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Abstract
Purpose Hysterectomy alters the anatomy of the posterior vaginal vault used as access for transvaginal/transumbilical 
hybrid NOTES cholecystectomy (NC), creating potential consequences for the feasibility and complication rate of the 
procedure. Therefore, the aim of our retrospective analysis of prospectively collected data was to analyze the postop-
erative course after NC in previously hysterectomized (PH) patients compared with patients who had not undergone 
hysterectomy (NH).
Methods A total of 126 NH patients and 50 PH patients aged over 42 who had an NC from 12/2008 to 04/2021 were 
compared regarding age, body mass index (BMI), ASA classification, number of percutaneous trocars, need for intra-
operative urinary bladder catheterization, length of procedure, conversion rate, and intraoperative and postoperative 
complication rate according to the Clavien/Dindo classification, Comprehensive Complication Index (CCI), mortality, 
and hospital length of stay.
Results PH patients were older than NH patients (63.0 vs 51.5 years; P < 0.001) but did not differ significantly in ASA 
classification (P = 0.595) and BMI (26.8 vs 27.9 kg/m2; P = 0.480). They required more percutaneous trocars (P = 0.047) 
and longer procedure time (66.0 vs. 58.5 min; P = 0.039). Out of all 287 scheduled NC only one had to be “converted” to 
traditional laparoscopic cholecystectomy. Intraoperative and postoperative complication rates, Clavien/Dindo classification, 
CCI, need for intraoperative urinary bladder catheterization, and length of stay did not differ significantly.
Conclusion Our results indicate an increased degree of difficulty of NC in PH patients, although there is no major impact 
on intraoperative and postoperative complication rates. Urinary bladder perforation is a specific access-related complication 
in PH patients.
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Introduction

Traditional laparoscopic cholecystectomy (LC) is the gold 
standard in the treatment of gallstone disease in many coun-
tries. Transvaginal hybrid NOTES cholecystectomy (NC), 
developed as an alternative procedure, has advantages over 
LC by reducing postoperative pain and postoperative analge-
sic requirements while accelerating postoperative convales-
cence and improving the aesthetic surgical outcome without 
increasing the intraoperative or postoperative complication 
rate [1]. Access to the abdominal cavity in transvaginal 
hybrid NOTES cholecystectomy is through the posterior 
vaginal vault into the pouch of Douglas, which is relatively 
easy to perform [2]. Access-related complications are rare, 
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but rectal or urinary bladder injuries, for example, may occur 
[3]. However, these complications are only expected after 
hysterectomy (PH), as the urinary bladder is otherwise sepa-
rated from the posterior vaginal vault by the portio, cervix, 
and the uterus. In addition, after a previously performed 
hysterectomy, adhesions may make transvaginal access dif-
ficult or even impossible. These circumstances could sig-
nify a higher degree of difficulty of the procedure and a 
potentially higher risk of access in PH patients. However, 
to date, only one small case series describing transvaginal 
NOTES access after hysterectomy for gynecologic surgery 
predominantly for ovarian cysts has been published [4]. This 
issue has not yet been investigated for NOTES cholecystec-
tomies. Therefore, we comparatively analyze the data of our 
NC patients, stratified by their hysterectomy experiences, in 
order to detect differences in the intraoperative and postop-
erative course.

Material and methods

Patients

In the period between December 2008 and April 2021, 287 
transvaginal/transumbilical cholecystectomies were sched-
uled in our hospital, Kliniken der Stadt Köln (Fig. 1). Of 
these 287 patients, 53 had a post-hysterectomy condition, 
in which we made no distinction between abdominal and 
vaginal hysterectomy. However, two of these patients had 
undergone supracervical hysterectomy, which meant that the 
portio and cervix were still in situ in these patients. Since in 

