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Abstract

Background Single-incision laparoscopy (SIL) and natural orifice translumenal endoscopic surgery (NOTES) aim at
reducing surgical access trauma. To monitor the introduction of emerging technologies, the Swiss Association for
Laparo- and Thoracoscopic Surgeons launched a database in 2010. The current status of SIL and NOTES in
Switzerland is reported, and the techniques are compared.

Methods The number and type of procedures, surgeon experience, their impressions of performance, conversion, and
complications between 2010 and 2015 are described. A survey was used to acquire additional data not included in the
registry.

Results Nine centers included 650 procedures. Cholecystectomy (55 %) and sigmoidectomy (26 %) were most
prevalent in both techniques. The number of active centers declined from 9 to 2 during the study period. The
frequencies of taught procedures were 4 and 43 % for SIL and NOTES (p < 0.001), and surgeon self-estimated
impression of performance was perfect in 50 and 89 %, respectively (p < 0.0001). Conversions in total were 3.6 and
5.7 %, respectively, and 1.1 % to open for both techniques. Morbidity was 5 % in SIL and 2.7 % in NOTES, with
0.8 % access-related complications in NOTES and none in SIL (p = 0.29). Of laparoscopic cholecystectomy, sig-
moidectomy, and right hemicolectomy, 11.4 and 15.6 % of cases were operated using SIL or NOTES, respectively
(p < 0.0001).

Conclusions Although in selected specialized centers, a considerable proportion of patients were treated using novel
techniques, a fading interest of the surgical community in SIL and NOTES was observed. The proportion of SIL and
NOTES procedures taught is insufficient and calls for improvement.
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Introduction

In the last decades, two new techniques have emerged that
aimed at reducing surgical access trauma in laparoscopy.
Single-incision laparoscopy (SIL) reduces the number of
abdominal trocars to only one, with the incision usually
hidden in the navel. In natural orifice translumenal endo-
scopic surgery (NOTES), the abdominal cavity is reached
through a body orifice, such as the vagina, anus, or mouth,
thus avoiding trauma to the abdominal wall. However, in
clinical practice, NOTES is almost always used in a hybrid
technique combining natural orifice access with small
abdominal trocars. The purpose of both SIL and hybrid
NOTES is to reduce postoperative pain [1-3], enhance
recovery, and avoid visible scars [4, 5].

NOTES was first reported for transgastric perito-
neoscopy in 2000 [6] but has gained broader attention only
with reports of transvaginal cholecystectomy in 2007 [7, 8].
Also in 2007, after initial attempts in the 1990s, SIL became
accepted with the availability of commercial platforms [9].
Scientific reports on both techniques are rapidly increasing
[10]. However, little is known about the current dissemi-
nation of SIL and NOTES in routine clinical practice.

One of the most striking evolutions in abdominal sur-
gery in the last century was the introduction of laparo-
scopy, which rapidly replaced open surgery for many
routine procedures. After the widespread introduction of
laparoscopic cholecystectomy, the biliary duct injury rate
increased. Biliary complications are particularly frequent
in the first 10 laparoscopic cases each surgeon performs
[11]. For more advanced procedures, the learning curve is
even more challenging, and the need for intensive laparo-
scopic training interferes with the widespread adoption of
laparoscopic surgery. In a recent survey in Austria, the
proportion of laparoscopy in colorectal surgery was as low
as 26 % [12]. In addition, SIL and hybrid NOTES further
increase the requirement of high-level laparoscopic skills.
Mastering SIL cholecystectomy safely requires at least 20
procedures under supervision [13, 14]. A significant
learning curve, especially for advanced colorectal proce-
dures [15, 16], must be considered. In the course of
implementation of new surgical techniques, complications
inevitably may occur during the learning curve [17].
Therefore, pioneers of scarless surgery joined together to
form working groups such as the Natural Orifice Surgery
Consortium for Assessment and Research (NOSCAR) [18],
the Euro-NOTES Group [19], and the D-NOTES in Ger-
many [20]. These groups aim to ensure adequate surgical
training and standards for a safe transfer of SIL and hybrid
NOTES from the bench to the operating room [18].

