Chapter 52
Extended Versus Standard Thymectomy
for Myasthenia Gravis
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Abstract Myasthenia gravis is an autoimmune disorder with a highly variable
clinical expression, course and prognosis. Although only moderate quality evidence
is available, thymectomy is generally indicated in patients with early onset myas-
thenia gravis and positive acetylcholine receptor antibodies or in case of associated
thymoma. Several surgical approaches to the thymus exist, the specific technique
depending on the experience of the thoracic surgeon performing the procedure, also
taking the preference of the patient into consideration. A multidisciplinary approach
is advocated to ensure a high-quality level of preoperative, intraoperative and post-
operative care. Due to the lack of large comparative or randomized trials no specific
recommendations can be made regarding the best available approach to the thymus.
Sternotomy remains the gold standard against which all other approaches should be
evaluated and compared including thoracoscopic and robotic procedures. Despite
the fact that available evidence is low, it seems that the less thymic tissue that has
been left behind, the better the long-term results that are achieved.
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Introduction

The thymus is associated with highly variable disease entities often related to auto-
immune disorders. Pathologically, thymic hyperplasia, cysts and different kinds of
tumors may occur. Their clinical behavior ranges from benign to aggressive with
symptoms due to invasion of neighboring mediastinal structures or pericardial and
pleural cavities.

In this chapter patients with myasthenia gravis are considered whether or not
associated with a thymoma (patient population). Surgical treatment consists of thy-
mectomy (intervention) which remains a highly controversial procedure, not only
regarding the specific indications but also concerning the best surgical approach in
order to obtain a complete thymectomy.

In this evidence-based approach we focus on three questions: What are the cur-
rent indications for thymectomy in myasthenia gravis? The neurologist gives his
point of view regarding the operative indications based on recent literature data.
Secondly, we discuss the different ways to reach the thymus trying to answer the
question “Which is the best surgical approach to the thymus?” (comparison). Lastly,
the specific procedure of thymectomy is highlighted with the discussion centered on
the question “Is extended thymectomy better than standard thymectomy?” (com-
parison). Remission of myasthenic symptoms is considered the main outcome
parameter.

Search Strategy

To retrieve relevant publications a PubMed search was performed with key words
“myasthenia gravis” and “thymectomy”, current guidelines and major thoracic sur-
gical text books were reviewed and references of included publications were
screened for additional evidence.

Current Indications for Thymectomy in Myasthenia Gravis

Myasthenia gravis is an autoimmune disorder directed against the postsynaptic part of
the neuromuscular junction. A wide variation in clinical severity is found ranging from
occasional ptosis or diplopia with spontaneous remission to severe generalized weak-
ness requiring temporary artificial ventilation. In some patients the symptoms remain
limited to the extraocular muscles: these patients have ocular myasthenia in contrast to
generalized myasthenia gravis. Most patients have antibodies against the acetylcholine
receptor (AchR) itself, while a minority have antibodies against the receptor-like mus-
cle-specific kinase (MUSK), low-density lipoprotein receptor-related protein 4 (LRP4)
or no detectable antibodies with the currently available assays [1, 2].



52 Extended Versus Standard Thymectomy for Myasthenia Gravis 679

AchR antibody positive myasthenia gravis is subdivided in early and late onset
according to the initial diagnosis before or after age 50. While there is a predomi-
nance of women in the early onset group there is an increasing incidence of late
onset patients with a predominance of men. About 10 % of myasthenic patients of
all ages with positive AchR antibodies have a thymoma. Thymoma patients and late
onset non-thymoma patients frequently have antibodies against titin or the ryano-
dine receptor, while these antibodies are rare in early onset non-thymoma myasthe-
nia gravis. In contrast, thymic follicular hyperplasia is frequent in early onset
non-thymoma patients and rare in late onset patients. There is evidence that the
thymus is involved in the pathogenesis of all types of AchR myasthenia, while its
role is unclear in MUSK myasthenia and unknown in LRP4 and seronegative myas-
thenia [3].

