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Introduction: Juvenile myasthenia gravis (JMG) is a rare debilitating and potentially fatal autoimmune disease,
with unclearify pathogenesis. Surgical immunomodulation with thymectomy has been repeatedly demonstrated
to be a safe and effective treatment for JMG in both adult and pediatric patients. In the last few years, minimally
invasive approach and above all robotic assisted thoracoscopy, replaced sternotomy which is widely used in
adult patients. We report our experience in a case of robot-assisted thoracoscopic thymectomy approach in a 12
years old boy for juvenile myasthenia gravis (JMG).

Case report: Procedure was performed with the Da Vinci surgical robot (Xi) using left-sided approach. Left lung
was kept out from mechanic ventilation. A 8 mm port for the 3-D camera was introduced on the V intercostal
space on the anterior axillary line. Others two 8mm thoracic ports were placed under vision after the induction of
a low-pressure pneumothorax, respectively on the midaxillary line on the III intercostal space and on the par-
asternal space on the V intercostal space. Bulk resection of gland was made using Maryland grasper and Har-
monic scalpel, starting at level of the left pericardiophrenic angle and continuing cranially. Thymus was unstick
from the posterior face of the sternum until the right pleura releasing lower thymic horns. After that, contro-
lateral right-side thymectomy was continued into the neck to include the upper horns and finally it was removed
with an endocatch bag. Histopathological examination showed a benign thymic hyperplasia. There were no
perioperative and postoperative complications. The discharge was on IV post-operative day. After thymectomy,
patient reported an improvement in symptoms and stopped medical therapy with pyridostigmine.

Conclusions: VATS and Robotic thoracoscopic thymectomy have increasingly taken hold in recent years. The
surgical treatment offered to patient an improvement in clinical status. Surgery by robotic assistance has
demonstrable advantages, including three-dimensional visualization and articulating instruments. Left lateral
approach provided excellent visualization of the thymic veins, anonymous vases and phrenic nerves. Three-
dimensional visualization as well as articulating arms greatly facilitated the dissection compared with stan-
dard thoracoscopic technique. In Literature very few series of robotic approach for surgical treatment of JMG in
children are reported, for these reasons further studies are needed.

1. Introduction has been repeatedly demonstrated to be safe and effective treatment for
myasthenia gravis (MG) in both, adult and pediatric patients [4]. This
treatment was inadvertently introduced in 1911 when thymectomy was

performed as an attempted remedy of hyperthyroidism and also in

Juvenile myasthenia gravis (JMG) is a debilitating and potentially
fatal autoimmune disease that occurs with an incidence of 0.9-2.2 cases

per million person-years [1]. Given its rarity, treatment strategies for
JMG largely stem from the experience in adults with myasthenia gravis
using acetylcholinesterase inhibitors and immunomodulatory therapies
[2].

Despite uncertainties regarding the exact pathogenesis of myas-
thenia gravis (MG), it is generally agreed that the thymus plays a central
role in the disease [3]. Surgical immunomodulation with thymectomy
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myasthenia gravis cases. Post-operatively, while hyperthyroid state
persisted, myasthenic symptoms improved [5]. Traditionally, thymec-
tomies have been performed by either a median sternotomy or trans-
cervical approach in both pediatric and adult patients. Transsternal
thymectomy has been historically preferred, as it is thought to allow for
a more complete resection of the diseased thymus [6]. However the
advantages of minimally invasive approach to thymectomy,
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video-assisted (VATS) or robotic-assisted thoracoscopy, have increas-
ingly taken hold in recent years [7]. We report a case of robot-assisted
thoracoscopic thymectomy approach in a child with juvenile myas-
thenia gravis.

