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Abstract

Background Single-port laparoscopic surgery as an alter-
native to conventional laparoscopic cholecystectomy for
benign disease has not yet been accepted as a standard
procedure. The aim of the multi-port versus single-port
cholecystectomy trial was to compare morbidity rates after
single-access (SPC) and standard laparoscopy (MPC).
Methods This non-inferiority phase 3 trial was conducted
at 20 hospital surgical departments in six countries. At each
centre, patients were randomly assigned to undergo either
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SPC or MPC. The primary outcome was overall morbidity
within 60 days after surgery. Analysis was by intention to
treat. The study was registered with ClinicalTrials.gov
(NCT01104727).

Results The study was conducted between April 2011 and
May 2015. A total of 600 patients were randomly assigned to
receive either SPC (n = 297) or MPC (n = 303) and were
eligible for data analysis. Postsurgical complications within
60 days were recorded in 13 patients (4.7 %) in the SPC group
and in 16 (6.1 %) in the MPC group (P = 0.468); however,
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single-access procedures took longer [70 min (range 25-265)
vs. 55 min (range 22-185); P < 0.001]. There were no sig-
nificant differences in hospital length of stay or pain VAS
scores between the two groups. An incisional hernia developed
within 1 year in six patients in the SPC group and in three in the
MPC group (P = 0.331). Patients were more satisfied with
aesthetic results after SPC, whereas surgeons rated the aes-
thetic results higher after MPC. No difference in quality of life
scores, as measured by the gastrointestinal quality of life index
at 60 days after surgery, was observed between the two groups.
Conclusions In selected patients undergoing cholecystec-
tomy for benign gallbladder disease, SPC is non-inferior to
MPC in terms of safety but it entails a longer operative
time. Possible concerns about a higher risk of incisional
hernia following SPC do not appear to be justified. Patient
satisfaction with aesthetic results was greater after SPC
than after MPC.

Keywords Cholecystectomy - Single port surgery -
Randomized controlled trial

In 1992 Pelosi first described the use of a single umbilical
puncture for laparoscopic appendectomy [1], and in 1997
Navarra et al. published, as a short note, their results after
single-incision laparoscopic cholecystectomy [2]. It is only
more recently that the technique has begun to gain wider
acceptance. Concerns over the safety issues with this new
technique have been voiced by claims that its widespread
adoption would lead to a significant increase in complications,
especially bile duct injuries, as occurred during the early years
of conventional laparoscopic cholecystectomy [3, 4]. More
recently published studies have failed to demonstrate any
major differences in clinical outcome after the single-incision
laparoscopic technique versus standard multi-port laparoscopy
[4-9]. Furthermore, there is increasing doubt about whether the
new technique actually delivers the benefits of improved aes-
thetic results, reduced postoperative pain, earlier return to
work, and greater patient satisfaction [10-12]. Also, it has been
found that a larger peri-umbilical incision and consequent
fascial defect may result in a higher rate of incisional hernia.
The aim of this randomised controlled trial (RCT) was to
compare overall morbidity after single-incision laparoscopic
technique versus standard multi-port laparoscopy for
cholecystectomy in terms of skin incision-related morbidity,
postoperative pain, and aesthetic results—the potential
benefits advocated for single-port laparoscopic surgery.

Methods
We designed this multi-centre RCT under the endorsement

of the Technology Committee of the European Association
for Endoscopic Surgery (EAES). The project was approved

@ Springer

by the local ethical committee (COMITATO ETICO
INTERAZIENDALE, A.O0.U. CITTA’ DELLA SALUTE
E DELLA SCIENZA DI TORINO, University of Torino,
Italy) of the principle study centre. The project was reg-
istered with ClinicalTrials.gov, U.S. International Clinical
Trials Databank (U.S. National Institutes of Health), under
ID-code NCTO01104727, on behalf of the EAES. The study
was designed to conform with CONSORT criteria.

Study population

The study population was patients with symptomatic
cholelithiasis (gallstones <2 cm in diameter), gallbladder
dyskinesia, or gallbladder polyps. Other inclusion criteria
were: age 18-75 years, body mass index (BMI) <30, ASA
class I-III, absence of non-correctable coagulopathy, and no
previous abdominal surgery above the umbilicus. Exclusion
criteria were preoperative clinical findings of acute chole-
cystitis, suspected common bile duct stones or cancer, or
previous surgery of the upper abdomen or of the umbilicus.

Patient recruitment

Consecutive eligible patients were recruited at the outpa-
tient clinic of each participating centre by a designated
physician. Patients granting informed consent were enrol-
led in the trial, allocated to one of the treatment groups by
computerised randomisation via web-based software, and
treated according to the study protocol. Patients unable or
refusing to provide informed consent were treated
according to current clinical guidelines. Surgeons desig-
nated as first operator had to demonstrate documented
performance of at least 50 cholecystectomies and previous
experience with single-port instruments in at least 15 cases.

Randomisation

Patient data were entered into a web-based database by a
designated physician at each centre. Blind computerised ran-
domisation (1:1 allocation ratio), stratified per single centre,
was done by unchangeable number-generating software. To
ensure that an approximately equal number of patients would
be allocated to each arm of the study, each of the 20 centres
composing the Consortium had to enrol 30 patients. Patients
were allocated to undergo either conventional 4-port chole-
cystectomy (MPC) or single-port cholecystectomy (SPC).

Operative technique
MPC procedure

A 12-mm Hg pneumoperitoneum was created through
either a 10-mm umbilical Hasson’s port or a Veress needle,
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and a 10-mm umbilical port was inserted; a second 10-mm
and two 5-mm ports were then placed. Instrumentation
included a straight or angulated laparoscope, laparoscopic
graspers, monopolar hook, bipolar forceps, scissors, and a
10-mm clips applier. A plastic bag system for gallbladder
extraction was used as needed. Fascia suturing of the 10-
and 12-mm access sites was done with resorbable sutures,
and the skin was closed with either metallic clips or
interrupted sutures.

SPC procedure

A single skin incision was made inside the umbilicus. The
subcutaneous tissue was dissected, the muscular fascia
exposed and incised along the middle line (linea alba),
taking care not to damage the muscular tissue. The peri-
toneum was identified and incised. A single-port device
was inserted and anchored. Depending on which port was
used, either straight or curved instruments, crossed or
uncrossed handles, gallbladder retractors or transchole-
cystic sutures or any other technical solution could be
employed to complete the procedure safely. After chole-
cystectomy was completed and the gallbladder removed
with/without a plastic bag, the fascia was sutured. Before
closure, the fascial defect and the skin incision were
measured in maximum length with sterile callipers and
each was photographed for documentation. The choice of
closure technique was left to the surgeon and had to be
specified in detail on the surgical report form. The skin
incision was secured with either metallic clips or inter-
rupted sutures.

Primary end point

Overall morbidity rate was defined as any surgery-related
morbidity that occurred within 60 days after surgery.
Morbidity was defined as the occurrence of any compli-
cation directly or indirectly related to surgery. Complica-
tions were classified according to Dindo [13].

Secondary end points

Operative time was recorded in minutes between skin
incision and end of skin closure. Conversion rate from SPC
to MPC was defined as the number of cases in which the
procedure was converted from SPC to MPC for safety or
technical reasons. Conversion rate to open surgery was
defined as the number of cases in which the procedure was
converted from SPC or MPC to laparotomy for safety or
technical reasons. Postoperative pain was assessed by
means of a self-report horizontal visual analogical scale
(VAS) for pain recorded daily for the first week and then
weekly up to 60 days after surgery. Paracetamol IV 3 times

a day was administered for the first 24 h and on demand
thereafter. Tramadol was administered when pain control
with paracetamol was judged insufficient. A single dose of
ketorolac was given on request. Hospital length of stay was
defined as the number of inhospital days after surgery. All
participating study centres applied the following stan-
dardised discharge criteria: normal intake of nutrition;
normal mobility; absence of fever (<38 °C); and
stable haemoglobin level during postoperative day 1 (<1 g/
dL). In cases of same-day discharge from hospital, patients
were contacted by telephone the day after the operation.
Follow-up examinations were scheduled at 30 and 60 days
after surgery. Skin incision-related morbidity was defined
as the occurrence of bleeding, infection, necrosis, skin
retraction, incisional hernia, or suture dehiscence within
60 days after surgery.

Surgeon-evaluated aesthetic results were judged by
three independent surgeons on the basis of a standard-
ised methodology. The surgeons viewed two digital
photographs (minimum resolution 800 x 600 pixels) of
each patient in standing position taken before and then at
60 days after surgery. One was a close-up photo of the
umbilical area and the other a large view of the abdo-
men. The results were scored on a 5-point Likert scale
from 1 to 5 (1 indicates very poor, 2 poor, 3 satisfactory,
4 good, and 5 very good) in answer to the following
questions:

1. How would you rate the overall aesthetic results of the
abdomen after surgery?

How would you rate the scar size?

How would you rate the scar shape?

How would you rate the skin colour?

How would you rate the skin retraction?

DAl

Patient-evaluated aesthetic results were judged by the
patients on the basis of the scores marked on a 5-point
Likert scale administered at the follow-up visit 60 days
after surgery in answer to the following questions:

1. How would you rate the overall aesthetic appearance
of your body after surgery?

2. How would you rate the impact of the surgical scar/s
on the appearance of your abdomen?

3. How would you rate the aesthetic appearance of the
surgical scar/s?

4. How would you rate the impact of the surgical scar/s
on your everyday life?

Quality of life was assessed with the gastrointestinal
quality of life index (GIQLI) at the follow-up visit 60 days
after surgery.

Long-term morbidity was defined as any surgery-related
morbidity that occurred within 1 year after surgery. Inci-
sional hernia was defined as any fascial defect revealed on

@ Springer
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physical examination and confirmed by ultrasound within
1 year after surgery.

Sample size and power calculation

Assuming a baseline overall morbidity rate of 4 % in both
the MPC and SPC groups (average morbidity rates drawn
from the literature) and considering a clinically significant
difference of 4 % (up to 8 % global) for SPC to be non-
inferior, with a B-error of 0.2 and a-error of 0.05, a total of
600 patients were needed.

Data analysis

Intra- and postoperative data were entered in the web-based
database at any time during the study by the recruiting
surgeon. The photographic documentation was also up-
loaded into the computerised database. Patients’ personal
data were protected against unauthorised or accidental
access. All analyses were carried out primarily on an
intention-to-treat basis. Risk of bias was evaluated based
on the CONSORT 2010 [14] statement.

Monitoring

Three experts in bilio-pancreatic and laparoscopic surgery
were designated as members of multi-port versus single-
port cholecystectomy (MUSIC) trial monitoring committee
(Music TMC). They had access to the data during the entire
course of the study and could recommend cessation of the
trial if one arm was providing manifestly inferior results.

Statistical analysis

Categorical variables are described as frequencies and per-
centages and continuous variables as the median. The
interquartile range (IQR) is given in brackets. The association
between any categorical variable and treatment arm (MPC/
SPC) was analysed using Fisher’s exact test; the Mann—
Whitney test was used for continuous variables. All reported
P values were obtained by the two-sided exact method at the
conventional 5 % significance level. Data were analysed as of
June 2016 by R 3.2.3 (R Foundation for Statistical Computing,
Vienna-A, http://www.R-project.org).

Results

Following Ethical Committee approval, enrolment was
begun on 1 April, 2011 and closed on 7 July, 2015. All 20
centres but 1 involved in the study at the time of trial
registration recruited patients. Six of these 19 centres
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recruited an insufficient number of patients to complete the
series according to local stratification (Table 1). By unan-
imous decision of the Consortium, the number of patients
to be enrolled and randomised at the 13 other centres was
raised to 40 in order to achieve the target of 600 patients
(Fig. 1). The data from the patients recruited at the six
centres were pooled as a miscellaneous group for sensi-
tivity analysis by centre.

