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Myasthenia gravis (MG) is an autoimmune disease 
caused by a disruption of neuromuscular trans-

mission, a result of antibodies directed against acetylcho-
line receptors (AChR) on the postsynaptic membrane at 
the neuromuscular junction. Local or generalized muscle 
weakness, which may fluctuate during the day, is a typical 

feature. In cases where the bulbar and respiratory mus-
cles are involved, a myasthenic crisis may occur, and po-
tentially fatal respiratory failure is seen in some 15% of 
all patients with myasthenia gravis. Although it is known 
as a disease of the young, it also appears in the sixth and 
seventh decades [1–3].

ABSTRACT
OBJECTIVE: Myasthenia gravis (MG) is an autoimmune disease that may cause a disorder in transmission at the neuro-
muscular junction. Antibodies directed against acetylcholine receptors are responsible. The thymus is the place that that 
production of these antibodies mainly occurs. The thymus gland abnormalities and abnormal production of these antibodies 
are associated with MG. Consequently, thymectomy is a common treatment for MG. The nature of the disease makes it diffi-
cult to plan prospective, controlled trials; therefore, there is no current consensus among clinicians on a single algorithm of 
treatment, and the approach is frequently based on the observations and experiences of experts. The contributions to the 
literature largely consist of retrospective studies examining an approach to treatment and the effects of thymectomy on prog-
nosis. In this retrospective study, evaluation of Turkish patients with myasthenia gravis was carried out for the importance of 
thymectomy and effects on prognosis.

METHODS: In this study, 93 patients with myasthenia gravis whose followed up at Neuromuscular outpatient clinic between 
1998–2018 were evaluated retrospectively. Type of disease, antibody status, treatment, thymectomy, thymus pathology and 
prognosis were assessed.

RESULTS: Thymectomy had been a positive effect on the prognosis of the disease independent of the duration of disease 
and thymic pathology. The best results had been obtained with early thymectomy with short disease duration, younger age 
and patients with thymic hyperplasia. Success of therapy was limited with thymoma. With advanced age need for thymectomy 
was decreased.

CONCLUSION: In the present study, evaluation of 93 patients with myasthenia gravis was done retrospectively and it was 
concluded that thymectomy had a positive effect on prognosis, especially in young patients when performed as early as pos-
sible. The most successful results were obtained in cases with thymic hyperplasia. 
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Autoantibodies developed against AChR may lead to 
complement-related damage in the postsynaptic mem-
brane, and AChR loss results in weakness and easy fa-
tiguability. Anti-tyrosine kinase muscle-specific kinase 
(MuSK) and anti-low-density lipoprotein receptor-re-
lated protein (LRP4) antibodies have been detected in 
patients without AChR antibodies [4–6].

Although the muscle weakness is generally symmetri-
cal, ocular muscle involvement may also be asymmetrical. 
Muscle weakness occurring with repeated movements 
and fatigue caused by exercise may vary during the day 
and from day to day [1, 3].

The diagnosis of MG is based on typical symptoms 
and findings, as well as the detection of specific anti-
bodies. Most patients have AChR antibodies. In oth-
ers, anti-MuSK antibodies and LRP4 antibodies are 
detected. An ice-pack test, in addition to pharmaco-
logical and neurophysiological tests, is helpful in the 
diagnosis of patients without antibodies. The condi-
tion of the thymus can be evaluated with mediastinal 
imaging [7].

The thymus has been known to play a role in the 
pathogenesis of MG for many years. After adoles-
cence, ordinarily, the thymus gland gradually atrophies 
in adulthood and is almost lost in the mediastinal tis-
sue. In patients with MG, the expected involution of 
the thymus tissue does not take place, and pathological 
changes, such as thymic hyperplasia or thymoma, may 
occur.

After diagnosis, treatment often consists of symp-
tomatic relief with acetylcholinesterase inhibitors, im-
munosuppressive agents, and thymectomy. The primary 
goal is to achieve complete or near-complete pharmaco-
logical remission. That is, attaining significant reduction 
or elimination of myasthenic symptoms and effects can 
be defined as successful treatment. Mild eye involvement 
may be considered acceptable [1].