these cases the anatomy was unchanged with respect to the 
posterior vaginal vault and the separation of the posterior 
vaginal vault to the urinary bladder during the transvaginal 
approach, the two patients were excluded from the analysis. 
In one hysterectomized patient, extensive adhesions in the 
lower right abdomen were found in the initial transumbili-
cal laparoscopy which were most likely attributable to the 
condition after appendectomy in a case of perforated appen-
dicitis with extensive peritonitis. The adhesions prevented a 
transvaginal approach to the upper abdomen, so a traditional 
laparoscopic cholecystectomy was performed in this patient. 
After excluding this patient as well, 50 PH patients remained 
for analysis. Looking at the control group of 234 non-hyster-
ectomized patients (NH), a clear skew in the age distribution 
of the two comparison groups becomes apparent. This is 
plausible, since a hysterectomy is mainly performed at an 
advanced age. The age distribution and the difference in this 
respect are shown in Fig. 2a and b (Electronic Supplemen-
tary Material). Since the youngest PH patient was 42 years 
old, all patients younger than 42 years were excluded for the 
control group. With this parallelization, we tried to reduce 
the heterogeneity of both groups [5]. After parallelization, 
126 patients remained in the control group.

Surgical technique

The technique of transvaginal/transumbilical hybrid NOTES 
cholecystectomy has been performed unchanged throughout 
the study period and has been described previously [6]. In 
patients with unchanged anatomy, the transvaginal approach 
was performed, after creating a capnoperitoneum and 

Fig. 1  Trial flow diagram
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transumbilical diagnostic 5 mm laparoscopy, and exposing 
the portio using vaginal specula (according to KRISTEL-
LER, 110 × 36 mm, 220 mm, Aesculap AG, Tuttlingen, Ger-
many). With an uterus probe (according to SIMS, 330 mm, 
4 mm, Aesculap AG, Tuttlingen, Germany) inserted through 
the portio, the uterus is anteflectively exposed so that the 
posterior vaginal vault is clearly visible vaginally as well as 
abdominally. Under diaphanoscopy and laparoscopic visual 
control, the posterior vaginal vault is perforated with the 
extra-long 5-mm trocar mandrel (17 cm, Karl Storz GmbH 
& Co KG, Tuttlingen, Germany) and the curved 5-mm 
grasping forceps (according to CUSCHIERI O-CON, 43 cm 
long, Karl Storz GmbH & Co KG, Tuttlingen, Germany) 
is inserted over it intraabdominally. Directly adjacent, an 
11-mm trocar without a connector for insufflation (15 cm, 
Karl Storz GmbH & Co KG, Tuttlingen, Germany) is also 
inserted transvaginally to intraperitoneal under visualization.

In the case of a condition after hysterectomy, the vagi-
nal stump is exposed and pressed slightly intraabdominally 
with the vaginal specula after the creation of the capnop-
eritoneum and transumbilical diagnostic 5-mm laparoscopy. 
Then, directly dorsal to the vaginal stump scar, the possible 
access is palpated from vaginally with closed forceps if the 
access cannot already be viewed diaphanoscopically. If the 
route appears clear, the posterior vaginal wall is perforated 
with the extra-long 5-mm trocar mandrel and the curved 
5-mm grasping forceps and 11-mm trocar are inserted as 
described above. Closure of the transvaginal access at the 
end of the operation is performed with a continuous, sin-
gle-row, full-thickness suture with an absorbable braided 
0 suture (poly(glycolide-co-l-lactide 90/10); Novosyn®, B. 
Braun, Melsungen, Germany) and does not differ between 
the two patient groups, nor does the postoperative treatment.

Gynecological involvement

For the first 16 transvaginal/transumbilical hybrid NOTES 
cholecystectomies, the transvaginal approach was performed 
by a gynecologist, after which the access was also performed 
by the surgeon.

Routinely, the patients had pre (up to four weeks) and 
postoperative (about 14 days) gynecological examination.

Outcome parameter

Patient-side parameters were age, height, weight, the Ameri-
can Society of Anesthesiologists (ASA) classification, and 
acute cholecystitis. For the outcome parameters, we ana-
lyzed the number of required percutaneous trocars, the con-
version rate, necessary urinary catheterization, length of 
procedure, intraoperative and postoperative complications, 
postoperative length of stay, and mortality. Postoperative 
complications were classified and compared according to 

Clavien/Dindo [7]. In addition, we calculated the compre-
hensive complication index (CCI) [8]. The CCI reflects the 
overall postoperative morbidity and its severity and ranges 
from 0 (no complication) to 100 (death). To generate the 
CCI, we applied the calculator available online (http:// www. 
asses surge ry. com).

Most of the parameters were prospectively entered into a 
registry from the beginning on, and the first 29 patients were 
missing an ASA classification.

