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ABSTRACT

البيانات الديموغرافية والمعطيات الصحية لمرضى  دراسة وتحليل  الأهداف: 
الوهن العضلي في مملكة البحرين الذين تمت معاينتهم على مدى خمس 

سنوات )يناير 2014م - ديسمبر 2018م(.

المنهجية: كانت هذه دراسة استعادية قائمة على الملاحظة أجريت في 3 
مستشفيات في البحرين. تم تصنيف مرض الوهن العضلي إلى نوعين:النوع 
الجزئي البصري والنوع الكلي. قمنا بتقسيم المرضى إلى ذوي بداية مبكرة  
)49 عاماً أو أقل( وذوي بداية متأخرة )أكثر من 49 عاماً(. تم تسجيل 
باستخدام  وتحليلها  البيانات  وإدخال  والسريرية  الديموغرافية  البيانات 

.SPSS الإصدار 26.0 من

النتائج: بلغت نسبة الإناث %61.2 من أفراد العينة، وبلغ متوسط العمر 
للإناث.  للذكور و15.7±43.1 سنة  المرض 17.7±43.8 سنة  بداية  في 
النوع  وكان  المبكرة،  البداية  ذو  العضلي  الوهن  عندههم   72.4% كان 
الجزئي البصري هو الأكثر شيوعًا )%51(. وجد أن ضعف الأطراف كان 
 ،AChR أكثر انتشارًا في المرضى المصابين بالأجسام المضادة الإيجابية ضد
من   57.1% نسبة   .MuSK مجموعة  لدى  شدةً  أكثر  المرض  كان  كما 
المرضى كانت عندهم أجسام مضادة لبروتين AChR، و %3.1 لبروتين 
كان  بروتين.  لأي  مضادة  أجسام  عندهم  تكن  لم  و39.8%   ،MuSK
ظهور المرض الكلي أكثر احتمالا مع مرضى AChR . أظهرت أشعة الصدر 
في ذلك  بما  المرضى  من   )35%( 24/69 في  غير طبيعية  نتائج  المقطعية 
الصعترية،  الغدة  وضمور  الصعترية،  الغدة  ورم  الصعترية،  الغدة  تضخم 
ورم   ،)55.0%( الصعترية  الغدة  تضخم  الجراحية  العينات  بينت  بينما 
الصعترية  والغدة   )10%( حميد  دهني  ورم   ،)30%( الصعترية  الغدة 

الطبيعية )%5(. كانت نتائج العلاج جيدة جداً في أغلب الحالات.

الخلاصة: كشفت الدراسة الحالية أنه مرض الوهن العضلي في البحرين كان 
أكثر شيوعًا عند الإناث، مع عمر مماثل للإصابة بالمرض بين الذكور والإناث. 
بدأ المرض في سن مبكرة في غالبية المرضى وكان أكثرهم يعاني من النوع 
 AChR البصري مع وجود أجسام مضادة لبروتين. كانت النتائج العلاجية
لتشخيص  موحد  بروتوكول  باتباع  الدراسة  توصي  عام.  بشكل  مواتية 

وعلاج مرض الوهن العضلي.

Objectives: To report demographic and clinical data 
on 98 myasthenia gravis (MG) patients, seen over 5 
years (January 2014-December 2018). 

Methods: This was a retrospective, observational 
cohort study carried out at 3 hospitals in Bahrain. 
MG was classified into ocular or generalized types. 
We subdivided MG into early-onset (EOMG, ≤ 49 
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years) or late-onset (LOMG, > 49 years). Demographic 
and clinical data were recorded. The data was entered 
and analyzed using SPSS version 26.0.

Results: 61.2% were females. The mean age at 
onset was 43.8±17.7 years in males and 43.1±15.7 
years in females. 72.4% had EOMG. A pure ocular 
presentation was most common (51%). Limb weakness 
was more prevalent in AChR-positive patients. The 
MuSK group had more severe presentation. 57.1% of 
patients were AChR-positive, 3.1% MuSK-positive, 
and 39.8% double-seronegative. Generalized disease 
onset was more likely with AChR. Abnormal CT 
chest was seen in 24/69 (35%) including thymic 
hyperplasia, thymoma, and thymic atrophy. Pathology 
findings were thymic hyperplasia (55.0%), thymoma 
(30%), thymolipoma (10%), and normal thymus 
(5%). Treatment outcomes were favorable. 

