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Introduction

Despite having been employed for over 75 years
in the treatment of myasthenia gravis (MG), evi-
dence for the effectiveness of thymectomy has
until only recently been limited to observational
data. The publication of the first randomized pro-
spective study of thymectomy in
thymomatous myasthenia gravis unequivocally
demonstrates the benefit of surgical removal of
thymic tissue in the treatment of this disease [1].
However, many critical issues remain, including
patient selection, timing of surgery, perioperative
management, appropriate surgical approach, and
role of thymectomy in the various subtypes of
MG. While many studies that address such issues
exist in the current literature, current practice rec-
ommendations are drawn from retrospective data
rather than controlled prospective studies.
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In addition to reviewing the surgical anatomy
of the thymus, various thymectomy techniques,
and their outcomes, this chapter will attempt to
summarize remaining controversies as well as
make recommendations based on available evi-
dence regarding surgical management of non-
thymomatous MG.

Total Thymectomy Is Indicated

Even before the role of the thymus in MG was
understood, “total” thymectomy was considered
the goal of surgery. In 1941 Blalock wrote “com-
plete removal of all thymic tissue offers the best
chance of altering the course of the disease” [2],
and this has been reiterated by most leaders in the
field [3-16]. Pathologic and immunologic studies
have since clearly demonstrated that the thymus
plays a central role in the autoimmune pathogen-
esis of MG [17-19]. However, its pathologic
function may vary between the different antibody
subtypes (anti-AChR, anti-MuSK, or seronega-
tive) [20, 21], with important clinical implica-
tions regarding which patients with MG benefit
from thymectomy.

When thymectomy is undertaken in the treat-
ment of non-thymomatous MG, the concept that
the entire thymus should be removed is sup-
ported by animal models and by clinical experi-
ence. In an animal model of myasthenia gravis,
complete neonatal thymectomy in rabbits
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prevents experimental autoimmune myasthenia
gravis, whereas incomplete removal does not
[22]. In humans, both incomplete transcervical
and incomplete transsternal resections have
been followed by persistent symptoms that were
later relieved by a more extensive reoperation
with the finding of residual thymus [23-29].
And removal of as little as 2 g of residual thy-
mus has been therapeutic [27]. In addition, sev-
eral studies comparing aggressive thymic
resections with limited resections support the
premise that the entire thymus should be
removed [30, 31].

Fig. 13.1 Composite
anatomy of the thymus.

Surgical Anatomy of the Thymus

Since complete removal of the thymus appears
indicated when a thymectomy is performed in the
treatment of non-thymomatous MG, its anatomy
should be understood by all those involved in the
treatment of these patients and in the analysis of
the results of the surgery. Importantly, the thymus
is not “two well-defined lobes that appear almost
as distinct as do the two lobes of the thyroid” as
described by Blalock [2].

Detailed surgical-anatomical studies
(Fig. 13.1) have demonstrated that the thymus
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frequently consists of multiple lobes in the neck
and mediastinum, often separately encapsu-
lated, and these lobes may not be contiguous. In
addition, unencapsulated lobules of thymus and
microscopic foci of thymus may be widely and
invisibly distributed in the pretracheal and
anterior mediastinal fat from the level of the
thyroid, and occasionally above, to the dia-
phragm and bilaterally from beyond each
phrenic nerve [32, 33]. Occasionally, micro-
scopic foci of thymic tissue have been found in
the subcarinal fat [34].

Surgical Techniques and Their
Resectional Potential

The use of a standardized thymectomy classifica-
tion system is necessary in order to compare out-
comes between different techniques. Accordingly,
we rely on the system developed by the
Myasthenia Gravis Foundation of America
(MGFA), with the understanding that the classifi-
cation system will require continual modification
as new more minimally invasive techniques are
introduced, including novel approaches that are in
essence a combination of those previously
described (Table 13.1) [35, 36]. These hybrid
operations, utilizing a combination of cervical,
thoracoscopic, and infrasternal approaches with
or without the use of robotic technology, are
beginning to defy easy categorization as set out
by the MGFA guidelines. Rather than becoming
mired in the semantics of classification, the focus
should remain on studies clearly describing oper-
ative techniques, so that as long-term, high-
quality outcomes data become available, the
various approaches can be accurately compared
and the benefit of additional exposure or technol-
ogy evaluated.

If total thymectomy should remain the goal in
the surgical treatment of MG, an understanding
of how much gross and microscopic thymus each
resectional technique is capable of removing is
necessary. The following presents a basic descrip-
tion of the resection technique and estimates of
what each type of resection can accomplish.
These estimates are based on published reports,

Table 13.1 MGFA thymectomy classification (italics
signifying modification from the original classification
(35D
T-1 transcervical thymectomy

(a) Basic

(b) Extended

(c) Extended with partial sternal split

(d) Extended with videoscopic technology

T-2 videoscopic thymectomy
(a) Classic VATS (unilateral)
(b) VATET (bilateral with cervical incision)
(¢) Bilateral VATS (no cervical incision)

(d) Videoscopic with Robotic Technology
(unilateral or bilateral)

T-3 transsternal thymectomy
(a) Standard
(b) Extended
T-4 Transcervical and transsternal thymectomy

T-5 Infrasternal thymectomy

(a) Combined transcervical-subxiphoid

(b) Videoscopic subxiphoid (uni- or multiportal)

(¢) Videoscopic subxiphoid with robotic
technology

drawings, photographs of resected specimens,
videos of the procedures when available, and our
personal experience. The videos taken at opera-
tion and photographs of the resected specimens
are frequently the most revealing. A review of
what appears to be the potential of each thymec-
tomy technique strongly suggests that all resec-
tions are not equal in extent [37].

