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Background: Robot-assisted surgery has made a significant entry into surgical practice within Germany,
including thoracic surgery. As no published data exists regarding robotic-assisted thoracic surgery (RATS),
we conducted a survey to investigate its current status.

Methods: We performed a nationwide survey of all centers active in RATS, using a standardized
questionnaire. The annual number of operations, mean duration of surgery, docking time, length of hospital
stay(s), conversions, chest tube duration, the RATS program start date, robot system used, operating room
capacity, and staplers and instruments used were recorded.

Results: Of the 22 centers contacted, 14 responded. In total, 786 RATS interventions were recorded.
Most were anatomical lung resections, comprising 372 (bi-) lobectomies and 80 segmentectomies. During
the study period, eight bronchoplastic procedures were performed robotically. There were 93 wedge lung
resections, 148 thymectomies, 26 sympathectomies, and 59 other RATS procedures, and a single-center
series of around 1,000 RATS thymectomies (excluded from statistical analysis). The average incision-
suture time of the RAT'S lobectomy was 245 (range, 80-419) minutes, average residence time seven days.
The conversion rate was 6.7% across all interventions, with significant inter-intervention differences. All
surveyed centers plan to further expand RATS, with OR capacity being a frequent impediment. Five RATS
interventions were performed in Germany in 2013, versus 320 in 2018.

Conclusions: Overall, RATS is becoming more established in everyday clinical practice in Germany.
The number of operations, active centers, and trained RATS surgeons has increased steadily since 2013.
A German-speaking operation course for entry into RATS already exists. Even extended resections can be

carried out safely, and RAT'S has become standard procedure in some centers.
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Introduction

The use of robotic-assisted surgery in routine clinical
practice is becoming established in many surgical fields,
including urology, visceral surgery, gynecology, and
even thoracic surgery. The first description of a video-
assisted thoracoscopic surgery (VATS) lobectomy with
anatomical hilar dissection for cancer was published in
1992 (1), followed by the first reported series of robotic
thoracoscopic surgery in 2002 (2). Currently, the da Vinci®
Surgical System (Intuitive, Sunnyvale, CA, USA) is the
only system available for thoracic surgery on the German
market. The da Vinci Si® system has been available since
2009, and in 2015 the new generation da Vinci Xi® was
introduced. Although there are multiple published case
series of successful RATS procedures, there is still a lack
of high-level evidence showing advantages of RATS
compared to VATS. Nevertheless, there are several
reasons why surgeons might initiate a RATS program (3).
For example, it may be possible to improve the patient’s
perioperative outcomes. Furthermore, the learning curve
of robotic procedures is reported to be shorter compared
to other minimally-invasive approaches (4,5); therefore, the
transition from conventional surgery to RATS without the
prior implementation of VATS may be easier. In addition,
it may be presumed that the precision of the robotic
system will be higher, especially with regard to mediastinal
lymphadenectomy.

There is no existing data on the current status of
RATS in Germany. In contrast, a nationwide survey was
performed in visceral surgery in 2016, which showed
a significant increase in robotic procedures within 41
surgical departments with an active robotic program (6).
We conducted a survey to investigate the current status
of RATS in Germany, and examine operation times,
complications, conversion rates, length of hospital stay, and
the development of RAT'S between 2013 and 2018.

Methods

We initiated a nationwide survey of all 22 German centers
with an existing RATS program, using a standardized
postal questionnaire. The number of operations per year,
mean duration of surgery, docking time, length of hospital
stay(s), conversions, chest tube duration, the start date of
the RATS program, robot system used, OR capacity, and
staplers and instruments used were recorded. All centers
were able to report other procedures not displayed on
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the questionnaire, to gather complete data of the RATS
procedures performed. The survey took place in the fourth
quarter of 2018. Ethical approval for data collection was
obtained. The statistical analysis was done with Prism 8
(GraphPad Software, CA, USA).

Results

We received 14 completed questionnaires from 22 centers
(response rate 63%), including permission to use the data
for further analysis. One responder was from a department
with tremendous operative expertise in robotic thymectomy,
resulting in a significant number (around 1,000) of robotic
thymectomies in the German RATS collective. As the
analysis of this cohort would have resulted in bias regarding
the nationwide survey, the data was excluded from further
statistical analysis. Twenty-three active robotic surgeons
were reported in the responding centers. Eight centers did
not answer our questionnaire, and whether they have a still-
active robotic program remains unclear.

Currently, there are three different da Vinci® systems in
clinical use for RATS. Six centers reported using da Vinci
Xi®, four centers use da Vinci Si® and three use da Vinci X°.
Nine centers have access to a da Vinci® Simulator, while
a da Vinci® Proctor is part of the surgical team in three
centers. There is an average of 1.8 RATS surgeons in every
center.