Many immunosuppressive and immunomodulatory 
drugs are used in the treatment of MG, and new drugs 
are regularly added to the list. However, as yet, there is no 
clinically accepted standard treatment. Since large, ran-
domized trials are difficult to perform due to the nature 
of the disease, there is no current consensus on treatment 
[8]. Therefore, clinical treatment approaches are largely 
based on the evaluation of large case series and expert 
approaches [3].

This study was an evaluation of the effects of thymec-
tomy on the prognosis of MG patients.

MATERIALS AND METHODS

This study was a retrospective evaluation of the data 
of 93 patients with MG who were followed up at the 
Neuromuscular Diseases outpatient clinic between 
1998 and 2018. Health Sciences University Haydarpa-
sa Training and Research Hospital Scientific Commit-
tee approved this study on 28.08.2018 with reference 
number of 771/08/2018.

The study population consisted of 56 (60.2%) female 
and 37 (39.8%) male patients. The mean age of onset 
was 46.49±16.38 years. In all, 81.7% of the patients 
were grouped as generalized MG (gMG), while the re-
mainder was categorized as ocular MG (OMG). The 
patients were also grouped according to the age of onset 
of the disease: early-onset was defined as before 50 years 
of age (n=56, 60.2%) (EOMG), and patients in whom 
MG was diagnosed after the age of 50 (n=37, 39.8%) 
were described as late-onset (LOMG). Of the total of 
76 gMG patients, 54 underwent thymectomy and 22 pa-
tients did not. Two of oMG patients underwent thymec-
tomy because the thymoma was reported in thorax CT. 
A test for the AChR antibody was positive in 53 patients 
(67.9%) and negative in 25 patients (32.1%).

Of the patients with gMG, in 74%, a thymectomy 
was performed as soon as possible after diagnosis. Symp-
tomatic control was achieved with an acetylcholinester-
ase inhibitor first, and then intravenous immunoglobulin 
(IVIg) was administered in preparation for the opera-
tion. The operation was performed once the patient was 
in a clinically stable condition. Immunosuppressive treat-
ment was implemented quickly in the postoperative fol-
low-up period. Corticosteroids (1 mg/kg) were adminis-
tered for immunosuppressive purposes, combined with 
azathioprin (AZA; 2 mg/kg), to prevent possible side ef-
fects of corticosteroids. When corticosteroid side effects 
occurred while using this immunosuppressive combina-
tion, the use of the corticosteroid was discontinued and 
immunosuppression was achieved with AZA alone to 
prevent any long-term adverse effects of corticosteroids. 
Minimal complications or adverse effects were seen with 
this treatment regimen. In addition, regular IVIg, plas-
ma exchange therapy, cyclophosphamide, mycophenolate 
mofetil or rituximab treatment was also used in patients 
whose symptoms were under control. 

The thymectomies were performed by a single surgical 
team at one center as a complete and extended thymecto-
my with a partial or complete sternotomy.
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In all, 54 gMG and 2 oMG patients underwent 
thymectomy. Thymoma was detected in 20 (36.4%), thy-
mic hyperplasia in 21 (38.2%), and thymic involution in 
14 (25.5%) patients.

The scoring system recommended by the Myasthenia 
Gravis Foundation of America (MGFA) was used to de-
termine the clinical level of disease during the first and 
final evaluation of treatment. A number between 1 and 
4 is used to score the patient’s condition. The absence of 
any complaint was evaluated as full recovery and an im-
provement in the MGFA score following treatment was 
considered a partial recovery.

Statistical Analysis
NCSS 2007 (NCSS, Inc., Kaysville, UT, USA) software 
was used to perform the statistical analysis. Descriptive 
statistical methods (mean, SD, median, frequency, ratio, 
minimum, maximum) were applied. Pearson’s chi-square 
test, the Fisher-Freeman-Halton test, and Fisher’s exact 
test were used to compare qualitative data. The Wilcox-
on signed-rank test was used for intragroup comparisons 
of non-normally distributed parameters. Significance 
was established at p<0.05.