The indication for cholecystectomy was cholelithiasis in
578 patients, gallbladder polyps in 20, and gallbladder
dyskinesia in 2. Table 2 presents the patients’ character-
istics, Table 3 the definitive diagnosis, and Table 4 the
various device systems.

Data regarding skin and fascial incisions were reported
in 278/297 patients. The median size of the skin incision
was 25 mm (range 20-30). The median size of the fascial
incision was 25 mm (range 20-30). Intraoperative com-
plications were recorded in 25 patients in the MPC group
(gallbladder perforation in 20, liver laceration in 3, and
bleeding in 2) and in 21 patients in the SPC group (gall-
bladder perforation in 14, duodenal injury in 1, liver lac-
eration in 1, and bleeding in 5) (P = 0.647). During SPC,
an additional trocar was added in 18 procedures, and more
than one trocar in 14 procedures, which were then recorded
as conversion to laparoscopy. One procedure in the SPC
group was converted to open surgery. Approximately equal
amounts of analgesia were recorded for both groups
(Table 5). The median VAS pain score was 2 in the MPC
group (range 1-4) and 3 in the SPC group (range 1-4)
(P = 0.905). The median hospital length of stay was
2 days in the MPC group (range 1-3) and 3 days in the
SPC group (range 1-2) (P = 0.808). Postoperative com-
plications during inhospital stay were recorded in 3 patients
in the MPC group (biliary leak in 1, pulmonary effusion in
1, and subcutaneous emphysema in 1) and in 5 in the SPC
group (bleeding in 2, hyperthermia in 1, increase in
inflammatory markers in 1, and acute hypertension in 1)
(P = 0.496).

A total of 541/600 patients (90.2 %) completed follow-
up at 60 days. Postoperative complications at 60 days
occurred in 11 MPC group patients (biliary leak in 1, skin
suture dehiscence in 4, fascial suture dehiscence in 2,
hyperthermia in 1, pulmonary infection in 1, diarrhoea in 1,
and subphrenic abscess in 1) and in 11 SPC group patients
(biliary leak in 2, skin suture dehiscence in 2, fascial suture
dehiscence in 5, intra-abdominal collection in 1, and per-
sistent neck pain in 1) (P = 1.000). Postoperative com-
plications within 60 days were recorded in 13 patients
(4.7 %) in the MPC group and in 16 (6.1 %) in the SPC
group, which demonstrated the non-inferiority of the SPC
technique as compared to MPC in terms of morbidity
(P = 0.468). Complications recorded in 541/600 patients
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Table 1 Number of patients
treated at each study centre

Fig. 1 CONSORT 2010 flow
diagram

MPC SPC  Total
University of Torino, Turin, Italy 21 21 42
University of Torino (2nd centre), Turin, Italy 22 21 43
Humanitas, Rozzano, Italy 21 20 41
A.V. Vishnevsky, Moscow, Russia 20 21 41
Hadassah-Hebrew University Medical Centre, Jerusalem, Israel 20 21 41
University Hospital G. Martino, Messina, Italy 20 20 40
University of Insubria, Varese, Italy 21 21 42
University of Roma Tor Vergata, Rome, Italy 21 21 42
University of San Luigi Gonzaga, Orbassano (TO), Italy 20 19 39
Hospital Latisana, Italy 21 21 42
University of Graz, Austria 20 18 38
University of Bremen, Germany 23 18 41
Moscow Clinical Scientific Centre, Moscow, Russia 21 21 42
Esther Koplowitz Centre, Barcelona, Spain 16 12 28
Hospital Bolzano, Italy 12 10 22
Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia 1 6
Niguarda CaGranda Hospital, Milan, Italy 1 4
Bilim University of Istanbul, Turkey 2 4
University Hospital Valld’ Hebron, Barcelona, Spain 0 2 2
Total no./total no. of enrolled and randomised patients in each treatment arm 303 297 600

MPC multi-port cholecystectomy, SPC single-port cholecystectomy

Enrollment (n=600 ]
[ ( ) Included patients with

diagnosis of cholelithiasis, gallbladder
polyps or gallbladder dyskinesia (n= 600)

|

l Allocation

Randomly assigned to MPC group (n=303)

Randomly assigned to SPC group (n=297)

Underwent MPC surgery (n=303) Underwent SPC surgery (n=297)

[ Follow-up (60 davs) ]

Lost to follow-up Lost to follow-up
(patient refuses visit or missing data) (n=25)

(patient refuses visit or missing data) (n=34)

[ Analysis (Primary outcome) ]

Analysed (n=278) Analysed (n=263)
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Table 2 Patients’ characteristics

MPC group SPC group P value
Min 25th IQR Median 75th IQR Max Min 25th IQR Median 75th IQR Max
Age (years) 18 39 48 60 86 20 37 47 59 85 0.292
Weight (kg) 46 60 70 78 105 43 60 70 80 116 0.667
Height (cm) 142 162 167 172 197 126 160 167 175 195 0.873
BMI (kg/m?) 18.0 22.8 24.6 27.1 38.5 17.2 22.7 24.9 27.7 40.1 0.598
MPC multi-port cholecystectomy, SPC single-port cholecystectomy, /QR interquartile range
Table 3 Definitive diagnosis of
gallbladder disease MPC group SPC group Total
Cholelithiasis 285 278 563
Gallbladder polyps 9 11 20
Cholelithiasis + cholecystitis 4 4 8
Cholelithiasis + gallbladder empyema 2 1 3
Cholelithiasis 4+ umbilical hernia 0 2 2
Gallbladder dyskinesia 2 0 2
Cystic duct obstruction 0 1 1
Choledocholithiasis 1 0 1

MPC multi-port cholecystectomy, SPC single-port cholecystectomy

Table 4 Number of single-port instruments by trademark name and
manufacturer

Instrument (manufacturer) No.
SILS Port® (Covidien) 74
XCone® (Karl Storz) 58
TriPort/Plus® (Olympus) 51
Octoport® (Dalimsurg) 27
GelPoint® (Applied Medical) 21
Endocone® (Karl Storz) 21
SSL® (Ethicon) 19
S-Portal® (Karl Storz) 4

Key Port® (Richard Wolf)

were classified according to Dindo [13] (Table 6). No
further surgery was required in any cases.

A total of 446/600 patients (74.3 %) completed follow-
up at 1 year. Postoperative complications were recorded in
9 MPC group patients (biliary stenosis in 1, skin retraction
in 2, keloid formation in 3, and incisional hernia in 3) and
in 10 SPC group patients (biliary stenosis in 1, skin
retraction in 2, keloid formation in 1, and incisional hernia
in 6) (P = 0.817). Complications within 1 year after sur-
gery were recorded in 22 patients (9.7 %) in each group
(P = 1.000).

@ Springer

Data on patient-evaluated aesthetic results were avail-
able for 513/600 patients. The patients in the SPC group
gave the aesthetic results a significantly higher score on all
accounts (Table 7). Data on surgeon-evaluated aesthetic
result were available for 289/600 patients. The surgeons
gave significantly higher scores particularly for scar and
skin retraction in the MPC group (Table 8). There were no
significant differences between the two groups (505/600
patients) in quality of life scores as measured with the
GIQLI at 60 days after surgery (Table 9).

Discussion

Although single-port laparoscopic surgery is not new [1, 2],
its use has gained momentum over the last few years in part
through the support of major surgical instrument manu-
facturers. This raises concerns about a possible industry-
driven interest in promoting wider use of the technique.
There is no doubt, however, that single-port surgery has
several drawbacks particularly in relation to the lack of
“triangulation” to which laparoscopic surgeons have
grown accustomed in terms of both instruments and scope.
Although this seems to have been overcome by the grow-
ing acceptability of in-line viewing, device manufacturers
have focused their product research on developing and
marketing a variety of curved instruments featuring
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Table 5 Postoperative

analgesic consumption Tramadol Paracetamol Paracetamol codein Ketorolac
First 6 h
Multi-port group 87 212 2 96
P value 0.109 0.298 1.000 0.365
Single-port group 103 195 2 83
6 h—1st day
Multi-port group 39 222 7 70
P value 0.479 0.919 0.545 1.000
Single-port group 44 215 4 69
2nd day
Multi-port group 6 119 6 27
P value 0.226 0.932 0.123 0.658
Single-port group 11 115 1 23
First week
Multi-port group 7 68 2 13
P value 0.799 0.310 1.000 0.836
Single-port group 8 56 1 11
Table 6 Postoperative MPC SPC Table 7 Patient-evaluated scoring of aesthetic results in response to
complications within 60 days four question items
(g:rlzc\lsgnaccordmg to Dindo Grade I 9 10 Soore ol - o3 o
Grade 11 1 1
Grade TTla 3 5 MPC SPC MPC SPC MPC SPC MPC SPC
Grade IIIb 0 0 1 1 0 7 1 3 0 12 8
Grade IVa 0 0 2 1 3 5 5 5 3 3 6
Grade IVb 0 0 3 30 10 42 14 32 11 26 13
Grade V 0 0 4 106 55 9 60 94 67 97 68
P value = 0.865 5 131 176 119 164 135 163 131 149
MPC multi-port cholecystec- P value <0.001 <0.001 <0.001 0.025

tomy, SPC
cholecystectomy

single-port

different characteristics with the aim of restoring standard
triangulation as provided in a laparoscopic environment.
Nevertheless, a recent study that measured ergonomic
performance on a virtual-reality simulator designed for the
purpose demonstrated that, after a short learning curve,
only very experienced surgeons were able to perform the
surgical tasks safely and effectively, while all the other
surgeons found technique acquisition to be challenging
[15].

For this reason, we chose as the main outcome the non-
inferiority of SPC versus MPC in terms of overall post-
operative morbidity at 60 days, and the results confirm this:
no difference in severity of complications was observed.
Hence, the hypothesis that SPC would be associated with a
higher complications rate, but with greater overall satis-
faction with clinical and aesthetic results, is not confirmed
[6]. Few patients experienced complications, mostly minor,
with 2 cases of biliary leak and 1 case of biliary stenosis

5-point Likert scale from 1 (poor) to 5 (very good)

1. How would you rate the overall aesthetic appearance of your body
after surgery?

2. How would you rate the impact of surgical scar(s) on the image of
your abdomen?

3. How would you rate the aesthetic appearance of the surgical
scar(s)?

4. How would you rate the impact of the surgical scar(s) on your
everyday life?

MPC multi-port cholecystectomy, SPC single-port cholecystectomy

recorded per group, all successfully treated by endoscopic
retrograde cholangio-pancreatography (ERCP). Operative
time was slightly but significantly longer in the SPC group,
although this difference seems of marginal relevance for
operating room organisation. An additional trocar was
employed in very few cases, and in even fewer in which the
procedure was converted to laparoscopy.