In Switzerland, the Swiss Association for Laparo- and
Thoracoscopic Surgeons (called SALTS) designed the
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D-SENT database on emerging surgical technologies in
2010. The aim of the current study is to describe the use of
SIL and hybrid NOTES in Switzerland. Because D-SENT
includes both techniques, the database also offers the
unique opportunity to compare the two.

Materials and methods

Entries in the prospective, voluntary database D-SENT
between August 17, 2010, and August 24, 2015, were
analyzed. The number of recruiting centers and their
number of included patients are described. The study per-
iod was divided into five equal time portions. The type and
frequency of procedures are described. It was analyzed
whether consultants, fellows that were board certified in
general surgery, or residents performed the procedures.
Surgery performed by fellows or residents and supervised
by senior laparoscopic surgeons was considered as a
teaching procedure. The level of experience in SIL,
NOTES, and corresponding conventional laparoscopic
technique was assessed, and surgeon impression of the
procedures was compared for SIL and hybrid NOTES.

Characteristics of procedures and patients including age,
body mass index, duration of surgery, and length of hos-
pital stay for the three most common SIL and hybrid
NOTES procedures were compared. The type of NOTES
routes applied for which procedures also was assessed.

The rates and reasons for conversions to either con-
ventional laparoscopy or open surgery for SIL and hybrid
NOTES were determined. Access-related and overall intra-
and postoperative complications were analyzed in both
groups and compared, with postoperative complications
graded according to the Clavien—Dindo classification [21].

In addition, an Internet-based survey (SurveyMonkey.,
California) was administered to the responsible persons at
each center. To depict the proportion of procedures per-
formed in novel technique, the responsible persons were
asked to provide statistics for the different time periods
with the total number of patients undergoing SIL, hybrid
NOTES, or conventional laparoscopy for the three most
common procedures, as determined in the analysis of the
registry.

Data collection and statistics

Patient characteristics, indication, and procedure details
were prospectively collected in a database (Excel, Micro-
soft, Washington). Descriptive statistics and analysis of
significant differences were performed using GraphPad®
Prism version 5.00 (GraphPad Software, California).
Continuous data were expressed as mean =+ standard



World J Surg (2017) 41:449-456

451

deviation or median and range, as indicated. Proportions
between groups were compared using a two-tailed Mann—
Whitney test assuming a nonparametric distribution. Cat-
egorical variables were compared using a two-sided Chi-
square test. Linear trend was tested by multiple compar-
isons between means and column order in one-way
ANOVA. The level of significance was set at 0.05.

Results
Registry data

The registry included 676 entries in the study period, 650
of which were valid and eligible for analysis. Nine surgical
departments in Switzerland included a median 9 (1-429)
patients in the registry. Five centers included exclusively
SIL, one center only hybrid NOTES, and three centers both
techniques. More specifically, eight centers entered a
median of 6 (1-73) patients for SIL and 4 centers a median
of 38 (7—428) patients for the hybrid NOTES technique.
The number of centers including SIL in the registry
declined from eight at the beginning to only one at the end
of the study period. After 2012, there was a statistical
insignificant decline in the number of included SIL patients
(p = 0.223; Fig. 1). The number of centers including
NOTES procedures in the registry declined from initially
four to only one at the end of the study period. After 2012,
there was a statistically insignificant decline in the number
of included hybrid NOTES procedures (p = 0.628; Fig. 2).

Cholecystectomy and sigmoidectomy were the most
frequent procedures, accounting for 77 % of SIL and 83 %
of NOTES. In SIL and NOTES, 11 and 10 different pro-
cedures were performed, respectively (Table 1).

SIL procedures
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Fig. 1 Single-incision laparoscopy (SIL) procedures per time
period

Consultants performed the vast majority (89 %) and
fellows only 11 % of SIL procedures. Residents performed
none. The proportions of patients treated by consultants,
fellows, or residents with hybrid NOTES were 42, 50, and
8 %. The frequencies of teaching procedures in SIL and
hybrid NOTES were 4 and 43 % (p < 0.0001). Figure 3
shows the level of experience of SIL and hybrid NOTES
surgeons with the novel technique and with the corre-
sponding procedure in conventional laparoscopy. Although
the experience with the novel technique was statistically
not different (p = 0.06), surgeons with experience with
more than 50 procedures in the corresponding laparoscopic
technique were predominant in the SIL group
(p = 0.0092). Surgeon impressions were that performance
of the procedure was perfect in 50 % of SIL and 89 % of
hybrid NOTES procedures, good in 9 and 44 %, and suf-
ficient in 6 and 2 %, respectively (p < 0.0001).