RESULTS

In this study, the treatment approach used in 93 patients 
with MG and the results observed after thymectomy 
were evaluated retrospectively.

Among these 93 patients, the gMG group consisted 
of 76 patients (49 females, 27 males) with a mean age 
of 46.49±16.38 years (min–max: 12–88 years). In this 
group, 45 patients tested positive for AChR antibodies, 
while 19 patients had a negative result for the AChR an-
tibody. The results of 12 patients could not be obtained. 
Twelve patients were examined for anti-MuSK antibod-
ies and a positive result was seen in three cases. Thymec-
tomy was performed as soon as possible in patients with 
early-onset disease that was of short duration. oMG and 
gMG patients of all ages whose thorax CT revealed thy-
moma also underwent thymectomy.

The gMG patients who did and did not undergo 
thymectomy were compared. Of the 76 patients in the 
gMG group, 53 patients were treated with a thymecto-
my and 22 patients did not undergo thymectomy. Only 
six of the 22 patients who did not undergo thymectomy 
were under 50 years of age at the onset of the disease. 
Among the patients who did not undergo thymecto-

my, seven patients (30.4%) had complete recovery, four 
(17.4%) patients experienced partial improvement, 11 
patients (47.8%) did not demonstrate any change, and 
the clinical condition of one patient (4.3%) deteriorated. 
Patients who did not show any change compared with 
their initial clinical presentation or whose clinical con-
dition worsened constituted more than half (52.1%) of 
the non-thymectomized gMG group, while 47.8% of the 
patients experienced complete or partial improvement 
(p=0.010; p<0.05).

Among the thymectomized patients, 21 (39.6%) 
patients had a complete recovery, 12 patients (22.6%) 
showed an improvement, the clinical condition of 18 
patients (34%) did not change, and it worsened in two 
cases (3.8%). In this group, 62.2% of the patients recov-
ered completely or partially, while the clinical condition 
of 37.8% remained the same or worsened (p=0.001; 
p<0.01). Greater improvement was observed in the mild-
ly generalized thymectomy group when compared with 
patients who did not undergo the procedure. Thymecto-
my had a positive effect on prognosis, independent of the 
type of pathology or duration of the disease (Table 1).

Twenty-seven (50%) of the gMG patients underwent 
thymectomy within the first six months of diagnosis, 
while 15 (27.7%) and 12 (22.2%) patients were operated 
within seven to 12 months, and more than a year after 
the establishment of the diagnosis, respectively. Among 
those who underwent thymectomy within six months, 
a complete recovery was observed in 44.4%, 14.8% of 
them showed an improvement, there was no change in 
33%, and the condition of 7.4% deteriorated (p=0.001; 
p<0.01). Fifteen (27.7%) patients underwent thymecto-
my within 7 to 12 months after diagnosis. Among these 
patients, 20% demonstrated complete recovery, and 40% 
had some improvement, while the clinical condition of 
40% did not change (p=0.008; p<0.01). As a result, 
thymectomy latency was associated with complete re-
covery in 44.4% of the patients who underwent the pro-
cedure within six months and 20% of the patients who 
underwent the operation within 7–12 months after di-
agnosis. An earlier thymectomy was beneficial to prog-
nosis (Table 2).