Moreover, it has been claimed that a larger peri-umbil-
ical incision and consequent fascial defect would increase

@ Springer
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Table 8 Surgeon-evaluated

scoring of aesthetic results in Scores Ql Q Q3 Q4 @
response to five question items MPC SPC MPC SPC MPC SPC MPC SPC MPC SPC
1 0 0 0 0 0 0 0 0
2 3 2 2 3 0 0 6 2
3 10 19 19 8 25 27 32 14 36
4 78 68 71 68 80 61 69 59 75 55
5 56 53 60 54 57 53 51 51 52 49
P value 0.293 0.113 0.007 0.574 0.001
5-point Likert scale from 1 (poor) to 5 (very good)
1 = How would you rate the overall aesthetic appearance of patient’s abdomen after surgery?
2 = How would you rate the scar(s) size?
3 = How would you rate the scar(s) shape?
4 = How would you rate the skin colour?
5 = How would you rate the skin retraction?
MPC multi-port cholecystectomy, SPC single-port cholecystectomy
Table 9 Gastrointestinal quality of life index (GIQLI) scores
MPC group SPC group P value
Min 25th IQR Median 75th IQR Max Min 25th IQR Median 75th IQR Max
GIQLI_sum 25 114 122 128 140 44 117 123 129 144 0.124
GIQLI_phy 3 33 35 36 44 15 33 35 36 44 0.684
GIQLI_bow 6 21 23 24 24 8 21 23 24 24 0.246
GIQLI_emo 6 23 26 28 32 6 24 26 28 32 0.111
GIQLI_ugi 3 26 28 30 32 7 27 29 31 32 0.216
GIQLI_met 3 10 11 12 12 2 10 11 12 12 0.020

GIQLI subscale division
GIQLI_sum: all items, 1-36

GIQLI_phy (physical role): item 1, 18, 19, 20, 21, 22, 23, 24, 25, 26, 29

GIQLI_bow (large bowel function): item 6, 7, 30, 31, 34, 36
GIQLI_emo (emotional role): item 8, 10, 11, 12, 13, 14, 15, 16
GIQLI _ugi (upper GI tract function): item 4, 9, 17, 27, 28, 32, 33, 35
GIQLI_met (meteorism): item 3, 4, 5

MPC multi-port cholecystectomy, SPC single-port cholecystectomy, /QR interquartile range

the risk of incisional hernia [9]. This article presents the
largest series with 1-year follow-up of patients enrolled in a
single-blind, multi-centre, prospective, randomised, con-
trolled trial of SPC versus standard MPC. Although this
was true in our series, the incidence of incision hernia was
so low in both groups that many more cases would be
needed to achieve significance if confirmed. This reinforces
the hypothesis that the finding of Marks et al. [9] was
depending on an increased rate of incisional adverse
events, in particular a higher rate of superficial wound
complications in the single-port group. This was not con-
firmed in our series, three times larger, and in which pos-
sible local biases were more likely to be avoided due to the
proportional distribution of patients among the different

@ Springer

centres. No other significant differences between the
groups were observed in relation to the perioperative
course, pain VAS scores, analgesic consumption, or QoL at
60 days as assessed by the GIQLI.

The basic rationale for the interest in single-port
laparoscopy is that, because it may improve cosmesis and
decrease postoperative pain, patient satisfaction would be
greater than after standard laparoscopy. Our study shows
that the majority of the patients in the single-port group
were pleased with their aesthetic results, although it may be
argued that other not investigated factors might have
influenced their personal opinion. In contrast, the surgeon-
evaluated aesthetic results were based on a comparative,
standardised methodology in which the images were
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viewed and objectively scored by three independent sur-
geons. In their opinion, the scar shape and skin retraction
after MPC appeared aesthetically more acceptable.

There are several limitations to this study that must be
discussed. First, approximately 25 % of patients were lost to
follow-up at 1 year, which is higher than would be normally
expected for a 12-month prospective study. Second, all
surgeons participating in this trial had performed at least 15
previous SPC cases, but the ability to generalise outcomes
from this study might not be applicable to those in the initial
learning curve associated with this new technique. Finally,
the follow-up of 12 months might be too short to determine
the true differences between SPC and MPC in terms of risk
for hernia development.

Conclusions

In selected patients undergoing cholecystectomy for benign
gallbladder disease, a single-access technique is non-infe-
rior to standard laparoscopy in terms of safety, but it entails
a longer operative time. The short follow-up cannot
exclude possible concerns about a higher risk of incisional
hernia following SPC, although this was not demonstrated
in the present study. Patients rated the aesthetic results after
the single-access technique higher than after standard
laparoscopy.
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Abstract

Background For almost 30 years, transanal endoscopic
microsurgery (TEM) has been the mainstay treatment for
large rectal lesions. With the advent of endoscopic sub-
mucosal dissection (ESD), flexible endoscopy has aimed at
en bloc RO resection of superficial lesions of the digestive
tract. This systematic review and meta-analysis compared
the safety and effectiveness of ESD and full-thickness
rectal wall excision by TEM in the treatment of large
nonpedunculated rectal lesions preoperatively assessed as
noninvasive.

Methods A systematic review of the literature published
between 1984 and 2010 was conducted (Registration no.
CRD42012001882). Data were integrated with those from

A. Arezzo (DX) - M. A. Bonino - M. Verra - M. Morino
Department of Surgical Sciences, University of Torino,
Corso Dogliotti 14, 10126 Torino, Italy

e-mail: alberto.arezzo@unito.it

R. Passera
Division of Nuclear Medicine, San Giovanni Battista Hospital
and University of Torino, Torino, Italy

Y. Saito - T. Sakamoto - N. Kobayashi
GI Endoscopy Division, National Cancer Center Hospital,
Tokyo, Japan

N. Sakamoto
Department of Gastroenterology, Juntendo University,
Tokyo, Japan

N. Yoshida - Y. Naito
Department of Molecular Gastroenterology and Hepatology,
Kyoto Prefectural University of Medicine, Kyoto, Japan

M. Fujishiro - K. Niimi
Department of Endoscopy and Endoscopic Surgery,
University of Tokyo, Tokyo, Japan

the original databases requested from the study authors
when needed. Pooled estimates of the proportions of
patients with en bloc RO resection, complications, recur-
rence, and need for further treatment in the ESD and TEM
series were compared using random-effects single-arm
meta-analysis.

Results This review included 11 ESD and 10 TEM series
(2,077 patients). The en bloc resection rate was 87.8 %
(95 % confidence interval [CI] 84.3-90.6) for the ESD
patients versus 98.7 % (95 % C197.4-99.3 %) for the TEM
patients (P < 0.001). The RO resection rate was 74.6 %
(95 % CI170.4-78.4 %) for the ESD patients versus 88.5 %
(95 % CI 85.9-90.6 %) for the TEM patients (P < 0.001).
The postoperative complications rate was 8.0 % (95 %, CI
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5.4-11.8 %) for the ESD patients versus 8.4 % (95 % CI
5.2-13.4 %) for the TEM patients (P = 0.874). The recur-
rence rate was 2.6 % (95 % CI 1.3-5.2 %) for the ESD
patients versus 5.2 % (95 % CI 4.0-6.9 %) for the TEM
patients (P < 0.001). Nevertheless, the rate for the overall
need of further abdominal treatment, defined as any type of
surgery performed through an abdominal access, including
both complications and pathology indications, was 8.4 %
(95 % CI 4.9-13.9 %) for the ESD patients versus 1.8 %
(95 % CI10.8-3.7 %) for the TEM patients (P < 0.001).
Conclusions The ESD procedure appears to be a safe
technique, but TEM achieves a higher RO resection rate
when performed in full-thickness fashion, significantly
reducing the need for further abdominal treatment.

Keywords Rectal adenoma - Transanal endoscopic
microsurgery - Endoscopic submucosal dissection -
Systematic review - Meta-analysis

For nearly 30 years, transanal endoscopic microsurgery
(TEM) has been the optimal mainstay treatment for large
rectal lesions. Initially conceived for treating benign
lesions, its indications were extended to early rectal cancer
treatment when Hermanek and Gall [1] assessed criteria to
determine lesions at “low risk” for recurrence. One
increasingly recognized advantage of the technique versus
standard transanal surgery is the high rate of en bloc
resection with disease-free margins, which is strictly rela-
ted to the risk of recurrence [2].

With the advent of endoscopic submucosal dissection
(ESD) about 10 years ago, flexible endoscopy permitted a
surgical-like technique for en bloc resection of superficial
lesions of the digestive tract. First indicated for the upper
gastrointestinal tract [3], ESD then was applied to the
lower gastrointestinal tract with promising results [4].
Although ESD represents an alternative to endoscopic
mucosal resection (EMR) of the colon, its application to
the rectum can be compared with TEM, both aiming to
achieve en bloc RO excision.

This study aimed to evaluate in a systematic review and
meta-analysis whether ESD has clinically relevant short-
term advantages in terms of safety and effectiveness
compared with TEM in the treatment of large nonpedun-
culated rectal lesions preoperatively assessed as
noninvasive.

Methods
The methods for the analysis and generation of inclusion

criteria were based on the Cochrane Collaboration
guidelines [5] and the PRISMA recommendations [6].

@ Springer

According to population, interventions, comparators, out-
come measures, and setting (PICOS) criteria, patients were
included if they had large nonpedunculated rectal lesions
preoperatively assessed as noninvasive for which either
TEM or ESD was indicated. The study methods were
documented in a protocol registered and accessible at
http://www.crd.york.ac.uk/prospero/  (Registration  no.
CRD42012001882).

Criteria for identifying studies and eligibility

The study aimed to include randomized or quasi-random-
ized studies that directly compared TEM and ESD.
Because we knew and verified that similar studies were not
available, we included prospective series that examined
one of the two treatments provided they had the same
inclusion and exclusion criteria. To be eligible, studies
had to include reports on patients with a large (>2 cm)
nonpedunculated rectal lesion preoperatively assessed as
noninvasive by digital examination and/or endoscopic
ultrasound (EUS) (confined to the mucosal layer) or lesions
treated endoscopically by the ability to be lifted when the
submucosal layer was injected below the lesion.

The exclusion criteria ruled out preoperative biopsies
positive for invasive malignancy when available, TEM
performed in a non-full-thickness fashion, and the impos-
sibility to hive-off data from mixed series. Also excluded
were studies reporting data on colon and rectal lesions that
could not be broken up.

The criteria required that TEM had been performed in
full-thickness fashion according to the technique described
by Buess et al. [7]. When the technique was not specified,
the authors were contacted for confirmation. Articles were
included if a submucosal dissection was performed by
TEM only for those lesions at risk for peritoneal opening.
The criteria required that ESD had been performed after
submucosal injection and lifting by any of the techniques
described in the literature, including the different knives
available.

Because most of the ESD series merged data on colonic
and rectal lesions in a way that the two types could not be
distinguished, the authors were contacted to provide a
database of their published series restricted to rectal lesions
only. Rectal lesions were defined as any lesion with an
upper margin located within 18 cm of the anal verge,
which was assessed by means of rigid rectoscopy in the
TEM series and by flexible endoscopy in the ESD series.

End points
The primary end point of this review was effectiveness of

resection (i.e., en bloc resection rate, defined as the rate of
lesions excised in a single specimen, and RO resection rate,
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defined as the rate of lesions excised with margins free of
disease) as assessed by the pathologist. The secondary end
points were size of the lesions excised, time for completion
of the procedure, safety (i.e., postprocedural complications
such as bleeding and perforation and the need for abdom-
inal surgery to manage complications), recurrence rate as
assessed by a minimum of 6 months follow-up evaluation,
the need for abdominal surgery for oncologic reasons, and
finally the overall need for abdominal surgery. Abdominal
surgery was defined as any type of surgery performed
through an abdominal access.

Search strategy

Searches of the published literature were conducted for the
period between January 1984 and December 2010. Only
articles published in English or German were included.
Studies were identified by electronic searches of Pubmed
and EMBASE.

The following strategy was used to search both PubMed
and EMBASE at a single time during January 2011:
endoscopic AND submucosal AND resection* OR (endo-
scopic AND submucosal AND dissection®*) OR (endo-
scopic AND submucosal AND excision*) OR (endoscopic
AND mucosal AND resection*) OR (endoscopic AND
resection*) OR (endoscopic AND excision*) OR (endo-
scopic AND mucosal AND excision*) OR (endoscopic
AND treatment*) OR (endoscopic AND therapy*) OR
(rectoscopic AND mucosal AND resection*) OR (recto-
scopic AND resection*) OR (rectoscopic AND excision*)
OR (rectoscopic AND mucosal AND excision*) OR (rec-
toscopic AND treatment*) OR (rectoscopic AND therapy*)
OR (colonoscopic AND mucosal AND excision*) OR
(colonoscopic AND resection®*) OR (colonoscopic AND
excision®*) OR (colonoscopic AND treatment*) OR (col-
onoscopic AND therapy*) AND (colorectal AND ‘neo-
plasms’/exp OR (colorectal AND tumor*) OR (colorectal
AND tumour*) OR (colorectal AND neoplasm*) OR
(‘rectal’/exp AND neoplasm*) OR (‘adenoma’/exp AND
(‘rectum’/exp OR ‘rectal’/exp OR colorectal))) OR (tem
OR (transanal AND endoscopic AND ‘microsurgery’/exp)
AND ‘surgery’/exp OR transanal OR peranal AND (colo-
rectal AND ‘neoplasms’/exp OR (colorectal AND tumor*)
OR (colorectal AND tumour*) OR (colorectal AND neo-
plasm*) OR (‘rectal’/exp AND neoplasm*) OR (‘ade-
noma’/exp AND (‘rectum’/exp OR ‘rectal’/exp OR
colorectal)))) AND °‘rectal’/exp AND ‘neoplasm’/exp AND
(‘endoscopy’/exp OR endoscopic OR ‘microsurgery’/exp
OR transanal OR mucosal OR ‘resection’/exp) OR (endo-
scopic AND mucosal AND ‘resection’/exp) OR (endo-
scopic AND submucosal AND ‘dissection’/exp) AND
[1984-2010]1/py.

