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Abstract

Background The German NOTES registry (GNR) is the larg-
est published database for natural orifice transluminal endo-
scopic surgery (NOTES) worldwide. Although transvaginal
cholecystectomy is the most frequent procedure in the GNR,
the number of colorectal resections is increasing. The objec-
tive of this study was to analyze the first 139 colonic proce-
dures of the GNR.

Methods All colonic procedures from the GNR were analyzed
regarding patient- and therapy-related parameters. A multivar-
iate analysis was conducted for transvaginal sigmoid resec-
tions regarding procedural time, hospital stay, conversion rate,
and rate of complications.
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Results From October 2008 to January 2013, 139 colon
NOTES procedures (12 male, 127 female) were registered.
Main diagnoses were sigmoid diverticulitis (85.6 %), colon
carcinoma (9.4 %), and ulcerative colitis (3.6 %). Sigmoid
resections (87.1 %), proctocolectomies (3.6 %), right-sided
resections (2.9 %), left-sided resections (3.6 %), segmental
resections (2.2 %), and 1 ileocecal resection (0.7 %) were
performed. All procedures were conducted in transvaginal
(87.8 %) or transrectal (12.2 %) hybrid technique, with a
median of 3 percutaneous trocars. Conversions to laparoscop-
ic technique were necessary in 3.6 % (none to conventional
technique). Intraoperative complications were recorded in
2.9 % and postoperative complications in 12.2 %. The
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institutional case number in transvaginal sigmoid resections
correlated negatively with procedural time (p=0.041) and the
number of percutaneous trocars (p=0.002).

Conclusion The analysis of the first 139 colon NOTES oper-
ations of the GNR shows the feasibility of colon operations in
hybrid technique, especially for transvaginal sigmoid resec-
tion as the most frequent procedure.

Keywords Colon - Transvaginal/transrectal - Diverticulitis -
NOTES - Natural orifice transluminal endoscopic surgery -

Registry

Introduction

After transvaginal natural orifice transluminal endoscopic
surgery (NOTES) cholecystectomy was published by sev-
eral groups in 2007[1-4]; NOTES procedures were in-
creasingly performed in Germany. An analysis of a series
of 20 transvaginal hybrid NOTES cholecystectomies was
published in 2008 [5]. In order to ensure a transparent
introduction as well as responsible further development of
this new technique, the German Society for General and
Visceral Surgery (DGAV) established the German NOTES
registry (GNR) as a voluntary, structured data acquisition.
The GNR has been accessible as an internet-based data-
base since March 2008. All German hospitals were asked
to document their NOTES procedures in the GNR. Fur-
ther details on the GNR have been published before [6].
So far, the GNR is the largest published registry for
NOTES [6-8]. In the meantime, 2,906 NOTES proce-
dures have been documented in the GNR. Initially,
transvaginal cholecystectomies made up almost all regis-
tered procedures. In due course, an increasing number of
procedures used transrectal and transgastric access, and
more complex procedures like colon resections were per-
formed using the NOTES technique as documented in the
GNR. The aim of this study was to give an overview of
the colon procedures that have been registered in the GNR
so far and to analyze the applied techniques.

Methods

The GNR is a prospective, pseudonymized, and voluntary
online database. NOTES was defined in the GNR as a
surgical operation, which is performed by using one or
more natural orifices for instrument manipulation or en-
doscope access. Additional transcutaneous trocars can be
used. Among others, the following parameters are ac-
quired: patient-based parameters like sex, age, height,
weight, and ASA classification; therapy-based parameters
like the pathology determining the procedure (acute
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sigmoid diverticulitis/elective procedure after former sig-
moid diverticulitis/colon adenoma/colon carcinoma/
Crohn’s disease/ulcerative colitis/other), the performed
procedure (sigmoid resection/colon segment resection/
left hemicolectomy (including extended)/transverse colon
resection/right hemicolectomy (including extended)/
colectomy/proctocolectomy/other), month and year of
the procedure, type of NOTES access (transvaginal/
transgastric/transrectal/transvesical/transesophageal and
combinations), hybrid technique (none/abdominal wall +
transvaginal/abdominal wall + transgastric/abdominal wall
+ transrectal/abdominal wall + transvesical/other), type of
closure of the NOTES access (direct suture/laparoscopic
suture/endoscopic clip/endoscopic suture device/
endoscopic stapler/other), type of endoscope (flexible
endoscope/rigid endoscope/flexible + rigid endoscope/
other), number of percutaneous trocars, procedural time,
specialty of the operator (surgeon/gastroenterologist/oth-
er), possible specialty of additional operators, use of a
Foley catheter, questions concerning conversion, intraop-
erative and postoperative complications, mortality, and
hospital stay. The Clavien-Dindo classification was used
in order to assess the severity of postoperative complica-
tions [9, 10]. Additionally, all items could be annotated
with details and comments in free text.