Conclusion: The present study revealed that MG was 
more common in females, with similar age at onset 
between males and females. The majority of patients 
had EOMG with ocular disease and AChR positivity. 
The clinical outcomes were favorable. Following a 
standardized protocol for MG diagnosis and workup 
is recommended.
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Myasthenia gravis (MG) is an autoimmune disease 
of neuromuscular transmission, characterized by 

fatigable muscle weakness,1 mediated by an antibody 
attack on components of the postsynaptic membrane of 
the neuromuscular junction, such as the acetylcholine 
receptor (AChR), muscle-specific tyrosine kinase 
(MuSK) and lipoprotein receptor-related protein 4 
(LRP4).2,3 This may result in various distribution of 
muscle weakness among different patients, including 
ocular and limb weakness, bulbar involvement, and 
sometimes respiratory failure, as well as various degrees 
of severity.2,4,5 The MG is the major disorder that 
affects the neuromuscular junction, while other rarer 
syndromes include the Lambert-Eaton myasthenic 
syndrome and botulism, both affecting the presynaptic 
neuromuscular junction.4 The Myasthenia Gravis 
Foundation of America (MGFA) clinical classification 
(class I ocular, class II mild generalized weakness, class 
III moderate generalized weakness, class IV severe 
weakness, and class V needing intubation) is used to 
identify subgroups of MG patients sharing certain 
clinical features or disease severity, which may help 
predict disease prognosis and treatment outcome.6

Based on serum antibody profile and clinical 
phenotypes, MG can be classified into seven subgroups: 
early-onset MG (EOMG), late-onset MG (LOMG), 
thymoma-associated MG, MuSK MG, LRP4 MG, 
ocular MG, and seronegative (SN) generalized MG.4,5,7 
This classification is clinically useful, as there are 
important differences in terms of clinical features, thymus 
abnormalities, treatment outcome, and drug adverse 
events among different phenotypes.2,5 For example, 
Deymeer et al5 compared the clinical characteristics of 
32 anti-MuSK MG, 161 anti-AChR MG and 33 SN 
MG patients. The MuSK MG group had more bulbar 
involvement and more severe disease with crises, while 
the SN group had a milder disease with a good outcome 
and lower percentage of steroid maintenance doses and 
use of other immunosuppressants such as azathioprine. 
Females predominated in all 3 groups.

In general, the prognosis of MG is good, due to early 
diagnosis and availability of symptomatic treatment, 
and the use of effective immunosuppressants and other 
supportive measures.4 The aim of our study was to 
retrospectively gather data on the clinical characteristics 
of MG patients in the Kingdom of Bahrain, and 
compare it with regional and international data.

Methods. This was a retrospective, observational 
cohort study. We reviewed the medical records of all 
patients with MG seen at 3 government and university 
hospitals (University Medical Center of King Abdullah 
Medical City, Salmanya Medical Complex, King 
Hamad University Hospital) in the Kingdom of 
Bahrain from January 2014 to December 2018. The 
inclusion criteria were age 15 years and above, typical 
clinical presentation of MG, a documented neurological 
examination of fatigable muscle weakness, and at least 
one of the following:

- Positive nerve conduction study with 3 Hz 
repetitive stimulation revealing 10% or more motor 
amplitude decrement.
- Improvement of weakness with edrophonium test.
- Positive serology for at least one of the following 
antibodies: AChR, MuSK, and LRP4.
Patients with an ultimately different neuromuscular 

diagnosis during follow-up were excluded. We 
also excluded patients with missing critical clinical 
information. The study was approved by the local 
ethical committee at each participating center.

We collected demographic data, presenting MG 
symptoms, serology profile, electrophysiology results, 
radiological studies, pathology reports, treatment 
received, and outcome at the last follow-up visit. The MG 
was classified into 2 types: pure ocular (corresponding 
to MGFA class I), or generalized (MGFA classes II, III, 
IV, V). We also sub-classified patients into early-onset 
(EOMG, ≤ 49 years age) or late-onset (LOMG, 
>49 years age) disease. The treatment outcomes at the 
last follow-up visit were divided into three categories, 
adopted from the MGFA postintervention status 
classification:6 remission (including complete or 
pharmacologic remissions), improvement (minimal 
manifestations), or worsening. 

