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Abstract
Objective
To review updated evidence regarding the eﬀectiveness of thymectomy for treating patients
with myasthenia gravis (MG).
Methods
The practice advisory panel performed a systematic review and developed practice recommendations using methods developed by the American Academy of Neurology.
Results
One Class I study of patients younger than 65 years with nonthymomatous acetylcholine
receptor antibody–positive (AChR ab+) generalized MG demonstrated better clinical outcomes in patients treated with oral prednisone and undergoing thymectomy compared with
patients treated with prednisone alone, including an increased probability of attaining minimal
manifestation status (no symptoms or functional limitations).
Conclusion
For patients with nonthymomatous AChR ab+ generalized MG, treatment with thymectomy
plus prednisone is probably more eﬀective than treatment with prednisone alone for increasing
the chance of attaining minimal manifestation status (risk diﬀerence at 36 months, 20%; 95%
conﬁdence interval, 1.6%–37%; moderate conﬁdence in the evidence).
Recommendations
Clinicians should discuss thymectomy treatment with patients with AChR ab+ generalized MG
(Level B). Clinicians should counsel patients with AChR ab+ generalized MG considering
minimally invasive thymectomy techniques that it is uncertain whether the beneﬁt attained by
extended transsternal thymectomy will also be attained by minimally invasive approaches
(Level B).
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Glossary
AAN = American Academy Neurology; AChR ab+ = acetylcholine receptor antibody–positive; CI = conﬁdence interval; MG =
myasthenia gravis; MMS = minimal manifestation status; QMG = quantitative myasthenia gravis score; VATS = video-assisted
thoracoscopic thymectomy.

Reports of remission following thymectomy in patients with
myasthenia gravis (MG) suggested a therapeutic beneﬁt for
patients with MG.1 However, a practice guideline regarding
the eﬃcacy of thymectomy for MG treatment published by
the American Academy Neurology (AAN) in 2000 concluded
that it was impossible to determine “whether the observed
association between thymectomy and improved MG outcome
was a result of a thymectomy beneﬁt or was merely a result of
the multiple diﬀerences in baseline characteristics between
the surgical and nonsurgical groups.”2 A randomized controlled trial was recommended. The results of a randomized
trial of thymectomy in MG were published in 2016.3

of 60 participants in the prednisone group completed the required 3-year period of follow-up evaluations (dropouts, 15 of
126 [12%]). Nine participants originally randomized to thymectomy did not undergo thymectomy, and 8 patients randomized to medical therapy alone underwent thymectomy
outside of the protocol (crossovers). Outcomes were analyzed
according to the intention-to-treat paradigm (i.e., patient outcomes were analyzed within the group to which patients were
originally randomized). Although participants and treating
physicians were aware of treatment assignment, primary outcome assessments were made by investigators masked to treatment assignment.

The purpose of this article is to update the 2000 AAN
guideline by reviewing the evidence provided by high-quality
studies relevant to the following question: For patients with
generalized MG, is thymectomy compared with medical
therapy alone eﬀective in improving patient-relevant outcomes? The primary audience for this guideline update is
neurologists caring for patients with MG.

Patient characteristics
All participants enrolled had AChR ab+ generalized MG of less
than 5 years in duration. The median age of participants was
32.5 years (range 18–64 years). Characteristics of participants
in both treatment groups were substantially equivalent relative
to MG duration and severity at the time of enrollment.

This practice advisory used the methods described in the 2011
edition (as amended) of the AAN’s guideline development
process manual.4 The full-length guideline, available at aan.
com/Guidelines/home/GetGuidelineContent/994, includes
ﬁgures e-1 and e-2 and appendices e-1 through e-10 (including the methods used to develop this article, AAN
guideline subcommittee information, study inclusion criteria,
search strategy, and the evidence synthesis table).

