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ABSTRACT
Background: The use of surgical robots in minimally invasive visceral surgery is increasing, with new platforms like the Dexter
Robotic System. This study evaluated the implementation of Dexter in a general visceral surgery department, focusing on safety,
performance, and surgeon stress in elective cholecystectomy.
Materials and Methods: Three surgeons with varying laparoscopic and robotic experience performed robotic cholecystec-
tomies with Dexter between December 2022 and June 2024. Perioperative outcomes and safety data were collected until 30 days
post‐surgery. Surgeons' stress load and physical discomfort were assessed using validated questionnaires (SMEQ, STAI,
and LED).
Results: Fifty‐nine patients underwent elective gallbladder removal. Median age was 52 years (range 27–85) and BMI 26.3 kg/
m2 (range 18.3–41.2). All surgeries were completed robotically without conversion to open surgery. There were no intra-
operative complications or device deficiencies. Two cases were converted to laparoscopy due to patient anatomy and a liver
tumor discovery. One postoperative complication (Clavien–Dindo grade 3A) involved choledocholithiasis requiring ERCP.
Median total operating time, docking time, and console use time were 60 min (IQR 50–78), 5 min (IQR 4–7), and 23 min (IQR
19–34), respectively. Operative times revealed a fast‐learning experience, stabilizing after 10–15 cases. Surgeons reported high
comfort (LED Median 3, IQR 0–6) and low stress (SMEQ median 10, IQR 10–26.25).
Conclusion: The Dexter system was safely implemented in clinical practice, with efficient learning curve and low perceived
stress, even for surgeons without prior robotic experience. Further studies are needed to determine whether Dexter offers
advantages over conventional techniques.

1 | Introduction

Over the past few decades, minimally invasive techniques have
become standard for many surgical procedures, offering benefits
such as less postoperative pain, reduced blood loss, smaller in-
cisions, and fewer complications [1, 2]. Robotic‐assisted surgery,

now established in many specialties, provides advantages like
wristed instrument mobility, improved ergonomics, tremor
reduction, and a stable magnified visual field. The first robotic‐
assisted cholecystectomy (RAC) was performed in 1997 [3] and
has since been widely adopted [4–6]. Cholecystectomy is often
used as a training operation to familiarize surgeons with robotic
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platforms and prepare them for more complex procedures [7–9].
Surgeons reported increased comfort and reduced physical and
mental stress during RAC compared to laparoscopic cholecys-
tectomy (LC) [10, 11].

Barriers to broader robotic adoption include high costs and the
steep learning curve of implementing a robotic program [9, 12,
13]. The RAC learning curve previously reported ranged be-
tween 16 and 32 cases [14]. Robotic surgery also requires
dedicated operating rooms (ORs), posing logistical challenges,
and workflow inefficiencies due to OR size [15]. Additionally,
robotic technology introduced demands on staff, disrupted
communication due to the reduced ability to maintain visual
contact with the full operative field, and increased technical
failures [16]. Recently, new multiport robotic surgical systems
have increased accessibility and ease of integration into various
OR configurations [17]. The Dexter robotic system is an inno-
vative platform with a sterile surgeon's console, two robotic
instrument arms, and a robotic endoscope arm. Its compact
design allows easy transfer between ORs and integration with
existing equipment, enabling quick patient access and seamless
switches between laparoscopic and robotic modality. These
features make Dexter suitable for teaching programs.

This study evaluated the safety, feasibility, and initial perfor-
mance of Dexter in cholecystectomy during the learning phase
and analyzed its impact on surgeon stress and ergonomics using
standardized questionnaires (SMEQ, STAI, and LED) [18–20].

2 | Material and Methods

2.1 | Study Design and Methods

We prospectively collected data from the first 59 patients who
underwent RAC with Dexter between December 2022 and June
2024 at Cantonal Hospital Winterthur, Switzerland. Adult pa-
tients scheduled for elective LC were included, and informed
consent was obtained. The study was approved by the Swiss
Ethics Committee (BASEC‐Number 2022‐02169). Three sur-
geons with varying laparoscopic and robotic experience per-
formed the procedures: two board‐certified surgeons (Surgeon 1
and Surgeon 2) with 7 years of laparoscopic and no prior robotic
experience and one (Surgeon 3) with 15 years of robotic
experience.