Conversions: a conversion to traditional laparoscopic
technique was defined as abdominal wall incision for
specimen retrieval after the NOTES access had been
established, and the remaining procedure was performed
laparoscopically. The number of percutaneous trocars was
irrelevant for this definition. Cases, where the NOTES
access was planned but not initiated, e.g., due to adhe-
sions, were defined as “NOTES planned, but not per-
formed” and were not used for this analysis. A conversion
to a conventional procedure was defined as abdominal
wall incision and continuing of the procedure with con-
ventional instruments.

In October 2008, the first colon procedure was recorded in
the GNR. For this study, we analyzed all colon procedures,
which were entered until January 31st, 2013. All data for each
individual case were reviewed with the operating surgeon, and
missing or inconsistent data were completed or revised ac-
cording to the patients’ medical files.

Since all procedures were performed using either
transvaginal or transrectal access, these two access routes
were compared and analyzed for differences in gender distri-
bution, age, ASA score, BMI, closure of the NOTES access,
number of percutaneous trocars, conversion rate, complication
rate, procedural time, and length of hospital stay.

Since the entire collective depicts a very heterogeneous
group, a regression analysis for all cases would be unreason-
able. Therefore, single procedures which made up more than
25 % of all procedures were planned for a multivariate analysis.
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This was the case only for transvaginal sigmoid resection in our
data. The influence of patient-related (age, gender, BMI, ASA
score) and center-related variables (high vs. low volume, order
of procedures) was analyzed for the outcome parameters pro-
cedural time, hospital stay, conversions, and complications.

Hospitals were divided into high volume centers (>18
procedures during the study period) and low volume centers
(<18 procedures) for a case volume analysis of transvaginal
sigmoid resections. The threshold of 18 procedures
corresponded to the upper quartile.

Data processing and statistical analysis were done with
IBM SPSS Statistics Version 21. Since normal distribution
could not be assumed for continuous variables, the medi-
an (minimum-maximum) was calculated. Ordinal and
nominal variables are presented in absolute counts and
percentages. Patient-related parameters like age, body
mass index (BMI; kg/m?), and ASA score were tested
for significant differences depending on patients’ gender.
The Fisher’s exact test was used for comparisons between
groups of nominal variables. The Mann—Whitney U test
was used for comparisons between two independent
groups for continuous variables. Ordinal parameters were
analyzed with the chi-square test for trend. P<0.05 was
considered statistically significant.

Results
Demographic data

One hundred and thirty-nine patients, 12 male and 127 female,
with colon NOTES operations were registered. The median
number of trocars was 3; median procedural time was 137 min
(Table 1).

There was no substantial difference between male and
female patients for age (62 vs. 60 years) and BMI (23.5 vs.
25.7 kg/m?). The ASA classification for male patients was
lower than that for female patients. According to the WHO
classification, 3.6 % of all patients were underweight (BMI<
18.5 kg/m®), 43.2 % were of normal weight (BMI 18.5—
24.99 kg/m?), 31.7 % overweight (BMI 25.0-29.99 kg/m?),
and 21.6 % obese (BMI>30 kg/m?).