2. Case report

A 12-year-old male child with anterior mediastinal mass was referred
to our Department of pediatric Surgery in Siena. In the previous 5
months, he presented rhinolalia, dysarthria, asthenia, impaired
communication skills, dyspagia and weight loss, about 6 kg in few
weeks, symptoms suggestive of bulbar muscle weakness. On the basis of
specific clinical symptoms, neurophysiological findings and acetylcho-
line receptor antibody (anti-AChR) test positive, diagnosis of JMG was
made. He was assigned to Group II according to Osserman and Genkins
disease classification (Table 1). Subsequent chest-radiogrph and mag-
netic resonance imaging (MRI) chest revealed homogenous enlargement
in the anterior mediastinum suggestive of hypertrophied thymus,
dimension 100x50 x 15mm, without any other abnormalities. Daily
medical therapy in the form of oral pyridostigmine, 90 mg every 4 hours,
was initiated. The child had good compliance to medication, his
generalized weakness improved so he was scheduled for robotic-assisted
thoracoscopic thymectomy. Duration of surgical procedure was 90 mi-
nutes. After surgery he was transferred in the intensive care departement
for the first 24 hours, then he was transferred into pediatric surgery
departement. There were no perioperative and postoperative compli-
cations. Urethral catheter was removed in first postoperative day,
thoracic drainage (30 Ch) was removed after 48 hours, and central
venous catheter at 72 hours. He has no fever during hospital stay and
antibiotic treatement was not needed. Antalgic therapy was based on
morphine for the first 2 days on postoperative period, switched with
paracetamol after that. Feeding was gradually resumed. Hospital stay
was of 4 days, time to return to normal activities was about 10 days.
Histopathological examination reported a benign thymic hyperplasia
(Fig. 1) and mediastinal tissue biopsies showed no pathological abnor-
malities. Follow-up was performed by the neurologist. One month
postoperatively, at the surgical follow-up, he reported an improvement
in symptoms and reduction of dosage of pyridostigmine. Two months
postoperatively, the neurological follow-up reported a clear improve-
ment in his basic condition. He was appointed to Class I according to De
Filippi classification of remission because he was totally asymptomatic
and he stopped pyridostigmine administrations (Table 2).

2.1. Surgical technique

Patient was positioned in a supine position with a 30° tilt towards the
right side. Right lung mechanic ventilation was established by mainstem
intubation and left lung was kept out. Whole thymectomy was per-
formed by a left-sided approach. Through an incision on the fifth
intercostal space on the anterior axillary line, a 8 mm port for the 3-D
camera was introduced. A low-pressure pneumothorax was used. Car-
bon dioxide was inflated in the hemithorax to improve exposure,
achieving a clear view within the pleural cavity and enlarging medias-
tinal space. It allowed an easier dissection. After that, others two in-
cisions were performed, respectively on the midaxillary line on the third
intercostal space and on the parasternal region on the fifth intercostal
space and two 8mm thoracic ports were inserted (Fig. 2). An assistant
surgeon was needed at surgical table to help the first surgeon for setting

Table 1
Disease classification preoperatively. Osserman and Genkins criteria.

Group I Ocular symptoms

Group IIA Mild, generalized symptoms (including bulbar)
Group IIB Moderate generalized symptoms

Group III Acute, fulminating symptoms
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up surgical accesses and managing instruments during the whole sur-
gery time. Da Vinci surgical robot (Xi) was used to perform a total
thymectomy with resection en bloc of all thymic tissue. Once the robot
was docked, a Maryland grasper was placed through the left working
port and harmonic scalpel through the right one. Dissection began at the
level of the left pericardiophrenic angle and continued cranially,
following the anterior border of the phrenic nerve, until all the medi-
astinal tissue was isolated from it. Subsequently, thymic gland was
dissected from the posterior wall of the sternum until the right pleura
was found and lower thymic horns were dissected. Left lateral approach
provided excellent visualization of the thymic veins that drain into the
left innominate vein. Contralateral right-side dissection was undertaken
in an inferomedial to supero-lateral way, taking great care to preserve
the right phrenic nerve. Three-dimensional visualization as well as
articulating arms greatly facilitated this time of the dissection compared
with standard thoracoscopic techniques. Dissection was continued into
the neck, including the upper horns of the gland. Once the dissection was
completed, after biopsy of mediastinal adipose tissue, robot was
undocked and thymus was removed with an endocatch bag through the
uppest port which has been previously enlarged (Fig. 3). Left lung was
allowed to re-inflate, and air in the pleural space was evacuated thanks
to the positioning of a pleural drainage, prior to closure of the others
incisions in layers.

