The Egyptian Cardiothoracic Surgeon

DOI: 10.35810/ects.v7il.315

Vol. 7, No. 1, 17 - 23

Original Article
Early Outcomes of Thoracoscopic versus Open Extended Thymectomy in
Myasthenia Gravis Patients

Michael Moawad, Mohamed Elgariah, Mohamed Abo Elnasr, Elatafy EImetwally
Department of Cardiothoracic Surgery, Faculty of Medicine, Tanta University, Tanta, Egypt

Abstract

Background: The debate concerning the impact of surgical approaches for keywoRrDS
thymectomy on the outcomes of myasthenia gravis continues. This study aimed to  Thoracoscopic
present the preliminary outcomes of thoracoscopic versus transsternal  thrombectomy;

thymectomy for patients with myasthenia gravis.

Methods: A total of 60 patients participated in this cohort study. Twenty-seven of
these patients underwent thymectomy via video-assisted thoracoscopic surgery
(VATS) with one (n= 7) or two ports (n= 20) (Group I). Thirty-three patients
underwent thymectomy via the transsternal approach (Group Il). The study was
conducted over one year, and the patients were followed for three months
postoperatively.

Results: The duration of the operation (88+9 vs. 131+6 min, P<0.001) and volume
of blood loss (109412 vs. 434+ 54 ml; P<0.001) were significantly lower in the VATS
patients. Additionally, early extubation was significantly more common in Group |
than in Group I (100% vs. 48%; P <0.001). Compared with Group Il patients, Group
| patients had a significantly lower need for blood transfusions (0 vs. 6 (18%);
P<0.001) and postoperative intensive care units (0 vs. 28 (85%); P <0.001).
Compared with Group Il, Group | had a lower VAS pain score after 24 h (4 (3-5) vs.
6 (6-7); P<0.001). Patient mobilization occurred significantly earlier in Group | than
in Group 1l (5.89 + 1.45 vs. 19.09 + 6.38; P <0.001). No cases of video-assisted
thoracoscopic surgery were converted to open surgery, and no cases of operative
mortality were reported in either group.

Conclusions: Compared with open thymectomy, thoracoscopic thymectomy might
yield superior results. Thoracoscopic thymectomy is associated with a shorter
duration of operation, less blood loss, less need for blood transfusion, less need
for the ICU, a lower pain score, and an earlier timing of patient mobilization.
Therefore, thoracoscopic thymectomy could be preferable to open thymectomy
for the surgical treatment of myasthenia gravis.
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Introduction antibodies  directed against acetylcholine

Autoimmune myasthenia gravis (MG) is receptors. This weakness initially affects the eye
characterized by the gradual weakening of muscles and then spreads to other skeletal
muscles caused by the body’s production of muscles, eventually causing respiratory failure [1].
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Thymic B lymphocytes are the most important
producers of these antibodies [2]. The medical
management of MG includes the administration of
anticholinesterase agents, immunosuppressive
drugs, plasmapheresis, and corticosteroids.
Clinical remission rates in patients treated with
these methods have reached 15% [3]. Moreover,
surgical removal of the thymus gland is an
accepted modality for treating MG that achieves
marked clinical improvement in the symptoms of
myasthenia gravis [4].

As a means of reducing the probability of MG
recurrence, complete thymectomy is
recommended. This procedure involves the
removal of all thymic and perithymic tissue.
Several studies have demonstrated that patients
can benefit from this procedure in controlling
symptoms and preventing recurrence [5].
Thymectomy can be performed via various
surgical techniques, including transcervical,
transsternal, subxiphoid, robotic, and video-
assisted thoracoscopic surgery (VATS) [6].
According to a recent report, the minimally
invasive technique and the most frequently used
technique for thymectomy operations was VATS,
which had a frequency of 68% [7].

Concerning the treatment of MG, a
comparison between VATS and median
sternotomy revealed that VATS is generally
associated with reduced blood loss, a shorter
duration of time consumed during the operation,
and a shorter length of stay in the hospital.
Additionally, VATS lessens the likelihood of
postoperative complications by reducing the
amount of tissue damage, postoperative pain,
and the possibility of infection [8, 9]. The impact
of surgical approaches on the recurrence rate
continues to be debated. This study aimed to
present the preliminary outcomes  of
thoracoscopic versus transsternal thymectomy
surgery performed on patients who had been
diagnosed with MG.