Just one center reported the exclusive use of Intuitive
surgical staplers for robotic lobectomy; two centers use
conventional minimally-invasive staplers and Intuitive
staplers, and nine centers prefer Covidien Staplers. For
RATS lobectomy, half of the centers prefer using three
robotic arms, while the other half uses four arms. For
robotic lobectomy, most centers prefer a Maryland bipolar
forceps on the right and a Cadiere forceps on the left.
Other standard instruments are the curved bipolar dissector
for the right arm and the fenestrated bipolar for the left
arm. Most centers with an established 4-arm technique use
a thoracic grasper for the third arm.

The geographic distribution of centers with an active
robotic program in Germany is shown in Figure I, while the
development of RATS in Germany is illustrated in Figure 2.
The first recorded robotic sleeve lobectomy was reported
in 2017. Further distribution of robotic anatomic lung
resections is shown in Figure 3.

There was a yearly increase in active centers, with an
average increment of two centers per annum. The most
striking development is the increase in the number of
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Figure 1 Geographic distribution of centers with an active robotic
program in Germany. Responding centers are displayed in green,

non-responding centers in redRATS, robotic-assisted thoracic

surgery.

segmentectomies; six segmentectomies were recorded in
2016, which increased to 35 procedures in 2018.
Excluding the series of around 1,000 RATS
thymectomies of a single center, there were 786 recorded
RATS procedures. The most common procedure was the
RATS lobectomy (372 cases, 47 %), followed by thymectomy
(19%), wedge resection (12%), segmentectomy (10%), and
sympathectomy (3%). Other RATS procedures, such as
lymphadenectomy, decortication, resection of a mediastinal
tumor, biopsy, and phrenoplication, had a share of 8%. In
total, eight robotic sleeve lobectomies were recorded. The
distribution of RAT'S procedures throughout the study
period is shown in Figure 4. The predominate diagnosis for
RATS was NSCLC. In the high-volume centers’, tumors
with a diameter of >8 cm and T4-staging were resected via
thoracotomy. In the low-volume centers a further patient
selection has to be assumed due to the learning curve and
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Figure 3 Distribution and development of robotic anatomic lung

resections per year.

lack of OR capacities, personal opinion of the surgeon and
patient wish.

Throughout the study period, three centers performed
>150 RATS procedures in total, one center carried out 100-
150 procedures, two centers 50-100 procedures, and eight
centers <50 procedures (Tuable 1). In 2018, three centers
performed <50 RATS procedures, three centers 25-50
procedures, and eight centers <25 procedures.

The mean operative time was 245 minutes (range, 80—
419 minutes) for a RATS lobectomy, 219 minutes (range,
105-333 minutes) for a segmentectomy, 97minutes for a
wedge resection, and 195 minutes for a thymectomy. The
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Figure 4 Distribution of RATS procedures 2013 to 2018 in
Germany. RATS, robotic-assisted thoracic surgery.

Table 1 Distribution of RATS procedures in the active centers in
Germany during 2013-2018

Number of RATS procedures Centers (n) Centers (%)

Total (2013 to 2018)

>150 3 21.4
100-150 1 71
50-100 2 14.3
<50 8 57.1
2018
>50 3 21.4
25-50 3 21.4
<25 8 57.1

RATS, robotic-assisted thoracic surgery.

average incision-to-suture time for the eight reported sleeve
lobectomies was 306 minutes. The distribution of the mean
operative times is shown in Figure 5.

The mean duration of postoperative stay was 8 days
(range, 3-31 days) after a RATS lobectomy. The mean
duration of postoperative stay was 7 days (range, 3-30 days)
after segmentectomy and 5 days (range, 2-7 days) after
robotic thymectomy. The distribution of the duration of
hospital stay is shown in Figure 6.

The overall conversion rate was 6.7%. The distribution
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of conversion rates for different RATS procedures is shown
in Table 2. There were significant differences in conversion
rates, depending on the procedure. The high conversion
rate of 17.5% (11 out of 63 procedures) for the left upper
lobectomy is striking. In contrast, the conversion rate was
0% for sleeve lobectomy and sympathectomy. The primary
reasons reported for conversion were bleeding, unfavorable
anatomy, adhesions, inability to detect small tumors, and
the unexpected need for an angioplasty resection.

