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Abstract
Background  Gastroesophageal reflux disease requiring an operative solution is common. Minimally invasive surgery to 
generate an anti-reflux barrier at the distal esophagus following the principle of the “floppy Nissen” technique has become 
the gold standard. Advanced robotic-assisted systems may deliver more consisted outcomes.
Methods  This registry study analyzed safety and efficacy of the Senhance® surgical system in the surgical treatment of reflux 
disease and procedural proficiency. Data from 237 consecutive patients operated in a single center were evaluated. Historic 
standard laparoscopies from the same center were analyzed to compare robotic surgery learning curve effects.
Results  Using the Senhance® Surgical System, during the first 50 patients there was a significant decrease in surgery time 
which was maintained over the duration of study, pointing to the surgical staff’s system-specific learning. After this phase, 
procedural times were comparable between the robotic-assisted and traditional laparoscopic surgery. The effect of learning 
was greater than for standard laparoscopy. For 237 patients, there were four conversions to laparoscopic surgery. Two serious 
adverse events were recorded, both cardiac in nature and not related to the use of the robot.
Conclusions  Robotic fundoplication was swiftly implemented in a non-university hospital with 65 surgical beds. The operat-
ing time was no longer than in standard laparoscopy, the procedure was more standardized than open or laparoscopic surgery 
and hospitalization times may have been sustainably shortened. The autonomy at the system’s digital platform (cockpit) to 
conduct robotic fundoplications is a big step forward in surgery.

Keywords  Surgical robotic system · Fundoplication · Gastroesophageal reflux disease

Robotic surgery in the upper gastrointestinal tract tradition-
ally has been performed with several robotic systems often 
in a university setting with one specific operating room (OR) 
team and one operating surgeon. Overall, OR time was found 
to increase and acquisition, running and maintenance costs 
were deemed expensive [1]. The aim of this study was to 

observe the implementation of a Senhance® Surgical Sys-
tem (Asensus Surgical, Durham, North Carolina, USA) with 
movable arms, reusable instruments, and haptic feedback. 
The study results were recorded from the European TRUST 
registry [2]. The study is still ongoing, and this paper sum-
marizes the findings of the analyses conducted for one high 
volume non-university center.

Minimally invasive surgery is causally linked to shorter 
hospital stays, less pain, and smaller incisions. Robotic plat-
forms have been developed which show high accuracy and 
precision, including elimination of tremor and more recently 
haptic feedback, meaning that there is kinesthetic commu-
nication between the surgeon and the maneuverable instru-
ments [3]. First experiences with robotic assisted surgery 
to perform fundoplication were collected in the late 1990s. 
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Overall, the outcome matches that of laparoscopic fundopli-
cation [4].

Reflux disease is clinically and endoscopically diagnosed, 
then iteratively treated with proton pump inhibitors, weight 
loss, and dietary adaptations before setting an indication for 
fundoplication, when symptoms cannot be controlled with 
more than 6 months’ therapy with proton pump inhibitors 
or patients deny taking PPI’s over decades [5, 6]. Fundopli-
cation can be performed using different surgical methods 
which aim to reconstruct the esophageal sphincter. When 
open surgery and laparoscopic fundoplication according to 
Nissen were compared in a randomized clinical trial with 
long-term follow-up, laparoscopic fundoplication was found 
to be more successful in terms of fewer incisional hernias 
and fewer defective fundal wraps [7]. In conventional lapa-
roscopy, close cooperation between the operating surgeon 
and the supporting surgeon maneuvering the camera is 
required. Trocar angulation can be straining for the support-
ing surgeon [8] and the assistant’s training level can have an 
impact on the procedural time [9].