The three procedures being offered in most centers for
both techniques were cholecystectomy, sigmoidectomy,
and right hemicolectomy. Characteristics for these indica-
tor procedures are depicted in Table 2.

It bears mentioning that in all included NOTES proce-
dures rigid instruments were used and small sized
abdominal trocars were added. The procedures are there-
fore considered hybrid NOTES. The preferred NOTES
route was transvaginal in 89 %, followed by transrectal in
11 %, and transgastric in 0.2 %. Through the transvaginal
route, cholecystectomy, colectomy, adnexectomy, hys-
terectomy, and left pancreatectomy were performed. In
none of the surgical cases was a gynecologist involved to
help with the access. The transrectal route was used for
sigmoidectomy and anterior resection, and the transgastric
route for intragastric resection of GIST.

In SIL, conversion rates were 2.1 % (3) to laparoscopy
and 1.4 % (2) to open surgery. The reason for conversion was
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Fig. 2 Natural orifice translumenal endoscopic surgery (NOTES)
procedures per time period
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Table 1 Most important procedure and the respective percentage of taught procedures in single-incision laparoscopy (SIL) and natural orifice

translumenal endoscopic surgery (NOTES) techniques

Procedure N % Percentage of

taught procedures
SIL technique 140 100 3.6
Cholecystectomy 80 57 0
Sigmoidectomy 28 20 14
Hemicolectomy right 12 8.6 8
Appendectomy 6 4.3 0
Anterior rectal resection 4 29 0
Proctocolectomy 3 2.1 0
Resection of colon transversum 2 14 0
Transabdominal preperitoneal plastic for inguinal hernia 2 14 0
Small bowel resection 2 14 0
Gastric bypass 1 0.7 0
Laparoscopic intraperitoneal onlay mesh for incisional hernia 1 0.7 0
NOTES technique 510 100 43
Cholecystectomy 280 54.9 29
Sigmoidectomy 143 28 71
Adnexectomy 50 9.8 46
Hysterectomy abdominal 18 35 50
Hemicolectomy right 9 1.8 44
Appendectomy 3 0.6 0
Anterior rectal resection 3 0.6 0
Left hemicolectomy 2 0.4 0
Left pancreatectomy 1 0.2 0
Intragastric local excision of gastrointestinal stroma tumor 1 0.2 0
Fig. 3 Level of experience of SIL with SIL NOTES with NOTES

single-incision surgeons with
single-incision procedures

(a) and the corresponding
conventional laparoscopic
technique (b) and of natural
orifice translumenal endoscopic
surgery (NOTES) surgeons with
NOTES (c) and the
corresponding conventional
laparoscopic technique (d)

C

M 1-10 procedures

% 10-30 procedures
30-50 procedures
50-100 procedures

0 >100 procedures

SIL with Laparoscopy =~ NOTES with Laparoscopy

b d

I 1-20 procedures

I8 20-50 procedures
50-100 procedures

8 >100 procedures
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Table 2 Patient characteristics in single-incision laparoscopy (SIL) and natural orifice translumenal endoscopic surgery (NOTES) techniques for