2.2 | The Dexter Robotic System

Dexter (Distalmotion, Lausanne, Switzerland) features two ro-
botic arms, a camera arm, and a surgeon console. Dexter is an
open system, meaning it is compatible with a range of standard
OR equipment, including visual imaging systems, electrosur-
gical units, and commonly used laparoscopic instruments such
as trocars, staplers, and advanced energy devices, enabling
seamless integration into existing surgical workflows. In our
case, we used the existing OR equipment including the TIP-
CAM1 Rubina 30° 3D endoscopic system (Karl Storz, Tut-
tlingen, Germany) and the Erbe VIO3 electrosurgical system
(Erbe, Tübingen, Germany). Docking is facilitated by incision

pointers that align the robotic arms with the trocars. The robotic
arms can be folded in a laparoscopic (LAP) position when
increased access to the surgical field is needed. When the arms
are repositioned into a robotic mode, re‐docking is unnecessary,
allowing for a transition that takes only a few seconds. The
current portfolio of single‐use instruments includes a needle
holder, Johann grasper, Maryland bipolar dissector, monopolar
scissors, and monopolar hook. The system provides seven de-
grees of freedom and a wristed angulation of 75°. The in-
struments are fully compatible with all 10–12 mm trocars and
select 8 mm trocars.

2.3 | Robotic‐Assisted Cholecystectomy

Patients were positioned in the supine position with a 15°–20°
Trendelenburg tilt, with legs abducted, and the right arm
abducted. The positioning was similar to that used for LC, and
the trocar placement followed the laparoscopic approach. An
11‐mm camera port was placed at the umbilicus using the
Hasson open technique. Subsequently, two 11 mm trocars for
the robotic arms were positioned in the left and right upper
abdomen, 14 cm apart. An additional 5‐mm trocar for the as-
sistant port was placed between the umbilicus and the trocar in
the left upper abdomen (Figure 1). The docking maneuver was
completed, and the robotic system was engaged. The perito-
neum over the gallbladder was opened using robotic in-
struments, exposing the cystic duct and artery. These structures
were clipped laparoscopically with Hem‐o‐lok clips (Teleflex
Medical, Morrisville, NC, USA) and transected using the same
instrument used in LC at our center. The gallbladder was then

FIGURE 1 | Trocars placement for the cholecystectomy with the
Dexter robotic system. R1 and R2 are the right and left robotic trocars
arms (11 mm); C is the camera trocar (11 mm) and A is the 5‐mm
assistant trocar. [Colour figure can be viewed at wileyonlinelibrary.com]
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robotically detached from the liver bed utilizing a Johann
grasper and a monopolar hook. At our institution, an assistant
aided in stabilizing the gallbladder with a laparoscopic grasper
through the assistant trocar. The specimen was extracted with a
retriever bag through the umbilical incision. The trocars were
removed under direct visualization and the 11 mm fascia was
sutured with the help of the Endo Close system (Medtronic,
Minneapolis, Mn, USA), using an absorbable suture. The fascia
at the umbilical incision was closed with Vicryl (Ethicon Inc,
Raritan, Nj, USA).

2.4 | Data Collection

Demographic data included age of the patient, BMI, ASA score,
and indication for the elective cholecystectomy. Perioperative
data included total operative time, docking time, console time,
intraoperative details, and postoperative complications up to the
first follow‐up visit at 30 days. All patients were invited to a
standard clinical outpatient follow‐up visit after 30 days; if not
possible, telephone consultation was performed.

Docking time was measured from pushing the patient cart to-
ward the operating table until the surgeon was seated at the
console. Console time was measured from the first activation of
robotic instruments until the surgeon left the console to com-
plete the operation.

The Subjective Mental Effort Questionnaire (SMEQ) is a
cognitive workload questionnaire used to measure the perceived
mental effort required to perform a task [21]. It consists of a
single item where respondents rate their mental efforts on a
scale from 0 to 150 points. Nine scale anchors with verbal
statements ranging from “no effort at all” to “exceptional
amount of effort” are displayed in the SMEQ diagram. Physical
discomfort was assessed with the local experience discomfort
scale (LED), which allowed surgeons to express their physical
discomfort during the surgery. On a scale of 0–10 points, the
participants identify their physical discomfort at the neck,
trunk, and upper extremities. The total LED score may range
from 0 (minimum) to 140 (maximum). For both scales used, a
higher score indicates greater mental or physical effort. Figures
illustrating the SMEQ and LED questionnaires are described in
the studies of van der Schatte Olivier et al. [18] and Grochola
et al. [20]. The short, six‐item State‐Trait Anxiety Inventory
(STAI) scale was chosen as it is well validated [22, 23]. Each
STAI item is scored on a 1–4 likert scale (1, not at all… 4, very
much). Total STAI scores range between 6 (minimum) and 24
(maximum), with higher score indicating increased psycholog-
ical stress. The SMEQ, STAI, and LED questionnaires were
completed by the surgeons immediately after each surgery.