The Senhance® Surgical System (Senhance® System) 
was developed with the laparoscopic surgeon in mind. 
Whilst the surgeon is seated at an ergonomic working plat-
form (so-called cockpit), the assistant places the manipulator 
arms with trocars, and the surgeon directs the movements of 
the arms and instruments and remotely controls their activity 
(such as grasping, dissecting, cutting, approximating, sutur-
ing with articulating instruments, so-called parameters of 
autonomy delegated to the robot, [10]). The surgeon uses 
a high-definition 3D monitor for visualization of the situs. 
Particularly the suturing of the fundal wrap is thought to 
benefit from the accuracy and precision afforded by robotic 
delivery [11]. These factors in less accessible anatomical 
locations can be improved with the aid of a camera that trails 
close-up views in 3D and can be independently coordinated 
by the eye movement of the surgeon at the console. The 
significance of good quality camera navigation has already 
been documented for conventional laparoscopic fundoplica-
tion [12]. The advantage of the robotic camera control is the 
ability to hold perfectly still for an optimal 3D vision as well 
as less cleaning of the camera compared to human camera 
control. A recent retrospective study showed a significant 
post-interventional increase in patient-perceived quality of 
life after treatment of their gastroesophageal reflux using 
robotic Nissen fundoplication [13].

Materials and methods

Study design

A multicenter registry study (TRUST Registry) across five 
European nations was conceived to record safety, efficacy, 

and procedural proficiency of robotic assisted surgical inter-
vention using the Senhance® system for indications spe-
cific to the centers. The registry captures surgical procedural 
data including conversions, i.e., the change-over of robotic-
assisted laparoscopy to open laparoscopies, and data from a 
pre-discharge questionnaire. Adverse events were recorded 
for a total of 1 year after the procedure. The study is still 
ongoing, and this report summarizes findings of the analy-
sis conducted on 7 July 2022 for one high volume surgical 
center (Evangelisches Krankenhaus Wesel, Germany), which 
specializes in reflux disease and repair, and which had a 
large enough cohort to study the center’s surgical team’s 
learning curve.

Patients

Patients were selected for fundoplication when suffering 
from esophageal reflux as a non-responder to proton pump 
inhibitors, a large hiatal hernia (> 3 cm) in gastroscopy, 
or significant acid reflux measured by pH Metry without 
achalasia. Achalasia patients were diagnosed by high-reso-
lution manometry and sometimes barium swallow x-ray to 
determine the height of the stricture. Male and female adult 
patients with the indication for surgical intervention of gas-
troesophageal reflux disease who were surgically treated by 
robotic fundoplication with the support of the Senhance® 
system were consecutively included in the TRUST Registry 
study, beginning 17 July 2019.

Ethics and regulations

Ethical approval for the data collection under the TRUST 
registry study was obtained from the ethics committee of 
the initiating center (EC Ärztekammer Westfalen-Lippe 
and Westfälische Wilhelms-Universität) on 02 August 
2018, local secondary votes were obtained following legal 
requirements.

For prospective data collection, adult patients were 
enrolled after obtaining their informed consent, for retro-
spective data collection, patients gave their informed consent 
to handle their data after robotic surgery. The study followed 
ISO14155 and MDR for the use within its intended purpose 
of a CE marked medical device with regulatory approval 
in Europe, following the medical association’s professional 
code of conduct, and data protection regulation.

The study was published in the German Clinical Trials 
register (DRKS-ID: DRKS00013461) and on clinicaltri-
als.gov (NCT03385109). A safety advisory committee of 
experts and independent assessors assessed all adverse 
events (Fig. 1).
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Procedure

Standard local anesthesia for the creation of the port sites 
was injected. The Senhance® System was used according 
to the manufacturer’s specifications. The five trocars were 
positioned as in a standard laparoscopic fundoplication pro-
cedure (using 10 mm-and 5 mm-trocars) (Fig. 2). Use of 
5 mm articulating instruments has been documented in the 
test phase by our group as advantageous in this system [15]. 
The Martin arm was used as a liver retractor. The patient was 
positioned according to Fowler (15–18°) (Fig. 3).