the most common procedures

SIL NOTES P
Cholecystectomy
Age, year, mean (SD) 50.5 (£15.4) 51.2 (£16.4) 0.7456
Body mass index, kg/mz, mean (SD) 23.1 (£2.9) 27.1 (£5.4) <0.0001
Duration of procedure, min, mean (SD) 63 (£27.6) 68.3 (£29.2) 0.14
Length of hospital stay, days, mean (SD) 2.2 (£3.5) 3.8 (£3.6) 0.0004
Sigmoidectomy
Age, year, mean (SD) 542 (£11.4) 60.2 (£12.2) 0.0158
Body mass index, kg/mz, mean (SD) 28.4 (£3.8) 25.6 (£4) 0.208
Duration of procedure, min, mean (SD) 151.7 (£46) 165.1 (£+46.7) 0.1553
Length of hospital stay, days, mean (SD) 9 (£5.6) 9.9 (£6.9) 0.501
Right hemicolectomy
Age, year, mean (SD) 55.0 (£22.9) 60.5 (£20.9) 0.589
Body mass index, kg/mz, mean (SD) 24.2 (£7) 25.6 (£6.7) 0.295
Duration of procedure, min, mean (SD) 106.8 (4+28.8) 193.3 (£36.9) <0.0001
Length of hospital stay, days, mean (SD) 8.5 (£1.9) 8.9 (£4.5) 0.798

The bold values indicate statistical significant difference

insufficient exposure in all cases. With NOTES, 4.7 % (24)
involved conversions to conventional laparoscopy and 1 %
(5) to open surgery. However, it was not noted in the register
whether the conversion was decided on before or after
attempted NOTES access. The reasons for conversion to
laparoscopy were insufficient exposure (11), adhesions in the
pelvis disabling NOTES access (4), specimen too large to
remove over transrectal access (7), polyp in the cervix uteri
(1), and one intraoperative injury to the Riolan arcade in
transvaginal sigmoidectomy. The five conversions to open
surgery were due to the need for additional adnexectomy for
tubo-ovarian abscess, very large uterine myomas in
transvaginal laparoscopic hysterectomy, malrotation in a
sigmoidectomy patient, interenteric fistula in a case of sig-
moid diverticulitis, and severe adhesions in one case.

Access-related intraoperative complications occurred in
0.6 % (3) of transvaginal NOTES: one perforation of the
uterus by means of the uterus manipulator; one injury to the
bladder, necessitating an overstitch; and the aforemen-
tioned injury to the Riolan arcade. There was no intraop-
erative complication in SIL.

The overall postoperative complication rate was 3.2 %:
5 % (7)in SIL and 2.7 % (14) in hybrid NOTES (p = 0.19).
The complications are listed in Table 3. The reoperation rate
of 1.4 % was equal in both groups. Among the complications
in the hybrid NOTES group, there was one bleeding at the
colpotomy site with a need to overstitch by colposcopy,
clearly related to the transvaginal access. Including the
intraoperative complications, there were 0.8 % access-re-
lated complications in NOTES, whereas there were no
obvious access-related complications in SIL (p = 0.29).

Survey data

On the survey, five centers, of which two performed SIL, one
hybrid NOTES and two both techniques, provided their total
number of SIL, hybrid NOTES, or conventional laparoscopic
cholecystectomy, sigmoidectomy, and right hemicolectomy.

For trend analysis, four centers performing a total of 951
SIL out of 8360 laparoscopic procedures, and three centers
performing 898 hybrid NOTES out of 5747 laparoscopic
procedures were included. Per 12-month period, a median
of 278 (106-285) underwent SIL and 195 (178-214) hybrid
NOTES. The study term was divided into two periods to
compare the proportion of procedures performed with a
novel technique among all corresponding laparoscopic
procedures. In the centers that responded to the survey, the
proportion of SIL increased from 11 % in the first time
period (09/2010-08/2013) to 13 % in the second period (09/
2013-08/2015) (p = 0.0035). On the other hand, the pro-
portion of hybrid NOTES decreased from 17 to 14 %
(p = 0.0366). However, in total, the proportion of patients
being operated with a novel technique in centers performing
hybrid NOTES was higher than for SIL (p < 0.0001). In
Table 4, the proportions of SIL or hybrid NOTES compared
to the respective laparoscopic procedure are shown.

