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Abstract

Juvenile myasthenia gravis (JMG) is an autoimmune disease affecting the neuromuscular junction 
that appears before 19 years of age with varying degrees of weakness of different muscle groups. The 
main treatment is pharmacological, but thymectomy has also demonstrated to improve remission 
rates. Objective: To describe the clinical characteristics and postoperative course of pediatric patients 
with JMG who underwent video-assisted thoracoscopic (VATS) thymectomy. Clinical Serie: Six pa-
tients who underwent VATS thymectomy between March 2011 and June 2019. The age range at diag-
nosis was between 2 and 14 years and the average age at surgery was 7 years. All patients were under 
treatment with pyridostigmine bromide associated with immunosuppression with corticosteroids 
before surgery. The interval between diagnosis and thymectomy was 21.5 months on average. VATS 
was performed by left approach, and there was no perioperative morbidity or mortality. The average 

What do we know about the subject matter of this study?

Myasthenia gravis (MG) is an autoimmune disease characterized by 
the presence of antibodies against neuromuscular junction elements 
in the postsynaptic membrane. Its treatment is mainly pharmacolo-
gical, but thymectomy has shown improvement in remission rates.

What does this study contribute to what is already known?

This study describes a national experience of patients with juvenile 
myasthenia gravis who underwent thymectomy by video-assisted 
thoracoscopic surgery, with good surgical results and improvement 
of symptoms.
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Introduction

Myasthenia gravis (MG) is an autoimmune disea-
se characterized by the presence of antibodies against 
neuromuscular junction elements in the postsynaptic 
membrane. Patients experience fluctuating weakness 
of different muscle groups and symptoms are exacer-
bated by muscular activity and stress1.

In the pediatric age group, this disorder can ap-
pear in two forms, transient neonatal MG, defined 
by the presence of maternal antibodies that are pas-
sively transferred through the placenta, and juvenile 
myasthenia gravis (JMG)2. The latter form of presenta-
tion appears before the age of 19 years, its incidence is 
estimated between 1 to 5 cases per million inhabitants 
per year3, and has been described to be more frequent 
in the Asian population4. Ocular myasthenia exclusi-
vely affects the extraocular musculature and, if the di-
sease affects any other muscle group, it is classified as 
generalized myasthenia5.

Its diagnosis is based on clinical presentation and 
is supported by the presence of an abnormal decrease 
in the repeated nerve stimulation test, abnormal neu-
romuscular jitter in the single-fiber EMG test, positive 
tensilon test, and the presence of specific antibodies6. 
Medical treatment is the mainstay of therapy in JMG 
which includes pyridostigmine bromide as monothe-
rapy or in association with immunosuppression with 
glucocorticoids, azathioprine, immunoglobulin, and 
plasmapheresis, among others7.

Although its pathogenesis is not entirely clear, it is 
recognized that the thymus plays a central role in the 
development of the disease where occurs the matura-
tion of T cells. Thymic hyperplasia has been reported 
in biopsies in patients who had their thymus removed7. 
Since the beginning of the 20th century, the role of thy-
mectomy in MG has been investigated8, recognizing 
that it produces symptoms improvement, reduction in 
drug requirements, and even remission of the disease7. 
Currently, thymectomy is accepted as a treatment for 
MG in adulthood9,10.

The decision about the timing of surgery is ba-
sed on a subjective balance between the benefits of 
thymectomy and the risks and sequelae of thoracic 
surgery, according to the type of approach. In recent 
years, these risks have been reduced by the develop-

ment of minimally invasive surgical techniques, such 
as video-assisted thoracoscopic surgery (VATS), which 
allows a shorter recovery time, the absence of cosmetic 
sequelae, and a lower risk of complications. Although 
the available evidence for the pediatric population is 
scarce and mainly based on retrospective studies, the 
potential benefits associated with VATS thymectomy 
make it an attractive alternative in the treatment of 
these patients11. In addition, comparative studies show 
that VATS thymectomy is a reasonable option to be 
performed at different stages of the disease during the 
pediatric age12.

In Chile, a previous experience has been reported 
with favorable evolution13,14. The improvement of tho-
racoscopy and imaging techniques suggests that VATS 
could currently be associated with a better clinical evo-
lution, with less morbidity than previously reported.

The objective of this work is to describe the clinical 
characteristics and evolution of six pediatric patients 
with JMG undergoing VATS thymectomy.

Patients and Method

Six pediatric patients with a diagnosis of juvenile 
MG underwent VATS thymectomy between March 
2011 and June 2019. Table 1 shows the clinical data of 
the series.

The diagnosis of JMG was confirmed in all patients 
by a positive tensilon test or a compatible peripheral 
neurophysiological study with repeated nerve stimula-
tion test and by the presence of anti-acetylcholine re-
ceptor antibodies detected by radioisotope technique. 
All patients were monitored by a pediatric neurologist 
and used pyridostigmine bromide in association with 
glucocorticoids as pharmacological treatment. Two 
patients required hospitalization, but without respira-
tory or nutritional support. One of them required ad-
ministration of IV immunoglobulin.