Table height was adjusted according to body weight 
or abdominal size, and between 135 and 145 cm from the 
floor to the umbilicus. Prior to performing routine opera-
tions, three surgeons were trained for robotic surgery dur-
ing a three-day training program which included hands-
on training in the European Training Center of Asensus 

Fig. 1   a Regression analysis for all patients consecutively plotted, 
against surgery duration. b Box Whisker plots from data shown in 
Table  2. Patients were ordered consecutively, and surgery time was 

plotted. c Representation of surgery times plotted for consecutive 
patients extracted for individual surgeons (1, 2, 3)

Fig. 2   Typical port placement for fundoplication: a 10  mm and 
2-times 5 mm port for the Senhance® robotic arms and a 10 mm as 
well as a 5 mm port for liver retraction and assisting



8257Surgical Endoscopy (2023) 37:8254–8262	

1 3

Inc. in Milan, Italy [8]. Two of these three surgeons regu-
larly performed laparoscopy and fundoplication (Hansen, 
Menke). The OR was adapted for the Senhance® System 
and OR nurses were all trained with the system. To per-
form hiatoplasty and hemi-fundoplication, non-absorbable 
barbed suture gage 2–0 or non-absorbable polyester mul-
tifilament suture gage 2–0 was used. The intraabdomi-
nal pressure (during operative pneumoperitoneum) was 
standardized at 12 mmHg. Abdominal wall closure was 
performed with absorbable braided suture gage 3–0 and 
skin closure with monofilament nylon suture gage 4–0.

Endpoints

Adverse and serious adverse events were assessed by the 
operator and entered into the database and consecutively 
re-evaluated by the safety board led by Professor Willeke. 
Particularly, potentially robot related adverse events were 
evaluated (primary endpoint). Efficacy of Senhance® 
Surgical Robotic system supported procedures—based on 
indicators of procedural success, % conversion to stand-
ard laparoscopic surgery or open surgery and patient 
reported outcome for pain recorded using Visual Analog 
Scale (VAS)—was a secondary endpoint. The VAS was 
a ten-point scale, where 0 is no pain, 5 stands for moder-
ate and 10 means worst possible pain. Further secondary 

endpoints procedural times (cut-suture time, console time, 
docking time of the system) and hospitalization times were 
recorded and analyzed. General patient demographics 
were recorded and reported.

Historic data for standard laparoscopic 
fundoplication

Data was retrieved from the hospital’s registry for quality 
in care management recorded for the Society of Surgeons 
for all 167 patients undergoing laparoscopic fundoplication 
from 2016 to 2019 and anonymized. Perceived pain, pain 
medication, incision-to-suture times and hospital stay times 
were analyzed and expressed as means ± SD. Surgical learn-
ing time was analyzed for one surgeon and benchmarked 
against a senior surgeon.

Statistical analysis

Registry data were analyzed by descriptive statistics using 
the statistical software SAS® 9.4 (TS1M6 or later) for 
Microsoft Windows. Metric values are presented as mean 
and median; the measure of variation is given as standard 
variations and quartiles. All statistical tests were two-sided 
using a significance level (alpha) of 0.05. All confidence 
intervals were two-sided 95% confidence intervals. The 

Fig. 3   Real life situation of the connected intracorporal Senhance® system with 3 arms: the camera in the middle, the Johan Grasper in the left 
upper quadrant and the ultracision device on the right upper abdomen, as well as the surgeon at the cockpit
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statistical analyses were performed using SAS. For the anal-
ysis of surgery times across groups, the general linear model, 
GLM, procedure was used. For the dependent variable, the 
values the surgery time were replaced by ranks. The χ2 test 
was used for comparison of percentages.

Registry and historic data from the hospital’s safety reg-
istry was not quantitatively compared because there was no 
demographic information and criteria for discharge from 
surgical wards changed as of October 2017 [16].

Results

Cohort

At an average of 9.48 cases per month, 58.23% of all gas-
trointestinal laparoscopic procedures performed with the 
Senhance® robotic system at the study center were fundopli-
cations. In total, 237 cases were analyzed in July 2022, of 
them 221 first cases and 16 reoperations (6 male and 10 
female patients). There were more women than men in the 
cohort, and patients were mostly overweight (BMI > 25 kg/
m2). With regard to prior abdominal surgeries, 21.1% had 
had at least one open abdominal surgery, 36.7% had had at 
least one laparoscopic abdominal surgery; taken together, 

49.4% had had at least one abdominal surgery (Table 1). 
Most fundoplications (95.4%) were performed according 
to Lortat-Jacob [17]. Hiatoplasty was performed in 91.14% 
and was mostly dorsal. The indications were mostly reflux 
esophagitis and hiatal repair, large hernia, or gastroesopha-
geal reflux disease. Duration of stay for 234 patients was 
(average ± SD) 3.6 ± 1.7 days, with a range of 2–19 days. 
Local anesthesia for the creation of the port sites was admin-
istered in 99.6% of the patients.