Patients and Methods
Design and patients

A total of 60 patients participated in this
prospective cohort study. Twenty-seven of these
patients underwent thymectomy via VATS, while
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the remaining 33 patients underwent thymectomy
via the conventional complete transsternal
approach over one year. A preoperative diagnosis
of myasthenia gravis was made according to
clinical symptoms and electrophysiological tests,
such as the repetitive nerve stimulation test (RNS)
and single-fiber electromyography (SFEMG),
which were already performed on patients by
neurologists before referral to surgery. These
patients included both male and female
participants. In  addition, a serological
investigation was carried out to detect the
presence of antibodies against the acetylcholine
receptor (AChR), and the results of this
investigation were positive for every patient. In
addition, a routine clinical history was taken, a
neurological examination was carried out, and the
patients were classified into four classes
according to Osserman’s classification [10]: Class
I: ocular involvement only; Class [IA: mild
generalized weakness with slow progression and
gradual involvement of the bulbar and skeletal
muscles; Class 1IB: moderate generalized
weakness with gradual progression to a more
severe form; Class Ill: acute fulminant form with
rapid disease progression and acute involvement
of respiratory muscle; and Class IV: late severe
form with acute progressive symptoms starting
two years after the onset of myasthenia.

Settings:

The research was carried out at Tanta
University Hospitals in Tanta, Egypt, after the
approval of the local ethical committee (Approval:
35921/10/22). All the patients provided written
consent after being fully informed. The study
included both sexes with a preoperative diagnosis
of MG on the basis of clinical symptoms,
electrophysiological tests, and serological tests.
Patients with a thymoma with a maximal diameter
greater than 6 cm, a thymoma with radiological
evidence of invasion into surrounding organs,
patients who had received neoadjuvant therapy in
the past, or patients whose body mass index (BMlI)
was greater than 30 kg/m2 were excluded.

Data and outcomes:

All the patients in the study underwent a
comprehensive assessment, including a medical
history and radiological and laboratory tests,
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including a complete blood count (CBC), liver and
renal function tests, and an acetylcholine receptor
(AChR) antibody test. Additionally, radiological
investigations, including chest radiography and
high-resolution chest CT with intravenous
contrast, were performed. Following each
plasmapheresis session, CBC and tests were
conducted for sodium, potassium, calcium, and
magnesium levels; prothrombin time; and the
international normalized ratio (INR).

Plasmapheresis sessions were conducted
before and after surgery according to the severity
of the case, guided mainly by an assessment from
the Neurology Department to eliminate proteins
with autoimmune biological activity, particularly
antibodies targeting acetylcholine receptors. The
number of sessions depended on the severity of
the case. The final session should be performed
within a timeframe of 24-48 hours before the
operation to reduce antibody levels and the risk of
postoperative myasthenic crisis.

Thoracoscopic thymectomy

It was performed mainly through the right side
of the patient but also through the left side, where
the thymus gland was easily accessed while the
patient was under general anesthesia. A double-
lumen endotracheal tube was used to deflate the
lung on the side, which was previously indicated.
The patients were supine, with the roll placed
under the ipsilateral chest and their arms moving
away from their body over a cushioned support.
This was performed to improve access to the axilla
for the insertion of the thoracoscopy port. The
bilateral chest, including the sternum, is prepped
and draped. In twenty patients in the VATS group,
two ports ranging from 2-3 cm in size were
utilized. The first port was positioned below the
nipple in the fourth or fifth intercostal space in the
midclavicular line (submammary fold). This
location was where the 5-10 mm thoracoscope
with a 30-degree camera was inserted to visualize
the thymus. Using a second port in the fifth
intercostal space along the mid-axillary line,
dissecting instruments, sponge-holding forceps,
clip appliers, long blade diathermy pens, and
harmonic scalpels were used. For seven patientsin
the VATS group, only one port was utilized.
Dissection was performed through the lower horn

of the thymus first until it reached the upper horn
to be easily removed. The pericardial and
diaphragmatic fat were subsequently removed to
decrease the release of antibodies stored in the
fat, limiting the recurrence of symptoms. There
was no need to add more ports, use CO2
insufflation, or open the other side of the pleura.
Finally, one chest tube was inserted through the
incision of the port to drain any residual material.
(Figure 1)

Figure 1: A) Vertical size of the thymus gland after
thoracoscopic thymectomy; B) Size of the wound in
bicortal thoracoscopic thymectomy

Transternal Thymectomy

Under general anesthesia, while the patient
was lying in the supine position, intubation and
ventilation were carried out with the assistance of
an endotracheal tube with a single lumen. A
midline sternotomy incision was made. There was
complete removal of the thymus gland and the
pericardial fat that extended from the lower neck
level down to the diaphragm on both sides of the
right and left phrenic nerves. Following the
completion of the procedure, two chest tubes
were used: one was inserted in the pleural space,
and the other was inserted in the retrosternal
space. Sternal wires were then used to secure the
sternum.

