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Introduction

For the autoimmune, muscle-debilitating disease of myas-
thenia gravis (MG), thymectomy has been accepted by many
centres.1,2 Thymectomy must strive to impart minimal pro-
cedural impact as the operation may exacerbate MG during
recovery.3 Thymectomy, however, should be complete, be-
cause postoperative improvement seems to depend on the
radicality of mediastinal dissection.4–7 Thymic gland anato-
my reveals a highly variable shape of the main lobes with
potential distribution of ectopic thymic islets in the peri-

thymic mediastinal tissue.8–10 The evaluation of surgical
results for MG has resisted comparison due to variable
intervals of up to 7 years until clinical response occurs and
the rate of improvement may be assessed.11 The thymic
tumors, thymoma or thymic carcinoma, may arise from
any part of the thymic gland.12,13 Thymoma, whether or
not associatedwithMG, represents an absolute indication for
thymectomy, while its role in MG without thymoma is
relative.2,14 Traditionally, thymectomy has been achieved
via sternotomy, though the very first approach has been
transcervical.8,15,16
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Abstract Background Thymectomy is an essential component in the treatment of myasthenia
gravis (MG) and the best treatment for localized thymoma. Minimally invasive thymec-
tomy has advanced to include robotic-assisted techniques. The acceptance of this
approach is growing rapidly, while the debate on the adequate technique for thymec-
tomy remains open.
Methods We describe the technique of robotic-assisted thymectomy and its mod-
ifications. The worldwide registries and the literature are reviewed. The experience from
the largest single-center database is analyzed.
Results The unilateral three-trocar approach for robotic thymectomy from either left
or right side has been standardized. More than 100 centers worldwide perform robotic
thymectomy. The annual number of this procedure increased steadily and reached
1,000 in 2012, while the largest single-center experiences comprise almost 500 cases.
The end points improvement of MG and recurrence of thymoma are comparable to
open procedures. There are special advantages of robotic assistance for complete
mediastinal dissection. The perioperative complication rate is below 2%.
Conclusion Robotic thymectomy combines minimal incisional discomfort with exten-
sive mediastinal dissection. As its use expands, robotic thymectomy may become the
standard for all indications of thymectomy.
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Over decades, a debate has continued between the pro-
ponents of transcervical and transsternal thymecto-
my.3,8,11,17–19 More recent technological advances have
altered this dichotomy. Thoracoscopy in various modifica-
tions has enabled detailed mediastinal dissection, thus
threatening the position of both prior approaches.2 In total,
14 different operation techniques for thymectomy have been
reported.2 For thymoma, the dogma of sternotomy was pro-
claimed even longer and precluded consideration of mini-
mally invasive thymectomy.20–22 The introduction of robotic-
assisted surgery continues to profoundly influence thoracic,
and especially mediastinal, surgery.20,23,24 The dual aim of
complete resection (R0) in thymoma and radical removal of
thymic and perithymic tissue in any and all challenging
anatomical variations in MG can be satisfactorily addressed
by robotic thymectomy.20,23–26 Within robotic thymectomy,
questions of technical variations and the importance of
laterality in accessing the gland require further study.

Materials and Methods

The historical development of robotic thymectomy was re-
viewed within the published literature using the key words
robotic thymectomy. The operation technique was described
and the technical advantages of robotic assistance were
evaluated. Variations and refinements of the operation tech-
nique have been analyzed. Distribution, dissemination, and
influence of robotic thymectomy are described by the regis-
tered cases since 2001. The clinical results of all series of more
than 20 cases have been analyzed from the literature. Some
lessons learned from our own experience over more than
10 years with the largest series of robotic thymectomy have
been included.