Therapy details

Perioperative details for all patients and for surgical access are
depicted in Table 1; details on the specific operations are
provided in Table 2. Procedures and underlying pathologies
are shown in Table 3. The transvaginal and transrectal groups
included a heterogeneous group of procedures. The different

Table 1 Patient characteristics

and perioperative details for all Access
patients and depending on surgi-
cal access All patients Transvaginal Transrectal
(n=139) (n=122) (n=17)
Age—years 61.0 (22-86) 60.5 (30-86) 61.0 (22-76)
BMI—kg/m? 25.5 (16-47) 26.0 (16-47) 23.5 (18-34)
Percutaneous trocars—n 3.0 (1-5) 3.0 (1-5) 3.0 (1-4)
Length of surgery—min 137 (55-752) 131 (55-752) 205 (87-600)
Length of stay—days 8.0 (2-99) 8.0 (2-28) 11.0 (5-99)
Female gender 91.4 (127) 100 (122) 29.4 (5)
ASA
1 15.8 (22) 13.1 (16) 35.3 (6)
2 62.6 (87) 63.1(77) 58.8 (10)
3 13.7 (19) 14.8 (18) 59 (1)
na. 7.9 (11) 9.0 (11) 0 (0)
Closure of NOTES access
Direct suture 86.3 (120) 98.4 (120) 0 (0)
Laparoscopic suture 29 4) 0(0) 23.54)
Endoscopic stapler 9.4 (13) 0(0) 76.5 (13)
Other technique 14 (2) 1.6 (2) 0(0)
Conversion
No 96.4 (134) 95.9 (117) 100 (17)
Values are expressed as median Yes, to laparoscopy 3605 410 0(0)
(minimum—maximum) for con- Yes, to conventional surgery 0 (0) 0(0) 0(0)
tinuous variables and percent Intraoperative complications 29 4) 33(4) 0 (0)
(number) for categorical variables (o tive complications 12.2(17) 12.3 (15) 11.8 (2)

n.a. not available
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Table 3 Details of colonic
resections Transvaginal Transrectal All
(n=122) (n=17) (n=139)
Type of resection
Sigmoid resection 86.9 (106) 88.2 (15) 87.1 (121)
Colon segment resection 2503) 0(0) 22(3)
Left hemicolectomy (+extended) 4.1(5) 0(0) 3.6 (5)
Right hemicolectomy (+extended) 334 0(0) 2.9 4)
Proctocolectomy 2503) 11.8 (2) 3.6 (5)
Ileocecal resection 0.8 (1) 0(0) 0.7 (1)
Pathology
Acute sigmoid diverticulitis 21.3 (26) 11.8(2) 20.1 (28)
Values are expressed as percent Other sigmoid diverticular disease® 66.4 (81) 58.8 (10) 65.5 (91)
(number) Colon carcinoma 9.0 (11) 11.8 (2) 9.4 (13)
? Including a complicated sigmoid Ulcerative colitis 2503) 11.8 (2) 3.6 (5
diverticulitis in the past (e.g., cov- Other colon pathology 0.8 (1) 59(1) 14 (2)

ered perforation, stenosis, etc.)

procedural times between transvaginal sigmoid resections and
proctocolectomies (127 vs. 600 min; p<0.001) serves as an
example.

Of the procedures, 87.8 % used the transvaginal technique,
12.2 % a transrectal approach. All procedures were performed
in hybrid technique using additional percutaneous trocars
(Table 4). In 89.3 % of all procedures, a urinary catheter was
used.

Apart from two procedures which used a flexible en-
doscope, a rigid endoscope was used for most cases
(98.6 %, in two cases with an additional flexible
endoscope).

All procedures were performed by surgeons, in five cases
(3.6 %) with the assistance of a gynecologist. The access site
in most transvaginal NOTES was closed with sutures under
direct vision (98.4 %). Laparoscopic sutures (23.5 %) or
endoscopic staplers (76.5 %) were used in transrectal NOTES
procedures (Table 1).

Table 4 Number of percutaneous trocars for colon NOTES

No. of trocars Transvaginal Transrectal All
(n=122) (n=17) (n=139)
1 1.6 (2) 11.8 (2) 294
2 25(3) 2354 5.0 (7)
3 56.6 (69) 47.1 (8) 55.4 (77)
4 33.6 (41) 17.6 3) 31.7 (44)
5 5.7(7) 0(0) 5.0 (7)

Values are expressed as percent (number)
p=0.001 (chi-square test for trend)

Conversions and complications

A conversion to laparoscopy was performed in 4.1 % of
the transvaginal procedures and in none of the transrectal
procedures (Table 1). A conversion to open surgery did
not occur in any procedure. There were five conversions
to traditional laparoscopic technique: In three cases, it was
impossible to retrieve the specimen through the NOTES
access. In one case, there was a need to redo the primarily
intraabdominally performed linear stapling anastomosis
due to uncertainty of the adequacy of the blood supply.
In another case, the stapler anvil had to be reinserted and
fixed through a Pfannenstiel incision.