It is generally accepted that surgery is required when a thymoma has been diag-
nosed. It is common practice to recommend thymectomy in early onset non-
thymoma patients with generalized myasthenic symptoms. This recommendation is
supported by the pathogenetic mechanism of myasthenia gravis, observational stud-
ies and non-randomized trials, although a definite controlled randomized clinical
trial is still lacking.

In formulating a practice parameter for the American Academy of Neurology,
Gronseth and Barohn reviewed the evidence available until 2000 [4]. They con-
cluded that all currently published studies had serious methodological flaws that
prevented definite conclusions regarding the benefit of thymectomy. These flaws
included the absence of randomized allocation to thymectomy and non-thymectomy
treatment, the absence of standardized, blinded outcome determinations and con-
founding differences in enrollment in the surgical and non-surgical groups. Because
most studies showed a positive association between thymectomy and remission or
improvement of myasthenic symptoms, they recommended thymectomy as an
option to increase the probability of remission or improvement in non-thymomatous
autoimmune myasthenia gravis. This recommendation was supported in the guide-
lines for the treatment of autoimmune neuromuscular transmission disorders by the
European Federation of Neurological Societies in 2010 [5]. Patients with AchR
antibodies and generalized disease were most likely to improve. Thymectomy was
also recommended for seronegative patients but not for patients with MUSK
antibodies.

The presence of conflicting data concerning the effect of thymectomy in ocular
myasthenia was confirmed in a Cochrane Review in 2012 [6]. According to a survey
of the Thymic Working Group of the European Association for Cardio-Thoracic
Surgery (EACTS) most surgeons do not operate on myasthenic patients with exclu-
sively ocular symptoms [7].

A recent retrospective study of 98 thymectomies in myasthenic patients over a
12-year period confirmed the generally accepted chance of one out of three of com-
plete stable remission after the procedure with a variable degree of improvement in
the other patients [8].

In 2006 a “Multicenter, single-blind, randomized study comparing thymectomy
to no thymectomy in non-thymomatous myasthenia gravis patients receiving
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Table 52.1 Indication for thymectomy according to myasthenia subtype

Myasthenia subtype Thymectomy indicated Quality of evidence Recommendation
AchR thymoma Yes Moderate Weak

AchR early onset generalized Yes Moderate Weak

AchR early onset ocular No Low Not recommended
AchR late onset No Low Not recommended
MUSK No Low Not recommended
LRP4 Unknown

seronegative Unknown

AchR acetylcholine receptor, MUSK muscle-specific kinase, LRP4 lipoprotein receptor-related
protein 4

prednisone” was initiated under impulse of the late John Newson-Davis [9]. In this
ClinicalTrials.gov NCT00294658 study patients were recruited with an age range
from 18 till 65, with onset of AchR antibody positive myasthenia gravis over the last
5 years, excluding patients with only ocular symptoms. Treatment with prednisone
alone is compared to the combination of prednisone and thymectomy. Extended
transsternal thymectomy is the only accepted surgical procedure. The last patient
was enrolled in 2012, the first results are expected in 2015. This trial will answer the
question whether thymectomy and steroids are better than steroids alone. The issue
whether thymectomy only is better than no treatment, and which is the best surgical
approach will remain unanswered. Current indications for thymectomy in myasthe-
nia gravis are listed in Table 52.1.

Optimal Surgical Approach to the Thymus

The thymus originates from the third and fourth pharyngeal pouches which move
towards the midline and subsequently descend into the mediastinum. The thymus
has a typical H-shape with two cervical poles which are less developed, and two
mediastinal poles which are broadly extending along the pericardium inferiorly as
far as the anterior cardiophrenic recesses. A highly variable anatomy has been
described which has profound surgical implications when discussing thymectomy
and the most appropriate surgical approach [10]. Precise anatomical and pathologi-
cal studies have demonstrated that additional ectopic thymic tissue may be discov-
ered in 32-98 % of patients when an extended resection has been performed [10,
11]. Non-encapsulated lobules of thymus and microscopic foci of thymus may be
present in the pretracheal and anterior mediastinal fat from the level of the thyroid to
the diaphragm and bilaterally from beyond each phrenic nerve. Microscopic foci of
thymus have also been found in subcarinal fat and in the aortopulmonary window.
Many different approaches exist to perform a thymectomy and these can be sub-
divided into open procedures, minimally invasive and combined interventions
(Table 52.2). The different steps of these procedures have been described in detail
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Table 52.2 Surgical Open procedures