Regardless of the selected technique, how-
ever, when complete removal of all thymic tis-
sue is the goal of the thymectomy technique
employed, the actual extent of each individual
resection is determined in part by the operating
surgeon’s conviction that as much thymus that
can be removed safely should be removed, the
surgeon’s commitment to take the time to do so
meticulously, and the surgeon’s experience
with the technique employed. In that respect,
while a classification system is necessary in
order to compare outcomes, the ultimate ques-
tion is not which resectional technique is best,
but whether or not a particular approach allows
for total thymectomy when properly
performed.
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Combined Transcervical
and Transsternal Thymectomy (T-4)

Combined transcervical—transsternal maximal
thymectomy [33], also known as extended
cervico-mediastinal thymectomy [38] or “maxi-
mal” thymectomy, is considered the benchmark
operation against which other resectional proce-
dures should be measured [11]. Its design is
based on the surgical anatomy of the thymus and
employs both a complete median sternotomy and
a cervical incision to achieve wide exposure in
the neck [39]. An en bloc resection is used,
removing in a single specimen all gross thymus,
suspected cervical-mediastinal thymus, and ante-
rior cervical-mediastinal fat. Sharp dissection is
utilized in the removal of the specimen with both
sheets of mediastinal pleura and on the pericar-
dium, as blunt dissection may leave microscopic
foci of the thymus on these structures [40].
Extreme care is taken to protect the recurrent
laryngeal, left vagus, and phrenic nerves.

These resections are exenteration in extent
and are “performed as if it were an en bloc dis-
section for a malignant tumor” so as ensure that
islands of thymus are not left behind and to guard
against the potential of seeding of thymus in the
wound [41]. It predictably removes all surgically
available thymus in the neck and mediastinum,
including the unencapsulated lobes and the lob-
ules of the thymus and microscopic thymus in the
pre-cervical and anterior mediastinal fat (an esti-
mated 98—100% of thymic tissue).

Transsternal Thymectomies (T-3)

Standard Transsternal Thymectomy
(T-3a)

The standard transsternal thymectomy used by
the pioneers Blalock, Keynes, and Clagett [2, 3,
42, 43] was originally limited to removal of the
well-defined cervical-mediastinal lobes that were
thought to be the entire gland [44]. Currently,
although a complete or partial [45-48] sternot-
omy may be performed, the resection is more
extensive than originally described and includes
removal of all visible mediastinal thymic lobes.
Mediastinal fat, varying in extent, may or may

not be removed. The cervical extensions of the
thymus are removed from below, with or without
some adjacent cervical fat.

This technique appears to fall short of total
thymectomy as the residual thymus has been
found in the neck and in the mediastinum at reop-
eration following a standard transsternal thymec-
tomy [26-28]. Accordingly, many consider the
standard transsternal thymectomy incomplete and
no longer use it for the treatment of MG [49, 50].

Extended Transsternal Thymectomy
(T-3b)

The extended transsternal thymectomy [51, 52] is
also known as aggressive transsternal thymec-
tomy [53] or transsternal radical thymectomy
[54]. The extent of these resections varies in the
mediastinum, but is more extensive than the stan-
dard transsternal thymectomy. Ideally, the
extended technique is identical to the mediastinal
dissection of the “maximal” T-4 procedure [51].
However, similar to the standard transsternal
technique, cervical thymic extensions are
removed from below, with or without some addi-
tional cervical tissue, but without a formal neck
dissection.

While the extended transsternal technique
may approximate the mediastinal resection
achieved with a “maximal” T-4 approach, they
remove less tissue in the neck (where a small
amount of thymic tissue is present in approxi-
mately 30% of specimens) [33]. Mulder has
expressed the view, however, that the risk to
the recurrent laryngeal nerves in performing
the extensive neck dissection of the combined
transcervical-transsternal maximal thymec-
tomy is not “justified by the small potential
gain” [55].

Transcervical Thymectomies (T-1)

Basic Transcervical Thymectomy (T-1a)

The basic transcervical thymectomy employs an
intracapsular extraction of the mediastinal thy-
mus via a small cervical incision and is limited to
the removal of the intracapsular portion of the
central cervical-mediastinal lobes. No other tis-
sue is removed in the neck or mediastinum [5, 56,
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57]. Although originally considered to be a “total
thymectomy” [5], the basic transcervical thymec-
tomy is unequivocally an incomplete resection in
both the neck and the mediastinum as evidenced
by the findings of residual thymus during reop-
erations [23-29].

Extended Transcervical Thymectomy
(T-1b)
The extended transcervical thymectomy [58—
60] employs a special manubrial retractor for
improved exposure of the mediastinum via a
cervical incision. The mediastinal dissection is
extracapsular and includes resection of the vis-
ible mediastinal thymus and mediastinal fat.
Sharp dissection may or may not be performed
on the pericardium. The mediastinal pleural
sheets may be included in the resection but
usually are not. The neck exploration and dis-
sections vary in extent and may or may not be
limited to exploration and removal of the
cervical-mediastinal extensions of the thymus.
The extended transcervical thymectomy
resection, as warned by Cooper [58], when per-
formed by others may be less extensive than the
procedure described by him.

Extended Transcervical Thymectomy
Variations (T-1c-d)

The extended transcervical thymectomy has
been modified to include a partial median ster-
notomy (T-1c) [61] and use of videoscopic tech-
nology (T-1d) to aid in visualization and
dissection of the mediastinum. Video-assisted
variations include addition of transcervical tho-
racoscopy [62, 63] or a subxiphoid videoscopic
inferior approach (described below in Infrasternal
Thymectomies) [64].

Videoscopic-Assisted Thymectomies
(T-2)

Classic VATS (Unilateral) (T-2a)

The video-assisted thoracic surgery (VATS) thy-
mectomy employs unilateral videoscopic expo-
sure of the mediastinum (right or left) with
removal of the grossly identifiable thymus and
variable amounts of anterior mediastinal fat.
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Sharp dissection may or may not be used on the
pericardium, and the mediastinal pleural sheets
are not routinely removed with the specimen.
Complete removal of the mediastinal and dia-
phragmatic fat on the operative side is routinely
performed. The cervical extensions of the thy-
mus are usually removed from below [16,
64-69].