Discussion
Although as many as 16 different procedures were included

in the registry, the vast majority of the 140 SIL and 510
hybrid NOTES records concern cholecystectomy and
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Table 3 Intra- and postoperative complications in single-incision laparoscopy (SIL) and natural orifice translumenal endoscopic surgery

(NOTES)

Grading N Description

Access-related

SIL group 7 (5 %)

I 3 Wound infection Unclear
I 1 Clostridium difficile, antibiotics No
1 Urinary infection, antibiotics No
IIIb 2 Anastomotic dehiscence, reoperation No
NOTES group 17 (3.3 %)
Intraoperative 1 Perforation of uterus by uterus manipulator Yes
1 Bladder injury during introduction of transvaginal trocar Yes
1 Injury of Riolan arcade Yes
I 1 Postoperative nausea and vomiting, antiemetics No
1 Urinary retention, catheter No
1I 1 Delirium No
1 Exanthema, cortisone No
1 Self-limiting bleeding from anastomosis, transfusion No
1 Clostridium difficile, antibiotics No
Illa 1 Intraperitoneal abscess, drainage No
1IIb 2 Anastomotic dehiscence, reoperation No
2 Bowel perforation, reoperation No
2 Intraperitoneal bleeding, relaparoscopy No
1 Bleeding at colpotomy site, need to overstitch Yes

Postoperative complications graded according to the Clavien—Dindo [21] classification

Table 4 Proportion of single-incision laparoscopy (SIL) and natural orifice translumenal endoscopic surgery (NOTES) procedures in relation to

all laparoscopic procedures in different centers, %

Center SIL SIL SIL right NOTES NOTES NOTES right
cholecystectomy sigmoidectomy hemicolectomy cholecystectomy sigmoidectomy hemicolectomy

Hospital 1 2 4 4 19 0 0

Hospital 2 67 48 32 9 27 0

Hospital 3 4 0 - - -

Hospital 4 17 0 2 - - -

Hospital 5 - - - 30 38 12

colorectal surgery. Cholecystectomy, representing 55 % of
all procedures, was less predominant than in the German
NOTES registry where this intervention accounted for
88 % of all entries. Hence, colorectal surgery was much
more represented in D-SENT compared to the German
registry with 35 and 31 % for SIL and hybrid NOTES,
respectively, compared to 5.2 %. A few centers included a
high number of patients for novel technologies. In one
center, up to 67 % of cholecystectomies were performed
with the SIL technique. In a few specialized centers, SIL
and hybrid NOTES seemed to be not only a cutting-edge
method for highly selected patients but also an important
new approach for routine clinical use.

@ Springer

Very similar to the German registry, patients for
cholecystectomy and sigmoidectomy were relatively young
and non-obese, indicating a selection of low-risk patients.
Patients who underwent SIL sigmoidectomy were signifi-
cantly younger than for hybrid NOTES, with an average
age of 54.2 years. Here, surgeons were reluctant to offer
SIL sigmoidectomy to either elderly patients or, possibly,
younger patients particularly requested SIL.

The access-related complication rate in SIL and hybrid
NOTES was not different; however, 0.8 % of transvaginal
NOTES involved access-related complications, which is
similar to the German registry with 0.7 % of such access-
related complications reported, including bladder, uterus,
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and bowel injuries and vaginal bleeding. In SIL, no access-
related complications were reported, but wound infections
occurred in 2.1 %, which corresponds to the wound com-
plication rate reported before for SIL [22]. It has been
proposed that the wound complication rate decreases after
a SIL learning curve of 500 procedures. The rate of overall
complications was nevertheless not different for SIL and
NOTES (5 and 3.3 %).

The overall conversion rate in SIL with 3.6 % and
hybrid NOTES with 5.7 % was low and comparable to the
German data [23]. Furthermore, the conversion rates to
open surgery were only 1.4 % and 1 % for SIL and hybrid
NOTES, respectively. The registry does not distinguish
between conversion before or after attempted NOTES
access, so most of the conversions to laparoscopy in the
NOTES group are assumed to have been performed before
a natural orifice access was established due to the findings
of the prior diagnostic laparoscopy. There was only one
conversion due to intraoperative access-related complica-
tion in transvaginal sigmoidectomy.

