for local
excision of early rectal lesions (i.e. Transanal Endoscopic Microsurgery (TEM)) and
observing those patients who demonstrate clinical complete response after neoadjuvant chemoradiotherapy have contributed to this paradigm shift. Finally, the
introduction of screening programs resulted in a migration towards earlier staged
rectal cancers, thereby increasing the population of patients who may be treated
with organ preservation strategies. There is considerable uncertainty and lack of
standardisation in the approach to organ preservation and an urgent need to define
standardized treatment strategies on an international level to facilitate an optimal
balance between oncological control and treatment-related morbidity and sequelae
in terms of functional outcome and quality of life.1
The pivotal publication of “watch and wait”(W&W) by Habr Gama et al. showed
promising results for patients that achieved a clinical complete response following
neoadjuvant chemoradiotherapy, and has led to various initiatives to investigate different strategies of rectal preservation.2 However, there is still controversy whether
these should be implemented as standard of care.
Local excision of low risk early rectal cancer is a commonly accepted rectal
preserving treatment. However, defining the risk of an early rectal cancer is still
debated. Intermediate and high risk early rectal cancers often pose a treatment
dilemma as the increased risk of recurrence after local excision with or without
neoadjuvant radiotherapy should be weighed against the morbidity associated with
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(completion) total mesorectal excision (TME).3 The aim of this study is to systematically review national and international guidelines in order to provide an overview
on the consensus and controversies concerning rectal preservation strategies in the
treatment of rectal cancer.

Methods
Search strategy
A systematic search to identify regional, national and international guidelines and
consensus documents on treatment of rectal cancer was performed. In collaboration with a clinical librarian, the search was carried out on November 5th 2015 using
Medline (via Pubmed), Embase, Trip database, National Guideline Clearinghouse
and BMJ Best Practice databases. An update of the search was performed at June
2nd 2016 to include updates and/or recently published guidelines. Furthermore,
websites of the Ministries of Health of several Western countries were searched
manually.
Selection process
Guidelines written in English, Dutch, German, Scandinavian or Latin languages
were included. Guidelines published prior to 2010 were excluded. Besides regional
and national guidelines, consensus statements of multinational organisations (i.e.
European Society of Medical Oncology or the European Association of Endoscopic
Surgery) were included as well.
After removal of duplicates, retrieved references were independently screened
by two reviewers (WAB, SO) on title and abstract using the online Covidence review
manager (Covidence online review manager 2015, www.covidence.org). In case of
disagreement, consensus was achieved by discussion. After this second round of
screening, an additional check on duplicates, updates, addendums, and withdrawn
status was performed. Full-text assessment of the remaining documents was performed independently by two reviewers.
The AGREE-II instrument was used for quality-assessment of the included guidelines.4 This instrument incorporates 23 items, which were scored independently by
the two reviewers from 1 to 7, with 7 as the maximum score. A mean score of each
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paper was calculated, and those scoring 3.00 or less were deemed to be of low
quality and were therefore excluded.
Data extraction
Data extraction and categorization were performed by WAB and SO and discussed
to reach consensus. Topics of interest were rectal preserving treatment strategies
per clinical/pathological stage, preoperative imaging of early rectal cancers, techniques of local excision, W&W after neoadjuvant chemoradiotherapy, and follow-up
schemes after rectal preserving treatment.
Consensus and Level of Evidence
In order to reach consensus, at least two-thirds of the guidelines that made a relevant statement on a specific topic needed to have a similar recommendation on
rectal preserving treatment strategies. For the conclusion statements, the highest
level of evidence classified to the Oxford centre for Evidence-based Medicine Levels
of Evidence 2009 was retrieved from the included guidelines. (http://www.cebm.
net/oxford-centre-evidencebased-medicine-levels-evidence-march-2009/) If the
included guidelines did not report their recommendations according to the Oxford
classification, the level of evidence was manually reassigned.

Results:
Literature search
The search resulted in a total of 2278 articles. After removal of duplicates, 1894
titles were evaluated for potential use, of which 1857 were excluded based on title
or abstract. An additional 26 guidelines were retrieved by searching websites of
ministries of health and surgical or oncological national societies, and by crosschecking references. Ultimately, 54 guidelines were assessed by full text for inclusion. Another 28 guidelines were excluded based on criteria as provided in Figure
1 (flowchart).
Quality – AGREE-II The remaining 26 guidelines that were assessed for quality
consisted of 16 national guidelines [e01][e02][e03][e04][e06][e07][e08][e09][e11]
[e14][e17][e18][e19][e24][e25] [e27], eight consensus statements [e10][e12][e13]
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Figure 1 Inclusion Flow-Chart
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[e15][e16][e20][e21][e22], and two sole chapters [e05][e26]. The mean score of the
guidelines was 4.70. The Cuban[e04] and Danish[e05] guidelines were excluded due
to a mean score of 2.21 and 2.67 respectively. Eventually, a total of 24 guidelines
were included.

SYNOPSIS
1.Staging
In the pre-treatment staging of rectal cancer, MRI and endorectal ultrasound (ERUS)
have been described as imaging modalities. Local excision is only recommended in
N0 stage rectal cancer, therefore staging with MRI to exclude lymph nodes suspected
for metastasis is mandatory. Seven out of the 24 included guidelines, mentioned
criteria for lymph node assessment based on MRI [e01][e10][e12][e13][e16][e21]
[e22]. Irregular border, signal heterogeneity and a round shape were named in all
as morphologic characteristics associated with malignancy. Two guidelines mentioned a size >8 mm as a risk factor [e12][e22], and the Dutch guideline mentioned
a size >5mm as a risk factor when concomitant suspicious morphologic features
were observed [e1]. ERUS is superior in analysing depth of invasiveness for small
rectal cancers, thereby differentiating between T1 and T2. MRI is superior to assess
ingrowth into the mesorectal fat and mesorectal fascia. Therefore, MRI is recommended for larger lesions. This recommendation was mentioned in 14 guidelines
[e06][e07][e08][e10][e12][e13][e14][e16][e17][e20][e21][e22][e26][e27]. In six
guidelines MRI was recommended above ERUS, and that ERUS should be reserved
for expert centres or solely when local excision is planned [e1][e3][e8][e11][e18]
[e19]. The NCCN guidelines (USA) did not differentiate between MRI or ERUS and
stated that imaging should be performed according to facilitations of local hospitals
[e24]. Four guidelines did not mention imaging in the work-up [e2][e9][e15][e25].
MRI and ERUS should be used complementary in the staging of rectal cancer. ERUS
is superior when analysing depth of invasiveness in small superficial cancers, and
MRI is superior for assessing mesorectal lymph nodes as well as ingrowth into the
mesorectum and mesorectal fascia. Consensus. level of evidence: 2b.
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2. Treatment based on clinical stage (cTNM)
cT1NOMO

Local excision for clinical staged cT1NOMO was advised in 13 of the included guidelines [e01][e03] [e06][e07][e10][e12][e14][e17][e20][e21][e22] [e24][e25]. Eight
guidelines mentioned neo-adjuvant treatment for cT1-2 tumours followed by local
excision as an alternative treatment strategy, but only in trial setting [e01][e03][e06]
[e8][e10][e11][e20][e21]. Additionally, the ESMO guidelines specifically mentioned
contact radiotherapy or brachytherapy as an option for patients not fit for any type
of surgery [e12]. Two guidelines advised TME for cT1N0M0, of which the Canadian
guideline specifically mentioned that, if a patient consents with a higher risk on recurrence, a local excision is a viable option [e13][e26]. The NICE guideline from the
United Kingdom stated that TME should be considered standard therapy for early
rectal cancer as the evidence for all other treatment strategies is of inadequate
quality [e18]. The European Union guideline refrained from recommendation based
on cT1N0MO-stage [e11]. Six guidelines did not make a distinction between clinicaland pathological-staged rectal cancer separately, and therefore were not included
in this analysis on clinical stage early rectal cancer [e02][e16][e09][e15][e19][e27].
Local excision is a safe approach for cT1N0M0 rectal cancer. Consensus, highest level
of evidence: 1b.
cT2N0M0

None of the seventeen guidelines making a recommendation on this stage advised
a local excision alone [e1][e3][e6][e7][e8][e9][e10][e11][e12][e13][e14][e15][e16]
[e21][e22][e24][e25]. One consensus statement[e20] advised neoadjuvant treatment followed by local excision and 10 guidelines mentioned neoadjuvant therapy
followed by local excision as an option in trial setting only, in patients not fit for
surgery or in patients refusing a TME [e01][e03][e06][e07][e10][e11][e12][e15]
[e16][e21]. Six guidelines did not address this specific stage [e02][e17][e18][e19]
[e26][e27].
For cT2N0M0 rectal cancer, TME should be considered standard of care. Consensus,
highest level of evidence: 2b.
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Local excision following neo-adjuvant therapy can be offered in trial setting or
for patients not fit for or refusing major surgery. Consensus, Level of evidence: 2b.
3. Definition of high risk pT1 rectal cancer
Six out of the 24 included guidelines did not make a categorisation into low or high
risk pT1 rectal cancer based on tumour characteristics [e9][e14][e15][e17][e18]
[e19].
Of the remaining guidelines, a pT1 tumour was defined as high risk in 13 out
of the 18 guidelines if the pathological examination revealed at least one of the
following characteristics: poor differentiation, lymphatic- or venous-invasion and a
resection margin of less than 1mm [e01][e02][e06][e07][e08][e10][e11][e12][e16]
[e21][e22][e24][e25]. Regarding margin status, the Argentinian guideline used a
different cut-off of <3 mm as high risk [e02]. A tumour size >3 cm was mentioned as
an additional independent risk factor in six of the included guidelines [e1][e2][e7]
[e8][e17][e21].
Four of the included guidelines based the low/high risk classification of pT1
solely on SM-classification [E3][e13][e26][e27]. In eight guidelines, SM-classification
was mentioned as independent factor among the other characteristics (i.e. poor
differentiation, lymphatic-, venous invasion) [e6][e7][e10] [e12][e16][e22][e24]
[e25]. Four of these eight guidelines mentioned SM3 as high risk and four classified
anything higher than SM1 as high risk [e6][e7][e10][e16]. The German and the EURECCA guidelines stated that current evidence was of inadequate quality to include
SM-classification in the definition of low or high risk pT1 rectal cancer [e8][e22]. In
conclusion, 12 out of 18 guidelines mentioned SM-3 as indicator for high risk pT1.
Tumour budding was mentioned as independent characteristic of high risk in
four of the included guidelines [e7][e11][e25][e27]. Tumour budding is classified
into three grades, which is based on the amount of individual cells and small clusters
of tumour cells that infiltrate the interstitium at the tumour resection margin. Grade
1 being less than 4 tumour cells within the microscopic field, grade 2 with 5-9 cells,
and grade 3 with more than 10 cells [e25]. Grade 1 budding was considered to be
low risk, and Grade 2-3 budding was considered to be high risk pT1.
A pT1 rectal cancer is defined as high risk if any of the following characteristics is
mentioned in the pathology report: poor differentiation, lymphatic- or venous in-

125

6

Chapter 6 | Rectal preserving treatment strategies in rectal cancer

vasion, a clear resection margin of less than 1mm and sm3. Consensus, Level of
evidence: 2b.
4. Treatment based on pathological stage (pT)
4a. pT1 Low risk (well-moderately differentiated, no venous invasion, no lymphatic
invasion, <3-4cm, SM1-2)
Following local excision or polypectomy of a low risk T1 rectal cancer, nineteen
[e01][e02][e03][e06][e07][e08][e09][e10][e11][e12][e13][e14][e16][e19][e20]
[e22][e24][e25][e27] papers stated that no adjuvant therapy (completion surgery
or (chemo-)radiotherapy) was indicated. In five guidelines, there were no separate
statements for risk categories of pT1, and adjuvant treatment after local excision
was not mentioned [e15][e17][e18][e21][e26].
For pT1 low risk, local excision is deemed sufficient. Consensus, highest level of
evidence: 1b.
4b. pT1 high risk (poor differentiation, or venous invasion, or lymphatic invasion, or
R1, or >3-4cm, or SM3)
Completion TME was recommended by 18 guidelines for high risk pT1 rectal
cancer [e01][e02][e03] [e06][e07][e08][e10][e11][e12][e13][e14][e16][e19][e20]
[e22][e24][e25][e27]. The Brazilian guideline [e09] advised adjuvant (chemo)
radiotherapy, and nine other guidelines mentioned this as option in trial setting, or
for patients not fit for or declining surgery [e07][e8][e10][e12][e13][e20][e22][e24]
[e27]. In addition, the French Thésaurus [e07] indicated contact radiotherapy as
option for frail patients. Five documents [e15][e17][e18][e21][e26] did not clarify a
specific advise on treatment for this stage.
Standard of care after local excision/polypectomy of high risk pT1 is completion
TME. Consensus, Level of evidence: 2b.
Adjuvant (chemo)radiotherapy could be an alternative for completion TME in
trial setting, or for patients unfit for surgery. Controversy, highest level of evidence:
3b.
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4c. pT2

Seventeen guidelines [e01][e02][e03][e06][e07][e08][e10][e11][e12][e13]
[e14][e16][e19][e20][e22][e24][e27] recommended a completion TME after
local excision of pT2 rectal cancer. Adjuvant radiotherapy was mentioned as an
alternative for TME in the Brazilian guideline[e09] and considered as an alternative
option in trial setting, or in patients not fit for surgery or declining surgery in 7 other
guidelines [e07][e08][e09][e10][e12][e13][e20]. Six of the included papers did not
make a statement on further treatment of locally excised pT2 rectal cancer [e15]
[e17]e18][e21][e25][e26].
Standard of care after local excision of pT2 rectal cancer is completion TME. Consensus, Level of evidence: 2b.
Adjuvant (chemo-)radiotherapy following local excision for pT2 rectal cancer is
an alternative for completion TME in selected patients or in trial setting. Controversy,
Level of evidence: 3b.
5. Treatment strategy for complete clinical response to neo-adjuvant treatment
(ycCR / ycT0)
W&W was mentioned by 8 guidelines in patients with a clinical complete response
(cCR) after chemoradiotherapy that was indicated based on a clinically advanced
stage. The Dutch guideline considered TME surgery as standard of care independent
of response after chemoradiotherapy [e01], and W&W for ycCR should only be
performed in trial setting. Two guidelines [e07][e15] postulated W&W for fragile
patients or patients who refuse surgery. Five other guidelines [e08][e13][e18][e21]
[e24] mentioned the novel concept of close monitoring for ycCR but stated that
there is no high-quality supporting evidence yet. None of the included guidelines
incorporated an exact definition on how cCR is or should be defined.
Excision of the scar in case of cCR should be considered according to 4 guidelines
[e01][e13][e15][e16]. The French Thésaurus [e07] and EAES [e10] consensus statement proposed the excision of the scar in ycCR in the setting of a clinical trial. If local
excision of a remaining scar after (chemo)radiotherapy has been performed, only
one guideline specified the treatment strategy per specific ypT-stage. The Dutch
guideline mentions that after local excision of the scar, surveillance can be considered in case of ypT0-1 if discussed during a MDT meeting in a centre with expertise
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in rectal preserving treatment. Completion TME is advised in case of ypT2-3 by this
guideline.
W&W for ycCR with intensive surveillance by an experienced team can be considered,
especially in frail patients and those refusing surgery, but should ideally be performed
in the controlled setting of a trial. Local excision of the scar or small residual disease
following (chemo)radiotherapy can be considered as alternative to TME surgery,
with close surveillance for ypT0-1. Controversy, highest level of evidence: 3b.
6. Technique of local excision
A wide variety of different local excision techniques was described in the included
guidelines: snare polypectomy, endoscopic mucosal resection (EMR), endoscopic
submucosal dissection (ESD), transanal excision (TE), transanal endoscopic microsurgery (TEM), transanal minimally invasive surgery (TAMIS), posterior transphincteric resection, posterior proctectomy, and transcoccygial resection. TEM was the
preferred technique for local excision according to 11 guidelines [e07][e08][e11]
[e12][e13][e14][e16][e20][e21][e22][e25]. Three guidelines considered TAMIS
as equivalent [e01][e15] or alternative [e10] option for local excision. Endoscopic
treatments (i.e. polypectomy, ESD and EMR) were indicated according to some
guidelines [e06][e10][e18]. EMR is more commonly used for the resection of benign
lesions and ESD is the preferred technique according to gastroenterologists if the
lesion proved to be carcinoma and is small enough to be excised endoscopically.
The European Commission guideline [e11] considered ESD inferior to TEM for rectal
cancer. Conventional transanal excision was indicated as viable option in one guideline [e09], but was considered obsolete by 5 guidelines [e08][e11][e16][e20][e21].
Six guidelines [e03][e14][e17][e26][e27] did not specify which technique of local
excision was advised.
A minimally invasive surgical approach is preferred for local excision of early stage
rectal cancer, using either TEM or TAMIS. Consensus, highest level of evidence: 2b.
7. Surveillance protocol following rectal preservation
Of the 24 included guidelines, five mentioned a surveillance protocol after local
excision of early rectal cancer [e01][e03][e11][e12][e22]. None of the included
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guidelines mentioned a follow-up protocol following W&W. The Dutch guideline
recommended endoscopic inspection of the scar and pelvic MRI every 3-6 months
in the first 2 to 3 years following local excision. The other guidelines recommended
the use of sigmoidoscopy combined with digital exam up to five years. Independently of type of resection, 14 guidelines recommended a surveillance protocol
after curative treatment of rectal cancer in general [e01][e02][e03][e07][e08][e09]
[e11][e12][e13][e19][e22][e24][e25][e27]. Although the differences were small,
they all proposed a different follow-up protocol. Six of these specifically stated that
for pT1N0 and R0 resection, imaging-modalities and CEA-testing were of no proven
value [e01][e11][e12][e13][e14][e16].

Definition of high risk pT1

6

MRI and ERUS complementary
Local excision for cT1N0MO
TME for cT2N0MO
Neoadjuvant CRT and local excision in trial setting of patients not fit for major surgery
For pT1 low risk, local excision is sufficient
For pT1 high risk, completion TME is standard of care
For pT1 high risk, adjuvant CRT might be suitable in trial setting or patients not fit for major…
For pT2, completion TME is standard of care
For pT2, adjuvant CRT might be suitable in trial setting or patients not fit for major surgery
Watch & Wait for ycCR only in trial setting
TEM or TAMIS is the preferred technique for local excision
Follow-up protocol

5

4

3b

2b

1b

1a

Figure 2: Level of evidence per topic 1a being the highest and 5 the lowest

No uniform surveillance protocol following rectal preserving treatment of rectal
cancer could be derived from the included guidelines. Endoscopic surveillance of the
scar after local excision seems to be indicated. Controversy, highest level of evidence:
5.
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Table 1. Included guidelines
e1
e2
e3

e4
e5
e6

e7
e8
e9
e10
e11
e12
e13
e14
e15

e16
e17
e18
e19
e20
e21

e22
e24
e25
e26
e27
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Guideline
Country
Year
Colorectaal carcinoom
Netherlands
2014
Cancer colorectal en la argentina
Argentina
2011
Guía de práctica clínica para la detección temprana,
Colombia
2013
diagnóstico, tratamiento, seguimiento y rehabilitación de
pacientes condiagnóstico de cáncer de colon y recto
Consenso nacional de cáncer de recto (exlcuded)
Cuba
2013
Danish colorectal cancer group retningslinier Lokal
Denmark
2014
tumorresktion i recum (excluded)
Nasjonalt handlingsprogram med retningslinjer for
Norway
2015
diagnostikk, behnadling og oppfolging av kreft it tykktarm og
endetarm
Thésuarus national de cancérologie digestive, ch 5 cancer du
France
2013
rectum
Evidence based guideline for colorectal cancer
Germany
2014
Protocolos clinicos e dretrizes terapeuticas em oncologica
Brasil
2014
Early rectal cancer: the europoean association for
EAES
2015
endoscopic surgery (EAES) clinical consensus conference
European guidelines for quality assurance in colorectal
European commission 2010
cancer screening and diagnosis
Managment of patients with colorectal cancer: a
European society of
2012
personalized approach to clinical decision making
medical oncology
Rectal cancer: ESMO clinical practice guidelines for
European society for
2013
diagnosis, treatment and follow-up
medical oncology
Consensus document for management of colorectal cancer
India
2014
Review of current best practice and priorities for research
International
2014
in radiation oncology for elderly patients with cancer: the
International Society of Geriatric Oncology (SIOG) taskforce
Practice parameters for early rectal cancer management:
Italy
2015
Italian society of colorectal Surgery guidelines
Management of early colorectal cancer
New Zealand
2011
National institute for Health and Care Excellence
UK
2011/14
SIGN Colorectal
Scotland
2015
ACR Appropriateness Criteria® Local Excision in Early Stage
USA
2015
Rectal Cancer
Practice Parameters for the management of Rectal Cancer
USA
2013
(revised)
ASCRS follow up
EURECCA colorectal: multidisciplinary management:
Europe
2014
European consensus conference colon &rectum
NCCN Clinical Practice Guidelines in Oncology: Rectal Cancer
USA
2015
JSCCR guidelines 2014 for the treatment of colorectal cancer
Japan
2014
Early stage rectal cancer
Cancer colorectal Adénocarcinome

Canada (Alberta)
France

2013
2012

Table 2 Quality assessment of included guidelines
Guideline/Country
Netherlands (e01)
Argentina (e02)
Colombia (e03)
Norway (e06)
France Thesaurus (e07)
Germany (e08)
Brasil (e09)
EAES (e10)
European guidelines for quality assurance in
colorectal cancer screening and diagnosis (e11)
ESMO: Personalised approach (e12)
ESMO: Clinical practice guidelines (e13)
India (e14)
IOSG (e15)
Italy (e16)
New Zealand (e17)
NICE (e18)
SIGN (e19)
ACR Appropriateness (e20)
ASCRS (e21)
EURECCA (e22)
NCCN (e24)
JSCCR (Japan) (e25)
Alberta (e26)
France (e27)

Year of
publication
2014
2011
2013
2015
2013
2014
2014
2015
2010

Agree overall
score*
6.5
4
4.5
6.5
5
7
5
6
7

Agree score
(mean)#
6.1
3.5
4.6
5.6
4.7
5.8
4.7
4.9
6.3

2012
2013
2014
2014
2015
2011
2014
2015
2015
2013
2014
2015
2014
2013
2012

6
6
4
2.5
6
5.5
7
6.5
3.5
6
7
7
5
4.5
4.5

4.4
3.2
3.3
3.6
4.4
6.2
6.7
6.4
3.4
4.7
6.5
5.4
4.3
4.2
4.6
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Discussion
This synopsis included 24 national and international guidelines or consensus documents with a statement on rectal preserving therapies for rectal cancer. Despite the
growing attention and expanding application of this treatment strategy, this synopsis
reveals that still only consensus exists for local excision of low risk T1 rectal cancer,
although there is no uniformity how to stratify risk. It is generally agreed that TME
surgery is standard of care for all other stages, and it is most commonly stated that
rectal preserving alternatives should only be considered in patients unfit for radical
surgery or in trial setting if mentioned at all. Unfit for surgery is never defined. Other
topics with low level of agreement, reflecting the insufficient available evidence are
MRI based lymph node assessment, W&W in complete responders after neoadjuvant
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therapy, definition and assessment of ycCR, and surveillance protocols after local
treatment. Only a few guidelines included a statement on these topics. The original
idea to conduct guideline synopses by the scientific committee of the ESCP was to
identify the lacunae in the current evidence on specific topics and define areas of
research. Therefore, these lacunae in rectal preserving treatment of rectal cancer
will be discussed in the light of upcoming trials or the latest available evidence.
Emerging evidence and topics for further research
Despite the consensus achieved on the type of imaging that should be used for the
assessment of rectal cancer, there was no consensus among the included guidelines regarding the definitions of clinical lymph node status if mentioned at all. The
reported low sensitivity of 72-91% and 65-76% of endo-ultrasonography and MRI,
respectively, has likely contributed to the observed variety among the guidelines
(Topic 1).5-8 Diffusion-weighted-MRI to assess nodal status has shown to increase
the sensitivity and specificity. However, more prospective studies and uniformity
in definitions are needed to increase the accuracy of preoperative staging modalities.9,10
Consensus was observed on the approach of cT1N0M0 and pT1 low risk carcinomas, which can safely be treated with organ preserving local excision (Topic
2). Moreover, the definition of characteristics associated with an increased risk on
tumour recurrence (and therefore high risk pT1) was univocal among the guidelines
regarding differentiation grade, lymphatic or venous invasion, resection margins and
SM-classification. Nevertheless, more recently used characteristics such as size of
the carcinoma and tumour budding were not embedded in the majority of guidelines (Topic 3). A recent retrospective study and systematic review showed tumour
budding to be an independent predictor for increased cancer recurrence.11,12 However, a more standardized method of assessment is needed before tumour budding
can be implemented in current clinical practice.
Neoadjuvant radiotherapy for clinically staged cT1-3N0M0 should still only be
applied in the controlled setting of a clinical trial. Neoadjuvant therapy that would
otherwise not have been given for these stages, is associated with an increased risk
of complications following surgery, long-term toxicity, and impaired functionality.
These disadvantages should be weighed against the oncological safety and probability of preserving the rectum on the long term. Results of the recently published
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CARTS study showed that organ preservation with neoadjuvant chemoradiotherapy
followed by TEM was possible in half of the patients with a cT1-3N0M0, but at
the expense of a mortality rate of 3.6% related to the chemoradiotherapy and
substantial overtreatment in those patients insufficiently responding.[13] In the UK
TREC trial, cT1-2N0M0 patients were randomised between TME and short-course
radiotherapy followed by TEM. Next to, the recently published GRECCAR-2 trial
successfully randomised patients with good response to neo-adjuvant radiotherapy
for a cT2-3 stage between local excision and TME.14 These trials demonstrate the
feasibility of randomising patients with early rectal cancer to standard TME surgery
and a rectal preserving strategy. The upcoming multinational STAR-TREC trial will
hopefully provide additional high quality evidence to enable evidence based treatment recommendations for rectal preservation based on clinical stage (Topic 4). As
shown by Bach et al., a locally excised rectal lesion that is thought to be benign
during preoperative work-up, is found to be malignant in up to 40% of the patients.15
In the presence of high risk features these patients should undergo completion TME
according to current guidelines as the associated risk of local recurrence is around
15

15, but might be as high as 42% if several risk factors are present (Topic 4). The current evidence on adjuvant radiotherapy following local excision for this type of early
rectal cancers is limited to small retrospective series with heterogeneous cohorts.16
The currently recruiting TESAR Trial (NCT02371304) is aiming to provide the needed
evidence for this subgroup of patients.17
cCR after neoadjuvant therapy is observed in 12% to 30% of the patients but
depends on several factors such as initial stage, type of neoadjuvant treatment and
timing of response evaluation.18,19 Moreover, it is important to mention that in current literature, there is still substantial variation in the exact definition of a cCR. A
combination between digital rectal examination, endoscopy, CEA measurement, CT
and MRI seems to be most accurate in evaluating the response.20 The exact criteria
for cCR were, however, not assessed in the included guidelines. Reported studies
on complete responders reflect a selected subgroup of patients with favourable
tumour characteristics, which is important to keep in mind when interpreting the
data. In a propensity matched analysis, Renehan et al. showed that 60% of the
complete responders can be treated in an organ preserving manner.19 Adequate
surveillance is needed to detect the one third of patients with a local regrowth at
a salvageable stage. It should be emphasised that the W&W strategy following cCR
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needs specific expertise and results should be closely monitored as part of a clinical
trial or registry. Improving the clinical complete response rate in early rectal cancer
is one of the research questions currently being addressed. Furthermore, there is
a need to better define how (local excision, digital rectal examination, endoscopy,
imaging), and at which interval from radiotherapy cCR should be assessed (Topic 5).
Few studies have directly compared TEM versus TAMIS for local excision of
early cancers and both are recommended as local excision technique (Topic 6). One
retrospective single-centre cohort study from Melin et al. compared 40 patients
undergoing TEM with 29 patients that underwent a local excision with TAMIS.21
They reported a non-significant trend towards a higher involved margin rate of the
TAMIS approach: 2.5% vs. 10.3%, respectively. As the basic principle of both surgical
options is comparable, the additional value of an RCT on this topic seems limited.
Regarding surveillance protocols following organ preservation, the paucity found
in standardized follow-up protocols among the included guidelines is inevitably a
result of the limited evidence available. An intensified schedule, which includes
endoscopic inspection of the scar and pelvic MRI for lymph node assessment, seems
warranted following rectal preserving strategies. Frequency and duration have to be
defined, also from a cost-effectiveness perspective.

Conclusion
Although rectal preserving treatment strategies for rectal cancer are mentioned to
a certain extent in the majority of national and international guidelines, the exact
boundaries and indications of use are still to be defined. Multiple trials are currently
recruiting to define the optimal neoadjuvant treatment strategies, improve outcomes and further determine the exact definitions of early rectal cancer. Awaiting
these results, rectal preservation should still be seen as an experimental treatment
strategy. Uniformity in terms of lymph node assessment on imaging, surveillance
protocols and risk assessment based on pathological examination is needed prior to
definitive implementation into clinical practice.
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Abstract
Despite numerous innovations being performed in the last decades, rectal surgery
still is associated with a high rate of postoperative morbidity. The aim of this
chapter is to provide a structured overview of the different surgical procedures
being performed for both benign and malignant rectal disease and their associated
complications. Parallel to surgery of the colon, a shifts has been made towards less
invasive treatment options for postoperative surgical complications. Early diagnosis
plays an important role in order to increase the success of these minimally invasive
techniques. Therefore in this chapter special attention will be paid to the minimally
invasive, and so called step-up approach of one of the most dreaded complications
following rectal surgery, anastomotic leak.
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Introduction
Rectal surgery can be complicated by general problems that follow any major abdominal operation e.g. haemorrhage, paralytic ileus, wound infection, herniation,
respiratory insufficiency, deep venous thrombosis or pulmonary embolism. This
chapter will focus on the complications which are specific to rectal surgery. The
spectrum of complications differs widely due to the different surgical procedures
currently performed for both benign and malignant rectal disease. The technical
armamentarium of the surgeon is still expanding and so are the varieties of complications that can occur. To a much greater extent than in colonic surgery, the decision
to restore continuity in rectal surgery is based on many factors. Comorbidity of the
patient, age, preoperative sphincter function, tumour distance from the anal verge,
resection margin in relation to the sphincter complex and patients’ preference all
play an important role in this, preferably shared, decision making. As a substantial
part of the complications are closely related to the decision whether or not to
perform a low anastomosis, this chapter differentiates between the complications
following “anastomotic surgery” and “non-anastomotic surgery”. The dysfunctional
neorectum is seen as a separate long term complication in this chapter.

Surgery for malignant disease
Early in the nineteen eighties, surgical resection of the rectum for cancer underwent
a major development with the introduction of complete resection of the visceral
mesentery en-bloc with the rectum, the total mesorectal excision (TME). The original paper of Heald published in 1986, showed that with the addition of TME, local
recurrence rates less than 4% could be achieved.1 Previously recurrence rates of up
to 30-40% were common. For this reason TME and clear resection margins became
the basic principles of a proper resection for rectal carcinoma. The favourable
early stage rectal carcinomas e.g. T1, SM1, good differentiation, no lymphatic and
no vascular invasion, <3cm in size, can be treated with local endoluminal excision.
Transanal Endoscopic Microsurgery (TEM) or the newer transanal minimal invasive
surgery (TAMIS) should be the preferred approach compared to the traditional local
excision as the former procedures are associated with lower recurrences due to
higher rates of clear resection margins.2
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Low Anterior Resection
Low anterior resection (LAR) is the most commonly performed procedure for the
resection of rectal carcinoma. Up to 70% of the patients with rectal carcinoma who
undergo surgery will receive an LAR.3 Anterior resection is indicated for proximal
rectal carcinoma. The technique involves a partial mesorectal excision where the
mesorectum is transected 5 cm below the tumour. LAR is indicated for carcinomas
located in the mid- or distal rectum (up to 10cm from the dentate line). In these
patients the whole mesorectum is excised and the colon is anastomosed to the very
distal rectum or even the upper part of the anal canal. This sphincter saving procedure enables the formation of an anastomosis between the descending colon and
the distal part of the remaining rectum. The anastomosis can be performed either
in a side-to-end, end-to-end, or colon pouch fashion. Either a handsewn or a stapled
anastomosis can be done, with no difference in the incidence of anastomotic leaks.4
Local recurrence rate following LAR is around 5 %.5 The formation of a defunctioning ileo- or colostomy does not prevent anastomotic leaks, but does decrease the
impact of the sepsis subsequent to the leak.
Hartmann’s procedure
The Hartmann’s procedure for malignant disease is traditionally being reserved for
surgery in the acute setting or for patients with extensive comorbidities. Nevertheless, population based data from the Dutch Surgical Colorectal Audit (DSCA) showed
that the Hartmann is being performed in up to 27.8% of the patients who opted
for a sphincter saving procedure. This proves that in current practice the Hartmann
procedure is an important alternative to abdominoperineal resection or colorectal
anastomosis. Even though the risk of anastomotic leakage is avoided, the Hartmann
procedure is still associated with a substantial pelvic abscess rates of around 13
%.6,7 The majority of these pelvic abscesses originate from the rectal stump and
therefore it is important to acquire enough length (minimally 4 cm) before suturing
or stapling the distal rectum, as a short stump increases the risk of a blow-out due
to the increased pressure caused by the anal sphincter.
Intersphinteric resection with coloanal anastomosis
In 1994 the intersphincteric resection (ISR) with a coloanal anastomosis was introduced by Schiessel et al.8 During this procedure the internal anal sphincter is partially
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or completely removed after separation from the external sphincter. Subsequently, a
handsewn coloanal anastomosis is fashioned. An ISR is associated with an increased
risk of anastomotic leaks and an increased risk of impaired continence, particularly
in patients who have received neoadjuvant chemotherapy. However some patients
are willing to accept these risks in order avoid a permanent colostomy.9
Transanal total mesorectal excision
For carcinomas located between 4-10 cm from the dentate line recently a new
surgical procedure has been developed: the Transanal Total Mesorectal Excision
(TaTME). The TaTME consists of an abdominal and transanal phase. Ideally two surgeons operate simultaneously, working towards each other until the rendezvous is
made between the abdominal- and transanal plane (Figure 1). The basic principle of
the procedure is that a SILS-port (e.g. Gelpoint path) is placed in the anus, thereby
creating a pneumopelvis. Especially in obese patients with a small pelvis, the
pneumopelvis enables better exposure since no structures need to be moved out
of the operation field. During TaTME, approximately 3-4 cm at the distal side of the
carcinoma or just above the anal sphincter complex a purse string suture is placed
to close off the lumen. Subsequently, after a washout with povidon iodine, a full
thickness, circumferential, rectal transection is made up to the avascular presacral
TME plane. A bottom up approach is done dissecting the rectum in the TME plane
beyond the level of the seminal vesicles. Laparoscopically, the left colon is fully
mobilised and the rectum is dissected from above downwards until the rendezvous
with the bottom up dissector. The anastomosis can be performed either handsewn
or with a double purse string circular stapler. A stapled anastomosis is associated
with a superior functional outcome compared to a handsewn one as the remaining
rectal cuff tends to be longer. A surgeon should be careful that only the anorectal
wall is enclosed in the purse-string as there is a risk of including the vaginal wall.
An advantage of the TAMIS-TME is that the stapled anastomosis can be reinforced
endoluminally.10 Injury to the urethra should be carefully avoided as the urethra
can be difficult to identify during the transanal phase, especially in the case of a
hypertrophied prostate. Even though the short term outcomes seem promising, the
TaTME has only been in use since 2009, therefore it must be emphasized that the
long term oncological and functional results are still awaited and this procedure
should only be performed by experienced hands or after extensive proctoring.11

143

7

Chapter 7 | Diagnosis and treatment of complications after ileal pouch and rectal surgery

Figure 1: Rendez-vous: Bottom-up

Abdominoperineal resection
For some of the low rectal carcinomas (up to 5 cm from the dentate line), especially
with ingrowth into the anal sphincter complex, the maintainance of bowel continuity is not an option. In these cases an abdominoperineal resection (APR) is advised.
In about 23% of rectal carcinomas the APR is the procedure of choice.3 The APR
that is being performed today is not very similar to the APR that was the standard
operation performed for many years before the introduction of the sphincter saving procedures.12 During APR, the distal colon, rectum and anal sphincter complex
are removed and a permanent colostomy is constructed. Despite the fact that
the APR has been applied for a long period of time, the conventional procedure
still is associated with substantial rates of margin involvement and perforation of
the TME-specimen. Local recurrence rates following APR were around 7-9%.13 To
reduce these rates of local recurrences a modification of the conventional APR has
been introduced over the past years: the extralevator-APR(eAPR).14 As opposed
to the conventional approach, during eAPR the lateral limits of the dissection are
extended to the base of the levator muscle. By including the levator muscle in the
specimen, more tissue remains between the carcinoma and the dissection plane,
which theoretically decreases margin involvement and perforation rate.15 The eAPR
is considered to be one of the most complex procedures and is subsequently associated with an increased risk to perineal wound healing because of the larger
perineal defect.16 If the margins are not threatened, and the sphincter cannot be
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saved because of ingrowth, an intersphincteric abdominoperineal resection is a
good alternative.