Analysis of safety

Severe adverse events were only seen in 2 of the 237 patients 
and were cardiac in nature, with one case requiring emer-
gency cardiac stent implantation. With this, the safety pro-
file of the robotic fundoplication was good compared to the 
acute complications of laparoscopic fundoplication, because 
in robotic fundoplication we did not see esophageal per-
foration, bleeding or infection. To evaluate the prolonged 
complications of robotic fundoplication, our study includes a 
short follow-up time; a reoperation occurred in 4 out of 237 
patients because of persistent dysphagia due to adhesions 
with esophageal stenosis. In literature, persistent dysphagia 
due to fundoplication related stenosis without herniation 
may occur in 10% of cases [14], which means robotic fun-
doplication is at the lower end of prolonged complications in 
larger groups described for laparoscopic procedures.

Analysis of efficacy

In four patients, robotic fundoplication was converted into 
standard laparoscopic surgery. The conversion occurred 
within the first 25 cases for three patients and once more in 
the next 25 cases that were followed consecutively (Table 2). 
There were no conversions to open surgery. Postprocedural 
pain (one day after) was recorded using the pain visual 
analog scale. Analgesics were used mainly at WHO medi-
cation level 1 (43.83%). 40.85% required combination anal-
gesia levels 1 and 3 (Table 3). Pain at discharge was scored 
lower across a lower range compared to post procedurally 
(Table 4).

Technological‑logistical analysis

Three robotic arms were used. Typically, the camera trocar 
was inserted supra-umbilically, robotic arm one in the left 
lumbar region and robotic arm two in the right hypochon-
drial region (Figs. 2, 3).

Adverse effects related to the medical device were 
recorded as follows for the first 158 laparoscopies conducted 
with the Senhance® system: In one case, the console mal-
functioned and conversion to laparoscopic surgery ensued. 

Table 1   Demographics, relevant diagnoses, and comorbidities of the 
patient cohort

Demographics

Age (mean/SD) 57.7 ± 13.4 years
Sex (male: female) 37.6: 62.4%
BMI 27.5 ± 4.6 (kg/m2)
Smoking history 38%
Diagnoses
 GERD 89.9%
 Reflux esophagitis 90.72%
 Symptomatic hiatal hernia 91.98%
 Upside down stomach 9.7%

Prior abdominal surgeries
 Yes 49.4%
 Open/laparoscopic (multiple entries) 21.1%/36.7%

Comorbidities
 Diabetes mellitus 5.5%
 Hypertension/cardiovascular 38.8%/11.4%
 Respiratory, incl COPD 17.7%
 Renal function impaired 5.1%
 Hepatic 3.0%
 Sleep apnea 1.3%
 Depression 7.6%
 Osteoarthritis 4.2%
 Chronic pain 5.1%
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In another, there was trocar collision for anatomical reasons 
(hepatomegaly). There was camera malfunction in one case 
and other robotic malfunctions in five cases. No malfunc-
tioning was recorded for all ensuing cases (159 to 237). As 
a further device related observation, we saw limited motion 
of the robot-arms in only two cases. With readjustments of 
the positioning of the arms this could be solved.

The camera (with 3D function) was always positioned in 
the 10 mm-trocar. Mostly, the 30° optic was used, occasion-
ally the 0°. Passive, monopolar or bipolar instruments were 
used. Ultrasonic was used in 98.7% of cases. The monopo-
lar L-hook electrode (diameter 5 mm, 310 mm length) was 
used in 2.1% of cases and the articulating bipolar atraumatic 
grasper (diameter 5 mm, 310 mm length) in 0.4% of cases. 
In the category of passive instruments (5 mm diameter), 
the Johan grasper (length 310 mm) was used in 92.41%. A 
needle holder (left) (5 mm diameter, 310 mm length) was 
used in 97.47%. In 38.8% of cases, the sutures were fixated 
with clips and the rest was sutured. Surgery was performed 
by one of three expert surgeons but the other members of the 
OR team, including anesthetists, were random. The pool of 
assisting surgeons consisted of eight assistant surgeons and 
three console-trained surgeons. All participating surgeons 
received training according to manufacturer’s guidelines. 
Surgery, docking, and console times were recorded for all 
robotic assisted fundoplications.