Study selection

Titles were screened by two authors (A.A. and M.V.) to
exclude nonrelated publications. Studies were excluded if
the interventions, as reported in the abstracts, clearly dif-
fered from ESD or TEM or did not focus on the colorectal
area.

The full text of the remaining articles was read to
determine whether they were eligible for inclusion in the
review. Studies were excluded in which preoperatively
assessed rectal cancers were treated. When the same data
of a single research group were reported in multiple pub-
lications, only the study reporting on the largest cohort was
included.

Data extraction was independently performed by the two
reviewers using predefined data extraction forms. A third
investigator (M.M.) arbitrated in the event that agreement
was not reached.

From each report, the reviewers independently collected
the following data when available: year of publication,
prospective or retrospective study design, enrollment period,
number of patients included, mean age, gender distribution,
lesion location (colon/rectum), Kudo pit-pattern classifica-
tion [8], EUS, type of device used, mean operating time,
mean tumor size, complication rate, rate of surgery due to
complications, histology (adenoma, carcinoma in situ,
invasive cancer, carcinoid), rate of histologically verified en
bloc resection, rate of histologically verified complete
resection (RO), rate of surgery for oncologic reasons, follow-
up evaluation, histologically demonstrated recurrence, and
need of further treatment for disease recurrence.

Quality assessment

All the studies fulfilling the selection criteria for this
review were assessed to determine methodologic quality
and risk of bias. The following quality items were scored:
study design, sequence generation, cohort size, lesion type
before intervention, lesion size, incidence of invasive car-
cinomas at final histology, length of the follow-up period,
and objective definition of outcome parameters (compli-
cations and recurrence).

Table 1 reports the individual scores of quality assess-
ment items per study. Because the data on colonic and
rectal lesions from most of the ESD series were merged in
such a way that they could not be distinguished, the authors
were asked to provide a database of their published series
restricted to rectal lesions only.

Statistical analysis

All analyses were performed according to the original
treatment allocation (intention-to-treat analysis). Fixed- and
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random-effects meta-analyses of studies reporting single
proportions were used to calculate an overall proportion.
Because all the studies reported the results of only one
technique in a series of patients, the logit transformed
proportion of patients with recurrence or complication
was used as the outcome parameter in the meta-analysis.
We added 0.5 to all the cell frequencies of studies with a
zero cell count.

Particularly, the random-effects model incorporates any
remaining variability beyond chance that exists among
studies, taking into account differences in sample size
whereby proportions have been measured in each trial. This
within-study variation was accounted for by using the exact
binomial distribution. Individual and pooled estimates of
these proportions together with 95 % confidence intervals
(95 % CI) on recurrence and complication rates then were
presented in the forest plots.

Operating time and tumor size were compared using
their reported means and standard deviations (SDs). When

Fig. 1 Flow chart diagram of
the systematic search and study
selection strategy

means and/or SDs were not reported, they were estimated
from the reported medians and ranges using the Hozo et al.
[9] approach.

Potential sources of heterogeneity were explored in
three different sensitivity analyses: fixed versus random-
effects models (with the second model incorporating het-
erogeneity), cumulative meta-analysis (sequential inclusion
of studies by date of publication), and influence meta-
analysis (calculation of pooled estimates with omission of
one study at a time).

All analyses were performed using R 2.15.0 and Meta-
analyst 3.13 (for continuous outcomes) (R Foundation for
Statistical Computing, Vienna, Austria) [10].

Results

The search retrieved 9,315 studies. The selection procedure
is illustrated in Fig. 1. Of the 9,315 studies, 57 were
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excluded because it was unclear whether full-thickness
TEM procedures were performed and whether an ESD
procedure was performed to treat colonic or rectal lesions.
We were unable to clarify these doubts because we
received no reply to our request from the respective study
authors. In all, 21 studies met the inclusion criteria for a
total of 2,077 patients: 11 ESD series [11-21] totaling 536
patients, and 10 TEM series [2, 22-30], totaling 1,541
patients.

The mean polyp size was 35 mm (95 % CI31-39 mm) in
the ESD series versus 40 mm (95 % CI 29-51 mm) in the
TEM series (P = 0.393). The operating time was 96 min
(95 % CI 84-107 min) in the ESD series versus 67 min
(95 % CI 53-82 min) in the TEM series (P = 0.003).

En bloc and RO resection

The en bloc resection rate was available for 9 ESD and 9
TEM series. The pooled estimate of the proportion of
patients was 87.8 % (95 % CI 84.3-90.6 %) in the ESD
series and 98.7 % (95 % C197.4-99.3 %) in the TEM series
(P < 0.001, Fig. 2). Heterogeneity was greater in the ESD
series (I* = 60.1 %) than in the TEM series (I> = 46.4 %).

The cumulative meta-analysis of all 18 studies showed a
progressive increase from 81.4 to 95.1 % in the proportion
of patients undergoing en bloc resection. The same pro-
portion was quite constant (94.3-95.8 %), with no study
strongly affecting the results in the influential, leave-one-out
meta-analysis.

The RO resection rate was available for 9 ESD and 8 TEM
series. The pooled estimate of the proportion of patients was
74.6 % (95 % C170.4-78.4 %) inthe ESD series and 88.5 %
(95 % CI 85.9-90.6 %) in the TEM series (P < 0.001,
Fig. 3). Heterogeneity was lower in the ESD series
(? = 52.9 %) than in the TEM series (I> = 69.1 %). The
cumulative meta-analysis of all 17 studies showed a pro-
gressive increase from 62.9 to 82.7 % in the proportion of
patients undergoing RO resection. Again, the same propor-
tion was quite constant (81.4-83.7 %) in the influential
meta-analysis.

Perioperative complications

Data regarding perioperative complications were retrieved
for all 11 ESD series and 8 of the TEM series. Altogether,

Study Events Total Proportion 95%-Cl W(fixed) W(random)
group = ESD v

Fujishiro 2006 31 35 —_— 0.89 [0.73;0.97] 6.6% 7.3%
Onozato 2007 22 30 —_— s 0.73 [0.54;0.88] 11.0% 7.9%
Ohya 2009 43 45 — 0.96 [0.85;0.99] 3.6% 6.3%
lizuka 2009 18 26 v 0.69 [0.48;0.86]) 10.4% 7.8%
Fusaroli 2009 7 8 0.88 [0.47;1.00] 1.6% 4.6%
Takeuchi 2010 13 14 A 0.93 [0.66; 1.00] 1.7% 4.7%
Yoshida 2010 99 110 —— 0.90 [0.83;0.95] 18.6% 8.3%
Saito 2010 147 158 — 0.93 [0.88;0.96] 19.2% 8.3%
Niimi 2010 57 64 —_— 0.89 [0.79;0.95] 11.7% 8.0%
Fixed effect model 490 < 0.88 [0.84;0.91] 84.5% -
Random effects model _t 0.88 [0.81;0.92] —_— 63.3%
Heterogeneity: I-squared=60.1%, tau-squared=0.3189, p=0.0101

group = TEM

Said 1995 260 260 P 1.00 [0.99; 1.00] 0.9% 3.4%
Cocilovo 2003 56 56 e 1.00 [0.94; 1.00] 0.9% 3.4%
Langer 2003 79 79 e 1.00 [0.95; 1.00] 0.9% 3.4%
Neary 2003 19 21 —_— 0.90 [0.70; 0.99] 3.4% 6.2%
Schafer 2005 33 33 - 1.00 [0.89; 1.00] 0.9% 3.3%
Doornebosch 2008 47 47 L —— 1.00 [0.92; 1.00] 0.9% 3.3%
Guerrieri 2009 402 402 i 1.00 [0.99; 1.00] 0.9% 3.4%
de Graaf 2010 213 216 i— 0.99 [0.96; 1.00] 5.6% 7.0%
Morino 2011 293 293 P 1.00 [0.99; 1.00] 0.9% 3.4%
Fixed effect model 1407 ie 0.99 [0.97;0.99] 15.5% -_
Random effects model io 0.99 [0.97;1.00] — 36.7%
Heterogeneity: I-squared=46.4%, tau-squared=1.054, p=0.0605 :

Fixed effect model 1897 < 0.91 [0.89;0.93] 100% -
Random effects model > 0.95 [0.91;0.97] —_— 100%

Heterogeneity: I-squared=76.7%, tau-squared=1.19, p<0.0001
[ T 1

S

05 06 07 08 09 1

Fig. 2 En bloc resection rates for ESD and TEM, showing a statistically significant advantage of TEM (P < 0.001)
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Study Events Total Proportion 95%~Cl W(fixed) W(random)
group = ESD :

Fujishiro 2006 22 35 —_— 0.63 [0.45;0.79] 5.2% 7.0%
Onozato 2007 21 30 —_— 0.70 [0.51;0.85] 4.0% 6.6%
Ohya 2009 43 45  —— 0.96 [0.85;0.99] 1.2% 4.0%
lizuka 2009 17 26 _— 0.65 [0.44;0.83] 3.8% 6.4%
Fusaroli 2009 7 8 0.88 [0.47;1.00] 0.6% 2.4%
Takeuchi 2010 8 14 . 0.57 [0.29;0.82] 2.2% 5.3%
Yoshida 2010 87 110 — 0.79 [0.70;0.86] 11.6% 8.0%
Saito 2010 123 158 — 0.78 [0.71;0.84] 17.4% 8.3%
Niimi 2010 45 64 —-— 0.70 [0.58;0.81] 8.5% 7.6%
Fixed effect model 490 < 0.75 [0.70;0.78] 54.5% -
Random effects model = 0.74 [0.67;0.80] -— 55.7%
Heterogeneity: I-squared=52.9%, tau-squared=0.1306, p=0.0302

group = TEM

Said 1995 260 260 4 1.00 [0.99; 1.00] 0.3% 1.6%
Cocilovo 2003 55 56 £ — 0.98 [0.90; 1.00] 0.6% 2.7%
Langer 2003 64 79 — 0.81 [0.71;0.89] 7.8% 7.5%
Neary 2003 17 21 —_— 0.81 [0.58;0.95] 2.1% 5.2%
Schafer 2005 27 33 —_— 0.82 [0.65;0.93] 3.1% 6.1%
Doornebosch 2008 44 47 —— 0.94 [0.82;0.99] 1.8% 4.9%
de Graaf 2010 190 216 i 0.88 [0.83;0.92] 14.6% 8.2%
Morino 2011 267 293 ¢ - 0.91 [0.87;0.94] 15.1% 8.2%
Fixed effect model 1005 < 0.88 [0.86;0.91] 45.5% -
Random effects model i 0.89 [0.84; 0.93] - 44.3%
Heterogeneity: I-squared=69.1%, tau-squared=0.294, p=0.002

Fixed effect model 1495 < 0.82 [0.80;0.84] 100% -
Random effects model e 0.83 [0.76; 0.87] - 100%

Heterogeneity: I-squared=78.8%, tau-squared=0.4268, p<0.0001

[ T I T T

T T 1

0.3 0.4 0.5 06 0.7 0.8 09 1

Fig. 3 RO resection rates for ESD and TEM, showing a statistically significant advantage of TEM (P < 0.001)

1,887 patients (536 ESD and 1,351 TEM patients) were
included in the analysis of complications. The complications
after ESD were rectal bleeding (n = 19) and perforation
(n = 20). The complications after TEM were suture leakage
(n = 43), rectal bleeding (n = 30), fistulas (n = 7), urinary
infection or retention (n = 6), and others (n = 11).