Intraoperative complications occurred in 2.9 % of all oper-
ations (none in transrectal NOTES). Postoperative complica-
tions were found in 12.3 % of transvaginal NOTES and in
11.8 % of transrectal procedures (Table 1).

The four intraoperative complications were one splenic
injury, two second-look resections of the afferent colon due
to a compromised blood supply or venous congestion, and one
injury of the serosa by the stapler anvil.

Among the 17 postoperative complications were 5
anastomotic leakages (3.5 %); 4 intraabdominal infections
(2.8 %); 1 secondary vaginal bleeding without a need for
reoperation (0.7 %); 2 anastomotic bleedings, which were
successfully clipped endoscopically (1.4 %); 3 other sur-
gical complications (small bowel leakage, internal herni-
ation, and trocar hernia; 2.1 %); and 2 non-surgical com-
plications (deep venous thrombosis and postoperative col-
lapse; 1.2 %). The small bowel leakage was most likely
due to intraoperative hyperthermic damage and necessi-
tated revisional surgery including small bowel segment
resection.
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Table 5 Clavien-Dindo classification of postoperative complications

Transvaginal Transrectal All

(n=122) (n=17) (n=139)
No complication 87.7 (107) 88.2 (15) 87.8 (122)
Grade 1 0.8 (1) 0 (0) 0.7 (1)
Grade 11 0.8 (1) 0 (0) 0.7 (1)
Grade 111 9.8 (12) 11.8 (2) 10.1 (14)
Grade IV 0.8 (1) 0 (0) 0.7 (1)
Grade V 0(0) 0(0) 0(0)

Values are expressed as percent (number)

Grade I any deviation from the normal postoperative course without the
need for pharmacological treatment or surgical, endoscopic, and radio-
logical interventions; Grade Il requiring pharmacological treatment;
Grade III requiring surgical, endoscopic, or radiological intervention;
Grade 1V life-threatening complication requiring IC/ICU-management;
Grade V death of a patient

p=0.998 (chi-square test for trend)

Table 5 summarizes the postoperative complications ac-
cording to the Clavien-Dindo classification. Most complica-
tions lead to a surgical, endoscopic, or radiological interven-
tion (Clavien-Dindo grade III). The Mortality was 0 %.

Institutional case volume analysis for transvaginal sigmoid
resections

A case volume analysis and a multivariate analysis were
performed for transvaginal sigmoid resections, as these
accounted for more than 25 % of all colon NOTES proce-
dures. Data from nine hospitals were analyzed. The median
case number was 11 (1-55). Following the criteria mentioned
above, seven low volume centers (<18 NOTES procedures: 1,
1, 2, 3, 11, 11, 18 cases; median 3) and two high volume
centers (>18 NOTES procedures: 37, 55 cases; median 46)
were analyzed. Low volume centers performed 31, and high
volume centers performed 75 transvaginal sigmoid resections
(Table 6). High volume centers used significantly less trocars
(»<0.001), and procedural time was 20 min shorter (p=
0.021). However, conversions, intraoperative complications,

and postoperative complications were not significantly
different.

Multivariate analysis for transvaginal sigmoid resections

All data exclusively concerning the 106 transvaginal sigmoid
resections are depicted in Table 2. The multivariate analysis of
these data for conversion rate, complication rate, procedural
time, number of percutaneous trocars, and hospital stay is
shown in Table 7. Age, institutional case volume, and ASA
score did not significantly influence the conversion rate. BMI
had no significant impact on the conversion rate, either.

A strong effect of the ASA score (odds ratio 80.956) was
seen for intraoperative complications, but this was without
significance (p=0.074). Procedural time significantly influ-
enced the postoperative complication rate (p=0.013), howev-
er, with a slight effect only (odds ratio 1.018). Intraoperative
complications had no significant influence on the postopera-
tive complication rate.