Postoperative data

Immediate extubation, need for admission to
the ICU, amount of blood loss, length of hospital
stay, time of removal of chest tubes,
postoperative complications, and results of
histopathological examination. Postoperative
chest radiography was performed as a standard
procedure to identify the presence of
pneumothorax, retain pleural collection, and
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Table 1: Comparison of the demographic, preoperative, and operative data between patients who underwent
thoracoscopic thymectomy (Group 1) and those who underwent conventional thymectomy (Group 1l). The data are
presented as the means * SDs, frequencies (%) or means and SDs.

Group | (n=27) Group Il (n=33) P value
Age (years) 31.3+9.48 36.3+10.17 0.055
Male 9(33.33% 17 (51.52%
Sex Female 18((66.67‘%3) 16 £48.48%; 0.157
BMI (kg/m?) 26.78 £2.23 26.91+2.45 0.827
Comorbidities 3(11.11%) 8 (24.24%) 0.191
Ptosis 15 (55.56%) 26 (78.79%) 0.054
. Dysphagia 9(33.33% 12 (36.36% 0.807
Complaint Diyplr:)piag 8 §29.63%; 4 ((12.12%)) 0.092
Dyspnea 4 (14.81%) 3 (9.09%) 0.492
Preoperative
One session 4 (14.81%) 2 (6.06%)
Two sessions 7 (25.93%) 4(12.12%)
. Three sessions 6(22.22% 8(24.24%
Plasmapheresis o = o<sions 4 §14.29%; 9 527.27%; 0.146
Five sessions 1(3.7%) 7 (21.21%)
No 5(18.52%) 3 (9.09%)
Thymic hyperplasia 12(44.44%) 17 (51.52%)
CT-chest findings Thymoma 1(3.7%) 5(15.15%) 0.190
Normal thymus 14 (51.85%) 11 (33.33%)
Intraoperative
Duration of operation (min) 87.96+8.58 130.9146.05 <0.001
Blood loss (ml) 109.26+12.07 434.85+53.74 <0.001

CT: computed tomography

prevent abnormal diaphragm elevation. After
surgery, the patient consistently received
pyridostigmine bromide and corticosteroids, with
doses comparable to those taken before the
operation. The doses were subsequently modified
on the basis of symptomatic improvement
postsurgery. Patients are generally advised to
continue their follow-up with neurology
outpatient clinics. Plasmapheresis has been
employed in the management of imminent
myasthenic crises and as a periodic treatment for
certain individuals suffering from severe MG.

Statistical analysis

Statistical analysis was carried out via SPSS v26
software (IBM Inc., Chicago, lllinois, USA).
Histograms and the Shapiro-Wilks test were
utilized to determine whether the data
distribution was normal. With the help of an
unpaired Student’s t test, the means and standard

deviations

of quantitative parametric

variables were calculated, and comparisons were

made between the two groups. The median and
interquartile range (IQR) were used to report the
guantitative nonparametric data, and the Mann-
Whitney test was used for analysis. The chi-square
test was used to analyze the qualitative variables,
which are expressed as frequencies and
percentages (%). To be considered statistically
significant, a two-tailed P value that was lower
than 0.05 was used.

Results
Demographic, preoperative, and operative data
Comorbidities and presenting symptoms
(ptosis, dysphagia, diplopia, and dyspnea) were
not significantly different between the two
groups. Preoperative findings (plasmapheresis
and CT-chest findings) were not significantly
different between the two groups. The duration of
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Table 2: Comparison of surgical and postoperative data between patients who underwent thoracoscopic thymectomy
(Group 1) and those who underwent conventional thymectomy (Group Il). Data are presented as the median (IQR),

mean, standard deviation (SD), number, and percentage

Group | (n=27)

Group Il (n=33) P

Surgical resection (Extended thymectomy)

27 (100%)

33 (100%)

Need for blood transfusion 0 (0%) 6(18.18%) <0.001

Immediate extubation 27(100%) 16(48.48%) <0.001

Need for ICU postoperative 0(0%) 28(84.85%) <0.001
2h 6(5-6) 8(7-9) <0.001

NRS score 24 h 4(3-5) 6(6-7) <0.001
48 h 2(2-2) 6 (6 - 6) <0.001
1 27 (100% 0

Number c.>f ( 6) <0.001

chestdrains 2 0 33 (100%)

Hospital stay (days) 1.67+0.48 7.82+1.42 <0.001

NRS: Numerical rating scale; ICU: intensive care unit

the operation and amount of blood loss were
significantly lower in Group | than in Group Il (P
<0.001) (Table 1).

Surgery and postoperative data

Surgical resection was extended to
thymectomy in all patients in the two groups. The
need for blood transfusion, numerical rating scale
(NRS) score, and postoperative intensive care unit
(ICU) score were significantly lower in Group | than
in Group Il (P <0.001). No cases of VATS conversion
to open surgery occurred. The incidence of
immediate extubation was significantly greater in
Group | than in Group Il (P <0.001) (Table 2).