Results

History of Robotic Thymectomy
Robotic thymectomy evolved from thoracoscopic nonrobotic
thymectomy. In the early1990s, three sources led to the
development of thoracoscopic thymectomy: the intent to
minimize the deleterious effects of general anesthesia and
thoracotomy pain for patients with MG, the availability of
thoracoscopic equipment, and the acceptance of the require-
ment for radical complete thymectomy.27 The first reported
thoracoscopic thymic interventionwas the excision of a small
thymoma without complete removal of the gland in 1992.28

Shortly thereafter, several teams started to perform thoraco-
scopic thymectomy.27,29,30 At the Charité in Berlin, this
technique was introduced in 1994.31,32 A human anatomical
study confirmed feasibility and the selection of laterality.33

The technique was then standardized as a unilateral three-
trocar approach. The first robotic operation on the thymic
gland, of note, was again an excision of a thymoma in 2001.34

Case reports and small series clarified its feasibility.22,35,36

Based on 80 thoracoscopic thymectomies, preceded by an in
vitro training phase, we introduced a three-trocar unilateral
robot-assisted thymectomy using the da Vinci (Intuitive
Surgical, Sunnyvale, California, United States) robotic system

into our clinical practice in 2002. A rapid and uniform
adoption of this technique has taken place over the last
decade.

Surgical Technique
The preferred patient position is a supine position with
downward rotation of the right patient side at 30 degrees
(►Fig. 1). The left arm must be positioned posterior to the
chest wall to ensure robotic dissection in both cardiophrenic
angle and anterior neck, without colliding with the da Vinci
arm. The positions of the surgeon and his assistant are to the
left side of the patient and the nurse works to the left of the
surgeon. The operative field should always be prepared and
draped for a conversion to median sternotomy or additional
cervical approach or right-sided thoracoscopy. Using single
right lung ventilation, the 12-mm trocar is placed in the
fourth intercostal space at the anterior axillary line. A 10-mm,
30-degree endoscope is then introduced through the middle
trocar. The operativefield is evaluated, and the position of the
remaining two 8-mm trocars is determined. The cranial
trocar is placed in the third intercostal space anterior to the
middle axillary line and the caudal trocar is placed in the fifth
intercostal space at the medioclavicular line. Thus, all three
trocars are placed exactly along the submammary fold
(►Fig. 1). No accessory trocars are needed; however, a
right-sided trocar can be placed if necessary. The special da
Vinci trocars are then connected with the three robotic arms
of the table cart. The point of reference at the beginning of the
resection in the anterior mediastinum is the left phrenic
nerve (►Fig. 2). The thymic gland may be partially visible,
depending on the various amounts of pericardial fatty tissue
and the thymic histology. In cases of large amounts of fatty
tissue, we initially apply CO2. Pleural adhesions, if present,
may easily be dissected using the da Vinci instruments. The
12-fold optical enlargement with three-dimensional view
will then allow for subtle tissue dissection. Further prepara-
tion begins low in the midsection of the pericardium where
there is always a low-fat area. In very tall, usually young
patients, this area is often completely free of fatty tissue. En
bloc resection is continued until the right subxiphoid pleural

Fig. 1 Patient and trocar position for left-sided thymectomy.
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fold is reached. The retrosternal pleura incision is then
continued up to the jugular fold of the mediastinal pleura.
Beginning at the caudal pericardium, the tissue bloc is further
mobilized on the pericardium. According to the patient’s age,
constitution, histology, and immune suppression before sur-
gery, the variable local findings require an almost complete
blunt dissection or a very delicate ultrasonic dissection of
small vessels from the pericardium. The entire median retro-
sternal tissue portion is thenmobilized. Often, the right main
thymic lobe is clearly recognized from the surrounding fatty
tissue. The aortocaval groove is then dissected free and the
right lung, which is only covered by the mediastinal pleura, is
exposed. To continue the preparation into the neck from
behind themanubrium, themediastinal fold is incised. At this
point, the anterior wall of the innominate vein is discovered
left to the phrenic nerve. Depending on the amount of fat in
the anterior mediastinum, the vein may be located directly
underneath the pleura or at a distance of more than 5 mm.
Occasionally, a single central vessel, the vein of Keynes,
collects all venous blood from the thymic gland for drainage
into the innominate vein. In the majority of cases, however,
there are two to four thymic veins. These veins must be
dissected without causing injury to the innominate vein. The
veins are then divided between clip ligatures or by using the
ultrasonic scalpel. Atypical locations, although rare, of the
thymic veins must also be noticed. Once the thymic veins are
divided,mobilization of both upper poles continues above the
innominate vein. The shape of the upper poles is recognized
from the surrounding fatty tissue and can serve as a point of
orientation. Special attention is needed for any part of the
upper poles located between aortic arch and the innominate
vein. This anatomical variation can easily be handled using
the EndoWrist da Vinci instruments. In most patients, the left
lobe of the thymic gland is larger and stronger, which is
usually true for the upper poles as well. Additionally, the left
thymic lobe is more intimately related to the phrenic nerve.37