2.5 | Statistical Analysis

Descriptive statistics were used and data were presented as
median and interquartile range (IQR). Minitab statistical soft-
ware was used for statistical evaluation. Significant differences
were tested using the Kruskal–Wallis test, with p ≤ 0.05 indi-
cating statistical significance.

3 | Results

Fifty‐nine cholecystectomies were performed between
December 2022 and June 2024. The patients' baseline charac-
teristics are shown in Table 1. During the implementation, only
elective surgeries were performed robotically with Dexter. All
procedures were successfully completed without intra-
procedural complications, conversion to open surgery, or major
technical failures (Table 2). No additional trocar sites beyond
those ones mentioned above were required. In two cases, sur-
gery had to be completed laparoscopically. In one case, a robotic
arm collision occurred due to the patient's anatomy, and the
inflamed gallbladder was inaccessible robotically. In the second
case, a liver tumor was discovered, and the young surgeon was
advised to complete the procedure laparoscopically.

The median skin‐to‐skin operative time was 60 min (IQR 50–
78), including a median trocar placement time of 9 min, docking
time of 5 min, and console use time of 23 min (IQR 19–34). The
median length of stay was 2 days (min, max 2–4).

Postoperatively, five complications occurred during the 30‐day
follow‐up period, four of which were minor (C‐D Grade 1),
including surgical site infection and postoperative stone pas-
sage. One serious complication (C‐D Grade 3A) involved a
choledocholithiasis, requiring ERCP to locate and remove bile
duct stones.

Operating performance by individual surgeons is presented in
Table 3. Comparison of total procedure time, docking time, and
console time among the three surgeons showed no significant
difference. The progression of operative time, docking, and
console time per surgeon is shown in Figure 2. After the first 10
cases, both operative and console times improved, with sur-
geons without prior robotic experience (Surgeons 1 and 2)
performing similarly to the experienced robotic surgeon (Sur-
geon 3). The initial learning curve for docking Dexter was steep
and rapid. After fewer than 10 cases, all surgeons achieved
similar proficiency, and performance plateaued (Figure 2).

TABLE 1 | Patients baseline characteristics.

Characteristics N = 59
Age (years), median (min–Max) 52 (27–85)

BMI (kg/m2), median (min–max) 26.3 (18.3–41.2)

ASA status, n (%)

ASA I 5 (8%)

ASA II 44 (75%)

ASA III 10 (17%)

Indication for surgery, n (%)

Cholecystolithiasis 47 (80%)

Cholecystitis (acute/chronic) 6 (10%)

Choledocholithiasis 1 (2%)

Biliary pancreatitis 3 (5%)

Gallbladder polyps 2 (3%)
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Surgeon 2 faced unexpected challenges during the learning
curve. In one patient, a liver tumor discovery prolonged surgical
time to ensure adequate care. Junior laparoscopic surgeons
encountered bleeding control challenges in two cases involving
the cystic artery. In these inflammatory cases, more delicate
Calot's dissection and hemostasis were performed laparoscopi-
cally. The flexibility of Dexter allowed rapid conversion to lap-
aroscopy, enabling the surgeries to be completed safely.

The SMEQ questionnaire indicated a low median physical and
mental effort (10 points, IQR 10–26.25), with a moderate cor-
relation between the total surgical time and SMEQ values
(r = 0.574). The stress and anxiety levels, as reported on the
STAI questionnaire, were low and comparable among the three
surgeons, with a median STAI score of 15 (IQR 13–15), inde-
pendent of the surgical time (Table 3). The LED scale revealed
differences in perceived physical discomfort among the sur-
geons, but the overall median score was very low (3, IQR 0–6).