The number of chest drains and length of
hospital stay were significantly greater in Group |l
than in Group | (P <0.001). The timing of patient
mobilization was significantly lower in Group |
than in Group Il (P <0.001). The need for
plasmapheresis  postoperatively was  not
significantly different between the two groups,
wound infection was significantly different
between the two groups at the 3-month
postoperative follow-up, and the dose of steroids
was significantly lower in Group | than in Group I
(Table 3).

Table 3: Timing of patient mobilization, need for plasmapheresis, postoperative follow-up, and dose of steroids in the
studied group. The data are presented as the means + SDs or frequencies (%).

Group | (n=27) Group Il (n=33) P
Timing of patient mobilization (h) 5.89 +1.45 19.09 + 6.38 <0.001
One session 4 (14.81%) 2 (6.06%)

Need for plasmapheresis

Two sessions

10 (37.04%)

6 (18.18%)

postoperatively Three sessions 9(33.33%) 9(27.27%) 0.403
Four sessions 4 (14.81%) 8 (24.24%)

Postoperative follow-up

Phrenic nerve injury 0 (0%) 0 (0%) -
Wound infection 1(3.5%) 5 (15%) 0.032
Myasthenic crisis 0 (0%) 8 (24.24%) 0.773
Residual muscle weakness 6 (22.22%) 10 (30.3%) 0.481
Decreased steroid dose 19 (70.3%) 11 (33.3%) 0.007
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Discussion

Several treatment strategies are available for
managing myasthenia gravis, including
anticholinesterase medicines, steroids,
immunosuppressive medications, and
plasmapheresis, to reduce the serum antibody
concentration [11,12]. A complete clinical
remission rate as low as 18% after medical
treatment has been reported in several studies.
[13-15] Surgical treatment has grown in
popularity, with clinical remission rates as high as
42% and clinical improvement rates as high as
94% [16,17]. Since the introduction of VATS for
thymectomy in 1992, several studies have shown
that the VATS approach reduces intraoperative
blood loss, injury to surrounding tissues,
postoperative pain, and postoperative
complications [17]. The majority of research
findings indicate the effectiveness of thymectomy
in treating patients with myasthenia gravis
[18,19].

This study revealed that the operative time
was significantly shorter in the VATS group thanin
the open thymectomy group. This could be
explained by the use of a minimally invasive
technique, which allows small incisions. Toker
and colleagues [12] reported that the average
duration of VATS was 100 min, which is different
from our findings in the VATS group (90 min). In
contrast, Muhammad [20] reported a significantly
longer operative time in the VATS group. The
author explained this finding by the low level of
experience in VATS at the time of the study. With
respect to blood loss, there was less blood loss in
the VATS group than in the open thymectomy
group. This could be explained by the fact that
open surgery results in more blood loss secondary
to the associated sternotomy incision and
closure. Confirming our data, Xie and associates
[21] reported that, compared with the open
thymectomy group, the VATS group experienced a
significantly lower amount of blood loss. Our data
disagreed with those of Ersen and colleagues [22]
and revealed no significant difference in the
amount of blood loss between the open group
(n=22) and the VATS group (n=19). Thus, the need
for blood transfusion was significantly lower in the
VATS group than in the open thymectomy group
because the VATS group experienced less blood
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loss. In support of our data, Ye and associates
[23] reported that blood transfusion was needed
for only one patient in the VATS group.

All patients in this study underwent extended
thymectomy with no residual thymic tissue in
either group. This finding indicates that
thoracoscopic thymectomy provides effective
surgical excision, similar to open thymectomy,
with fewer complications. In agreement with
these findings, Fiorelli and colleagues [24]
reported that VATS thymectomy was an effective
approach for removing the thymus and
surrounding tissue. However, this procedure
offers the advantages of a minimally invasive
approach that results in less pain and faster
recovery. Our study revealed that the need for
postoperative ICU admission was significantly
lower in the VATS group than in the open
thymectomy group. Similarly, Lo and collaborators
[25] reported that the need for postoperative
intensive care unit (ICU) care was significantly
lower in the VATS group than in the open
thymectomy group [25]. The NRS score for
postoperative pain was significantly lower at 2 h,
24 h, and 48 h in the VATS group than in the open
thymectomy group. The most likely reasons for
the decrease in pain were the limitations in skin
and chest wall incisions and the difference in the
number of inserted chest tubes between the two
techniques. A small incision could also be
considered the major contributor to decreased
postoperative pain. Muhammad [20] reported
that the VATS group had significantly lower
analgesic requirements than did the open
thymectomy group. In support of our data, Fiorelli
and collaborators [24] reported a significant
decrease in pain scores following VATS compared
with the open approach. Minimal postoperative
pain permits early postoperative physiotherapy
and accelerates the recovery of respiratory
function and early resumption of daily activities.
These consequences are especially crucial for MG
patients who are relatively young, employed, and
physically active. The postoperative number of
chest drains was significantly different between
the 2 groups. One chest tube in the VATS group
was associated with decreased postoperative
pain. Conversely, Yuan and associates [26]
reported that the number of chest drains was not
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significantly different between the VATS and open
thymectomy groups.