approaches to the thymus Partial median sternotomy

Full median sternotomy
Lateral thoracotomy
Hemi-clam shell incision
Clam shell incision
Minimally invasive techniques
Cervicotomy + sternal retractor (increases exposure)
VATS: left, right, combined left and right
RATS: left, right
Combined procedures
Cervicotomy + VATS
Cervicotomy + RATS
Subxiphoid incision+ VATS
VATS video-assisted thoracic surgery, RATS robotic-
assisted thoracic surgery

[12-14]. The specific indication discussed within a multidisciplinary setting, the
experience of the thoracic surgeon and the patient’s preference will determine the
ultimate choice. In case of myasthenia a “maximal” thymectomy is advised remov-
ing as much thymic tissue as possible with surrounding mediastinal fat from the
cervical region to the diaphragm extending laterally to both phrenic nerves, and also
incorporating the mediastinal fat in the aortopulmonary window. In this way ectopic
thymic tissue will be removed to a maximal extent.

In case of combined myasthenia and suspected or proven thymoma it is impor-
tant to completely remove the thymic lesion. When present, its capsule should not
be breached in order to avoid spilling of malignant cells into the mediastinum or
pleural cavities.

Unfortunately, no randomized trials exist that compare the different surgical
approaches to determine mortality, frequency of postoperative complications and
evaluate long-term results. So, no high-quality evidence is available.

No doubt, sternotomy remains the current gold standard allowing an extended
thymectomy by an anterior approach with complete removal of the thymus and sur-
rounding fatty tissue, allowing opening of both pleural cavities, control of major
mediastinal blood vessels and extensive dissection along the pericardium into the
cardiophrenic recesses [14]. On the other hand, it requires a large incision necessi-
tating an extensive osteotomy which may result in increased pain, higher morbidity,
slower recovery and prolonged hospitalization time. However, a direct comparison
of sternotomy with alternative incisions for similar patient groups is not available.
A partial upper sternotomy provides good visualization of the upper mediastinum
but evaluation of more caudal regions is not feasible [12]. Large mediastinal tumors
invading major mediastinal structures may be approached by a lateral thoracotomy
or combined incisions. The latter include hemi-clam shell or clam shell approaches,
consisting of partial sternotomy combined with an anterolateral thoracotomy or
bilateral anterior thoracotomy with transverse sternotomy, respectively. Especially
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for patients with myasthenia gravis and generalized complaints including respira-
tory problems, less invasive methods were developed to decrease morbidity in rela-
tion to the incision but still allowing an extended thymectomy.

By a cervicotomy it is possible to remove the entire thymus and surrounding
fatty tissue, especially when a sternal retractor is used [13]. With the advent of
video-assisted thoracic surgery (VATS), new methods became available to perform
a thymectomy by small thoracoports. Recently, robotic-assisted thoracic surgery
(RATS) was introduced providing optimal three-dimensional visualization facilitat-
ing dissection with the aid of highly flexible robotic arms [15-17].

Within the surgical community there is an ongoing discussion whether a right-
sided, left-sided or bilateral thoracoscopic approach is indicated to perform a com-
plete thymectomy. In some centers combined procedures are used as VATS in
combination with a cervicotomy or a subxiphoid approach, in this way avoiding a
scar in the cervical region [18]. The thymus may thus be approached from different
angles allowing complete removal.

Regarding the incision no definite recommendations can be made due to the lack
of randomized trials. Median sternotomy remains the gold standard. So, the experi-
ence of a surgeon and a specific center but also the preference of the patient after all
relevant information has been provided, will determine the final approach.