Institutional case volume had a significant influence on
procedural time, with shorter times for higher volume centers.
A similar influence of case volume was found for the number
of trocars that were used.

Postoperative complications prolonged the hospital stay
significantly (»p=0.003). High volume centers had a non-
significant tendency for a shorter hospital stay (p=0.056).

Discussion

The DGAV (German Society for General and Visceral Sur-
gery) established the GNR in March 2008 to quickly close the
natural gap of lacking evidence for NOTES as a new surgical
technique. Furthermore, apart from the first single center
results, multicenter experiences, and the introduction into
clinical practice, an early detection of possibly arising prob-
lems was aspired.

Pure NOTES procedures are feasible, and some approaches,
for example, for cholecystectomy and appendectomy, have

Table 6 Case volume analysis

for transvaginal sigmoid NOTES 7 low volume centers 2 high volume centers P value
(31 patients) (75 patients)
Age—years 62.0 (37-77) 61.0 (35-86) 0.774
BMI—kg/m? 26.7 (21-33) 25.5 (1647) 0.220
Percutaneous trocars—n 4.0 (1-5) 3.0 (1-5) <0.001
Length of surgery—min 140.0 (85-430) 120.0 (55-262) 0.021
Length of stay—days 7.0 (2-28) 7.5 (5-27) 0.597
Values are expressed as median Conversion (to laparoscopy) 6.5(2) 2.72) 0.334
(minimum-maximum) for con- Intraoperative complications 0 (0) 534 0.245
tinuous variables and percent Postoperative complications 9.7(3) 13.3 (10) 0.436

(number) for categorical variables
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Table 7 Multivariate analysis of predictors in transvaginal sigmoid
NOTES

Binary variables Odds ratio (95 % CI) P value
Conversions
Age 0.99 (0.90-1.08) 0.750
BMI 0.88 (0.65-1.20) 0.420
Institutional case volume 0.95 (0.89-1.01) 0.084
ASA 8.1 (0.77-86.2) 0.082
Intraoperative complications
Age 0.90 (0.80-1.02) 0.098
BMI 0.77 (0.55-1.08) 0.133
Institutional case volume 1.08 (0.96-1.23) 0213
ASA 81 (0.65-10,042) 0.074
Length of operation 1.01 (0.99-1.03) 0.262
Postoperative complications
Age 0.98 (0.92-1.05) 0.600
BMI 0.96 (0.83-1.10) 0.537
Institutional case volume 1.04 (0.99-1.10) 0.122
ASA 1.84 (0.34-10.10) 0.482
Length of operation 1.02 (1.00-1.03) 0.013
Intraoperative complications  0.80 (0.04-15.21) 0.881
Continuous variables Estimate (95 % CI) P value
Length of operation
Age —0.59 (-1.60 to 0.41) 0.243
BMI —0.37 (—2.56 to 1.83) 0.742
Institutional case volume —0.65 (-1.28t0 —0.03)  0.041
ASA 5.5(-18.4t029.4) 0.649
No. of percutaneous trocars
Age 0.01 (-0.01 to 0.02) 0.277
BMI 0.00 (—0.02 to 0.03) 0.751
Institutional case volume —0.01 (-0.02 to —0.01) ~ 0.002
ASA —0.18 (—0.48 t0 0.12) 0.237
Length of stay
Age 0.02 (—0.09 to 0.13) 0.716
BMI 0.02 (—0.22 to 0.26) 0.872
Institutional case volume —0.06 (—0.13 to 0.00) 0.056
ASA 2.30 (—0.26 to 4.85) 0.078
Postoperative complications 5.5 (1.88-9.1) 0.003

Institutional case volume denotes the total number of NOTES procedures
that was performed by the reporting institution. Multivariate logistic
regression for binary variables, linear regression for continuous variables

been published [11, 12]. However, the more complex the
procedure, the more difficult the technical execution of a pure
NOTES procedure without percutaneous trocars, regardless of
the access route [13—15]. Our analysis of the colon procedures
from the GNR showed that only hybrid procedures were per-
formed, using either a transvaginal or a transrectal access and
one or more percutaneous trocars. All types of colon resections,
even restorative proctocolectomies, were registered. The most
frequent procedure was the transvaginal sigmoid resection.