Analysis of learning

Surgery times were plotted for all patients as they were con-
secutively entered in the database. Incision-to-suture time 
was 80.7 ± 28.5 min (mean ± SD). Docking time (i.e., cam-
era connected to the robot arm to start of console time) was 
5.4 ± 4.0 min and console time (i.e., robotic start to robotic 
end) was 46.9 ± 23.5 min (mean ± SD). Regression analysis 
showed a significant decline in surgery time for the con-
secutively treated patients (Fig. 1A). In fact, surgery time 

Table 2   Cohort of patients receiving robotic assisted fundoplications, stratified into consecutive subgroups

Mean ± SD

1–25 26–50 51–75 76–100 101–125 126–150 151–175 176–200 201–237

Date of 
ICF

15.5.2019–
20.2.2021

29.01.2021—
2.2.2021

29.12.2020–
12.4.2021

15.4.2021–
24.8. 2021

12.7.2021–
4.10.2021

4.10.2021–
23.8.2021

3.11. 
2021–
7.2.2022

20.12.2021–
28.3. 2022

13.03.2022–
20.6. 2022

Age (years) 60.6 ± 12.6 54.8 ± 12.3 57.5 ± 13.3 57.4 ± 12.3 57.9 ± 12.2 56.2 ± 14.5 58.0 ± 13.7 59.8 ± 14.6 57.1 ± 15.2
Sex, 

%male
28.0% 48.0% 48.0% 40.0% 48.0% 40% 28% 20% 37.8%

BMI (kg/
m2)

29.2 ± 4.6 27.9 ± 4.5 27.1 ± 4.5 26.7 ± 4.1 26.1 ± 4.1 26.8 ± 4.4 27 ± 3.9 27.5 ± 4.8 28.6 ± 5.8

Blood loss 
(ml)

5 ± 25 0 2 ± 6.5 3.6 ± 16 0 3.6 ± 11.5 0 0 0

Length 
of stay 
(days)

3.6 ± 0.9 3.8 ± 1.2 4.1 ± 2 2.6 ± 0.7 3.1 ± 1.2 3.6 ± 1.4 3.7 ± 1.4 4.4 ± 3.3 3.5 ± 1.2

Surgery 
time 
(minutes)

114.6 ± 33.7 96.8 ± 29.2 77.4 ± 17 73.5 ± 25 79.0 ± 24.5 71.2 ± 16.1 64.6 ± 17.9 71.0 ± 21.0 78.9 ± 31.6

Date of 
proce-
dure

17.7.2019–
14.5.2020

18.5.2020–
1.12.2020

2.12.2020–
21.4.2021

22.4.2021–
21.7.2021

22.7.2021–
18.10.2021

19.10.2021–
8.12.2021

8.12.2021–
8.2.2022

9.2.2022–
13.4.2022

20.4.2022–
29.6.2022

Table 3   Postoperatively prescribed analgesia (entire cohort)

WHO 
level 
(max)

WHO level 1 WHO level 2 WHO level 3 n %

1 x 103 43.83
2 x x 28 11.91
3 x 1 0.43
3 x x 96 40.85
3 x x x 7 2.98

Table 4   Patients’ perceived pain (assessed by visual analog scale)

IQR interquartile range

Day one after procedure At dis-
charge 
(variable)

Available data n = 207 n = 156
Mean ± SD 3.1 ± 2.2 1.5 ± 1.6
Median (IQR) 3 (2–4) 1 (0–2)



8260	 Surgical Endoscopy (2023) 37:8254–8262

1 3

shortened by 0.14 min per patient, implying learning. Next, 
patients were divided into groups of 25 (and a final group 
of 37) to analyze any time dependent change in delivery of 
the robotic fundoplications for subgroups (Table 2). After 
the first 25 patients, a reduction in surgery time was already 
observed. There was a significant reduction in surgery time 
after the first fifty patients, which was maintained through-
out (Fig. 1B). Individual performance for three lead surgeons 
is plotted in Fig. 1C. Of note, the procedures for patients 
1–50 were conducted over a time span of 17 months, the 
next group of 25 patients were treated over 4 months, then 
intervals shortened to three months and then to two months.