Complications related to APR
The wider extent of surgical resection and high rate of neoadjuvant therapy both
contribute to a perineal wound complication rates of up to 57% after APR.17 Complications such as perineal wound infection, perineal herniation and chronic presacral
sinus are associated with a high disease burden, high costs and obviously have a severe impact on the quality of life. Recently the BIOPEX randomized trial investigated
the effectiveness of a biological mesh for pelvic floor reconstruction following eAPR
in terms of uncomplicated perineal wound healing. This was the first randomized
controlled trial on patients undergoing APR specifically focussing on postoperative
complications. Patients were randomized either to biological mesh placement or
to primary perineal wound closure. Uncomplicated perineal wound healing was
reported in 66% vs. 64% of the patients respectively at 30-days postoperatively
with no significant difference between the groups. At 12 months postoperatively, a
healed perineum was reached in 95% and 98% respectively. Perineal herniation occurred in 25% of the patients after primary closure compared to a significantly lower
rate of 9% in the biological mesh group. These rates seem rather high however it
was not specified whether these hernias were symptomatic or asymptomatic. In
retrospective series these asymptomatic hernias are not reported explaining the
discrepancy with the higher rates reported in the prospective randomized trial.
Depending on the degree of herniation, surgical repair is indicated on an individualized basis as the majority of patients are treated conservatively with supportive
underwear. Surgical repair is aimed to reconstruct the pelvic floor. The approach
may be abdominal or perineal. The defect can be closed using myocutaneous flaps,
by primary suture repair or with the use of a mesh. Current evidence on treatment
options is based on case reports or small-retrospective series.18 A pooled analysis
by Mjoli et al. combined all the case reports and showed that the hernia recurrence
rate was lowest following mesh-repair (20%).18 Due to the radicality and extension
of the operation the sexual outcomes following APR are worse when compared
to sphincter saving procedures.19 More than half of the patients who underwent
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TME (LAR/APR/Hartmann) experience a decrease in sexual function.20 Interestingly,
reported quality of life does not seem to differ between LAR and APR.21

Surgery for benign disease
Restorative proctocolectomy
A restorative proctocolectomy (RP) should be considered as the best definitive surgical treatment for refractory ulcerative colitis (UC) or polyposis coli. Eventually, up
to a third of the patients with UC will undergo surgery during their disease course.22
Total proctocolectomy with ileal pouch-anal anastomosis (IPAA) is a more attractive
option than the traditional total proctocolectomy with a permanent end-ileostomy.
The RP can be performed as a single or a modified two stage procedure. Polyposis
patients can safely have a primary RP with an ileoanal pouch anastomosis. Patients
with ulcerative colitis are best treated with a subtotal colectomy first followed by
a completion proctectomy and pouch at a later stage which is named a modified
two stage procedure. In the acute setting of the colitis these patients are often malnourished and immunocompromised which is responsible for an increased risk of a
complicated postoperative course. Subtotal colectomy allows the patient to recover
after which the completion proctectomy can be scheduled within 3-6 months. The
creation of an ileal reservoir with the formation of the IPAA was invented by Sir Alan
Parks in 1978.23 In his original paper he described a S- shaped pouch comprised of
three 8 cm loops of small bowel and a handsewn anastomosis after mucosectomy of
the remaining rectal cuff. This S-Pouch has the drawback of an efferent limb that can
be the cause of evacuation problems. So Utsunomiya et al. proposed the simpler
J-pouch configuration.24 Throughout the years several reservoir types have been
described (J- , S-, W-, H- and Kock-pouch). Evidence from systematic reviews showed
that the double stapled J-pouch is considered to be superior, in terms of evacuation,
continence and the J-pouch is easier to construct.25 Both the colectomy and the
proctocolectomy can be performed via an open or laparoscopic approach (totally or
hand-assisted via a Pfannenstiel incision). The pouch itself is most commonly being
constructed extracorporally. The bowel can be extracted through the future stoma
site, or via a periumbilical incision or Pfannenstiel incision. One of the difficulties of
a laparoscopic proctectomy is the formation of the anastomosis with a cross-staple
line at the distal rectum. Often multiple staple firings are needed, which is associ-
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ated with an increased anastomotic leak rate.26 Mucosectomy prior to performing
the anastomosis is associated with better disease control, but also with a worse
functional outcome and therefore should not be considered as the standard in
pouch-surgery.27 Mucosectomy should only be reserved for patients with a high risk
of cuff dysplasia or recurrent inflammation in the cuff.27 In order to prevent ‘cuffitis’
in the postoperative course, it is crucial that the anastomosis should be placed in a
way that the rectal cuff is less than 2 cm in length. Laparoscopic ileal pouch surgery
is associated with beneficial outcomes in experienced centres compared to open
surgery. In terms of hospital stay, wound-infection and pelvic abscess rates laparoscopic colectomy has been shown to be superior, nevertheless it must be stressed
that the evidence for laparoscopic surgery results in severe acute ulcerative colitis
or with perforated disease is scarce.22,28,29

Anastomosis related complications
Anastomotic surgery of the rectum, is defined as the formation of a connection
between the colon or ileum on one hand and the transected rectum or anus on the
other. A temporary ileo- or colostomy is often created to divert the bowel contents
in order to reduce the sequelae of anastomotic leakage; the leak incidence itself
however is not necessarily prevented by this diversion. The definition of an anastomotic leak has been debated through the years due to the wide variety of clinical
symptoms with which it is associated. We recommend the definition proposed by
the International Study Group of Rectal cancer which is ‘A defect of the intestinal wall
at the anastomotic site (including suture and staple lines of neorectal reservoirs)
leading to a communication between the intra- and extraluminal compartments’.30
The study group also categorized the severity on the leak into three grades:
-

I Anastomotic leakage requiring no active therapeutic intervention

-

II Anastomotic leakage requiring active therapeutic intervention but manageable
without relaparotomy or re-laparoscopy

-

III Anastomotic leakage requiring re-laparotomy or re-laparoscopy.

In the current literature, an anastomotic leak is defined as “symptomatic” when
either grade II or III is present.31 This definition of symptomatic leak also applies to
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this chapter. The rates of anastomotic leak following rectal surgery are higher than
after colonic surgery, respectively 10-14% vs. 2-7%.32-35 With an associated mortality
of 6-22%, an increased risk of having a permanent ileostomy as well as local recurrence and the need of surgical or radiological interventions leakage is one of the
most dreaded complications following rectal surgery.36,37
Diagnosis of anastomotic leaks
The early diagnosis of an anastomotic leak is not only crucial to minimize the
degree of its sequelae, but also increases the chances of saving the anastomosis.38,39
Clinical signs of anastomotic leaks include fever, ileus, abdominal pain, abdominal
distention and even pulmonary and cardiac symptoms.30 All these symptoms can
be absent if a defunctioning ileostomy is present. Clinical evaluation and imaging
can be misleading when not conducted complementarily. Therefore adequate timing of diagnostic tests is of great importance. A contrast study performed too early
increases the false negative rate of the test.40 However delayed diagnosis of the
leak is associated with poorer outcomes in the long term. Inflammatory markers
as C-reactive protein (CRP) and white blood cell count should be used as screening
markers to augment the clinical observations. Irrespective of the signs of sepsis,
patients with an elevated CRP (> 150 mg/L) on day 3-5 postoperative should be
considered for imaging. The cut-off border of a CRP-level of 150 mg/L reduces
the false-negative rate of both computed-tomography (CT) with rectal contrast or
contrast radiography.41 Both contrast studies and sigmoidoscopy can be used to
diagnose an anastomotic leak. However as the specificity of these imaging studies
have a wide range, the decision to perform an intervention should be guided by
clinical evaluation as a negative test does not rule out an anastomotic leak.40

Treatment of the anastomotic leak
Early anastomotic leak
In the acute phase of a symptomatic anastomotic leak, the primary goal of the treatment is control of the sepsis. Traditionally when continuity is not intended, the leaking anastomosis is dismantled and an end-colostomy is constructed. If continuity
is preferred on the long term, the anastomotic leak should be defunctioned, if not
done so primarily and subsequently, drainage of the sepsis is the cornerstone the
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treatment. The total mesorectal excision, that is being performed for malignancy,
creates a large cavity behind the anastomosis which will be stuffed with pus and
debris in case of a leak. The anal sphincter thereby functions as a physiologic barrier
preventing drainage via the anus. Adequate and timely drainage of the abscess is
of major importance. Drainage can be performed transabdominal, percutaneous or
transanal. With this type of adequate drainage, the healing rate of the anastomosis
is around 50%.38 However, this could take months before the leak has closed so
the patient must be prepared for an intensive treatment period.42 Therefore new
strategies are being investigated.38
Endosponge treatment, combined with transanal closure of the defect
Weidenhagen et al. was the first to describe the Endosponge® vacuum assisted
drainage.43 An Endosponge® is placed endoscopically into the abscess cavity, by
changing it twice a week and tapering the size of the Endosponge® sequentially,
the cavity gradually collapses.(Figure 2) Endosponge® treatment in this early phase
shows a healing rate of 75%.42 However this technique is labour-intensive, expensive
and it could take several weeks or even months before healing of the anastomosis
is achieved. Therefore recently a modification of this technique was proposed, in
which the Endosponge® is used to clean the cavity instead of aiming at a gradual
collapse. A clean cavity that is surrounded by granulation tissue can be achieved
within one or two weeks. Subsequently the anastomotic defect is closed transanally
with the use of a Lone-Star-retractor (Cooper Surgical, Trumbull, United Stated) or
a SILS port (GelPOINT ® Path Transanal Access Platform, Applied Medical, Rancho
Santa Margarita, United States) (Figure 3).39 In patients with an ileal pouch anal
anastomosis (IPAA) for benign disease, this strategy showed high anastomotic healing rates up to 100%, however the results after resections for malignant disease
have to be awaited.38 Leaking coloanal anastomoses might have a lower tendency
to heal because of prior neoadjuvant radiotherapy. Technically, this anastomosis is
more difficult to repair than the low colorectal anastomosis.
So, in case of an anastomotic leak diagnosed early a step-up approach is advised
starting with minimally invasive techniques for drainage and transanal reconstruction leaving resection of the anastomosis and the formation of an end-colostomy as
a last resort.44,45
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Figure 2: Cavity with debris prior to Endosponge treatment (left). Granulation tissue covering cavity after
Endosponge treatment (right).

Figure 3: Anastomotic leak treated successfully with endosponge

Late anastomotic leakage
Late anastomotic leaks can be classified in two categories: an anastomotic defect or
presacral abscess that is present for longer than two months after the construction
of the anastomosis, including early leaks that have not been treated successfully
and secondly the chronic presacral sinus defined as a presacral abscess that is present more than a year after surgery. This distinction is important as we think that
both entities need different treatment strategies.

-First category: An anastomotic defect or presacral abscess that is
present more than two months after the initial operation
The first category includes patients that present with an asymptomatic leak which is
diagnosed on imaging, classically during anastomotic assessment, prior to (or after)
stoma reversal. Approximately 40-50% of the anastomotic leaks are diagnosed after
the patient is discharged from the hospital.46 The increased rates of neoadjuvant
radiotherapy are probably responsible for reducing secondary healing following an
anastomotic leak.47 These late anastomotic leaks or presacral abscesses can present
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with a variety of symptoms such as sacral pain, anal discharge, low anterior resection syndrome, fatigue, chronic anaemia or even late evacuation of pus transanally
or transvaginally. Due to the chronic infection the wall of the abscess including the
neorectum becomes fibrotic and stiff. The abscess cavity cannot be filled anymore
by the neorectum due to the stiffness of the wall. Drainage alone is therefore not
enough to close the defect particularly in longstanding leaks.38,44 Redo-surgery with
resection of the leaking coloanal or ileoanal anastomosis followed by pull-through
of a new colon loop or pouch and a new anastomosis is a possibility in selected
and motivated patients. However this must be seen as the last option to avoid a
permanent stoma. The decision to perform reconstructive surgery should be considered on individual basis. Small retrospective series have shown that redo surgery
is associated with substantial complication rates and poor functional outcomes.48,49
Therefore it is important that the patient is closely involved in the decision making
process and this type of surgery should only be performed in centres with extensive
experience in reconstructive surgery. We would like to discuss three types of redoprocedures – the Conventional pull-through, the Turnbull-Cutait and the TAMIS-redo
procedures.
Conventional pull-through
During all operations in which the anastomosis is reconstructed, it is important
to fully mobilise the left colon ligating the inferior mesenteric pedicle to acquire
enough length for a tension free apposition.48 If the left colon is not available the
transverse colon should be brought down transmesenterically (Toupet procedure).50
The reported success rate following the conventional procedure is 78.8%, with
overall morbidity and reintervention rates of 32.2% and 15.6% respectively.48 The
anastomosis itself is most commonly constructed in a hand-sewn fashion.
Turnbull-Cutait abdominoperineal pull-through procedure
The Turnbull-Cutait abdominoperineal pull-through procedure consists of rectal
resection (including the leaking anastomosis) and exteriorization of the afferent
colon, followed by delayed handsewn colo-anal anastomosis several days later.51,52
The largest retrospective study showed an functioning anastomosis in 75% of the
patients following this procedure.53 A Turnbull-Cutait procedure is preferred above
the conventional pull through procedure by a small group of highly specialized
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surgeons. They apply it in highly selected patients who have an increased risk for
a complicated course or for patients who present with a recto-vaginal fistula that
tracks down to the designated place of the new anastomosis. A known risk of the
Turnball-Cutait is that the exteriorized colon becomes ischaemic and therefore the
exteriorized colon should be checked carefully in the first post-operative days.
Redo TAMIS
Following the recent developments with the TaTME, the bottom up-approach is
also applied in redo-surgery.49 The insufflation of the pelvis during TAMIS improves
visualisation and surgical access and as such has the potential to revolutionise the
approach to redo low anastomotic surgery and extensive sleeve advancement of the
pouch. Furthermore, the advantage of TAMIS redo surgery is that the neorectum
can be used to guide the dissection, thereby potentially minimising the chance of
nerve and vascular injury deep in the pelvis. However the application of this technique should be further investigated before deciding on its value in redo surgery.

- Second category: Chronic presacral sinus
A chronic presacral sinus is defined as a presacral abscess that has been present
more than a year after initial surgery and is confirmed on imaging. The sinus can
be caused by an insufficiently treated anastomotic leak following a LAR or IPAA.
However it can also occur at the top of the rectal stump following a Hartmann’s procedure or in the presacral cavity following an APR.44 Unpublished data provided by
a nationwide Snapshot audit in the Netherlands showed a presacral sinus incidence
in approximately 9% of the patients following a LAR. A surprising 42% of the patients
with anastomotic leaks will eventually develop a presacral sinus. As mentioned
earlier a chronic sinus can cause serious long term complications.45 The number of
patients with asymptomatic chronic sinuses is unknown, however we believe that
at long-term the sinus will become symptomatic. Patients with a chronic sinus can
present with a variety of symptoms such as a purulent anal discharge, sacral pain,
difficulty in sitting or walking and urine or faecal discharge from the fistula tracts.44,45
However emergency presentation with osteomyelitis, hydronephrosis and necrotizing fasciitis have also been described.45
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Salvage surgery of the sinus is the only option for cure. In most patients, restoration of continuity is no longer advisable or achievable. Completion abdominoperineal intersphincteric proctectomy with an end-colostomy with omentoplasty in the
presacral cavity, is advised.45,54 Due the longstanding chronic pelvic sepsis and prior
irradiation in some, the cavity must be filled with healthy tissue to avoid recurrent
abscesses. The omentum must be mobilised in order to obtain sufficient length. This
can be done by pediculising the omentum on the left or right gastroepiploic artery
(Figure 4). Alternatively the presacral cavity can be filled using a muscle transposition flap (VRAM or Gracilis). Due to the risk of donor site complications e.g. painful
thigh wounds, sensory loss or even necrosis, the omentoplasty is often preferred to
the muscle flap.

7
Figure 4: Mobilised omentum from left or right gastroepiploic artery

Non-anastomotic related complications
Ureter and urethra lesions
Surgery deep in the pelvis puts structures like the ureter, urethra and pelvic autonomic nerves which are responsible for urogenital function at risk. One of the most
feared complications during rectal surgery is direct injury to the ureter, therefore the
ureter should always be identified proactively. When recognised directly, an ureter
lesion can be treated with good functional outcomes. Nevertheless failure to detect
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it could lead to hydronephrosis, renal function disorders and even fistula from urine
collection in the retroperitoneum or pelvis to the colon, abdominal wound, drain
site or vagina. During the transanal phase of the TAMIS-TME it is not so much the
ureter but the urethra that should be safeguarded, as the urethra may be difficult to
identify. Urethral injury is a hidden complication of this novel approach.
Urogenital complications
Almost half of the patients that undergo rectal surgery experience a form of sexual
dysfunction.20 These mainly consist of ejaculatory and erectile dysfunction in men
(reported in 65-80%) and dyspareunia (in 53-60%) and dryness (72%) in women.
Almost a third of the patients experience incontinence or retention of urine.20 The
sympathetic nerves that supply the bladder, prostate and seminal vesicles follow the
branches of the internal iliac artery . These nerves are mainly involved in the ejaculatory function. During presacral and ventrolateral dissection of the mesorectum, the
sympathetic nerves are at risk. The parasympathetic nerves, that are located behind
the endopelvic fascia and follow the ischiococcygeus and iliococcygeus muscles to
the anterior genital tract, are mainly responsible for the erectile function, sensation
of bladder fullness and bladder emptying. The parasympathetic nerves are at risk
during the deep dissection of the lateral planes.20 Results from the Dutch-TME trial
showed that difficulty in bladder emptying was significantly increased if there was
a reported damage to the parasympathetic sacral splanchnic nerves and parasympathetic inferior hypogastric plexus.20 Especially in the case of a narrow pelvis, or
severe obesity, these autonomic nerves are at risk of being damaged due to the
decreased visibility. As urogenital dysfunction is a common postoperative complication, patients should be made well aware of the risk of a deterioration in urinary and
sexual function in the preoperative course.
Dysfunctional neorectum
Urgency, constipation, incontinence of flatus and/or faeces, fragmentation, frequent bowel movements, sexual and urinary dysfunction all are symptoms that can
be brought under the umbrella of a “dysfunctional neorectum”. Up to 60% of the
patients undergoing rectal surgery experience disturbance in function. The height
of the anastomosis directly correlates with function. In general, the lower the
anastomosis the worse the functional outcome. A recent Cochrane review showed
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that seven different scales can be used to assess functionality and quality of life
(QoL) in surgically treated rectal cancer patients.55 The huge negative impact on
the QoL, costs related to work-absence and potential social-isolation have led to
the consensus that there was a need for a simple, quick and quantitative tool for
the assessment of postoperative functionality and quality of life. For this reason
Laurberg and coworkers developed the LARS-Score, which is currently being validated internationally and is being broadly supported by colorectal surgeons on an
international scale.56 It is a short 5-item questionnaire that is easy to use. Hopefully the international implementation of this questionnaire will provide the needed
homogeneity in the assessment of postoperative functionality and Quality of life.

Conclusions
Rectal surgery is subject to a continuous development in surgical techniques and
multimodulary treatment strategies. The spectrum of its complications is therefore expanding simultaneously. Early diagnosis and treatment are crucial in order
to achieve curation minimal invasively. Patients should be closely involved in the
decision making process when striving for continuity due to the high morbidity associated with redo anastomotic surgery.
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Abstract
Aim:
A Snapshot study design eliminates changes in treatment and outcome over time.
This population based Snapshot study aimed to determine current practice and outcome of rectal cancer treatment with published landmark randomised controlled
trials (RCTs) as a benchmark.
Methods:
In this collaborative research project, the dataset of the Dutch Surgical Colorectal
Audit was extended with additional treatment and long-term outcome data. All
registered patients who underwent resection for rectal cancer in 2011 were eligible.
Baseline characteristics and outcome were being evaluated against the results of
the Dutch TME trial and the COLOR II trial from which the original datasets were
obtained.
Results:
A total of 71 hospitals participated, and data were completed for 2102 out of the
potential 2633 patients (79.8%). Median follow-up was 41 (IQR 25-47) months.
Overall circumferential resection margin (CRM) involvement was 9.3% in the Snapshot cohort and 18.5% in the Dutch TME trial. CRM positivity after laparoscopic
resection was 7.8% in the Snapshot, and 9.5% in the COLOR II trial. Three-year
overall local recurrence rate in the Snapshot was 5.9%, with a disease free survival
of 67.1%, and overall survival of 79.5%. Benchmarking with the RCTs revealed an
overall favourable long-term outcome of the Snapshot cohort.
Conclusion:
This study showed that current rectal cancer care in a large unselected Dutch population is of high quality, with less positive CRM since the TME trial and oncological
safe implementation of minimally invasive surgery after the COLOR II trial.
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What does this paper add to the existing literature?
This is the first study to benchmark long term outcomes of a population based cohort against the results of landmark randomised controlled trials. We were able to
demonstrate that rectal cancer care in the Netherlands has considerably improved
over the years, but that there are still fields of improvement of current clinical care.

Introduction
Rectal cancer treatment has become a multimodality approach, although surgical
resection is still the cornerstone. The introduction of pelvic MRI has significantly
changed rectal cancer management and multidisciplinary team discussion is mandatory and essential for a patient tailored approach. Rectal surgery has significantly
changed over the last few decades with quality controlled resections according to
predefined anatomical planes, minimally invasive techniques, and enhanced recovery protocols.
Decisions on treatment approaches in current daily practice are mainly based
on (sub-)analyses of multicentre randomised controlled trials (RCT).1-5 Despite the
high level of evidence, there are also disadvantages related to RCTs.6 The study
population is often subject to strict in- and exclusion criteria. Therefore, RCTs might
not reflect the real life patient population.7 In addition, inclusion in RCTs is often
from expert centres. Besides the issue of external validity, these trials often have
a long accrual period, require sufficient length of follow-up and are published at
a time where some of the included interventions have already evolved. This is a
well-known drawback of longitudinal studies. A cross-sectional Snapshot study
design rapidly provides insight in current clinical practice. Using the principles of
collaborative research as first described by Pinkney et al., a large amount of data
can be acquired in a short period of time by involving a large group of physicians.8,9
This Snapshot study aimed to determine long-term outcomes of rectal cancer
resections performed in 2011 in the Netherlands. Previous publications from the
Dutch Surgical Colorectal Audit already provided insight in treatment strategies of
the Dutch hospitals at that time, revealing for example an almost routine use of
preoperative radiotherapy and a high proportion of low Hartmann’s procedure (low
anterior resection with end colostomy).10-13 This illustrates the value of population
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based studies and raises questions on the impact of such specific strategies on
overall long term outcome. To address the issue of external validity of RCTs, also
from a historical perspective, data of the Snapshot cohort were benchmarked using
the original datasets from two earlier conducted landmark RCTs, the Dutch TME
Trial and the COLOR II trial.3,14

Methods
This multi-centred, resident led, retrospective, cross-sectional Snapshot study
was conducted according to a predefined protocol and executed as collaborative
research under the name of the Dutch Snapshot Research Group, in close collaboration with the Dutch Surgical Colorectal Audit.15,16 The Dutch Surgical Colorectal Audit
is a nationwide prospective registry of all patients undergoing surgery for a primary
colorectal cancer. Participation to this registry is mandatory by the inspectorate of
health care. The Dutch Surgical Colorectal Audit was initiated in 2009 and provides
in the baseline characteristics and postoperative outcomes until 30-days following
the surgical resection.
All registered rectal cancer resections in 2011 were identified from the Dutch
Surgical Colorectal Audit. Data until 30 days postoperatively from the Dutch Surgical
Colorectal Audit were extended through a Snapshot study design with additional
data on diagnostic and treatment modalities, as well as long-term surgical and oncological outcomes. The year of 2011 was chosen based on a weighted balance
between representativeness for current practice on one hand and adequate followup on the other. In contrary to the Dutch Surgical Colorectal Audit, participation
to this long-term Snapshot study was voluntary. All hospitals (n=94) registering
in the Dutch Surgical Colorectal Audit were invited for this research project, and
eventually 71 hospitals agreed to participate in the Snapshot study. As not every
centre in the Netherlands participated to this Snapshot study on the long term
outcomes, baseline data of included patients in the Snapshot study were compared
with Dutch Surgical Colorectal Audit data of the patients who were registered in the
Dutch Surgical Colorectal audit but not included in the Snapshot study. The design
of the study and the preparation of the manuscript was performed according to
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement.17
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Data Collection
For data collection, a web-based tool was developed and controlled on privacy
regulations by Medical Research Data Management (MRDM, Deventer, the Netherlands). MRDM has extensive experience in anonymous patient registries. In every
participating hospital, one or two surgical residents, supervised by one surgical
consultant, were responsible for the data-collection. Patient details from the year
2011, were only accessible in the primary centre of treatment in compliance with
the Declaration of Helsinki.18 Each participating hospital had a period of 5 months
(May to October 2015) to collect the additional data. Subsequently, the data were
analysed for discrepancies and missing values. These were communicated back to
the local investigators, who got an extra period of one month for data correction.
Final data-extraction was carried out on the 15th of January 2016. The combined set
of short-term data retrieved from the Dutch Surgical Colorectal Audit and long-term
data retrieved through a Snapshot study design was made anonymous by MRDM
and was send to the central research coordinator.
Benchmarking with landmark RCTs
The most recent, large, mainly European trial on laparoscopic versus open rectal
resection was selected for benchmarking the Snapshot cohort, namely the COLOR II
trial (recruitment 2004-2010).19 To place these data into historical perspective, the
Dutch TME trial was selected (recruitment 1996-1999). This landmark RCT was published in 2001.20 The original datasets from the COLOR II and Dutch TME trial were
provided by the principle investigators in order to separately analyse the data for
the three main surgical procedures: low anterior resection (LAR), abdominoperineal
resection (APR) and Low Hartmann’s procedures. Only the eligible Dutch patients
out of the Dutch TME trial were included for present analysis, because these data
are the most up to date as this dataset is being updated every few years. For the
purpose of benchmarking, patient and treatment characteristics as well as threeyear oncological outcome parameters were analysed. Definition of Circumferential
resection margin (CRM) positivity varied: definition in Snapshot and Dutch TME
cohort was ≤1mm; definition in the COLORII was < 2mm. The definitions of the
other oncologic parameters, surgical procedures, as well as the study objectives
and in- and exclusion criteria of the selected trials are summarized in the appendix
(table 1a).
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Statistical analysis
Patient, treatment and outcome data were determined separately for the three
main surgical procedures (LAR, APR, Hartmann), as these would be performed in
different patient subgroups which would influence short and long-term outcome
measures. Categorical or dichotomous outcomes were presented as absolute
numbers and percentages. The chi-square-test was used for intergroup analyses.
Continuous outcomes were reported as median with interquartile range (IQR) or
mean with standard deviation (SD), in accordance to their distribution. The KaplanMeier method was used to determine the actuarial 3-year local recurrence, distant
recurrence, disease free survival, and overall survival rates from the date of surgery.
Comparison of subgroups regarding recurrence and survival were performed using
the Log-rank test. All analyses were performed with IBM SPSS statistics, version
23.00 (IBM Corp Armonk, NY, United States).
Ethics
The Medical Ethical Committee of the Academic Medical Center in Amsterdam, the
Netherlands, reviewed and approved the observational study design and decided
that informed consent was not needed to be obtained because there was no additional burden for the patient due to the design of the study.

Results
Demographics and baseline characteristics Snapshot cohort
Additional data were collected for a total of 2102 patients out of the potential
2633 (79.8%) patients that were originally registered in 2011. A total of seven cases
were excluded after the data-verification period. Four patients had recurrent rectal
cancer, one patient was referred with missing data, and two patients appeared not
to have rectal cancer. Median completeness of data at hospital level was 100% (IQR
96.7-100). Mean age was 67 years (SD 11.2) and 62.9% were males. Median followup was 41 (IQR 25-47) months. LAR was performed in 998 (47.6%) patients, APR in
639 (30.5%), and Low Hartmann’s procedure in 402 (19.2%) patients. Local excision
followed by completion TME was performed in 34 (1.6%) patients and 22 (1.1%)
patients underwent a proctocolectomy. Comparing Dutch Surgical Colorectal Audit
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data of included patients with the remaining 531 patients from non-participating
centres revealed no significant differences in patient characteristics, apart from a
significantly lower M-stage in the non-participating centres (5.2% vs. 9.3%, p<0.05).
More resections were performed laparoscopically (46.8% vs. 33.3%, p <0.001) and
30-day mortality was lower (2.7% vs. 5.2%, p =0.005) in the Snapshot-population
compared to the remaining cohort of non-participating centres (Appendix Table 1b).
Benchmarking baseline characteristics with RCTs
Table 1 displays the baseline characteristics for the Snapshot cohort, the COLOR II
and the Dutch-TME trial, with subdivision into LAR, APR and Low Hartmann’s procedure within the study populations. The original Dutch TME paper reported on 1861
patients, of which 1530 were included in the Netherlands. Of these, 50 patients
were found to be ineligible pre-randomisation and 37 patients did not undergo a
rectal resection. For the present analysis we included 1443 patients from the Dutch
TME trial. The proportions of APR in the Snapshot cohort, COLOR II and Dutch TME
were 30.5%, 26.5% and 30.6%, respectively. The Snapshot cohort had a higher
proportion of Low Hartmann’s procedure compared to the COLOR II and Dutch TME
(19.2% versus 4.5% and 5.4%). The majority of patients in the COLOR II were above
70 years of age, as opposed to the majority being under 70 years in the Snapshot
and Dutch TME. There were more ASA III patients in the COLOR II compared to the
Snapshot, with highest proportions in the Low Hartmann’s subgroups (42.6% and
25.8%, respectively).
Within the APR subgroups, the proportion of distal tumours within 3 cm from
the anal verge was the highest in the Snapshot, compared to the COLOR II and Dutch
TME (70.0% versus 50.0% and 60.9%). The proportion of pT3 tumours was the highest in the Dutch TME trial (57.2% vs 50.3% (COLOR II) and 46.1% (Snapshot)), with
a slightly higher proportion of pT4 tumour in the Snapshot (5.1% vs 2.9% (COLOR II)
and 3.5% (Dutch TME)). The proportion of patients with Stage III disease was similar
among the three studies: 36.1% (Snapshot), 35.9% (COLOR II), and 36.4% (Dutch
TME). The Low Hartmann’s subgroups in all studies had the highest proportions
of pT4 tumours, pN1-2 stage and synchronous metastasis. The Snapshot cohort
includes 9.3% M1 disease, and was an unexpected intra-operative finding in 0.5% in
the COLOR II and in 6.0% in the Dutch TME trial.
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Table 1. Baseline characteristics of the Snapshot, COLOR II and Dutch TME Trial.