Another controversial topic remains the role of a minimally invasive approach in
patients with myasthenia and suspicion of thymoma. Depending on the location and
size of the thymoma recent data indicate that well-encapsulated tumors without
invasion into the mediastinum or large vessels can safely be removed by a thoraco-
scopic or especially, a robotic technique [15, 17, 18]. Invasion in large mediastinal
vessels is a contra-indication for a VATS or robotic approach. The size limit is usu-
ally considered to be 4-5 cm [19]. However, as thymomas are slowly growing
tumors, long-term results are still awaited for before definite conclusions will be
reached regarding long-term oncological outcome.

Extended Thymectomy vs Standard Thymectomy

The role of thymectomy in the treatment of myasthenia gravis has not been eluci-
dated yet [20]. Until recently, variable patient selection, timing and type of surgery
and analytical methods rendered the conclusions of the most important retrospec-
tive studies inconsistent. Moreover, there are no controlled prospective studies and
the unique randomized trial comparing thymectomy versus non-thymectomy in
patients treated by steroids is still ongoing as outlined earlier [9].

Before dealing with the extent of the thymectomy to be performed for myasthe-
nia gravis, it is crucial to emphasize that the thymus is a functional entity not limited
to the gland itself and thymic cells may be found outside the main capsule. As out-
lined before, surgical and anatomical studies already showed many years ago that
the thymus frequently consists of multiple lobes in the neck and mediastinum, often
separately encapsulated and not necessarily contiguous [21, 22]. This results in the
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recommendation that as much mediastinal thymic tissue as possible should be
removed for the treatment of non-thymomatous myasthenia gravis. This statement
is supported by a review of published papers on the results of thymectomy [4, 20,
22-25]. Further proof comes from the presence of residual thymic tissue in most of
the re-operations after previous transcervical and standard transsternal thymectomy,
with improvement or remission of the myasthenic symptoms [26].

The original standard transsternal thymectomy used by Blalock was limited to
removal of the thymic gland with its cervical and mediastinal lobes [27]. Unrelated
to the surgical approach, the resection is currently more extensive than originally
described and includes, at least, removal of all visible mediastinal thymic lobes and
also part of the mediastinal and low cervical fat [4, 23-25].

The extended transsternal thymectomy also called “aggressive transsternal thy-
mectomy” and “transsternal radical thymectomy” consists of en-bloc resection of
all fat and thymic tissue in the neck and mediastinum. Dissection starts at the infe-
rior part of the thyroid lobes proceeding caudally to the diaphragm and extending
laterally from one phrenic to the contralateral one. Removing cervical tissue by a
VATS or robotic procedure starting from below without a neck incision, may result
in an incomplete resection which is less radical than a transcervical and transsternal
thymectomy [20, 22]. However, because it is less invasive with low morbidity, this
approach has been adopted by many thoracic surgeons dealing with myasthenia
gravis. Retrospective studies comparing extended thymic resections with standard
thymectomy, also supported the premise that the more thymic tissue is removed, the
higher the remission rate will be [20].

However, we must consider that inappropriate statistical analysis has led in the
past to incorrect conclusions about the relative merits of the extension of thymec-
tomy. Unfortunately, uncorrected crude rates have been used in the most important
retrospective series and this form of analysis did not include all relevant follow-up
information including the median length of follow-up [4]. As a matter of fact, uncor-
rected crude data should not be used anymore in the comparative analysis of results
of thymectomy for myasthenia gravis. Life table analysis using the Kaplan—Meier
method, is currently the statistical technique of choice for the analysis of remissions
following thymectomy [20].

Several other biases, such as the selection of patients for thymectomy, the differ-
ent clinical classifications of myasthenia gravis, the lack of quantitative scoring
systems and the different schedules of medications used in the preoperative and
postoperative course make the comparative analysis based on existing published
information unreliable [20].

From 2000 on, based on recommendations of the task force of the Myasthenia
Gravis Foundation of America (MGFA), precise definitions of remission and life
table analyses have been adopted in some but not all studies reporting the outcome
of thymectomy in myasthenic patients.

Because of the lack of well-designed, controlled, prospective studies that
compare thymectomy versus non-thymectomy, standard versus extended versus
maximal thymectomy and finally, different surgical approaches to the thymus, we
can only select and extrapolate data from well-performed observational trials.