The patient-side parameters were used to test the compa-
rability of the two patient groups. The length of procedure, 
the conversion rate, the need for urinary bladder catheteriza-
tion, and the number of required percutaneous trocars were 
used to test for a different degree of difficulty of the proce-
dure, and the remaining parameters were used to test for a 
different complication severity of the procedure.

Statistics

The data were prepared in Microsoft Excel, and SPSS Sta-
tistics 28 (IBM Corp., Armonk, NY, USA) was used for 
the statistical analysis and data processing of all variables. 
Data of continuous variables are expressed as minimum, 
maximum, and median. Binary and categorical variables are 
reported as counts and percentages. The Mann–Whitney U 
test was used for continuous parameters, the Chi-square test 
for categorical parameters, and the Chi-square test for trend 
for ordinally scaled variables. A value of p < 0.05 was con-
sidered statistically significant.

Results

Before parallelization, the median age of the NH group was 
43.5 years, while the youngest PH patient was 42 years old. 
After excluding NH patients younger than 42, the median 
age in the control group was 51.5 years, which was still sig-
nificantly lower than in the PH group, since the age distri-
bution in the parallelized comparison group is significantly 
shifted to the left, as shown in Fig. 2c (Electronic Supple-
mentary Material). However, the other patient-side param-
eters of height, weight, BMI, and ASA classification were 
not significantly different (Table 1), so outcome parameters 
were analyzed between these two groups. The proportion 
of acute cholecystitis was almost identical in both groups. 
There were also hardly any patients with ongoing anticoagu-
lation in either group, so no bias regarding different levels 
of difficulty between the two groups was expected in this 
regard. The number of percutaneous trocars used and the 
length of procedure were found to be significantly different, 
whereas the need for intraoperative urinary bladder drainage, 
the intraoperative as well as postoperative complication rate, 
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the Clavien-Dindo classification of postoperative complica-
tions, and the Comprehensive Complication Index did not 
differ significantly (Table 2).

The conversion rate and mortality were zero in both 
groups.

The only intraoperative complication in the PH group was 
urinary bladder perforation due to an 11 mm trocar inserted 
too far ventrally, which was already detected intraopera-
tively. This case was the first time NC was performed in a 
PH patient in whom transvaginal access was established by a 
gynecologist. The intraoperative suspicion of urinary bladder 

perforation was confirmed laparoscopically by leakage of 
methylene blue after filling the urinary bladder via an inserted 
catheter. The exit lesion of the urinary bladder was closed 
laparoscopically before completion of the procedure after 
placing two additional percutaneous 3-mm and 5-mm tro-
cars, respectively, with 2–0 Novosyn® single button sutures 
(poly(glycolide-co-l-lactide 90/10); B. Braun, Melsungen, 
Germany), and the entry lesion of the urinary bladder was 
closed transvaginally with the same suture material. Repeated 
blue filling of the urinary bladder then confirmed the tightness 
of both sutures. In addition, an intraoperative cystoscopy was 

Table 1  Baseline characteristics 
of all patients. Values are 
reported as median (min – max) 
and counts (percentage)

NH not hysterectomized, PH previous hysterectomy, BMI body mass index, ASA Classification of the 
American Society of Anesthesiologists (*available for 105 NH and 42 PH patients)

Variable NH (n = 126*) PH (n = 50*) Total (n = 176*) P value

Age [years] 51.5 (42–86) 63.0 (42–85) 55.0 (42–86)  < 0.001
Height [cm] 165 (150–181) 165 (150–175) 165 (150–181) 0.624
Weight [kg] 75 (53–171) 70 (50–114) 75 (50–171) 0.350
BMI [kg/m2] 27.9 (18.0–52.2) 26.8 (18.7–43.3) 27.3 (18.0–52.2) 0.480
ASA* 0.595
1 10 (9.5) 2 (4.8) 12 (8.2)
2 76 (72.4) 33 (78.6) 109 (74.1)
3 19 (18.1) 7 (16.7) 26 (17.7)
Acute cholecysti-

tis—–yes
12 (9.5) 4 (8.0) 16 (9.1) 1.000

Table 2  Patient outcome

Values are reported as median (min – max) and counts (percentage). NH not hysterectomized, PH previous 
hysterectomy
* Urinary catheter used was available for 138 patients