Analysis of evidence
The guideline panel performed a literature search that identiﬁed 1 multicenter Class I study meeting inclusion criteria3 in
which 126 participants had acetylcholine receptor antibody–
positive (AChR ab+) generalized MG that qualiﬁed as Myasthenia Gravis Foundation of America clinical classiﬁcation II–
IV,5 in which Class I is ocular MG, Class V is MG crisis, and
Classes II–IV represent mild to severe generalized MG. Participants were randomly allocated to receive thymectomy plus
medical therapy (prednisone, n = 66) or medical therapy alone
(prednisone, n = 60). The study design permitted participants
to receive treatment with cholinesterase inhibitors with or
without corticosteroids. Participants were excluded if they had
thymoma or previous thymectomy, were using other immunosuppressive agents, were pregnant or lactating, were unwilling to avoid pregnancy, had contraindications to
glucocorticoid use, or had substantial medical illness. Sixty of 66
participants in the prednisone plus thymectomy group and 51
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Interventions
Participants in both treatment groups received prednisone in
accordance with a standardized protocol. Prednisone was
started at 10 mg on alternate days and increased by 10-mg
increments to 100 mg on alternate days or to 1.5 mg/kg body
weight, whichever was lower. The prednisone dose was
maintained until participants attained minimal manifestation
status (MMS, deﬁned as no symptoms or functional limitations from MG5) and the quantitative myasthenia gravis
score (QMG, a composite score ranging from 0 to 39, with
higher scores indicating more severe MG6) had dropped 1
point below baseline. Prednisone was then tapered by 10 mg
every 2 weeks until a dose of 40 mg on alternate days was
reached and then further tapered by 5 mg every month as long
as MMS was maintained. Thymectomy was performed using
an extended transsternal approach.7 Concomitant therapies
with plasma exchange, IV immunoglobulin, azathioprine, or
other immunosuppressants were allowed if needed.
Outcomes
Relative to the coprimary outcomes over the 3 years of followup, the study demonstrated a reduction favoring thymectomy
in the time-weighted average QMG scores6 (QMG mean
diﬀerence, 2.85; 99.5% conﬁdence interval [CI], 0.47–5.22)
and a 41% reduction in time-weighted average alternate-day
prednisone dose (22 mg less in the prednisone plus thymectomy group; 95% CI, 12–32 mg).
The minimal clinically important change in QMG score is
unknown. On the basis of a previous study, a reduction of
Neurology.org/N
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2.3 points in the QMG score was considered to correlate
with clinical improvement.8 Although the mean diﬀerence
between thymectomy and thymectomy plus prednisone
groups met this criterion for clinical improvement (2.85
points favoring thymectomy), the lower conﬁdence limit
of 0.47 is not a meaningful clinical improvement. Hence,
the CI includes clinically important and unimportant
eﬀects. The average reduction of 11 mg/d in prednisone
dose has the potential to reduce long-term adverse events
relating to chronic steroid use, depending on the absolute
daily dose.
To improve the clinical interpretability of the results, the
guideline panel extracted the proportion of participants
attaining MMS, that is, participants having no symptoms or
functional limitations from MG5 (ﬁgure e-1, aan.com/
Guidelines/home/GetGuidelineContent/994). Three years
after thymectomy, 47% of participants randomized to
medical therapy alone had attained MMS, compared with
67% of participants randomized to thymectomy (risk difference, 20%; 95% CI, 1.6%–37%). In other words, for every
5 participants undergoing thymectomy (compared with
participants receiving prednisone alone), 1 additional participant had no symptoms of or functional limitations from
MG at 3 years.

Practice recommendations
Recommendation 1
Recommendation 1 rationale

Thymectomy leads to meaningful beneﬁts for patients with
nonthymomatous AChR ab+ generalized MG. In addition,
transsternal thymectomy appears to be safe.5
Because of the moderate beneﬁts of thymectomy and the need
for a major surgical procedure with its attendant discomforts
and costs, there is likely to be considerable variability in patient
preferences relative to undergoing thymectomy. However, the
panel anticipates that most patients would want to be aware of
the availability of thymectomy as a treatment option.
Recommendation 1 statement

Clinicians should discuss thymectomy with patients who have
nonthymomatous AChR ab+ generalized MG and are 18–65
years of age. The discussion should clearly indicate the anticipated beneﬁts and risks of the procedures and uncertainties surrounding the magnitude of these beneﬁts and risks
(Level B).
Recommendation 2
Recommendation 2 rationale

Safety and tolerability
There was 1 death in the prednisone group. The 1 reported
complication secondary to thymectomy was paralysis of
a hemidiaphragm. Overall, treatment-related adverse events
were more common in the group receiving medical therapy
alone (n = 93) compared with the group receiving thymectomy (n = 48).
A recently published Class III extension9 observed 68 (61%)
participants from the original Class I trial3 for 2 years. Fifty
participants completed the 60-month follow-up (prednisone,
24; prednisone plus thymectomy, 26). Outcomes were
assessed by masked raters. At 60 months, lower time-weighted
average QMG scores were noted for the participants receiving
thymectomy plus prednisone (mean diﬀerence average timeweighted QMG score, 3.87; 95% CI, 0.71–7.04) and a 24%
reduction in average time-weighted prednisone dose (24 mg
lower in the prednisone plus thymectomy group; 95% CI,
12–36 mg).
Conclusion
For patients with nonthymomatous AChR ab+ generalized
MG, treatment with thymectomy plus prednisone is probably
more eﬀective than treatment with prednisone alone for increasing the chance of attaining MMS (risk diﬀerence at 36
months, 20%; 95% CI, 1.6%–37%) and improving other MGrelated outcomes, including decreased use of azathioprine or
IV immunoglobulin rescue therapy and reduced number of
hospitalizations for MG exacerbations (1 Class I study,
moderate conﬁdence in the evidence; ﬁgure e-2, aan.com/
Guidelines/home/GetGuidelineContent/994; table).
Neurology.org/N