The VATS resections, based on the published
reports, vary in extent in the mediastinum. They
appear to be more extensive than the standard
transsternal resections. Since it is unilateral, left
or right, the contralateral side of the mediastinum
does not appear to be as well visualized as the
operative side.

Video-Assisted Thoracoscopic

Extended Thymectomy (Bilateral

with Cervical Incision) (T-2b)

The video-assisted thoracoscopic extended thy-
mectomy (VATET) uses bilateral thoracoscopic
exposure for improved visualization of both
sides of the mediastinum as well as a possible
cervical incision for exposure of the recurrent
laryngeal nerves and removal of the cervical
thymic lobes and pretracheal fat under direct
vision [70, 71]. Extensive removal of the medi-
astinal thymus and peri-thymic fat is described,
the thymus and fat being removed separately.
Sharp dissection may or may not be used on the
pericardium. The mediastinal pleural sheets are
usually not removed. Modifications to VATET
include addition of an anterior chest wall-lifting
method [72]. The VATET operation is conceptu-
ally more complete than the unilateral VATS
since it offers excellent visualization of both
sides of the mediastinum and includes a neck
dissection as well.

Bilateral VATS (No Cervical Incision)

(T-2¢)

Bilateral VATS thymectomy without a cervical
incision has also been described [73, 74], with
reportedly similar resection capability to
extended transsternal thymectomies (T-3b) [73].
Notably, bilateral VATS thymectomy without a
cervical incision is occasionally referred to as
VATET in the literature, though the two proce-
dures may differ in their resectional extent.
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A study designed to evaluate bilateral VATS thy-
mectomy with and without transcervical neck
dissection observed that between 2 and 3% of
thymic tissue may be left in the absence of addi-
tional cervical approach [75]. As such, we believe
bilateral VATS without cervical incision should
be treated as a separate entity from VATET when
comparing outcomes and deserves a distinct
classification.

Videoscopic with Robotic Technology
(Unilateral or Bilateral) (T-2d)
Robotic-aided video-assisted thoracoscopic thy-
mectomy, unilateral or bilateral, is becoming
increasingly common since its introduction in the
early 2000s [76-80, 163]. The instrumentation
offers enhanced optics with three-dimensional
visualization and x12 magnification; the surgical
arms allow precise tissue dissection. Therefore
the technique has the potential for extensive, yet
safe, resection of the thymus and anterior medi-
astinal fat as well as exploration of the neck.
However, robotic technology certainly adds sig-
nificant cost and time to the procedure.

Infrasternal Thymectomies (T-5)

The infrasternal thymectomies make use of a
subxiphoid incision that reportedly allows
improved visualization and dissection of bilateral
mediastinal spaces that would otherwise be diffi-
cult from a unilateral thoracoscopic approach
[81]. The operation may be performed solely
through a subxiphoid incision [82, 83] or supple-
mented with bilateral thoracoscopic ports [84]
and may include a cervical incision to facilitate
neck dissection [82]. A combined transcervical-
subxiphoid thymectomy (T-5a) utilizes both an
open cervical dissection and subxiphoid video-
assisted inferior approach and has been reported
to achieve comparable resection to the “maxi-
mal” T-4 approach [64]. While the single incision
subxiphoid approaches may result in aestheti-
cally more appealing results, decreased maneu-
verability may increase operative time or hamper
adequate dissection needed to achieve total
thymectomy.

Robotic technology has also been employed in
subxiphoid thymectomy, through single or mul-
tiple ports [85, 86]. While robotic technology has
the aforementioned benefits and may overcome
the limitations in dexterity encountered in single
port operations, such procedures are still in their
infancy, and the benefits in terms of long-term
clinical outcomes versus cost and time remain to
be demonstrated.

The Results of Thymectomy
Introduction

The publication of the first randomized prospec-
tive trial investigating thymectomy versus medical
management marks a great step forward in the evi-
dence supporting the benefit of thymectomy in
non-thymomatous MG [1]. The following review
summarizes the evidence supporting thymectomy
as a treatment modality in non-thymomatous MG,
the problems in the analysis of thymectomy for
MG, as well as best available information on the
outcomes of different thymectomy techniques,
relying on studies employing uniform definitions
and reliable statistical methods of analysis and
acknowledging when no such information exists.

We firmly support the clinical research stan-
dards set out by the MGFA in 2000 and revised in
2012, which have added much needed consis-
tency and clarity to the design, implementation,
and interpretation of MG clinical research [35,
87]. Adherence to a unified system of classifica-
tion of MG clinical subtypes, disease severity,
therapy status, morbidity and mortality informa-
tion, and measure of response is essential for
accurate assessment of treatment impact. Despite
wide adoption, not all data included in this review
adhere to this classification system (due in part to
its relatively recent introduction).

Problems in the Analysis
of Thymectomy for MG

Inappropriate statistical analysis, including the
comparison of unrelated statistical techniques,
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has led in many instances to incorrect conclu-
sions concerning the relative merits of the thy-
mectomy techniques. The following is a brief
review of material previously reviewed and ana-
lyzed in detail [37, 88].

Remission has been considered the measure-
ment of choice in defining results following thy-
mectomy and the most desirable outcome from
the patient standpoint [89-91]. However, not all
studies adhere to its strictest definition as delin-
eated in the MGFA guidelines, arguing that it rep-
resents a relatively rare outcome. Additionally,
other studies argue that outcomes such as mini-
mal manifestation status (MMS) or pharmaco-
logic remission are more attainable and equally
acceptable post-intervention statuses compared
to complete stable remission.