Variable NH (n = 126) PH (n = 50) Total (n = 176) P value

No. of percutaneous trocars 1 (1–4) 1 (1–3) 1 (1–4) 0.047
  1 93 (73.8) 30 (60.0) 123 (69.9)
  2 29 (23.0) 15 (30.0) 44 (25.0)
  3 3 (2.4) 5 (10.0) 8 (4.5)
  4 1 (0.8) 0 1 (0.6)

Conversion—yes 0 0 0
Urinary catheter used*—yes 47 (48.0) 24 (60.0) 71 (51.4) 0.260
Length of procedure [minutes] 58.5 (29–135) 66.0 (25–150) 60 (25–150) 0.039
Intraoperative complications—yes 1 (0.8) 1 (2.0) 2 (1.1) 0.489
Postoperative complications—yes 11 (8.7) 3 (6.0) 14 (8.0) 0.760
Clavien-Dindo classification of postop-

erative complications
0.990

   No complication 115 (91.3) 47 (94.0) 162 (92.0)
   Grade I 5 (4.0) 0 5 (2.8)
   Grades II 3 (2.4) 1 (2.0) 4 (2.3)
   Grades III 3 (2.4) 2 (4.0) 5 (2.8)

Comprehensive Complication Index 0 (0–33.7) 0 (0–33.7) 0 (0–33.7) 0.595
Postoperative hospital stay [days] 2 (1–14) 2 (1–12) 2 (1–14) 0.624
Mortality—yes 0 0 0
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performed to exclude an injury of the ostia ureterum or the 
ostium urethrae internum. The postoperative course was unre-
markable with the catheter in place; the catheter was removed 
after cystography on postoperative day 12, and the patient was 
discharged the following day.

This complication did not recur in the subsequent 49 PH 
patients.

The only intraoperative complication in the NH group 
was venous hemorrhage in the gallbladder bed, which was 
controlled by argon beamer with the aid of two additional 
transcutaneous 5-mm auxiliary trocars. Again, the postop-
erative hospital stay was prolonged at six days. No other 
access-related complications, such as rectal or colonic 
injury, occurred in our patients.

Details of patients with postoperative complications are 
shown in Table 3.

Of the patients with more than one percutaneous trocar, 
the insertion of the further trocars was significantly more 
frequently performed before the transvaginal approach in 
the PH group (6/20 patients, 30%) than in the NH group 
(2/33 patients, 6.1%; P = 0.042). More than one percutane-
ous trocar was necessary in the two NH patients before the 
transvaginal approach for anteflexion of the uterus to expose 
the pouch of Douglas. In most of the PH patients with pre-
transvaginal approach insertion of further trocars, it was due 
to adhesions after the hysterectomy 5/6 patients. Most of 
the other patients of both groups, the need of further trocars 
after the transvaginal approach was due to pericholecystic 
adhesions or for dissection of the gallbladder.

Discussion

The aim of our study was to analyze the influence of having 
had a hysterectomy on the difficulty level and complication 
rate of NC. According to our literature search, this is the first 
comparison of intraoperative and postoperative parameters 
after NOTES procedures in general surgery in patients with 
and without a previous hysterectomy. Because a prospective 
randomized study is not possible for this question, so we 
have to resort to a cohort comparison.

Surgery via natural orifices was developed to avoid the 
access trauma and complications of accessing the abdominal 
cavity via the abdominal wall, such as wound infections, 
wound dehiscence up to burst abdomen, and scar hernias. 
In this regard, the transvaginal approach via the posterior 
vaginal vault is an obvious choice, as it was developed in 
gynecology a long time ago [9]. However, the approach was 
unknown in abdominal surgery for a long time until Del-
vaux et al. published six cases of removal of the gallbladder 
with large stones (diameters of 4 to 6 cm) after laparoscopic 
cholecystectomy via the posterior vaginal vault in 1993 [10]. 
One of the six patients had undergone hysterectomy 7 years 
earlier, so that in this case access for gallbladder removal had 
to be via the vaginal stump with altered anatomy. Accord-
ing to our literature search, this is the first described case in 
which a gallbladder was retrieved transvaginally in a patient 
with a previous hysterectomy. One year later, Zornig’s group 
described transvaginal specimen removal in two cases of lap-
aroscopic colon surgery and in 1995 the case of transvaginal 

