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certainly involves the thymus.1 Although MG was clini-
cally defined over 300 years ago by the physiologist
Thomas Willis, the role of circulating autoantibodies
against the acetylcholine receptors (AChR) at the neu-
romuscular junction was only reported in 1973.2 MG is a
neuromuscular disorder characterized by progressive
weakness and fatigability of the skeletal muscles follow-
ing repetitive muscle contractions, and the transitory
improvement of symptoms by antiacetylcholinesterase
drugs to enhance neuromuscular transmission.1,3 The
clinical, histopathological, and epidemiological findings
of this disorder show heterogeneity.

In 1939, Blalock et al.4 reported that excision of the
cystic thymic tumor resulted in remission in a patient
with generalized MG, since when thymectomy has be-
come very important in the treatment of MG. However,
the effects of age, sex, preoperative severity of disease,
duration of symptoms, and surgical techniques on prog-
nosis are still controversial. The purpose of this study
was to clarify the factors which may influence improve-
ment and remission rates after thymectomy for patients
with nonthymomatous MG.

Patients and Methods

Between 1980 and 2001, thymectomy was performed on
204 patients with nonthymomatous MG. Of the 204
patients, 149 (73%) were girls or women ranging in age
from 9 to 61 years, and 55 (27%) were men ranging in
age from 19 to 70 years. The female : male ratio was 2 :7.
The percentages of female and male patients younger
than 30 years of age were 69% and 45%, respectively.
The diagnosis was made on clinical grounds by positive
edrophonium and electromyography tests. Antiacetyl-
choline receptor antibody levels were obtained in 98
patients and were positive in 72. The indications for
thymectomy included severe and incapacitating MG
that compromised lifestyle, the progression of symp-
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Introduction

Myasthenia gravis (MG) is a relatively uncommon au-
toimmune disease, the pathogenesis of which almost
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toms despite long-term conservative therapy, and suspi-
cion of thymoma. The mean interval between the onset
of symptoms and thymectomy was 2 years, with a range
of 8 months to 6 years. The severity of the disease was
classified according to the modified Osserman classi-
fication:2 into group I, ocular myasthenia; group IIa,
mild generalized myasthenia with ocular involvement;
group IIb, moderate generalized myasthenia with
ocular involvement and mild bulbar and respiratory
involvement; group IIc1, acute fulminating myasthenia
with severe bulbar involvement; and group IIc2, late
onset generalized myasthenia with severe bulbar in-
volvement and gradual development from classes 1 and
2. The number of patients in groups I, IIa, IIb, IIc1, and
IIc2 were 13 (6.4%), 88 (43.1%), 72 (35.3%), 11 (5.4%),
and 20 (9.8%), respectively. The medical treatment
regimens given were anticholinesterase therapy in 51
patients (25%), corticosteroid therapy in 25 (12.2%),
anticholinesterase and corticosteroid therapy in 107
(52.4%), corticosteroid and immunosuppressive
therapy in 11 (5.4%), and no medication in 10 (4.9%).
Plasmapheresis was performed in five patients with very
severe and rapidly progressive symptoms and resumed
in only one postoperatively. Furthermore, four patients
who had been intubated prior to the surgery due to
rapidly generalized MG remained intubated for 7–23
(median 9 days) days postoperatively. Partial median
sternotomy was performed in 192 (94.1%) patients and
the remaining 12 (5.9%) patients required conversion to
complete median sternotomy. All anterior mediastinal
adipose tissue and soft perityhmic tissues were excised
in addition to the entire thymus. We were extremely
careful to avoid injuring the phrenic nerves. The pleura
was opened when necessary to improve exposure and
allow easier dissection. Patients who had no bulbar or
respiratory involvement were able to be extubated in
the operating room, while the remaining patients who
required ventilatory assist were extubated later in the
intensive care unit. Of the 204 patients, 193 (94.6%)
were extubated in the first 24 h and 11 (5.4%) required
mechanical ventilator support for periods ranging from
1 week to 3 months. Prolonged intubation was required

by 1 (0.5%) patient in group IIa, 2 (1%) in group IIb, 5
(2.5%) in group IIc1, and 3 in group IIc2. Four (2%)
patients required reintubation, but were subsequently
weaned off the ventilator.

Histopathological examination revealed thymic hy-
perplasia in 55%, normal thymus tissue in 41%, and
cystic thymus tissue in 4% of the patients. A normal
thymic gland was noted in four patients who required
reintubation.

Postoperative outcome was classified as: “in remis-
sion” (asymptomatic, and requiring no medication),
“improved” (a lower Osserman stage or the same stage
but requiring less medication), “unchanged,” or “symp-
tomatically worse.” Postoperative assessment was
based on follow-up findings after 1 month, 6 months,
and 1 year in all patients. The last follow-up information
was obtained in 161 (78.9%) of the 204 patients after a
mean follow-up period of 7.2 � 1.2 years.

Survival function was estimated using the Kaplan-
Meier method. The statistical significance of associa-
tions was evaluated by the �2 test, exact Fisher test, and
Wilcoxon test. A P value of less than 0.05 was consid-
ered significant.