The data was entered and analyzed using Statistical 
Package of Social Science, version 26.0 (IBM SPSS, 
Armonk, NY, USA). Qualitative variables were 
presented as counts and percentages. Quantitative 
variables were presented as means and standard 
deviations. Two independent samples t-test was used 
to compare the mean differences between groups. The 
Chi-square test was used to measure the association and 
compare proportions. A p-value < 0.05 was considered 
as a cutoff point of statistical significance.

Results. Tables 1, 2, and 3 summarize the study 
demographic and clinical data. Table 1 shows the 
demographic and clinical characteristics of the study 
population. Ninety-eight patients were included in the 
study. Sixty (61.2%) were females (M:F ratio=1:1.5). 
The mean age of onset±standard deviation (SD) was 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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43.8±17.7 years in males and 43.1±15.7 years in 
females.

The EOMG was seen in 71/98 (72.4%), and 27/98 
(27.6%) had LOMG (Table 1). At disease diagnosis, 
50/98 (51%) had pure ocular MG, and 48/98 (49%) 
had a generalized disease. There was no statistically 

significant association between MG age at onset 
(EOMG or LOMG) with gender (p=0.495) nor with 
MG classification (pure ocular or generalized, p= 0.209). 

Table 1 demonstrates the prevalence of initial 
presenting symptoms (the same patient may have more 
than one symptom). The most common symptoms 

Table 1 -	 Comparison of clinical features between early-onset vs. late-onset MG, all patients.

Variables EOMG (n=71, 72.4%) LOMG (n=27, 27.6%) Total (n=98) P-value
n (%)

Gender 0.495
Male 29 (29.6) 9 (9.2) 38 (38.8)
Female 42 (42.8) 18 (18.4) 60 (61.2)

MG classification at onset 0.209
Pure Ocular 39 (39.8) 11 (11.2) 50 (51.0)
Generalized 32 (32.7) 16 (16.3) 48 (49.0)

Symptoms at onset
Ocular 60 (61.2) 25 (25.5) 85 (86.7) 0.292
Fatigability 46 (46.9) 14 (14.3) 60 (61.2) 0.240
Fluctuation 34 (34.7) 10 (10.2) 44 (44.9) 0.335
Bulbar 16 (16.3) 11 (11.2) 27 (27.5) 0.072
Facial weakness 13 (13.3) 6 (6.1) 19 (19.4) 0.662
Respiratory symptoms/failure 6 (6.1) 2 (2.0) 8 (8.1) 0.866
Neck weakness 20 (20.4) 6 (6.1) 26 (25.6) 0.551
Limb weakness 21 (21.4) 8 (8.2) 29 (29.6) 0.996

Antibody status
AChR 38 (38.8) 18 (18.4) 56 (57.1)
MuSK 2 (2.0) 1 (1.0) 3 (3.1) 0.447
SN 31 (31.6) 8 (8.2) 39 (39.8)

NCS (RNS) (n = 66) 
Positive 34 (51.5) 12 (18.2) 46 (69.7) 0.596
Negative 16 (24.2) 4 (6.1) 20 (30.3)

CT scan of the chest (n = 69) 
Normal 33 (47.8) 12 (17.4) 45 (65.2) 0.592
Abnormal (n=24) 19 (27.5) 5 (7.2) 24 (34.8)
Thymic hyperplasia 12 (48.0) 1 (4.0) 13 (54.2)
Thymoma 5 (20.0) 3 (12.0) 8 (33.3)
Thymic atrophy 2 (8.0) 1 (4.0) 3 (12.5)

Thymus pathology (n = 20)
Thymic hyperplasia 8 (40.0) 3 (15.0) 11 (55.0)
Thymoma 4 (20.0) 2(10.0) 6 (30.0) 0.740
Thymolipoma 2 (10.0) 0 2 (10.0)
Normal thymus 1 (5.0) 0 1 (5.0)

Treatment outcome(n = 58)
Remission 7 (12.1) 0 7 (12.1)
Improvement 27 (46.6) 15 (25.9) 42 (72.4) 0.165
Worsening 6 (10.3) 3 (5.2) 9 (15.5)

AChR – acetylcholine receptor, CT – computed tomography, EOMG – early onset myasthenia gravis (≤ 49 years), 
LOMG – late onset myasthenia gravis (> 49 years), MG – myasthenia gravis, MuSK – muscle specific tyrosine kinase, 

NCS – nerve conduction studies, RNS – repetitive nerve stimulation, SN - seronegative
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were ocular (diplopia and/or ptosis) in 86.7%, followed 
by muscle fatigability (61.2%), and fluctuation of 
symptoms (44.9%). Respiratory symptoms and/or 
respiratory failure were seen in 8.1%. There was no 
statistically significant association between any of 
the initial presenting symptoms and early-onset or 
late-onset disease.