3. Discussion

Myasthenia gravis (MG) is an autoimmune disease characterized by
production of antibodies against acetylcholine receptors (AChR) in the
neuromuscular junction. In childhood, this disease presents into two
forms, transient neonatal MG and juvenile MG (JMG). JMG clinically
associated with easy muscular fatigability before the age of 19 years, is
diagnosed by clinical presentation supported by laboratory assessment
of antibodies (predominantly AChR, but also muscle-specific kinase
MuSK) and neuromuscular testing to evaluate the electrodecrement on
repetitive nerve stimulation [8]. Given its rarity, treatment strategies for
JMG largely stem from the experience in adults with myasthenia gravis
using acetylcholinesterase inhibitors and immunomodulatory therapies
[2]. Long-term administration of steroids and immuno-suppressant
treatements has a number of significant side effects in children,
including decreased growth velocity, diabetes, hyperlipidemia, central
obesity, immunocompromised state, and pathologic bone fractures [9].
Thymectomy for patients with sieropositive JMG has been evaluated
and has been found to be associated with improved remission rates and
minimized of medical therapy dosage and duration. Therefore, thy-
mectomy may have a role for children who are unresponsive to medical
therapy or who cannot undergo standard immunsuppression, although
long-term effects of thymectomy in children are however unclear [10].
The role of thymectomy in prepubertal age, especially in very young
children is still controversial because of thymus gland’role in the
development of our immune system with possible immunological al-
terations [11]. Up to now, there has been no evidence of negative effects
of thymectomy on T-cell function and acquired immune function.
Furthermore, any procedure in which sternotomy is needed for thy-
mectomy, later in life redo procedure would probably be associated with
other complications [12]. In any case all patients, barring rare excep-
tions with MG and thymoma should undergo surgery to remove tumor
[13]. Thymectomy in pediatric population, performed in the centers
with appropriate experience is being accomplished with low rates of
morbidity and zero mortality [4]. Therefore, a long follow-up is required
to evaluating the effect of thymectomy in JMG, because of a gradual
response standard outcome measure for adults comprised a period of at
least 1 year (Myasthenia Gravis Foundation of America post-operation
status, MGFA-PIS) [14]. Osserman and Genkins criteria are used to
classify the severity of disease preoperatively while the status on post-
operatively is assessed by using DeFilippi’s classification. Traditionally,
thymectomies have been performed by either a median sternotomy or
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Table 2
DeFilippi classification of postoperatively remission.

Class 1 Complete remission, no medication requirements

Class 2 Asymptomatic; decreased medication requirements

Class 3 Improvement in symptoms; decreased medication requirements
Class 4 No change in symptoms or medication requirements

Class 5 Worsening symptoms

Surgical ports

Fig. 2. Surgical ports performed for left approach robotic surgery.

transcervical approach in both pediatric and adult patients. Minimally
invasive approach to thymectomy, VATS or robotic, has increasingly
taken hold in recent years. Compared with open approaches potential
benefits of minimally invasive thymectomy include: less of
post-operative pain, decreased length of hospital stay, maintaining a
very low postoperative mortality, fewer post-surgical functional prob-
lems and better aesthetic results [15]. Furthermore any procedure who
needs a sternotomy later in life, after a sternotomy for thymectomy
would then mean a redo procedure with possible associated complica-
tions. In contradistinction, major disadvantage of minimally invasive
approach is the greater challenge in completely removing all thymic
tissue, especially compromised by technical details difficulty in the
approach of the superior and contralateral portions of the gland [16].
Robotic assisted thoracoscopy has demonstrable advantages, including
three-dimensional visualization and articulating instruments. They are
particularly useful in the dissection of the superior region and in the
controlateral (right) side of the thymus. Disadvantage also are present in
this technique, such as excessive costs associated with purchasing and
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Fig. 3. Macroscopic aspect of thymic gland after surgical resection en block.

maintaining a unit as well as the time to dock and set up for robotic
arms. Moreover current trends appear to suggest that pediatric robotic
surgery is useful and indicated in a select group of procedures and a
select group of patients in additional study [17]. Surgical treatment
offered to patient an improvement in clinical conditions and robotic’s
approach was a safe and advantageous surgical way to perform this kind
of surgery.

In conclusion, thymectomy should be offered as a part of multimodal
therapy when treating children and adolescents with AchR antibody
positive JMG with generalized presentation.

There is an urgent need for standardized therapy protcols for JMG
that would permit comparison of the data and outcome among different
study centers. The possibility of persisting but mild myastenic symptoms
of a long duration may need to be considered when counseling patients
and families. Actually, the existing quality of data are poor and prone to
several sources of bias so prospective, multicenter studies of thymec-
tomy for JMG are warranted.
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