At the time of preoperative evaluation, three pa-
tients had secondary Cushing’s syndrome and the re-
maining three had persistent motor symptoms despi-
te the increasing dose of corticosteroids. The interval 
between diagnosis and surgical intervention was 21.5 
months (6 - 57 months). Tables 1 and 2 show the se-
verity of the disease, classified according to Osserman 

hospital stay was 2 days. Three patients remain with no symptoms and without corticotherapy. Two 
patients were on corticosteroids, but in smaller doses than previous to surgery. One patient presented 
a crisis requiring hospitalization and ventilatory support during follow-up. Conclusion: VATS thy-
mectomy is part of the treatment for JMG. In this series, it appears as a safe approach and its results 
were favorable.  
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and Genkins criteria15 at the time of surgery. All pa-
tients were evaluated with a CT scan or MRI, ruling 
out the presence of mediastinal masses or unfavorable 
laterality for surgery (figure 1).

The thymectomies were performed by left VATS 
under general anesthesia and orotracheal intubation, 
with 30º head-end elevation and extended left arm. Ac-
cess was through the 4th intercostal space, in the mid-
axillary line with blunt dissection. CO2 insufflation 
up to 4 mmHg with flows between 1 and 5 liters per 
minute was used. Two auxiliary trocars were positio-
ned on both sides of the optics. After having identified 
the phrenic nerve and the internal mammary artery, 
the dissection of the thymus was performed by ope-
ning the parietal pleura. Mono- and bipolar coagula-
tion and advanced hemostats were used as needed. We 
were especially careful to complete the dissection of 
the thymus towards the right side, after identifying the 
contralateral phrenic nerve, and completing the dissec-
tion towards the neck, ensuring complete removal of 
the gland.

No perioperative morbidity was recorded. Specifi-
cally, there was no significant bleeding, and no transfu-
sions were indicated. The average time of surgery was 
160 minutes (127-210 minutes). During their imme-
diate postoperative period, the patients were transfe-
rred to the Critical Patient Unit or Intermediate Care 
Unit, mainly for monitoring. An analgesia scheme 

based on acetaminophen by schedule and rescue non-
steroidal anti-inflammatory drugs was indicated, with 
good response in all patients. Pleurostomy was used 
in the first 4 patients, which was removed on average 
on the second postoperative day, with no air leak or 
significant effusion. By surgeon’s choice, the last two 
patients did not require pleural tube installation in the 
operating room nor the postoperative period. The ave-
rage hospital stay was 2 days (1 - 3 days). No mortality 
was recorded in this series.

The anatomic pathology report showed thymic hy-
perplasia in four cases. The fifth patient had a biopsy 
which showed thymolipoma and the last patient pre-
sented cystic dilatations and calcifications in the thy-
mic parenchyma.

The median follow-up was 29.6 months. To date 
only the patient that presented thymolipoma has had 
a myasthenic crisis that required ventilatory support, 
immunoglobulin administration, plasmapheresis, and 
rituximab. Currently, three patients remain without 
corticotherapy. One patient achieved discontinuation 
of prednisone but had to restart it at half the dose he 
was using before surgery. The remaining patient failed 
to discontinue corticosteroids in the postoperative pe-
riod, although he is currently using a 25% lower dose. 
Table 3 summarizes the data considering the use of 
drugs with anticholinesterase action and immunosup-
pression with corticosteroids or other drugs.

Table 1. Clinical characteristics of patients with Juvenile Myasthenia Gravis (JGM) who underwent thymectomy by video-assisted 
thoracoscopy.

Patient Gender Age at diagnosis Age at surgical inter-
vention

Weight at surgical 
intervention (kg)

Osserman’s classifica-
tion

1 M 2 y 2 y 8 m 14 IIA

2 M 13 y 13 y 6 m 68 IIB

3 F 2 y 9 m 4 y 10 m 21 IIA

4 M 3 y 7 y 9 m 23 IIA

5 F 14 y 15 y 65 IIB

6 F 2 y 2 y 11 m 15,4 IIA

M: male; F: female.

Table 2. Osserman Criteria for Myasthenia Gravis (ref 15)

I Ocular Only ocular involvement

IIA Mild Generalized Generalized muscle involvement without respiratory muscle involvement. 

IIB Moderate Generalized Bulbar manifestations. 

III Acute fulminating Rapid onset (within 6 months) of severe bulbar and skeletal muscles involvement with 
important weakness. Respiratory muscles are involved. 

IV Late severe Progressive in severity for 2 or more years.  

Juvenile Myasthenia Gravis - J. Sáez et al
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The cosmetic results of this technique were favo-
rable since the three incisions no larger than one cen-
timeter were performed under the armpit (figure 2).

Discussion

Thymectomy in MG was originally reserved for 
patients refractory to medical treatment or with pro-
gressive symptoms and generalized disease18. However, 
it is currently accepted in adult patients within the the-
rapeutic options, without the need to meet the afore-
mentioned criteria10.