4 | Discussion

Cholecystectomy is one of the most common surgeries per-
formed worldwide and the advancements of robotic‐assisted
cholecystectomy have been well documented [6]. Despite criti-
cism of RAC for being costly with uncertain benefits to patients
[24], it is frequently used as a “level 1” procedure, particularly
for surgeons preparing for more complex robotic operations [4,
7]. Robotic cholecystectomy requires only entry‐level robotic
skills. Facilitating access to robotic platforms and accelerating

robotic skills training are critical priorities for training the next
generation of surgeons and are top concerns for teaching hos-
pitals. However, limited access to a robotic platform for general
surgeons remains a significant challenge, hindering broader
accessibility. A recent review highlighted potential safety risks
when training on cholecystectomy using conventional robotic
platforms [24]. Newer, more accessible platforms, such as
Dexter, may increase access to robotic‐assisted surgery for a
broader range of surgeons while facilitating the safe acquisition
of robotic surgery skills. Dexter is an innovative, simple, and
highly accessible system that can easily be moved between
different ORs. Dexter integrates into the existing laparoscopic
workflow; in particular, the trocar configuration used with
Dexter closely mirrors a traditional laparoscopic setup. The
surgeon remains sterile at the open, draped console, and the
robot arms may be folded into a LAP position, providing instant
access to the surgical area within seconds. Once the laparo-
scopic surgical step is completed, the robot arm can be reposi-
tioned into a robotic mode without the need to re‐docking. This
facilitates a smooth transition to conventional laparoscopy if
needed for specific steps of the surgery [25]. These advantages
make Dexter particularly well‐suited for integrating robotic
surgery training at an early stage of surgical training.

In this study, we describe our initial experience with adopting
Dexter in our general surgery department, focusing on the
outcomes of the first robotic‐assisted cholecystectomies per-
formed using Dexter. Three surgeons with varying backgrounds
and experience in robotic and laparoscopic surgery participated
in the study. Our results demonstrate that all surgeons quickly
mastered the Dexter system and performed all procedures
safely. The learning curves of the surgeons, particularly during
docking and console use, revealed that performance converged
after 10 cases, indicating a rapid acquisition of robotic skills
using Dexter. Previous studies on other multiport robotic plat-
forms have similarly reported rapid learning experiences for
robotic‐assisted cholecystectomy, even among surgeons with no
prior robotic experience. Oner et al. found that surgeons could
achieve proficiency in RAC within 7 to 15 cases, depending on
their prior laparoscopic experience [26]. Sasaki et al. [27] also
demonstrated that even surgeons without prior robotic training
could quickly adapt to a new platform, achieving significant
reductions in operative time and complication rates after min-
imal cases. The operative times observed in our study were
comparable to, and in some instance shorter than, those re-
ported for other multiport and modular robotic systems [27–29].

TABLE 2 | Safety variables.

Parameter Value
Conversion to open, n (%) 0 (0)

Intraoperative complications, n (%) 0 (0)

Adverse event types, n (%)

Grade 1 4 (6.8%)

Grade 2 0

Grade 3A 1 (1.7%)

Grade 3B 0

Postoperative ERCP, n (%) 1 (1.7%)

Length of hospital stay (days), median (min, max) 2 (2–4)

TABLE 3 | Operative results and surgeon questionnaires results per surgeon.

Surgeon 1 (n = 21) Surgeon 2 (n = 20) Surgeon 3 (n = 18) p valuea

Total procedure time (min) 53 (48–79) 59 (49–77) 63 (55–73) NS

Trocar placement time (min) 9 (6–10) 9.5 (7.2–13.7) 9.5 (6.7–11) NS

Docking time (min) 6 (4–9) 4 (4–6.7) 6 (3.7–8.2) NS

Console time (min) 22 (19.5–36) 23.5 (16–34) 25.5 (20–33.2) NS

SMEQ questionnaire 15 (10–25) 15 (10–38.7) 10 (0–25) NS

STAI questionnaire 15 (14.8–15) 14.5 (13–15.7) 15 (13.2–15) NS

LED questionnaire 0 (0–1) 7 (6–8.7) 0 (0–4) p = 0.000
Note: Data as median and IQR (25th–75th percentile).
aCalculated with the Kruskal–Wallis test.
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With Dexter, inexperienced robotic surgeons benefited from the
system's flexibility and sterile console option, which allowed a
quick switch to laparoscopic surgery if needed. For example, in
the event of bleeding from the cystic artery, surgeons could
switch to laparoscopic technique to manage the issue, as per
their prior training, and then return to the console to complete
the procedure. In this setup, our data showed very good safety
outcomes with only one serious postoperative complication
(Grade 3A): a postoperatively symptomatic choledocholithiasis

that required an ERCP. Previous studies suggested that retained
or de novo common bile duct stones may occur in 1.8% of
patients after laparoscopic cholecystectomy [30] and the
ERCP may be required up to 7.4% of patients undergoing
robotic cholecystectomy [24]. However, postoperative chol-
edocholithiasis is not directly linked to the specific cholecys-
tectomy technique; rather, it is a general potential complication.
The four Clavien–Dindo grade 1 complications were minor; they
were detected through close postoperative care and did not
delay the postoperative course.