Next, we extracted anonymized data from historic laparo-
scopic fundoplications conducted in our center prior to the 
introduction of Senhance®.

Retrospective analysis of 167 patients undergoing lap-
aroscopic fundoplication from 2016 to 2019 showed that 
two conversions to open surgery were needed. Length of 
hospital stay time in this historic data set was much longer 
(6.4 ± 1 days (n = 165), compared with 3.6 ± 1.7 days (aver-
ages ± SD), see above). Pain was managed at WHO level 
1 in 98.4% of 167 cases; of these 88% required analgesia 
levels 1 and 2, 16.2% levels 1 and 3, while 13.8% received 
analgesics across all three levels. Overall, pain severity post-
operatively and at discharge was similarly scored in the his-
toric compared to the robotic surgeries: postoperatively (at 
one day) 2.94 ± 1.69 and at discharge 0.74 ± 1.13 using the 
VAS scale (n = 164, three missing data). Previously, level 
3 analgesics were preferentially given when levels 1 and 2 
were co-administered. For 2017 and 2018, operating times 
were extracted for a junior and teamed senior surgeon and 
analyzed. There was a decline in surgical time (incision-to-
suture) for the junior surgeon in 2018 (from 99.54 ± 22.9 
for n = 13 to 91.24 ± 24.9 min, for n = 34). The senior sur-
geon spent 77.9 ± 21.2 min on each case in 2017 (n = 13) 
and 88.7 ± 39.9 min in 2018 (n = 30), likely due to more 
re-do surgeries in that year. Overall incision-to-suture times 
for all 142 primary laparoscopies (excluding repairs) from 
2016 to 2019 for all six surgeons were 81.2 ± 28.4 min. 
This value is comparable to that recorded for the robotic 
assisted surgery time of the 237 patients reported in this 
study (80.7 ± 28.5 min, see above).

Discussion

This report is the center-specific extract of data collected 
as part of an ongoing large registry study [18]. The com-
pleteness of datasets benefitted from careful trial monitor-
ing of data entries. Gastroesophageal reflux disease, reflux 
esophagitis and symptomatic hiatal hernias, large hernias 
and intrathoracic stomach were indications for robotic 
assisted fundoplication that were recorded in the registry 

of one participating center using the Senhance® system. 
Robotic assisted surgery for gastroesophageal reflux was 
introduced against a backdrop of highly successful lapa-
roscopic surgeries [19], which were hailed an innovative 
advancement over open surgery that significantly reduced 
hospital stays, treatment costs, mortality, and morbidity [20]. 
In other indications of upper gastrointestinal surgery, robotic 
versus laparoscopic Heller myotomy was performed to treat 
achalasia (due to increased sphincter tonus) and was found 
in a retrospective study to be safer (avoidance of esopha-
geal perforations) but equally effective [21]. Robotic fun-
doplication has been used successfully to repair sliding as 
well as large paraesophageal hernias, which are inherently 
difficult to approach in minimally invasive surgery. In this 
study, learning curves were deemed important to increase 
the greater surgical dexterity afforded by the system [22]. 
Washington et al. demonstrated over a two-year period a 
decrease in operating time by the same surgeon performing 
robotic assisted hiatal hernia repair and moreover, avoidance 
of conversion to open surgery [23]. A randomized clinical 
trial of patients with reflux disease found that conversion to 
standard laparoscopy from robotic fundoplication was nec-
essary in one of 25 cases. Skin-to skin time was 78 ± 17.5 
(average ± SEM) with a range of 48–104 min [24]. In our 
cohort, four of 237 cases were performed laparoscopically 
when the Senhance® system experienced a technical prob-
lem, and this occurred only at the inception of use of the 
robotic system at our site.

