
Taymour et al. Egypt J Radiol Nucl Med           (2022) 53:44  
https://doi.org/10.1186/s43055-022-00717-z

RESEARCH

Can MRI chemical shift imaging replace 
thymic biopsy in myasthenia gravis patients?
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Abstract 

Background:  Myasthenia gravis is a neuromuscular junction autoimmune condition characterized by muscle weak‑
ness. Many people with myasthenia gravis have thymic abnormalities, such as thymic lymphoid hyperplasia and 
thymic tumors, therefore, the thymus plays a significant role in the disease. The imaging properties of thymic hyper‑
plasia and thymoma on CT and conventional MRI are very similar, yet, MRI has recently revealed promising capability 
by adding novel sequences. Chemical shift MRI was demonstrated to consistently distinguish thymic hyperplasia from 
thymus gland tumors. The aim of this study was to determine the value of chemical shift MRI imaging in characteriz‑
ing thymic lesions in patients diagnosed with myasthenia gravis and its ability to differentiate thymic hyperplasia from 
thymoma.

Results:  MRI showed that thymic lymphoid hyperplasia was more common to be convex in shape while thymoma 
was more likely to be round or irregular (P = 0.004). Paired comparison between histopathology and chemical shift 
MRI showed that MRI had 90% sensitivity and 100% specificity in detecting thymoma with overall diagnostic accu‑
racy 93.3% (P = 0.5). MRI chemical shift ratio showed 100% sensitivity by using > 0.85 as a cut off value for diagnosis 
of thymoma, with specificity 83.3% (P = 0.0001). There was statistically significant difference in chemical shift ratio 
between thymic lymphoid hyperplasia and thymoma groups, as thymoma group had a higher chemical shift ratio of 
1.06 ± 0.06 compared to 0.48 ± 0.13 in thymic hyperplasia group (P = 0.0001).

Conclusion:  MRI chemical shift imaging with chemical shift ratio offers a highly sensitive and specific tool in assess‑
ment of thymus lesions in myasthenia gravis patients and it can differentiate between thymic hyperplasia and thy‑
moma using cutoff value of > 0.85, hence, unwarranted invasive procedures as thymic biopsy or thymectomy can be 
avoided and proper management could be planned.
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Background
Myasthenia gravis (MG) is a neuromuscular junction 
(NMJ) autoimmune condition characterized by muscle 
weakness; which frequently begins in the ocular extrin-
sic muscles and progresses to generalized MG in two-
thirds of patients. The onset age is bimodal, with a female 
majority below 40  years (female/male ratio, 3/1), and 
a male majority above 50  years (female/male ratio, 1/2) 
[1–3].

With approximately one million MG patients world-
wide, MG has a prevalence of 150 per million. The annual 
incidence is 10–15 per million [4].

Since many people with MG have thymic abnormali-
ties, such as thymic lymphoid hyperplasia (TLH) and 
thymic epithelial tumors (mainly thymomas and infre-
quently thymic carcinomas), the thymus plays a signifi-
cant role in the disease [5].

TLH refers to the presence of thymic tissue with lym-
phoid germinal centers in the thymic medulla. It is 
observed in a number of autoimmune diseases, most 
commonly MG, being seen in up to 65% of MG patients 
[6].
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Thymomas are tumors that develop from the thymic 
epithelium and can be benign or low-grade malignant. 
About 30–50 percent of thymoma patients develop MG. 
Furthermore, 15% of patients with MG are discovered to 
have thymoma [7, 8].

As a result, diagnostic imaging is essential in all 
patients who have recently developed MG in order to 
exclude the presence of underlying TLH or thymoma [6].

Moreover, diagnostic imaging aids in the preopera-
tive outlining of MG patients as thymectomy is strongly 
advocated in all patients with thymoma, and radiological 
evaluation can help distinguish between non-advanced 
and advanced disease in order to sort out patients for 
induction chemotherapy prior surgery [9, 10].

In most previous research, the imaging properties of 
TLH and thymoma on CT and conventional MRI were 
very similar [11]. MRI, however, has recently revealed 
promising capability by adding novel sequences. Chemi-
cal shift MRI was demonstrated to consistently distin-
guish TLH from thymus gland tumors [12].

The aim of this study was to determine the value of 
chemical shift MRI imaging in characterizing thymic 
lesions in patients diagnosed with MG and its ability to 
differentiate TLH from thymoma.

Methods
Local institutional review board approved this study and 
written informed consent was obtained from all partici-
pants or their authorized representatives.

Study population
This cross sectional study involved 30 MG patients with 
thymic lesions. All patients were referred from the Neu-
rology department to our Radiology department for MRI 
of the chest during the period from December 2020 to 
September 2021.

Inclusion criteria
Patients diagnosed as MG based on their history, neu-
rological examinations and electrophysiological studies, 
above the age of 15 years, regardless of gender with radi-
ological finings in CT suggestive of thymic lesion.

Exclusion criteria
Any contraindication to MRI such as: cardiac pace-mak-
ers, claustrophobia, and cochlear implants.

Methods
MRI technique
All patients underwent MRI of the chest using a 1.5  T 
unit (Achieva; Philips Medical Systems, Best, The Neth-
erlands). A dedicated torso phased-array surface coil was 
used to acquire the following sequences:

1.	 Axial T1WI, T2WI
2.	 Coronal T1WI, T2WI
3.	 Sagittal T1WI, T2WI
4.	 Axial in phase and out of phase.

Imaging parameters were as follows:

•	 275–400-mm field of view
•	 256 × 256 image matrix
•	 5 mm section thickness
•	 0.5 mm intersection gap
•	 flip angle of 90°
•	 time of examination 15–20 min

MRI interpretation and image analysis

•	 Qualitative assessment We determined whether 
there was apparent signal drop in the signal inten-
sity of the thymus gland on the opposed-phase image 
compared to the in-phase.