Table 3  Postoperative complications

NH not hysterectomized, PH previous hysterectomy, BMI body mass index, ASA Classification of the American Society of Anesthesiologists, 
CCI Comprehensive Complication Index, LoP length of procedure [minutes], LoS postoperative length of stay [days], PONV postoperative nau-
sea and vomiting, CRP C-reactive protein

Patient no NH/PH Age BMI ASA Postoperative complication details Cla-
vien-
Dindo

CCI LoP LoS

39 NH 61 30.5 2 Postoperative biliary pancreatitis 2 20.9 42 14
42 NH 71 23.1 2 Newly occurred tachyarrhythmia in cases of atrial fibrillation 2 20.9 59 6
58 NH 74 22.3 2 Infected hematoma in the former gallbladder bed 2 20.9 77 3
70 NH 52 24.9 2 Perioperative stone passage with consecutive cystic stump insufficiency 3 26.2 74 7
90 NH 84 25.4 2 Hematoma in the former gallbladder bed 3 33.7 101 8
92 NH 75 29.5 3 Postoperative ileus 1 8.7 68 8
95 NH 50 25.5 2 Subhepatic hematoma, anemia 1 8.7 87 3
129 NH 61 28.1 2 Febrile nasopharyngeal infection 1 8.7 73 3
130 PH 73 28.7 2 PONV, unclear CRP increase 2 22.6 76 5
135 NH 51 46.3 3 Vertigo, cold with sore throat and feeling of pressure on the chest 1 15.0 85 4
144 NH 55 27.3 2 Cystic stump insufficiency 3 33.7 100 7
158 NH 71 32.4 3 Vaginal smear bleeding under therapeutic anticoagulation 1 8.7 64 2
168 PH 61 38.1 3 Vaginal wound bleeding 3 33.7 60 2
176 PH 51 24.1 2 Postoperative choledocholithiasis 3 26.2 51 4
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splenic removal [11, 12]. In 1999, Tsin et al. described a 
hybrid NOTES cholecystectomy in which, after performing 
a vaginal hysterectomy, a 12-mm trocar was inserted via 
the vaginal stump, sealed by means of a tabac pouch suture, 
and a laparoscope was inserted to the upper abdomen. Addi-
tional 5-mm trocars were used to remove the gallbladder and 
retrieve it via the vaginal approach [13]. However, access via 
the posterior vaginal vault is much easier when the uterus 
is still present and removal of fibroids up to 13 cm in size 
via culdotomy while maintaining their integrity has been 
described [14]. In 2010, Zorron et al. considered a previous 
hysterectomy as a contraindication for transvaginal access 
in their IMTN study [15], even though Zornig et al. already 
operated on a patient with a previous hysterectomy in their 
series of the first 20 NC 2007 [16].

A complication specific to transvaginal access after hys-
terectomy for the aforementioned anatomic reasons is uri-
nary bladder injury, which cannot occur in NH patients. In 
the first large registry analysis of NOTES procedures, 4 uri-
nary bladder injuries (0.7%) were found in 547 transvaginal 
procedures, although it was not recorded how many patients 
had a previous hysterectomy [3]. Three of these had only 
been treated with an inserted bladder catheter. An updated 
analysis of the German NOTES Registry showed eleven 
bladder injuries in 2928 transvaginal accesses (0.4%), again 
with no indication of the proportion of PH patients [17]. In 
a review of the Swiss Association for Laparo- and Thoraco-
scopic Surgeons database, one urinary bladder injury was 
found in 454 transvaginal procedures (0.2%), necessitating 
an overstitch [18]. Thus, no real complication rate of uri-
nary bladder injury in PH patients can be reported. In our 
analysis, one case with such a complication was found in 286 
NC performed, i.e., in 0.3%. This is in alignment with the 
results from the literature. However, if we take the number 
of PH patients as the denominator, the complication rate in 
our study is 2%. It is interesting that this specific complica-
tion occurred with the first NC of a PH patient and not again 
afterwards. Also, the complication rate decreased over time 
in the German NOTES Registry from 0.7 to 0.4%, which 
could also be attributed to a possible learning curve in this 
regard. In particular, also because the rate of PH patients 
may have increased over time, since, as recommended by 
Zorron et al., a previous hysterectomy was initially seen 
as a contraindication for transvaginal access rather than in 
the further course. Thus, in the case of a stable correlation 
between hysterectomy performed and intraoperative urinary 
bladder injury, an increasing complication rate would be 
expected, but this is not present.