Sex (Male)
Age
≤ 60
61-70
> 70-80
> 80
ASA I
ASA II
ASA III
ASA IV
BMI-mean (SD)

Snapshot cohort
2011
Total
LAR
APR
Low
Total
cohort (n=998) (n=639) Hartmann cohort
(n=2095)*
(n=402) (n=1044)2
1317/2095 631/997 418/639 232/402 659/1044
(62.9%) (63.3%) (65.5%) (57.7%)
(63.1%)
565/2095
(27%)
687/2095
(32.8%)
642/2095
(30.6%)
201/2095
(9.6%)
544/2046
(26.6%)
1159/2046
(56.6%)
331/2046
(16.2%)
12/2046
(0.6%)
26.0
(4.1)

Distance anal verge
≤ 3cm
484/1612
(30.0%)
3.1-7.0 cm
560/1612
(34.7%)
> 7 cm
568 /1612
(35.2%)
pT-stage
pT0-pTis
178/2034
(8.8%)
pT1
156/2034
(7.7%)
pT2
658/2034
(32.4%)
pT3
938/2034
(46.1%)
pT4
104/2034
(5.1%)
pN0
1279/2000
(63.9%)
pN+
721/2000
(36.1%)
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COLOR II
2004-2010
LAR
APR
Low
(n=609) (n=277) Hartmann
(n= 47)
378/609 183/277
31/47
(62.0%)
(66.1%)
(66.0%)

342/998
(34.3%)
344/998
(34.5%)
271/998
(27.2%)
41/998
(4.1%)
317/973
(32.6%)
532/973
(54.7%)
123/973
(12.6%)
1/973
(0.1%)
26.0
(3.8)

176/639
(27.5%)
229/639
(35.8%)
177/639
(27.7%)
57/639
(8.9%)
158/627
(25.2%)
373/627
(59.5%)
93/627
(14.8%)
3/627
(0.5%)
26.1
(4.3)

39 /402
(9.7%)
93/402
(23.1%)
172/402
(42.8%)
98/402
(24.4%)
60/392
(15.3%)
225/392
(57.4%)
101/392
(25.8)
6/392
(1.5%)
25.8
(4.6)

98/1044
66/609
24/277
1/47
(9.4%)
(10.8%)
(8.7%)
(2.1%)
252/1044 154/609 63/277
4/47
(24.1%)
(25.3%)
(22.7%)
(8.5%)
371/1044 223/609 92/277
13/47
(35.5%)
(36.6%)
(33.2%)
(27.7%)
323/1044 166/609 98/277
29/47
(30.9%)
(27.3%)
(35.4%)
(61.7%)
224/1023 140/597 54/270
5/47
(21.9%)
(23.5%)
(20%)
(10.6%)
601/1023 362/597 161/270
21/47
(58.7%)
(60.6%)
(59.6%)
(44.7%)
192/1023 92/597
54/270
20/47
(18.8%)
(15.4%)
(20%)
(42.6%)
6/1023
3/597
1/270
1/47
(0.6%)
(0.5%)
(0.4%)
(2.1%)
26.2
26.1 (4.5) 26.3 (4.5) 26.4 (4.0)
(4.4)

58/777
(7.5%)
284/777
(36.6%)
435/777
(56.0%)

360/514
(70.0%)
136/514
(26.5%)
18/514
(3.5%)

54/288
(18.8%)
129/288
(44.8%)
105/288
(36.5%)

124/791
(15.7%)
231/791
(29.2%)
436/791
(55.1%)

19/456
(4.2%)
123/456
(27.0%)
314/456
(68.9%)

105/210
(50.0 %)
93/210
(44.3%)
12/210
(5.7%)

13/35
(37.1%)
22/35
(62.9%)

72/969
(7.4%)
79/969
(8.2%)
329/969
(34.0%)
462/969
(47.7%)
27/969
(2.8%)
612/961
(63.7%)
349/961
(36.3%)

66/623
(10.6%)
45/623
(7.2%)
218/623
(35.0%)
254/623
(40.8%)
39/623
(6.3%)
408/608
(67.1%)
200/608
(32.9%)

33/390
(8.5%)
20/390
(5.1%)
100/390
(25.6%)
201/390
(51.5%)
36/390
(9.2%)
224/380
(58.9%)
156/380
(41.1%)

31/1002
(3.1%)
78/1002
(7.8%)
335/1002
(33.4%)
527/1002
(52.6%)
31/1002
(3.1%)
657/1016
(64.7%)
359/1016
(35.3%)

35/595
(5.9%)
56/595
(9.4%)
184/595
(30.9%)
306/595
(51.4%)
14/595
(2.4%)
378/593
(63.7%)
215/593
(36.3%)

10/270
(3.7%)
16/270
(5.9%)
113/270
(41.9%)
127/270
(47.0%)
4/270
(1.5%)
180/269
(66.9%)
89/269
(33.1%)

1/47
(2.1%)
1/47
(2.1%)
11/47
(23.4%)
26/47
(55.3%)
8/47
(17%)
25/47
(53.2%)
22/47
(46.8%)

0

Total cohort
(n=1443)

Dutch TME 1
1996-1999
LAR
(n=924)

P-value#
APR
(n=441)

924/1443 (64.0%)

570/924 (61.7%)

Low
Hartmann
(n= 78)
304/441 (68.9%) 50/78 (64.1%)

506/1443 (35.1%)

339/924 (36.7%)

146/441 (33.1%) 21/77 (26.9%)

497/1443 (34.4%)

317/924 (34.3%)

165/441 (37.4%) 15/77 (19.2%)

363/1443 (25.2%)

230/924 (24.9%)

104/441 (23.6%) 29/77 (37.2%)

77/1443 (5.3%)

38/924 (4.1%)

26/441 (5.9%)

13/77 (16.7%)

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

25.5 (3.8)

25.4 (3.8)

25.9 (3.7)

25.3 (4.0)

272/1380 (19.7%)

27/911 (3%)

238/391 (60.9%)

7/78 (9%)

487/1380 (35.3%)

306/911 (33.6%)

142/391 (36.3%)

39/78 (50%)

621/1380 (45.0%)

578/911 (63.4%)

11/391 (2.8%)

32/78 (41%)

31/1443 (2.1%)

23/924 (2.5%)

7/441 (1.6%)

1/78 (1.3%)

74/1443 (5.1%)

58/924 (6.3%)

15/441 (3.4%)

1/78 (1.3%)

462/1443 (32.0%)

287/924 (31.1%)

155/441 (35.1%) 20/78 (25.6%)

825/1443 (57.2%)

528/924 (57.1%)

246/441 (55.8%) 51/78 (65.4%)

51/1443 (3.5%)

28/924 (3.0%)

855/1443 (59.3%)

543/924 (58.8%)

270/441 (61.2%) 42/78 (53.8%)

588/1443 (40.7%)

318/924 (41.2%)

171/441 (38.8%) 36/78 (46.2%)

18/441 (4.1%)

0.78

<0.01

0.03

0.02@
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<0.01

<0.01

5/78 (6.4%)

<0.01
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Table 1. Baseline characteristics of the Snapshot, COLOR II and Dutch TME Trial. (continued)
Snapshot cohort
COLOR II
2011
2004-2010
Total
LAR
APR
Low
Total
LAR
APR
Low
cohort (n=998) (n=639) Hartmann cohort
(n=609) (n=277) Hartmann
(n=2095)*
(n=402) (n=1044)2
(n= 47)
M0
1844/2032 906/968 555/623 335/389 1040/1044 571/573 256/257
46/47
(90.7%) (93.6%) (89.1%) (86.1%)
(99.6%)
(99.7%)
(99.7%)
(97.9%)
M1
188/2032 62/968 68/623 54/389
4/1044
2/573
1/257
1/47
(9.3%)
(6.4%) (10.9%) (13.9%)
(0.4%)
(0.3%)
(0.4%)
(2.1%)
Intraoperative characteristics
Laparoscopic
958/2044 510/973 273/627 154/392 699/1044 395/609 196/277
31/47
approach
(46.9%) (52.4%) (43.5%) (39.3%)
(67.0%)
(64.9%)
(70.8%)
(66.0%)
Elective
2008/2046 958/973 624/627 375/392
Not
Not
Not
Not
(98.1%) (98.5%) (99.5%) (95.7%) aplicable applicable applicable applicable
LAR = Low anterior resection, APR = abdominoperineal resection, ASA = American Society of
Anaesthesiologists, BMI = Body Mass Index, * Also includes patients with proctocolectomy (n= 22) and
patients that underwent local excision followed by completion TME (n=34), 1= Only the “eligible” Dutch
patients were included in presented analysis of Dutch TME. 2= In the COLOR 111 patients underwent a
partial mesorectal excision. # P-values were calculated for the total cohorts per studygroup. @ tested
with one-way anova.
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Dutch TME 1
1996-1999
LAR
(n=924)

Total cohort
(n=1443)

P-value#
APR
(n=441)

Low
Hartmann
(n= 78)
414/441 (93.9%) 62/78 (79.5%)

1356/1443 (94.0%)

880/924 (95.2%)

87/1443 (6.0%)

44/924 (4.8%)

27/441 (6.1%)

16/78 (20.5%)

0

0

0

0

<0.01

Not aplicable

Not applicable

Not applicable

Not applicable

x

<0.01

A laparoscopic approach was applied in the Snapshot cohort in 46.9% of the
patients, with a conversion rate of 134/930 (14.4%). As a result of 2:1 randomisation, 66.7% of patients underwent a laparoscopic procedure in the COLORII, with a
conversion rate of 121/695 (17.4%). Laparoscopic TME surgery was not performed
at the time of the Dutch TME trial in the Netherlands.3
In the Snapshot cohort and COLOR II, 89.5% and 61.9% of the patients received
some form of preoperative therapy, respectively (Table 2). Because of the randomised intervention, preoperative short course radiotherapy was applied in 50.4%
in the Dutch TME. Postoperative radiotherapy was applied in 0.1%, 2.1% and 5.7%,
in the Snapshot, COLORII and Dutch TME respectively. Adjuvant chemotherapy was
administered in 7.0%, 26.7% and 4.1%, respectively.
Oncological outcomes
The oncological outcomes of the Snapshot, COLOR II and Dutch TME are presented
in Table 3. Overall proportion of circumferential resection margin (CRM) involvement
in patients with a reported CRM was 9.3%, 9.5% and 18.9% (p<0.01), respectively.
CRM positivity was higher after APR compared to LAR in all three study groups.
Within the APR subgroups, the proportion of positive CRM was almost threefold
higher in the Dutch TME trial compared to the Snapshot and COLOR II. The overall
CRM positivity of laparoscopic and open resections was 7.8% and 10.6% (p=0.06) in
the Snapshot, and 9.5% and 10.0% (p=0.26) in the COLOR II trial, respectively.
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219/2095
(10.5%)
916/2095
(43.7%)
684/2095
(32.6%)
66/2095
(3.2%)
8/2095
(0.4%)
202/2095
(9.6%)

Total
cohort
2095

Total
cohort
(1044)

COLOR II
2004-2010
LAR
APR
Low
(n=609) (n=277) Hartmann
(n= 47)

4/1044 (0.4%)
18/1044 (1.7%)
279/1044 (26.7)

66/402 425/1005 263/583 50/266
28/47
(16.4%)
(42.3%) (45.1%) (18.8%) (59.6%)
182/402 260/1005 133/583 109/266
9/47
(45.3%)
(25.9%) (22.8%) (41.0%) (19.1%)
113/402 266/1005 154/583 93/266
7/47
(28.1%)
(26.5%) (26.4%) (35%)
(14.9%)
13/402
0
31/583 11/266
2 /47
(3.2%)
(5.3%) (4.1%)
(4.3%)
1/402
5/1005
2/583 1/266
1/47
(0.2%)
(0.5%)
(0.3%) (0.4%)
(2.1%)
65/639 27/402
2/1005
0
2/266
0
(10.2%) (6.7%)
(0.2%)
(0.7%)

27/639
(4.2%)
229/639
(35.8%)
288/639
(45.1%)
30/639
(4.7%)
0/639

2/2095 (0.1%)
1/2095 (0.05%)
145/2095 (7.0%)

112/998
(11.2%)
481/998
(48.2%)
273/998
(27.4%)
22/998
(2.2%)
7/998
(0.7%)
103/998
(10.3%)

Snapshot cohort
2011
LAR
APR
Low
(n=998) (n=639) Hartmann
(n=402)

-

-

-

719/1443
(49.8%)
724/1443
(50.2%)
-

Total
cohort
(1443)

-

-

-

-

-

-

220/441 34/78
(49.9%) (43.6%)
221/441 44/78
(50.1%) (56.4%)
-

73/1443 (5.1%)
10/1443 (0.7%)
57/1395 (4.0%)

-

-

-

465/924
(50.3%)
459/924
(49.7%)
-

<0.01

<0.01

<0.01

Dutch TME
P-value#
1996-1999
LAR
APR
Low
(n=924) (n=441) Hartmann
(n= 78)

LAR = Low anterior resection, APR = abdominoperineal resection, Gy = Gray, CRT = Chemoradiotherapy, RT = Radiotherapy, # P-values were calculated for the total
cohorts per study group. # P-values were calculated for the total cohorts per studygroup.

Long course RT
CRT
Chemotherapy

Neoadjuvant treatment
regimen unknown
Postoperative treatment

Only Chemotherapy

Other RT schedule.

CRT

5x5 Gy.

Preoperative treatment
None

Table 2. Perioperative treatment
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66.9%

COLOR II
Dutch-TME
2004-2010
1996-1999
Total
LAR
APR
Low
Total
LAR
APR
Low
cohort
(n=609) (n=277) Hartmann cohort
(n=924) (n=441) Hartmann
(1044)
(n= 47)
(1443)
(n= 78)
CRM involvement+2
CRM involvement2
84/881
39/508
32/235
7/40
267/1410 120/900 128/433
19/77
(9.5%)
(7.7%)
(13.6%) (17.5%) (18.9%) (13.3%) (29.6%) (24.6%)
3-year local recurrence rate
3-year local recurrence rate
5.0%
4.7%
6.8%
5.8%
7.1%
5.6%
10.1%
7.9%
3-year distant recurrence rate
3-year distant recurrence rate
17.7%
18.1%
20.7%
29.7%
20.8%
18.0%
26.0%
24.1%
3 year DFS survival
3 year DFS survival
74.5%
75.2 %
71.1 %
51.0 %
67.2%
70.5%
63.8%
47.4%
3-year overall survival
3-year overall survival
85.5%
86.6%
82.5 %
61.9 %
76.1
79%
73.7%
55.1%
<0.01

<0.01

0.145@

<0.01@

<0.01

P-value#

LAR = Low anterior resection, APR = abdominoperineal resection, CRM= circumferential resection margin, DFS = Disease Free Survival, * CRM was considered to be
involved when free margin was 1mm or less. + In de COLORII CRM was considered positive when margin was less than 2mm. 2= CRM was only calculated for patients
with a proven pT1-pT4. Carcinoma. # P-values were calculated for the total cohorts per study group. @= log rank test was used to calculate p-value

76.4%

55.6%

26.1%

23.6%

64.3 %

11.5%

6.7%

59/487 32/282
(12.1%) (11.3%)

LAR
APR
Low
(n=998) (n=639) Hartmann
(n=402)

51/739
(6.9%)
3- year local recurrence rate
5.9%
3.4%
3-year distant recurrence rate
21.2%
17.9%
3 year DFS survival
67.1%
73.7%
3-year overall survival
79.5%
87%

CRM involvement*2
143/1538 (9.3%)

Snapshot cohort
2011
Total cohort
(n=2095)

Table 3: Oncologic outcomes of the Snapshot cohort and RCTs.
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The overall actuarial three-year local recurrence rate of the Snapshot cohort was
5.9%. For LAR, APR and Low Hartmann’s procedure, the local recurrence rate was
3.4%, 6.7% and 11.5% (p < 0.01) respectively. Corresponding rates in the COLOR II
were 5.0% for the total population and 4.7 %, 6.8% and 5.8% (p=0.60) per surgical
procedure, respectively. In the Dutch TME, the three-year local recurrence rates
were 7.1% for the total population and 5.6%, 10.1% and 7.9% (p=0.02) per surgical
procedure, respectively. Local recurrence rates for the surgery alone and preoperative short course radiotherapy groups of the Dutch TME trial were 9.2% and 2.0%
(p<0.01) for LAR, 12.9% and 7.2% (p=0.05) for APR, and 14.6% and 2.9% (p=0.08)
for Low Hartmann, respectively. Overall local recurrence rates for laparoscopic and
open resections were 5.0% and 6.6% (p=0.42) in the Snapshot, and 5.0% and 5.0%
(p=1)in the COLOR II, respectively.
The actuarial metachronous distant recurrence rate of the total Snapshot cohort was 21.1%. This was 18.0% and 20.8% (p=0.145) in the COLOR II and Dutch
TME, respectively. Three-year disease free survival was 67.1%, 74.5.4%, and 67.2%
(p<0.01), respectively.
The three-year overall survival of the Snapshot cohort was 79.5%, which was
87%, 76.4% and 66.9% (p<0.01) for LAR, APR and Low Hartmann, respectively. Corresponding three-year overall survival rates in the COLOR II were 86.6%, 82.7% and
62.8% (p<0.01), and in the Dutch TME 79%, 73.7% and 55.1% (p<0.01), respectively.
Figure 1 shows the Kaplan Meier curves for local recurrence after LAR and APR for
each of the studies. The overall survival curves are displayed in Figure 2.
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Local recurrence
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Numbers at risk*
Dutch TME (RT)

459
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411
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*Only low anterior resections. RT = radiotherapy
Note: Y-axis has been formatted to end at 0.2

Figure 1a. Kaplan Meier of Local recurrence
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396
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Figure 1B . Kaplan Meier of Local recurrence following LAR in Snapshot , COLOR II and Dutch TME trial
following APR in Snapshot, COLOR II and Dutch TME trial.
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Figure 2a. Kaplan Meier of Overall survival
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Figure 2B. Kaplan Meier of Overall survival following LAR in Snapshot , COLOR II and Dutch TME trial following APR in Snapshot, COLOR II and Dutch TME trial
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Discussion
Collaborative research made it possible to retrieve long-term data of 75% of all rectal cancer resections in 2011 in the Netherlands, from both expert and non-expert
centres. Remarkable differences as well as similarities with the COLOR II and Dutch
TME trial were observed. Historical comparison with the Dutch TME trial (accrual
period 1996-1999) revealed substantial lower CRM positivity rates in the Snapshot,
especially in the APR subgroup. Three-year overall survival was the lowest in the
Dutch TME trial for all types of surgical procedures. This most likely illustrates the
significant impact of historical changes in patient management over time. Fixed
tumours were excluded from the TME trial based on digital rectal examination. MRI
and down-staging regimens were not used. Multidisciplinary team approaches with
optimised clinical staging, multimodality treatment and improved perioperative care
have become essential components of rectal cancer care in recent years, which were
standard during the COLOR II and Snapshot inclusion periods (2004-2011). Similar
proportions of positive CRM and three-year oncological outcomes were found for
patients who underwent LAR and APR in the Snapshot study and COLOR II trial, both
overall and among those who had laparoscopic surgery. This shows the oncological
safe implementation of minimally invasive rectal cancer surgery in the Netherlands.
Even though rectal cancer populations of COLOR II and Snapshot were treated in
more or less the same time period (2004-2011), some of the obvious differences
in patient characteristics and management did not seem to influence oncological
outcome. For example, neo-adjuvant therapy and young patients (<60 years) were
relatively over-represented in the Snapshot cohort, while adjuvant chemotherapy
was more often applied in the COLOR II.
The COLOR II included older patients and patients with a higher ASA classification compared to the Snapshot cohort. This showed that not only the ‘favourable
patients’ were included into the COLOR II trial, which is a common prejudice when
discussing the results of RCTs.21
Regarding the main surgical procedures, low Hartmann’s procedure is significantly underrepresented in the RCTs, underlining the additional value of population
based studies. This specific patient group constitutes mainly of elderly frail patients
with more often locally advanced and metastasised tumours. A relatively high local recurrence rate was observed, compared to LAR and APR. In the Snapshot, the
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11.3% CRM positivity translated into a 11.5% three-year local recurrence rate. In the
Low Hartmann’s subgroup of the COLOR II trial, a 17.5% CRM positivity was found to
result in only 5.8% local recurrence after three-years. This may partly be related to a
small difference in definition of CRM positivity (≤ 1 mm versus < 2 mm, respectively).
However, a similar low ratio as in the COLOR II was found in the Dutch TME trial
(24.6% CRM+ with only 7.9% 3-year local recurrence). One of the explanations for
the higher local recurrence after Low Hartmann’s might be more residual mesorectum after this procedures in the Snapshot cohort, not resulting in CRM positivity,
but possibly leading to nodal recurrences in retained mesorectum.22
The Dutch TME trial showed almost a threefold higher CRM positivity after APR
in comparison with the Snapshot and COLOR II, which translated into similar differences in local recurrence rates. However, overall survival was almost identical
between the APR subgroups of the Snapshot and Dutch TME, with better survival
in the COLOR II. There is no clear explanation for this observation, but clearly the
quality of the APR procedure has improved over time.23 A better understanding of
surgical anatomy with preoperative MRI as a road map and optimised surgical technique have substantially improved outcome after APR. The Snapshot cohort serves
as an indicator that such improvements can be accomplished outside a trial setting.
In 2011, the use of neoadjuvant radiotherapy in the Netherlands was remarkably high compared to other European countries.12 This was related to the former
National Guideline, which recommended neoadjuvant radiotherapy for almost
every rectal carcinoma, except for cT1N0 and proximal cT2N0 tumours. The associated toxicity, worse long-term functional outcomes, lower absolute benefits with
improved TME surgery, and the development of more accurate imaging modalities
for clinical staging led to a decrease in radiotherapy use after changing the recommendations in the revised Dutch National Guideline of 2014.12,24
Adjuvant chemotherapy in rectal cancer has never been recommended in the
Dutch guideline, and a recently published RCT supports this.25,26 However, there is
still controversy on the additional value of adjuvant chemotherapy in rectal cancer,
which explains the differences between the Snapshot and Dutch TME trial on one
hand, and the COLOR II including the majority of patients outside the Netherlands
on the other.
As participation was voluntary, it was not possible to present the long-term
outcomes in patients from non-participating centres, which is one of the limitations
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of this study. There was a lower degree of laparoscopic surgery and higher 30-day
mortality rate in the non-participating centres, despite similar patient characteristics. An earlier Dutch Surgical Colorectal Audit analysis showed that teaching and
university centres had lower mortality rates than non-teaching centres.27 Mainly,
small non-teaching hospital did not participate in this Snapshot study, as no residents or research nurses were available. Other limitations are the retrospective data
collection from patient files and not being aware of the whole rectal cancer population of which the study cohorts were included.
By benchmarking the results of this population based study against the results of
landmark RCT’s, we were able to demonstrate that rectal cancer care in the Netherlands has considerably improved over the years. Low Hartmann’s procedure, being
underrepresented in RCTs, turned out to be a commonly applied procedure in the
elective setting for medically unfit patients with advanced disease. Although worse
outcome of this subgroup is likely related to patient related factors, there might
be a potential for improvement. Collecting large datasets in a short time period
using collaborative research enables timely evaluation of daily practice, and helps to
identify fields for further research and quality improvement.
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Appendix:
Definitions
Local recurrence was defined as recurrent disease in the pelvis, at the anastomotic
site or in the perineal wound. Distant recurrence was defined as metastatic localisations outside the pelvis, which were not present at the time of rectal resection. Disease free survival was defined as the percentage of patients that was alive without
signs or symptoms of recurrent disease, censored for the patients who were lost to
follow-up. Overall survival was defined as all patients alive after at the end of followup, censored for the patients lost to follow-up. Low anterior resection (LAR) was
defined as a total mesorectal excision (TME) with the formation of an anastomosis,
with or without diverting stoma. Abdominoperineal resection (APR) was defined as
a rectal resection according to TME principles including the anal sphincter complex
with permanent colostomy. Low Hartmann’s procedure was defined as a (low)
anterior resection with closure of the rectal stump and the formation of an end
colostomy.

180

5x5 Gy. + TME vs.
TME alone

Dutch TME
trial9
1996-1999

Inclusion period
2004-2010

RT = Radiotherapy. CRT= chemoradiotherapy,

Randomisation
Laparoscopic vs.
open TME for
rectal cancer

Trials
COLOR II3

2 year local
recurrence rate

Primary endpoint
3 year local
recurrence rate

Table 1a Study objectives, in- and exclusion criteria of landmark RCT’s

Adenocarcinoma of the
rectum, <15 cm from
anal verge

Inclusion criteria
Adenocarcinoma of the
rectum, <15 cm from
anal verge.
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Exclusion criteria
Main outcome
Metastatic disease, cT4 or cT3
No difference in 3-year
within 2 mm of endopelvic
recurrence rates (5%)
fascia. T1 treated with local
between open and
excision, ASA IV
laparoscopic surgery
Metastatic disease, cT4, local Significant lower recurrence
excision, previous RT in pelvis
rate in RT-group (2.4%)
than in surgery alone group
(8.2%)
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Table 1b. Characteristics of patients of participating and non-participating centres in the Snapshot study

Sex (Male)
< 60
61-70
71-80
> 80
ASA I
ASA II
ASA III
ASA IV
pT0
pT1
pT2
pT3
pT4
pN+
M1
Laparoscopic approach
Conversion
Elective
30-day complication rate
Surgical complications
30-day mortality
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Snapshot cohort
(n=2095)
62.9%
27%
32.8%
30.6%
9.6%
26.6%
56.6
16.2
0.6%
8.5%
7.5%
31.5%
44.7%
5.0%
36.1%
9.3%
46.8%
14.4%
98.1%
38.1%
21.3%
2.7%

Cohort of non-participating
centres
(n =531)
62.1%
24.9%
31.8%
29.4%
13.9%
24.9%
58%
16.3%
0.8%
7.2%
8.8%
30.5%
48.8%
3.6%
35.7%
5.2%
33.3%
17.7%
98%
37.1%
22.3%
5.2%

p-value
0.75

0.03

0.83

0.08
0.88
<0.01
<0.01
0.28
0.85
0.33
0.62
<0.01
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Abstract
Introduction:
Little is known about late detected anastomotic leakage after low anterior resection
for rectal cancer, as well as the proportion of leakages that develops into a chronic
presacral sinus.
Methods:
In this collaborative snapshot research project, data from registered rectal cancer
resections in the Dutch Surgical Colorectal Audit (DSCA) in 2011 were extended
with additional treatment and long term outcome data. Independent predictors for
anastomotic leakage were determined using a binary logistic model.
Results:
A total of 71 out of the potential 94 hospitals participated. From the 2095 registered
patients, 998 underwent a low anterior resection, of whom 88.8% received any form
of neoadjuvant therapy. Median follow-up was 43 months (IQR 35-47). Anastomotic
leakage was diagnosed in 13.4% within 30-days, which increased to 20.0% (200/998)
beyond 30-days. Non-healing of the leakage at 12 months was 48%, resulting in an
overall proportion of chronic presacral sinus of 9.5%. Independent predictors for
anastomotic leakage at any time during follow-up were neoadjuvant therapy (OR
2.85; 95% CI 1.00-8.11) and a distal (≤ 3 cm from the anorectal junction on MRI)
tumour location(OR 1.88; 95% CI 1.02-3.46).
Conclusion:
This cross-sectional study of low anterior resection for rectal cancer in the Netherlands in 2011, with almost routine use of neoadjuvant radiotherapy, shows that
one third of anastomotic leakages is diagnosed beyond 30-days, and almost half of
the leakages eventually do not heal. Chronic presacral sinus is a significant clinical
problem that deserves more attention.
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Mini Abstract
This cross-sectional study of low anterior resections in the Netherlands in 2011,
shows that one third of anastomotic leakages is diagnosed beyond 30-days, and
almost half of the leakages eventually do not heal. Chronic presacral sinus is a significant clinical problem that deserves more attention.

Introduction
Anastomotic leakage following low anterior resection (LAR) is still one of the main
contributors to morbidity of rectal cancer treatment, despite numerous attempts
to decrease the incidence.1-4 Reported incidences of symptomatic anastomotic
leakage of colorectal and coloanal anastomoses remain around 9-15%.5,6 Adjustable risk factors for leakage consist of smoking, obesity, neoadjuvant therapy, and
nutritional status. Other risk factors such as male gender, age, American Society of
Anaesthesiologists-Classification (ASA), and distance of the tumour from the anal
verge cannot be influenced.7,8
Although most of the anastomotic leaks are diagnosed within the initial postoperative period, subclinical leaks may only become overt by endoscopy or imaging
of the anastomosis in preparation for diverting stoma closure.9,10 Late symptoms
of leakage might be non-specific with slow progression, typically in those patients
in whom a diverting stoma was closed because of false-negative imaging or endoscopy. Patients with a late leak or even chronic presacral sinus can present up to
several years after initial surgery with a variety of symptoms, such as presacral pain,
anaemia, purulent discharge, fistulae or even sepsis.11,12
Literature on late anastomotic leak and chronic sinus is scarce.9,10,13 The available
series are often mono-centric and conducted in tertiary referral centres, not providing the overall picture.10,12-15 A nationwide, cross sectional study with long term
surgical outcomes would give more insight into this potentially underexposed complication. Therefore, the aim of this Snapshot study was to determine the incidence
of late anastomotic leakage and chronic sinus formation following LAR for rectal
cancer and its predisposing factors, and to assess long-term related reinterventions.
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Methods
Study Design
A retrospective, resident led, collaborative research project with a cross-sectional
study design was conducted in 71 hospitals in the Netherlands. The methodology of
this project has been described earlier in the first publication of the Dutch Snapshot
Research Group (DSRG).16 Short term data of all patients in the Netherlands undergoing resection of colorectal cancer are prospectively collected in the Dutch Surgical
Colorectal Audit (DSCA), which is obligatory by the Dutch Inspectorate of Healthcare.
The DSCA dataset of the year 2011 was extended with additional procedural data
and long term surgical and oncological outcomes. Web-based data-collection was
performed by surgical residents under the supervision of one or two consultants
during a 5 months period (from May-2015 to October-2015). For present analysis
on anastomotic leak, only patients that underwent a LAR with colorectal or coloanal
anastomosis were included from the total cohort. The design of the study and the
preparation of the manuscript was performed according to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement.17
Ethics
The medical ethical committee of the Academic Medical Center in Amsterdam
reviewed and approved the observational study design and decided that informed
consent was not needed to be obtained as there wasn’t an additional burden for the
patient due to the observational design of the study.
Definitions
LAR was defined as a total mesorectal excision with the formation of a colorectal
or colo-anal anastomosis. The primary outcome was anastomotic leak diagnosed at
any time during follow-up. This was defined as the presence of any of the following
factors; contrast extravasation on imaging studies, presacral collection requiring
surgical or radiological or endoscopic intervention, or a presacral collection that
either led to delay in stoma reversal or led to resection or reconstruction of the
anastomosis. A late anastomotic leak was defined as a leak that was diagnosed more
than 30 days postoperatively. Secondary outcome parameter was chronic sinus,
defined as a presacral abscess that was proven by imaging studies and was present
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more than a year after the initial resection. A leaking anastomosis was considered as
‘not-healed’ if a chronic sinus was reported. In order to assess the type of intervention that was performed for anastomotic leak, participants were asked to classify
each intervention into one out of eight options: surgical drainage, radiological drainage, transanal closure of an anastomosic defect, endosponge-treatment, resection
of the anastomosis with construction of a permanent colostomy, anastomotic redo
operation and diverting ileostomy. Other interventions were reported as “different”.
Statistical analysis
Categorical or dichotomous outcomes were presented as absolute numbers and
percentages. The chi-square-test was used for intergroup variation. Descriptive
outcomes were reported as median with interquartile range (IQR) or mean with
standard deviation (SD) and in accordance to their distribution the Mann Whitney
U-test was used for intergroup variation. For determining the incidence of chronic
sinus, patients were censored who died or were lost to follow up prior to the twelve
months needed for a presacral abscess to be considered a chronic sinus. Chi-square
test was used for intergroup comparisons. Univariable and multivariable logistic
regression analyses were performed using a binary logistic model to identify predictors for anastomotic leak and chronic sinus. The results were expressed using odds
ratios (OR) and 95% confidence intervals (CI). Variables with a P-value of less than
0.1 were included in the multivariate analysis and a p-value <0.05 was considered
to be statistically significant. All analyses were performed with IBM SPSS statistics,
version 23.00. (IBM Corp Amonk, NY, United States)

Results
Included patients
A total of 71 out of 94 invited hospitals participated in this Snapshot study. Long
term outcomes of 2095 patients who underwent resection for rectal cancer in 2011
were registered. Out of these 2095 patients, 998 underwent a LAR with anastomosis, with or without diverting stoma, and were included for the present analysis.
Median completeness of data was 100.0% (IQR 96.7-100). Median follow-up was 43
(IQR 25-47) months. The patient and tumour characteristics are displayed in Table 1.
Median distance from the lower border of the tumour to the anorectal junction on
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preoperative MRI was 8 (IQR 6-10) centimetres. Any form of neo-adjuvant therapy
was given to 886 patients (88.8%), consisting of short course radiotherapy in 481
patients and chemoradiotherapy in 273 patients (Table 2). A laparoscopic approach
was applied in 510 patients (52.5%). The anastomosis was stapled in 96.3%, had a
side-to-end configuration in 73.8%, and was diverted in 73.9%.
Table 1 Baseline characteristics
LAR
Anastomotic Leak
(n=998)
(n=200, 20.1%)
631/997 (63.3%)
133/200 (66.5%)
Sex (Male)1
< 60 years
342/998 (34.3%)
71/200 (35.5%)
61-70 years
344/998 (34.5%)
79/200 (39.5%)
> 70-80 years
271/998 (27.2%)
47/200 (23.5%)
> 80 years
41/998 (4.1%)
3/200 (1.5%)
317/973 (32.6%)
68/195 (34.9%)
ASA I2
ASA II
532/973 (54.7%)
103/195(52.8%)
ASA III
123/973 (12.6%)
24/195 (12.3%)
ASA IV
1/973 (0.1%)
0
395/939 (42.1%)
77/192 (40.1%)
BMI3 < 25
BMI 25-30
418/939 (44.5%)
90/192 (46.8%)
BMI > 30
126/939 (13.4%)
25/192 (13%)
101/631 (16.0%)
23/125 (18.4%)
Diabetic4
Non diabetic
530/631 (84%)
102/125 (81.6%)
Tumour characteristics: Distance to the anorectal junction5
≤ 3cm
58/777 (7.5%)
18/163 (11%)
3.1-7.0 cm
284/777 (36.6%)
65/163 (39.9%)
> 7 cm
435/777 (56.0%)
80/163 (49.1%)
Pathological staging6
pT0
72/969 (7.4%)
13/195 (6.7%)
pT1
79/969 (8.2%)
16/195 (8.2%)
pT2
329/969 (34.0%)
58/195 (29.7%)
pT3
462/969 (47.7%)
102/195 (52.3%)
pT4
27/969 (2.8%)
6/195 (3.1%)
349/961 (36.3%)
65/193 (33.7%)
pN+7
62/868 (7.1%)
13/180 (7.2%)
M18

No Anastomotic
leak/sinus (n= 798,
79.9%)
498/797 (62.5%)
271/798 (34.0%)
265/798 (33.2%)
224/798 (28.1%)
38/798 (4.8%)
249/778 (32.0%)
429/778 (55.1%)
99/778 (12.7%)
1/778 (0.1%)
318/747 (42.6%)
328/747 (43.9%)
101/747 (13.5%)
78/506 (15.4%)
428/506 (84.6%)
40/614 (6.5%)
219/614 (35.7%)
355/614 (57.8%)
59/774 (7.6%)
63/774 (8.1%)
271/774 (35.0%)
360/774 (46.5%)
21/774 (2.7%)
284/768 (37%)
49/689 (7.1%)

Pvalue
p= 0.29

P=0.06

P=0.86

P=0.76

P=0.42

P= 0.05

P=0.69

P=0.39
P=0.96

ASA = American Society of Anaesthesiologists-Classification, BMI = Body Mass Index, 1= gender was
unknown in 1 patient. 2 = ASA classification was unknown in 25 patients. 3 = BMI was unknown in 59
patients. 4=The diabetic status was not reported/unknown in 367 patients. 5 = Tumour distance was not
reported in 221 patients. 6= T-stadium was unknown in 29 patients. 7= N-stadium was unknown in 37
patients. 8= M-stadium was unknown in 130 patients.
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Table 2 Perioperative characteristics

LAR (n=998)
Neoadjuvant therapy
Any form
886/998 (88.8%)
SCRT (5x5 Gy).
481/998 (48.2%)
CRT
273/998 (27.5%)
Other RT schedule.
22/998 (2.2%)
Only Chemotherapy
7/998 (0.7%)
Neoadjuvant treatment
103/998 (10.3%)
regimen unknown
Anastomotic leak rate following:
- SCRT (5x5Gy): 105/481 (21.8%)
- CRT: 63/273 (23.1%)
Surgical characteristics
510/973 (52.4%)
Laparoscopic approach1
958/974 (98.4%)
Elective2
Diverting stoma
738/998 (73.9)
151/915
Unintentional permanent
(16.5%)
stoma3
Type of anastomosis4
Side to end
694/940 (73.8%)
End to end
243/940 (25.9%)
Technique of anastomosis5
Stapled
936/972 (96.3%)
Handsewn
36/972 (3.7%)

Anastomotic
Leak (n=200,
20.1%)

No Anastomotic leak/
sinus (n= 798, 79.5%)

191/200 (95.5%)
105/200(52.5%)
63/200 (31.5%)
4/200 (2%)
2/200 (1%)
17/200 (8.5%)

695/798 (87.1%)
376/798 (47.1%)
210/798 (26.3%)
18/798 (2.3%)
5/798 (0.6%)
86/798 (10.8%)

p-value
P=0.001

P=0.03

P= 0.69

97/195 (49.7%)
194/195 (99.5%)
143/200 (71.5%)
82/178 (46.1%)

413/778 (53.1%)
764/778 (98.2%)
595/798 (74.6%)
67/793 (8.9%)

P=0.40
P=0.17
P=0.38
P<0.01

139/190 (73.2%)
51/190 (26.8%)

555/747 (74.3%)
192/747 (25.7%)

P=0.75

193/198 (97.5%)
5/198 (2.5%

743/774 (96.0%)
31/774 (4.0%)

P=0.33

LAR=low anterior resection; SCRT=short course radiotherapy; CRT=chemoradiotherapy, RT=
Radiotherapy. . 1 = Surgical approach was unknown in 24 patients. 2 = urgency of the operation was
unknown in 14 patients 3= a stoma was deemed permanent when present more than a year after the
index operation, 83 patients were dead or lost to follow-up within the first year. 4 = type of anastomosis
was unknown in 58 patients. 5 = technique of anastomosis was unknown in 16 patients.