The proportion of patients with complications was
8.0% (95 % CI 5.4-11.8 %) after ESD versus 8.4 %
(95 % CI 5.2-13.4 %) after TEM (P = 0.874, Fig. 4).
Heterogeneity was low in the ESD series (I* = 25.0 %) but
extreme by comparison in the TEM series (I* = 80.5 %). A
cumulative meta-analysis of all 19 studies showed a pro-
gressive increase from 4.2 to 8.6 % in the proportion of
patients with complications. This proportion ranged from
7.1 to 8.7 %, without any single-trial effect, in the influ-
ential meta-analysis.

The pooled proportion of patients with perioperative
events requiring additional abdominal surgery for compli-
cation control was 1.3 % (95 % CI 0.5-3.3 %) in the ESD
series and 1.6 % (95 % CI 1.0-2.6 %) in the TEM series
(P = 0.665, Fig.5). Heterogeneity was absent in the
ESD series (I> = 0.0 %) and low in the TEM series
(P = 14.4 %). A cumulative meta-analysis showed that
1.1-2.1 % of the patients required additional abdominal

surgery. The influential meta-analysis showed a range of
1.3-1.7 %.

Histology

Only nine ESD and eight TEM series provided histology
data. In all, 1,929 patients (488 ESD and 1,441 TEM
patients) were included in the analyses of histology. Final
pathology demonstrated an adenoma in 156 ESD patients
(31.9 %) and 1,278 TEM patients (89.1 %), pTis or pT1sml
cancers in 279 ESD patients (57.1 %) and 79 TEM patients
(5.5 %), and invasive adenocarcinoma (pT1sm2 or more) in
45 ESD patients (9.2 %) and 73 TEM patients (5.1 %). Eight
patients in the ESD group and four in the TEM group had
another diagnosis.

The pooled estimate of the proportion of patients with
invasive adenocarcinoma was 9.5 % (95 % CI 5.7-15.5 %) in
the ESD series and 3.9 % (95 % CI 1.5-9.7 %) in the TEM
series (P = 0.095). Heterogeneity was moderate in the ESD
series (> = 50.7 %) but extreme in the TEM series
(P = 88.2 %). The cumulative meta-analysis showed that
6.7-11.5 % of the patients required additional abdominal sur-
gery. The influential meta-analysis showed a range of
5.0-7.8 %.
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Study Events Total . Proportion 95%~-Cl W(fixed) W(random)
group = ESD E
Fujishiro 2006 2 35 —+— 0.06 [0.01;0.19] 1.5% 3.7%
Onozato 2007 1 30 —— 0.03 [0.00;0.17] 0.8% 2.3%
Ohya 2009 2 45 —*—f— 0.04 [0.01;0.15) 1.6% 3.7%
lizuka 2009 1 26 ——— 0.04 [0.00; 0.20] 0.8% 2.3%
Fusaroli 2009 3 8 : 0.38 [0.09; 0.76] 1.5% 3.7%
Saito 2010 10 158 —+ 0.06 [0.03;0.11] 7.7% 7.6%
Niimi 2010 5 64 —+— 0.08 [0.08;0.17] 3.8% 5.9%
Uraoka 2010 1 37 —°—§— 0.03 [0.00;0.14] 0.8% 2.3%
Ishii 2010 0 99— 0.00 [0.00; 0.34] 0.4% 1.3%
Takeuchi 2010 2 14 —f—o— 0.14 [0.02; 0.43] 1.4% 3.5%
Yoshida 2010 12 110 —+—— 0.11 [0.06;0.18] 8.7% 7.9%
Fixed effect model 536 < 0.08 [0.06;0.11] 29.0% -
Random effects model <‘5 0.08 [0.05;0.12] - 44.0%
Heterogeneity: |-squared=25%, tau-squared=0.%162, p=0.2058
group = TEM E
Said 1995 10 260 - 0.04 [0.02;0.07] 7.9% 7.6%
Langer 2003 6 79 —«:— 0.08 [0.03;0.16] 4.5% 6.4%
Neary 2003 2 21 —4— 0.10 [0.01;0.30] 1.5% 3.6%
Schafer 2005 12 33 2 —_— 0.36 [0.20; 0.55) 6.2% 7.2%
Doornebosch 2008 4 47 —— 0.09 [0.02;0.20] 3.0% 5.4%
Guerrieri 2009 32 402 -+ 0.08 [0.06;0.11] 24.1% 9.3%
de Graaf 2010 11 216 .+.:. 0.05 [0.03;0.09] 8.5% 7.8%
Morino 2011 20 293 - 0.07 [0.04;0.10) 15.2% 8.8%
Fixed effect model 1351 <‘> 0.08 [0.06;0.10] 71.0% -
Random effects model <+ 0.08 [0.05; 0.13] - 56.0%
Heterogeneity: |-squared=80.5%, tau—squamd=q.4 177, p<0.0001

‘
Fixed effect model 1887 é 0.08 [0.07;0.09] 100% -
Random effects model & 0.08 [0.06; 0.11] - 100%

Heterogeneity: I-squared=63.5%, tau-squared=0,2904, p<0.0001
T T[T |

T 1

0 010203040506 0.7

Fig. 4 Perioperative complication rates after ESD and TEM, showing substantial equivalence between the two groups (P = 0.874)

Recurrences and oncologic criteria

Only seven ESD series and nine TEM series provided
recurrence data. All the ESD series reported a follow-up
period of 6-12 months, whereas the TEM series reported
an average follow-up period of 58.9 months (range,
1-204 months). In all, 1,811 patients (404 ESD and 1407
TEM patients) were included in the analyses of recur-
rences. The pooled estimate of the proportion of patients
with adenoma recurrence was 2.6 % (95 % CI 1.3-5.2 %)
in the ESD series and 5.2 % (95 % CI 4.0-6.9 %) in the
TEM series (P = 0.068).

Heterogeneity was absent in the ESD series
(> = 0.0 %) and low in the TEM series (I = 21.5 %).
The pooled proportion of patients with perioperative events
requiring additional abdominal surgery for oncologic
indications or recurrence was 8.4 % (95 % CI 4.9-13.9 %)
in the ESD series and 2.9 % (95 % CI 1.5-5.4 %) in the
TEM series (P = 0.011). Heterogeneity was moderate in
the ESD series (I2 = 40.2 %) and greater in the TEM
series (I> = 63.3 %).

@ Springer

Need for abdominal surgery

Data regarding the overall need for abdominal surgery,
defined as any type of surgery performed through an
abdominal access, were retrieved for eight ESD and nine
TEM series. This included treatment of complications,
recurrence, or major surgery for oncologic curative resec-
tion, as reported earlier. In all, 1,862 patients (455 ESD and
1407 TEM patients) were included in the analysis. The
pooled estimate of the proportion of patients requiring
abdominal surgery was 8.4 % (95 % CI 4.9-13.9 %) in the
ESD series and 1.8 % (95 % CI 0.8-3.7 %) in the TEM
series (P < 0.001, Fig. 6). Heterogeneity was moderate in
both the ESD (I =402 %) and TEM (I* = 48.1 %)
series.

Discussion

One of the most important risk factors for recurrence of
rectal lesions is an R1 resection [2, 31, 32], which is
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Study Events Total Proportion 95%~Cl W(fixed) W(random)
group = ESD i
Onozato 2007 0 30— 0.00 [0.00;0.12] 2.5% 2.5%
Ohya 2009 0 45— 0.00 [0.00;0.08] 2.5% 2.5%
lizuka 2009 0 26 *%— 0.00 [0.00;0.13] 2.4% 2.4%
Fusaroli 2009 0 8~ 0.00 [0.00;0.37] 2.4% 2.4%
Niimi 2010 0 64— 0.00 [0.00; 0.06] 2.5% 2.5%
Takeuchi 2010 0 14+ 0.00 [0.00;0.23] 2.4% 2.4%
Yoshida 2010 0 110~ 0.00 [0.00;0.03] 2.5% 2.5%
Saito 2010 0 158 -'r 0.00 [0.00;0.02] 2.5% 2.5%
Fixed effect model 455 < 0.01 [0.00;0.03] 19.5% -
Random effects model <|$— 0.01 [0.00; 0.03] - 19.5%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.853
group = TEM H
Said 1995 5 260 < 0.02 [0.01;0.04] 24.4% 24.4%
Cocilovo 2003 1 56 +—— 0.02 [0.00;0.10] 4.9% 4.9%
Langer 2003 2 79 —,-— 0.03 [0.00; 0.09] 9.7% 9.7%
Neary 2003 0 21— — 0.00 [0.00;0.16] 2.4% 2.4%
Schafer 2005 2 33 —— 0.06 [0.01;0.20] 9.4% 9.4%
Doornebosch 2008 0 47 -—7— 0.00 [0.00; 0.08] 2.5% 2.5%
Guerrieri 2009 4 402 #- 0.01 [0.00;0.03] 19.7% 19.7%
de Graaf 2010 1 216+ 0.00 [0.00; 0.03] 5.0% 5.0%
Morino 2011 0 293 + 0.00 [0.00; 0.01] 2.5% 2.5%
Fixed effect model 1407 & 0.02 [0.01;0.03] 80.5% -
Random effects model 0.02 [0.01;0.03] - 80.5%
Heterogeneity: I-squared=14.4%, tau-squared=0.1033, p=0.3136
Fixed effect model 1862 ¢ 0.02 [0.01;0.02] 100% -
Random effects model o 0.02 [0.01;0.02] - 100%

Heterogeneity: I-squared=0%, tau—squared:ﬂ,i p=0.6806
[

0 0.050.10.150.20.250.30.35

Fig. 5 Need for additional abdominal surgery for control of complications after ESD and TEM, showing a substantial equivalence between the

two groups (P = 0.665)

obviously less probable when an en bloc resection is
attempted. A recent systematic review by Barendse et al.
[33] reported a recurrence rate of 11.2 % at 3 months after
piecemeal EMR for colorectal lesions, which dropped to
1.5 % at 3 months after further endoscopic treatment. The
authors claimed that this demonstrated the equivalence of
EMR and TEM. However, the analysis contained a number
of flaws. The two major flaws were that (1) all but one
endoscopic series included only benign lesions, which
suggested an evident selection of cases based on postop-
erative histology, and that (2) most of the TEM series
included cases managed by a partial wall excision rather
than a full-thickness technique, as suggested by most
expert authors [29].

Due to the high rate of preoperatively misdiagnosed
malignancies, piecemeal resection, as obtained by EMR,
should not be performed when valid alternatives are
available. Currently, surgeons performing endoscopic
resection of a noninvasive rectal lesion should aim to use
an ESD technique. Although rectal lesions currently are
diagnosed earlier than in the past and can be treated with a
variety of different techniques, we found no randomized or
quasi-randomized study comparing ESD with TEM. Fur-
thermore, although a meta-analysis of only randomized

controlled trials would be ideal, case series data are the
only evidence available to date.

The major limitation in the meta-analysis of the afore-
mentioned data was the potential confounding by a sys-
tematic difference in patient characteristics between the
two groups. In fact, although patients eligible for ESD will
necessarily be assessed as having a superficial lesion, TEM
often is performed also for those with an invasive lesion
and almost always as a full-thickness excision. For this
reason, we defined strict inclusion criteria that required a
rectal lesion larger than 2 cm in diameter preoperatively
assessed as a superficial neoplasm. By defining strict
inclusion criteria, we excluded all TEM series that included
preoperatively assessed malignant lesions because they
were most probably biased by an extension of the inclusion
criteria. The size limit requiring that lesions be larger than
2 cm was set according to the Japanese Society for Cancer
of the Colon and Rectum (JSCCR) guidelines [34], which
aims to achieve en bloc resection with no fragmentation.