We did not distinguish between abdominal and vaginal 
hysterectomy because the relatively small group size did not 
allow for further subgroup analysis.

Another access-specific but hysterectomy-independent 
intraoperative complication documented in the 2015 German 

NOTES Registry was bowel injury in 0.2% (five of 2625 
cases). This complication did not occur in our hospital or in 
the analysis of the Swiss database. Overall, our intraopera-
tive complication rate was 2% in the PH group, 0.8% in the 
NH group, and 1.1% in the entire collective. The intraopera-
tive complication rate was 1.6% in the German registry and 
0.7% in the Swiss database, both without stratification by 
hysterectomy.

In our patient collective, 14 postoperative complica-
tions (8.0%) were found, two of which were access-specific 
(1.1%). Both cases involved vaginal rebleeding, one of which 
was treated conservatively and one surgically. One occurred 
in a PH patient and the other in a NH patient. This complica-
tion was detected in 0.2% of patients in the analysis of the 
Swiss database and in 0.3% in the German NOTES Registry. 
Of the eight vaginal rebleeds in the German NOTES Regis-
try, 75% could be treated conservatively.

Our analysis evaluates for the first time intraoperative and 
postoperative parameters after NC in relation to a previous 
hysterectomy and reveals a significantly longer operative 
time and a significantly more frequent use of additional 
transcutaneous auxiliary trocars after hysterectomy. This can 
most likely be interpreted as a reflection of the increased 
difficulty of transvaginal access in this patient group. The 
complication rate was not increased; however, evaluation of 
the complication rate is limited because of the small num-
ber of cases. We identified one complication occurring only 
after hysterectomy; it was a urinary bladder injury, which 
healed with appropriate treatment and did not cause perma-
nent damage.

In our experience, we recommend that transvaginal access 
in PH patients should be only performed under direct lapa-
roscopic view of the vaginal stump and, if necessary, after 
appropriate adhesiolysis to avoid urine bladder injuries. The 
access should be made as far dorsal as possible, but respect-
ing the rectum. It should also be noted that the resistance 
of the vaginal stump is often significantly greater than the 
resistance of the posterior vaginal vault in NH patients. In 
the case of sudden loss of resistance, care must then be taken 
to avoid inadvertent injury to the rectum or small intestine 
with the trocar mandrel or trocar.

The major weakness of our study is the insufficient num-
ber of cases for a robust significance analysis of intraopera-
tive and postoperative complications. Here, a multicenter 
evaluation is necessary but has not been possible so far 
because of the lack of survey data on hysterectomy status in 
the national and international databases. The second weak-
ness is the different age distribution in the two compari-
son groups due to the performance of hysterectomy at an 
advanced age. However, there is no evidence that patient 
age is an independent influencing parameter on operative 
time and need for additional percutaneous trocars. Here, 
a different study design such as matched-pair analysis or 
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multivariate analysis would help, but both would require 
much larger comparison groups.

Conclusion

We compared the length of procedure, number of percutane-
ous trocars, intraoperative and postoperative complication 
rates, and hospital length of stay after NC between patients 
after hysterectomy with those without prior hysterectomy. 
We interpret the significantly prolonged length of procedure 
and significantly increased number of percutaneous trocars 
as a sign of the higher complexity of the procedure in PH 
patients, but the non-increased intraoperative and postopera-
tive complication rate and especially the non-significantly 
different postoperative hospital length of stay speak to the 
feasibility of the procedure in this patient group. However, 
urinary bladder injury should be mentioned as a specific 
complication in post-hysterectomy patients. Therefore, the 
procedure in PH patients should only be performed in cent-
ers with sufficient experience.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00423- 021- 02401-8.

Acknowledgements The authors thank Emma Banchoff, Ann Arbor, 
Michigan, USA, for proofreading. The authors thank Prof. Dr. Rolf 
Lefering of the Institute for Research in Operative Medicine, Witten/
Herdecke University, Cologne, Germany, for assistance with the sta-
tistical analysis of this study.