The length of hospital stay and time of
removal of chest tubes were significantly shorter
in the VATS group than in the open thymectomy
group. Additionally, Toker and colleagues [12]
reported that the length of hospital stay was 1-6
days, which was close to our findings. In
agreement with our data, Xie and associates [21]
reported that the duration of chest drainage and
length of hospital stay were significantly shorter
in the VATS group than in the open thymectomy
group. In terms of postoperative complications,
the group that underwent VATS had a significantly
lower wound infection rate than did the group
that underwent open thymectomy. In agreement
with our results, Muhammad [20] reported that
the wound infection rate was significantly lower in
the VATS group than in the open thymectomy
group. Ersen and collaborators [22] agreed with
our findings, as there was no difference in the
incidence of wound infection between the VATS
group and the open group. However, the
incidence of myasthenic crisis was not
significantly different between the VATS group
and the conventional thymectomy group. Kakhaki
and colleagues [27] reported that postoperative
complications and myasthenic crises occurred in
26.5% of patients. Our data are supported by
those of Siwachat and associates [28], who
reported insignificant differences in myasthenic
crisis between the thoracoscopic and open
groups. Moreover, there was no discernible
difference in the level of residual muscle
weakness between the group that underwent
open thymectomy and the group that underwent
VATS. These results are in agreement with those
of Kauppi and colleagues [29]. Notably, three
patients in the VATS group experienced transient
worsening of muscle weakness, which was close
to our results (7.41%). In agreement with our
data, Gung and associates [30] conducted a meta-
analysis of 23 studies comparing thoracoscopic
surgery and sternotomy for MG patients and
reported that there was no significant difference
between the groups in that study. Muscular
weakness presented in the form of upper and
lower limb and bulbar manifestations. It was
evaluated by neurological examination and was
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found to have improved or not improved, and the
dosage of the medications was reduced or not.

After three months of follow-up, there was a
significant difference between the VATS and open
groups. The dose of steroids decreased in most
VATS groups until they stopped but remained at
the preoperative dose in most open groups. The
pathological findings of the resected specimen
affect postoperative treatment, and the cure rate
of myasthenic symptoms is high for thymoma
patients.

Study Limitation:

Our study limitations include that it was a
single-center study, and the generalizability of the
results to other centers may not be applicable. The
sample size was relatively small, and the study
power could have been affected by the small
number of patients in each group. The follow-up
period was short, and long-term outcomes were
not evaluated.

Conclusion

Compared with open thymectomy,
thoracoscopic thymectomy might yield superior
results.  Thoracoscopic  thymectomy  was
associated with a shorter duration of operation,
less blood loss, a smaller wound size, less need for
blood transfusion, less need for the ICU, a lower
pain score, an earlier timing of patient
mobilization, a shorter postoperative hospital
stay, and a lower incidence of wound infection.
Therefore, thoracoscopic thymectomy could be
preferable to open thymectomy for the surgical
treatment of MG.

Funding: Self-funded
Conflict of interest: Authors declare no conflict of
interest.

References

1. Nieto IP, Robledo JP, Pajuelo MC, et al.
Prognostic Factors For Myasthenia Gravis
Treated By Thymectomy: review of 61 Cases.
Ann Thorac Surg. 1999; 67: 1568-71.

2. Sommer N, Willcox N, Harcourt GC, Newsom-
Davis J. Myasthenic Thymus and Thymoma Are
Selectively  Enriched In  Acetylcholine


https://www.sciencedirect.com/science/article/pii/S0003497599003100
https://www.sciencedirect.com/science/article/pii/S0003497599003100
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410280303
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410280303

24

10.

11.

12.

13.

Receptor-Reactive T Cells. Ann Neurol.
1990;28:312-9.

Bachmann K, Burkhardt D, Schreiter I, et al.
Long-Term Outcome and Quality Of Life After
Open And Thoracoscopic Thymectomy For
Myasthenia Gravis: Analysis Of 131 Patients.
Surg Endosc. 2008;22:2470-7.

Kirschner PA. Alfred Blalock and Thymectomy
For Myasthenia Gravis. Ann Thorac Surg.
1987;43:348-9.

Elkhouly AG, Cristino B, Alhasan A, Dauri M,
Pompeo E. Minimalist three-dimensional
thoracoscopic extended thymomectomy in a
patient with myasthenia gravis. Journal of
Visualized Surgery. 2019;5.