Centers with an experience of >100 RATS-lobectomies in
total were defined as high-volume centers (n=2), whereas all
other centers were defined as low-volume centers. Figure 7
shows the mean operative time, postoperative stay, and
conversion rate for RATS-lobectomy, separated by the
experience of the centers. In the high-volume centers, lower
operative times and conversion rates were reported, whereas
the length of postoperative stay was similar.

The mean docking time was 24 minutes for the first
15 RATS procedures, and nine minutes for the next 15
procedures. This reduction of docking time can be achieved
by training of the OR-team and standardization. The mean
number of OR days was 1.9 (range 0.5-5) days per week. All
surveyed centers plan to further expand RATS, with a lack
of OR capacity being a frequent impediment.

Discussion

Our survey provides the first published data examining
the status of RATS surgery in Germany. Overall, RATS is
becoming more established in everyday clinical practice.
Since 2013, there has been a significant increase in
the number of operations, active centers, and trained
RATS surgeons. Yet RATS is still at the beginning of its
development. In the United States, for example, 7,600
robotic lobectomies had been performed up to 2017 (7).
In Italy, the development of RATS began in 2011, quickly
followed by the publication of a large series of robotic
lobectomies (8). Our data indicates that further expansion
of the robotic program in Germany has been limited by
the lack of OR capacity; all centers who responded plan to
further expand their RATS program.

Our data shows a significant increase of RATS in
Germany. This might be due to the well-known technical
advantages of robotic-assisted surgery. It can be assumed
that surgeons are interested in this new field of surgery.
Additionally, a shorter learning curve of robotic lobectomy
compares to VATS-lobectomy was described (9), leading to
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Figure 5 Mean incision-to-suture time for different RATS procedures. RATS, robotic-assisted thoracic surgery.
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Figure 6 Mean postoperative stay for different RAT'S procedures. RAT'S, robotic-assisted thoracic surgery.

the assumption that a transition from open to RATS might Our results are restricted due to the relative low response
be easier to achieve. Furthermore, surgeons might assume rate of 63%, possibly due to recent changes in the leading
that robotic surgery leads to the ability to take care of more positions of the corresponding centers. We obtained
complicated cases. information about the active centers in Germany by
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Table 2 Conversions of different RATS procedures

Moller et al. Current status and evolution of German RATS

Procedure Conversions (n) Procedures (n) Conversion rate (%)
Overall 53 786 6.7
Lobectomy 37 372 9.9
Right upper lobectomy 11 132 8.3
Right middle lobectomy 3 25 12.0
Right lower lobectomy 6 80 7.5
Left upper lobectomy 11 63 17.5
Left lower lobectomy 6 72 8.3
Segmentectomy 6 80 7.5
Sleeve lobectomy 0 8 0.0
Wedge resection 1 90 1.1
Thymectomy 6 148 4.1
Sympathectomy 0 26 0.0
Other 3 62 4.8

RATS, robotic-assisted thoracic surgery.
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Figure 7 Operative time, postoperative stay, and conversion rate for RATS-lobectomy, separated by high- and low-volume centers. RATS,

robotic-assisted thoracic surgery.

communication with Intuitive and personal conversations
at scientific meetings. Furthermore, two authors are official
proctors for RATS. Because of that, we are confident that all
active RAT'S-centers received a questionnaire. However, it
must be considered that the non-responders no longer have
an active robotic thoracic program, although ultimately this
remains unclear.

The feasibility of RATS has been demonstrated in
several studies (8,10,11). Postoperative complications and
perioperative mortality have previously been described, with
no significant differences between RATS and VATS (12).
An overall conversion rate of 6.7% was reported by
our responders, whereas conversion rates of 9-10%
have been reported in the literature (7,13). In our own

© Journal of Thoracic Disease. All rights reserved.

centers, we have observed that our conversion rates have
decreased significantly with increasing experience in a
robotic program. The main reasons for conversions were
bleeding and adhesions; most cases of bleeding can be
controlled initially using a robotic approach, followed
by controlled conversion if necessary (14). In our survey
data, an exceptionally high conversion rate of 17.5% was
reported for upper left lobectomy, which is considered the
most challenging lobectomy due to anatomical reasons, in
our own experience this rate can be further reduced with
increasing experience in RATS.