The upper poles, mobilized following careful dissection of the

capsule, are gently grasped and then pulled down. Patience is
important during complete mobilization of each upper pole.
At the cranial end, the thyrothymic ligament becomes clearly
visible, and under tension of the completely exposed upper
thymic pole, this ligament is severed by ultrasonic dissection
or between clips. Inmost cases, the right phrenic nerve is now
identified. Thymectomy concludes with preparation of the
right thymic pole under CO2 insufflation. The en bloc speci-
men of the thymus, including all surrounding fatty tissue, is
placed in an endobag and removed through themiddle trocar
incisions. The specimen is measured by size and weight.
Histological work-up is prepared by positioning the specimen
as shown in ►Fig. 3. A photodocumentation is added. The
operative field, including the venous confluence, the supra-
aortic arteries, and parts of the anterior tracheal wall, is
examined for the presence of residual tissue and hemostasis.
If the right pleural cavity is opened, an enlargement of this
opening prevents a right postoperative pneumothorax. A

Fig. 2 Left-sided approach after robotic dissection for ectopic thymic tissue in the aortopulmonary window.

Fig. 3 Specimen prepared for histological work-up and for analysis of
ectopic thymic tissue.
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chest tube is placed in the left pleural cavity. Reinflation of
both lungs is followed by closure of the trocar incisions. Once
the operation is complete, the patient is extubated immedi-
ately and placed on patient-controlled analgesia. The chest
drain is removed if the postoperative chest X-ray shows
normal findings and the amount of secretion is below
100 mL during the first 12 hours postoperatively.38

Refinements and Modifications of the Technique
The typical position of the three trocars between third and
fifth intercostal space and between midclavicular and mid-
axillary line is modified by some due to the use of 0 degree
optic and additional trocars20,22,39. The need for bilateral
access in more difficult cases, however, is lower with robotic
assistance. Robotic thymectomy may be performed with 5-
mm instruments. New instruments with mobile tip for
suction or dissection (vessel sealer) allow for further preci-
sion of mediastinal dissection. For anatomical variations such
as encasement of the left phrenic nerve by thymic tissue,
cardiac scissors are most precise and enable complete en bloc
thymectomy (►Fig. 3). The proponents of the left-sided
approach emphasize the superior visualization of a larger
left-sided thymus particularly in cases of complexovergrowth
of the phrenic nerve (this occasionally on the left side and
virtually never on the right side) as themain reasons to obtain
complete thymectomy.23,26,40,41 The right-sided technique is
preferred by surgeons who favor easier conditions pro-
claimed by larger space and the landmark of the superior
vena cava.25,39,42 They believe that trocar injuries could be
better avoided coming from the right side.20 The use of
monopolar hook, no—or continuous CO2—insufflation belong
to the variations of the robotic thymectomy.22

Advantages and Limitations of Robotic Thymectomy
The number of registered procedures worldwide between
2001 and 2012 has been recently estimated at approximately
3,500.23 All published literature on robotic thymectomy, the
Intuitive Surgical registry, and personal communications
were used to analyze for geographical dispersion of this
approach in its first decade. The assumption of an annual
caseload of 28 for each clinic resulted in at least 100 centers
performing robotic thymectomy at the end of 2012.23 The
largest series at the Charité in Berlin comprises 449 robotic
thymectomies until December 2014. The distribution is
shown in►Table 1. Robotic thymectomy has been performed
in children as young as 4 years old and in patients up to
86 years old. Particular advantages of the robotic technology
regarding visualization, range of motion, and dexterity for
mediastinal dissection aswell as comfort for the surgical team
helped to include more difficult cases for minimally invasive
thymectomy (►Table 2).23 We included patients after previ-
ous sternotomy, those with BMI above 35, and those with
pectus excavatum in our series. Particular attention was paid
to the anatomical distribution of thymic tissue. Apart from
small islets invisible to the eye, visible ectopic thymic tissue
was encountered in 5% of patients. All cases were effectively
addressed by the robotic technique. The morbidity of this
series is below 2% with only three thoracoscopic reinterven-