Author’s contributions Dirk Rolf Bulian, Axel Sauerwald, and Pana-
giotis Thomaidis conceived the idea and designed this study. Dirk 
Rolf Bulian and Sissy-A. Schulz acquired the data. Dirk Rolf Bulian, 
Panagiotis Thomaidis, and Dana Catrina Richards did the statistical 
analysis and drafted the manuscript. Claudia Simone Seefeldt, Niklas 
J. Weltermann, Claus F. Eisenberger, and Markus Maria Heiss contrib-
uted to the data interpretation and critically revised the manuscript. All 
authors have seen and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Data availability The authors confirm that the data supporting the find-
ings of this study are available within the article.

Code availability Not applicable.

Declarations 

Ethics approval The study protocol was approved by our Institutional 
Review Board and concerns the guidelines of the responsible gov-
ernmental agency. Due to the retrospective design of this analysis, 
additional approval by a Research Ethics Committee was not required 
according to our Institutional Review Board. Written and informed 
consent regarding the performed procedures as well as potential future 
analyses of their data was obtained from all patients.

Consent to participate Written and informed consent regarding the 
performed procedures as well as potential future analyses of their data 
was obtained from all patients.

Consent for publication Not applicable/see above.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Yang E, Nie D, Li Z (2019) Comparison of major clinical 
outcomes between transvaginal notes and traditional lapa-
roscopic surgery: a systematic review and meta-analysis. J 
Surg Res 244:278–290. https:// doi. org/ 10. 1016/j. jss. 2019. 
06. 012

 2. Zornig C, Emmermann A, von Waldenfels HA, Mofid H (2007) 
Laparoscopic cholecystectomy without visible scar: com-
bined transvaginal and transumbilical approach. Endoscopy 
39(10):913–915

 3. Lehmann KS, Ritz JP, Wibmer A, Gellert K, Zornig C, Burghardt 
J, Busing M, Runkel N, Kohlhaw K, Albrecht R, Kirchner TG, 
Arlt G, Mall JW, Butters M, Bulian DR, Bretschneider J, Holmer 
C, Buhr HJ (2010) The German registry for natural orifice trans-
lumenal endoscopic surgery: report of the first 551 patients. Ann 
Surg 252(2):263–270. https:// doi. org/ 10. 1097/ SLA. 0b013 e3181 
e6240f

 4. Vanhooren E, Baekelandt J (2021) Vaginal NOTES surgery 
in patients with prior hysterectomy: a first case series. Asian J 
EndoscSurg. https:// doi. org/ 10. 1111/ ases. 12940

 5. Lefering R (2014) Strategies for comparative analyses of registry 
data. Injury 45(Suppl 3):S83-88. https:// doi. org/ 10. 1016/j. injury. 
2014. 08. 023

 6. Bulian DR, Knuth J, Cerasani N, Sauerwald A, Lefering R, Heiss 
MM (2015) Transvaginal/transumbilical hybrid–NOTES–versus 
3-trocar needlescopic cholecystectomy: short-term results of a 
randomized clinical trial. Ann Surg 261(3):451–458. https:// doi. 
org/ 10. 1097/ SLA. 00000 00000 000218

 7. Dindo D, Demartines N, Clavien PA (2004) Classification 
of surgical complications: a new proposal with evaluation in 
a cohort of 6336 patients and results of a survey. Ann Surg 
240(2):205–213

 8. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA (2013) 
The comprehensive complication index: a novel continuous scale 
to measure surgical morbidity. Ann Surg 258(1):1–7. https:// doi. 
org/ 10. 1097/ SLA. 0b013 e3182 96c732

 9. Ott D (1901) VentroscopiaZhurnal Akusherstva I Zhenskikh 
Boleznel. 15:1045-1049

661Langenbeck's Archives of Surgery (2022) 407:655–662

https://doi.org/10.1007/s00423-021-02401-8
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jss.2019.06.012
https://doi.org/10.1016/j.jss.2019.06.012
https://doi.org/10.1097/SLA.0b013e3181e6240f
https://doi.org/10.1097/SLA.0b013e3181e6240f
https://doi.org/10.1111/ases.12940
https://doi.org/10.1016/j.injury.2014.08.023
https://doi.org/10.1016/j.injury.2014.08.023
https://doi.org/10.1097/SLA.0000000000000218
https://doi.org/10.1097/SLA.0000000000000218
https://doi.org/10.1097/SLA.0b013e318296c732
https://doi.org/10.1097/SLA.0b013e318296c732