In our survey data, the mean operative time for a robotic
lobectomy was 245 minutes. Robotic segmentectomies
were reported with a shorter operative time of 219 minutes,
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consistent with published data (15). Additionally, it has to
be assumed that segmentectomies are a later step in the
establishment of a robotic program. For VATS lobectomy,
the median procedure length was 130 minutes when
performed by an experienced surgical team (16). However,
RAT'S in Germany is still at the beginning of its evolution,
whereas VATS lobectomy has a two-decade long tradition
with many highly experienced centers. There is some data
to determine the spread of VATS in Germany. In 2016,
122/227 (53.7%) german thoracic surgery centers had some
experience in VATS-lobectomy, whereas 77/122 (63.1%) of
those centers performed cumulative <50 procedures (17).
The ratio of VAT S-lobectomies in Germany is given with
50% in experienced centers, with increasing rates of VAT'S
and decreasing rates of conventional thoracic surgery (18).
The number of RATS-lobectomies must be estimated
much lower. Within our own centers, operative times have
been reduced to the level of open surgery with increasing
experience in RATS lobectomy. There is some published
data available for robotic lobectomy, with a reported
operative time of 132 minutes in an experienced center (19).

The mean postoperative stay after RATS lobectomy
was eight days, which is long compared to international
results (20). This is mainly due to a different healthcare
system, especially in the outpatient sector. In Germany,
the healthcare system is focused on postoperative inpatient
healthcare, with a lack of adequate structures for outpatient
postoperative follow-up. Besides that, the not completed
learning curve in all centers might lead to a more cautious
postoperative management for the first cases.

Little is known about the oncologic results after using
RATS. In a recent study, there was no difference in survival
rates, whereas the lymph node yield was higher using the
robotic approach (21). In German thoracic surgery, there
is due to the high cost of an robotic approach a historical
trend in favor of VATS lobectomy, with its evolution to an
uniportal approach (22,23). However, no data-based analysis
of these questions exists. Whether VATS or thoracotomy
is a better approach has been debated intensively and
remains controversial (24). In particular, the quality and
completeness of thoracic lymphadenectomy in the video-
assisted approach remains unclear. Nodal upstaging is
regarded as a quality measurement concerning complete
lymph node dissection in oncologic lung surgery. There
is some evidence for higher rates of nodal upstaging in
favor of thoracotomy compared to VATS (25), for several
reasons. For example, performing a complete lymph node
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dissection using VAT is more challenging due to limited
maneuverability in the narrow mediastinal space. Thus,
there might be an advantage in favor of robotic hilar
dissection. The main disadvantage of robotic surgery is the
lack of haptic feedback, it has been shown that a robotic
expert can overcome this lack, probably because of an
evolving optical feedback (26). There is some evidence
that a robotic approach is superior to VATS lobectomy
regarding nodal upstaging (27). Differences in survival rates
were not recorded, so the clinical relevance of these findings
remains unclear (28). Nevertheless, the broad application
of VATS in Germany might be one of the main reasons
why the development of RAT'S lags behind other European
countries and the United States.

Despite the potential advantages of RAT'S for mediastinal
lymphadenectomy, it is an ideal tool for parenchyma-
sparing surgery. Even extended resections with broncho- or
angioplasty are reported in our survey, with low morbidity
and mortality, and can be carried out safely (14). In our data,
a significant increase in the rate of robotic segmentectomies
was observed, which is also a concept in parenchyma-
sparing lung surgery.

Initially, RATS was criticized for the high initial cost of
the system and the reusable instruments, with a described
cost difference of nearly US$5,000 for a robotic lobectomy
in an American study from 2014 (20). New technologies
always suffer from an initially high financial burden, due to
the development costs from the manufacturer. Furthermore,
the manufacturer has an ongoing financial burden
regarding training of surgeons and proctoring programs.
By expanding the technology, one can expect a decline in
costs over the coming years. Furthermore, the approval
of competitive products is eagerly awaited to challenge
the monopolistic status of the current manufacturer, as
further innovations should contribute to a decrease in the
cost of robotic surgery. After an American nationwide
survey, a RATS curriculum was proposed to be integrated
into existing thoracic surgery residency programs (29). In
Germany, there is currently no structured robotic training
program for residents in thoracic surgery.

The evolution of RATS is still ongoing, encouraged by
new surgical techniques and technical improvements. The
next step might be the introduction of a single-port robotic
platform to the German market. The first experience with
this innovative platform was published in a urological case
series; the adoption for RAT'S is probably the next step in its
evolution (30,31). In particular, considering the promising
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results with uniportal lobectomy, this might combine the
advantages of both approaches (22).

Conclusions

More high-level and high-quality evidence in the evolving
field of RATS is needed. For that reason, the formation
of an organized structure of all German RATS surgeons
and centers is necessary to gather complete data of RATS
in Germany and internationally. Ideally, a RATS register
should be founded to enable multicenter studies, prospective
data collection, and transparent documentation. With the
present study, we have tried to contribute to this exigency
by connecting the German RATS centers and presenting
the current status and evolution of RATS in Germany.
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