Pompeo E, Elkhouly AG. Spontaneous
Ventilation  Thoracoscopic  Thymectomy:
Attractive or Exceptionable? J Thorac Dis.
2018;10:53981-s3.

Burt BM, Yao X, Shrager J, Antonicelli A, et al.
Determinants of Complete Resection of
Thymoma By Minimally Invasive And Open
Thymectomy: Analysis Of An International
Registry. J Thorac Oncol. 2017;12:129-36.

Lin MW, Chang YL, Huang PM, Lee YC.
Thymectomy For Non-Thymomatous
Myasthenia Gravis: A Comparison of Surgical
Methods And Analysis of Prognostic Factors.
Eur J Cardiothorac Surg. 2010;37:7-12.

Zahid |, Sharif S, Routledge T, Scarci M. Video-
Assisted Thoracoscopic Surgery Or
Transsternal Thymectomy In The Treatment Of
Myasthenia  Gravis? Interact Cardiovasc
Thorac Surg. 2011;12:40-6.

Osserman KE, Genkins G. Studies In
Myasthenia Gravis: Review Of A Twenty-Year
Experience In Over 1200 Patients. Mt Sinai J
Med. 1971;38:497-537.

O’Connor L, Westerberg E, Punga AR.
Myasthenia Gravis And Physical Exercise: A
Novel Paradigm. Front Neurol. 2020;11:675.
Toker A, Tanju S, Ziyade S, et al. Early
Outcomes Of Video-Assisted Thoracoscopic
Resection Of Thymus In 181 Patients With
Myasthenia Gravis: Who Are The Candidates
For The Next Morning Discharge? Interact
Cardiovasc Thorac Surg. 2009;9:995-8.
Alhaidar MK, Abumurad S, Soliven B, Rezania
K. Current Treatment of Myasthenia Gravis. J
Clin Med. 2022;11.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Moawad M

. Rubin JW, Ellison RG, Moore HV, Pai GP.

Factors Affecting Response to Thymectomy
For Myasthenia Gravis. J Thorac Cardiovasc
Surg. 1981;82:720-8.

Papatestas AE, Genkins G, Kornfeld P, et al.
Effects of Thymectomy In Myasthenia Gravis.
Ann Surg. 1987;206:79-88.

Wilshire CL, Blitz SL, Fuller CC, et al. Minimally
Invasive Thymectomy For Myasthenia Gravis
Favours Left-Sided Approach And Low Severity
Class. Eur J Cardiothorac Surg. 2021;60:898-
905.

Aprile V, Korasidis S, Bacchin D, et al.
Thymectomy In Myasthenic Patients With
Thymoma: Killing Two Birds With One Stone.
Ann Thorac Surg. 2021;112:1782-9.

Nguyen TG, Nguyen NT, Nguyen VN, Nguyen
TK, Vu DT, Le VA. Video-Assisted
Thoracoscopic Surgery For Myasthenia Gravis
With Thymoma: A Six-Year Single-Center
Experience. Asian J Surg. 2021;44:369-73.

Wolfe GI, Kaminski HJ, Aban B, et al.
Randomized Trial Of Thymectomy In
Myasthenia  Gravis. N Engl J Med.

2016;375:511-22.

Muhammad MI. Thymectomy By Video-
Assisted Thoracoscopy Versus Open Surgical
Techniques. Asian Cardiovasc Thorac Ann.
2014;22:442-7.

Xie X, Gan X, Chen B, et al. Left- And Right-
Sided Video-Assisted Thoracoscopic
Thymectomy Exhibit Similar Effects on

Myasthenia Gravis. J Thorac Dis. 2016;8:124-
32.

Ersen E, Kilig B, Kara HV, et al. Comparative
Study of Video-Assisted Thoracoscopic Surgery
Versus Open Thymectomy For Thymoma And
Myasthenia Gravis. Wideochir Inne Tech
Maloinwazyjne. 2018;13:376-82.

Ye B, Tantai JC, Li W, et al. Video-assisted
thoracoscopic surgery versus robotic-assisted
thoracoscopic surgery in the surgical
treatment of Masaoka stage | thymoma. World
J Surg Oncol. 2013;11:157.