Results

There was no perioperative or postoperative mortality.
Postoperative pneumonia, pneumothorax, and wound
infection developed in 7 (3.4%), 2 (0.9%), and 4
(1.96%) of the patients, respectively. Survival was 100%
from 1 to 5 years and 95.6% after 10 years. Seven pa-
tients died in the latter period; two from pneumonia and
five from causes unrelated to MG.

Data obtained in the sixth postoperative month and
the first postoperative year are summarized in Tables 1
and 2, respectively. Data on the relationship between
preoperative classification and remission rates were
evaluated and no significant correlation was found (P �
0.43), although patients with class I or IIc2 disease
tended to benefit more from thymectomy (84% and
90%, respectively). Preoperative treatment did not

Table 1. Influence of preoperative classification on the results of thymectomy (early
remission rates)

Osserman Remission Improved Unchanged Worse
stage n (%) n (%) n (%) n (%) Total

I 9 (69.2) 4 (30.8) — — 13
IIa 45 (51.1) 28 (31.8) 10 (11.4) 5 (4.5) 88
IIb 20 (27.7) 19 (26.4) 28 (38.9) 5 (6.9) 72
IIc1 5 (45.5) 2 (18.2) 2 (18.2) 2 (18.2) 11
IIc2 12 (60) 8 (40) — — 20
Total 91 (44.6) 61 (29.9) 40 (19.6) 12 (5.9)

Data are expressed as frequencies and percentages
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have a significant influence on outcome (P � 0.35).
Patients taking steroids did not have a significantly
higher incidence of complications than those not taking
steroids (P � 0.69). The age and duration of symptoms
did not influence remission or improvement rates (P �
0.42 and P � 0.67, respectively). Evaluations of the
relationship between gender and remission rates re-
vealed a 74.5% remission rate in female patients and a
73.5% remission rate in male patients (P � 0.97).

Histological findings were significantly related to
patient outcome. There was a favorable trend toward
remission in patients with thymic hyperplasia, with re-
mission achieved in 67% vs 62% of patients with normal
thymic tissue (P � 0.001).

The early remission rate achieved after thymectomy
had increased significantly by the end of the first year
(Tables 1 and 2) (P � 0.001). The clinical condition of
patients at last follow-up was unchanged, and a close
correlation was found between their status at 1 year and
that at last follow-up (Fig. 1).

Discussion

MG is an autoimmune, acquired disease of the neuro-
muscular junction that occurs at an incidence of 1/
75 000.5 The diagnosis and treatment of MG has im-
proved in the last 20 years with increasing knowledge of
its pathogenesis, immunology, and molecular biology.

Although thymectomy is the standard treatment of
choice, improvements in surgical techniques, and ad-
vances in anesthesia, respiratory support techniques,
and medical treatment regimens have all contributed to
decreasing perioperative mortality and morbidity to al-
most nil. Since the preoperative clinical status greatly
influences postoperative morbidity, the widespread
use of plasmapheresis is considered to decrease the
peroperative severity of disease.6 This disease is more
prevalent in women, in accordance with all series, in-
cluding ours. Thymomas are found in 9%–16% of
patients with MG.7 In addition to thymoma, hyperthy-
roidism, hypothyroidism, and other autoimmune dis-
eases may accompany MG. Autoimmune diseases can
result in a poor prognosis by complicating the treatment
with immune dysregulation.8 Other factors determining
a poor prognosis have been defined as: the duration of
myasthenic symptoms preoperatively, sex, age, and pre-
operative classification.9,10 Some authors concluded that
patients who experience short periods of symptoms
have better remission rates after thymectomy.7,11,12 In
contrast, Jaretzki et al.13 and Frist et al.8 reported that
the duration of symptoms did not affect prognosis. Simi-
lar data were obtained in our series. Although Frist et
al.8 and Hatton et al.9 detected higher remission rates in
female patients, Jaretzki et al.13 and Papatestas et al.11

could not define such a relationship. Our results that
gender is an independent factor on outcome, are consis-
tent with the findings of these investigators.11,13 Al-
though a strong association between younger age and
better outcome was noted,8 Cosi and coworkers14 re-
ported that older age disease onset was associated with
a greater tendency to achieve pharmacological remis-
sion. This result may be attributed to the better re-
sponse to steroids in older patients.14 We found no
association between remission rates and age in the
present series.

Another controversial association is the relationship
between response to thymectomy and the AChR anti-
body level. According to most investigators,13,15–17 there
is no obvious relationship between the preoperative
presence of the AChR antibody and better outcome

Table 2. Influence of preoperative classification on the results of thymectomy (late
remission rates)

Osserman Remission Improved Unchanged Worse
stage n (%) n (%) n (%) n (%) Total

I 11 (84.6) 2 (15.4) — — 13
IIa 55 (62.5) 24 (27.3) 5 (5.7) 4 (4.5) 88
IIb 57 (79.2) 6 (8.3) 5 (6.9) 4 (5.6) 72
IIc1 7 (63.6) 2 (18.2) — 2 (18.2) 11
IIc2 18 (90) 2 (10) — — 20
Total 148 (72.5) 36 (17.6) 10 (4.9) 10 (4.9)

Data are expressed as frequencies and percentages

Fig. 1. Remission rates on time scale from thymectomy
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after thymectomy. It was also reported that the clinical
characteristics of seronegative patients did not differ
from those of patients with high antibody levels.16 The
AChR antibody was assessed in only 48% of our pa-
tients and the number of patients showing seronegativ-
ity was too small (26 patients) to be significant.