Anastomotic leakage
Anastomotic leakage was diagnosed in 200/998 (20.0%) of the patients during
complete follow-up. Median time to diagnosis of the leak was 15 (IQR 6-67) days.
The reported postoperative anastomotic leakage rate in the original DSCA database
was 82/998 (8.2%). Retrospective review of the files in the present Snapshot study
revealed that the number of anastomotic leakages that were diagnosed within
30-days appeared to be 134 (13.4%). Beyond 30 days, another 66 patients were
diagnosed with an anastomotic leakage (Figure 1).
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Figure 1. Time to diagnosis of anastomotic leak

Figure 2. Type of intervention and timing of intervention for anastomotic leak.
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The baseline characteristics of the patients with and without anastomotic leakage
are presented in Table 1, and distribution of neoadjuvant therapy and surgical details
among the two groups in Table 2. There was no difference in leak rate between open
or laparoscopic surgery (21.2% and 19.0%; p=0.39). Diverting stoma was not significantly related to overall leak rate: 19.4% with stoma versus 21.9% (p=0.38) without
stoma, but 30-day leak rate was significantly higher in patients without a diverting
stoma compared to those with a stoma (19.2% versus 11.4%; P <0.01). Patients
receiving any form of neoadjuvant therapy had a significantly higher overall leak
rate compared to patients that did not receive neoadjuvant therapy: 21.6% versus
8.0% (p =0.001), with OR of 3.15 (95% CI 1.56-6.33) in univariable analysis (Table 3).
The 30-day leak rate was also significantly higher in patients receiving neoadjuvant
therapy: 14.4% versus 5.4% (P=0.008), respectively. There was no difference in
30-day and overall leak rate between patients receiving short course radiotherapy
(5x5Gy) or long course chemoradiotherapy: 14.8% versus 16.8% (p=0.45) within
30 days and 21.8% versus 23.1% (p=0.69) at the end of follow-up, respectively. A
tumour distance from the anorectal junction less than three centimetres (cm) was
significantly associated with a higher risk of anastomotic leakage compared to more
proximal tumours (OR 2.00, 95% CI 1.09-3.66)). In multivariable analysis, tumour
distance within three cm from the anorectal junction and neoadjuvant therapy were
independent predictors for anastomotic leakage at any time during follow-up with
an OR of 1.88 (95% CI 1.02-3.46, p=0.04) and 2.85 (95% CI 1.00-8.11, p=0.049),
respectively (Table 3).
The 30-day mortality rate in patients with anastomotic leakage was 1.0%, and
1.5% (p=0.58) in patients without anastomotic leakage. Corresponding 90-day mortality rates were 3.0% and 1.9% (p=0.34), respectively.
Chronic sinus
A persistent presacral abscess was present in 85 of 893 evaluable patients (9.5%). Of
200 patients with an anastomotic leakage diagnosed at any time during follow-up,
22 patients died or were lost to follow-up within the first year after surgery and from
one patient the data on chronic sinus was missing. Of the 177 remaining patients, 85
were diagnosed with a chronic sinus, which corresponds with a non-healing rate of
anastomotic leakage of 48.0% at 12 months.
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Table 3 Univariable and multivariable analysis of predictors for anastomotic leak diagnosed at any
time during median 43 months of follow-up.
Variable

Male
Age
< 61
61-70
71-80
> 80
ASA physical status 3/4
Any Neoadjuvant treatment
BMI >30
Diverting stoma
Laparoscopic approach
Distance to the anorectal junction
≤ 3cm
3.1 – 7 cm
>7 cm

Univariable analysis
OR (95% CI)
1.92 (0.86-1.65)

p-value
0.29

1 (reference)
1.14 (0.79-1.64)
0.80 (0.54-1.21)
0.30 (0.09-1.01)
0.95 (0.59-1.53)
3.15 (1.56-6.33)
0.96 (0.60-1.53)
0.87 (0.61-1.21)
0.88 (0.64-1.20)

0.49
0.29
0.05
0.84
0.001
0.87
0.38
0.40

2.00 (1.09-3.66)
1.32 (0.91-1.90)
1 (reference

0.03
0.14

Multivariable analysis
OR (95% CI)
-

p-value

Reference
1.40 (0.93-2.11)
0.95 (0.60-1.51)
0.63 (0.18-2.20)

0.10
0.83
0.47

2.85 (1.00-8.11)
-

0.049

1.88 (1.02-3.46)
1.28 (0.88-1.85)
1 (reference)

0.04
0.20

OR= Odds Ratio, CI= Confidence Interval

There was no difference in the incidence of chronic sinus between open or laparoscopic surgery: (8.9% vs. 9.9%; p = 0.59), stapled versus handsewn anastomosis
(9.0% vs. 3.1%; p = 0.25). A chronic sinus was observed less frequently after the early
(<30 days) versus late (>30 days) diagnosed leak (39.5% vs. 65.6%; p <0.01). Neoadjuvant therapy was administered in 81 (95.3%) of the 85 patients with a chronic
presacral sinus. The chronic sinus rate was 81/796 (10.2%) for patients receiving
neoadjuvant therapy compared to 4/97 (4.1%) for patients without neoadjuvant
treatment (p= 0.07).
An unintentional permanent stoma was present in 82 (46.1%) of the patients
with an anastomotic leak, compared to 67 (8.9%) in the patients without anastomotic leakage (p <0.01).
Interventions for anastomotic leakage
At least one intervention for anastomotic leakage was reported in 144/200 (72.0%)
patients. The total number of interventions was 186. Figure 2 presents the different types of interventions being performed in five different time periods. For each
time period, the interventions were classified based on whether it was the first
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procedure, a second intervention or the third (or more) intervention for a particular
patient. Within 30-days, 116 (63%) interventions were carried out, of which 106
(91%) were first interventions. Initial 30-day interventions were take down of the
anastomosis with end-colostomy in 28 (26.4%) patients, followed by surgical drainage in 25 (23.6%) and construction of a diverting ileostomy in 15 (14.2%) patients. If
the first intervention was performed after 30-days, surgical drainage was the most
frequently applied procedure in 12/38 (31.6%). If no intervention for anastomotic
leakage was performed, 24 (47.1%) of 51 evaluable patients developed a chronic
sinus at 12 months. In patients who underwent any type of intervention for anastomotic leakage and who were still alive at 12 months, 60/127 (47.2%) had a chronic
presacral sinus.

Discussion
This large cross-sectional study of 998 rectal cancer patients who underwent LAR
with primary anastomosis in 2011 showed that approximately one third of the anastomotic leaks were being diagnosed beyond 30-days postoperatively. Almost half of
the anastomotic leaks eventually developed into a chronic sinus after 12 months.
Neoadjuvant therapy and a distal tumour location (<3cm) were independent risk
factors for being diagnosed with anastomotic leakage at any time during 43 months
of follow-up. Several leak related re-interventions were performed in 72% of the
patients, with a similar incidence of chronic sinus compared to those not undergoing any re-intervention.
The observed anastomotic leak rate during complete follow-up is high in
comparison to the literature.10,12,15,18 One of the explanations is the fact that the
present study also included late diagnosed anastomotic leaks. Leakage rates are
often reported until 30 days or in hospital.7,19-21 One can question whether surgical
complications can be adequately assessed during the often cited 30-day timespan
as a substantial proportion of complications may be diagnosed outside this immediate postoperative period. This is also being underlined by our observed mortality
rates in patients with anastomotic leakage, which increased from 1% at 30-days to
3% at 90-days. Another explanation is that some atypical leakages are not always
included in the definition, for example those presenting as rectovaginal fistula, or
presacral abscesses without identified anastomotic defect.
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Randomized trials on the role of diverting ileostomy include relevant data, because of detailed prospective data collection specifically focussed on anastomotic
leakage. The landmark study by Matthiessen et al. reported a similar overall leakage rate of 19.2% (45/234) compared to our study.22 Interestingly, the difference
in 30-day leak rate in favour of patients with a diverting stoma, diminished after a
longer follow up period. This strengthens our hypothesis that anastomotic leakage
will occur irrespective of fecal diversion, but that diagnosis of the leak is delayed
if a diverting stoma is present. Preoperative radiotherapy was applied in 79.1%
of the patients, with a 20.7% leak rate in irradiated patients and 13.3% in the noradiotherapy group, which was not significantly different due to sample size. The initial diverting stoma appeared to be permanent in 13.8%, and the permanent stoma
rate in the non-diverting arm of the study was 16.9%. Our 16.5% overall permanent
stoma rate was slightly higher (Table 2).
The almost routine use of radiotherapy in the Netherlands in 2011 as a result of
the former Dutch guideline, is likely to be one of the main contributors to the high
observed leakage rate and the impaired secondary healing of the anastomosis as
presented by the 48% non-healing rate.23 Interestingly, previous prospective cohort
series, RCT’s and systematic reviews all have contradicted the correlation between
neoadjuvant radiotherapy and an increased risk of anastomotic leakage.7,19-21,24-26
However, in a post-hoc analysis of the Dutch TME trial, preoperative radiotherapy
was an independent predictor of non-reversal of a secondary stoma.27 Anastomotic
leakage was the reported reason for secondary stoma formation in 66%. But actually this proportion seemed to be almost 100% since anastomotic leakage related
complications such as abscess, sepsis, peritonitis or fistula were reported in an
additional 25% of the patients. Remaining causes were bleeding (1%), stenosis (2%)
and other/ unknown factors (5%). After 7.1 years of follow-up, 51% of the secondary
stomas were not reversed, which is comparable to the 46.1% permanent stomas
following anastomotic leakage found in the present study. The non-reversal of
intentionally temporary stoma’s in patients who underwent low anterior resection
indicates that there is a substantial problem of non-healing of anastomotic leaks
with a significant impact of radiotherapy.27
Late diagnosed anastomotic leaks, both symptomatic and asymptomatic, constitute a treatment dilemma. It is unclear whether a long existing leakage with delayed
onset of symptoms can appropriately be treated with a diverting ileostomy alone
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or whether major salvage surgery is necessary. Extensive follow-up is required to
answer this question, because secondary fistula originating from a chronic presacral
sinus can develop even after more than 20 years, with a fistula tract following a
route of less resistance than the anal sphincter (i.e. along the piriformis muscle
or the trochanteric region).14 For patients, it often means impaired quality of life
related to an unintentional permanent stoma, secondary complications of persisting
leakage or need for major salvage surgery.11,27-30 The overall proportion of chronic
sinus of 9.5% in this large multicentre cohort indicates that this is a significant clinical condition that requires more evaluation to determine the long-term implications
and the optimal treatment strategy.
The literature on chronic sinus is scarce, but available series show the clinical impact it might have.12,14,28 A chronic sinus can present with a variety of symptoms and,
if not or inadequately treated, may lead to severe problems such as hydronephrosis
related to stricturing fibrosis of the ureter at the level of the sinus, osteomyelitis
and even necrotizing fasciitis.14,28 Patients with a chronic sinus are often subject to
multiple interventions in an attempt to control the infectious problems in the pelvis
with associated morbidity, hospital stay and costs.15,28,29
A possible limitation of this study is the fact that it was decided not to include
clinical symptoms in the definition of anastomotic leak as clinical symptoms are
difficult to retrieve from electronic patient files and, consequently, are multi-interpretable. Therefore it was not possible to make a distinction between symptomatic
and asymptomatic anastomotic leaks. Nevertheless, the high non-healing rate and
potential risks of a chronic sinus suggests that even the “asymptomatic leaks” are of
clinical importance in the end. Furthermore, some of the data were lacking related
to the retrospective study design.
In conclusion, this large cross-sectional study showed that a high percentage
of rectal cancer patients undergoing low anterior resection are eventually being
diagnosed with an anastomotic leak, and that almost half of the anastomotic leaks
developed into a chronic sinus. This was significantly associated with radiotherapy.
Even though the literature on chronic sinus is scarce, it appears to be a substantial
clinical problem deserves a higher awareness.
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Abstract
Background:
Inter-hospital variability exists in restoring continuity after low anterior resection for
rectal cancer.
Objective:
This study aimed to determine long term outcome of two different strategies to
stoma construction after low anterior resection at hospital level.
Design:
This was a retrospective review.
Settings:
Data were collected through a resident led, collaborative snapshot-study design
that was conducted in 71 hospitals throughout the Netherlands assessing long term
surgical outcomes.
Patients:
Patients who underwent resection for rectal cancer in 2011 in 71 Dutch hospitals
were included for analysis of the long term surgical outcomes
Main outcome measures:
The hospitals were categorised as high and low based on a calculated observed/
expected diverting stoma ratio after LAR with primary anastomosis. To assess overall
permanent stoma rate as primary outcome of a high versus low diverting stoma
ratio, also LAR with primary end colostomy (Low Hartmann’s procedures) were
included.
Results:
From 2095 registered rectal cancer patients, 998 underwent low anterior resection
with primary anastomosis and 402 underwent a low Hartmann’s procedure. Median
follow-up was 43 (SD 12) months. Proportion of diverting stomas in the 20 high
and 20 low stoma centres was 91% and 56% (p<0.01), respectively. There was no
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difference in long-term anastomotic leakage rate (21.2% vs. 19.8%; p=0.64). Low
Hartmann’s procedure was less often performed in high stoma centres (14.6% vs.
22.7% p<0.01). At end of follow-up, high diverting stoma centres showed a tendency
towards a lower permanent stoma rate after low anterior resection including low
Hartmann’s procedure. (33.9% vs. 40.0%; p=0.07).
Limitation:
This study was limited by its retrospective nature as well as voluntary participation
of the included hospitals.
Conclusion:
This Snapshot study reveals that long term permanent stoma rate at hospital level is
an important endpoint to assess variation in surgical practice regarding restoration
of continuity after low anterior resection.
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Introduction
Rectal cancer surgery is associated with substantial postoperative morbidity.1-4 Despite numerous interventions, anastomotic leakage is still one of its most dreaded
complications. In order to reduce the consequence of anastomotic leakage, a diverting stoma is constructed in the majority of the patients undergoing low anterior
resection (LAR).5-8 Snijders et al. showed that the probability to receive a diverting
stoma after LAR with primary anastomosis differs widely on a nationwide scale with
similar anastomotic leakage rates within 30 days.8-9 Parallel to this centre specific
disparity, even a culture specific variation is suggested with diverting stoma rates
around 50% in Mediterranean countries and rates of up to 90% in Scandinavian
countries.1,10 Approximately 17-20% of these diverting stomas eventually become
an unintentional permanent stoma.11-13 It is largely unknown how variety in formation of a diverting stoma relates to unintentional permanent stoma rate.
In patients with significant comorbidity, constructing a primary end colostomy
after LAR (low Hartmann’s procedure (LHP)) might be considered in order to omit
the initial risks of a primary anastomosis as well as a potential risk of an unintentional
permanent ileostomy.14 Considering the relatively high number of LHP procedures in
the Netherlands compared to other European countries, inter-hospital variation in
LHP should be taken into account when analysing the overall permanent stoma rate
following LAR.15-18 The aim of the present study was to compare the long term surgical outcomes of Dutch hospitals with a high and low diverting stoma ratio, thereby
including LHP to assess overall permanent stoma rate after LAR in the Netherlands.

Materials & Methods
A retrospective, resident led, Snapshot cohort study was conducted in 71 hospitals
in the Netherlands. The methodology of this project has been described earlier
in the first publication of the Dutch Snapshot Research Group (DSRG).19 Briefly, all
patients in the Netherlands undergoing resection of primary colorectal cancer are
prospectively registered in the Dutch Surgical Colorectal Audit (DSCA). Short term
surgical outcomes (30 days or in-hospital) and baseline characteristics of rectal
cancer resections registered in the DSCA in 2011 were extended with additional
data on long term surgical and oncological outcomes by 71 out of 94 hospitals that
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voluntarily contributed to this snapshot study. Data-collection was performed by
surgical residents under the supervision of one or two consultant surgeons.
Ethics
The medical ethical committee of the Academic Medical Center in Amsterdam
reviewed and approved the observational study design and decided that the need
for informed consent was waived as there wasn’t an additional burden for the patient due to the observational design of the study. The design of the study and the
preparation of the manuscript was performed according to The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement.20
Definitions
LAR was defined as a rectal resection according to total mesorectal excision
(TME) principles with sphincter preservation. It should be mentioned that partial
mesorectal excision (PME) was not separately registered in the DSCA in 2011, for
which reason these patients are also present in this cohort. LAR could either be
followed by constructing a colo-anal or colo-rectal anastomosis with or without
fecal diversion, or by constructing an end colostomy (LHP). Tumour location in the
snapshot cohort was redefined based on the distance between the lower border of
the tumour to the anorectal junction measured on sagittal MRI. A cut-off of 7 cm,
representing the level of the anterior peritoneal reflection, was used to categorize
low/mid and high rectal cancer.21 A stoma was defined as permanent when present
at last follow-up, thereby censoring patients that had a follow-up of less than one
year. Anastomotic leak was defined as the presence of any of the following factors:
contrast extravasation on imaging studies, presacral collection requiring surgical,
radiological or endoscopic intervention, or a presacral collection that either led to
delay in stoma reversal or led to resection of the colorectal anastomosis.
Statistical analysis
In order to correct for patient-, tumour-, and centre related differences on diverting
stoma rate, the observed/expected (O/E) stoma rate per centre was calculated. The
observed ratio was the number of patients with a diverting stoma divided by the
total number of patients undergoing LAR with primary anastomosis per centre. The
expected ratio was the sum of the estimated probabilities on receiving a stoma,

207

10

Chapter 10 | Hospital variation in stoma formation

divided by the total number of patients undergoing LAR with primary anastomosis in
that centre. The patients’ probability estimates were calculated using a backwards
stepwise multivariate logistic regression model, based on the data of the whole
study group. Variables that had a p-value <0.1 in the univariable model were included in the multivariable model. Only the variables with a p-value <0.05 after
multivariable analysis were used to calculate the probability estimate per patient.
Subsequently the observed (O) ratio was divided by the expected (E) ratio. The O/E
outcome of an average performing hospital will be around 1 as the observed ratio
resembles the expected stoma ratio. In centres that constructed more stomas than
expected based on the probability estimate, the O/E ratio will be higher than 1,
and consequently lower than 1 in centres with lower than expected stoma rates.
Centres that registered less than 10 patients were excluded from the O/E analyses.
Based on the O/E ratio, the 20 centres with the lowest ratio were compared with
the 20 centres with the highest ratio, resulting in a total of 40 centres that were
included in the final analysis. To assess permanent stoma rate at hospital level, LHP
was included in the analysis. Categorical or dichotomous outcomes were presented
as absolute numbers and percentages. The chi-square-test was used for intergroup
variation. Descriptive outcomes were reported as median with interquartile range
(IQR) or mean with standard deviation (SD) and, in accordance to their distribution, the Mann Whitney U-test was used for intergroup variation. Regarding the
permanent stoma analysis, patients that were lost to follow-up or died within one
year were censored. All analyses were performed with IBM SPSS statistics, version
23.00 (IBM Corp Amonk, NY, United States).

Results
Included patients
The long term surgical outcomes of 2095 patients undergoing surgical resection for
rectal cancer in 2011 were collected in the Snapshot cohort. Based on 998 patients
who underwent LAR with primary anastomosis, the O/E diverting stoma ratio was
calculated per hospital. For calculating expected stoma rate, independent predictors of receiving a diverting stoma were determined (Table 1). Of those 998 patients,
335 were treated in the 20 centres with the highest O/E ratio, and 359 patients in
the 20 centres with the lowest O/E ratio. In the high stoma centres, 304 (90.7%) pa-
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Table 1. Univariable and multivariable analysis for factors contributing to probability score of receiving
a diverting stoma during LAR with primary anastomosis.
Variable

univariate analysis

Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value
0.64 (0.48-0.86) 0.003 0.60 (0.40-0.89) 0.01

Female
Age
< 61
61-70
71-80
> 80
ASA score
1
2
3
BMI
<25
25-30
>30
Distance anorectal junction
< 3cm
3 – 7 cm
>7 cm
cT-stage
cT1
cT2

Ref
5.24 (2.56-10.70) <0.01

cT3

8.59 (4.28-17.24) <0.01

cT4
cTx/unknown

29.77 (7.78114.20)
3.95 (1.68-9.28))

0.002

Neoadjuvant therapy
None
SCRT (5x5 Gy)

Ref
7.49(4.53-12.37)

<0.01

Ref
0.92 (0.65-1.30)
0.89 (0.62-1.28)
0.49 (0.25-0.97)

0.63
0.53
0.04

ref
1.07 (0.78-1.46)
1.48(0.90-2.45)

0.68
0.125

0.82 (0.60-1.12)
Ref
1.30 (0.80-2.13)

0.82
0.29

1.56 (0.80-3.05)
2.29 (1.56-3.36)
Ref

0.19
<0.01
-

<0.01

1.63(0.74-3.64)
2.31(1.48-3.60)

5.43 (2.0114.68)
5.46 (2.0414.62)
7.87 (1.5839.33)
3.15 (0.9010.97)

0.23
<0.01
0.001
0.008
<0.01
<0.01
0.01
0.07

0.001
5.32(2.240.001
12.63)
CRT
6.43 (3.56-11.61) <0.01 3.00(1.15-7.83) 0.03
Other
3.40 (2.23-5.19) <0.01 2.24 (1.05-4.76) 0.04
History of abdominal surgery
0.98(0.74-1.28)
0.86
Stoma formation prior to rectal cancer resection
20.12
0.003 9.72(1.27-74.50) 0.03
(2.77-146.21)
Urgent operation
0.34(0.13-0.92)
0.03 0.23(0.04-1.47) 0.12
Laparoscopic approach
0.85 (0.64-1.14) 0.85
Additional resection for tumour ingrowth
1.54 (0.71-3.37) 0.28
Non-teaching hospital
0.43 (0.31-0.59) <0.01 0.59 (0.37-0.96) 0.03
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Table 1. Univariable and multivariable analysis for factors contributing to probability score of
receiving a diverting stoma during LAR with primary anastomosis. (continued)
Variable
univariate analysis
Multivariate analysis
OR (95% CI)
Volume
<25
25-50
>50

0.99(0.69-1.42)
ref
1.71 (1.19-2.46)

p-value

OR (95% CI)

p-value

0.96 1.30 (0.79-2.14) 0.30
<0.01
<0.01 2.63 (1.51-4.58) <0.01

OR= Odds Ratio, CI= Confidence Interval, SCRT=short course radiotherapy, CRT=chemoradiotherapy. Characteristics that were significant in multivariable analysis, were used to estimate the probability on stoma
formation during LAR per patient.

tients received a diverting stoma compared to 201 (56.0%) in the low stoma centres
(p<0.01). There was no significant difference (p=0.29) in the expected stoma ratio
between the high and low stoma centres based on the probability estimate with
medians of 0.82 (IQR 0.19) and 0.79 (IQR 0.22), respectively.
The distribution of type of rectal resection (LAR with primary anastomosis /
LHP/ abdominoperineal resection (APR) / Other) in the high and low stoma centres
is presented in Table 2a. LHP was more frequently performed (22.7% vs. 14.6%;
p<0.01) and APR less frequently (26.7% vs. 32.7%; p<0.01) in low compared to high
diverting stoma centres.
Table 2a. Type of surgical procedures in low versus high diverting stoma centres

LAR with primary anastomosis
APR
Hartmann
Other

Low stoma rate
centres
Total cohort
(20 centres,
(n=2095)
n=744 patients)
998/2095 (47.6%) 359/744 (48.3%)
639/2095 (30.5%) 195/744 (26.2%)
402/2095 (19.2%) 169/744 (22.7%)
56/2095 (2.7%)
21/744 (2.8%)

High stoma rate
centres
(20 centres;
n=664 patients)
335/664 (50.5%)
217/664 (32.7%)
97/664 (14.6%)
15/664 (2.3%)

P-value
0.42
<0.01
<0.01
0.61

Table 2b: Distribution of LAR with primary anastomosis and Hartmann procedure depending on
tumour location (n=1400)
Tumour located ≤ 7.0 cm from the anorectal junction
LAR with primary anastomosis
225/341 (66.0)
97/163 (59.5%)
128/178 (71.9%)
0.02
Hartmann
116/341 (34.0%) 66/163 (40.5%)
50/178 (28.1%)
0.02
Tumour located > 7.0 cm from the anorectal junction
LAR with primary anastomosis
435/540 (80.6%) 167/210 (79.5%) 141/168 (83.9%)
0.27
Hartmann
105/540 (19.4%) 43/210 (20.5%)
27/168 (16.1%)
0.27
APR=abdomino perineal resection; Hartmann=LAR with primary end colostomy
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Figure 1 shows the distribution of LAR with primary anastomosis with or without
a diverting stoma and LHP per hospital. The proportion of LHP in the low stoma
centres was significantly different from the high stoma centres for tumours within
7 cm from the anorectal junction (40.5% vs. 28.1%; p=0.02), and similar for higher
located tumours (Table 2b). Baseline characteristics for the whole group of patients
who underwent LAR with primary anastomosis in the total cohort and the low and
high stoma groups are displayed in Table 3. The high stoma centres included more
patients with tumours located within 7 cm from the anorectal junction: 47.6% vs.
36.7% (p<0.01), respectively. More teaching hospitals were represented in the high
stoma centres (79.7% vs. 73.3%; p=0.05) and more often a laparoscopic approach
was applied (53.4% vs. 45.8%; p=0.05).

Figure 1. Distribution of LAR with primary anastomosis with or without diverting stoma and Low Hartmann procedure for each of the hospitals

Short term outcomes
The 30-day anastomotic leakage rate did not differ between the two groups, with
corresponding rates of 13.7% and 14.2% (p=0.86) for high and low stoma centres,
respectively. Beyond 30-days, the anastomotic leakage rate increased to 21.2% and
19.8% (p=0.64), respectively. The anastomotic leakage rate in the patients with a
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primary non-diverted anastomosis was 8/31(25.8%) in the high stoma centres and
37/158 (23.4%) in the low stoma centres at the end of follow-up (p=0.78). Corresponding leakage rates of patients receiving a primary diverting stoma were
63/304(20.7%) and 34/204 (16.7%), respectively (p=0.29).
Postoperative mortality did not differ between high- and low stoma centres: 1.5%
vs. 2.5% at 30 days or in hospital (p=0.34) and 1.5% vs. 3.1% at 90 days (p=0.17).
Overall 30-day complication rate was significantly higher in the high stoma centres
(42.4% vs. 32.4%; p < 0.01). More than half of these complications were surgical
complications (24.8% vs 19.5%; p=0.09). Length of hospital stay was higher in the
high stoma centres (9 vs. 7 days; p < 0.01).
Table 3 Baseline characteristics of patients undergoing LAR with primary anastomosis, with or without
diverting stoma.

Male gender
< 60 years
61-70 years
> 70-80 years
> 80 years
ASA I-II#
ASA III-IV#
BMI < 25
BMI 25-30
BMI > 30
Diabetic2
Elective setting
Tumour characteristics
≤ 3cm3
3.1-7.0 cm
> 7 cm
cT-stage
cT14
cT2
cT3
cT4
cT-Unknown
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Whole group of Low stoma rate centres
High stoma rate
p-value
LAR with primary (20 centres; N = 359
centres
anastomosis+
patients)
(20 centres; N = 335
(71 centres; N =
patients)
998)
631/997 (63.3%)
230/358 (64.2%)
216/335 (64.5%)
0.95
342/998 (34.3%)
104/359 (29.0%)
120/335 (35.8%)
0.14
344/998 (34.5%)
129/359 (35.9%)
119/335 (35.5%)
271/998 (27.2%)
111/359 (30.9%)
81/335 (24.2%)
41/998 (4.1%)
15/359 (4.2%)
15/335 (4.5%)
849/973 (32.6%)
306/346 (88.4%)
279/325 (85.9%)
0.36
124/973 (12.7%)
40/346 (11.6%)
46/325 (14.2%)
395/939 (42.1%)
136/328 (41.5%)
144/313 (46.0%)
0.47
418/939 (44.5%)
148/328 (45.1%)
127/313 (40.6%)
126/939 (13.4%)
44/328 (13.4%)
42/313 (13.4%)
101/631 (16.0%)
33/218 (15.1%)
35/223 (15.7%)
0.90
958/973 (98.5%)
342/347 (98.6%)
318/325 (97.8%)
0.49
58/777 (7.5%)
284/777 (36.6%)
435/777 (56.0%)

12/264 (4.5%)
85/264 (32.2%)
167/264 (63.3%)

29/269 (10.8%)
99/269 (36.8%)
141/269 (52.4%)

0.01

40/925 (4.3%)
257/925 (27.8%)
524/925 (56.6%)
46/925 (5.0%)
58/925 (6.3%)

18/317 (5.7%)
102/317 (32.2%)
169/319 (53.3%)
9/319 (2.8%)
19/319 (6.0%)

13/320 (4.1%)
68/320 (21.3%)
186/320 (58.1%)
27/320 (8.4%)
26/320 (8.1%)

<0.01

Table 3 Baseline characteristics of patients undergoing LAR with primary anastomosis, with or
without diverting stoma. (continued)
High stoma rate
p-value
Whole group of Low stoma rate centres
centres
LAR with primary (20 centres; N = 359
patients)
(20 centres; N = 335
anastomosis+
(71 centres; N =
patients)
998)
Neoadjuvant therapy
Any form
886/998 (88.8%)
309/359 (86.1%)
305/335 (91.0)
0.04
None
112/998 (11.2%)
50/359 (13.9%)
30/335 (9.0%)
SCRT
481/998 (48.2%)
189/359 (52.6%)
140/335 (41.8%)
<0.01
CRT
273/998 (27.4%)
97/359 (27.0%)
83/335 (24.8%)
Other
132/998 (13.2%)
23/359 (6.4%)
82/335 (24.5%)
Stoma prior to resection
55/998 (5.5%)
11/359 (3.1%)
27/335 (8.1%)
<0.01
Laparoscopic approach
510/973 (52.4%)
159/347 (45.8%)
173/324 (53.4%)
0.05
Diverting stoma
741/998 (74.2%)
201/359 (56.0%)
304/335 (90.7%)
<0.01
Additional resection for
43/996 (4.3%)
10/359 (2.8%)
20/335 (6.0%)
0.04
tumour ingrowth
R1 resection
31/967 (3.1%)
10/337 (3.0%)
17/323 (5.3%)
0.14
Teaching hospital
777/998 (77.9%)
263/359 (73.3%)
267/335 (79.7%)
0.05
Hospital volume
< 25
204/998 (20.4%)
59/359 (16.4%)
37/335 (11.0%)
<0.01
25-50
527/998 (52.8%)
181/359 (50.4%)
221/335 (66.0%)
>50
267/998 (47.2%)
119/359 (33.1%)
77/335 (23.0%)
Median stoma probability
0.82 (019)
0.79 (0.22)
0.82 (0.19)
0.29
estimate (IQR)
+ 101 patients were registered in hospitals that included less than 10 patients and were therefore not
analysed in subanalysis of high and low stoma rate centres, 1= includes patients with a follow-up of
less than a year, ASA = American Society of Anaesthesiologists-Classification, # ASA was missing in 25
patients, BMI = Body Mass Index ( was missing in 59 patients), 2= diabetes background was missing in
367 patients. 3 = tumour height was missing in 221 patients. 4= cT-stadium was missing in 73, SCRT =
short course radiotherapy , CRT=chemoradiotherapy

Long term outcomes after LAR with primary anastomosis
After a median follow-up of 43 months, 151 patients (16.5%) still had a stoma following LAR with primary anastomosis from a total of 915 patients with at least 1
year follow-up (Figure 2). In 82 (54.3%) of the 151 patients with a stoma at end
of follow-up, this was a secondary constructed end colostomy. The primary diverting stoma was still present in 47 (31.1%) patients, 21 (13.9%) patients received a
secondary diverting stoma that remained permanent, and in one patient the type
of stoma was unknown.
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Figure 2. Permanent stoma rate in the whole group of LAR with primary anastomosis with or without
diverting stoma

Permanent stoma rate following LAR with primary anastomosis did not differ
between high and low stoma centres (p=0.60), with corresponding rates of 50/311
(16.1%) vs. 58/329 (17.6%). Persisting anastomotic leakage was the main cause
of an unintentional permanent stoma in 26/50 (52.0%) and 29/58 (50.0%) of the
patients in both groups, respectively (Supplement Table 1). Permanent stoma rate
was 125/682 (18.3%) in patients with an initial diverting stoma and 26/233 (11.2%)
in patients with a non-diverted primary anastomosis (p < 0.01).
The median time to the first attempt to reverse the stoma was 132 (IQR 88-220)
days in the high stoma group and 122 (IQR 76-211) days in the low stoma group (p=
0.50). In 37/562 (6.6%) patients, stoma reversal was complicated by a secondary
anastomotic leakage, either from the colorectal anastomosis or the reversed stoma
itself. Readmissions related to the index operation and more than 30-days after the
surgery were reported in 67/335 (20.0%) and 68/359 (18.9%), respectively (p=0.73).
There was no difference in three year overall survival rate (88% vs. 87.4%, p=0.86).