Life table analysis, using the Kaplan—-Meier
method, is considered the preferred statistical
technique for the analysis of remissions follow-
ing thymectomy [92]. It provides a comparative
analysis using all follow-up information accumu-
lated to the date of assessment, including infor-
mation on patients subsequently lost to follow-up
and on those who have not yet reached the date of
assessment [93, 94]. This analysis should be sup-
plemented by multivariable analysis to identify
and correct for significant variables. Hazard rates
(remissions per 1000 patient-months) correct for
length of follow-up and censor patients lost to
follow-up. However, these rates depend on the
risk (remissions per unit of time) being constant
[95], which may not be the case in MG.

Uncorrected crude rates, the number of remis-
sions divided by the number of patients operated
upon or sometimes divided by only the number
of patients followed (potentially a very different
denominator), have been the primary form of
analysis in the comparative evaluation of remis-
sions and improvement following thymectomy.
This is unfortunate since this form of analysis
does not include in the evaluation all the follow-
up information accumulated to the date of assess-
ment. In addition, patients evaluated many years
after surgery may appear to do as well or better
than patients with a shorter follow-up. And even
the differing denominators in the two subsets
(patients operated upon versus patients followed)

are not comparable but have frequently been
compared without comment. Accordingly, uncor-
rected crude data should have no place in the
comparative analysis of results of thymectomy
and for this reason has been omitted from this
review. Although correcting crude data for mean
length of follow-up enables a rough comparison
of the uncorrected crude data remission rates and
confirms the fallacy of comparing uncorrected
crude data, it should not be used as a substitute
for life table analysis and therefore is also not
included in this presentation.

In comparing results of different thymectomy
techniques, other confounding factors are also
frequently ignored and may conceal the disad-
vantages of the procedure being touted [37].
These include (1) failure to assess or define the
length of illness preoperatively, (2) failure to
account for the length of postoperative follow-
up, (3) inclusion of multiple surgical techniques
and combining two or more series with differing
definitions and standards, (4) combining patients
with and without thymoma in a composite analy-
sis, (5) including reoperations in the primary
analysis when most patients at the time of the
reoperation had severe symptoms of long dura-
tion and may have failed earlier thymectomy for
undetermined reasons, (6) use of meta-analysis
based on mixed and uncontrolled data, (7) failure
to report relapses, and (8) failure to consider the
rate of spontaneous remissions.

Additionally, when immunosuppression is
included in the preoperative or postoperative thy-
mectomy regimen, the patients are not always
compared to a control group and do not follow a
predefined schedule of medications and dose
reduction that is required in assessing the additive
benefit from thymectomy and immunosuppres-
sion. Thus, under these circumstances, it is not
possible to infer retrospectively the effects of
thymectomy itself [96].

Thymectomy Versus Medical
Management

The results of the Thymectomy Trial in Non-
thymomatous Myasthenia Gravis Patients
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Receiving Prednisone Therapy (MGTX) provide
the first class I evidence in support of thymec-
tomy for non-thymomatous MG [1]. The study,
published in 2016, was a multicenter, prospec-
tive, randomized, and rater-blinded trial designed
to evaluate the effect of thymectomy plus predni-
sone versus treatment with prednisone alone on
improvement of MG symptoms, MG exacerba-
tions, total prednisone and alternative immuno-
suppression requirements, and treatment-related
complications.

The trial enrolled 126 patients between the
ages of 16 and 65 with acetylcholine receptor
antibody-positive MG, not associated with a
thymoma, with disease duration of less than 5
years. Patients with ocular symptoms only or
severe disease requiring intubation (class I and
class V, respectively) were excluded, as were
those who had undergone immunotherapy with
anything other than prednisone. MGFA classifi-
cation guidelines were utilized with regard to
disease severity (Quantitative Myasthenia
Gravis score, QMG) and post-intervention sta-
tus. Participants were randomized to either
undergo extended transsternal thymectomy
(T-3b) in addition to a standardized prednisone
protocol or the prednisone protocol alone and
were followed for three years. Surgeons were
required to adhere to a prescribed approach and
underwent mandatory training to eliminate
potential variability introduced by different
thymectomy techniques.

Participants undergoing thymectomy in com-
parison to those treated with prednisone alone
were observed to have significantly lower QMG
scores (6.15 vs. 8.99, p <0.001) indicating a clin-
ically significant reduction in disease severity.
Additionally, patients undergoing thymectomy
required lower doses of prednisone to achieve
minimal manifestation status (MMS) (44 mg vs.
60 mg, p < 0.001). Alternative immunosuppres-
sion requirements and MG exacerbations were
significantly lower in the thymectomy group.
Patients who underwent thymectomy were hospi-
talized with MG exacerbations less frequently
(9% vs. 37%, p < 0.001) than those treated with

prednisone alone. Treatment-related complica-
tions were equivalent.

While the MGTX trial demonstrates the
benefit of thymectomy for patients with non-
thymomatous MG, it is limited to patients with
generalized MG associated with AChR anti-
bodies and of relatively recent disease onset.
Additionally, subgroup analysis of the trial
failed to demonstrate the benefit of thymec-
tomy for patients who had not previously been
taking prednisone on QMG score or predni-
sone requirement, or for men with regard to
QMG score, though this may be related to a
relative small number of patients in such
groups. Additionally, the primary outcome
studied was MMS, rather than remission. The
authors stated that remission, when strictly
defined, is a relatively rare occurrence and that
MMS is considered a desirable and achievable
outcome [97].