Although many investigations have been conducted
to clarify the etiology of MG, the relationship between
MG and the thymus is still not clearly defined. How-
ever, the fact that a thymic anomaly exists in 80% of all
patients with MG holds the thymus responsible for its
pathogenesis.18 Thymic hyperplasia and thymoma are
present in 85% and 15% of myasthenic patients, respec-
tively, and thymectomy results in remission in these
patients.19 This remission may occur after months or
even years postoperatively,19 which is consistent with
our findings.

Most clinicians do not consider thymectomy appro-
priate for patients with ocular myasthenia, since the
benefit is uncertain.9,20 However, it has been reported
that gradual development into generalized MG occurs
in about two thirds of patients with ocular myasthe-
nia,7,11,15 and that ocular MG is usually associated with
positive clinical provocation tests.21 Although few of
our patients had ocular MG, the remission rate was
high (69.2%). Based on these events, we suggest that
thymectomy might be beneficial for this population.

A number of hypotheses to explain the mechanisms
of remission after thymectomy have been proposed.
First, thymectomy triggers an immune response by ex-
tracting the source of continued antigenic stimulation if
those thymic myoid cells are the real source of autoan-
tibodies.22 Second, thymic lymphocytes secrete AChR
antibodies, and thymectomy may remove a source of B
lymphocytes.23 Third, thymectomy may correct a distur-
bance in immune regulation in the myasthenic patient
by an unknown mechanism.1 The fact that specific
autoantibodies directed against postsynaptic AChR are
detected in 80%–90% of all MG patients gives rise to
the speculation that the neuromuscular dysfunction is
an autoimmune event related to autoantibodies.1,2 Be-
cause thymectomy results in dramatic clinical improve-
ment and 10% of patients do not have these
autoantibodies, the role of AChR antibodies in the eti-
ology of MG is questionable.1,19 It is generally accepted
that abnormal titers of AChR antibodies confirm MG
and are not required for diagnosis.13,24 Additional
factors in the etiology of MG are the presence of
AChR antibodies directed against receptors, damage to
AChR in the postsynaptic membrane by activation
of the complement system, a reduction AChR at the
neuromuscular junction, and a decrease in AChR
production.2,3,25

Improvements in diagnosis have also led to improve-
ments in treatment strategies. The main purpose of

surgical treatment in MG is to excise all thymic tissue.
Since the first report by Blalock and coworkers4 in 1939,
thymectomy has been accepted as a therapeutic alterna-
tive for patients with MG, although there is still con-
troversy about the selection of patients, the optimal
surgical approach, and the extent of resection. The
starting point of these discussions is the variable
localization of thymic tissue in the neck and mediasti-
num.25–27 Some authors recommend the transcervical
approach because of its low morbidity and better cos-
metic healing.28 However, thymic tissue may remain
after transcervical thymectomy, without complete reso-
lution of symptoms. Residual thymic tissue can also
potentially cause thymoma.29 From their studies on the
mediastinal distribution of thymic tissue, Masaoka et
al.25 concluded that the transsternal approach allows
better visibility, and therefore better chance of total
removal of the thymic tissue and anterior mediastinal
soft tissues, considering that more than 70% of patients
have histological evidence of extracapsular thymic tis-
sue in the fat surrounding the thymus. Moreover,
Jaretzki et al.13,27,30 defined maximal thymectomy and
recommended combined transcervical-transsternal en
bloc resection of the thymus and all mediastinal tissues.
Although maximal thymectomy and total thymectomy
are still being discussed, their results seem to be similar.

Based on surgical-anatomical studies of the distribu-
tion of thymic tissue in the neck and mediastinum, our
standard surgical approach involves a partial median
sternotomy in most cases. This approach allows excel-
lent visualization and complete resection of the thymus,
including the cervical extensions, and perithymic tissue
with all the anterior mediastinal lipoid tissues and soft
tissues from phrenic nerve to phrenic nerve. Since the
postoperative risks and morbidity may be considerably
greater when the sternum is completely split, we prefer
to operate through a partial sternotomy.

In conclusion, our findings showed that sex, age, du-
ration of symptoms, and preoperative classification did
not affect the remission rate after thymectomy, and pa-
tients with generalized MG improved in the late follow-
up period. According to our experience, the beneficial
effect of thymectomy is characterized by a higher remis-
sion rate in patients with thymic hyperplasia. Improve-
ments in anesthesia, perioperative care, and surgical
techniques, especially transsternal thymectomy with
extended mediastinal dissection, provide excellent
symptomatic improvement, which is enhanced over the
long term.
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