214

Long term outcomes after LAR including LHP
The baseline characteristics after adding patients who underwent LHP to the patients with LAR and primary anastomosis are presented in Supplement Table 2. Continuity was restored in 2.1% and 5.9% after LHP in the high and low stoma centres,
respectively (Figure 3). The overall permanent stoma rate of the total cohort (LAR
with primary anastomosis and LHP combined) was 469/1243 (37.7%). There was a
non-significant trend (p=0.07) towards less overall permanent stomas in the high
compared to the low stoma centres, with corresponding proportions of 135/398
(33.9%) and 185/463 (40.0%). In patients with a tumour less than 7cm from the
anorectal junction, permanent stoma rate was 70/164 (42.7%) in the high stoma
centres and 71/140 (50.7%) in the low stoma centres (p=0.29).

10
Figure 3.Flow chart with permanent stoma rate for LAR with primary anastomosis and Low Hartmann
procedure separate and as combined analysis for low and high diverting stoma rate centres
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Discussion
This analysis of rectal cancer surgery in 71 Dutch hospitals shows that there were
basically two strategies with respect to restoration of bowel continuity after LAR,
which depended on the clinically estimated risk of anastomotic leakage. Surgical
units that almost routinely diverted their anastomoses had a higher rate of low
anastomoses, while the units that selectively constructed a diverting stoma, more
often decided to perform a LHP. Remarkably, anastomotic leakage did not differ between these two strategies with a similar stoma rate at end of follow-up in patients
who had a primary anastomosis. When analysing primary anastomosis and primary
colostomy (LHP) together, the hospitals with initial high numbers of diverting stomas showed actually a tendency towards lower overall permanent stoma rate after
LAR. An earlier study based on DSCA data with only short term outcome suggested
high diverting stoma centres to be risk averse, but a contradictory conclusion seems
justified based on this study that also includes LHP in the surgical strategy and adds
long-term outcome data on permanent stoma.8
In the low stoma centres, LHP was performed in almost a third of all patients
with a low and mid rectal tumour (<7cm from the anorectal junction), thereby leaving a short rectal stump. Reserving restoration of continuity for the higher rectal
cancers that can be treated with PME with a colorectal anastomosis explains the
more selective use of diverting stomas (low stoma centres). This translates into an
overall lower complication rate and shorter hospital stay with less need for reoperations (less stomas to reverse).
The high stoma centres were more often teaching hospitals, and seemed to
thrive for continuity more often, especially in the tumours below the anterior peritoneal reflection (table 1b). Shifting from less LHPs to more primary anastomosis
with diverting stoma has the advantage of a higher probability at continuity, since
restoration of continuity was seldom performed after LHP in both groups.
The two surgical strategies mainly diverged for the rectal cancers below the anterior peritoneal reflection (<7cm from the anorectal junction). Compared to higher
located rectal cancers, these low rectal cancers have an increased risk of anastomotic leakage and local recurrence.19,22 Moreover, the present study showed that
half of these patients in the low stoma centres had a permanent stoma at the end
of follow-up. The increased complexity accompanying low rectal resections could be
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a causative factor for the observed variety in surgical approach. The latest developments regarding the transanal total mesorectal excision (TaTME) are promising, and
could improve outcomes for especially low rectal cancer patients.23 Long term data
on this new surgical approach have to be awaited.
An important limitation of the present study is the lack of data on functionality
and quality of life (QoL). Multiple studies showed that patients with a permanent
colostomy scored remarkable high on QoL-questionnaires.24,25 Therefore, the choice
between a (low) anastomosis or LHP should be well-considered and consented with
the patient. We hypothesize that this decision-making process is not responsible
for the significant differences found between the two groups. However, it should be
taken into account when interpreting the results. This study does not provide data
on individual preferences of the surgeon, which is another limitation of this study.
There is a great controversy in current literature regarding the influence of a diverting stoma on the incidence of anastomotic leakage.8,9,11,26-28 Most non-randomised
comparisons between patients with a diverting stoma and those without are clouded
by several confounders, such as patient-, tumour- and surgeon-related factors that
contribute to the decision whether or not a stoma is constructed.27,29 Longitudinal
studies with a long inclusion period are dealing with treatment changes over time.
Rectal cancer care is subject to a continuous stream of improvements with new
preoperative imaging modalities, changing neoadjuvant treatment regimens, and
enhanced recovery protocols. These are all factors that have an impact on outcomes
as anastomotic leakage and other complications.30-32 By correcting for patient- and
tumour-related factors and including patients that all underwent surgery within the
timespan of one year with a similar follow-up period, these inevitable confounders
of a retrospective study were minimalised in the present study.
In accordance to current literature, half of the patients experiencing anastomotic
leakage had an unintentional permanent stoma at the end of follow-up. Also in
multivariate analysis, anastomotic leakage remained an independent predictor for
a permanent stoma (data not shown).(7) This outcome is rather disappointing, as
despite all the developments in rectal cancer care, the long term outcome of anastomotic leakage in terms of permanent stoma rate doesn’t seem to be improved
since the publication of the Dutch-TME trial in 2001.11,33
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Conclusion
This study on the long term outcomes of surgical practice in the Netherlands regarding restoration of continuity after LAR for rectal cancer showed that there were
no differences in anastomotic leakage for two risk-stratified approaches, although
a tendency towards lower permanent stoma rate was observed for hospitals performing more primary anastomoses with almost routine diverting stoma and less
LHP. Especially for the low rectal cancers there was a significant variety in surgical
approach.

Abbreviations
LAR - Low anterior resection
LHP - Low Hartmann’s procedure
DSRG - Dutch Snapshot Research Group
DSCA - Dutch Surgical Colorectal Audit
STROBE - The Strengthening the Reporting of Observational Studies in Epidemiology
TME - Total Mesorectal Excision
PMI - Partial Mesorectal Excision
O/E stoma ratio - Observed stoma (O) ratio divided by the expected (E) ratio
IQR - interquartile range (IQR)
SD - Standard Deviation
APR - Abdominoperineal resection
TaTME - Transanal Total Mesorectal Excision
QoL - Quality of life

218

Table 4. Complications and long term outcomes
LAR (n=998)
30-day postoperative leak rate
Overall leak rate
Chronic Sinus rate
30-day complication rate
30-day surgical complication rate
30-day mortality (Kaplan meier)
Length of stay (median, IQR)
90-days mortality (Kaplan meier)
Late readmission rate (>30days)
Median time to stoma reversal
Median follow-up, months
3-year survival (Kaplan-meier)
Any stoma related surgery per patient

134/998 (13.4%)
200/998 (20.0%)
85/892 (9.5%)1
371/998 (37.2%)
215/998 (21.5%)
2%
8 (8)
2.3%
186/998 (18.6%)
133 (121)
43 (12)
87%
643/992 (64.8%)

Low stoma rate High stoma rate
(n=359)
(n=335)
51/359 (14.2%) 46/335 (13.7%)
71/359 (19.8%) 71/335 (21.2%)
26/320 (8.1%)1
33/301 (10.9%)
115/359 (32.4%) 142/335 (42.8%)
70/341 (19.5%) 83/335 (24.8%)
2.5%
1.5%
7(6)
9(10)
3.1%
1.5%
68/359 (18.9%) 67/335 (20.0%)
122 (135)
132 (133)
42 (12.5)
43 (12)
87.4
88%
213/358 (59.5%) 291/333 (87.4%)

p-value
0.86
0.64
0.17
<0.01
0.09
0.34
<0.01
0.17
0.73
0.50
0.72
0.86
<0.01

1= calculated with Kaplan meier analysis, * log rank test
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Appendix
Supplement Table 1. Risk and reasons for permanent stoma related to surgical strategy regarding
restoration of bowel continuity after LAR at hospital level.
LAR with primary
anastomosis
Permanent stoma rate1
Permanent stoma rate tumour ≤ 7 cm2
Analysis incl. Hartmann’s procedures
Permanent stoma rate
Permanent stoma rate tumour ≤ 7 cm, including
Hartmann
Reasons for permanent stoma
Anastomotic leak/Presacral abscess
Recurrent disease
Patients condition
Patients’ preference
Rectovaginal fistula
Low anterior resection syndrome
Necrosis descending colon
Other

Low stoma
centres

High stoma
centres

151/915 (16.5%) 58/329 (17.6%) 50/311 (16.1%,
(p=0.60)
64/313 (20.4%) 20/87 (20.0%) 24/118 (20.3%,
p=0.65)
Total Cohort (n=1400)
135/398
469/12433 (37.7%) 5/463 (40.0%)
(33.9%,p=0.07)
215/466 (46.1%) 71/140 (50.7%)
70/164
(42.7%,p=0.29)
73/151 (48.3%)
17/151 (11.3%)
12/151 (7.9%)
8/151 (5.3%)
5/151 (3.3%)
5/151 (3.3%)
4/151 (2.6%)
25/151 (16.6%)

29/58 (50.0%) 26/50 (52.0%)
7/58 (12.1%)
8/50 (16.0%)
1/58 (1.7%)
5/50 (10.0%)
3/58 (5.2%)
3/50 (6.0%)
4/58 (6.9%)
0
1/58 (1.7%)
1/50 (1.0%)
2/58 (3.4%)
2/50 (4.0%)
11/58 (19.0%) 10/50 (20.0%)

* Defined as a stoma present at the end of follow-up with a minimal follow-up of one year. 1= 87
patients were censored from permanent stoma analysis as they were dead or lost to follow-up within
one year. 2= tumour distance from anorectal junction was missing in 221 patients. 3= 157 patients were
censored as they had a follow-up of less than 12 months.
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Supplement Table 2 Baseline characteristics for the combined groups of LAR with primary anastomosis
and low Hartmann procedure

Male gender
< 60 years
61-70 years
> 70-80 years
> 80 years
ASA I-II#
ASA III-IV#
BMI < 25
BMI 25-30
BMI > 30
Elective setting
Tumour characteristics
≤ 3cm3
3.1-7.0 cm
> 7 cm
cT-stage
cT14
cT2
cT3
cT4
cT-Unknown
M1
Neoadjuvant therapy
Any form
None
SCRT
CRT
Other
Laparoscopic approach
Low Anterior Resection
Hartmann
R1 resection
Teaching hospital
Hospital volume
< 25
25-50
>50

LAR with primary Low stoma rate centres
anastomosis +
(n=528)
LHP(n=1400)
863/1399 (61.7%)
334/527 (63.4%)
381/1400 (27.2%)
114/528 (21.6%)
437/1400 (31.2%)
171/528 (32.4%)
443/1400 (31.6%)
187/528 (35.4%)
139/1400 (9.9%)
56/528 (10.6%)
1134/1365 (83.1%)
423/512 (82.6%)
231/1365 (16.9%)
89/512 (17.4%)
568/1313 (43.3%)
217/485 (44.7%)
559/1313 (42.6%)
205/485 (42.3%)
186/1313 (14.2%)
63/482 (13.0%)
1333/1365 (97.7%)
504/513 (98.2%)

High stoma rate
centres
(n=432)
276/432 (63.9%)
128/432 (29.6%)
146/432 (33.8%)
246/432 (33.8%)
36/432 (8.3%)
346/420 (82.4%)
74/420 (17.6%)
178/404 (44.1%)
163/404 (40.3%)
63/404 (15.6%)
409/413 (97.4%)

p-value

112/1065 (10.5%)
413/1065 (38.8%)
540/1065 (50.7%)

30/528 (5.7%)
133/528 (25.2%)
210/528 (39.8%)

46/432 (10.6%)
132/432 (30.6%)
168/432 (19.9%)

0.03

48/1297 (3.7%)
336/1297 (25.9%)
737/1297 (56.8%)
79/1297 (6.1%)
97/1297 (10.3%)
116/1223 (9.5%)

19/468 (4.1%)
140/368 (29.9%)
249/468 (53.2%)
18/468 (3.8%)
42/468 (9.0%)
34/461 (7.4%)

19/411 (4.6%)
83/411 (20.2%)
236/411 (57.4%)
35/411 (9.2%)
38/411 (9.2%)
35/363 (9.6%)

0.02

1222/1400 (87.3%)
178/1400 (12.7%)
663/1400 (47.4%)
386/1400 (27.6)
173/1400 (12.4%)
3
664/1365 (48.6%)
998/1400 (71.3%)

449/528 (85.0%)
79/528 (15.0%)
269/528 (50.9%)
146/528 (27.7%)
34/528 (6.4%)

387/432 (89.6%)
45/432 (10.4%)
183/432 (42.4%)
107/432 (24.8%)
97/432 (22.5%)

210/513 (40.9%)
359/528 (68.0%)

220/419 (52.5%)
335/432 (77.5%)

402/1400 (28.7%)
60/1346 (4.5%)
1077/1400 (76.9%)

169/528 (32.0%)
19/500 (3.8%)
393/528 (74.4%)

97/432 (22.5%)
26/416 (6.3%)
355/432 (82.2%)

296/1400 (21.1%)
736/1400 (52.6%)
368/1400 (26.3%)

74/528 (14.0%)
270/528 (51.1%)
184/528 (34.8%)

44/432 (10.2%)
299/432 (69.2%)
89/432(20.6%)

0.87
0.01

0.925
0.529

0.364

0.244
0.04

<0.01

<0.01
<0.01
0.09
<0.01

<0.01

LHP= low Hartmann procedure

221

10

Chapter 10 | Hospital variation in stoma formation

References
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

12.
13.
14.

15.

222

Espin E, Ciga MA, Pera M, Ortiz H, Spanish Rectal Cancer P. Oncological outcome following anastomotic leak in rectal surgery. The British journal of surgery. 2015;102(4):41622.
den Dulk M, Marijnen CA, Collette L, Putter H, Pahlman L, Folkesson J, et al. Multicentre analysis of oncological and survival outcomes following anastomotic leakage after
rectal cancer surgery. The British journal of surgery. 2009;96(9):1066-75.
Neutzling CB, Lustosa SA, Proenca IM, da Silva EM, Matos D. Stapled versus handsewn
methods for colorectal anastomosis surgery. The Cochrane database of systematic
reviews. 2012;2:CD003144.
Zmora O, Mahajna A, Bar-Zakai B, Rosin D, Hershko D, Shabtai M, et al. Colon and rectal
surgery without mechanical bowel preparation: a randomized prospective trial. Ann
Surg. 2003;237(3):363-7.
Gastinger I, Marusch F, Steinert R, Wolff S, Koeckerling F, Lippert H, et al. Protective
defunctioning stoma in low anterior resection for rectal carcinoma. The British journal
of surgery. 2005;92(9):1137-42.
Peeters KC, Tollenaar RA, Marijnen CA, Klein Kranenbarg E, Steup WH, Wiggers T, et al.
Risk factors for anastomotic failure after total mesorectal excision of rectal cancer. The
British journal of surgery. 2005;92(2):211-6.
den Dulk M, Smit M, Peeters K, Kranenbarg E, K., Rutten H, et al. A multivariate
analysis of limiting factors for stoma reversal in patients with rectal cancer entered
into the total mesorectal excision (TME) trial: a retrospective study. Lancet Oncology.
2007;8(4):297-303.
Snijders HS, van Leersum NJ, Henneman D, de Vries AC, Tollenaar RA, Stiggelbout AM,
et al. Optimal Treatment Strategy in Rectal Cancer Surgery: Should We Be Cowboys or
Chickens? Annals of surgical oncology. 2015;22(11):3582-9.
Snijders HS, Kunneman M, Tollenaar RA, Boerma D, Pieterse AH, Wouters MJ, et al.
Large variation in the use of defunctioning stomas after rectal cancer surgery. A lack of
consensus. Acta Oncol. 2016;55(4):509-15.
Kodeda K, Johansson R, Zar N, Birgisson H, Dahlberg M, Skullman S, et al. Time trends,
improvements and national auditing of rectal cancer management over an 18-year
period. Colorectal Dis. 2015;17(9):O168-79.
den Dulk M, Smit M, Peeters KC, Kranenbarg EM, Rutten HJ, Wiggers T, et al. A multivariate analysis of limiting factors for stoma reversal in patients with rectal cancer
entered into the total mesorectal excision (TME) trial: a retrospective study. The lancet
oncology. 2007;8(4):297-303.
Pan HD, Peng YF, Wang L, Li M, Yao YF, Zhao J, et al. Risk Factors for Nonclosure of
a Temporary Defunctioning Ileostomy Following Anterior Resection of Rectal Cancer.
Diseases of the colon and rectum. 2016;59(2):94-100.
Junginger T, Gonner U, Trinh TT, Lollert A, Oberholzer K, Berres M. Permanent
stoma after low anterior resection for rectal cancer. Diseases of the colon and rectum.
2010;53(12):1632-9.
Jonker FH, Tanis PJ, Coene PP, Gietelink L, van der Harst E, Dutch Surgical Colorectal
Audit G. Comparison of a low Hartmann’s procedure with low colorectal anastomosis
with and without defunctioning ileostomy after radiotherapy for rectal cancer: results
from a national registry. Colorectal Dis. 2016;18(8):785-92.
Jonker FH, Tanis PJ, Coene PL, Gietelink L, van der Harst E, Dutch Surgical Colorectal
Audit g. A comparison of low Hartmann’s procedure with low colorectal anastomosis

16.
17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

29.

30.

with and without defunctioning ileostomy after radiotherapy for rectal cancer: results
from a national registry. Colorectal Dis. 2016.
Jonker FH, Tanis PJ, Coene PP, van der Harst E, Dutch Surgical Colorectal Audit G.
Impact of Neoadjuvant Radiotherapy on Complications After Hartmann Procedure for
Rectal Cancer. Diseases of the colon and rectum. 2015;58(10):931-7.
Van Leersum NJ, Snijders HS, Henneman D, Kolfschoten NE, Gooiker GA, ten Berge
MG, et al. The Dutch surgical colorectal audit. European journal of surgical oncology :
the journal of the European Society of Surgical Oncology and the British Association of
Surgical Oncology. 2013;39(10):1063-70.
Ortiz H, Wibe A, Ciga MA, Kreisler E, Garcia-Granero E, Roig JV, et al. Multicenter study
of outcome in relation to the type of resection in rectal cancer. Diseases of the colon
and rectum. 2014;57(7):811-22.
Dutch Snapshot research g. Benchmarking recent national practice in rectal cancer
treatment with landmark randomised controlled trials. Colorectal Dis. 2017.
von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet. 2007;370(9596):1453-7.
Gollub MJ, Maas M, Weiser M, Beets GL, Goodman K, Berkers L, et al. Recognition of
the anterior peritoneal reflection at rectal MRI. AJR Am J Roentgenol. 2013;200(1):97101.
Jorgren F, Johansson R, Damber L, Lindmark G. Risk factors of rectal cancer local recurrence: population-based survey and validation of the Swedish rectal cancer registry.
Colorectal Dis. 2010;12(10):977-86.
Penna M, Hompes R, Arnold S, Wynn G, Austin R, Warusavitarne J, et al. Transanal Total
Mesorectal Excision: International Registry Results of the First 720 Cases. Ann Surg.
2016.
Bloemen JG, Visschers RG, Truin W, Beets GL, Konsten JL. Long-term quality of life in
patients with rectal cancer: association with severe postoperative complications and
presence of a stoma. Diseases of the colon and rectum. 2009;52(7):1251-8.
Pachler J, Wille-Jorgensen P. Quality of life after rectal resection for cancer, with
or without permanent colostomy. The Cochrane database of systematic reviews.
2012;12:CD004323.
Matthiessen P, Hallbook O, Rutegard J, Simert G, Sjodahl R. Defunctioning stoma
reduces symptomatic anastomotic leakage after low anterior resection of the rectum
for cancer: a randomized multicenter trial. Ann Surg. 2007;246(2):207-14.
Snijders HS, Bakker IS, Dekker JW, Vermeer TA, Consten EC, Hoff C, et al. High 1-year
complication rate after anterior resection for rectal cancer. Journal of gastrointestinal surgery : official journal of the Society for Surgery of the Alimentary Tract.
2014;18(4):831-8.
Shiomi A, Ito M, Maeda K, Kinugasa Y, Ota M, Yamaue H, et al. Effects of a diverting
stoma on symptomatic anastomotic leakage after low anterior resection for rectal
cancer: a propensity score matching analysis of 1,014 consecutive patients. Journal of
the American College of Surgeons. 2015;220(2):186-94.
Anderin K, Gustafsson UO, Thorell A, Nygren J. The effect of diverting stoma on longterm morbidity and risk for permanent stoma after low anterior resection for rectal
cancer. European journal of surgical oncology : the journal of the European Society of
Surgical Oncology and the British Association of Surgical Oncology. 2016;42(6):788-93.
Vlug MS, Wind J, Hollmann MW, Ubbink DT, Cense HA, Engel AF, et al. Laparoscopy in
combination with fast track multimodal management is the best perioperative strat-

223

10

Chapter 10 | Hospital variation in stoma formation

31.

32.
33.

224

egy in patients undergoing colonic surgery: a randomized clinical trial (LAFA-study).
Ann Surg. 2011;254(6):868-75.
den Dulk M, Putter H, Collette L, Marijnen CA, Folkesson J, Bosset JF, et al. The abdominoperineal resection itself is associated with an adverse outcome: the European
experience based on a pooled analysis of five European randomised clinical trials on
rectal cancer. European journal of cancer. 2009;45(7):1175-83.
Bonjer HJ, Deijen CL, Haglind E, Group CIS. A Randomized Trial of Laparoscopic versus
Open Surgery for Rectal Cancer. The New England journal of medicine. 2015;373(2):194.
Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, et al. Preoperative radiotherapy combined with total mesorectal excision for resectable rectal cancer.
The New England journal of medicine. 2001;345(9):638-46.

Chapter 11

11
Vacuum assisted early transanal closure of leaking
low colorectal anastomoses: the CLEAN-study
W.A.A. Borstlap
G.D. Musters
L.P.S. Stassen
H.L. van Westreenen
D. Hess
S. van Dieren
S. Festen
E.J. van der Zaag
P.J. Tanis
W.A. Bemelman
Surgical Endoscopy 2017

Chapter 11 | Vacuum assisted early transanal closure

Abstract
Introduction:
Non-healing of anastomotic leakage can be observed in up to 50% after total mesorectal excision for rectal cancer. This study investigates the efficacy of early transanal
closure of anastomotic leakage after pre-treatment with the Endosponge® therapy.
Methods:
In this prospective, multicentre, feasibility study, transanal suturing of the anastomotic defect was performed after vacuum assisted cleaning of the presacral cavity.
Primary outcome was the proportion of patients with a healed anastomosis at six
months after transanal closure. Secondary, healing at last follow-up, continuity,
direct medical costs, functionality and quality of life were analysed.
Results:
Between July 2013 and July 2015, 30 rectal cancer patients with a leaking low
colorectal anastomosis were included, of whom 22 underwent neoadjuvant radiotherapy. Median follow-up was 14 (7-29) months. At six months, the anastomosis
had healed in 16 (53%) patients. At last follow-up, anastomotic integrity was found
in 21 (70%) and continuity was restored in 20 (67%) patients. Non-healing at 12
months was observed in 10/29 (34%) patients overall, and in 3/14(21%) when
therapy started within three weeks following the index operation. Major LARS was
reported in 12/15 (80%) patients. The direct medical costs were €8,933 (95% CI
7,268-10,707) per patient.
Conclusion:
Vacuum assisted early transanal closure of a leaking anastomosis after total mesorectal excision with 73% preoperative radiotherapy showed that acceptable
anastomotic healing rates and stoma reversal rates can be achieved. Early diagnosis
and start of treatment seems crucial.
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Introduction
Anastomotic leakage is still one of the most dreaded complications following rectal cancer surgery using total mesorectal excision(TME).1 Extensive research has
focussed on predisposing factors. The common thought is that the leak is being
caused by a broad spectrum of both adjustable and non-adjustable factors.2 Despite
optimising surgical techniques (minimal invasive surgery) and perioperative management (ERAS) the leakage rates of colorectal anastomosis remained high (8-20%)
over time.2-9 The TME creates a presacral cavity behind the anastomosis where large
amounts of debris and pus can accumulate even in case of a minor anastomotic
dehiscence. The anal sphincter functions as a physiologic barrier preventing drainage of the abscess cavity and neorectum via the anus.
Traditionally, if a patient presents with a symptomatic leak, the anastomosis is
defunctioned, if not done so primarily. The abscess is most commonly drained either
percutaneously or transanally. Half of these leaks might heal with this conventional
management.10 But if these leaks do not heal, a chronic presacral sinus is formed.
The sinus might be asymptomatic, but can also be a source of major morbidity even
up to life threatening necrotising fasciitis of the upper leg.11 Management of the
chronic sinus means major surgery taking down the leaking anastomosis followed
by either redo anastomosis or intersphincteric proctectomy with omentoplasty and
permanent colostomy.12 The Dutch-TME trial showed that after secondary stoma
formation for infectious problems, the deviating stoma could not be reversed in 49%
with pre-operative radiotherapy as an independent predictor (HR 0.34).[13]
Since a chronic sinus requires extensive surgical intervention, it is of great
importance to prevent the leak to become a chronic sinus. A minimal invasive treatment strategy with vacuum assisted drainage (EVAC) combined with early transanal
closure of the anastomotic defect (‘vacuum assisted early transanal closure’) has
been very successful in the early management of leaking ileoanal anastomoses for
ulcerative colitis (UC) or familial polyposis (FAP).14 However, these patients have a
neorectum made of small bowel instead of colon, and did not receive neoadjuvant
radiotherapy. For this reason we aimed to study the efficacy of vacuum assisted
early transanal closure for rectal cancer patients in terms of anastomotic healing,
stoma closure, functionality of the neorectum, quality of life (QoL) and treatment
related costs.

229

11

Chapter 11 | Vacuum assisted early transanal closure

Methods
This prospective, multicentre, feasibility study, was carried out in a total of five hospitals throughout the Netherlands that performed vacuum assisted early transanal
closure. Between July 2013 and July 2015, eligible patients with an anastomotic leak
after TME surgery from the study centre or a referring hospital could be included.
Patients who underwent TME for rectal cancer with primary anastomosis up to 6cm
from the anal verge and a confirmed leak by either CT-scan or sigmoidoscopy were
considered eligible. Prior to start of EVAC the anastomosis needed to be defunctioned, if not done so at the index operation. During the exchanges of the Endosponge® (B. Braun Medical B.V., Melsungen, Germany), the final decision was made
whether closure of the anastomosis was feasible. Closure was considered feasible
if the anastomotic edges at the level of the dehiscence were approximating during
desufflation with the endoscope. This could be considered as a sign of sufficient
flexibility of both sides of the bowel wall to bring the edges together.
Patients that were considered not suitable for closure of the anastomotic defect
could proceed with EVAC, thereby gradually tapering the size of the Endosponge®.
Such patients eventually being treated according to the initial description of EVAC
without transanal suturing were excluded from the present study.15 The Institutional
Review Board of the Academic Medical Centre in Amsterdam granted exemption
from Ethics approval for this study, however informed consent was requested for
sending out the functionality and quality of life questionnaires.
Vacuum assisted early transanal closure
Our group described the method of vacuum assisted early transanal closure for
patients with a leaking ileo-pouch-anal-anastomosis (IPAA) in a previous communication.14,16 We refer to those papers for extensive description of the technique.14,16
Briefly, the Endosponges® were placed endoscopically under light sedation (dormicum/fentanyl). One or two open-pored polyurethane Endosponges® were placed
via a plastic tube under the guidance of the endoscope into the deepest point of
the abscess cavity. During subsequent placements the Endosponges® were not
tapered, because the objective of the EVAC therapy was to clean the cavity prior
to closure of the anastomotic dehiscence with induction of granulation tissue. This
is different from EVAC therapy aiming at closure, where the Endosponges® were
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gradually tapered in order to achieve a collapse of the cavity.17 The Endosponges®
are connected to a low-vacuum suction bottle (Redyrob® TRANS PLUS suction device, Melsungen, Germany) and changed every 3-4 days to prevent tissue ingrowth.
When the abscess cavity was considered clean (i.e. granulation tissue covering the
abscess cavity) and bowel edges were expected to come together, the anastomotic
defect was closed surgically. Closure of the leak was performed under general anaesthesia with the help of a LoneStar Retractor® (Cooper Surgical, Trumbull, United
Stated) or via transanal minimal invasive surgery (TAMIS) using the GelPOINT ® Path
Transanal Access Platform (Applied Medical, Rancho Santa Margarita, United States)
depending on the distance of the anastomosis from the anal verge. Suturing was
done using 2-0 Novosin interrupted sutures (B. Braun Medical B.V., Melsungen,
Germany). A drain was placed trans-anastomotic or peri-anastomotic in the cavity
and removed on the third or fourth postoperative day. Patients were treated with
antibiotics up to the tenth postoperative day. The reconstructed anastomosis was
evaluated by endoscopic inspection and subsequent contrast imaging studies, two
weeks after the transanal closure. If no healed anastomosis was observed at this
follow-up visit, either a ‘wait and see’ strategy was chosen or a secondary period
of EVAC was commenced, or a second attempt to transanal close the defect, based
on the size of the remaining leak. The treatment strategy flow-chart is presented
in figure 1. A member of the steering committee attended at least one transanal
closure procedure in the other participating centres. No proctoring courses were
organised.
Definitions:
An anastomosis was considered to be healed if there were no signs of contrast
extravasation during abdominal CT or contrast enema and there was an intact
anastomosis during endoscopy. If patients required redo surgery with excision of
the anastomosis with either end-colostomy or a new coloanal anastomosis, they
were considered as treatment failures. Stoma closure was considered successful
if no subsequent pelvic abscess developed during follow-up, if there was no need
of recreation of the stoma and if no other complications had occurred related to
anastomotic failure. A chronic sinus was defined as a presacral abscess that was still
present 12 months onwards after the index operation.
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Figure 1: Treatment flow chart of patients with anastomotic leakage after low anterior resection that
underwent a vacuum assisted early closure strategy.

Outcomes
The primary endpoint was the number of healed anastomoses after six months
following the first attempt to close the leak surgically. Secondary outcomes were
the number of healed anastomoses at the end of follow up, the number of chronic
sinuses, number of patients with successfully restored continuity, quality of life,
functionality and direct medical costs. A sub analysis was made between patients
that started with EVAC within three weeks (early EVAC group) from the index operation and those where the EVAC started outside this period (late EVAC group),
hypothesizing that vacuum assisted early transanal closure is more effective when
started early.
Quality of life and functionality analysis
Quality of life (QoL) and function were assessed at fixed time-points after the index
operation. QoL was assessed using the Short Form 36 (SF-36®), the GIQLI (Gastrointestinal Quality of Life Index) questionnaire and the EQ5D-5L at 3, 6, 9 and 12
months postoperative.18-20 Function was assessed in patients where the continuity
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was restored, using the Colorectal Functional Outcome (COREFO) scale at 6, 9 and
12 months post construction of the anastomosis and the low anterior resection
syndrome (LARS) score at the end of the follow-up period.21,22
Cost Analysis
The direct medical costs that were related to vacuum assisted early transanal closure
were calculated from first EVAC to a healed anastomosis. In the case no anastomotic
healing occurred, the costs from first EVAC to the decision to definitively refrain
from the minimally invasive strategy was calculated (i.e. decision to perform a redoprocedure, to construct an end-colostomy or decision to definitively not reverse the
stoma, also see red dotted line of figure 3). Failed patients either had a redo anastomotic pull through procedure, an intersphincteric resection with permanent colostomy or the intentionally temporary defunctioning ileostomy became permanent.
The costs associated with stoma reversal, the redo-procedure itself or subsequent
complications are not directly associated to vacuum assisted early closure and are
therefore presented in the appendix. Units that were included in the cost analysis
were number of EVACs performed, length of stay following transanal closure, readmissions, interventions, total length of hospital days during follow-up, endoscopic
examinations, radiological imaging, outpatient clinic visits and emergency room
visits. Unit costing was based on the Dutch costing manual for healthcare research.
Costs related specifically to the EVAC or stoma related costs were determined based
on earlier cost-analyses from our study group.14.23 The unit costs were determined
for the year 2015, after price-indexing (based on general consumer price indices;
www.cvz.nl, access date 12 October 2016) of unit costs stemming from different
calendar years.
Statistical analysis
According to their distribution, descriptive data are reported as median with range
or mean with a standard deviation (SD). As the sample size of this feasibility study
was small, no formal comparisons of subgroups were performed. Therefore, no chisquared or Fischer’s exact tests were used. In order to analyse the time to healed
anastomosis and time to continuity the Kaplan-Meier method was used. In order
to analyse the Qol questionnaires over time, the Wilcoxon signed rank test was
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used. All analyses were performed with IBM SPSS statistics, version 23.00 (IBM Corp
Armonk, NY, United States).