Surgeon experience differed considerably between SIL
and hybrid NOTES. SIL surgeons were more proficient in
laparoscopy, and most were consultants. The proportion of
teaching procedures in SIL was very low, however, at
4 %, whereas with hybrid NOTES, 43 % of procedures
were taught mostly to fellows. Residents performed none
of SIL and only 8 % of hybrid NOTES procedures. The
higher proportion of teaching procedures in hybrid
NOTES may be explained by the fact that using a rigid
hybrid approach the surgical technique is largely similar to
conventional laparoscopy except for trocar placement,
organ retrieval and in some cases bowel anastomosis. For
hybrid NOTES, the principle of laparoscopic procedures
remains unchanged, the triangulation of instruments is
preserved, and the same instruments are used as for
standard laparoscopy. By contrast, in SIL, the possibility
of triangulating the instruments is limited, articulating or
curved instruments are used in some cases, and it is partly
difficult to handle the camera. Furthermore, the case vol-
ume of participating centers was lower for SIL than for
hybrid NOTES. The supervising surgeon must overcome a
personal learning curve before teaching the procedure. It
could also be argued that surgeons felt more safe and
confident with their performance in hybrid NOTES than in
SIL and were therefore keener to share their skills. The
shift of typical teaching procedures to a higher level of
difficulty by SIL and NOTES is worrisome. Common
procedures such as cholecystectomy and sigmoidectomy
should generally be taught to fellows and resident.
Therefore, in surgical departments performing SIL and
NOTES at a high volume every effort should be taken to
support younger colleagues in adopting the novel tech-
niques. Even though the supervising surgeon may not feel

comfortable teaching SIL and NOTES specific steps of the
procedure, the steps of the operation that are similar to
conventional laparoscopy should be taught. It has been
shown that teaching in novel technologies is possible in a
high proportion of patients. In a recent Japan report, res-
idents performed 77 % of 202 single port appendectomies
[24] and 49 % of 301 single port totally extraperitoneal
inguinal hernia repair [25].

In a 5-year period, 650 patients were included in the
D-SENT registry, corresponding to the inclusion of 130
patients per year. The largest registry on novel access in
abdominal surgery is the German registry [23]. Yet, in the
Swiss D-SENT registry, the yearly inclusion of patients
was higher than in the German D-NOTES, including 16.3
and 6.6 patients per million inhabitants, respectively.
Similar to the German registry, the number of participating
hospitals in the registry was low. After an initial peak, the
number of centers and, although not statistical significant,
the number of included SIL and hybrid NOTES procedures
decreased over the study period. With a higher sample size
and a longer observation time, this trend might well
become significant. Even though it is not evident from the
registry if this decline is real or if surgeons gradually
ceased to include cases, it must be assumed that the interest
in SIL and NOTES is fading away. Meta-analyses on SIL
versus conventional laparoscopy failed to show significant
advantages for SIL. So, no differences in pain level were
found for appendectomy and for cholecystectomy [26, 27].
A slightly faster bowel recovery in SIL colectomy is
probably of minor clinical importance [28]. Concerning
hybrid NOTES, meta-analyses demonstrated lower pain
level and analgesics consumption for transvaginal hybrid
NOTES cholecystectomy compared to multiport chole-
cystectomy [3]. Furthermore, a meta-analysis on laparo-
scopic colectomy with and without natural orifice specimen
extraction showed reduced pain, shorter hospital stay, and
better cosmetic result for hybrid NOTES [2]. However, the
advantages to conventional laparoscopy are of questionable
clinical importance. Based on the rather vague evidence
supporting SIL and hybrid NOTES, the initial enthusiasm
for these techniques faded and only a few, and specialized
surgeons continue to offer SIL and NOTES.

The hospitals that are scientifically active in novel
techniques have mostly participated in the registry, and it is
assumed that those centers are also most clinically active.
However, a quite large number of unknown cases were
probably performed by surgeons using SIL and NOTES
infrequently and are not included in the registry. Those
cases are most prone to complications because procedures
are performed within the individual learning curve.
Unfortunately, the voluntary registry misses such cases for
monitoring, and the societies eventually fail to meet their
goals for quality assurance.
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In conclusion, although a few specialized centers per-
form a quite high proportion of standard procedures in SIL
or hybrid NOTES technique, there is a fading interest of
the surgical community in SIL and NOTES. The number of
hospitals performing SIL and hybrid NOTES as well as the
number of performed procedures is declining. The pro-
portion of SIL and hybrid NOTES procedures taught to
residents is currently insufficient and must be improved.
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