Table 2 compares the AChR- positive MG with 
double seronegative MG patients (the MuSK group 
was reported separately due to the small number). With 
regards to the initial symptoms and serostatus, AChR-

positivity is more common among patients who reported 
limb weakness (22/27, 81.4%, p=0.005). Furthermore 
AChR-positivity is more frequent among patients who 
reported bulbar symptoms (19/26, 73.1 %, p=0.086), 
and facial weakness (14/18, 77.8%, p=0.071), but this 
was not statistically significant. 

Serum AChR antibodies were present in 56/98 
patients (57.1%), while 3/98 (3.1%) were positive for 
MuSK antibodies (Table 1). The rest (39/98, 39.8%) 
were double-seronegative. No LRP4-positive patients 
were identified. 55.4% of the AChR-positive patients 

Table 2 -	 Comparison between AChR-positive and double-seronegative MG (excluding MuSK MG patients†).

Variables AChR MG (n =56, 58.9%) SN MG (n =39, 41.1%) Total (n=95) P-value

n (%)
Gender n (%)
Male 23 (24.2) 14 (14.7) 37 (38.9) 0.611
Female 33 (34.7) 25 (26.3) 58 (61.1)

Onset
EOMG 38 (40.0) 31 (32.6) 69 (72.6) 0.211
LOMG 18 (16.8) 8 (10.5) 26 (27.3)

MG types at onset
Ocular 25 (26.3) 25 (26.3) 50 (52.6) 0.062
Generalized 31 (32.6) 14 (14.7) 45 (47.4)

Symptoms at onset
Ocular 49 (51.6) 33 (34.7) 82 (86.3) 0.687
Fatigability 38 (40.0) 20 (21.1) 58 (61.1) 0.103
Fluctuation 26 (27.4) 16 (16.8) 42 (44.2) 0.602
Bulbar 19 (20) 7 (7.4) 26 (27.4) 0.086
Facial weakness 14 (14.7) 4 (4.2) 18 (18.9) 0.071
Respiratory symptoms/failure 6 (6.3) 2 (2.1) 8 (8.4) 0.335
Neck weakness 18 (18.9) 7 (7.4) 25 (26.3) 0.122
Limb weakness 22 (23.1) 5 (5.3) 27 (28.4) 0.005

NCS (RNS) (n = 63)
Positive 30 (47.6) 14 (22.2) 44 (68.2) 0.007
Negative 6 (9.5) 13 (20.6) 19 (31.8)

Chest CT (n = 67)
Normal 26 (47.6) 18 (22.2) 44 (65.7) 0.006
Abnormal 21 (31.3) 02 (3.0) 23 (34.3)
Thymic hyperplasia 10 (15.2) 2 (3) 12 (18.2)
Thymoma 8 (12.1) 0 8 (12.1)
Thymic atrophy 3 (4.5) 0 3 (4.5)

Treatment outcome(n = 55)
Remission 4 (7.3) 2 (3.6) 6 (10.9)
Improvement 28 (50.9) 12 (21.8) 40 (72.7) 0.972
Worsening 6 (10.9) 3 (5.5) 9 (16.4)

AChR - acetylcholine receptor, CT - computed tomography, EOMG - early onset myasthenia gravis (≤49 years), LOMG - late onset 
myasthenia gravis (> 49 years), MG - myasthenia gravis, MuSK - muscle specific tyrosine kinase, NCS - nerve conduction studies, RNS 
- repetitive nerve stimulation, SN - seronegative, †3 MuSK patients: 2 females and 1 male, 2 with EOMG and 1 LOMG, all generalized 

disease, 2 with normal CT chest, and 1 with thymic hyperplasia
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(31/56) presented with generalized disease (MGFA 
classes II, III, IV, and V) at onset (Table 2), while the 
majority of the double-seronegative group (25/39, 
64.1%) had milder disease presentation with only 
ocular symptoms (MGFA I). In both the AChR-
positive and the double-seronegative groups, there was 
no statistically significant correlation between serology 
status and MG types (ocular or generalized) at onset 
(p=0.062).