Results
Between July 2013 and July 2015, a total of 45 patients were counselled for vacuum
assisted early closure. A third of these patients (n=15) were considered not eligible.
The patient flow-chart and reasons for exclusion are presented in Figure 2. Finally,
a total of 30 patients were included for analysis of the primary endpoint being a
healed anastomosis at six months from transanal closure.

Figure 2: Study flow-chart

Patient characteristics
All patients had prior TME surgery for rectal cancer, of whom 27 patients had a
primary leaking anastomosis and three patients had undergone a redo coloanal
anastomosis with recurrent leakage. The majority of patients were male, and the
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median age was 66 (40-79) years. Seven patients were not initially diverted and received a diverting ileostomy after the leak was diagnosed. Any form of neoadjuvant
therapy was applied in 22 (73%) patients. Median follow-up was 14 (7-29) months.
The baseline characteristics are presented in table 1.
Table 1. Patient Characteristics
Sex (Male)
Age (median, range)
BMI-median (range)
Neoadjuvant radiotherapy
		
- 5x5
		
- CRT
Procedure prior to Endosponge® therapy
		
- LAR
		
- Anastomotic redo
Laparoscopic approach
Earlier abdominal surgery
Primary deviation
Stapled anastomosis
Configuration anastomosis
Side to end
End to end
Median duration of follow-up

CLEAN study patients(n = 30)
19 (63%)
66 (40-79)
25.2 (20.1-34.2)
19 (63%)
3 (10%)
27 (90%)
3 (10%)
22 (73%)
10 (33%)
23 (77%)
26 (87%)
20 (67%)
10 (33%)
14 (7-29)

CRT = Chemoradiotherapy, LAR = low anterior resection, earlier abdominal surgery that is not related to
rectal carcinoma or anastomotic leakage.

The leak was located posteriorly in the rectum in 22 patients and a near complete
dehiscence of the anastomosis was found in two patients. Median time from the
index operation to diagnosis of the leak was 14 (3-75) days. Time from surgery to
first Endosponge® placement was median 23 (3-158) days, and EVAC started within
three weeks from the index operation in 15 patients. In 9 patients, the defect of the
anastomosis needed to be dilated with a 12mm endoscopic CRE balloon in order
to enter the abscess cavity. Transanal closure was performed after a median of 13
(5-51) days and a median of four (2-15) placements. No adverse events related to
the EVAC procedures were reported.
Considering the transanal closures, median operation time was 70 (26-257)
minutes. The defect was closed with the use of a Gelpoint path in 13 (43%) and
with a Lone Star Retractor® in 17 (67%) patients. No adverse events related to the
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transanal closure occurred. The perianastomotic drain was removed after a median
of four (2-6) days in the outpatient clinic. Length of hospital stay following the transanal closure was a median of 1.5 (0-21) days.
Primary endpoint
In 16/30 patients (53%) the anastomosis was healed within six months after
transanal closure. If EVAC was started within three weeks after the index operation
(early EVAC group), anastomotic healing at 6 months was observed in 10/15 (67%)
patients, compared to 6/15 (40%) patients with start of EVAC beyond three weeks
(late EVAC group). In patients that did not have neoadjuvant therapy, the anastomosis was healed within six months in 7 out of 8 patients. Median time for the
anastomosis to heal was 127 (14-722) days. At the end of follow up, the anastomosis
had healed in 21/30 (70%) patients. Corresponding rates for the early and late EVAC
subgroups were 11/15 (73%) and 10/15 (67%), respectively. The anastomotic leak
developed into a chronic sinus in 10/29 (34%) of the patients. In the early EVAC
group, 3/14 (21%) patients developed a chronic sinus, compared to 7/15 (47%) in
the late EVAC group. (Table 3) Interestingly, in three of the patients with a chronic
sinus the anastomosis healed at the end of follow-up.
Table 2 Leakage, EVAC and transanal closure characteristics
CLEAN study Start Endosponge® therapy
patients
< 3weeks
> 3 weeks
(n = 30)
N=15
N=15
Location of leakage (assessed during transanal closure)
- Ventral
- Dorsal
- Lateral
- Complete dehiscence
Median Time (days, range) from surgery to diagnose leak
Median Time (days, range) from surgery to start
Endosponge®
Duration Endosponge® therapy prior to early transanal
closure in days (median, range)
Number of Endosponge® procedures prior to transanal
closure (median, range)
Patients requiring Endosponge® post transanal closure
Defect closure confirmed at first imaging endoscopy after
transanal surgery (%, n)
Evac = vacuum assisted drainage
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4 (13%)
22 (73%)
2 (7%)
2 (7%)
14 (3-75)
23 (3-158)

1 (7%)
10 (67%)
2 (13%)
2 (13%)
9 (3-14)
13 (3-21)

3 (20%)
12 (80%)
0
0
24 (3-75)
34( 25-158)

13 (5-51)

12 (6-51)

13 (5-44)

3.5 (2-15)

3 (2-15)

4(2-13)

13 (43%)
2 (7%)

5 (33%)
1 (7%)

8 (53%)
1 (7%)

Figure 3 presents the strategy applied when no healed anastomosis was
observed during sigmoidoscopy at two-weeks following the transanal closure.
Twenty-eight patients had a persistent leak (93%) at 2 weeks follow-up. In one of
these patients, it was decided to take-down the anastomosis because of dehiscence
that was larger than 270 degrees. Of the remaining 27 patients, 12 were treated
conservatively with monthly sigmoidoscopy follow-up. This strategy was chosen
if the remaining dehiscence was too small to restart Endosponge® therapy. In 12
patients, the defect was larger and a second Endosponge® therapy was started. This
was followed by a second attempt of transanal closure of the defect in 3 of these 12

11
Figure 3: Treatment strategies for patient with a non-healed anastomosis at routine sigmoidoscopy two
weeks after transanal closure of the anastomotic defect.
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patients. In two patients, the persisting defect was considered clean enough, and it
was decided to directly attempt a second transanal closure, without pre-treatment
with Endosponge®. The remaining patient had a presacral abscess without a visible
connection with the neorectum, which was successfully treated by percutaneous
transgluteal drainage. The corresponding healing rates of these treatment approaches are presented in Figure 3.
In 19 (67.9%) of the above mentioned 28 patients, it was possible to save the
anastomosis without the need for abdominal surgery. Of the 9 remaining patients,
6 eventually needed a resection of the anastomosis, one refrained from further
therapy due to metastatic disease, one patient refused any further therapy and the
remaining patient received no further therapy because of poor clinical condition.

A

B

C

D

E

F

Figure 4: Patient with a large dehiscence of the anastomosis that underwent successful treatment.
A = first sigmoidoscopy showing a 270 degrees dehiscence of the anastomosis with a transanal drain
that was placed in the referring hospital. B= Sigmoidoscopy image after two Endosponge® procedures,
showing granulation tissue with pus on the right side of the descending colon. C= Image after the fifth
Endosponge® procedure showing a clean cavity with granulation tissue. D= Two weeks follow-up sigmoidoscopy after transanal closure showing a reduced dehiscence, but with a residual defect. E= Small residual
sinus after a total of 8 Endosponge® exchanges for a residual defect after transanal closure. F= Sigmoidoscopy two week after the last Endosponge® procedure, showing a healed anastomosis.

Continuity
The defunctioning ileostomy could be reversed successfully in 20/30 (67%) patients
at the end of follow-up. Corresponding rates of the early EVAC group and late EVAC
group were 11/15 (73%) and 9/15 (60%), respectively. Reasons for permanent stoma
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were chronic sinus in seven patients, refusal to have further surgery in two patients
and one patient directly received an end-colostomy after initial failure of transanal
closure. Median interval from transanal closure to stoma reversal was 175 (72-556)
days. Corresponding intervals for the early and late EVAC groups were 175 (72-556)
and 165 (78-541) days, respectively.
Quality of life and functionality
The response rates of the EQ5D-5l, GiQLI and SF-36® at 3, 6, 9, 12 months were
73%, 69%, 66% and 86%, respectively. Mean EQ5D-5L VAS-Score at 3 months was
69 (SD 0.22) which increased to 77.9 (SD= 0.25, p<0.01)) at 12 months. A similar improvement in QoL was seen in the SF-36 scale and GiQli which is presented in table
4. Response rates of the COREFO were 70%, 71% and 100% at 6, 9 and 12 months.
Table 3 Healing rates
CLEAN study Start Endosponge® therapy
patients
< 3weeks
> 3 weeks
(n = 30)
N=15
N=15
Healed anastomosis six months following transanal closure
16 (53%)
10 (67%)
6 (40%)
Healed anastomosis at end of follow-up
21 (70%)
11 (73%)
10 (67%)
Successfully restored continuity at six months
11/30 (37%)
7 (47%)
4(27%)
Successfully restored continuity end of follow-up (%, n)
20/30 (67%)
11 (73%)
9 (60%)
Median time from transanal closure to healed anastomosis 127 (14-722) 92 (19-509) 220 (14-722)
(days)
Median time to successful stoma closure from primary
204 (92-624) 193 (92-581)
262
surgery (days)
(121-624)
Median time to successful stoma closure from transanal
175 (72-556) 175 (72-556) 165(78-541)
closure (days)
No. of patients with chronic sinus
10/29 (35%)* 3/14 (21%) 7/15 (47%)*
6/30 (20%)#
2 (13%)
4 (27%)
Number of patients requiring resection of dysfunctional
#
anastomosis (either redo or end-colostomies)
No. of patients readmissioned for presacral abscess
10/30 (33%)
4 (27%)
6 (40%)
6 (0-47)
6 (0-15)
8 (0-47)
Total hospital days for readmittance in post EVAC +
transanal closure course (median, range)1
* One patient was lost to FU seven months following the transanal closure and therefore it was unknown
whether a chronic sinus had developed.
#: In 3 patients with a chronic sinus the stoma could be reversed successfully and in 2 patients with
a chronic sinus further surgery was declined due to morbidity of the patient in one and widespread
metastatic disease in the other, so therefore 5 patients with a chronic sinus were treated conservatively.
On the other hand in one patient the anastomosis was resected two weeks after the transanal closure,
as the two week sigmoidoscopy showed a complete dehiscence and this was considered to be best
treatment option (however this patient did not developed a chronic sinus), so therefore the total
number is 6. 1 = Includes all readmissions until end of follow-up, thereby including stoma reversals and
redo procedures and resection of anastomosis.
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With the lower scores corresponding with less continence disturbance, analysis
of the COREFO showed that functionality did not increase from 6 months to 12
months postoperative. Response rate of the LARS-score was 80%. Of these responders, 81% experienced Major LARS, 13% Minor-LARS and 6% No LARS (Appendix).
Cost Analysis - Direct medical costs related to vacuum assisted early closure

The total direct medical costs related to the vacuum assisted early closure strategy
from start of EVAC to a healed anastomosis or strategy switch from the minimal
invasive treatment strategy were €8,933 (95% CI 7,268-10,707) per patient. The
endoscopic examinations to place the Endosponges® and to monitor the healing
of the anastomosis contributed the most to the overall cost-burden with median
costs of €1,539 (616-6,773) per patient. The price of one Endosponge® set was
€195, contributing to a median €990 (396-6,142) per patient. Compared to earlier
communicated results from the ‘wait and see’ strategy in our institution, vacuum
assisted early transanal closure showed a 20% increase in healed anastomoses at
the end of follow up.10 This resembles a number needed to treat of five. This means
that five patients have to be treated with vacuum assisted early transanal closure in
order to save one extra anastomosis compared to the ‘wait and see’ strategy.

Discussion
Only half of the leaking anastomosis treated with vacuum assisted early transanal
closure had healed at six months of follow up. This was rather disappointing considering the high healing rate of leaking ileoanal anastomoses at six months follow-up
using the same technique.14
There are several reasons why this EVAC technique is less successful in colorectal/anal anastomoses than in ileoanal anastomoses (IPAA). First, time interval before
initiation of the EVAC was substantially longer (median of 23 days). Most of the patients were referred after a delayed diagnosis of the leakage. Starting too late with
EVAC after the primary operation will probably result in fibrotic bowel ends of the
leaking anastomosis in such a way that primary closure is more difficult to achieve.
This was demonstrated by a difference in success rate between EVAC started before
three weeks and after three weeks. In our previous communication on EVAC for
leaking IPAA, all patients had their primary surgery in our hospital and therefore a
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rapid initiation of EVAC after establishment of the diagnosis was possible in nearly
all patients. EVAC was commenced after a median of 2 days from diagnosis of leakage in our previous publication compared to a median of 9 days in the CLEAN-study
cohort.
The second factor causing lower healing rates was that most of the patients with
colorectal anastomoses were treated with neoadjuvant radiotherapy, an important
cause for disturbed wound healing.24 Parallel to the impaired wound healing of
perineal wounds following abdominoperineal resection, neoadjuvant radiotherapy
seems to have a high impact on secondary healing of the anastomosis. The induced
cell-death, vascular damage and associated fibrosis all contribute to lower healing
rates.24,25
Thirdly, it is technically easier to close a leaking IPAA compared to a colorectal/
anal anastomosis. The former is easier to access transanally. In this respect, a technical learning curve has to be appreciated in this study with respect to skills, the
approach and the type of sutures that are used. However, at the end of follow-up
70% of the anastomoses healed which is 20% better than the figures found in an
earlier published ‘wait and see’ cohort, as well as the Dutch TME trial.10,13 The ‘wait
and see’ strategy was associated with a high rate of readmissions taking an average
of 22 days, whereas in the present cohort the same figure was only 6 days (including
readmissions for stoma reversal). This highlights an important benefit of the vacuum
assisted early transanal closure strategy as it facilitates a better local control of the
pelvic sepsis. By early sanitising the presacral abscess cavity, the risk on long term
complications requiring readmission seems to be reduced.
A population based study in the Netherlands demonstrated that the chronic
sinus rate following anastomotic leak is around 48% (unpublished data), which is
similar to the non-reversal rate of secondary stoma’s in the TME trial. In the early
EVAC group, this rate was 21%, and even though our sample size is small, this reduction in chronic sinus rate of 50% is at least promising. On the other hand, the sinus
rate of 47% in the late EVAC group is still alarming and questions the applicability of
vacuum assisted early closure after delayed diagnosis of anastomotic leakage.
The primary closure strategy enabled even patients with major dehiscence of
the anastomosis (270 or even 360 degrees) to be healed at the end of follow-up due
to approximation of the bowel ends which facilitates secondary healing (Figure 4).
A functional anastomosis would have never been possible in such cases without the
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early surgical intervention, considering the size of the defect. Furthermore, historical data from our institute indicates that the time to heal when applying a ‘wait and
see’ strategy doubles when compared to the present cohort.10
Since the publication of Weidenhagen et al., multiple retrospective studies have
published results of the EVAC management of anastomotic leaks.16,17,26-28 Anastomotic healing rates ranged between 56% and 97%, the majority being higher than
our reported 70%. In contrast to these studies, our cohort solely consists of patients
that had full TME with a low anastomosis rather than partial mesorectal excision
and more than 70% had preoperative radiotherapy.
An important limitation of the present study is the risk of selection bias. The
period needed to include 30 patients was rather long, despite the CLEAN study had
been presented at several national meetings and surgeons were invited to refer their
leakages through different types of communications. Maybe not all potential study
candidates were counselled and included in the study. Most likely, the surgeons
referred their worst cases for inclusion expecting no healing by applying a wait and
see policy. Another limitation is the lack of a comparative group. This cohort study
was designed as proof of concept of a technique that has been shown to be successful for another indication, with the ability of historical comparison with published
results from the ‘wait and see’ strategy.
The minimally invasiveness of EVAC, the low associated costs and the low risks
associated with the transanal closure procedure itself, advocate vacuum assisted
early transanal closure as a first step in a proactive and step-up approach of anastomotic leak management. In case no anastomotic healing is reached with vacuum
assisted transanal closure, eventually a redo anastomotic pull-through procedure
can be considered.29 Continuity after redo-surgery can be reached in approximately
70-80% of the patients.29,30 Another slightly less complex management of the chronic
sinus is performing an intersphincteric completion proctectomy with omentoplasty
and a permanent end-colostomy.12
This step-up approach of the anastomotic leak is an extensive treatment strategy
that is demanding for patients and physicians. Therefore it is of pivotal importance
to include the patient in the decision making process in each of these steps. Patients should be well-informed on the increased risk on intra- and postoperative
complications of the surgical procedures itself, but especially on the risk of impaired
postoperative functionality of the neorectum. Anastomotic leakage, redo surgery,
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and neoadjuvant therapy are responsible for even more LARS than the procedure is
causing itself. This was shown in our cohort, as a major LARS-score was observed in
those who had preserved bowel continuity.
In conclusion, this first prospective study on vacuum assisted early closure of
a leaking anastomosis following TME surgery and 73% neoadjuvant radiotherapy
showed that acceptable anastomotic healing and stoma reversal rates can be
achieved with this treatment strategy. However, earlier diagnosis of the anastomotic
leak and initiation of EVAC as soon as possible might still improve the success rate
of the technique.
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Appendix I Quality of life assessment
EQ 5D-5L
EQ5D index score (mean
sd)
EQ5D VAS score

3m
(n=19)
0.69 (0.22)

6m
(n=20)
0.79 (0.14)

9m
(n=18)
0.80 (0.17)

12m
(n=24)
0.80 (0.25)

67.22 (20.50)

70.26 (14.07)

76.39 (17.05)

77.91 (16.64)

SF-36
Physical functioning (mean, SD)
Role Physical (mean, SD)
Bodily Pain (mean, SD)
Social functioning (mean, SD)
Mental health (mean, SD)
Role emotional (mean, SD)
Vitality (mean, SD)
General health perception (mean, SD)
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3m
(n=19)
60 (20)
25 (35)
69 (24)
53 (34)
71 (25)
53(47)
55(22)
59 (19)

12m
(n=25)
75(26)
66 (46)
74 (29)
71(30)
78 (19)
68 (47)
65 (26)
63 (25)

p-value*
0.031
0.003
0.312
0.044
0.171
0.335
0.162
0.569

Appendix II: Treatment dependent direct medical costs per patient
of both treatment methods in Euros.
Table 5: Cost analysis
Price per unit (€)
Units
Costs
Costs made from diagnosis of leakage to healed anastomosis or strategy switch (n=30)
476
3 (1-19)
1190 (476-9044)
Hospital admittance (day)
following transanal closure 1,a
476
0 (0-21)
0 (0-9996)
Total hospital days for
readmittance in post EVAC courseb
195
5 (2-31)
990 (396-6142)
Endosponge set (per change)2
1413
1 (1-3)
1436 (1436-4307)
Total amount of transanal closures3
202
7.5 (3-33)
1539 (616-6773)
Sigmoidoscopy4
212
2 (0-4)
431 (0-862)
CT-abdomen5
150
0 (0-6)
(0-902)
Colonogram6
Outpatients clinic visits
113
0.5 (0-14)
57 (0-1584)
259
0 (0-2)
0 (0-518)
ER room visits7
378-1915
1 (1-2)
1096 (149-1916)
Reinterventions#
Mean (CI) : 8933-(7268-10707)
Total costsD
CLEAN costs including stoma reversal, redo procedure or proctectomy with end colostomy (n = 30)
Total hospital days for
476
6 (0-47)
2856 (0-22372)
readmittance in post EVAC course
195
5 (2-31)
991 (396-6142)
Endosponge set (per change)2
202
8 (3-34)
1642 (616-6978)
Sigmoidoscopy4
212
2 (0-7)
431 (0-1508)
CT-abdomen5
150
0 (0-6)
0 (0-902)
Colonogram6
Outpatients clinic visits
113
1 (0-16)
113 (0-1810)
259
0 (0-2)
0 (0-518)
ER room visits7
378-1915
2 (0-7)
1345 (149-3622)
Reinterventions#
Redo procedure
5440
0 (0-2)
0 (2-10880)
2504
1 (0-2)
2504 (0-6950)
Stoma reversal@
Mean (CI): 17018 (13822-20832)
Total costsD
Data are
Data are presented as median [range], a Hospital stay from day of transanal closure to discharge,
b
Hospital stay for readmissions in period from defect closure to healing of anastomosis of strategy
switch c Hospital stay for readmissions in period from defect closure including ileostomy reversal, redo
procedures and formation of endcolostomy, dMeans with 95% CI are displayed, Unit costing were based
on the Dutch costing manual for health care research15 . 1,2,3,4,5,6,7 # = other reinterventions than stoma
reversal or redo procedure. @= in the case stoma reversal was complicated due to a dysfunctional
anastomosis, the costs of the secondary stoma construction were calculated within the stoma reversal
costs.
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Abstract
Aim:
The aim of this study is to report on the feasibility of transanal minimally invasive
surgery (TAMIS) as a novel approach to redo colorectal or ileoanal anastomoses.
Methods:
From October 2014, a prospective institutional database was created for all consecutive patients who underwent redo surgery by TAMIS for presacral sinus or
anastomotic stenosis after low anterior resection, or pouch related problems following restorative proctocolectomy. Intra-operative feasibility, 30-day postoperative
outcomes, intestinal continuity and complications after 6 months follow-up were
evaluated.
Results:
Of 17 included patients, 14 underwent anastomotic reconstruction and three completion proctectomy. The median operation time was 265 minutes (range 201-413).
A successful rendezvous with simultaneous transabdominal access was achieved in
15 patients, and the procedure was completed by TAMIS alone in two. Five patients
were readmitted within 30 days (29%). Two (14%) patients developed an anastomotic leakage within 30 days and four (24%) developed a pelvic abscess requiring
re-intervention. One patient developed an urethra stenosis and was managed with
a suprapubic catheter. Median follow-up was 9 (6-15) months. Within 6 months
following the redo TAMIS 1 patient developed a delayed anastomotic leak and 1
patient had a recurrent presacral abscess after stoma closure. Intestinal continuity
was reached in 71% of the patients at six months follow-up.
Conclusion:
TAMIS is a valuable approach in redo pelvic surgery, but is still associated with high
complication rates related to the complexity of the underlying problem.
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What does this paper add to the literature?
This study describes the first consecutive cohort of patients undergoing redo pelvic
surgery using transanal minimally invasive surgery (TAMIS) for the reconstruction of
a low colonic anastomosis or an ileo-anal pouch.

Introduction
Transanal minimally invasive surgery (TAMIS) is slowly being incorporated into the
colorectal surgeon’s armamentarium as an approach to pelvic dissection. Since its
first description as an alternative to transanal endoscopic microsurgery (TEM) for
local excision of rectal tumours, the advantages and its place in surgery for benign
and malignant indications have been debated and discussed.1 The use of conventional laparoscopic instruments and experience gained with transabdominal single
port surgery has facilitated further development of the TAMIS technique, expanding
its indications since 2009. The spectrum of pathology that can be managed with
TAMIS has broadened from excision of intra luminal small rectal lesions to a full total
mesorectal excision (TME). 2,3
One of the technical problems in redo pelvic surgery is to achieve adequate exposure. In addition, redo anastomotic surgery for patients with a chronic presacral
sinus after low anterior resection or pouch dysfunction is often characterized by difficult dissection because of adhesions (inflammatory), fibrosis and distortion of the
anatomical planes. We propose that the “bottom-up” minimally invasive approach
provides increased accessibility and improved visibility compared to conventional
approaches for the most distal part of the dissection in the pelvis.
The aim of this study is to report on the feasibility of the TAMIS approach for
redo pelvic surgery based on the possibility to achieve a rendezvous with simultaneous transabdominal access at a predefined level. Next to, 30-day postoperative
outcomes, continuity and complications at 6 months after the redo TAMIS will be
analysed.
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Methods
From October 2014, all consecutive patients who underwent redo pelvic surgery
via a minimally invasive transanal approach with a single port (GelPOINT ® Path
Transanal Access Platform, Applied Medical, Rancho Santa Margarita, United States)
were included. All procedures were performed by one of two consultants at the
Academic Medical Centre, Amsterdam, with extensive experience in minimally
invasive and redo colorectal surgery. The patient and treatment characteristics were
retrospectively collected from the patient records. Operative, pathology, endoscopic
and radiology reports as well as the patients charts were searched for patient demographics, primary treatment characteristics, tumour characteristics, hospital stay,
preceding interventions or re-interventions (radiological, endoscopic and surgical)
and disease status at the last date of follow-up.
Surgical Technique
For technical details of the TAMIS approach, we refer to the description by Attalah in
2009.1 The pneumoperitoneum created by the single port (GelPOINT ® Path Transanal Access Platform), enables increased accessibility to commence the dissection
around the dehisced anastomosis. A purse-string suture of the neorectum was not
always needed or possible when the leaking anastomosis was very low. In pelvic
sepsis the area is contaminated, so a purse string cannot prevent contamination of
the wound bed anymore. Only if there is still a considerable amount of rectum (2-3
cm above the dentate line), than a purse string is feasible. The rectum is transected
prior to potential placement of the pursestring suture in the proximal bowel. Feasibility of the TAMIS approach in this study was defined as the ability to complete a
rendezvous from the “bottom-up” or trans-anal approach towards the “top-down”
or abdominal approach at the level of the seminal vesicles in men or at the level
where the neorectum curves anteriorly in women, beyond the leaking anastomosis
(Figure 1). By completing the rendezvous from the pelvis to the abdominal cavity in
this manner, a canal is created where, after mobilisation of the splenic flexure, the
colon or the reconstructed pouch can be exteriorized (Figure 2). When the TAMISredo was performed completely transanal, there was no abdominal mobilisation. By
completing the majority of the dissection from below, the extent of the proximal dissection is limited. Redo TAMIS was used with the intention to limit “blind dissection”
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from the top and to achieve a safer and better visualised dissection of the dehisced
anastomosis with an associated lower risk of nerve injury and bleeding.

Figure 1:Rendezvous: Bottom-up

After completion of the rendezvous, the single port is removed and the neorectum can be exteriorized for a tensionless handsewn coloanal anastomosis, using
the Lone Star Retractor (Cooper Surgical, Trumbull, United States), the handsewn
anastomosis technique is earlier described by Lacy and Penna et al (Figure 2).

3-5

Anastomotic leakage was defined, as proposed by Caulfield, as a disruption of the
anastomosis identified at reoperation or extravasation of contrast medium at the
anastomotic site on an imaging study, irrespective of the presence of symptoms. 6
Subsequently, an abdominal abscess or free pelvic fluid collection without extravasation of contrast medium was considered an occult anastomotic leak. A chronic
presacral sinus was defined as a sinus that persisted for more than one year from
prior operation, and had been confirmed by radiological imaging or endoscopally.
All anastomosis are controlled with a sigmoidoscopy 2 weeks after the redo-surgery.
This in order to facilitate early salvage of the anastomosis with the endosponge.
However if there were clinical and/or hematologic signs of a leakage/infection, a
CT-abdomen with rectal contrast is performed. We divided the postoperative course
in “Operative outcomes” (within 30-days from TAMIS-redo) and “Postoperative
Outcomes” (complications that occurred between 30-days and six months from
TAMIS-redo). Continuity was assessed after a follow-up period of six months.
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Figure 2: Pulled-through neorectum

Statistical analysis
For non-normal distributed data, medians with range are reported. All analyses
were performed with IBM SPSS Statistics, version 20.0.0 (IBM Corp., Armonk, NY,
United States).

Results
Patient Characteristics
From October 2014 to June 2015, 17 patients underwent redo surgery via TAMIS. A
colo-anal or an ileo-pouch anal anastomosis (IPAA) in 14 patients, and a completion
proctectomy with end colostomy in three patients. Median age was 56 years (range
30-67). The underlying pathology was rectal carcinoma (n=10, 59%), ulcerative colitis
(n= 6, 35%) or Familial Adenomatous Polyposis Coli (FAP) (n=1, 7%). The median
number of procedures prior to redo surgery was four (range 1-22)(Table 1). Patient
characteristics are shown in Table 2. All patients with rectal carcinoma had received
neo-adjuvant treatment. The primary procedure performed was a low-anterior resection (LAR) in ten patients and proctocolectomy with IPAA in seven patients. Thirteen
(76%) patients had a diverting stoma at the time of surgery. The diverting stoma was
formed during the TAMIS procedure in 5/13 (38%) patients, at the initial procedure
in three (23%) and at a reintervention prior to the TAMIS in five (38%) patients. The
four patients without a diverting ileostomy had pouch dysfunction instead of a history
of anastomotic leakage, due to reasons described in Table 1. Simultaneous trans-abdominal access during TAMIS was gained via a laparotomy (n=9), Pfannenstiel incision
(n=3) or laparoscopic (n=3) depending on the approach of the initial operation. In two
patients the procedure was performed completely transanal.
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Table 1. Indications for redo TAMIS procedure
Anastomotic problems : 13/17(76%)
Type of interventions prior to TAMIS
Underlying
Indication for
Number of
disease
TAMIS
interventions
prior to
TAMIS*
1 Carcinoma Presacral abscess
4
LAR (laparoscopic), endosponge, Transanal closure
of defect, endosponge
Carcinoma
Stenosis of
1
LAR (laparoscopic)
2
anastomosis
3

Carcinoma

Presacral sinus

4

4

Carcinoma

Presacral sinus

3

5

Carcinoma

Presacral sinus

5

6

Carcinoma

Presacral sinus

3

7
8
9

Carcinoma
Carcinoma
Carcinoma

Presacral sinus
Presacral sinus
Presacral sinus
presenting as a
rectovaginal fistula
10 Carcinoma Presacral sinus with
enterocutaneousand small bowel
fistula and an
anastomotic
stenosis
11 Ulcerative
Presacral sinus
colitis
presenting as a
pouch fistula

12 Ulcerative
colitis

Presacral sinus
presenting as a
perianal fistula and
cuffitis

1
2
5

8

22

3

LAR (open), relaparotomy, ileostomy closure,
endosponge
LAR (open), Ileostomy closure, relaparotomy with
formation of new anastomosis
LAR(laparoscopic), transanastomotic drain,
ileostomy closure, endosponge, transanal closure of
anastomotic defect.
LAR (laparoscopic), endosponge, transanal closure
of defect
LAR (open)
LAR (open), percutaneous abscess drainage.
LAR (open), ileostomy closure, ileostomy formation
due to leaking blind loop, JJ-Catheter placement,
ileostomy closure
LAR (open), Ileostomy closure, trocar herniation
correction, relaparotomy due to ileus, resection
leaking anastomosis and end colostomy, parastomal
hernia correction, surgically placed abdominal drain,
endosponge
Subtotal colectomy (open), relaparotomy+
ileostomy formation, ileostomy closure,
proctectomy, relaparotomy, angiogram with coiling
(2x), abdominal mesh placement, relaparotomy,
Percutaneous drainage, endosponge, revision
abdominal mesh+VAC-abdomen, endosponge,
transanal pouch revision, endosponge,transanal
pouch revision, ramirez-plasty + pouch excision
and formation new pouch, transanal closure
anastomotic leakage, endosponge, transanal closure
anastomotic leakage, endosponge, transanal closure
anastomotic leakage
Subtotal colectomy with J-pouch (laparoscopic),
proctectomy, ileostomy closure, mesh removal
+ closure abdominal wall, relaparotomy + VAC
abdomen, transanal pouch revision (2x),
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Table 1. Indications for redo TAMIS procedure (continued)
Anastomotic problems : 13/17(76%)
Type of interventions prior to TAMIS
Indication for
Number of
Underlying
disease
TAMIS
interventions
prior to
TAMIS*
13 Ulcerative Dehiscence of the
4
Subtotal colectomy without anastomosis (open),
colitis
posterior part of
secondary IPAA, shortening of blind loop and
the IPAA
formation of new IPAA, ileostomy formation
Pouch problems : 4/17 (23%)
14 Ulcerative
Efferent loop
6
Subtotal colectomy with J-pouch (open), Correction
colitis
syndrome
of abdominal scar, endoscopic dilation of
anastomosis (4x)
15
FAP
Obstructive polyp
6
Subtotal colectomy with J-pouch (open), partial
on pouch
jejunal resection, proctectomy, relaparotomy with
formation ilestomy, ileostomy closure, transanal
pouch revision
16 Ulcerative
Voiding disorder
2
Subtotal colectomy without anastomosis (open),
colitis
pouch
secondary IPAA,
17 Ulcerative
Ulcer on pouch
3
Proctocolectomy due to pancolitis (laparoscopic),
colitis
leading to recurrent
ileostomy closure
cuffitis
* including the primary procedure

Table 2 Patients characteristics
Gender
Age
ASA

BMI
Neo-adjuvant treatment

Primary surgery
Approach of primary surgery

Time interval
Earlier interventions
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N= 17
Males (n, %)
Median age (years, range)
I (n, %)
II (n, %)
III (n, %)
Median BMI (range)
Any neo-adjuvant treatment (n, %)
- Short course 5x5 Gy (n, %)
-	Long course with concomitant chemotherapy
(n,%)
Low Anterior Resection with diverting ileostomy(n,
%)
Proctocolectomy with IPAA(n, %)
Open
Laparoscopic
Median Time Between Initial Procedure- TAMIS
(Months, range)
Median number of interventions prior to TAMIS
Of which Surgical (median, range)
Of which Radiological (median, range)
Of which Endoscopic (median, range)

10 (58)
56 (30-67)
3 (18)
13 (76)
1 (6)
23.4 (18.6-33.6)
10 (59)
4 (24)
6 (35)
10 (59)
7 (42)
11(65)
6(35)
49(11-372)
3 (1-21)
61/82 (74%)
5/82 (6%)
16/82 (20%)