Conversion and complication rates in the GNR seem com-
parable to or even lower than those of laparoscopic colon
surgery [16, 17]. However, patients for NOTES procedures
usually depict a highly selected group and are not directly
comparable to the general patient population. Median hospital
stay was 8 days. However, the different organization of the
German health care system, which generally includes longer
hospital stays when compared to other countries, must be
taken into consideration.

To better judge the effect of the centers’ NOTES ex-
perience on operative outcome, low volume centers were
compared to high volume centers. Considerable advan-
tages of centers with more experience became apparent,
one of them being shorter procedural time. However,
complication rates were not significantly different, which
lets us conclude that centers with less experience perform
this technique safely.

The multivariate analysis confirmed the impact of experi-
ence. The conversion rate, as well as the rate of intraoperative
and postoperative complications, was not significantly de-
pending on experience in the multivariate analysis, either.
Among other factors, selected patients and experienced sur-
geons certainly accounted for these results. Anyhow, these
data indicate that colon NOTES procedures can be performed
safely.

There are some limitations to our investigation. At
first, it is difficult to assess the completeness of the data
as the analysis is based on a voluntary registry, and
reporting is not mandatory in Germany. However, the
German NOTES community is still small and is well
organized with several yearly conventions. To the authors’
knowledge, all hospitals which perform colon NOTES are
participating in the GNR. Every individual data set in the
registry was reviewed with the operating surgeons, and
missing or inconsistent data were completed in order to
assure a high data quality. Another limitation is the het-
erogeneity of the procedures, which were registered.
Thereby, a wide variety of hybrid NOTES techniques
exist. Procedures vary not only in the number of percuta-
neous trocars and the NOTES access but also in the usage
of the latter. Another limitation is the heterogeneity of
colon procedures in the GNR. Only limited statements can
be made about operative details (e.g., specimen extrac-
tion, dissection, stapling). The GNR so far cannot differ-
entiate between a NOTES procedure with minimal lapa-
roscopic assistance and a laparoscopic resection with nat-
ural orifice specimen extraction (NOSE). This problem
will be addressed with the next registry update.

The NOTES access can be used not only for specimen
retrieval but also for the access of dissecting instruments.
Curved retractors as well as additional trocars have been
applied through transvaginal access routes [18-22]. For
right-sided resections, the anastomosis is regularly created
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by intraabdominal stapling technique [20, 23, 24], while for
left-sided resections, different techniques exist. On the one
hand, the specimen can be retrieved through the NOTES
access, and the anastomosis can be created using transanal
double-stapling technique [25-28]. On the other hand, the
specimen can be pulled out either through the transvaginal
or the transrectal access, then be resected extracorporeally,
followed by open insertion and fixation of the anvil for the
double-stapling anastomosis [21, 29, 30]. The latter bears
the danger of injury to the blood supply of the oral stump
with fatal consequences to anastomotic healing, as shown
by Tarantino et al. [30]. However, the NOTES access limits
the maximum size of the specimen to be retrieved. Accord-
ingly, problems in retrieving the sigmoid colon through the
transvaginal access were the reason for conversion to a
laparoscopic procedure with an abdominal retrieval incision
in three out of five cases in our analysis.

Conclusion

In Germany, colonic NOTES procedures are performed
using either transvaginal or transrectal access in hybrid
technique. Morbidity is comparable to the conventional
technique, and there is no mortality so far. Transrectal
access as a gender-independent approach requires less
percutaneous trocars, but a longer procedural time than
the transvaginal technique. The most common colonic
NOTES procedure is the transvaginal hybrid NOTES
sigmoid resection. The technique can be performed safely
in low volume centers. After appropriate patient selection,
the introduction of the NOTES technique therefore seems
to be possible without an increased complication rate.
NOTES techniques differ widely between centers. There-
fore, techniques need to be standardized before
conducting large controlled trials to confirm an advantage
not only of the hybrid NOTES technique as such but also
of one of the possible access routes.
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