tions: two for bleeding from the chest wall at the entrance of
the upper working trocar and one for chylothorax due to
unusual thoracic duct anatomywith persistent left vena cava.
Two patients had a paralyzed phrenic nerve. In two patients,
thymoma with Masaoka-Koga stage III and IV was diagnosed
during robotic exploration; both underwent intentional ster-
notomy. When thymoma of preoperative Masaoka-Koga
stage I or II was confirmed during operation, we performed
robotic-assisted total thymectomy from the beginning of our
series. The visual accuracy and technical quality allowed us to
realize a no-touch mediastinal dissection (►Table 2). Other
large series of robotic thymectomy have been published.43

The evaluation of the literature andmeeting abstracts did not
disclose major complications during or after robotic thymec-
tomy. Centers established in open surgical approaches re-
ported their change of operation technique with start of the
new robotic approach.24,44 The outcome analyses after ro-
botic thymectomy revealed improvement of 29 to 46% for MG
inmixed patient populations.22,38,45A higher complete stable
remission rate ofMGwas found in a comparative cohort study
for robotic versus nonrobotic thoracoscopic thymectomy.46

Discussion

The sources of robotic thymectomy were the surgical and
neurological development (what do you mean?). At the

Table 1 Indications for robotic thymectomy at Charité University
Berlin (n ¼ 449, January 2003 to December 2014)

Indication n

Myasthenia gravis 397

Thymoma 64

Thymoma þ Myasthenia gravis 53

Parathyroid gland 7

Others 29

Table 2 Technical advantages of robotic surgery with the da
Vinci system

Technical parameter Advantage

Real 3D HD Improved visualization

MIMIC software, steeper
learning curve

Stratified education

Wristed instrument tips Increased range of motion

No workspace limitations Fixed entry points

Highest dexterity and
tremor filtration

Stable operation field

ICG for nerve visualization New technical quality

New instruments Single-port surgery

Avoidance of surgeon fatigue Camera stability

Fulcrum effect Avoided by robotic surgery

Abbreviations: HD, high definition; ICG, indocyanine green; 3D, three-
dimensional.
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University Clinic in Berlin (Charité), early investigations
defined nature and name of MG.47 Moreover, the relation
between MG and the thymic gland was first postulated in
Berlin.48 Sauerbruch, who performed the first thymectomy
for MG, had been chief of surgery at the Charité when M.
Walker discovered the symptomatic therapy for MG.15,49

The long tradition was continued later by Wolff, who
mainly performed anterolateral approaches and sternot-
omy for thymectomy.50 In the year 1990, the new techno-
logical development of minimally invasive abdominal
surgery allowed to renew and extend the long surgical
experience at our hospital with thoracoscopic surgery. The
basis underlying thoracoscopic thymectomy was to con-
clude the debate between transsternal and transcervical
operation technique.31,32,51 An effective combination of
minimal invasion and better mediastinal dissection was
also studied and performed at the Charité in a series of 80
cases between 1994 and 2002. Imperfection characterized
the beginnings of thoracoscopic and robotic-assisted thy-
mectomy as thymomas were first resected with partial
gland exstirpation.34,52 Soon, robotic assistance turned
out to ideally meet the requirements of mediastinal sur-
gery. We switched to robotic thymectomy in January 2003
after a preparation phase. Using a prospective database, we
described the clinical course of MG, the oncological param-
eters of thymoma, basic clinical data, specific data of all
other rare cases, and the morbidity parameters. A survey of
our actual experience illustrates the largest series world-
wide (►Table 3). After preliminary analysis, adequate re-
sults for improvement of MG and outcome of thymoma
without recurrencewere obtained (data not published yet).
The technique was developed and standardized by other
teams.22,26 Robotic thymectomy is performed almost ex-
clusively with the da Vinci system.53 The procedure can and
should be taught and learned to achieve complete thymec-
tomy. Therefore, we and others helped to start the program