1 3

 10. Delvaux G, Devroey P, De Waele B, Willems G (1993) Transvagi-
nal removal of gallbladders with large stones after laparoscopic 
cholecystectomy. Surg Laparosc Endosc 3(4):307–309

 11. Zornig C, Emmermann A, von Waldenfels HA, Felixmuller C 
(1994) [Colpotomy for specimen removal in laparoscopic sur-
gery]. Der Chirurg; Zeitschrift fur alle Gebiete der operativen 
Medizen 65 (10):883–885

 12. Emmermann A, Zornig C, Peiper M, Weh HJ, Broelsch CE (1995) 
Laparoscopic splenectomy. Technique and results in a series of 27 
cases. Surg Endosc 9 (8):924–927

 13. Tsin DA, Sequeria RJ, Giannikas G (2003) Culdolaparoscopic 
cholecystectomy during vaginal hysterectomy. J Soc Laparoen-
dosc Surg 7(2):171–172

 14. Andan C, Aksin S (2020) Culdotomy in laparoscopic myomec-
tomy and its limits. Eur J Obstet Gynecol Reprod Biol 247:49–54. 
https:// doi. org/ 10. 1016/j. ejogrb. 2020. 01. 032

 15. Zorron R, Palanivelu C, Galvao Neto MP, Ramos A, Salinas G, 
Burghardt J, DeCarli L, Henrique Sousa L, Forgione A, Pugliese 
R, Branco AJ, Balashanmugan TS, Boza C, Corcione F, D'Avila 
Avila F, Arturo Gomez N, Galvao Ribeiro PA, Martins S, Filguei-
ras M, Gellert K, Wood Branco A, Kondo W, Inacio Sanseverino 
J, de Sousa JA, Saavedra L, Ramirez E, Campos J, Sivakumar K, 
Rajan PS, Jategaonkar PA, Ranagrajan M, Parthasarathi R, Sen-
thilnathan P, Prasad M, Cuccurullo D, Muller V (2010) Interna-
tional multicenter trial on clinical natural orifice surgery--NOTES 

IMTN study: preliminary results of 362 patients. Surg Innov 17 
(2):142–158. 17/2/142 [pii] 1177/1553350610370968

 16. Zornig C, Mofid H, Emmermann A, Alm M, von Waldenfels 
HA, Felixmuller C (2008) Scarless cholecystectomy with com-
bined transvaginal and transumbilical approach in a series of 20 
patients. Surg Endosc 22(6):1427–1429. https:// doi. org/ 10. 1007/ 
s00464- 008- 9891-2

 17. Lehmann KS, Zornig C, Arlt G, Butters M, Bulian DR, Manger R, 
Burghardt J, Runkel N, Purschel A, Koninger J, Buhr HJ (2015) 
[Natural orifice transluminal endoscopic surgery in Germany: 
Data from the German NOTES registry]. Der Chirurg; Zeitschrift 
fur alle Gebiete der operativen Medizen 86 (6):577–586. https:// 
doi. org/ 10. 1007/ s00104- 014- 2808-9

 18. Steinemann DC, Zerz A, Adamina M, Brunner W, Keerl A, Nocito 
A, Scheiwiller A, Spalinger R, Vorburger SA, Lamm SH (2017) 
Single-incision and natural orifice translumenal endoscopic sur-
gery in Switzerland. World J Surg 41(2):449–456. https:// doi. org/ 
10. 1007/ s00268- 016- 3723-7

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

662 Langenbeck's Archives of Surgery (2022) 407:655–662

https://doi.org/10.1016/j.ejogrb.2020.01.032
https://doi.org/10.1007/s00464-008-9891-2
https://doi.org/10.1007/s00464-008-9891-2
https://doi.org/10.1007/s00104-014-2808-9
https://doi.org/10.1007/s00104-014-2808-9
https://doi.org/10.1007/s00268-016-3723-7
https://doi.org/10.1007/s00268-016-3723-7

	Does a prior hysterectomy complicate transvaginaltransumbilical hybrid NOTES cholecystectomy?—a comparative analysis of prospectively collected data
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patients
	Surgical technique
	Gynecological involvement
	Outcome parameter
	Statistics

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