Indications for redo anastomotic surgery
The indications for the redo surgery are listed in Table 1. They are divided into
two groups: anastomotic problems (13/17) and pouch problems (4/17). In the
anastomotic problems group, ten patients had a chronic presacral sinus due to
prior anastomotic dehiscence after LAR, one patient had a presacral abscess, one a
dehiscence of the posterior part of the IPAA and the last patient had an anastomotic
stenosis. In three out of the nine patients with a presacral sinus, the sinus presented
as a perianal fistula originating from the previous anastomotic site. Problems of the
pouch were caused by efferent loop syndrome, recurrent polyps from FAP, recurrent
cuffitis of the pouch and pouch dilatation with a voiding disorder.
Surgical outcomes
A successful rendezvous was achieved in 15 patients. In two patients, abdominal
access was not required; adequate mobilisation (sleeve advancement) of the
neorectum was achieved from the bottom up approach alone. No operative deaths
occurred. Median surgical time was 265 minutes (220-413). One intraoperative
complication occurred (6%): an injury of the right hypogastric vein, which was
adequately controlled at the time of surgery. This patient did not require a blood
transfusion and was discharged home after four days.
In all 14 patients, a hand sewn anastomosis was constructed, a colo-anal in
seven and ileo-anal in the other seven. In three patients the anastomosis was not
reconstructed.
The indications for the three patients with an end colostomy, and no continuity,
were as follows. One patient had a large cavity identified prior to redo surgery and as
such a predicted high likelihood of anastomotic failure, therefore an omentoplasty
was used to fill the remaining cavity and an end colostomy was constructed. The
other patient without continuity had undergone six surgical abdominal reinterventions prior to presentation, including a Hartmann procedure due to a presacral sinus
after the earlier LAR. He presented with a fistula from the presacral sinus to the
rectal stump. As such it was decided, not to restore continuity. The third patient
without continuity had chronic presacral sinus that presented as an enterocutaneous fistula and concomitant small bowel fistula, therefore it was decided to resect
the anastomosis, fill the remaining cavity with an omentoplasty, and to construct an
end colostomy.
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Operative outcomes
One patient developed a urethra stenosis, which was successfully managed with a
cystoscopic intervention by the urologist two months after the redo-TAMIS. Median
postoperative hospital stay was eight days (range 4-23). Two out of 14 (14%) patients developed an anastomotic leak within 30 days. The first case was managed
trans-anally with reinforcement of the anastomotic defect and debridement of the
area of the leak. The second patient required a revision of the reconstructed IPAA
17 days following the primary procedure, for which the TAMIS approach was used
as well.
Using CT and sigmoidscopy four patients (24%) were diagnosed as having a pelvic abscess that initially was not in continuity with the anastomosis. All patients with
a pelvic abscess were symptomatic(leucocytosis/fever/ileus). This occurred 7, 12 14,
and 21 days after the TAMIS. These were scored as occult anastomotic leakages, as
proposed by Caulfield.6 In three patients, the abscess was drained percutaneously.
In the remaining patient the abscess was localised in the pouch of Douglas which
was insufficiently drained via a percutaneous abdominal approach. Subsequently,
the abscess eroded through the anastomotic site five days after placement of the
abdominal drain. A picture of this defect is enclosed in figure 3. This patient was
managed via Endosponge (B-Braun Medical B.V., Melsungen, Germany), followed
by transanal closure of the anastomotic defect. The endosponge was changed every
three days until the cavity was free from debris. The patient required five Endosponge changes until the abscess cavity was deemed suitable for primary closure.
The defect was closed transanaly using the Lonestar retractor (Cooper Surgical,
Trumbull, United States).
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Figure 3: Dehiscent anastomosis
A= anastomotic defect. B= descending colon

Postoperative Outcomes
The diverting ileostomy was successfully closed in 7/10 (70%) of the patients at
six months. Of these three patients remaining patients, one patient didn’t had the
ileostomy closed due to logistic reasons. The second patient had presacral abscess
within 30-days, which was managed with a percutaneous drain, however at 6
months it was deemed too early for stoma closure. The third patient developed
a recurrent presacral abscess following ileostomy closure requiring a quaternary
ileostomy and endosponge treatment of the abscess cavity. Other than a patient
with a postoperative anaemia treated with a blood transfusion, no complications
occurred following stoma closure. Of the four patients with pouch problems that
underwent a redo-TAMIS without defunctioning ileostomy, one patient required an
ileostomy three months after the redo-TAMIS due to faecal incontinence. Concluding, continuity was reached in 10/14 (71%) of the patients following redo-TAMIS.
Other than the two cases with a complicated course described above, one patient developed a late anastomotic leakage, 32 days after the redo-TAMIS. Which
was managed by a redo-TAMIS and his ileostomy was reversed successfully within
6 months. No further complications occurred between 30 days and 6 months of
follow-up. The postoperative outcomes are summarized in Table 3.
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Table 3 (Post)Operative Outcomes
Length of in hospital stay (median, range)
Any Postoperative complications (within 30-days)
- Clavien-Dindo III or higher
- Anastomotic Leakage (n,%)
- Occult leakage (Abdominal abscess)
- Ileus (n,%)
- Urethra stenosis
- Dehydration
Readmissions (within 30 days)
Cause readmission:
- Anastomotic leakage:
- Abdominal abscess
- ileus
- Dehydration
Continuity at 6 months post redo-TAMIS
Post-operative complications from 30 days to 6 months
- Faecal incontinence requiring diverting ileostomy
- Recurrent presacral abscess following stoma closure requiring new ileostomy and
prolonged endosponge treatment
- Delayed anastomotic leakage (32 days post-TAMIS)
Complications following stoma closure:
- recurrent presacral abscess
- postoperative anaemia requiring blood transfusion
Length of follow-up (median, months)

8 (4-23)
9 (53)
7 (41)
2 (14)
4 (24)
2 (12)
1 (6)
1 (6)
5 (29)
2
1
1
1
10 (71%)
3 (18%)

2 (22%)

9 (6-15)

Discussion
The present study indicates that the TAMIS technique is feasible and useful for redo
pelvic surgery following LAR or IPAA. Performing the otherwise troublesome low
pelvic dissection via the bottom up approach facilitates the exposure of an area that
is difficult to access transabdominally due to altered anatomy, chronic inflammation
related to anastomotic insufficiency, prior surgery with scar tissue and preoperative
radiotherapy (Figure 4). In all patients it was possible to reach the dissection point,
where the neorectum curves anteriorly, enabling a rendezvous with the top-down
abdominal approach. This facilitated completion of the dissection of the neorectum
from the top-down.
In current literature, the feasibility of the TAMIS technique for TME is being
presented.2,7-12 The future sustainability of the TAMIS technique will be determined
by the quality of the surgery which can be assessed by TME specimen grading,
the circumferential margin and the long-term oncologic outcomes. These results
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Figure 4: Abscess cavity with well-vascularized colon beyond the anastomotic defect

Dotted line: Dissection plane, A:Blind ending loop, B:Descending colon, C: Abscess cavity

are still awaited. In redo surgery for low colo-anal or ileo-anal anastomoses there
are no oncological issues. As such the TAMIS technique, for this indication, should
therefore be evaluated based on the feasibility of the procedure and perioperative
complication rates.13 Applying the TAMIS-approach allowed for a successful rendezvous in all patients in whom a simultaneous transabdominal access was required
and TAMIS alone was appropriate in the remaining two patients. Using conventional
open surgery for redo pelvic procedures, the surgeon performs the deep pelvic dissection and anastomosis with limited vision and tactile guidance. The pneumatic
insufflation in combination with a magnified endoscopic image and the possibility
of 30 degree angulation, afforded by the TAMIS technique, improves visualisation
and surgical access and as such has the potential to revolutionise the approach to
redo low anastomotic surgery and extensive sleeve advancement of the pouch.
Furthermore, the advantage of TAMIS redo surgery is that the neorectum is used
to guide the dissection, thereby potentially minimising the chance of nerve and
vascular injury deep in the pelvis. Potential nerve injury has to be evaluated in further studies using validated scoring systems and questionnaires to assess pre- and
postoperative bladder, sexual and bowel dysfunction in patients undergoing redo
pelvic surgery. Pelvic abscesses seem to be common either due to anastomotic
insufficiency or due to recurrence of the abscess at the former site of the presacral
sinus. Endosponge assisted drainage and salvage of the anastomosis seems useful.

14

It is important to highlight a common problem experienced during many of

the TAMIS procedures related to the access channel (GelPOINT ® Path Transanal
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Access Platform). The proximal lip of the platform needs to be secured above the
levator ani muscle to ensure it remains in situ and creates an adequate air seal. In
males, this positioning was particularly challenging due to their anatomically long
anal canal and the narrow space between the ischial bones. When this was not
achieved well, it resulted in a poor air seal and subsequently excessive movement
of the platform with decreased visibility and control. Additionally, there is a concern
that stretch placed on the anal sphincter by the platform could impact continence,
especially when a colo-anal anastomosis was performed. For this reasons we apply
as a routine a pudendal nerve block to ensure optimal relaxation of the external
anal sphincter. A feared complication of the TAMIS technique is injury of the urethra
as the urethra occasionally is difficult to identify with the transanal approach. One
patient in our cohort experienced a urethral stenosis. It was postulated that this
stenosis was caused by the heat produced by the diathermy. Another complication
that should be cautioned is bleeding and nerve injury due to dissection outside
the endopelvine fascia. The literature on redo low anastomotic surgery is limited
to small retrospective cohort series. These series only report the outcomes of open
surgery. Of interest when comparing a similar cohort of patients, the median time
of surgery in our study was 265 minutes, substantially shorter than the 435 minutes
reported by Genser et al.15 They reported a continuity-rate of 88%, which is higher
than our reported 71%. However we analysed continuity after 6 months and Genser
et al. after a median of 21 months, so therefore a lower rate can be explained by
this shorter follow-up period. In contrast to the use of TAMIS for TME surgery, there
are still no reports in the literature documenting its application for redo surgery.
Because it is our feeling that TAMIS can be of additional value for this indication,
we wanted to share our experience. We acknowledge that the technique is new
with a high level of complexity. This procedure should only be performed in centres
with extensive experience in minimally invasive as well as redo colorectal surgery
and should be monitored by adequate prospective registration of intra-operative
findings and postoperative outcome. This may result in better defining the role of
TAMIS for anastomotic reconstruction and other complex pelvic procedures.
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Abstract
Aim:
This study aimed to determine the clinical outcome of salvage surgery without
restoring continuity for symptomatic chronic presacral sinus after low anterior
resection (LAR) for rectal cancer.
Methods:
Out of a prospective cohort of 46 patients with chronic presacral sinus (>1 year after
LAR), 27 underwent completion proctectomy with omentoplasty between January
2005 and July 2014.
Results:
The initial treatment for rectal cancer included neoadjuvant radiotherapy in 26
(96%) patients. Besides a chronic presacral sinus, a secondary fistula was present
in 15 (56%) patients. Definitive salvage surgery was performed after a median of 40
(12-350) months from the primary resection. The median hospital stay after single
and multiple-stage salvage surgery was 11 and 17 days. Postoperative complications occurred in 44% of patients. Re-intervention rate was 33% with a range of 1 to
10 interventions per patient. During a median follow-up of 20 (4-45) months from
salvage surgery, healing of the chronic presacral sinus occurred in 78% of patients,
with a healing rate after single and multiple-stage procedures of 88% and 64%
respectively (p=0.19).
Conclusion:
Patients with a symptomatic chronic presacral sinus after LAR for rectal cancer,
in whom restoration of continuity is not intended, can be effectively managed by
completion proctectomy with complete debridement of the sinus and fistula tracts
followed by an omentoplasty to fill the presacral cavity, preferably as a single stage
procedure.
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Introduction
Anastomotic leakage is one of the most dreaded complications of low anterior resection (LAR). A diverting loop ileostomy reduces the risk of a symptomatic leakage, but
subclinical leaks can occur and may be diagnosed or become symptomatic well after
the initial postoperative period.1,2 Anastomotic leakage after LAR is often treated
with a defunctioning stoma if not already in place, combined with drainage of the
presacral abscess via a trans-abdominal, trans-anal or percutaneous approach. A
diverted anastomosis does not always heal, however, despite adequate exclusion of
faeces and drainage and a chronic presacral sinus may develop.
The reported incidences of chronic presacral sinus of a few percent may be an
underestimate of this difficult clinical problem.3,4 The increased use of neo-adjuvant
radiotherapy is likely to reduce the rate of secondary healing after anastomotic
leakage, because of its impact on wound healing.5,6 As a result, fewer stomas will
be reversed with a subsequent impact on morbidity and quality of life. Up to 20%
of defunctioning stomas after LAR are never reversed.6 Furthermore, secondary
complications of a chronic presacral sinus, such as fistula formation and necrotizing
fasciitis, may occur.3,7,8
Based on our initial experience with salvage surgery for chronic presacral sinus,
basic treatment principles were defined to increase the success rate.9 As a result an
increasing numbers of patients with a complicated chronic presacral sinus have been
referred to our academic hospital. For most of these patients, restoring continuity is
no longer achievable or advisable. The purpose of the present study was to determine the outcome in the group of patients who had developed a chronic presacral
sinus and who were then treated by completion abdominoperineal proctectomy
with end colostomy and complete filling of the presacral cavity by an omentoplasty.

Methods
All 46 consecutive patients with a chronic presacral sinus after LAR for rectal cancer
between January 2005 and July 2014 at our university hospital were prospectively
registered in a database. A chronic presacral sinus was defined as a sinus diagnosed
at least one-year after primary LAR. The presence and features of the sinus were
investigated by radiological imaging and/or endoscopy (Figure 1). The initial cohort
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of 22 patients included up to March 2012 has already been described in a previous
study.9

Figure 1 Presacral sinus
Sagittal (a) and transverse (b) image of a pelvic MRI, showing a colorectal anastomosis in connection with a
presacral sinus. Endoscopic image (c) of a side-to-end colorectal anastomosis with a posterior located defect
(*), which is the entrance to the presacral sinus (d).

The chronic presacral sinus was symptomatic in all 46 patients with one or more of
the following symptoms: continuous purulent discharge from the anus and/or fistula
tracts, urinary or faecal discharge from fistula tracts, sacral pain, pain radiating to
the leg, difficulty in sitting and/or walking, chronic anaemia, the need for daily anal
irrigation, the need for use of a pad, impaired physical condition with the inability to
perform daily activities or being confined to bed. A sinus-related fistula was defined
as having one or more tracks originating from the presacral sinus either with an
external opening in the perianal area, the gluteal region or at the level of the major
trochanter of the femur (Figure 2) or with a communication to an adjacent organ
such as the bladder or small bowel. Emergency presentations were mostly related
to fistula tracts along the piriformis muscles with abscesses in the buttocks or legs,
potentially giving rise to necrotizing fasciitis (Figure 3).
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Figure 2 Two main types of fistula’s originating from a chronic presacral sinus
Two main types of fistula’s originating from a chronic presacral sinus: a gluteal fistula (a) with sagittal MRI
images showing the gluteal fistula tract in two other patients (b, c), and a trochanteric fistula (d) with a
fistula tract/abscess along the piriformis muscle as shown on a transverse CT image (e).

Figure 3 Extension of infection from a chronic presacral sinus along the piriformis muscles
Extension of infection from a chronic presacral sinus along the piriformis muscles as shown by PET-CT imaging (a) with the risk of subsequent soft tissue infiltration including air bubbles in the right gluteal (b) and
left trochanteric (c) area as demonstrated by coronal CT images of two other patients, which may result in
necrotizing fasciitis of the leg as demonstrated by a sagittal CT image of a fourth patient (d).
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Based on our initial experience, we defined basic treatment principles consisting
of either constructing a new anastomosis or intersphincteric completion proctectomy end colostomy and filling of the presacral cavity.9 For the purpose of the present study, the subgroup of patients who underwent single or multiple-stage salvage
surgery including completion proctectomy and omentoplasty were selected from
the enlarged cohort of 46 patients with extended follow-up. We further optimized
the approach of salvage surgery based on monitoring of our results.9
In our initial experience, a trans-perineal intersphincteric completion proctectomy without abdominal exploration was performed where the anastomosis
had already been dismantled and an end-colostomy had been formed. Even if an
omentoplasty had been performed at the time of leakage of the anastomosis (Figure 4), resecting the rectal stump only was associated with a high risk of persisting
presacral abscess formation. In such multiple stage procedures, the omentum does
not completely fill the presacral cavity and, an additional abdominal exploration is

Figure 4 Persisting infectious problems after dismantling of the anastomosis and omentoplasty, but with
the rectal stump still being in situ
Persisting infectious problems after dismantling of the anastomosis and omentoplasty, but with the rectal
stump still being in situ as shown on sagittal MRI (a). Intersphincteric completion proctectomy with debridement of a gluteal fistula (b). Omentoplasty mobilized along the splenic hilum and greater curvature of the
stomach, with the right gastroepiploic artery as feeding pedicle, tunnelled beneath the transverse colon and
terminal ileum to the pelvic cavity (c). ‘Pull-trough’ omentoplasty visible within the external sphincter after
intersphincteric resection of the rectal stump (d).
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subsequently required to mobilize the omentum and bring it down to the level of
the external sphincter as a ‘pull through’ procedure. Alternatively it may be necessary to use a muscle transposition flap. We therefore modified our surgical strategy
to a one stage abdominoperineal approach with simultaneous resection of the
disrupted anastomosis including the rectal stump, debridement of the sinus and
fistula tracts, and a ‘pull through’ omentoplasty (Figure 4).
Data collection
Patient and treatment characteristics were retrospectively collected from patient
records.
Operation reports, pathology reports, endoscopic reports, radiology reports and
patient charts were searched for demographics, primary treatment characteristics,
tumour characteristics, symptoms related to the presacral sinus, secondary complications, hospital stay, preceding interventions or re-interventions (radiological,
endoscopic and surgical), and disease status at the last date of follow-up. The
primary endpoint was healing of the sinus and secondary fistula tracts. Healing was
defined as the absence of discharge and symptoms related to a persisting presacral
sinus during follow-up. Healing rate of a one-stage abdominoperineal approach was
compared with multiple-stage salvage procedures.
Statistical analysis
The median with range or interquartile range (IQR) was used to express nonparametric data. Categorical data were analysed using the Fisher’s exact test and
continuous variables were analysed using the Mann-Whitney-Wilcoxon test. All
analyses were performed with IBM SPSS Statistics, version 20.0.0 (IBM Corp., Armonk, NY, United States). The Institutional Review Board (IRB) declared exemption
from approval for this study.

Results
Patients
Twenty-seven patients with a chronic presacral sinus after LAR for rectal cancer
underwent single or multiple stage salvage surgery including completion proctectomy, debridement of the sinus and fistula tract(s) if present, and cavity filling using
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an omentoplasty (Table 1). Thirteen of the 27 had been described in our previous
report9, but four of these had undergone further surgery since the publication
because of non-healing of the sinus. The details of the remaining 19 patients, who
were excluded for the present analysis, are summarized in Table 2.
Table 1 Demographics of 27 patients treated for presacral sinus after low anterior resection.
Gender
Age
Comorbidity
Referral

Neoadjuvant radiotherapy

Low anterior resection (LAR)

Primary tumour pathological stage

Adjuvant therapy
Time interval

n=27
Male (%)
17 (63)
Median age (years, IQR)
66 (59-72)
Smoker (n, %)
3 (11)
Diabetes Mellitus (n, %)
2 (7)
Number of patients referred (n, %)
23 (85)
Median time between primary surgery and referral 32 (18-71)
(months, IQR)
Short course 5x5 Gy (n, %)
21 (78)
Long course with concomitant chemotherapy (n, %)
5 (19)
No radiotherapy (n, %)
1 (4)
Laparoscopic surgery (n, %)
11 (41)
Primary anastomosis with diverting ileostomy (n, %)
19 (70)
Primary anastomosis with diverting colostomy (n, %)
3 (11)
Primary anastomosis without faecal diversion (n, %)
5 (19)
Side to end anastomosis (n, %)
15 (56)
End to end anastomosis (n, %)
6 (22)
Unknown type of anastomosis (n, %)
6 (22)
Clinical signs of an anastomotic leakage (n, %)
10 (37)
5 (19)
Other postoperative complicationsa (n, %)
10 (37)
γp T0-2 (n, %)
17 (63)
γp T3-4 (n, %)
17 (63)
γp N0 (n, %)
10 (37)
γp N+ (n, %)
27 (100)
γp M0 (n, %)
Median tumour distance from anal verge (cm, IQR)
6 (4-8)
Median tumour size (cm, IQR)
3 (2-4)
Chemotherapy (n, %)
5 (19)
First sign of presacral abscess after LAR (months, IQR) 1 (0-32)

Data are expressed as median with interquartile range (IQR) or percentage. a= abscess (n=2), urinary
tract infection (n=1), postoperative bleeding (n=1), and surgical site infection (n=1).

Initial treatment for rectal cancer included neo-adjuvant (chemo)radiotherapy
in 26 (96%) patients. In 10 (37%) of the 27 patients anastomotic leakage occurred in
the early postoperative period. Overall, the median interval from the operation to
the diagnosis of anastomotic leakage was one (0-32) month. The anastomoses had
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been diverted in all patients during the period between LAR and salvage surgery, by
primary diverting stoma in 23 and a secondary diverting stoma in four. The diverting
stoma was still in situ at the time of salvage surgery in 17 of the 27 patients. In total,
23 of 27 (85%) patients were referred with a median time between diagnosis of
anastomotic leakage and referral of 17 months (IQR 10-38).
Table 2 Patients with chronic presacral sinus not included in the present analysis
Bowel continuity or stoma
Restored bowel continuity

Diverting ileostomy

End-ileostomy
End-colostomy
End-colostomy with stapled
efferent loop in situ
Other

Management
Repeated colo-anal anastomosis
Observation, old anastomosis in situ, patient refused further
surgery
Observation, old anastomosis in situ, mild symptoms, patient
refused further surgery
Observation, old anastomosis in situ, Endo-sponge,
Observation, patient condition does not allow for further surgery
Observation, patient went back to referring hospital
Observation, patient refuses further surgery
Observation, patient has mild symptoms and refuses further
surgery
Marsupialization

n=19
10
2
1
1
1
1
1
1
1

Presacral sinus and salvage surgery
All patients had a chronic presacral sinus associated with the anastomotic defect
and an additional fistula originating from the presacral sinus had developed in 15
(56%) of the 27 patients, including a fistula to the perineum (n=4), the gluteal or
trochanteric region (n=6), the small bowel (n=3), the large bowel (n=1) and the
bladder (n=1). Other secondary complications related to the chronic presacral sinus
consisted of hydronephrosis due to fibrosis around the ureter (n=2), significant anal
blood loss (n=1) and sepsis (n=1). Interventions that had been performed before
salvage surgery are summarized in Table 3.
The median interval between primary LAR and salvage surgery for symptomatic
chronic presacral sinus was 40 (12-350) months. Salvage surgery was performed
as a single stage abdominoperineal procedure in 16 (59%) of 27 patients and as
a multiple stage procedure in 11 (41%) patients. The rate of single stage salvage
procedures increased from 5 of 13 (38%) patients up to March 2012, to 11 of 14
(79%) patients since (p=0.03). Salvage surgery was open in 22 patients and hand
assisted laparoscopic combined with open surgery through a Pfannenstiel incision
in five patients.
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Table 3 Interventions preceding salvage surgery
Surgical interventions
All interventions performeda
Endoscopic
Radiological
Surgery

Other

Per patient (n, range)
Per patient (n, range)
Endo-sponge® treatment (n)
Percutaneous drainage (n)
Percutaneous nephrostomy (n)
Trans anal drainage (n)
Closure of diverting ileostomy (n)
Closure of diverting colostomy (n)
Diverting colostomy (n)
Diverting ileostomy (n)
Diverting jejunostomy (n)
Sigmoid resection (n)
Abscess drainage (n)
Muscle flap (n)
New colo-anal anastomosis (n)
Lords Procedure (n)
Resection of rectal stump (n)
Coccyx resection (n)
Segmental ileum resection (n)
Debridement necrotizing fasciitis (n)
Abdominal wall closure (n)
Appendectomyb (n)
Hyperbaric oxygen therapy (n)

N=27
2 (0-4)
3 (0-22)
3
8
14
9
15
8
18
5
1
1
18
2
1
1
1
1
2
1
1
1
1

Data are medians with range or number of interventions a=more than one procedure could be performed
during the same operation. b=inflamed due to presacral infection.

Outcome
The median hospital stay was 13 (IQR 8-17) days. It was 11 (IQR 8-14) days for onestage procedures and 17 (IQR 11-21) days for multiple stage procedures (p=0.09).
One patient was admitted to the intensive care unit for 37 days due to postoperative sepsis and respiratory failure. Another patient was readmitted at the referring
hospital after an uncomplicated postoperative course and died due to sepsis of unconfirmed origin 32 days after single stage salvage surgery. Overall, 15 postoperative
complications occurred in 12 (44%) of the 27 patients. These consisted of abdominal
wound infection (n=4), urinary retention (n=2), acute renal failure (n=1), ileus (n=1),
delirium (n=1), respiratory insufficiency (n=1), pneumonia (n=1), small bowel perforation (n=1), gastroparesis (n=1), urinary tract infection (n=1), and urosepsis (n=1).
The perineal wound was left to heal by secondary intention in all patients.
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In nine patients further surgical and non-surgical re-interventions were required
in 20 and seven patients (Table 4). An autologous tissue flap was performed after
failed omentoplasty in three patients. The first underwent completion exenteration
because of a bladder fistula with filling of the wound by a superior gluteal artery
perforator (SGAP) fasciocutaneous transposition flap.10 In the second, a vertical
rectus abdominus muscle (VRAM) flap was performed and in the third a gracilis and
VRAM flap both failed and a subsequent gluteal VY plasty resulted in healing of the
presacral sinus.
Table 4 Re-interventions after intersphincteric APR with omentoplasty
Surgical re-interventions
All re-interventionsa
Endoscopic
Radiological
Surgery

Other

Percentage of patients
Total number per patient (range)
Percentage of patients
Total number per patient (range)
Endo-sponge® treatment (n)
Percutaneous drainage (n)
Surgical drainage (n)
Fistula excision (n)
Revision end colostomy (n)
Muscle flap (n)
Removal of muscle flap (n)
Debridement sinus (n)
Bladder excision (n)
Ureter-jejuno-cutaneostomyb (n)
Ileo-coecal resectionc (n)
VAC therapy (n)
Hyperbaric oxygen therapy (n)

N=27
19%
1-7
33%
1-10
1
4
4
2
4
4
2
1
1
1
1
1
1

VAC=vacuum assisted wound closure. APR=abdominoperineal resection. a= more than one procedure
could be performed during the same operation. b= for ureter stenosis. c= due to stenosis resulting in ileus.

The median follow-up from salvage surgery was 20 months (IQR 4-45). Successful
closure of the presacral sinus occurred in 21 (78%) of 27 patients after a median of
four (IQR 1-31) months. This occurred in 14 (88%) of 16 patients when a one-stage
procedure was performed and in 7 (64%) of 11 patients after multiple-stage surgery
(p=0.19). The sinus eventually healed in all three patients undergoing an autologous
tissue flap after failed omentoplasty. Of the 15 fistulas originating from the presacral
sinus, all except for one were healed at the end of follow-up.
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Discussion
Chronic presacral sinus after LAR for rectal cancer is a complex problem with a risk
of secondary complications if not treated appropriately.9 Growing experience in salvage surgery for the condition at our institute has improved the results. In patients
in whom restoration of continuity was no longer possible, perineal wound healing was achieved in 78% of patients by intersphincteric resection of the anorectal
stump and filling of the presacral cavity with well-vascularized tissue. When this was
performed as a single-stage abdominoperineal procedure, healing occurred in 88%.
Pain and bowel dysfunction may indicate the presence of a chronic presacral
sinus, but often remain misinterpreted until pelvic imaging is performed or a
secondary fistula has arisen. Initial management at the referring hospital mostly
consisted of faecal diversion and drainage (Table 3). These measures may reduce
symptoms but do not result in healing because of fibrosis due to the long-lasting
pelvic inflammation and prior radiotherapy.11,12 Radiotherapy is probably the major
factor preventing healing despite defunctioning, giving rise to complication as long
as 30 years after the initial treatment. All but one patient in the present series had
had neo-adjuvant radiotherapy. In recent years, patients were often referred much
earlier as we became a national referral centre for such low volume revision surgery,
which explains the increase from 38% to 79% in the proportion of referrals having
salvage surgery. Early aggressive surgery seems justified, because of the high success and acceptable complication rate, given the complexity of the condition.
This presacral dead space after removal of the anorectal stump in an irradiated
pelvis will only heal by filling it with well-vascularized tissue. Myocutaneous flaps
such as the VRAM flap and gracilis flap have been described for this purpose9,13,
but they may cause morbidity at the donor site and can undergo necrosis.13 For
this reason omentoplasty was preferred. The omentum is well-vascularized and
outside the field of irradiation; it improves the local immune response and promotes angiogenesis, increasing the chance of healing.14-16 In addition omentoplasty
prevents prolapse of small intestine into the pelvis, which may decrease the risk
of obstruction or fistula formation. Filling of the pelvic cavity by an omentoplasty
can be difficult in thin patients or when an omentoplasty has already been placed
on to the rectal stump at the time of dismantling the anastomosis. The omentum
then needs to be mobilized and brought down to the pelvic floor, usually requiring
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complete mobilization along the greater curvature of the stomach to achieve additional length. Bringing it through the mesentery results in the shortest route to
the pelvis (Figure 4).
The study is limited by the small number of patients, despite it being the largest
published cohort of such patients to our knowledge. There is also a large element of
selection bias whereby owing to the severity of their condition, the patients referred
may not be representative of the whole population of chronic presacral sinus some
of whom may be asymptomatic. In some cases with minor symptoms minimally
invasive treatment such as fibrin glue injection along the track or stapler marsupialization have been reported to have a success rate in the short term.17,18 Clearly
adequate follow-up in such patients is required, because secondary complications
may occur even several years later.
In conclusion, a chronic presacral sinus may become a serious septic clinical
problem almost exclusively in radiated patients. When restoration of continuity is
not intended and the sinus is symptomatic or associated with secondary infection,
a there is a high chance of successful closure after a one-stage abdominoperineal
intersphincteric completion proctectomy, debridement of the sinus and omentoplasty. If the omentoplasty fails, various plastic flap procedures are available. The
complexity of this rare long-term complication requires centralized treatment in a
specialist colorectal unit.
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Summary and future perspectives
Summary
Optimisation of surgical care includes weighing the risk of treatment related morbidity against the patients’ potential benefits of a surgical intervention. Enhancing a
patients’ preoperative condition and less invasive surgical treatment options could
both lead to a reduction in morbidity and are, therefore, two topics that are being
addressed in Part I and Part II. The third part of this thesis focusses on the complications following rectal cancer surgery. By cross-sectional analysis of provided
surgical care in the Netherlands we have tried to identify areas for improvement
of current clinical practice. For anastomotic leakage as one of the most dreaded
complications following rectal cancer surgery, we have investigated three treatment
strategies that could be used as a step-up approach (from minimally invasive towards more invasive surgery) for patients with early detected anastomotic leakage
and subsequent stages of persisting pelvic abscess.
Part I - Preoperative optimisation of patients with a colorectal carcinoma:

In Chapter 1 we present the results of a systematic review on the efficacy of preoperative iron supplementation in the treatment of anaemia, and its effect on the
postoperative recovery of patients undergoing surgery for colorectal carcinoma. A
total of seven studies comprising of three randomized controlled trials and four
cohort studies were included. These studies showed a decreased blood transfusion rate following iron supplementation. However, none of the included studies
assessed postoperative morbidity. Due to a lack of available evidence, we were
unable to draw a definitive conclusion on the efficacy of iron therapy to treat preoperative anaemia aiming at reduction of postoperative complications. As a result,
a randomised controlled trial was designed of which the trial protocol is presented
in Chapter 2. In this trial, patients that undergo curative resection for a colorectal
carcinoma with a proven iron deficiency anaemia are being randomised to either
ferric(III)carboxymaltose infusion in the intervention arm or ferrofumarate in the
control arm. It is hypothesized that a more profound haemoglobin increase with
intravenous iron may contribute to a superior optimisation of the patient’s condition and possibly a decrease in postoperative morbidity.
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Part II - Minimally invasive treatment strategies for early rectal cancer

Completion total mesorectal excision (TME) is advised for high-risk pT1 and pT2
rectal cancer following a local endoluminal excision. In order to preserve the rectum
and to avoid major surgery, adjuvant (chemo)radiotherapy following a local excision
could serve as an alternative. In Chapter 3 we present the results of a systematic
review on the oncologic outcomes of both strategies. In total, 14 studies comprising 405 patients treated with adjuvant (chemo)radiotherapy and seven studies
comprising 130 patients treated with completion TME were included. A higher local
recurrence rate was found following adjuvant (chemo)radiotherapy than following
completion TME, however this finding must be balanced against the morbidity and
mortality associated with completion TME. Due to heterogeneity, it was not possible
to do a formal comparison between the two aforementioned treatment strategies.
In order to provide the required evidence we presented a trial protocol in Chapter
4. In this randomised controlled trial, patients with an high risk T1 or low risk T2
rectal cancer, that has been locally excised using an endoluminal technique, will be
randomised between adjuvant chemoradiotherapy limited to the mesorectum and
standard completion TME. For a subgroup of patients, any adjuvant therapy (surgery
or (chemo)radiotherapy) following a local excision of early cancer is a bridge too
far regarding physical condition and/or comorbidities. Chapter 5 describes the
natural disease course in terms of local recurrence and survival for patients that
were solely treated with a local excision (TEM) for pT2-3 rectal cancer. We found
that local recurrence after local excision only, was worse compared to completion
TME surgery. However, disease-specific survival was comparable between both
groups. Indicating that local excision only may be a valid alternative in older and frail
patients, especially when high morbidity of completion TME surgery is taken into
consideration. In Chapter 6, 24 national and international guidelines were included
in a guideline synopsis. We found that rectal preserving treatment strategies for
rectal cancer, except for low risk T1 stage, are still considered experimental or only
indicated in patients not suitable for standard care according to current guidelines
and consensus statements, underlining the need for high quality studies. The definition of cN0 stage and surveillance of the preserved rectum are underexposed issues
that need to be explored further.
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Part III - Complications following rectal surgery