in numerous other centers worldwide.23,38 At the begin-
ning, similar to the introduction of thoracoscopic thymec-
tomy a decade before, robotic thymectomy was
accompanied by criticism and enthusiasm.1 The estimation
of wide adoption throughout the world in more than 100
centers also reflects the correlation with the interest of
most neurologists and the wishes of the patients with MG
and/or thymoma.20,38 The technical advantages of robotic
mediastinal dissection may not have been exhausted and
further potential for surgical refinement exists (►Table 2)
Approval of the clinical advantage of this enhanced tech-
nique was provided by the adoption process of robotic
thymectomy: teams started minimally invasive thoracic
surgery only at the level of robotic surgery,25 other teams
switched to robotic thymectomy after large experience
with thoracoscopic thymectomy.43,54 Furthermore, strong
opponents of minimally invasive thymectomy turned their
policy toward adoption of the robotic approach55 (Meacci
and Shrager, personal communication). Even at most con-
servative institutions, a change to thoracoscopic thymec-
tomywasmade and followed by robotic thymectomy.56 The
general sharp increase of numbers of robotic thymectomy
illustrates the need for meticulous stratified learning facil-
ities of the procedure.

Although there are very promising results of robotic
thymectomy, difficult questions remain to be answered.
Not only the evaluation of this approach depends on different
surgical “schools” and “habits”, but also the availability of the
da Vinci system is limited due to the tremendous, and often
prohibitive, costs. Conversely, the average caseload of medi-
astinal surgery per institution raises the question as to how
many of the 14 different operation techniques for thymecto-
my may realistically be part of the thoracic curriculum. Of all
current techniques, robotic surgery appears to us as the
singular operation most likely to replace all available
alternatives.57

Table 3 Literature summary of robotic thymectomy series including more than 20 cases

Author Country Year Study interval Total MG Thymoma Approach Ports Complete
remission
rate (%)

Thymoma
recurrence
rate (%)

Rückert Germany 2008 2003–2007 106 95 12 Left 3 42 0

Marulli Italy 2013 2002–2010 100 100 8 Left 3 28.5 0

Freeman USA 2011 6 years 75 75 excluded Left 3 28 n.a.

Schneiter Switzerland 2012 2004–2011 58 25 20 Left 3 n.a. 11.1

Melfi Italy 2012 2001–2010 39 19 13 Left 3 n.a. 0

Augustin Austria 2008 2001–2007 32 32 9 Right 3 n.a. 0

Cerfolio USA 2011 2009–2010 30 30 n.a. Right 3 n.a. n.a.

Castle USA 2008 2002–2008 26 18 1 Right 4–5 n.a. n.a.

Goldstein USA 2010 2003–2008 26 26 5 Right 4 n.a. n.a.

Tomulesco Romania 2009 2008–2009 22 22 excluded Left 3 n.a. n.a.

Keijzers Netherlands 2014 2004–2012 138 125 37 Right 3 28.8 2.7

Jun China 2014 2010–2012 55 n.a. 21 Left/right 4 n.a. n.a.
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As compared with transcervical and thoracoscopic non-
robotic as well as subxiphoid approaches, robotic thymecto-
my more perfectly adapts to different anatomical variations.
Apart from difficult cases of thymoma, challenges include
thymic overgrowth or complete encasement of the left
phrenic nerve. The cervical thymus may be partially or
completely located between anonymous vein and aortic
arch. As these constellations almost never interfere with
the right phrenic nerve,23,37 we favor the left-sided approach
with 30 degrees optic. In mixed series, all these configura-
tionswere includedwith favorable results.38,45 For thymoma,
robotic thymectomy allows to realize all the principles and
guidelines of the ITMIG (International Thymic Malignancy
Interest Group).58 The robotic surgeon should keep in mind
that the approach could be easily modified or extended by an
additional cervical incision, a bilateral procedure, or a hybrid
approach with simple contralateral thoracoscopy before con-
version to median sternotomy.23

Conclusion

The large increase of institutions performing robotic thymec-
tomy reflects the increased acceptance of this approach by
neurologists, surgeons, and their patients with MG and/or
thymoma. The necessity of suitable credentialing for robotic
surgery is combinedwith the question of the place for robotic
surgery in the curriculum of thoracic surgery. Although there
have been modifications of almost all conventional ap-
proaches and further inventions of new approaches for
thymectomy, the strongest influence and the greatest future
potential has come from robotic thymectomy.
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