Fiorelli A, Mazzella A, Cascone R, Caronia FP,
Arrigo E, Santini M. Bilateral Thoracoscopic
Extended Thymectomy Versus Sternotomy.
Asian Cardiovasc Thorac Ann. 2016;24:555-61.
Lo CM, Lu HI, Hsieh MJ, Lee SS, Chang JP.
Thymectomy For Myasthenia Gravis: Video-


https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410280303
https://link.springer.com/article/10.1007/s00464-008-9794-2
https://link.springer.com/article/10.1007/s00464-008-9794-2
https://link.springer.com/article/10.1007/s00464-008-9794-2
https://www.sciencedirect.com/science/article/pii/S0003497510606352
https://www.sciencedirect.com/science/article/pii/S0003497510606352
https://jovs.amegroups.org/article/view/25731/html
https://jovs.amegroups.org/article/view/25731/html
https://jovs.amegroups.org/article/view/25731/html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6297479/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6297479/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6297479/
https://www.sciencedirect.com/science/article/pii/S1556086416308978
https://www.sciencedirect.com/science/article/pii/S1556086416308978
https://www.sciencedirect.com/science/article/pii/S1556086416308978
https://www.sciencedirect.com/science/article/pii/S1556086416308978
https://academic.oup.com/ejcts/article-abstract/37/1/7/371149
https://academic.oup.com/ejcts/article-abstract/37/1/7/371149
https://academic.oup.com/ejcts/article-abstract/37/1/7/371149
https://academic.oup.com/icvts/article-abstract/12/1/40/654711
https://academic.oup.com/icvts/article-abstract/12/1/40/654711
https://academic.oup.com/icvts/article-abstract/12/1/40/654711
https://academic.oup.com/icvts/article-abstract/12/1/40/654711
https://cir.nii.ac.jp/crid/1573668924693344896
https://cir.nii.ac.jp/crid/1573668924693344896
https://cir.nii.ac.jp/crid/1573668924693344896
https://www.frontiersin.org/articles/10.3389/fneur.2020.00675/full
https://www.frontiersin.org/articles/10.3389/fneur.2020.00675/full
https://academic.oup.com/icvts/article-abstract/9/6/995/692419
https://academic.oup.com/icvts/article-abstract/9/6/995/692419
https://academic.oup.com/icvts/article-abstract/9/6/995/692419
https://academic.oup.com/icvts/article-abstract/9/6/995/692419
https://academic.oup.com/icvts/article-abstract/9/6/995/692419
https://www.mdpi.com/2077-0383/11/6/1597
https://www.sciencedirect.com/science/article/pii/S0022522319392682
https://www.sciencedirect.com/science/article/pii/S0022522319392682
https://journals.lww.com/annalsofsurgery/abstract/1987/07000/Effects_of_Thymectomy_in_Myasthenia_Gravis.13.aspx
https://academic.oup.com/ejcts/article-abstract/60/4/898/6128454
https://academic.oup.com/ejcts/article-abstract/60/4/898/6128454
https://academic.oup.com/ejcts/article-abstract/60/4/898/6128454
https://academic.oup.com/ejcts/article-abstract/60/4/898/6128454
https://www.sciencedirect.com/science/article/pii/S0003497520321494
https://www.sciencedirect.com/science/article/pii/S0003497520321494
https://www.sciencedirect.com/science/article/pii/S1015958420303213
https://www.sciencedirect.com/science/article/pii/S1015958420303213
https://www.sciencedirect.com/science/article/pii/S1015958420303213
https://www.sciencedirect.com/science/article/pii/S1015958420303213
https://www.nejm.org/doi/abs/10.1056/NEJMoa1602489
https://www.nejm.org/doi/abs/10.1056/NEJMoa1602489
https://journals.sagepub.com/doi/abs/10.1177/0218492313479596?casa_token=_c_fdnTQoH8AAAAA:CU-5bPKHoM5dsNdVWdDQcyAMo-n7VxLBfCwaU9BBFEhCTJfxeH9bTEoh_8nbPw4pjPXn8P6NNxil&casa_token=4JaobeXMW0kAAAAA:L_gJh40VkqQFH5eJzSxim1S_uKEmHyqGEGuR0RuoGzqYHQBPfaV5tbvh_tzTBx4kij4svU7xYASv
https://journals.sagepub.com/doi/abs/10.1177/0218492313479596?casa_token=_c_fdnTQoH8AAAAA:CU-5bPKHoM5dsNdVWdDQcyAMo-n7VxLBfCwaU9BBFEhCTJfxeH9bTEoh_8nbPw4pjPXn8P6NNxil&casa_token=4JaobeXMW0kAAAAA:L_gJh40VkqQFH5eJzSxim1S_uKEmHyqGEGuR0RuoGzqYHQBPfaV5tbvh_tzTBx4kij4svU7xYASv
https://journals.sagepub.com/doi/abs/10.1177/0218492313479596?casa_token=_c_fdnTQoH8AAAAA:CU-5bPKHoM5dsNdVWdDQcyAMo-n7VxLBfCwaU9BBFEhCTJfxeH9bTEoh_8nbPw4pjPXn8P6NNxil&casa_token=4JaobeXMW0kAAAAA:L_gJh40VkqQFH5eJzSxim1S_uKEmHyqGEGuR0RuoGzqYHQBPfaV5tbvh_tzTBx4kij4svU7xYASv
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740127/
https://www.termedia.pl/Comparative-study-of-video-assisted-thoracoscopic-surgery-versus-open-thymectomy-for-thymoma-and-myasthenia-gravis,42,32803,0,1.html
https://www.termedia.pl/Comparative-study-of-video-assisted-thoracoscopic-surgery-versus-open-thymectomy-for-thymoma-and-myasthenia-gravis,42,32803,0,1.html
https://www.termedia.pl/Comparative-study-of-video-assisted-thoracoscopic-surgery-versus-open-thymectomy-for-thymoma-and-myasthenia-gravis,42,32803,0,1.html
https://www.termedia.pl/Comparative-study-of-video-assisted-thoracoscopic-surgery-versus-open-thymectomy-for-thymoma-and-myasthenia-gravis,42,32803,0,1.html
https://link.springer.com/article/10.1186/1477-7819-11-157
https://link.springer.com/article/10.1186/1477-7819-11-157
https://link.springer.com/article/10.1186/1477-7819-11-157
https://link.springer.com/article/10.1186/1477-7819-11-157
https://journals.sagepub.com/doi/abs/10.1177/0218492316647215?casa_token=t7_5Z7VdXJUAAAAA:9r-CkDD5KlUyD8K41q_etV91bmgYVUl1hBNTcFULbJxprEJ_KS9ZfbMrxkKtoNoo6djDpPxZoj6w&casa_token=XUADkI2UoZQAAAAA:6pnFvpVLg3B9TJTf32pR6K_yvMHdrXpCKG9sCKwMcOrEZGn9-VaFD8Oo0fUjT7vBELJjrqFHIoR4
https://journals.sagepub.com/doi/abs/10.1177/0218492316647215?casa_token=t7_5Z7VdXJUAAAAA:9r-CkDD5KlUyD8K41q_etV91bmgYVUl1hBNTcFULbJxprEJ_KS9ZfbMrxkKtoNoo6djDpPxZoj6w&casa_token=XUADkI2UoZQAAAAA:6pnFvpVLg3B9TJTf32pR6K_yvMHdrXpCKG9sCKwMcOrEZGn9-VaFD8Oo0fUjT7vBELJjrqFHIoR4
https://www.sciencedirect.com/science/article/pii/S0929664614001818