With these restrictions in selection, heterogeneity of the
results was kept within a reasonable frame, although some
of the study samples included in this analysis were rela-
tively small. We also performed additional analyses to
adjust for these potential confounders, which indicated that
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Study Events Total Proportion 95%~-Cl W(fixed) W(random)
group = ESD i

Onozato 2007 2 30 —+——— 0.07 [0.01;0.22] 3.1% 5.8%
Ohya 2009 0 45— 0.00 [0.00;0.08] 0.8% 2.7%
lizuka 2009 5 26 i 0.19 [0.07;0.39] 6.7% 7.6%
Fusaroli 2009 0 8 —= 0.00 [0.00;0.37] 0.8% 2.6%
Niimi 2010 0 64—+ 0.00 [0.00; 0.06] 0.8% 2.7%
Takeuchi 2010 2 14 — 0.14 [0.02; 0.43] 2.8% 5.6%
Yoshida 2010 6 110 —— 0.05 [0.02;0.11] 9.4% 8.2%
Saito 2010 17 158 I —=— 0.11 [0.06;0.17] 25.1% 9.3%
Fixed effect model 455 < 0.09 [0.07;0.13] 49.4% -
Random effects model i 0.08 [0.05;0.14] —_ 44.5%
Heterogeneity: I-squared=40.2%, tau-squared=0.2311, p=0.1105

group = TEM i

Said 1995 5 260 ——: 0.02 [0.01;0.04] 8.1% 7.9%
Cocilovo 2003 2 56 ——— 0.04 [0.00;0.12] 3.2% 5.9%
Langer 2003 6 79 S 0.08 [0.03;0.16] 9.2% 8.1%
Neary 2003 0 21———r 0.00 [0.00;0.16] 0.8% 2.7%
Schafer 2005 4 33 H—a——— 0.12 [0.03;0.28] 5.8% 7.3%
Doornebosch 2008 0 47 '——~— 0.00 [0.00;0.08] 0.8% 2.7%
Guerrieri 2009 6 402 +: 0.01 [0.01;0.03] 9.8% 8.2%
de Graaf 2010 1 216 — & 0.00 [0.00;0.03] 1.6% 4.3%
Morino 2011 7 293 -+ 0.02 [0.01;0.05] 11.3% 8.4%
Fixed effect model 1407 <! 0.03 [0.02;0.04] 50.6% -
Random effects model 0- 0.03 [0.02; 0.05] - 55.5%
Heterogeneity: I-squared=63.3%, tau-squared=0,5394, p=0.0053

Fixed effect model 1862 Q 0.05 [0.04;0.07] 100% -
Random effects model <> 0.04 [0.03;0.07] - 100%

Heterogeneity: I-squared=70.9%, lau—squamd:d.:n, p<0.0001
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0 0.1 0.2

03 04

Fig. 6 Proportions of patients requiring abdominal surgery in the ESD and TEM series, showing a statistically significant lower incidence after

TEM (P < 0.001)

their impact was null. By restricting the analysis to rectal
lesions, we sought to limit any biases related to anatomic
situations, which can influence the handling of lesions due
to endoscope maneuverability restricted proximally to the
rectum. As a consequence, the sensitivity analyses showed
that no study had an influential effect on relative risk in the
whole time frame.

A previous study comparing ESD with transanal exci-
sion (TAE) showed an advantage of ESD with respect to
higher achievement of RO en bloc resections [35]. None-
theless, it is known that TEM is superior to TAE for the
same reason, resulting in a significantly higher recurrence-
free survival [36].

The TEM procedure remains the gold standard surgical
treatment for rectal local excision. The pooled results of the
current systematic review indicate that ESD for nonpe-
dunculated superficial lesions of the rectum larger than
2 cm in diameter appears to be less effective than TEM,
with an en bloc resection achieved for 88 % of patients
compared with 99 % for TEM. Even more significantly, an
RO resection was achieved for 74 % of patients using ESD
compared with 89 % using TEM. This difference was
statistically significant. The apparently lower risk of
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recurrence shown in the ESD group was in fact not sta-
tistically significant, and in any case probably was due to
the shorter follow-up period reported for the ESD series.

The ESD procedure is technically demanding with the
currently available equipment and requires a significantly
longer time to be completed. Yet the perioperative com-
plication rate compared favorably with that of the TEM
series, and the rate of abdominal surgery controlling
complications was negligible.

Postoperative histology assessment demonstrated a
much higher incidence of adenocarcinoma in the ESD
series, which was attributable to a different way of clas-
sifying intramucosal lesions [37]. The rates of unpredicted
invasive cancers treated in the two groups were compara-
ble, but this required further surgery for oncologic reasons
about four times more often in the ESD group due to the
higher incidence of R1 resections than in the TEM group.
In fact, a positive vertical margin after endoscopic resec-
tion is considered to be an indication for intestinal resection
with lymph node dissection [34].

The high rate of further surgery for oncologic reasons
after ESD also may explain the reduced risk of recurrence
in this group. Although this could not be assessed through
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the analysis of the selected papers, the reduced incidence of
abdominal surgery after TEM might be due to the fact that
patients with a cancer extended to the submucosal layer
who received an RO full-thickness resection often refused
to undergo intestinal resection with lymph node dissection
due to the limited risk of metastasis.

An indisputable advantage of ESD for rectal lesions is that
it does not entail the need for general anesthesia or a pro-
longed hospital stay, as usually is the case after full-thickness
TEM resection, although this more often is a trend or based
on a difference in the practice of surgeons and endoscopists.
On the other hand, TEM supporters could argue that preop-
erative assessment of benign or noninvasive lesions still is
suboptimal, so that even in this analysis, a consistent number
of cases actually resulted in malignancy.

The intraoperative finding of deep wall invasion mis-
diagnosed preoperatively can significantly influence onco-
logic outcome. Moreover, the risk for infiltration of the
vertical margin is the only risk factor for recurrence and the
reason why EMR should be avoided in such circumstances
[34]. Of extreme interest would have been the influence on
anal continence and rectal function, sexual and urinary
dysfunction, and quality of life, but the lack of sufficient
data on these issues precluded further analyses.

Based on the evidence of the current review and analysis,
we can conclude that TEM achieves a higher rate of en bloc
and RO excision. As a consequence, full-thickness rectal wall
excision by TEM significantly reduces the need for further
abdominal treatment. How these results will ultimately
translate into common daily clinical practice remains unclear.
No randomized head-to-head comparisons between TEM and
ESD have been performed to date. Our review clearly high-
lights the need for a large randomized study to obtain unbiased
results on the effectiveness and safety of these two strategies
for patients with large rectal lesions preoperatively assessed as
adenomas or noninvasive neoplasms.
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Abstract

Background The aim of colonic stenting with self-ex-
pandable metallic stents in neoplastic colon obstruction is
to avoid emergency surgery and thus potentially reduce
morbidity, mortality, and need for a stoma. Concern has
been raised, however, about the effect of colonic stenting
on short-term complications and long-term survival. We
compared morbidity rates after colonic stenting as a bridge
to surgery (SBTS) versus emergency surgery (ES) in the
management of left-sided malignant large-bowel
obstruction.

Methods This multicentre randomised controlled trial was
designed with the endorsement of the European Associa-
tion for Endoscopic Surgery. The study population was
consecutive patients with acute, symptomatic malignant
left-sided large-bowel obstruction localised between the
splenic flexure and 15 cm from the anal margin. The pri-
mary outcome was overall morbidity within 60 days after
surgery.

Results Between March 2008 and November 2015, 144
patients were randomly assigned to undergo either SBTS or
ES; 29/144 (13.9%) were excluded post-randomisation
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mainly because of wrong diagnosis at computed tomogra-
phy examination. The remaining 115 patients (SBTS
n = 56, ES n = 59) were deemed eligible for analysis. The
complications rate within 60 days was 51.8% in the SBTS
group and 57.6% in the ES group (p = 0.529). Although
long-term follow-up is still ongoing, no statistically sig-
nificant difference in 3-year overall survival (p = 0.998)
and progression-free survival rates between the groups has
been observed (p = 0.893). Eleven patients in the SBTS
group and 23 in the ES group received a stoma
(p = 0.031), with a reversal rate of 30% so far.
Conclusions Our findings indicate that the two treatment
strategies are equivalent. No difference in oncologic out-
come was found at a median follow-up of 36 months. The
significantly lower stoma rate noted in the SBTS group
argues in favour of the SBTS procedure when performed in
expert hands.

Keywords Large bowel obstruction - Endoscopic
stenting - Bridge to surgery - Emergency colorectal
surgery - Randomized controlled trial

Elective colonic surgery is considered a safe procedure,
with a low risk of post-operative anastomosis leakage,
whereas emergency colonic surgery is associated with
consistent morbidity and mortality rates [1]. Emergency
surgery patients are generally older and often present with
multiple comorbidities and bowel distension [2]. An
alternative to emergency surgery is stenting with self-ex-
pandable metallic stents (SEMSs). Clinical and technical
successes of stenting with SEMS in various regions of the
gastrointestinal tract, including the oesophagus, duodenum,
and biliary tract, have been reported over the last 30 years.
Endoscopic stent placement was extended to the treatment
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of neoplastic colonic obstruction initially with palliative
intent [3], then later as preoperative decompression and as
palliative final treatment with good preliminary results [4].

The aim of stenting with SEMS in an obstructed colon is
to transform an emergency surgical case into an elective
surgery case and restore bowel transit, thus reducing
morbidity, mortality, and the need for an enterostomy.
Several randomised controlled trials (RCTs) and case-
matched studies have reported controversial results and
expressed concern regarding the effect of colonic stenting
on short-term complications long-term survival in patients
with potentially curable disease, due to the potential risk of
local advancement of the cancer and metastatic spread
[5, 6]. With this study, we compared morbidity rates after
colonic stenting as a bridge to surgery and after emergency
surgery to evaluate the efficacy and safety of the two
strategies in the management of malignant, left-sided large-
bowel obstruction.

Methods

This multicentre RCT was designed with the endorsement
of the European Association for Endoscopic Surgery
(EAES). The project was approved by the Local Ethics
Committee of the Citta Della Salute e Della Scienza Di
Torino, University of Torino, Italy, which served as the
principle study centre. The project was registered with
ClinicalTrials.gov, US International Clinical Trials Data-
bank (US National Institutes of Health), ID-code
NCTO00591695, on behalf of the EAES. The study design
conformed with CONSORT criteria.

Study population

The main inclusion criterion was acute, symptomatic
malignant left-sided large-bowel obstruction localised
between the splenic flexure and 15 cm from the anal
margin, as diagnosed by computed tomography (CT)
examination in the emergency room. The main clinical
complaint was failure to pass gas and faeces. Exclusion
criteria were bowel perforation as diagnosed by clinical
exploration and complementary studies, associated condi-
tions contraindicating general anaesthesia and/or haemo-
dynamic instability, impossibility to obtain valid informed
consent or refusal by the patient, distant metastases as
diagnosed by CT scan at the time of diagnosis.

Patient recruitment

Consecutive eligible patients were recruited at the emer-
gency room of the participating centres. Patients fulfilling
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the above-mentioned criteria were informed about the aim
of the study by a clinician involved in the study. Patients
granting informed consent were randomly assigned to one
of the two study arms and treated according to the study
protocol. Participating centres had to demonstrate that
more than 25 SEMS placement procedures had been per-
formed with a documented complications rate not higher
than that reported in the literature.

Randomisation

Patient data were entered into a centralised web-based
database and blind randomisation was done by means of an
unchangeable number-generating software programme.
Randomisation was stratified per single centre and
according to tumour stage (T4 vs. others). Patients were
randomly assigned to receive either stent bridge to surgery
(SBTS) followed by elective surgery (if successful) or
emergency surgery (ES). Treatments were planned within
24 h after diagnosis.