Evidence of a significant learning effect was shown in our 
study when analyzing the surgery times of all consecutively 
treated patients. When querying the length of surgery over 
time for all fundoplications performed at the site, there was a 
significantly decreased duration, indicative of an increase in 
robot-associated surgical aptitude. An exchange of best prac-
tices within the robotic surgical team facilitates improved 
quality and reduced procedural times in robotic fundoplica-
tion. This exchange should involve the entire OR team to 
include surgeons, nurses, and anesthesiologists. The learn-
ing curve is related to the robotic-specific surgical skills, 
but the largest improvement was standardizing the position 
of the movable arms, the small number of instruments and 
instrument-changing, avoiding camera failure with cleaning 
as a consequence. The situation of the operating surgeon 
distanced from the patient at the console allows for an opti-
mized positioning of the patient on the operating table as 
opposed the classic beach chair position, in which the sur-
geon has to stand in between the patient’s legs. As these fac-
tors became standardized in the teams, the OR time became 
more stable, so that the anesthesiologists could calculate 
medication and OR time better with anesthetics given.

In other publications, the success of robotic fundoplica-
tions performed at one center was analyzed in a prospec-
tive study of 100 patients with complex histories of failed 
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procedures, large hiatal hernias, or possibly considerable 
postoperative adhesions. A decrease of surgery duration over 
time and greater inclusion of patients who had had previous 
abdominal surgeries was found when stratifying patients 
into consecutive groups over the entire study duration from 
January 2013 to September 2019 [25]. This again indicates 
an increase in user confidence of the robotic system and is 
in keeping with findings from our study that analyses reg-
istry data of a large group of patients treated at one center. 
Compared to our historic data on laparoscopic fundoplica-
tion, it suggests that technical advance and surgical agility 
combine to maintain a skin-to-skin time that shows an equal 
procedural time in both methods (overall means of 81.2 and 
80.7 min with comparable SDs), while hospital time can be 
further reduced (from a week to a few days). This might not 
only be a result of improved techniques and patient care, 
though, since a change in reimbursement policy during 
the study might have influenced hospitalization times [16]. 
Nevertheless, we do see a difference in in-hospital times 
after robotic assisted surgery, without a significant differ-
ence in pain score, pain medication, blood loss or complica-
tions. Therefore, we need larger studies to find a statistical 
significance.

Historic data were analyzed to obtain the extent of learn-
ing times in standard laparoscopies. They corroborate the 
impression that initial surgery times recorded for the first 25 
patients receiving procedures with the Senhance® system 
were indeed longer than usual, assuming that senior sur-
geons took the lead when introducing the system to the site.

The robotic generation of minimally invasive surgery 
overcomes restrictions of conventional laparoscopies [10, 
26]. Our data shows that duration of surgery time can be 
stably minimized after training and that the development 
of routine best practice by the entire team (contrasting with 
Samar et al. [27]) is essential. We note from our center an 
increase in Senhance® assisted fundoplication in which 
skillsets are maintained and produce shortened surgery times 
as the team expands.

Finally, it would be useful to measure among the surgical 
staff their appraisal of physical and psychological strains 
experienced in laparoscopic versus robotic surgery. This 
aspect was instrumental for the design of the Senhance® 
system but its subjective impact on practitioners’ skills to 
perform minimal invasive surgery has not yet been evaluated 
as part of a study. Scores to do so exist [28]. A future, prag-
matic, study with longer follow-up, could provide evidence 
on the factors to decide in favor of using the Senhance® sys-
tem and the frequency of hiatal repairs for our center. In con-
clusion, our registry study of real-world data collected at one 
high-throughput center from patients with reflux disease, for 
which there was a clinical need for surgery, showed safety, 
efficacy and procedural proficiency of robotic fundoplica-
tion. Moreover, we could demonstrate a learning associated 

improvement of surgical skills using the Senhance® system, 
as evidenced by a significant reduction of surgery time. The 
long-term outcome of our cohort of patients will be sub-
ject to further analyses. From other studies, there are early 
indications of competitive long-term efficacy of robotic fun-
doplications in comparison with conventional laparoscopic 
fundoplication [29].
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