The Egyptian Cardiothoracic Surgeon

26.

27.

28.

Assisted Versus Transsternal. J Formos Med
Assoc. 2014;113:722-6.

Yuan Z-Y, Cheng G-Y, Sun K-L, et al
Comparative Study of Video-Assisted Thoracic
Surgery Versus Open Thymectomy For
Thymoma In One Single Center. Journal of
thoracic disease. 2014,6:726.

Daneshvar Kakhaki A, Mousavian SA, Sheikhy
K. Thoracoscopic Thymectomy For Myasthenia
Gravis: Seven Years Of Clinical Experience.
Tanaffos. 2016;15:175-9.

Siwachat S, Tantraworasin A, Lapisatepun W,
Ruengorn C, Taioli E, Saeteng S. Comparative
Clinical Outcomes After Thymectomy For

29.

30.

25

Myasthenia
Trans-Sternal
2018;41:77-85.

KauppiJ, Atula S, Strbian D, et al. Improvement
In Symptom Remission Rate Following Robotic
Thymectomy In Patients With Myasthenia
Gravis. Interact Cardiovasc Thorac Surg.
2020;30:827-33.

Gung Y, Zhang H, Li S, Wang Y. Sternotomy
Versus Video-Assisted Thoracoscopic Surgery
For Thymectomy Of Myasthenia Gravis
Patients: A Meta-Analysis. Asian J Endosc Surg.
2016;9:285-94.

Gravis: Thoracoscopic Versus
Approach. Asian J Surg.


https://www.sciencedirect.com/science/article/pii/S0929664614001818
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4073414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4073414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4073414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5304962/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5304962/
https://www.sciencedirect.com/science/article/pii/S1015958416301385
https://www.sciencedirect.com/science/article/pii/S1015958416301385
https://www.sciencedirect.com/science/article/pii/S1015958416301385
https://www.sciencedirect.com/science/article/pii/S1015958416301385
https://academic.oup.com/icvts/article-abstract/30/6/827/5753902
https://academic.oup.com/icvts/article-abstract/30/6/827/5753902
https://academic.oup.com/icvts/article-abstract/30/6/827/5753902
https://academic.oup.com/icvts/article-abstract/30/6/827/5753902
https://onlinelibrary.wiley.com/doi/abs/10.1111/ases.12300
https://onlinelibrary.wiley.com/doi/abs/10.1111/ases.12300
https://onlinelibrary.wiley.com/doi/abs/10.1111/ases.12300
https://onlinelibrary.wiley.com/doi/abs/10.1111/ases.12300