Thymectomy was performed in 12 patients (22.2%) 
more than one year after the diagnosis. Complete recov-
ery was achieved in 58.3%, and 16.7% of these patients 
experienced a partial recovery, while the clinical condition 
of 25% did not change significantly (p=0.005; p<0.01). 
In this group, the level of disease observed was less se-
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   Thymectomy (+)  Thymectomy (-) 
   (n=53)  (n=23)

  n % n % p

MGFA scores at onset
 2 39 73.6 16 69.6 a0.719
 3+4 14 26.4 7 30.4
MGFA scores at the end
 0+1 26 49.1 9 39.1 b0.624
 2 23 43.4 13 56.5
 3+4 4 7.5 1 4.3
  cp 0.001**  0.010*
Recovery according to MGFA scores at onset and at the end
 Comp recovery 21 39.6 7 30.4 b0.568
 Part recovery 12 22.6 4 17.4
 Non difference 18 34.0 11 47.8
 Deterioration  2 3.8 1 4.3

MGFA: Myasthenia Gravis Foundation of America; a: Pearson Ki-kare Test; b: Fisher-Freeman-Halton Test; c: Wilcoxon Signed-Ranks Test; *: p<0.05; **: p<0.01. 
Thymectomy had a positive effect on prognosis, independent of the type of pathology or duration of the disease.

Table 1. Assessment of the MGFA scores according to thymectomy on generalised MG

     Operation latency

  1–6 mo  7–12 mo  >13 mo 
  (n=27)  (n=15)  (n=12)

  n % n % n % p

MGFA scores at onset
 2 22 81.5 8 53.3 10 83.3 b0.125
 3+4 5 18.5 7 46.7 2 16.7
MGFA scores at the end
 0+1 14 51.9 4 26.7 9 75.0 b0.105
 2 10 37.0 10 66.7 3 25.0
 3+4 3 11.1 1 6.7 0 0
  cp 0.001**  0.008**  0.005**
Recovery according to MGFA scores at onset and at the end
 Comp recovery 12 44.4 3 20.0 7 58.3 b0.277
 Part recovery 4 14.8 6 40.0 2 16.7
 Non difference 9 33.3 6 40.0 3 25.0
 Deterioration 2 7.4 0 0 0 0

MGFA: Myasthenia Gravis Foundation of America; b: Fisher-Freeman-Halton Test; c: Wilcoxon Signed-Ranks Test; **: p<0.01. The difference between MGFA scores at 
onset and at the end was found statistically significant in patient group whose operation latency was between 1–6 mo. Similar results were obtained in 7–12 mo and 
>13 mo groups. 44.4% of patients had complete recovery versus 20% of patients, 1–6 mo operation latency versus 7–12 mo operation latency, respectively.

Table 2. Assessment of the MGFA scores according to operation latency on generalised MG
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vere. Resolution of complaints was observed in 58.3%. 
The delayed thymectomy in this group was the result 
of a belated diagnosis due to a benign course and later 
presentation. A different antigenic status may also have 
played a role in the pathogenesis of this group.

Of the 53 gMG patients who underwent thymecto-
my, the results revealed 19 (35%) cases of thymoma, 20 
(37%) patients with thymic hyperplasia, and 14 (25.9%) 
patients with a normal thymus and involutional chang-
es. Of the 19 patients with thymoma, 16 patients were 
under 50 years of age. The incidence of thymoma de-
creases with advanced age. The pretreatment clinical 
manifestations of the patients with thymoma were more 
severe than patients with hyperplasia (p=0.027; p<0.05) 
Complete improvement was observed in 31.6% and par-
tial improvement was seen in 26.6% of the patients with 
thymoma after treatment, while in 42.1% of the patients, 
we did not see improvement (p=0.004; p<0.01).

Complete recovery was seen in 50% of the patients 
with thymic hyperplasia, and some improvement was 
recorded in 25% (p=0.001; p<0.01). Complete or par-
tial improvement was observed in 35.7% and 14.3%, re-

spectively, of the cases with thymus involution (p=0.070; 
p>0.05) After thymectomy, the clinical condition of pa-
tients in all three groups improved. The best prognosis 
was seen in 50% of the patients with thymic hyperplasia 
and 31% of the patients with thymoma. The presence of 
thymoma limits potential improvement (Table 3).

There was a statistically significant difference in the 
length of time until surgery according to the presence of 
thymoma in patients undergoing thymectomy (p=0.009; 
p<0.01). The time to thymectomy (latency) was more 
frequently between one and six months in cases with thy-
moma, while it was often 13 months or more in non-thy-
momatous patients.