Additional data that lend support for thymec-
tomy in the treatment of non-thymomatous MG
is limited to nonrandomized observational stud-
ies. A 2014 best-practice review that included
papers evaluating thymectomy in
thymomatous MG summarized that patients
undergoing thymectomy are “more likely to
achieve medication-free remission, become
asymptomatic and clinically improve, particu-
larly [those] with severe and generalized symp-
toms” compared to those undergoing medical
management only [98]. A 2016 review of such
studies demonstrated an odds ratio of 2.44 for
remission in patients undergoing thymectomy to
those treated nonoperatively [99]. However, such
systematic reviews are limited by high heteroge-
neity among studies with regard to how patients
are selected to undergo surgical versus nonsurgi-
cal treatment, operative approaches, and defini-
tion of remission.

Of note, the benefit of thymectomy is not
immediate; remission rates more than 30% are
rarely reported at 2 to 3 years post-thymectomy,
though they typically continue to increase over
time, and benefit may be seen as late as 15 years
after surgery (Table 13.2).

non-
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Indications for Thymectomy

In light of the MGTX trial, thymectomy appears
indicated for adults less than 65 years with gener-
alized, AChR antibody-positive non-thymomatous
MG [1]. Expert consensus guidelines recommend
thymectomy for non-thymomatous MG patients
in order to improve symptoms, increase the
chance of remission, and decrease need for immu-
nosuppressants, though with caveats regarding (1)
MG subtype, (2) patient age, (3) timing during
disease course, and 4) disease severity [100].

Thymectomy is recommended for patients
with AChR antibodies and generalized MG [1,
100, 101]. However, the benefit of thymectomy
for patients with ocular MG is controversial;
though some studies have shown that ocular MG
patients undergoing thymectomy were more
likely to achieve remission and less likely to
progress to generalized MG [102, 103], others
argue against it and believe that the data in favor
of it is still lacking [104]. Expert guidelines do
not recommend thymectomy as a first line treat-
ment for ocular MG, but it may be considered if
medical management fails [105].

The role for thymectomy is again unclear in
patients with generalized MG but who are AChR
antibody negative. Some argue that a percentage
of seronegative MG patients (no detectable
AChR and MuSK antibodies) may represent
“false negatives”: patients with undetectable but
present anti-AChR antibody, as studies have
shown similar benefit to thymectomy compared
to AChR-antibody-positive patients [106, 107].
As such, thymectomy is generally recommended
in seronegative patients [100, 101]. However,
patients who are MuSK or LRP4 antibody posi-
tive have not consistently been demonstrated to
benefit from thymectomy [108, 109]; consensus
guidelines recommend against its use in these
cases [100, 101].

Itis suggested that thymectomy provides greater
benefit when performed early during the course of
the disease and should be performed within 3 to 5
years of onset [110, 111], the rationale being that
early surgery provides the highest chance at achiev-
ing remission while minimizing the total exposure

to immunosuppressives. Additionally, as the thy-
mus naturally involutes over time, older patients
with atrophic thymuses may derive less benefit
from thymectomy [112, 113].

Furthermore, surgical risk increases with age.
Given limited data in this age group, thymectomy
is not routinely recommended in patients over 60
[113]. However, age has not been demonstrated to
be an absolute contraindication to thymectomy
(as evidenced by the inclusion of patients up to 65
years of age in the MGTX trial) and the decision
to proceed with thymectomy in elderly patient
should be decided on an individualized basis. The
indication for thymectomy in children is a sepa-
rate issue addressed by others [114-117].

Given that the benefits of thymectomy are not
immediate and the increased risk of perioperative
complications with poorly controlled symptoms,
thymectomy should be performed on an elective
basis when patients are as symptom-free as possi-
ble [118, 119]. While evidence indicates that
patients with less severe illness who are operated
upon early in their course do better, a thymectomy
should be considered for most adult patients with
more than very mild generalized non-thymomatous
MG, regardless of the duration of symptoms or age
of the patient, unless a specific contraindication
exists.

Comparative Results Following
Thymectomy

The available evidence continues to suggest that
the less thymus left behind, including extra-lobar
lobules of the thymus and microscopic thymus in
the peri-thymic fat, the better the long-term
results. However, while there are no well-designed
prospective studies that conclusively indicate
which resectional technique is the thymectomy of
choice, as previously mentioned, there may be
multiple approaches that allow for total thymec-
tomy. The question then becomes which tech-
niques allow for as total a resection as achieved by
the T-4 “maximal” thymectomy. While certainly
the size and weight of specimens may on average
vary between the techniques, the most meaningful
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measure is clinical outcome or, more specifically,
rates of complete sustained remission.

We believe that the most reliable data for a
comparative analysis of thymectomy techniques
are reports that employ Kaplan—Meier life table
analysis to report rates of remission. Table 13.2
represents a summary of such reports. We have
omitted a presentation of crude data and adjusted
crude data because, as previously discussed, the
use of this form of analysis is not a valid statisti-
cal method to compare the results of the various
thymectomy techniques. We recognize, however,
that even though these studies have employed
Kaplan—Meier analysis, they are not truly compa-
rable because of significant variations in the
severity and duration of the preoperative illness,
variable use of pre- and postoperative corticoste-
roids and other immunosuppressive therapies,
and various definitions of remission. However,
this represents what we consider to be the best
available evidence at this time.

Upon review of the table, it is immediately
apparent that the patient populations widely vary
between studies with regard to disease severity
and preoperative duration, two factors with
important implications for post-intervention out-
comes. Additionally, while the MGFA defines
complete stable remission as “no symptoms or
signs of MG for at least 1 year and has received
no therapy for MG during that time,” a number of
studies have defined remission as patients asymp-
tomatic for at least 6 months off all medication or
while only taking low-dose non-cholinesterase
inhibitors [120, 121]. With this in mind, in addi-
tion to the variability in definitions of remission
between studies, it is tempting to dismiss any
attempt at comparison as futile.

However, a number of interesting observa-
tions can be made, the first being that the benefit
of thymectomy is indeed not immediate and the
superiority of one technique versus another may
not be apparent until 5 or more years after sur-
gery. Additionally, additional outcome data
reported since our initial review continue to rein-
force that all resections are not equal.