684 P.E. Van Schil et al.

Table 52.3 Indication for extended versus standard thymectomy according to myasthenia subtype

Myasthenia subtype Quality of evidence Recommendation
AchR + early onset generalized Moderate Weak
AchR + thymoma Moderate Weak
Thymoma without myasthenia gravis Low Weak

AchR acetylcholine receptor

Despite the fact that the available evidence is of low quality, it seems that the less
thymic tissue has been left behind, the better the long-term results are achieved.

We agree with Jaretzki and Sonett statements that the transcervical-transsternal
maximal thymectomy should remain the benchmark against which all other thy-
mectomy techniques have to be evaluated and that in the absence of controlled pro-
spective studies comparing the various thymectomy techniques, it is not possible to
define a procedure of choice [20]. Alternatively, in the hands of experienced sur-
geons, an extended transsternal thymectomy removes most of the thymic variations
in the neck with less risk of injury to the recurrent laryngeal nerves. Good results
have been reported and according to a recent European Survey, it is probably the
most commonly performed procedure [7].

All thoracic surgeons should be convinced of the importance of complete removal
of the thymus and commit the necessary time and care to achieve this goal safely.
However, because the need for complete removal of all gross and microscopic thymus
has not been definitively confirmed, it may be preferable to leave behind small
amounts of suspected thymus than to cause injury to the recurrent laryngeal, left vagal
or phrenic nerves, which can be devastating in a patient with myasthenia gravis.

As already mentioned, clearance of the neck region is a controversial point for
most of the minimally invasive techniques (thoracoscopic or robotic-assisted) and
this point needs to be addressed by further studies. Up to now the minimally inva-
sive techniques proved to be feasible and safe but we must wait for a longer follow-
up time and especially, high-quality comparative studies [24, 25].

Resections less than a standard thymectomy have never been considered for the
treatment of non-thymomatous myasthenia gravis. Also for patients with encapsu-
lated thymoma, non-invasive or microinvasive lesions, corresponding to Masaoka
stages I and II, complete excision including an extended thymectomy is currently
considered to be the procedure of choice, even in non-myasthenic patients. Recently,
Onuki et al. conducted a retrospective comparative study of 79 patients and tested
the hypothesis that limited thymectomy is not inferior to total thymectomy for stage
I or Il thymomas in terms of surgical outcome and postoperative complications [28].
The authors concluded that there were no statistical differences in the incidence of
postoperative myasthenia gravis and disease-free survival between the two groups,
but this was a retrospective historical comparative study and the neurologic inclu-
sion criteria and outcome did not meet any MGFA recommendations.

Based on the low to moderate scientific evidence derived by the literature, tho-
racic surgeons should perform an extended thymectomy by the least invasive opera-
tion possible (Table 52.3).
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Recommendations

Thymectomy is indicated in patients with early onset, generalized myasthenia gra-
vis and positive acetylcholine receptor antibodies or in case of associated thymoma
(evidence quality moderate; weak recommendation). Sternotomy is the best
approach to perform a maximal, extended thymectomy (evidence quality low; weak
recommendation). In case of myasthenia gravis with positive acetylcholine receptor
antibodies extended thymectomy yields better long-term results than standard thy-
mectomy (evidence quality low; weak recommendation).

A Personal View of the Data

In patients with early onset, generalized myasthenia gravis and positive
acetylcholine receptor antibodies we favor an extended thymectomy. In case of
thymic hyperplasia a robotic approach is preferred as it is feasible to perform a
complete thymectomy. As the bulk of thymic tissue is usually located on the left
side in front of the pericardium, most cases are approached from this side. In
case of myasthenia gravis associated with thymoma, sternotomy remains our
standard approach. Exceptions include tumors <5 cm without invasion of major
vessels or structures which are resected with the robot from the left or right side
depending on their precise location. The ultimate aim is complete excision
without breaching the capsule.

Recommendations

» Extended thymectomy yields better long-term results than standard thy-
mectomy for management of myasthenia gravis. (Evidence quality low;
weak recommendation)

» Sternotomy is the best approach for performing an extended thymectomy.
(Evidence quality low; weak recommendation)
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