There are several surgical methods of thymectomy, with the
goal of removing as much thymic tissue as possible while
preserving phrenic, left vagus, and recurrent laryngeal nerve
function. The classical method of thymectomy is an external
transsternal thymectomy, facilitating complete removal of
thymic tissue and fat. A transcervical approach uses smaller
incisions but is rarely used alone because of inadequate
visualization of the thymus; it may be combined with the
transsternal approach. Minimally invasive techniques include
video-assisted thoracoscopic thymectomy (VATS) or roboticassisted thoracoscopic surgery, both with potentially higher risk
for leaving residual thymic tissue.10 It is uncertain whether the
results of a thymectomy study using an extended transsternal
approach can be generalized to minimally invasive thymectomy
techniques that do not involve a median sternotomy. A randomized trial with unblinded outcome assessment comparing
VATS with transsternal thymectomy demonstrated reduced
blood loss, surgical times, intensive care unit stay, and hospitalization length for patients undergoing VATS but was underpowered to detect signiﬁcant diﬀerences in MG clinical
outcomes.11 It seems likely, if otherwise equally eﬃcacious in
removing all thymic tissue, that patients with MG would prefer
minimally invasive thymectomy techniques without a median
sternotomy.
Recommendation 2 statement

Clinicians should counsel patients with nonthymomatous
AChR ab+ generalized MG considering minimally invasive
thymectomy techniques that it is uncertain whether the
beneﬁt attained by extended transsternal thymectomy will
also be attained by minimally invasive approaches (Level B).
Neurology | Volume 94, Number 16 | April 21, 2020
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Table Selected secondary outcomes in the MGTX trial (Thymectomy Trial in Non-Thymomatous AChR ab+ generalized
Myasthenia Gravis Patients Receiving Prednisone)
Secondary outcome

Prednisone alone

Prednisone plus thymectomy

Mean difference (95% CI)

MG-ADL, 12 months

3.33 ± 3.40

1.92 ± 2.73

1.42 (0.28 to 2.55)

MG-ADL, 24 months

3.11 ± 2.93

2.02 ± 2.78

1.1 (0.03 to 2.17)

MG-ADL, 36 months

2.69 ± 2.80

2.14 ± 2.92

0.55 (−0.53 to 1.63)

Azathioprine use

28/58 (48)

11/65 (17)

31.4% (15.6% to 47%)

Plasma exchange use

9/58 (16)

10/65 (15)

0.1% (−12.7% to 12.9%)

IV immunoglobulin use

23/58 (40)

11/65 (17)

22.7% (7% to 38%)

Hospitalization for MG exacerbation, 0–36 months

22/60 (37)

6/66 (9)

19.2% (5.9% to 32.6%)

Abbreviations: CI = confidence interval; MG = myasthenia gravis; MG-ADL = myasthenia gravis–specific activities of daily living scale.
Values are mean ± SD or n (%).

Suggestions for future research
It seems unlikely that future adequately powered randomized controlled trials with blinded outcome assessment of
thymectomy will be completed given the logistical challenges and costs associated with the recently completed trial.
Much can be learned, however, from prospective cohort
studies designed to identify characteristics that predict which
patients with MG beneﬁt from thymectomy. Such studies
should also include pediatric and older patients with musclespeciﬁc tyrosine kinase–positive, seronegative, and ocular
types of MG. In addition, there is a need for well-designed
observational studies comparing outcomes of minimally
invasive thymectomy techniques with transsternal approaches.
Finally, it will be informative to have registries of patients undergoing these procedures with long-term outcome assessments using both clinician- and patient-reported outcome
measures.

Disclaimer
Practice guidelines, practice advisories, comprehensive
systematic reviews, focused systematic reviews, and other
guidance published by the American Academy of Neurology
(AAN) and its aﬃliates are assessments of current scientiﬁc
and clinical information provided as an educational service.
The information (1) should not be considered inclusive of
all proper treatments, methods of care, or as a statement of
the standard of care; (2) is not continually updated and may
not reﬂect the most recent evidence (new evidence may
emerge between the time information is developed and
when it is published or read); (3) addresses only the
question(s) speciﬁcally identiﬁed; (4) does not mandate
any particular course of medical care; and (5) is not
intended to substitute for the independent professional
judgment of the treating provider, as the information does
not account for individual variation among patients. In all
cases, the selected course of action should be considered by
4
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the treating provider in the context of treating the individual
patient. Use of the information is voluntary. The AAN
provides this information on an “as is” basis, and makes no
warranty, expressed or implied, regarding the information.
The AAN speciﬁcally disclaims any warranties of merchantability or ﬁtness for a particular use or purpose. The
AAN assumes no responsibility for any injury or damage to
persons or property arising out of or related to any use of
this information or for any errors or omissions.

Conﬂict of interest
The American Academy of Neurology (AAN) is committed
to producing independent, critical, and trustworthy clinical
practice guidelines and evidence-based documents. Signiﬁcant eﬀorts are made to minimize the potential for conﬂicts of
interest to inﬂuence the recommendations of this evidencebased document. Management and disclosure of document
developer relationships is conducted in compliance with the
2011 AAN process manual section “Revealing conﬂicts of
interest.”4
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