The transcervical resections appear to plateau
at approximately 40% remission rate, with the

exception of 91% remission rate at 10 years for
the T-1d approach [62], which certainly deserves
further consideration as a minimally invasive
means to achieve good long-term results.

Of the videoscopic-assisted (T-2) tech-
niques, the majority of data is limited to results
within 6 years of operation. The most data exist
on the unilateral VATS thymectomy (T-2a),
with marked variability in rates of remission at
5 years between the studies, ranging from 13 to
60%. The 75% and 88% remission rates of the
T-2a technique reported by Manulu et al. (2005)
and Tomelescu et al. (2011) at 10 years are cer-
tainly intriguing and cannot be explained by
more favorable patient populations or generous
interpretations of “remission” [122, 123].
Long-term follow-up of the other videoscopic
approaches is much needed.

Of the transsternal resections, while relatively
few studies of short follow-up duration exist, the
limited T-3 standard approach does not appear to
achieve acceptably comparable results to other
techniques. Notably, the T-3b extended transster-
nal thymectomy while demonstrating 30-49%
remission rates at 5 years that are comparable to
those of other approaches that demonstrate con-
tinued benefit at 1015 years is lacking long-term
data that it does similarly [124, 125].

The results of the two maximal T-4 thymec-
tomy studies demonstrate its ability to achieve a
relatively high rate of remission, but notably at a
time point relatively remote from surgery. Of the
one paper reporting life table analysis of an infra-
sternal—transcervical approach, while it appears
to have relatively good 5-year remission rates, as
with many of the other approaches, long-term
prospective data is needed [126].

Selecting the Thymectomy
Technique

While numerous studies utilizing MGFA research
standards aimed at investigating both established
and novel thymectomy techniques have been
added to the literature since our initial review, in
the absence of controlled prospective studies, it is
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still not possible to state with certainty which
technique should be the procedure of choice.
Accordingly, it is necessary for the referring neu-
rologist to have an understanding of the debate
herein presented in determining what procedure
to recommend. However, regardless of the surgi-
cal approach, surgical expertise and experience
are required. The surgeon should be convinced of
the importance of complete removal of the thy-
mus and be willing to commit the necessary time
and care to achieve this goal safely. Since the
need for complete removal of all gross and
microscopic thymus has not been definitively
confirmed, it is generally considered preferable
to leave behind small amounts of suspected thy-
mus, or even likely thymus, than injure the recur-
rent laryngeal, the left vagus, or the phrenic
nerves. Injury to these nerves can be devastating
to a patient with MG.

Based on an analysis of the available data, it
appears that the more thorough the removal of
all tissue that may contain the thymus, the bet-
ter the long-term results. Therefore, historically
and conceptually, the combined transcervical—
transsternal thymectomy best fulfills these cri-
teria. However it is now clear that varying
minimally invasive thechniges and approaches
can encompass and replicate the resectional
specimens that had been performed in open
procedures.

We continue to support the extended transste-
rnal thymectomy since in the hands of experi-
enced surgeons, it predictably removes all but a
possible small amount of the thymic variations
in the neck, has less risk of injuring the recurrent
laryngeal nerves, and has produced good 5-year
results. However, it is now clear that minimally
invasive approaches, again in experienced hands,
can reliably remove the same tissue as a properly
performed extended transsternal thymectomy.
The most data exists for T-2a unilateral VATS
thymectomy, and the two studies reporting out-
comes at 10 years suggested it may provide an
acceptable “minimally invasive” alternative to
the T-4 approach. The VATET thymectomy
(T-2b) is conceptually appealing based on the

surgical anatomy and the 51% 6-year remission
rate reported in the one available study is prom-
ising, though longer-term results are needed
[124]. Bilateral approach overall appears to best
afford maximal dissection with protection of the
phrenic nerves, although the unilateral robotic
technique described by Ruckert has been
uniquely able to use the robotic approach to
remove bilateral disease that others have not
been able to achieve unilaterally [127]. The vari-
ability of 5-year remission rates of the video-
assisted thymectomies underscores the need for
well-designed, prospective trials comparing sur-
gical techniques.

Increasing expertise and facility with mini-
mally invasive techniques in combination with
the conviction that total thymectomy is necessary
may yield a number of surgical approaches to
thymectomy that achieve comparable results to
the “maximal” T-4 method. Thus, the debate is
shifted from which thymectomy technique is best
to whether a not a particular technique can allow
for adequate exposure for safe removal of all thy-
mic tissue. Based on the handful of studies that
exist with long-term outcomes data, it appears
likely that a number of approaches, including
those relying solely on thoracoscopic or video-
scopic techniques, may achieve outcomes com-
parable to the “maximal” thymectomy. If one of
the minimally invasive techniques can consis-
tently be demonstrated to be as effective in the
treatment of MG as the procedures that employ a
median sternotomy, it would be our choice for
most patients.

Reoperation

A repeat thymectomy may be appropriate and
highly desirable for patients who have had an
unsatisfactory result after one of the more limited
thymic resections [128]. This recommendation
appears to be straightforward when applied to a
patient who still has, or progresses to, an inca-
pacitating and poorly controlled illness, espe-
cially if repeated hospitalizations and ICU stays
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have been required 3-5 or more years following
a basic transcervical (T-1a) or a standard trans-
sternal thymectomy (T-3a).