Only 3/98 (3.1%) patients of our cohort were 
MuSK-positive (2 females, one male). One presented 
with bulbar weakness, while the other 2 presented with 
more generalized symptoms including bulbar and limb 
weakness; no respiratory symptoms were seen in any 
of these patients. Two patients had EOMG and one 
LOMG. The CT chest was normal in 2 patients, while 
one patient had thymic hyperplasia and underwent 
thymectomy.

Electrophysiological studies were available for 
66/98 patients, out of whom 46 (69.7%) showed 
positive decrement response on 3HZ repetitive nerve 
stimulation (Table 1). There was no correlation between 
abnormal repetitive nerve stimulation findings and 
EOMG or LOMG (p=0.596). As shown in Table 2, a 
positive decrement was more commonly seen in the 
AChR positive group (30/44, 68.2 %) compared to 
the double-seronegative group (14/44, 31.8%) patients 
(p=0.007). 

The results of the chest computed tomography (CT) 
scan were available in 69/98 (70%) patients (Table 1). 
Thymic abnormalities were seen in 24/69 (35%), namely 
thymic hyperplasia (13/24, 54.2%), thymoma (8/24, 
33.3%), and thymic atrophy (3/24, 12.5%). Chest CT 
findings were associated with serology status (Table 2), as 
abnormal findings were more prevalent among patients 
with AChR-positivity (21/23, 91.3%) compared to the 
double-seronegative (2/23, 8.7%) patients (p=0.006). 
Likewise, an abnormal chest CT was more common in 
patients with more generalized symptoms, specifically 
neck weakness (p=0.047) and limb weakness (p=0.001).

Thymectomy (Table 1) was carried out in 20/98 
patients (7 males, 13 females), with pathology revealing 
thymic hyperplasia in 11 (55.0%), thymoma in 6 
(30.0%), thymolipoma in 2 (10.0%), and normal 
thymic tissue in 1 (5.0%). 75% of thymectomy patients 
had EOMG and 85% were AChR positive (p=0.023). 
One patient was MuSK-positive, and 2 patients were 
double-seronegative. All patients had a generalized 
disease.

The medications used in our cohort are shown 
in Table 3. Most patients (90%) were treated with 
acetylcholinesterase inhibitors (namely pyridostigmine), 
followed by prednisone (64.3%). Other treatments 
included intravenous immunoglobulin (IVIG), 
mycophenolate mofetil, and azathioprine, while 
rituximab was used in only 2 patients. The data on 
the use of plasmapheresis were not available, although 
in Bahrain it is being used frequently in patients with 
myasthenic crises. 

The treatment outcomes at the last follow-up 
visit were evaluated for 58/98 patients (Table 1). 7/58 
(12.1%) went into remission, 42/58 (72.4%) reported 
significant improvement, and 9/58 (15.5%) reported 
disease worsening. 12.1% of EOMG patients went 
into complete remission, while none had remission in 
the LOMG. Regarding serostatus (Table 2), there was 
no correlation with treatment outcome (p=0.972). All 
patients in the post-thymectomy group (all pathology 
types) had significant improvement or went into 
remission. 

Discussion. This study from the Kingdom of 
Bahrain reports the clinical characteristics and profile 
of patients with MG seen over 5 years and compares it 
with regional and international cohorts. 

Many cohorts and registries of MG patients have 
been published from different countries worldwide.8–12 
For example, Blum et al11 presented a community-
based survey of 165 Australian MG patients. EOMG 
patients (defined as less than 40 years of age) were more 
frequently females, while males were more frequently 
affected in the LOMG. Other coexisting autoimmune 
disorders were reported in 54% of the study population. 
The majority of patients were AChR-positive, and 
a small number had MuSK MG. The most common 
initial symptoms were weak eyelids (67%) and diplopia 
(60%), followed by arm (55%) and leg (52%) weakness.

Another Canadian study10 reported the epidemiology 
of MG in Ontario, Canada between 1996-2013. The 
MG prevalence showed a steady increase from 16.6 
per 100,000 population in 1996, to 32.0 per 100,000 
population in 2013, while the crude incidence rates 

Table 3 -	 Treatments used in MG patients throughout the disease 
course, n = 98

Treatment Patients, n (%)
Pyridostigmine 88 (89.8)
Prednisone 63 (64.3)
Mycophenolate Mofetil 15 (15.3)
Azathioprine 27 (27.6)
IVIG 23 (23.5)
Rituximab 2(2)
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remained stable over the same period (2.7 and 2.8 per 
100,000 population in 1996 and 2013, respectively). 
The incidence rates were higher in females less than 50 
years of age and in males more than 50 years of age.