In 1970 was published the first paper that repor-
ted the effect of thymectomy for JMG. In 20 years, 14 
pediatric patients refractory to medical treatment were 
managed with thymectomy,12 of them improved their 
symptoms, and 2 achieved complete remission of the 
disease19. Subsequently, other series have been publis-
hed supporting thymectomy as an effective and safe 
complementary treatment in JMG, as it would reduce 
symptoms, frequency of crises and even eliminate the 
need for immunosuppressive treatment. A systematic 

review published in 2009, on 50 years of pediatric lite-
rature, identified 19 studies that included 479 patients, 
which reported 68% of symptomatic improvement 
after thymectomy, although follow-up times were not 
specified20.

Wolfe et al. recently published the first randomized 
clinical trial comparing the use of corticosteroids ver-
sus corticosteroids plus thymectomy for the treatment 
of adult patients with MG. In the corticosteroid plus 
thymectomy group, the MG severity scale was lower 
compared with the corticosteroid group (p < 0.001) 
during the 36-month follow-up. They also demons-
trated differences related to the dose of corticosteroids 
used, where the thymectomy group reduced by 16 mg 
on average the dose of prednisone taken throughout 
the study (95% CI, 7 to 25mg. p < 0.001). Other secon-
dary outcomes that favoured the thymectomy group 
were fewer hospitalizations due to exacerbations (9% 
vs. 37%, p < 0.001), fewer participants with symptoms, 
fewer total symptoms, less discomfort associated with 
symptoms, and no differences in treatment complica-
tions in both groups10. It constitutes the strongest evi-
dence to support thymus resection in MG patients.

Table 3. Postoperative clinical status according De Filippi Classification (ref 17)

Class Description

1 Complete remission, no medication.

2 Asymptomatic, decreased medication. 3 patients

3 Improved, decreased symptoms or decreased medication. 2 patients

4 No change in symptoms or medication use.

5 Worse of symptoms 1 patient (myasthenic crisis during follow up)

Figure 1. Chest computed tomo-
graphy with contrast. The thymus is 
identified with an arrow in axial (a) 
and sagittal (b) view, of normal size 
for the age of this patient.  

Juvenile Myasthenia Gravis - J. Sáez et al
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Although there is consensus on the benefit of thy-
mectomy, there is still no agreement on the ideal time 
to perform the surgery, whether to first exhaust me-
dical treatment or to do it early in the course of the 
disease. An initial approach could propose to perform 
it before the year of onset of generalized symptoms, 
thus reducing the time of exposure to corticotherapy 
and its adverse effects and increasing the probability 
of remission5. Other authors propose waiting until 
the end of prepuberty to allow the thymus to fulfill its 
function in the development of the immune system21. 
In any case, it is necessary to mention that the expected 
improvement after thymectomy is not related to the 
age at surgery, since it is also determined by external 
factors such as social, infectious, physical, and emotio-
nal stressors7.

The development of minimally invasive techni-
ques such as VATS offers a safe treatment option, with 
low morbidity and without the cosmetic sequelae of a 
sternotomy7. Among the advantages offered by VATS 
are a surgery time equal to or less than that of thy-
mectomy by sternotomy, lower rates of hemorrhage, 
hospital stay, and morbidity associated with the inci-
sion7. However, demonstrating the same effectiveness 
between thoracoscopic and open surgery is difficult 
with retrospective data, which compare different co-
horts in the behavior of the disease, in the preoperative 
period, and do not standardize the selection of patients 
for surgery12. The available information places VATS 
thymectomy as not inferior in results to the open ap-

proach but raises questions about incomplete resec-
tions and lower remission rates22. Prospective studies 
in adults have shown superiority of robotic surgery 
when compared with VATS in patients with MG who 
underwent thymectomy23, showing higher remission 
rates. However, there is still no evidence in pediatric 
patients and the availability of robotic surgery in our 
country is limited.

Our analyzed series includes only thoracoscopic 
surgery but shows good results in terms of surgical 
morbidity and mortality, effect on the disease motiva-
ting the intervention, and agrees with other available 
series6-7,12,19-20.

The main weakness of this report is the retros-
pective design with data collection limited by the 
medical report in the registries. However, this pu-
blication contributes by adding a series of patients 
who underwent VATS thymectomy for JMG in our 
country, to other experiences presented by a natio-
nal group of 35 children, where one of them had a 
lesion of the phrenic nerve that led to a diaphragma-
tic surgery13,14.

In conclusion, in this series of patients with JMG, 
thymectomy by VATS was a safe technique and its 
functional results are at least comparable with thy-
mectomy by median sternotomy, avoiding its cosmetic 
sequelae. In addition, we believe that the early perfor-
mance of thymectomy would favor patients with gene-
ralized symptoms by offering a shorter exposure time 
to corticosteroids.

Figure 2. Frontal and lateral view of the scars, two 
years and five months after surgery.
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