Surgeons typically control the surgical environment through a
combination of mental and physical skills, in cooperation with
the OR colleagues and available equipment. However, the
physical, mental, or emotional strain can reduce an individual's
sense of control [18]. Studies have demonstrated that the heart
rate variability (HRT), as a measure of total and mental strain,
was significantly lower in surgeons performing robotic‐assisted
cholecystectomy compared to laparoscopic surgery [31]. These
findings suggest that robotic assistance leads to reduced physical
and mental strain. Using the NASA Task Load Index, a well‐
established tool for assessing mental workload, Stefanidis
et al. [32] found that while robotic‐assisted surgery generally
imposed lower physical demands compared to traditional lap-
aroscopy, mental workload could be comparable or even higher,
depending on the surgeon's experience and the complexity of
the procedure. Our SMEQ results indicated that the surgeons
experienced relatively low physical and mental effort, with
significant variability observed based on prior experience during
the early stage of the learning curve. Our STAI findings align
with existing research, which generally suggests that while RAS
is often associated with lower stress levels due to better control
and precision, the learning curve and high expectations asso-
ciated with robotic systems can still cause some anxiety for some
surgeons, particularly in the early stages of adoption [33].

The LED scale in this study showed a low overall discomfort.
However, the overall median LED score of 3 is slightly higher
than previously reported for robotic surgeries by Grochola et al.
and van der Schatte et al. [10, 18]. This could be due to different
factors such as the surgeon experience at the time of the study,
the innovative robotic system used, the duration of procedures,
or individual ergonomic setups [34]. Nonetheless, our findings
align with the broader literature, which indicates that robotic
surgery typically results in lower physical discomfort compared
to traditional laparoscopy, emphasizing the ergonomic benefits
of the robotic system even during the learning phase [35, 36].

This study has several limitations to consider. First, the relatively
small sample size limits the generalizability of our findings.
Establishing a robust CUSUM curve and determining the exact
number of cases required to reach proficiency would require a
larger cohort of patients per surgeon. Additionally, our study
focused on elective surgeries involving simpler cases, as more
complex procedures were likely handled by laparoscopic sur-
geons during this period. Furthermore, patients with potential
cancer identified during preoperative evaluations were excluded
from robotic surgery with Dexter during the learning phase,
potentially biasing our findings toward less challenging cases.
Surgeon feedback on using Dexter was collected through sub-
jective questionnaires, which, although validated, are inherently

FIGURE 2 | Scatterplot of the (A) operation time (skin‐to‐skin), (B)
docking time, and (C) console time of the first consecutive
cholecystectomy cases for each surgeon. The time is expressed in
minutes. The dotted line represents the logarithmic curve indicating
the evolution of the time. [Colour figure can be viewed at
wileyonlinelibrary.com]
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limited by their reliance on personal perception rather than
objective data. Another limitation is the lack of a comparative
group to serve as a baseline for assessing the surgeons' mental
stress, anxiety, or physical discomfort before surgery, limiting our
ability to fully interpret the impact of Dexter on surgeons.

Finally, our findings should be validated with larger sample
sizes and randomized controlled trials comparing laparoscopic
and robotic techniques to better highlight the strengths and
capabilities of the Dexter system.

In conclusion, the implementation of the robotic‐assisted sur-
gery with Dexter for simple procedures such as cholecystec-
tomies was safe, feasible, and was easily integrated into routine
surgical practice. The system's simplicity and flexibility provided
young surgeons with an opportunity to learn robotic surgery
techniques, ensuring patient safety and enabling them to
quickly perform at a level comparable to experienced robotic
surgeons. While the study provides valuable preliminary data,
further validation with larger samples and randomized trials is
needed to comprehensively evaluate the strengths and capabil-
ities of Dexter in more diverse surgical settings.
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