There have been few published reports on the clinical 
features and demographics of MG patients from the 
Arabian Gulf region.13–16 A study from Saudi Arabia13 
retrospectively reported the clinical data on 104 MG 
patients followed over a mean period of 7.2 years at 
a single institution. The mean age of onset was 22.5 
years in females and 28.2 in males, with peaks in the 
second and third decays among females and third and 
fourth decades among males. At disease diagnosis, the 
majority of patients had moderate generalized weakness 
equivalent to MGFA class III. Most of the patients were 
positive for AChR antibodies (73%). The prevalence of 
MuSK MG was not reported. After medical treatment, 
with or without thymectomy, most patients achieved 
either complete stable remission, pharmacologic 
remission, or had minimal manifestations, while 35% 
remained either unchanged or worsened. 

Another report from Oman14 followed 50 
consecutive MG patients for a mean period of three 
years at a major university hospital. The mean age at 
presentation was 27 years (range 5-63 years), with a 2:3 
male to female ratio. Six patients (12%) presented with 
ocular MG, while the rest had a generalized disease at 
onset. Bulbar and respiratory involvements were more 
common in this series compared with western data. 
Thymectomy was done in 29 patients, with 8 of them 
achieving complete stable remission for 2 years.

In our cohort, female patients predominated, 
compromising 61.2%, with a male: female ratio of 
1:1.5, which is similar to other cohorts from the Arabian 
Gulf,13–16 and internationally,9–12,17 where, for instance, 
females represented 62% and 58% respectively in 2 
cohorts from Saudi Arabia,13,15 and 54% in an Australian 
study.11 We found that the mean age of onset of MG 
was similar between males and females (43 years). This 
is in comparison to studies from different regions that 
revealed a bimodal age of onset with 2 peaks, in young 
females and older males.10,11,13,15 However, a Korean 
study found that the mean age of onset was almost 
similar between the 2 genders (32.5±19.4 years in 
males and 30.8±17.3 years in females), similar to our 
findings.18 We suspect that the exclusion of juvenile 
MG cases in our cohort, which were included in other 
studies, might have affected the age of onset. 

The majority of patients had EOMG, which is in line 
with several regional studies.13,15 We did not observe any 
gender predominance in either the EOMG or LOMG 
patients (p=0.495).

The most common disease presentation was ocular 
(MGFA I), seen in more than half of patients, which 
is significantly different from cohorts reported from 
Oman,14 Saudi Arabia,13,15 and UAE,16 where the 
majority of these cohorts’ patients had generalized MG 
at disease onset. This might be partly due to the ability 
of patients to access neurology services in Bahrain 
relatively early in their disease course, as well as improved 
knowledge of the disease among physicians and 
neurologists, allowing for detection of early mild cases, 
although other environmental, ethnic, or genetic factors 
might play a role as well, both in disease susceptibility 
and severity.1,19 There was no correlation between MG 
classification at onset (ocular or generalized) and age at 
presentation (p=0.209).

With regards to the serology findings, the majority 
of patients were positive for AChR antibodies, while the 
overall MuSK-positive cases were only 3.1%. However, 
among the patients who were AChR-negative, the MuSK 
prevalence was 7.3%. It is known that the incidence 
of MuSK MG varies significantly between different 
countries, being more common in the Mediterranean 
European regions and East Asia northern regions.4,20–22 
There is also a high incidence reported in African 
Americans than in Caucasians.22 These differences 
in incidence are thought to be due to certain genetic 
factors.4 We also cannot ascertain whether this test was 
ordered for all patients with negative AChR antibodies, 
which potentially may have contributed to the low 
MuSK-positive cases.

We found a significant correlation between 
serology findings and presenting symptoms, with more 
generalized symptoms at onset in the AChR-positive 
and MuSK-positive patients, while the double-
seronegative patients were more likely to present with 
mild ocular MG (MGFA I). It is well-known that only 
50% of ocular MG patients have detectable antibodies,4 
which explains the higher percentage of seronegativity 
in our ocular MG group. However, since this was 
a retrospective study, we suspect that some of these 
patients might develop a generalized disease over time 
and their antibody status might change as well.4 

Regarding abnormalities on repetitive nerve 
conduction studies, most patients had abnormal 
findings, but a significant decrement was more likely 
to be found in AChR-positive patients (p=0.007) and 
those with generalized disease (p=0.01).