It is more difficult to recommend reoperation
for less severe symptoms or after more extensive
original operations, but it probably is appropriate
in selected instances. Unfortunately at this time, it
is not possible to determine the location, or even
presence, of even moderate amounts of residual
thymus prior to surgery or even by gross inspec-
tion at the time of surgery. Negative CT scans or
MRI examinations do not exclude the presence of
the residual thymus, and antibody studies are usu-
ally not helpful [29]. However, a review of the
operative note and pathological report of the orig-
inal surgery, which is mandatory in any case, usu-
ally makes it clear that an incomplete resection
had been performed. Hopefully the day will come
when techniques are developed that can deter-
mine the location of even small amounts of thy-
mic tissue. The timing of reoperations is also a
difficult decision. Although a 3- to 5-year wait
frequently seems prudent, earlier reoperation may
be more appropriate and many years later should
not disqualify a patient from reoperation.

If reoperation is undertaken for persistent or
recurrent symptoms, it should be as extensive as
the combined transcervical-transsternal T-4
resections in both the neck and mediastinum,
regardless of the thymectomy technique employed
in the initial operation. This recommendation is
supported by the findings following reoperations
using the “maximal” technique [27]. Obviously,
however, a reoperation is more difficult and time
consuming than a primary resection, and the risk
to the nerves and the thoracic duct is greater.
Therefore, wide exposure in the neck and medias-
tinum, with the use of a “T” incision rather than
separate neck and sternal incisions, appears highly
desirable [33]. If the surgeon is not experienced in
neck surgery, the assistance of a surgeon experi-
enced in this area is suggested.

Reoperation thymectomies via extended trans-
sternal [23, 28] and VATS [129] approaches have
been described with reported improvement in the
majority of patients, though studies are limited to

retrospective examinations of relatively small,
heterogeneous patient groups [130]. Incomplete
resection and failure to remove residual thymus
must account for at least some of those who fail
to benefit from reoperation; we therefore cannot
recommend any approach less extensive than the
maximal T-4 approach without high-quality data
that suggests otherwise.

Perioperative Patient Management

Patients undergoing thymectomy in the treatment of
MG require the care of a team of neurologists, pul-
monologists, respiratory therapists, intensive care
specialists, anesthesiologists, and surgeons who
have had experience in the care of these patients.
Such teamwork has been demonstrated to improve
outcome following thymectomy for MG [131], as
has operative volume in other cardiothoracic opera-
tions [132-134]. And regardless of the surgical
technique employed, the surgeons should be totally
conversant with the special problems of patients
with MG and committed to the frequently difficult
postoperative care. To accomplish these goals, these
operations should be performed at centers where
such teams exist. It is, of course, important that the
diagnosis of MG be unequivocally established prior
to thymectomy and, as emphasized by Kaminski
[135], the patient and the patient’s family should
have a thorough understanding of the illness, non-
surgical and surgical treatment options, anticipated
postoperative course and morbidity, and, of course,
the potential results, or lack thereof, of the surgery.
The special problems associated with the peri-
operative care of these patients are directly
related to the severity of the MG manifestations
at the time of surgery. The major risk is the pres-
ence of oropharyngeal and respiratory muscle
weakness with the potential for aspiration of oral
secretions, inability to cough effectively postop-
eratively, and respiratory failure. A number of
variables are associated with increased risk of
postoperative myasthenic crisis and respiratory
failure, including a history of myasthenic crisis
and longer duration of disease; some, however,
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such as preoperative bulbar symptoms and lower
vital capacity, are potentially modifiable [136,
137].

Accordingly, the preoperative preparation of
these patients is central to the success of surgery
[138]. The patient should be as symptom-free as
possible at the time of surgery, especially free of
signs and symptoms of oropharyngeal and respi-
ratory weakness. Cholinesterase inhibitors are
the mainstay of symptomatic treatment of MG,
though their use in the perioperative period is
complicated by interactions with neuromuscular
blocking agents (NMBAs), medications often
essential in anesthesia and critical care (see
below). Most recommend continuing anticholin-
esterase medications up to the day of surgery to
prevent worsening of respiratory symptoms pre-
operatively [138, 139]. However, anticholines-
terase medications should not be the sole means
used to achieve adequate control of symptoms as
these inhibitors only temporarily —mask
MG-related weakness, which may then flare up
in the early postoperative period and result in a
high rate of postoperative respiratory complica-
tions [140, 141]. Steroids are essential in the peri-
operative management of MG symptoms [142].
The concern about wound healing and infection
associated with steroids is likely overemphasized
and much less of a concern than performing an
operation on an inadequately prepared patient
[143]; clinicians should be cognizant of the
potential for need for stress-dose steroids periop-
eratively. Plasmapheresis and/or IVIG adminis-
tration is routinely used to improve the
preoperative status of patients with history of
severe respiratory compromise due to their MG
[144-146].

The preoperative evaluation should include a
detailed evaluation of the pulmonary function
status. Vital capacity (VC) and respiratory mus-
cle force measurements are recommended, both
before and after cholinergic inhibitors, if the
patient is receiving this medication and can toler-
ate its withdrawal for the 68 h interval necessary
for this type of testing. The dual before and after
measurements gives an indication of the deficits
that may be masked by the cholinesterase inhibi-
tors and the potential need for preoperative plas-

mapheresis or immunosuppression. Some studies
suggest that vital capacity <2.0-2.9 L is predic-
tive of increased risk of postoperative respiratory
failure [147, 148]. The measurement of maxi-
mum expiratory force (MEF) is easy to perform,
is an excellent measure of cough effectiveness
(an important determination), and is more sensi-
tive and reliable than the VC in the evaluation of
these patients, both preoperatively and in the
early postoperative period [149]. An MEF of less
than 40-50 cm H,O indicates a potential for post-
operative respiratory complications and respira-
tory failure. These determinations are also helpful
in assessing the timing of extubation in those
patients that require postoperative ventilatory
support [138, 149].