Operative technique

In the SBTS treatment arm, SEMS placement was per-
formed using a colonoscope with a 4.2-mm operative
channel. A hydrophilic guide contained in a five Fr catheter
was advanced across the neoplastic stenosis under radio-
graphic control. The catheter was inserted through the
stenosis and water-soluble contrast liquid injected above
the stenosis to evaluate the length of the stenosis under
fluoroscopic vision. A super stiff guide wire was left in
place while the five Fr catheter was retracted. Stents were
positioned so as to exceed 1-2 cm from each side of the
stenosis. No tumour or stent dilatation was performed.
Technical success was defined as correct stent placement
under radiographic and endoscopic vision. Clinical success
was defined as resolution of occlusive symptoms by gas
and faeces passage. Emergency surgery was indicated in
case of technical or clinical failure. If symptom relief was
achieved with stenting, elective surgery was scheduled
depending on the patient’s clinical conditions and included
laparoscopic or laparotomic bowel resection, with or
without creation of a protective stoma, according to sur-
geons’ preferences and intra-operative findings.

In the ES treatment arm, surgeons could decide between
simple enterostomy and bowel resection based on their
experience, the patient’s clinical condition, and intra-op-
erative findings. Bowel resection could be performed using
Hartmann’s procedure, on table irrigation, and primary
anastomosis or subtotal colectomy.

Preoperative, intra-operative, and post-operative care,
including adjuvant therapy protocols and follow-up, were
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carried out in accordance with the standards of care at each
centre and were the same for all patients at each centre.

Primary end point

Overall morbidity was defined as any surgery-related
morbidity diagnosed within 60 days after surgery. Mor-
bidity was defined as the occurrence of any complication
directly or indirectly related to endoscopy and/or surgery.
Complications were classified according to Dindo [7].

Secondary end points

Technical success and clinical success of SEMS placement
were defined as correct stent placement under both radio-
scopic and endoscopic inspection and as resolution of
occlusive symptoms by passage of gas and faeces,
respectively. Operative time was defined as the length of
time in minutes between skin incision and end of skin
closure. Hospital stay was defined as the length of hospital
stay in days between admission to and discharge from
hospital.

Post-operative complications during hospital stay were
defined as any local or systemic complications observed
during hospital stay. Complications at 60 days were
defined as any local or systemic complications still
observed at 60 days after initial treatment.

Oncologic outcome was defined as the comparison of
the log-rank overall and progressive disease curves of the
two groups for a minimum of 3 years unless censored.
Quality of life was measured using the 36-item Short Form
Health Survey (SF-36) at 60 days after surgery.

Sample size and power calculation

Assuming a baseline overall morbidity within 60 days of
15% after SBTS and of 35% after ES (average morbidity
based on the literature), a total of 144 patients was needed
to prove superiority of SBTS over ES, with a ff-error of 0.2
and an a-error of 0.05.

Data analysis

Intra- and post-operative data were entered by the recruit-
ing clinician in a web-based database at any time during
the study. Patients’ personal data were protected against
unauthorised or accidental access. All analyses were car-
ried out primarily on an intention-to-treat basis.

Data monitoring

An expert in colorectal surgery and endoscopy was des-
ignated as data monitor. He had access to the data during

the entire course of the study and could recommend ces-
sation of the trial if one arm was providing manifestly
inferior results.

Statistical analysis

Categorical variables are described as frequencies and
percentages, while median and interquartile ranges (IQR)
(in brackets) report continuous variables. Fisher’s exact test
was performed to evaluate the association between any
categorical variable and the treatment arm (SBTS/ES),
while the Mann—Whitney test was used for continuous
variables. The primary end points for survival analyses
were overall survival (OS) and progression-free survival
(PES). OS was defined as the time from accrual to death
from any cause, and PFS as the time from accrual to pro-
gression/relapse/death from any cause, whichever came
first. In both cases, patients still alive were censored at the
date of last contact. OS and PFS curves were estimated by
the Kaplan—Meier method and compared using the log-
rank test. All reported p values were obtained using a two-
sided exact method at the conventional 5% significance
level. Data were analysed as of June 2016 by R 3.2.3 (R
Foundation for Statistical Computing, Vienna-A, http://
www.R-project.org).

Results

Upon receipt of approval from the ethics committee,
enrolment was started on 1 March 2008 and closed on 16
November 2015. Five centres were involved in the study
(Table 1). Of the 144 initially randomised patients, 29 were
excluded post-randomisation: 20 (13.9%) because of
wrong diagnosis at CT, one patient because no endoscopist
was free to attend, and eight patients withdrew consent
(Table 2). Table 3 presents the distribution of the remain-
ing 115 patients at the various centres; the patients’ char-
acteristics are given in Table 4. Figure 1 illustrates the
patients’ flow chart.

The occlusion site was the splenic flexure in 18 patients
(5 in the SBTS and 13 in the ES group), the descending
colon in 77 (43 in the SBTS and 34 in the ES group), and
the sigmoid colon in 20 (8 in the SBTS and 12 in the ES
group) (p = 0.055). Stents of four different diameters were
used: 20 mm in four cases, 22 mm in 21, 24 mm in 2,
25 mm in 15, and 30 mm in 5; stent diameter was not
reported in seven cases. Technical success was reported in
49 of the 56 stented patients. Eight cases of stent-related
complications occurred: perforation in 5, bleeding in 1,
relevant pain 1, and pulmonary infection due to aspiration
in 1. All five cases of perforation occurred at the tumour
site (the descending colon in three and the sigmoid tract in
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Table 1 Distribution of

patients initially randomised by Study centre Patients (N = 144)

study centre University of Torino, Torino, Italy 53
ASO Santa Croce e Carle, Cuneo, Italy 40
Hospital de la Sta Creu i St Pau, Barcelona, Spain 32
Hospital General Universitario de Elche, Alicante, Spain 12
Humanitas Gradenigo Hospital, Torino, Italy 7

Eigihze sctigiles of dropout SBTS group ES group Total no. (%)
Diverticulitis 5 6 11 (7.6)
Faecaloma 1 1 2(1.4)
Colonic pseudo-obstruction 2 0 2(1.4)
CDAD 1 0 1 (0.7)
Ischaemic colitis 1 0 1(0.7)
Synchronous neoplasm 1 0 1 (0.7)
No stenosis at endoscopy 1 1 2(1.4)
Endoscopist unavailable 1 0 1 (0.7)
Consent withdrawn 5 3 8 (5.6)
Overall total 18 11

SBTS stenting as a bridge to surgery, ES emergency surgery, CDAD Clostridium difficile associated

diarrhoea

:i?!ﬁtf b];‘:;rl‘;y“tclg;‘tfef Hospital participating in the study SBTS (N = 56) ES (N = 59)
Dept. of Surgical Sciences, University of Torino, Italy 21 22
ASO Santa Croce e Carle, Cuneo, Italy 16 16
Hospital de la Sta Creu i St Pau, Barcelona, Spain 12 15
Hospital General Universitario de Elche, Alicante, Spain 5 5
Humanitas Gradenigo Hospital, Torino, Italy 2 1

SBTS stenting as a bridge to surgery, ES emergency surgery

Table 4 Clinical characteristics

of patients allocated to SBTS group (N = 56) ES group (N = 59) p value
treatment with Stenting as a Sex (M/F) 28/28 32/27 0.711
bridge to surgery (SBTS) or
emergency surgery (ES) Mean age (years) 72 (range 43-90) 71 (range 44-94) 0.606
Age >70 29 30 0.920
BMI 24.8 (range 19.5-40.2) 24.5 (range 18-35) 0.608
ASA classification 0.775
ASA 1 12 11
ASA 11 27 28
ASA 111 14 16
ASA 1V 3 4

BMI body mass index (weight in kg divided by height in m squared)

two). Six patients required emergency surgery. Clinical  of surgery performed in the two groups (p < 0.001). Ele-
success was achieved in 44 (78.6%) patients. ven patients (22.2%) in the SBTS group and 23 (39%) in

The median time between SEMS placement and elective ~ the ES group (p = 0.031) received a stoma, which con-
surgery was 5 days (range 3-8). Table 5 presents the type  sisted of an end colostomy of the left colon in all cases,
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Fig. 1 CONSORT 2010 flow

diagram [ Enrollment (n=144) ]

Included patients with

diagnosis of malignant occlusion (n=144)

l

A 4

A 4

Randomly assigned to SBTS group (n=74)

Randomly assigned to ES group (n=70)

A 4

Allocation

\ 4

Diverticulitis (n=5)
Fecaloma (n=1)
Pseudo-obstruction (n=2)
CD colitis (n=1)

Ischemic colitis (n=1)

No stenosis at endoscopy (n=1)
Unavailable endoscopist (n=1)
Consent withdrawn (n=5)

Excluded after randomization (n=18) for:

Synchronous cecal neoplasm (n=1)

Excluded after randomization (n=11) for:
Diverticulitis (n=6)
Fecaloma (n=1)
No stenosis at endoscopy (n=1)
Consent withdrawn (n=3)

Treatment

A 4

Patients analysed (n=56):

Technical SEMS placement’s success (n=49)
Clinical SEMS placement’s success (n=43)
Complications of SEMS placement (n=8)

Patients analysed (n=59)

A 4

A 4

Patients refused surgery (n=2)

Patients underwent elective surgery (n=43)
Patients underwent emergency surgery (n=11)

Patients underwent emergency surgery (n=59)

Table 5 Type, number, and
percentage (%) of surgical

procedures

Surgery SBTS group (N = 54) ES group (N = 59) p value
Hartmann’s procedure 11 (20.4) 20 (33.9)

Subtotal colectomy 2 (3.6) 15 (25.4)

Washout and anastomosis 1(1.8) 10 (16.9)

Colostomy 0 1(1.7)

Left colectomy 27 (50) 11 (18.6)

Sigmoidectomy 11 (20.4) 2 (3.4)

Anterior resection 2 (3.7 0

Overall total 54 59 <0.001

SBTS stenting as a bridge to surgery, ED emergency surgery

except one in which a lateral colostomy without bowel
resection was performed due to peritoneal carcinomatosis.
No association was observed between time to elective
surgery after stenting and need for a stoma (p = 0.845).
The median operative time was 165 min in the SBTS
group (range 120-200) and 180 min in the ES group (range

150-210) (p = 0.098). A laparoscopic approach was used
in 23 (41.1%) stented patients, in 17 (30.3%) of which
resection was completed laparoscopically and by conver-
sion to open surgery in 6.

Post-operative complications during hospital stay were
classified as local or systemic and were multiple in some
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cases. Local complications developed in 9 (16.7%) patients
in the SBTS group (anastomotic leakage in 3, intra-ab-
dominal abscess in 1, ileus in 2, wound infection in 4, and
wound haematoma in 1) and 12 (20.3%) in the ES group
(anastomotic leakage in 2, ileus in 2, colostomy-related
complication in 1, and wound infection in 7) (p = 0.616).
Systemic complications developed in 14 (25.9%) patients
in the SBTS group (pneumonia in 2, urinary complications
in 3, acute pulmonary embolism in 1, sepsis in 4, anaemia
in 2, heart failure in 2, and diarrhoea in 2) and in 21
(36.2%) in the ES group (pneumonia in 2, urinary com-
plications in 5, multiorgan failure in 2, pulmonary throm-
boembolism in 1, sepsis in 3, anaemia in 3, heart failure in
3, diarrhoea in 5, hepatic failure in 1, respiratory failure in
1, and neurological complications in 2) (p = 0.214). One
patient in the SBTS group died after stent placement due to
perforation and 1 refused surgery after stent placement.
One patient in the ES group received a colostomy without
resection due to peritoneal carcinomatosis (Fig. 2).

Parenteral nutrition was administered in 18 (32.1%)
patients in the SBTS and in 27 (45.8%) in the ES group
(p = 0.135). Blood transfusion was given in 7 (12.5%)
patients in the SBTS and in 11 (18.6%) in the ES group
(p = 0.365). The median length of hospital stay was
15 days in the SBTS group (range 12-20) and 11 days in
the ES group (range 8—15) (p < 0.001). The median length
of hospital stay after surgery was 10 days in the SBTS
(range 7-13) and 11 days in the ES group (range 8-15)
(p = 0.039).