 Myasthenic crisis was observed in 29% (n=28) of 
the study group. The pathology was thymoma in 14 
cases in this group (50%), involution and normal thy-
mus in seven (25%), and thymic hyperplasia in two 
(7.14%). Thymoma was detected in 21 (21.8%) of the 
total group of 96 patients. A myasthenic crisis was ob-
served in 14 (66.6%) of these patients. The incidence of 
myasthenic crisis was significantly higher in thymoma-
tous patients.

     Thymic pathology

  Thymoma  Thymic  Involusional 
    hyperplasia  thymus  
  (n=19)  (n=20)  (n=14)

  n % n % n % p

MGFA scores at onset
 2 10 52.6 18 90 11 78.6 a0.027*
 3+4 9 47.4 2 10 3 21.4
MGFA scores at the end
 0+1 6 31.6 14 70 6 42.9 b0.088
 2 11 57.9 6 30 6 42.9
 3+4 2 10.5 0 0 2 14.3
  cp 0.004**  0.001** 0.070
Recovery according to MGFA scores at onset and at the end
 Comp recovery 6 31.6 10 50 5 35.7 b0.402
 Part recovery 5 26.3 5 25 2 14.3
 Non difference 8 42.1 5 25 5 35.7
 Deterioration 0 0 0 0 2 14.3

MGFA: Myasthenia Gravis Foundation of America; a: Pearson Ki-kare Test; b: Fisher-Freeman-Halton Test; c: Wilcoxon Signed-Ranks Test; **: p<0.01; *: p<0.05. 
In patients with thymoma and thymic hyperplasia, there was significant difference between MGFA scores at onset and at the end of assessment, (p=0.004, p=0.001, 
respectively). In patients with thymic hyperplasia complete recovery was more significant (31.6% versus 50%).

Table 3. Assessment of the MGFA scores according to thymic pathology on generalised MG
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DISCUSSION

Myasthenia Gravis is the most frequently seen neuro-
muscular junction disease. AChR antibodies are often 
detected in patients with MG, and anti-MuSK, anti-tit-
in, LRP4 antibodies, and ryanodine antibodies may also 
be found. Generally, thymectomy in the early stages of 
the disease is recommended for all gMG patients because 
the thymus is thought to be responsible for the patho-
genesis of the disease [9]. gMG patients often produce 
antibodies against AChR and these patients respond 
well to thymectomy. In recent years, investigators have 
not recommended a thymectomy for patients with LRP4 
antibodies because the disease has different pathogenesis 
and is seen in patients without AChR and MuSK anti-
bodies, so it may, in fact, be considered a different disease. 
Patients with LRP4 antibodies generally have a mild 
disease course that may manifest with a clinical picture 
resembling pure oMG. Recently, LRP4 antibodies have 
been detected in MG patients with both AChR antibod-
ies and MuSK antibodies, as well as other autoimmune 
diseases and amyotrophic lateral sclerosis [3].

AChR antibody-positivity was detected in 41 of our 
patients while anti-MuSK antibody-positivity in three 
patients. The presence of LRP4 antibodies was not in-
vestigated.

In our patient group, complete or partial recovery was 
observed in 47.8% of the patients who did not undergo 
thymectomy but received immunosuppressive treatment, 
while the complete or partial recovery was observed in 
62.2% of patients who underwent thymectomy. As ob-
served in our study, the positive effects of thymectomy on 
clinical outcome have been reported in various studies [2].

An early thymectomy can be protective against 
AChR-specific T-cells exiting the thymus and entering 
the lymph nodes and peripheral lymphoid tissue. Re-
moving the entire thymus is preventative [2, 10, 11].

In our study group, thymectomy was performed in 53 
of 74 gMG patients; in all, 49% were operated on within 
the first six months after the onset of the disease. In this 
group, 44.4% of the patients had a complete recovery. 
The percentage of complete recovery decreased to 20% 
of the patients who underwent thymectomy within sev-
en to 12 months. This result supports the idea that an 
early thymectomy may play a role in the disruption of the 
immune cascade.