Due to the effects of antibodies directed
toward acetylcholine receptors, patients with
MG have a variable response to NMBAs. They
may be resistant to depolarizing NMBAs while
demonstrating acute sensitive to the effects of
nondepolarizing NMBAs. The concomitant use
of anticholinesterase medications (often used to
reverse such medications during anesthesia)
may exacerbate this effect and place the patient
at risk for a cholinergic crisis [150]. Therefore,
many believe that NMBAs should be avoided if
possible. However, it is preferable to face the
potential need for prolonged postoperative ven-
tilation than have the patient suffer the conse-
quences of hypoxia. Accordingly, should
intubation be difficult, whether during anesthe-
sia induction or at anytime intubation is
required, immediate muscle paralysis may be
mandatory to achieve intubation rapidly and
successfully.

If the patient is well-prepared preoperatively
and the preoperative MEF off cholinergic
medication is satisfactory, regardless of the surgi-
cal technique employed and including transster-
nal incisions, extubation may be acceptable
immediately postoperatively. However, emer-
gency reintubation and respiratory support should
be instituted immediately at any time for early
signs of fatigue, progressive weakness, or
impending respiratory failure. The use of cholin-
ergic medication at such a time is usually ineffec-
tive and may delay needed intubation.
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Postoperatively, these patients should be
closely monitored in an intensive care setting by
experienced personnel [151, 152]. The use of epi-
dural anesthesia for control of pain following a
median sternotomy is extremely helpful. An
institutional protocol for the management of the
postoperative MG patient is helpful and can
include details of the ventilatory support man-
agement, defining the role of MEF measurements
in deciding when to extubate, the role of physical
therapy and bronchoscopy in maintaining a clear
airway, pain control techniques, immunosuppres-
sion if indicated, the role of cholinergic medica-
tion, and timing and technique of a tracheostomy
if necessary.

Surgical Management of Thymoma

Because approximately 10% of patients with
MG will have a thymoma [153], a chest CT scan
is indicated prior to thymectomy in all these
patients. It should identify thymomas in most
instances [154]. The presence of antibodies to
striated muscle antigens also predicts the exis-
tence of a thymoma [15]. However, small thy-
momas may first be discovered at surgery. To
avoid tumor seeding and late recurrences, the
well-encapsulated and invasive tumors require
wide local resection with as good tumor margins
as practical, including the removal of adherent
pericardium or wedges of adherent lung if neces-
sary. Although a phrenic nerve may also appear
to be involved, although always a difficult and
individual decision, in most instances it can and
perhaps should be preserved in patients with
MG. In addition, a total thymectomy should be
performed unless a specific contraindication
exists.

Median sternotomy is the current standard of
care approach [155]. While more minimally
invasive techniques are becoming increasingly
common in the resection of smaller tumors [156],
they are not currently recommended by expert
consensus guidelines [155] and should only be
considered at centers with significant
experience.

Outcomes Research

Well-designed and well-controlled prospective
studies are required to begin to resolve the many
conflicting statements and unanswered questions
that exist concerning thymectomy in the treat-
ment of MG. This goal must be achieved if
patient protocols and operative techniques are to
be properly evaluated. In this era of evidenced-
based therapy, these steps are not only desirable
but mandatory.

The ideal method of such evaluation is to
undertake a prospective randomized clinical trial,
class I evidence in the American Academy of
Neurology (AAN) nomenclature [157]. However,
since the development of such a study comparing
thymectomy techniques is not only unlikely but
probably unnecessary, a prospective risk-adjusted
outcome analysis of nonrandomly assigned treat-
ment [158], class II evidence in the AAN nomen-
clature, is an acceptable and achievable method
of study that if properly controlled and carefully
monitored should resolve many of the unresolved
issues. To eliminate bias, the use of two or more
surgical centers, comparing their respective pref-
erences, is preferable to a single team performing
and comparing two types of thymectomies. We
strongly recommended that one or more such
class II studies be undertaken.

In addition to a prospective study, the use of
clinical research standards, which include defini-
tions of clinical classification, quantitative
assessment of disease severity, grading systems
of post-intervention status, and approved meth-
ods of analysis are required. The “data bank”
concept, appropriately developed and rigorously
monitored [35], should be particularly useful and
practical for multiple institutions to compare the
relative value of the various thymectomy tech-
niques. The primary focus of comparative analy-
sis of thymectomy for MG should remain
complete stable remission. Complete stable
remission, while rare, is not only the most reli-
able measure of success but the most desirable
result from the patient standpoint. “Survival”
instruments, which are used in the analysis of
remissions, are the most reliable determinant.
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The Kaplan—Meier life table analysis is the tech-
nique of choice. The use of uncorrected crude
data has no place in these analyses. Quality of life
instruments, such as the Myasthenia Gravis
Composite (MGC) score, should also be
employed because therapy for MG is usually not
innocuous and frequently does not produce a
completely stable remission [87, 159]. They
should not, however, replace “survival” instru-
ment evaluation. Experts in the field of biostatis-
tics and outcomes analysis should be included in
the design of all studies, in the collection of the
information, and in the evaluation of the data.

Conclusions
The results of the MGTX trial provide the first
class I evidence validating the use of thymec-
tomy in the treatment of non-thymomatous
MG. But rather than marking the end of a
decade-long debate, it should herald the
beginning of a new era of high-quality
research, utilizing standardized definitions,
appropriate statistical methods, and prospec-
tive studies to address lingering questions.
Although arguments can undoubtedly be
submitted to refute some of the statements
herein, we hope that this presentation will lead to
a better understanding of the thymectomy con-
troversies and improved results following thy-
mic resection for MG. We also hope, and expect,
the day will come when some form of targeted
immunosuppression or other nonsurgical ther-
apy, with no significant side effects, produces
long-term remissions in patients with autoim-
mune non-thymomatous myasthenia gravis. At
that time, thymectomy in any form, especially
the transsternal procedures, will be considered
barbaric. Until such time, however, a thymec-
tomy, properly performed, should be considered
an integral part of the therapy of MG.
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