All patients were put on medications, either a single 
agent or a combination regimen, e.g. pyridostigmine, 
prednisolone, mycophenolate mofetil, or azathioprine. 
IVIG was used mostly in patients with more severe 
symptoms, in preparation for surgery, or MG crisis. 
Unfortunately, although plasmapheresis is commonly 
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used in practice, the data on its use was not found. 
Rituximab has been reported to be associated with 
favorable outcomes particularly in MuSK MG,23–25 but 
it was used in only two patients, probably because it was 
not available in some of the study centers.

Several studies,26,27 and guidelines28 have concluded 
that thymectomy in patients with non-thymomatous 
MG improves clinical outcomes over the long term, with 
resultant minimization of the use of immunotherapy 
and fewer exacerbations. It is usually performed in 
patients below 60 years of age with AChR-positive 
disease and generalized symptoms.3 In thymomatous 
MG, all patients, with rare exceptions, should undergo 
thymectomy to remove the tumor.28 

In our cohort, the vast majority of thymectomies 
were carried out following international consensus 
guidance for MG,26,28 either for suspected thymomas 
or thymic hyperplasia in patients with generalized, 
AChR-positive early-onset MG. Most of the non-
thymomatous patients undergoing surgery in our 
study had EOMG with generalized disease and thymic 
hyperplasia on histology, in line with the findings from 
previously reported regional cohorts13 revealing more 
than two thirds with thymic hyperplasia on pathology. 
We found a relatively high proportion of thymomas 
(30%), but due to the relatively small number of 
thymectomy procedures performed, we cannot make a 
reliable conclusion on this finding. 

The finding of thymolipomas in 2 patients is 
particularly interesting. These are uncommon, benign 
tumors that represent 2-9% of all thymic masses.29,30 
This benign entity has been reported to be associated 
with MG as well as other autoimmune conditions, e.g. 
Grave’s disease, aplastic anemia, and lichen planus, 
among others.31,32 Thymolipomas are more common in 
younger patients, usually asymptomatic, seen as large 
mediastinal tumors on chest radiographs.31 In a study 
comparing the surgical outcome of thymolipomatous 
MG with thymomatous MG and non-thymomatous 
MG, the results were similar between patients with 
thymolipomatous and those with non-thymomatous 
MG.33 The rate of stable remission was higher in the 
thymolipomatous (41.7%) and non-thymomatous 
(42.3%) groups compared to the thymomatous patients 
(28.8%). 

We found an overall favorable prognosis, regardless 
of age, disease classification at onset, or antibody status, 
with most patients achieving either complete remission 
or significant clinical improvement. The same was 
true in the thymectomized group as well, irrespective 
of the pathology type. This is likely related to several 
factors, such as early detection of mild disease and the 
use of standard immunosuppressants, and performing 
thymectomy when clinically indicated.

Our study has several limitations. Some MG 
patients might not be accounted for as they were not 
seen at our participating centers. We also excluded 
young patients <15 years of age, as their medical 
charts were not easily accessible to us, and other 
clinical entities (e.g. congenital MG syndromes) can 
be difficult to differentiate from acquired MG due 
to similar presentation and seronegativity.34,35 This 
exclusion may have potentially introduced a sampling 
bias in terms of MG age at onset, which classically has a 
bimodal distribution of age (younger females and older 
males), while we found a nearly similar mean age in 
both males and females. Due to the retrospective design 
of our study, some important clinical, serology, and 
radiology data could not be traced, limiting a detailed 
statistical analysis and correlations in some instances. 
Nevertheless, we could extract enough meaningful and 
relevant data to better describe the MG cohort in this 
study.

In conclusion, the present study revealed that 
in this cohort, MG was more common in females, 
with similar age at onset between males and females. 
The majority of patients had EOMG with mild 
ocular disease presentation and AChR positivity. 
Symptomatic and immunosuppressants treatment 
with acetylcholinesterase inhibitors and steroids were 
commonly used with overall good treatment response. 
The clinical outcomes were favorable irrespective 
of disease classification, antibody status, or thymus 
pathology. Following a standardized protocol for MG 
diagnosis and workup is advised, and a larger prospective 
nationwide study, including the juvenile MG cohort, is 
recommended to validate our findings and shed more 
light on this uncommon neuromuscular disorder.
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