Despite the numerous technical innovations and improved perioperative care during
the last decades, rectal surgery is still associated with a high rate of postoperative
morbidity. The aim of Chapter 7 is to provide a structured overview of the different
surgical procedures being performed for both benign and malignant diseases of the
rectum and their associated complications. Early diagnosis plays an important role
in order to increase the success of treatment of these complications.
A Snapshot study design eliminates changes in treatment and outcome over
time, as it provides a large amount of data in a short period of time. The population
based Snapshot study presented in Chapter 8 aimed to determine current practice
and outcome of rectal cancer treatment with published landmark randomised controlled trials (RCTs) as a benchmark. This study showed that current rectal cancer
care in a large unselected Dutch population is of high quality, with less CRM positivity since the TME trial and oncological safe implementation of minimally invasive
surgery after the COLOR II trial.
In order to analyse anastomotic leak and chronic sinus rate, the 998 patients
who underwent low anterior resection were extracted from the Snapshot cohort
in Chapter 9. Anastomotic leakage was diagnosed in 13.4% within 30-days, which
increased to 20.0% beyond 30-days. Non-healing of the leakage at 12 months was
48%, resulting in an overall proportion of chronic presacral sinus of 9.5%. Independent predictors for anastomotic leakage at any time during follow-up were neoadjuvant therapy (OR 2.85; 95% CI 1.00-8.11) and a distal (≤ 3 cm from the anorectal
junction on MRI) tumour location (OR 1.88; 95% CI 1.02-3.46). We learned that one
third of anastomotic leakages are diagnosed beyond 30-days, and almost half of the
leakages eventually do not heal. An unintentional permanent stoma should be seen
as a complication following low anterior resection, , as it often reflects the presence
of a chronic sinus. In Chapter 10 we identified basically two strategies with respect
to restoration of bowel continuity after LAR, depending on the clinically estimated
risk of anastomotic leakage. Surgical units that almost routinely diverted their anastomoses had a higher rate of low anastomoses, while the units that selectively
constructed a diverting stoma, more often decided to perform a low Hartmann’s
procedure without an anastomosis. Remarkably, anastomotic leakage did not differ
between these two strategies with a similar permanent stoma rate at end of followup. In case of early diagnosed anastomotic leakage, vacuum assisted early transanal
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closure of a leaking anastomosis after TME showed that acceptable anastomotic
healing rates of 70% can be achieved, which is presented in Chapter 11. If initial
treatment of the anastomotic leak does not lead to a healed anastomosis, redo
anastomotic surgery could be an alternative if continuity is being desired. In Chapter 12 we investigate the feasibility of transanal minimally invasive surgery (TAMIS)
as a novel approach to redo surgery. Intestinal continuity was reached in 71% of the
patients at six months of follow-up. Thereby indicating that TAMIS is a valuable approach in redo pelvic surgery. However it should be mentioned that redo surgery is
associated with high complication rates related to the complexity of the underlying
problem. Chapter 9 demonstrated that chronic sinus is a frequently encountered
complication following low anterior resection with almoist routine preoperative
radiotherapy with an incidence of 9.5%, and underexposed in literature. Chapter 13
evaluates the outcomes of a completion proctectomy with omentoplasty as a last
resort surgical treatment of the symptomatic chronic presacral sinus. A healing rate
of the sinus was observed in 79% of patients, indicating that this surgical technique
could be a viable option in patients for which bowel continuity is not an option.
Future perspectives
In this thesis, a strategy is proposed in Chapter 1 and 2 to use the waiting time prior
to surgery to enhance a patients preoperative condition. This waiting period, should
be used as a window of opportunity in the work-up of patients towards surgery. In
this thesis the focus was on iron therapy for anaemic patients, but preoperative
optimisation could and should be initiated for every patient undergoing major surgery. The currently recruiting “FIT4Surgery” study interferes on nutrition, physical
activity and lifestyle in the few weeks prior to surgery and could help to provide
needed answers on the possibilities and outcomes of prehabilitation. It remains a
challenge to define “success” in terms of prehabilitation. This is one of the reasons
why systematic reviews seldom show a positive effect of this strategy1. The patients’
preoperative physical and mental status differs widely among patients and, therefore, individualised programs are needed. Prehabilition requires understanding
of the altered physiology of frail and older patients. The success of the programs
should be measured by validated measurements instruments for quality of life (SF36), functional capacity (6MWT) and postoperative complications (Clavien-Dindo
classificatie), and these three should be interpreted as one composite endpoint.
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One of the conclusions we can draw from Part II of this thesis is that the exact
boundaries of rectal preserving treatment options for early rectal cancer are still
to be defined. The advances of less morbidity and better functionality seem to be
undisputable when discussing this less invasive treatment strategy. However the
morbidity and influence on functionality of chemoradiotherapy of the rectum
should not be overlooked. The recently published GRECCAR-2 trial wasn’t powered
on functionality as primary outcome, nevertheless this trial surprisingly showed
comparable functional outcomes of patients receiving chemoradiotherapy followed
by local excision (rectal preservation) versus patients receiving chemoradiotherapy
followed by TME.2 Moreover, there is a substantial risk on overtreatment when aiming for a clinical complete response for the patients with tumors that do not show
a good response to neoadjuvant therapy. These patients require an additional TME
resection. Thereby exposing them to a higher risk on postoperative complications
the patients that underwent a primary resection due to the neoadjuvant therapy. The
pathology specimen, which is absent in most rectal preserving strategies (excluding
the TESAR trial referred to in Chapter 4), remains the most important predictor and
indicator for long term prognosis. Therefore, when determining a clinical complete
response following neoadjuvant therapy, a very dedicated and experienced team of
specialists is required, which potentially limits the implementation of the strategy in
the more peripheral hospitals. In the Netherlands a consortium has been founded in
order to provide definitive answer on the possibilities of rectal preserving therapies.
This consortium includes three initiatives that are designed to be complementary
to one another. The trial (TESAR-trial) described in Chapter 4 is currently recruiting. The second initiative is the so called STAR-TREC randomised controlled trial.
In this trial, patients with cT1-3bN0 staged rectal carcinomas are randomised into
three groups: conventional TME (control group), long course neoadjuvant chemoradiotherapy and 5x5 Gy short-course radiotherapy. The neoadjuvant therapy provided in the latter two groups will be followed by response evaluation and tailored
subsequent management consisting of TME surgery (no response), local excision
(partial response), or ‘watch and wait’ (clinical complete response) in order thrive
for preservation of the rectum. The third and last initiative from this consortium is a
prospective registry in which patients treated with neoadjuvant chemoradiotherapy
according to routine indications and appear to have a clinical complete response will
be managed according to a strict ‘watch and wait’ protocol using regular endoscopy
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and MRI. It is the expectation that the combination of these three initiatives will
eventually provide the long awaited answer for which patients with rectal cancer,
rectal preservation is a safe option.
The Snapshot-study design has proved to be extremely useful to acquire a crosssectional overview of a predefined study population. By including data from a large
set of hospitals on a nationwide basis, it provides data on clinical practice. Following
the results of the Snapshot study described in Chapter 8,9 and 10 a new Snapshot
initiative will be conducted at the end of 2017 that focusses on the treatment of
patients that present with an acute obstructing left-sided colon carcinoma. Traditionally these patients are treated with an acute resection of the obstructing carcinoma. However, especially for the old and frail patients, these acute resections are
associated with a high risk on postoperative morbidity and mortality. These patients
might benefit from a so called “bridge to elective surgery” strategy. This means that
patients in the acute setting receive a decompressing ileostomy/colostomy or an
endoscopic placed colonic stent in order to decompress the dilated colon due to
the obstructive carcinoma. The resection of the carcinoma will than take place in an
elective setting which enables the patient to undergo surgery with a better physical
condition. It remains unclear which of these two strategies has the best short term
postoperative outcome and subsequent long-term oncological outcome for different
patient populations. Snapshot studies are particularly suited to provide an answer
on the outcomes of clinical practice at population level including high risk groups.
Moreover the evidence gained can be used to set up better directed, randomised
controlled trials. However one of the most important benefits of Snapshot studies
is that it is an easy and time effective manner for young doctors to get in touch with
research and to expand their scientific circle. This type of research will likely aid in
answering many more research questions in the near future.

288

Samenvatting en toekomstperspectieven
Samenvatting
Optimalisatie van chirurgische behandeling houdt in dat het risico op morbiditeit
door deze behandeling afgewogen dient te worden tegen de potentiele winst van
de chirurgische interventie. Het verbeteren van de preoperatieve conditie van de
patiënt en minder invasieve chirurgische behandelingen kunnen beiden leiden tot
een reductie van de postoperatieve morbiditeit. Deze twee onderwerpen worden
geadresseerd in Deel I en Deel II van dit proefschrift. Deel III gaat in op de specifieke
complicaties die kunnen optreden na chirurgie van het rectum. Middels een crosssectionele analyse zijn de lange termijn uitkomsten van de klinische praktijkvoering
in Nederland in kaart gebracht om zo gebieden van verbetering te kunnen identificeren.
De naadlekkage wordt nog steeds gezien als een van de meest gevreesde complicaties na rectumchirurgie. In dit proefschrift hebben wij drie chirurgische behandelstrategieën onderzocht die complementair aan elkaar ingezet kunnen worden
als een stapsgewijze benadering van patiënten met een vroeg gediagnosticeerde
naadlekkage en de latere fases van een persisterend abces in het bekken.
Deel I - Preoperatieve optimalisatie van patiënten met een colorectaal carcinoom

In Hoofdstuk 1 is de beschikbare literatuur systematisch onderzocht naar de effectiviteit van ijzersuppletie in de behandeling van de preoperatieve anemie en
het effect daarvan op de postoperatieve morbiditeit. In totaal werden er zeven
studies geïncludeerd, drie gerandomiseerde studies en vier cohort studies. Deze
studies lieten een reductie in bloedtransfusies na ijzersuppletie zien. In geen van
de geïncludeerde studies werd de postoperatieve morbiditeit onderzocht. Derhalve
was het niet mogelijk een conclusie te trekken over het effect van de preoperatieve
behandeling van de anemie en de invloed daarvan op postoperatieve morbiditeit.
Deze bevindingen resulteerde in de opzet van een gerandomiseerde studie waarvan
het protocol is gepresenteerd in Hoofdstuk 2. In deze studie worden patiënten met
een bewezen ijzergebreksanemie, die gepland staan voor een curatieve resectie van
een colorectaal carcinoom, gerandomiseerd tussen intraveneuze of orale ijzersuppletie. De centrale hypothese hierachter is dat een effectievere behandeling van
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de anemie middels intraveneuze ijzersuppletie leidt tot een betere conditie van de
patiënt preoperatief, en daardoor tot een reductie in postoperatieve morbiditeit.
Deel II - Minimaal invasieve behandelstrategieën voor het vroeg stadium rectum
carcinoom

Patiënten die een lokale excisie hebben gehad van een hoog-risico vroeg stadium
rectum carcinoom (pT1-pT2) wordt geadviseerd een aanvullende totale mesorectale excisie (TME) te ondergaan waarbij het rectum verwijderd wordt. In sommige
gevallen wordt, om het rectum en patiënt te sparen van een grote chirurgische ingreep, gekozen voor adjuvante (chemo)radiatie als een alternatief na lokale exicisie.
In Hoofdstuk 3 is de aanwezige literatuur systematisch onderzocht om de oncologische uitkomsten van beide behandelstrategieën in kaart te brengen. In totaal
beschreven 14 studies (405 patiënten) de resultaten van lokale excisie gevolgd door
adjuvante (chemo)radiotherapie en zeven studies (130 patiënten) de oncologische
uitkomsten van lokale excisie gevolgd door aanvullende TME operatie. Er werd een
hoger lokaal recidief percentage gezien na adjuvante (chemo)radiatie. Bij de interpretatie van deze bevinding dient rekening gehouden te worden met de verhoogde
morbiditeit en mortaliteit die is geassocieerd met een aanvullende TME operatie.
Door heterogeniteit van de geïncludeerde studies was het niet mogelijk een formele
vergelijking tussen beide behandelstrategieën te maken. Met als doel dit nodige
bewijs te generen werd een nieuwe gerandomiseerde studie opgezet waarvan het
protocol is gepresenteerd in Hoofdstuk 4. In deze studie worden patiënten met
een hoog risico pT1 of laag risico pT2 rectum carcinoom, welke door een lokale
excisie is verwijderd, gerandomiseerd tussen adjuvante (chemo)radiotherapie en de
standaard aanvullende TME operatie. Primaire uitkomstmaat was het locoregionale
recidief drie jaar na de lokale excisie.
Voor een subgroep patiënten is elke vorm van adjuvante therapie (chirurgie of
chemoradiotherapie) een brug te ver, gezien de conditie of wens van de patiënt.
In Hoofdstuk 5 beschrijven wij de oncologische uitkomsten van patiënten die zijn
behandeld met alleen een lokale excisie, terwijl op basis van de richtlijn een aanvullende TME operatie geindiceerd was. Het lokale recidief percentage na lokale excisie
van een pT2-3 carcinoom was hoger dan het percentage na een aanvullende TME
operatie. Echter, de ziekte-specifieke overleving was vergelijkbaar in beide groepen.
Geconcludeerd zou kunnen worden dat voor oude en kwetsbare patiënten lokale
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excisie van een vroeg stadium rectumcarcinoom een valide optie is, zeker wanneer
de morbiditeit van een aanvullende TME operatie in ogenschouw genomen wordt.
In Hoofdstuk 6 worden de resultaten beschreven van een synopsis van 24 nationale
en internationale richtlijnen die een uitspraak deden over de rol van de rectum
sparende behandeling bij het vroeg stadium rectum carcinoom. Het bleek dat er
in de huidige richtlijnen nog geen rol is voor de rectumsparende behandeling van
het hoog risico vroeg stadium rectumcarcinoom. Voor dit type rectumcarcinoom
wordt deze behandeling nog als experimenteel afgegeven. Daarnaast bleek er nog
veel discussie te zijn over de definitie van een klinisch (op beeldvorming) verdachte
lymfeklier en het follow-up protocol na rectumsparende behandeling.
Deel III - Complicaties na rectumchirurgie

De afgelopen decades zijn er talloze technische vernieuwingen doorgevoerd op het
gebied van de rectum chirurgie en in de perioperatieve zorg, maar desondanks is de
geassocieerde postoperatieve morbiditeit nog steeds hoog. In Hoofdstuk 7 wordt
een gestructureerd overzicht gegeven van de verschillende operaties die worden
toegepast in rectum chirurgie voor benigne en maligne ziekten en hun bijbehorende
complicaties. Een vroege diagnose en behandeling heeft een grote invloed op het
uiteindelijke succes van deze behandeling.
Een Snapshot studie maakt het mogelijk om in korte tijd veel data te verzamelen
over een vooraf bepaalde tijdsperiode. Doordat vele onderzoekers samen data verzamelen kan dit in een korte tijdsperiode. Hierdoor wordt dit type onderzoek maar
minimaal beïnvloed door de verandering van zorg in de loop van de tijd. Dit is in
tegenstelling tot bijvoorbeeld gerandomiseerde studies die soms meerdere jaren lopen. Om een inzage te krijgen in het cohort dat middels een Snapshot studie design
werd verzameld door 71 ziekenhuizen in Nederland, zijn in Hoofdstuk 8 de resultaten van de Snapshot studie gespiegeld aan resultaten van grote gerandomiseerde
studies (TME en COLORII trial) op het gebied van de chirurgische behandeling van
het rectum carcinoom. Deze studie liet zien dat de zorg van een grote groep ongeselecteerde ziekenhuizen in Nederland van hoog niveau is wat betreft oncologische
eindpunten. Er werd een lager percentage aan circumferentiele resectie marge
(CRM) positiviteit gevonden sinds de TME-trial, met daarnaast een oncologisch
veilige implementatie van minimaal invasieve chirurgie sinds de COLOR II studie.
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Uit het Snapshot cohort werden 998 patiënten geëxtraheerd bij wie een lage
anterieure resectie was verricht met het aanleggen van een anastomose. Zodoende
kon het naadlekkage- en chronische sinus percentage worden geanalyseerd. De
resultaten hiervan zijn gepresenteerd in Hoofdstuk 9. Het naadlekkage percentage
binnen 30-dagen van 13.4 klom naar 20.0 aan het eind van de follow-up periode. Op
12 maanden na de resectie was de lekkende anastomose niet genezen in 48% van de
patiënten, dit betekende dat van gehele onderzoekspopulatie 9.5% een chronische
sinus had. Een derde van de naadlekkages werd dus gediagnosticeerd meer dan 30
dagen na de operatie en de helft van de patiënten met naadlekkages had nog een
abces in het bekken meer dan een jaar na chirurgie.
Onafhankelijke voorspellers van naadlekkage waren neoadjuvante therapie (OR
2.85; 95% CI 1.00-8.11) en een distaal (<3 cm vanaf de anorectale overgang op MRI)
rectumcarcinoom (OR 1.88; 95% CI 1.02-3.46).
Een ongewenst permanent stoma na lage anterieur resectie moet worden beschouwd als een complicatie van de chirurgische behandeling. In Hoofdstuk 10 worden twee strategieën geïdentificeerd ten aanzien van het herstel van de continuïteit
na resectie van het rectumcarcinoom. Zo konden er centra geïdentificeerd worden
die bijna routinematig een ontlastend stoma aanlegden ter bescherming van de
anastomose, maar het wel vaker aandurfden een anastomose te maken. Andere
centra waren veel selectiever in het aanleggen van een ontlastend stoma boven
de anastomose. Deze centra kozen er vaker voor om geen anastomose te maken
maar direct een eindstandig stoma aan te leggen. Opvallend genoeg was er geen
verschil in het percentage naadlekkage, of het percentage permanente stoma’s tussen beide strategieën. Men zou kunnen stellen dat bij beide behandelstrategieën in
de desbetreffende centra een goede inschatting is gemaakt van het postoperatieve
risico op complicaties.
In het geval dat een naadlekkage vroegtijdig wordt gediagnosticeerd leidt de
combinatie van vacuüm geassisteerde drainage (Endosponge® therapie) met een
vroege transanale sluiting van het naaddefect in 70% van de gevallen tot een genezen anastomose. Deze bevinding concluderen wij uit een prospectieve studie welke
is gepresenteerd in Hoofdstuk 11. In het geval van een persisterende naadlekkage
kan worden overwogen om een heroperatie te doen waarbij de lekkende anastomose wordt gereseceerd en een nieuwe anastomose wordt gemaakt. In Hoofdstuk
12 worden de resultaten gepresenteerd van een explorerende studie naar mogelijk-
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heid van transanale minimaal invasieve chirurgie (TAMIS) als nieuwe chirurgische
benadering van patiënten die een reoperatie van de anastomose krijgen. Middels
de TAMIS-techniek werd in deze retrospectieve studie bij 71% van de patiënten
de continuïteit hersteld binnen 6 maanden na de heroperatie. Zodoende werd de
TAMIS techniek gezien als een waardevolle benadering om een nieuwe anastomose
te construeren. Een kanttekening die geplaatst dient te worden is dat dit type
operatie gepaard gaat met een hoog risico op complicaties door de complexiteit
van het onderliggende probleem. Indien men er niet in slaagt de naadlekkage te
behandelen is de kans zeer groot dat er een chronische sinus ontstaat. In hoofstuk 9
werd beschreven dat de chronische sinus een vaak voorkomende complicatie is lage
anterieure resectie met bijna routine matige neoadjuvante radiotherapie met een
percentage van 9.5%. In Hoofdstuk 13 worden de uitkomsten beschreven van de
restprotectomie met omentumplastiek als chirurgische behandeling van patiënten
met een symptomatische chronische sinus. Deze procedure kan worden gezien als
een laatste optie voor patiënten met een dergelijk probleem en in deze studie werd
een genezing van de sinus gezien in 79% van de patiënten.
Toekomst perspectieven
In dit proefschrift wordt in Hoofdstuk 1 en 2 een initiatief beschreven om de wachttijd tot aan de operatie te gebruiken om de conditie van de anemische patiënt te
optimaliseren. Echter, zou preoperatieve optimalisatie van de conditie misschien
wel op elke patiënt toegepast kunnen en moeten worden. Momenteel loopt de
“FIT4Surgery” studie waarbij middels aanpassingen op voeding, lichamelijke activiteit en levensstijl wordt gepoogd de preoperatieve conditie te optimaliseren en zo
het risico op postoperatieve complicaties te verminderen. Hopelijk biedt deze studie
inzage in de mogelijkheden om de wachttijd tot aan de operatie zo effectief mogelijk
te gebruiken. Het blijft een uitdaging om “succes” te definieren wanneer het gaat
op prehabilitatie. Dit is ook waarom systemische reviews op dit gebied zelden een
positief effect laten zien.1 Prehabilitatie programmes vergen begrip van de veranderde fysiologie van oudere en zwakkere patienten. Daarom moet succes gemeten
worden als een samengesteld eindpunt welke wordt getoetsd door gevalideerde
meetinstrumenten voor kwaliteit van leven (SF-36), functionale capaciteit (6MWT)
en postoperatieve complicaties (Clavien-Dindo classificatie).
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Een centrale conclusie die in dit proefschrift uit Deel II wordt getrokken is dat
de exacte grenzen van de rectumsparende behandelstrategieën nog gedefinieerd
dienen te worden. De voordelen van een minder invasieve rectumsparende behandeling in termen van morbiditeit en functionaliteit lijken buiten kijf te staan. Desalniettemin moet het negatieve effect van chemoradiotherapie op beide uitkomstmaten niet onderschat worden. De recent gepubliceerde GRECCAR-2 trial was niet
gepowered op functionaliteit als primair eindpunt, maar het was wel zeer opvallend
dat er geen verschil in functionaliteit was tussen de groep die chemoradiotherapie
gevolgd door lokale excisie kreeg, vergeleken met de groep die chemoradiotherapie
gevolgd door TME kreeg.2
In het geval dat er gestreeft word naar een klinische complete response bestaat
er het risico op overbehandeling. Dit gevaar bestaat met name voor patienten die
traditioneel behandeld worden een primaire resectie, en nu behandeld worden met
chemoradiotherapie gericht op de complete response. Indien er geen complete
response optreedt (complete response percentage ligt gemiddeld tussen 12-30%)
zullen patienten zonder een complete response een aanvullende TME resectie
moeten ondergaan. Een ingreep die ze anders zonder neoadjuvante chemoradiotherapie zouden krijgen. Zodoende worden ze blootgesteld aan een hoger risico op
postoperatieve complicaties gerelateerd aan de neoadjuvante therapie. Een laatste
horde die nog overwonnen moet worden voordat rectum besparende therapien
als standaardzorg geimplementeerd kunnen worden is het feit dat het pathologie
preparaat, bij veel rectum sparende therapie niet beschikbaar is (rectum blijft
immers in situ). Dit probleem wordt ontweken in de in Hoofdstuk 4 beschreven
TESAR trial, waarbij er adjuvante chemoradiotherapie wordt gegeven nadat de
tumor met een lokale excisie is verwijderd. Het complete tumorpreparaat blijft
de belangrijkste prognose bepalende indicator in de oncologische chirurgie. Voor
de klinische beoordeling van een complete response is een ervaren en toegewijd
team nodig aangezien het tumorpreparaat niet voorhanden is. Deze ervaring en
toewijding is wellicht niet in elke kliniek aanwezig, hetgeen de implementatie van
deze strategie in de weg staat. Om bovengenoemde vraagstukken te beantwoorden
is er in Nederland een consortium in het leven geroepen. Dit consortium bestaat
uit drie studies die zo zijn ontworpen dat deze complementair aan elkaar zijn. Het
protocol van de eerste studie (TESAR-Trial) wordt beschreven in Hoofdstuk 4 en
loopt momenteel in 26 centra in Nederland. Het tweede initiatief is de zogenoemde
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STAR-TREC gerandomiseerde studie. In deze studie worden patiënten met een cT13bN0 rectum carcinoom gerandomiseerd tussen drie behandelingen: conventionele
TME operatie (controle groep), een lang-schema van chemoradiotherapie of een
kort-schema van radiotherapie (5x5Gy). Patiënten die gerandomiseerd zijn tot laatste twee groepen krijgen afhankelijk van de reactie op de neoadjuvante behandeling
een aanvullende TME operatie (geen respons), een lokale excisie (partiele respons)
of er wordt “watch and wait” (klinische complete respons) toegepast om zo te
streven naar preservatie van het rectum.
Het derde initiatief is een prospectieve registratie studie waarbij patiënten worden behandeld met neoadjuvante chemoradiotherapie indien zij voldoen aan de
huidige geldende indicaties hiervoor. Indien er vervolgens een klinische complete
respons wordt gezien, worden patienten volgens een strikt “watch and wait”protocol
gemonitored. Gebruikmakend van endoscopie en MRI, wordt gekeken of het middels deze strategie mogelijk is het rectum te behouden.
Het is de verwachting dat de resultaten verkregen uit deze drie initiatieven een
definitief antwoord zullen geven op de vraag voor welke patiënten met een rectumcarcinoom rectum preservatie een veilige optie is.
Het Snapshot studie-design heeft laten zien zeer bruikbaar te zijn om een crosssectioneel overzicht te creëren van een bepaalde studiepopulatie. Zodoende geeft
het een inzicht in de dagelijkse praktijkvoering zonder gebonden te zijn aan in- of
exclusie criteria. In navolging op de resultaten van de Snapshot-studie gepresenteerd in Hoofdstuk 8,9 en 10 zal er eind 2017 een nieuwe Snapshot studie gestart
worden die zich richt op patiënten met een acute obstructie van het colon op basis
van een obstruerend linkszijdig colon carcinoom. Traditioneel kregen deze patiënten
een resectie van het carcinoom in acute setting. Het blijkt dat voor de kwetsbare
oudere patiënten deze acute resectie gepaard gaat met een verhoogd risico op
postoperatieve morbiditeit en mortaliteit. Voor deze patiënten is een zogenaamde
‘bridge to elective surgery’ strategie geïndiceerd. Dit houdt in dat er in acute setting
een ontlastend stoma of colon stent wordt geplaatst. Dit leidt tot decompressie
van de verwijde darm, zodat in electieve setting de resectie van het carcinoom kan
plaatsvinden. Het is onbekend in welke mate deze strategieën in Nederland worden
toegepast. Daarnaast is het onduidelijkwelke de beste korte termijns postoperatieve
uitkomsten en de lange termijn oncologische uitkomsten heeft voor verschillende
patient populaties.
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Samenvatting en toekomstperspectieven

Snapshot studies zijn met name geschikt om de resultaten in kaart te brengen
van de dagelijkse praktijk op populatie niveau en voor hoog risico groepen. Deze resultaten kunnen vervolgens gebruikt worden om nieuwe, beter gerichte gerandomiseerde studies op te zetten. Daarnaast biedt het jonge dokters de mogelijkheid om
op een toegankelijke en efficiente manier onderzoek te doen en hun wetenschappelijke netwerk uit te breiden. Derhalve is het goed mogelijk dat dit type onderzoek
in de nabije toekomst op een veel grotere schaal wordt toegepast.
1. Bruns ER, van den Heuvel B, Buskens CJ, van Duijvendijk P, Festen S, Wassenaar
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2. Rullier E, Rouanet P, Tuech JJ, Valverde A, Lelong B, Rivoire M, et al. Organ preservation for rectal cancer (GRECCAR 2): a prospective, randomised, open-label,
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Dankwoord
De afgelopen drie jaar die tot dit proefschrift hebben geleid zijn in een vogelvlucht
voorbijgegaan. Met name dankzij enkele zeer bijzondere personen is het een onvergetelijke periode geweest waarvan de resultaten omvat in dit boekwerk eerder
als startpunt dan als slotstuk beschouwd dienen te worden. Felicitaties over het
verrichte werk komen dan ook met name de hieronder genoemde personen toe.
Beste Prof. dr. Bemelman, beste Willem, als ware motivator en inspirator van de
gehele onderzoeksgroep is het bewonderingswaardig hoe jij mensen weet te
grijpen met je enthousiasme en kennis. Promoveren onder jouw hoede was een
feest. Wetenschappelijk weet jij binnen no-time de vinger op de zere plek te leggen, en richting te geven waar nodig. De wetenschapsavonden bij jou thuis werkten
als vliegwiel om de onderzoeks-molen op volle toeren te laten draaien. Zowel op
wetenschappelijk gebied als daarbuiten heb ik ontzettend veel van je geleerd. Mijn
dank ik zeer groot dat ik onder jou hoede dit proefschrift heb mogen schrijven en ik
hoop de komende jaren nog veel met je samen te mogen werken.
Beste dr. Tanis, beste Pieter, aan jou ben ik de meeste dank verschuldigd. Jij liet mij
denken als een wetenschapper. Ondanks het feit dat jij vaak al drie stappen verder
was, had jij altijd het geduld om mij de essenties uit te leggen. Veel bewondering heb
ik voor jouw tomeloze energie. Zo nam jij na een overvol OK-programma moeiteloos
de tijd om met mij naar data of manuscripten te kijken. Met de uiterste precieze en
nauwkeurigheid waarmee jij te werk gaat heb je mij geleerd dat bij het doen van
onderzoek niets aan het toeval overgelaten kan worden. De pure passie voor de
wetenschap, en met name voor het verbeteren van de patientenzorg, zonder daar
enige vorm van roem of aandacht voor terug te verwachten maken je een groot
voorbeeld voor mij, maar ook voor mijn vele voorgangers.
Beste dr. Buskens, beste Chris, de onmisbare schakel in de drie-eenheid van de
colorectale chirurgie. Naast een ongelovelijke wetenschappelijke kennis, ben jij
de ‘missing link’ naar de basale wetenschap. De meest complexe zaken weet jij
ontzettend simpel te maken. Daarnaast sta je als een blok achter je onderzoekers.
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Jouw oprechte blijdschap en brede glimlach na een geslaagd onderzoek of nieuwe
studieresultaten zal ik nooit vergeten.
Beste dr. Tuynman, beste Jurriaan, dank dat je mij in de wereld van de orgaansparende rectumchirurgie hebt geintroduceerd. Indrukwekkend hoe jij de kliniek met
wetenschap (en proctoring) combineerd. Ik ben trots dat jij mijn copromotor bent
en wil je bedanken voor alles wat ik van je heb geleerd.
Prof.dr. Boermeester, Prof. dr. van Delden, Prof.dr. Marijnen, dr. Ponsioen en Prof. dr.
de Wilt; hartelijk dank dat u zitting heeft willen nemen in mijn promotiecommissie.
Secretarresses van G4; Ingrid, Joke, Els, Jacqueline, Indra en Fenne; hartelijk dank
voor al jullie hulp en het feit dat ik altijd met vragen bij jullie terecht kon.
Beste Bemelgroep-onderzoekers, dank voor alle wetenschapavonden, BBQ’s en
met name alle mooie momenten op congressen in het buitenland. Joline de Groof,
Salomeh Sahami, Sandra Vennix, Gijsbert Musters, Emma Bruns, Merle Stellingwerf,
Emma Westerduin, Robin Blok en last but not least Lotje Klaver, heel veel dank voor
de vele herrinneringen die we samen hebben gemaakt.
Beste (semi-)mannengang, hoewel er inmiddels meer vrouwen op de mannengang
werken dan mannen, maakte de goede sfeer in deze “cubicle-alley” dat ik altijd met
een grote lach op mijn gezicht naar het AMC fietse en er met een nog grotere lach
weer weg ging. RJ, Atema, Siem, Gijs, Lotje, Fleur en Marjolein veel dank voor al
jullie grappen, goede gesprekken en vriendschap.
Alle onderzoekers van G4, dank voor de 2,5 jaar die ik met jullie heb mogen werken.
De talloze borrels, lunches en weekenden weg waren een welkome afwisselling
tijdens het schrijven van dit proefschrift.
Alle chirurgen en arts-assistenten van het Tergooi, veel dank dat ik bij jullie de eerste
stappen in de kliniek mocht maken. Dr. van Geloven en dr. Hendriks, beste Nanette
en Eddy, veel dank voor het vertrouwen vanaf het eerste moment.
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Dank aan al de “collaborators”van de Dutch Snapshot Research Group, dankzij jullie inzet hebben we het Snapshot onderzoeksdesign definitief op de kaart kunnen
zetten in Nederland en hopelijk een basis gelegd voor veel meer van dergelijke
initiatieven in de toekomst.
Dank aan de patienten voor hun toestemming om deel te nemen aan de FIT-trial,
TESAR-trial en CLEAN-study.
Beste Mannetjes van ’t Grachie, ook al hebben jullie nul komma nul aan dit boek
bijgedragen ik wil jullie bedanken voor de talloze avonden, weekenden en fantastische momenten samen naast het promoveren. Uiteindelijk werd de basis van dit
proefschrift aan de Nieuwegracht in Utrecht gelegd.
Beste clubgenoten van JC Havana, inmiddels alweer 11 jaar lief en leed met elkaar
gedeeld. Onze reis naar China was geweldig, en inmiddels zitten we in de huwelijksfase waarbij het ene feest nog waanzinniger is dan het andere. Het is mooi om te
zien dat iedereen na al die jaren nog geen steek is veranderd.
Louis, Martijn, Arnoud, Willem-Jan, Koen, Stein en Jules, maten vanaf het eerste uur.
Wat een geluk dat jullie al mijn hele leven ken. Een avond met jullie is altijd even
thuiskomen. Veel dank voor de trouwe en fijne vriendschap.
Mijn paranimfen. Carmen, grote zus, ik ben ontzettend trots op je en met name op
de dappere keuzes die jij durft te maken. Daarnaast ben je goudeerlijk en schroom
je niet om kritisch te zijn op je kleine broer. Daarom ben heel dankbaar dat je mijn
paranimf bent en ik komende zomer jou getuige ben op je huwelijk.
Louis, grootste vriend, ook al nemen we elkaar met name in de zeik, daaronder
zit een onvoorwaardelijke band. Samen lossen we alle levensvragen op en ik vind
het schitterend hoe jij alles met een grote glimlach tegemoet ziet. Dank dat je 3
november aan mijn zijde staat.
Lieve pap en mam, de betekenis van jullie onvolwaardelijke steun en vertrouwen
is niet in woorden uit te drukken. Alles heb ik aan jullie te danken en nooit was er
een brug te ver. De wijze waarop jullie in het leven staan heb ik ontzettend veel
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bewondering voor. Carmen en ik stonden altijd bij jullie op de eerste plek. Jullie
zullen altijd mijn grootste inspiratiebron blijven.
Lieve Froukje, zonder jou was dit proefschrift er nooit geweest. Ik ben je zo ontzettend dankbaar voor alles wat je mij hebt gegeven. En daarnaast zo trots dat ik al
zo’n groot deel van mijn leven met jou mag zijn. Jij leert mij dingen niet te belangrijk
te maken en met al je grappen weet je elke situatie een positieve draai te geven.
Met jou voel ik mij compleet. Ik kijk uit naar het grote avontuur dat wij samen gaan
beginnen, en om de rest van mijn leven met je te delen.
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