Definitive histology of the surgical specimen showed
pT2 adenocarcinoma in two patients, pT3 in 37, and pT4 in
15 in the SBTS group, and pT2 adenocarcinoma in one
patient, pT3 in 36 patients, and pT4 in 21 in the ES group
(p = 0.547). Infiltrated resection margins were noted in
two patients in the ES group. Tumour grade was G1 in 14
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Fig. 2 Kaplan—-Meier overall probability of survival
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patients, G2 in 35, and G3 in 5 in the SBTS group, and G1
in 12 patients, G2 in 34, and G3 in 12 in the ES group
(p = 0.233). Lymph node status was pNO in 27 patients,
pN1 in 19, and pN2 8 in the SBTS group, and pNO in 27
patients, pN1 in 20, and pN2 in 11 in the ES group
(p = 0.837). The number of harvested lymph nodes was
<12 in 9 (16.7%) patients in the SBTS group and 15
(25.9%) in the ES group (p = 0.236). The median number
of lymph nodes harvested was 18 in the SBTS group (range
12-21) and 15 in the ES group (range 11-19) (p = 0.098).
Liver metastases were discovered during surgery in four
patients from each group (p = 0.897).

Local complications at 60 days after surgery were
recorded in three patients in the SBTS group (wound
infection in 1, parastomal hernia in 1, and ileus in 1) and in
2 in the ES group (wound infection in 1 and severe perianal
dermatitis in 1) (p = 0.605), while systemic complications
developed in five patients in the SBTS group (diarrhoea in
2, thrombocytopenia in 1, and constipation in 2) and in 2 in
the ES group (diarrhoea in 1 and urinary tract infection in
1) (p = 0.214).

Post-surgical complications within 60 days after surgery
were recorded in 29 patients (51.8%) in the SBTS group
and in 34 (57.6%) in the ES group, demonstrating a sub-
stantial equivalence between the two groups in terms of
morbidity (p = 0.529). Complications were classified
according to Dindo [7] (Table 6). No substantial difference
between the groups was observed (p = 0.269). Four
patients in the SBTS group died (2 from septic shock, 1
from pneumonia, and 1 from disease progression) and 3 in
the ES group (1 from septic shock, 1 from pneumonia, and
1 from disease progression) (p = 0.943).

At a median follow-up of 36 months (range 16-38), 17
relapses (30.3%) were observed in the SBTS group and 20
(33.9%) in the ES group (p = 0.685) (Table 7). Stoma
reversal, which entailed reversal of a Hartmann’s proce-
dure in all cases, was performed in 2/11 patients (18.2%) in
the SBTS group and in 8/23 (34.8%) in the ES group

Table 6 Number and percentage (%) of patients presenting with
complications after colonic stenting as a bridge to surgery (SBTS) or
emergency surgery (ES) according to the Dindo classification

Complication SBTS group ES group p value
Grade I 10 (17.9) 11 (18.6)

Grade II 8 (14.3) 12 (20.3)

Grade Illa 0 2(3.4)

Grade IIIb 7 (12.5) 365D

Grade IVa 0 3(5.1)

Grade IVb 0 0

Grade V 4 (7.1) 3(.1)

Overall total 29 34 0.269
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Table 7 Number and percentage (%) of patients with disease
recurrence

Recurrence SBTS group ES group p value
Locoregional 6 (10.7) 7(11.9)

Liver 7 (12.5) 4 (6.8)

Lung 2 (3.6) 1(1.7)

Laparotomy wound 0 1(1.7)

Pelvic 1(1.8) 3(5.1)

Carcinomatosis 1(1.8) 2 (3.4)

Uterus 0 1(1.7)

Bladder 0 1(1.7)

Overall total 17 20 0.685

SBTS stenting as a bridge to surgery, ES emergency surgery

(p = 0.320), for a total stoma reversal rate of 29.4% (10/34
patients). Eight patients have not had their stoma reversed
so far due to progressive disease (2 in the SBTS and 6 in
the ES group) and 16 patients due to poor clinical condi-
tions (7 in the SBTS and 9 in the ES group). Adjuvant
therapy was planned in 48 patients in the SBTS group and
55 in the ES group; however, treatment could not be ini-
tiated due to persisting complications in 16/48 (33.3%) in
the SBTS group and 17/55 (30.9%) in the ES group
(p = 0.793). At follow-up 1 year after surgery, 34 (60.7%)
patients in the SBTS group and 41 (69.4%) in the ES group
presented with post-operative complications (p = 0.323).

Analysis of the data from 79.2% of patients who com-
pleted the minimum follow-up of 3 years or censored
showed that overall survival and progression-free survival
in the two groups were comparable (p = 0.998 and
p = 0.893, respectively) (Tables 2, 3).

Unfortunately, the data about quality of life measured
with the SF-36 were insufficient for inferential analysis.

Discussion

Bowel obstruction is a medical and surgical emergency. A
key hypothesis driving surgeons’ interest in the use of
SEMS placement in colonic obstruction is that it could
convert an emergency surgery into an elective one, thus
potentially reducing preoperative morbidity, restore bowel
function, and avoid the need for a stoma, which is more
often permanent rather than temporary and significantly
diminishes the patient’s quality of life. Our findings are
shared by those reported by Van Hooft et al. [8] and
showed a fairly similar morbidity rate within 60 days after
surgery and mortality rate in both treatment groups
(Fig. 3).
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Fig. 3 Kaplan—-Meier probability of progression-free survival

Extremely relevant in this context is the unexpectedly
high rate of wrong diagnosis due to complicated divertic-
ulitis in some cases and in others to a variety of clinical
findings, which, if discovered intra-operatively, could
severely burden clinical outcome. This is why it seemed
questionable, whether stenting was indicated or not, if
flexible colonoscopy should have been performed preop-
eratively in either all cases or none.

The sample size of our study was calculated based on
the literature, essentially retrospective series, available at
the time the protocol was conceived. We had initially
calculated a 35 and a 15% overall complications rate after
ES and SBTS, respectively. Contrary to our expectations,
however, we observed rates of 57.6 and 51.8%, respec-
tively, which are far higher than what we anticipated. This
most probably stems from use of the Dindo classification,
which defines complications as any sort of deviation from
the normal post-operative course even without the need for
pharmacological treatment or surgical, endoscopic or
radiological interventions. These are classified as grade I
complications and account for more than one-third of the
complications reported in our study. A similar finding was
observed by Van Hooft et al. [8] who also classified
complications according to Dindo and found that grade I
complications accounted for 40% of all post-operative
complications.

Major concern has been raised regarding oncologic
outcome after SBTS and the increased risk of disease
spread, particularly of liver metastases. Sabbagh reported
significantly lower overall survival rates in the SBTS group
(25 vs. 62%, p = 0.0003), even among those without
perforation or metastasis at diagnosis [6]. These findings
contrast with the prospective RCTs published by Alcantara
et al. [9] and Cheung [10], however. Furthermore, Sloo-
thaak reported that, although stent placement was
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associated with a higher risk of recurrence, the numbers
were too small to draw a definitive conclusion from the
long-term results of the Stent-In 2 trial. While subgroup
analysis indeed showed a higher rate of recurrence among
patients who experienced perforation during SEMS place-
ment, we now know that one of the weaknesses of the study
was the variation in operator experience with stenting in
the participating centres, which could partly explain the
high rate of perforations as compared with the published
literature [11]. As a result, in order to minimise the risk of
perforation, surgeons in the Netherlands must prove suffi-
cient expertise before they can perform colonic stenting.
The general consensus is that further larger trials are
mandatory and that stent placement should be performed
only in centres where experienced endoscopists are avail-
able [12-15].

The overall survival and progression-free survival
curves for our series show comparable results between the
two groups. This might be related to the fact that the
majority of patients were treated at three centres with
proven expertise in operative endoscopy, as shown by a
78.6% clinical success rate with SEMS placement, which is
consistent with previous RCTs.

Moreover, Kim recently reported a higher number of
stented patients with at least 12 lymph nodes harvested
[16]. In our series, the number of patients who had at least
12 lymph nodes harvested at surgery was similar in the two
groups; however, while we observed that the median
number of harvested lymph nodes was significantly higher
in the SBTS group, it is not clear whether this difference is
relevant in terms of oncologic outcome. Until further data
become available, no relation can be established between
oncologic outcome and number of harvested lymph nodes.

It might be argued that a limitation of our study is that,
while clinicians skilled in colonic stent placement were
included, because the surgical procedure/technique was not
standardised across all centres, our conclusions regarding
stoma formation are based completely on “surgeon’s
preference”. The options for performing bowel resection
included Hartmann’s procedure, on table irrigation, and
primary anastomosis or subtotal colectomy, according to
the protocol. We acknowledge that this led to sizeable
variability in treatment; nevertheless, we felt that surgeons
experienced in colorectal surgery would find standardisa-
tion stifling when on duty in the emergency room. Also,
there is no clear evidence that one procedure may be better
than another among those we included in the present study.

Unfortunately, we were unable to collect sufficient
quality of life data. The need for stoma creation was sig-
nificantly lower in the SBTS group and only about 30% of
the patients have had their stoma reversed so far, which
holds particular importance for patients’ perception of
quality of life. Moreover, a consistently higher incidence of
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subtotal colectomy was recorded in the ES group
(p = 0.001), which further burdens the quality of life of
patients, as documented by the SCOTIA study [17]. Given
the fairly similar morbidity rates and substantially equiv-
alent oncologic outcomes, SBTS in the management of
left-sided malignant colonic obstruction seems a reason-
able strategy that can be adjusted when subgroup analyses
identify preferable indications.

The current guidelines of the European Society of
Gastrointestinal Endoscopy (ESGE) [18] explicitly state
that colonic SEMS placement as a bridge to elective sur-
gery is not recommended as a standard treatment of
symptomatic left-sided malignant colonic obstruction
(strong recommendation, high-quality evidence). The
authors of the guidelines mention that some advantages of
SEMS as a bridge to surgery are supported by a recent
meta-analysis [19] of RCTs. However, the observation of a
higher oncologic risk associated with perforation prompted
the authors to recommend a more cautious use of stents.
The motivation for this recommendation seems to have
derived from the findings of a single RCT [11], where it did
not translate into a worse overall survival. Nevertheless,
the authors concluded that the oncological risks of SEMS
should be balanced against the operative risks of emer-
gency surgery. As there is no reduction in post-operative
mortality and stenting seems to impact on oncological
safety, the use of SEMS as a bridge to elective surgery is
not recommended as a standard treatment for potentially
curable patients with left-sided malignant colonic
obstruction, except in patients at high surgical risk. We
believe that, in the light of our findings, the current
guidelines should be reconsidered regarding the use of
SEMS in an SBTS strategy, at least in high-volume centres.

A final point is that the time to restoration of bowel
function varies from individual to individual and that
delayed return of normal bowel activity can prolong hos-
pital stay after SBTS. While this is definitely true, espe-
cially in settings where an early discharge policy after
stenting is not practiced, it is also true that in-hospital stay
calculated as the time between surgery and discharge was
significantly shorter in the SBTS group. A future area of
focus should be to optimise and standardise protocols for
post-stent care, including in-hospital stay and the need for
proper bowel preparation.

Conclusions

This is the largest multicentre randomised controlled study
to date that compared morbidity within 60 days after SBTS
and ES for left-sided malignant colonic obstruction. Based
on the literature available at the time the study was con-
ceived, reduced morbidity was expected after SBTS. Our
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findings show that the two strategies are equivalent, that
there were no differences in oncological outcomes at a
median follow-up of 36 months, and that the stoma rate
was markedly lower in the SBTS group. Furthermore,
considering that up to 30% of temporary stomas are never
reversed, the quality of life in these patients will be
reduced. Taken together, the results of our study indicate
that SBTS, when performed in expert hands, is a viable
endoscopic approach to elective surgery for malignant
colonic obstruction.
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