Thymectomy is recommended in all MG cases with 
thymoma. In addition, thymectomy is also recommend-

ed for immune modulation in patients without thymo-
ma. Especially in cases with early-onset MG, thymecto-
my improves the clinical course and decreases the need 
for immunosuppressive drugs [12].

In most thymoma patients, thymectomy latency is be-
tween one and six months. This may be due to the onset 
of severe symptoms in patients with thymoma, which 
may lead to earlier medical visits. In our patient group, 
the pretreatment clinical symptoms of the thymoma 
patients were more severe when compared with those 
of the thymic hyperplasia patients. Myasthenic crisis is 
more frequently seen in patients with thymoma.

Several methods are used to perform thymectomy. In 
addition to partial or complete sternotomy techniques, 
there are also less invasive methods, such as video- or 
robot-assisted mediastinoscopic thymectomy [2]. An 
extended transsternal thymectomy provides maximal re-
section of thymic tissue with a low risk of phrenic nerve 
damage or other morbidity. Some 85% to 95% of thymic 
tissue can be resected using this method [13]. Less inva-
sive thymectomy approaches are often preferred due to 
the similar efficacy, shorter postoperative recovery time, 
and better cosmetic results [14, 15]. However, there is 
a possibility of leaving ectopic thymic tissue behind in 
perithymic or pericardial areas with a minimally invasive 
technique [16]. In some studies, ectopic thymus tissue 
has been reported to have negative effects on the out-
come [17]. It has also been reported that an incomplete 
thymic resection resulted in no clinical improvement [18, 
19]. When the advantages and disadvantages of a less in-
vasive thymectomy and more aggressive treatment were 
compared, the extended transsternal technique demon-
strated a better prognosis. In fact, the largest possible 
resection has been recommended. In a randomized, mul-
ticenter study of 126 patients, Wolfe [20] reported that 
an extended thymectomy improved the clinical outcome 
and reduced the need for immunosuppressive therapy.

A transsternal extended thymectomy was performed 
in all cases in this study; there was homogenization con-
cerning operation technique.

Several studies have investigated the prognosis of pa-
tients with MG with thymoma. In some studies, it has 
been indicated that the presence of thymoma adversely 
affected prognosis, but other authors have stated that 
patients with thymic carcinoma in association with MG 
had a better prognosis [21, 22]. Some researchers have 
also concluded that thymoma did not cause any signifi-
cant change in an MG prognosis [23].
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When our thymectomized patients were grouped for 
a response to thymectomy according to thymus pathol-
ogy, 31% of the patients with thymoma, 50% of the pa-
tients with thymic hyperplasia, and 35.7% of the patients 
with normal thymic tissue were seen a complete recovery. 
The best improvement was seen in thymic hyperplasia 
patients, which is similar to some literature results. There 
is speculation that hyperplastic thymus contributes to 
the production of AChR antibodies and that in MG pa-
tients with thymoma, it may be produced in the periph-
eral lymphoid tissue [24] Siwachat et al. [25] reported 
greater improvement with thymectomy in patients with 
thymic hyperplasia, similar to our results.

In summary, in patients with gMG, a thymectomy is 
preferable if the patient is young and the disease dura-
tion is short. In cases with hyperplastic thymus, greater 
improvement is seen when a thymectomy is performed 
at an early stage of the disease. The best results are ob-
served in patients with thymic hyperplasia. The pres-
ence of thymoma reduces the chances of improvement. 
Thymectomy has a positive effect on prognosis regard-
less of the thymic pathology or duration of the disease. 
Extended thymectomy is a preferred method because it 
is less likely to leave residual thymus tissue. The course 
of MG also changes with age. Thymoma is less com-
mon and the disease leads a milder course in older pa-
tients, which suggests that the elderly group may have a 
different antigenic structure.
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