•	 Quantitative assessment Chemical-shift ratio (CSR) 
was obtained by measuring the signal intensity of 
the thymus and chest muscles in both in-phase and 
opposed-phase images after placing the region of 
interest (ROI) at the same site in both sequences. 
The CSR was obtained using the following equation: 
CSR = (tSIop/mSIop)/(tSIin/mSIin)

Histopathological assessment
For all cases with thymic neoplasm after thymectomy.

Statistical analysis
Statistical analysis was conducted using SPSS 22nd edi-
tion, numeric variables were presented in mean ± stand-
ard deviations and compared using Mann whiney u 
test after normality testing. Categorical variables were 
presented in frequency and percentage and compared 
using Chi2 test. Paired comparison was conducted using 
McNemar’s test. Any P value < 0.05 was considered 
significant.

Results
Demographics & clinical manifestations
A total of 30 patients were included in our final analysis; 
60% were females and 40% were males. They had a mean 
age of 34.8 ± 7.6 years old.

Ocular muscles were the commonest affected group 
in 21 (70%) patients, followed by bulbar muscles in 14 
(46.7%), facial muscles in 11 (36.7%), upper limbs mus-
cles in 9 (30%) and lower limbs muscles in only 2 (6.7%) 
patients (Fig. 1).
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There was no significant difference in age, gender, 
or affected muscles based on histopathology with P 
values > 0.05.

MRI findings
Regarding the shape of the thymus gland, 8 (26.7%) of the 
patients had a convex gland, 6 (20%) were round, 6 (20%) 
were oval, 5 (16.7%) were irregular, 3 (10%) were lobu-
lated, and 2 (6.7%) were pyramidal in shape.

MRI showed that TLH was more common to be convex 
in shape while thymoma was more likely to be round or 
irregular (P value 0.004) (Fig. 2).

Opposed-phase imaging showed no changes in 20 
(60%) cases and signal drop in 10 (40%) cases, while CSR 
had a mean of 0.83 ± 0.3 among the included patients.

Paired comparison between histopathology and 
chemical shift MRI showed that MRI had 90% (95% CI 
68.30–98.77%) sensitivity, 100% specificity in detecting 
thymoma, and overall diagnostic accuracy 93.3% (95% CI 
77.9–99.2) with P value 0.5 (Table 1).

MRI CSR showed 100% sensitivity by using > 0.85 as a 
cut off value for diagnosis of thymoma, with specificity 
83.3% (AUC = 0.92 and P value 0.0001).

There was statistically significant difference between 
CSR in TLH and thymoma groups; as thymoma group 
had a higher CSR of 1.06 ± 0.06 with a range of 0.95–1.15 
compared to 0.48 ± 0.13 in thymic hyperplasia group 
ranging from 0.29–0.76 with P value 0.0001.

Histopathology
Histopathology revealed that 60% of the included patients 
had thymoma and 40% were diagnosed with TLH.

Discussion
MG is a relatively uncommon autoimmune disease char-
acterized by muscle weakness. The thymus gland plays 
an important role in the pathogenesis of MG. Approxi-
mately 90% of patients with MG display thymic abnor-
malities; namely TLH (70 %) and thymoma (20%) [13].

The differentiation of thymoma from TLH is critical 
in the evaluation of surgical treatment. Thymectomy is 
strongly recommended in all thymoma cases, whereas 
the surgical indication in hyperplasia cases should be 
only considered when conservative treatments are inef-
fective [14].

Thymoma is seen as a focal soft tissue mass, while, 
thymic hyperplasia shows a diffuse symmetric 

Fig. 1  Bar chart showing percentage of affected muscle groups
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enlargement of the gland. However, it is difficult to differ-
entiate the two conditions on CT because of high inter-
rater variation [15].

TLH may display a focal soft tissue mass; in contrast, 
thymoma may demonstrate diffuse enlargement in both 
lobes. In these cases, CT results in indeterminate find-
ings, whereas chemical shift MRI can differentiate the 
two pathologies by detecting fat in tissue showing signal 
intensity loss on opposed-phase imaging compared to in-
phase imaging [16]. Moreover, it can specifically outline 
the boundaries of thymoma and its relationship with sur-
rounding tissues [17].

Demographics of our study were similar to those 
reported in several previous studies as the mean age was 
mostly in the third and fourth decade of life [18].

The results of our study showed that ocular muscles 
was the commonest affected group followed by bulbar 
muscles. The current evidence in literature points out 
that ocular muscles are the first group of muscle to be 

affected in patients with MG presenting with squint or 
ptosis, followed by bulbar muscles and limb muscles [19, 
20].

Our findings showed that there was no significant dif-
ference in age, gender, or affected muscles based on his-
topathology. These results were inconsistent with the 
results of many studies which stated that patients with 
thymoma are significantly older than patients with TLH 
[21].

In our study, histopathology revealed that 60% of the 
included patients had thymoma and 40% were diagnosed 
with TLH. This finding was similar to literature as it is 
estimated that prevalence of thymoma in patients with 
MG is 62 % versus 38% for TLH [21].

Our MRI findings showed that the most common 
shape of thymus gland in MG patients was convex gland, 
followed by round, oval, irregular, and lobulated while 
pyramidal shape was the least common. We also found 
that TLH was more common to be convex in shape and 
thymoma was more likely to be round or irregular.

Our findings were supported by results of similar stud-
ies. Inaoka et  al demonstrated in a study of 41 patients 
with MG (23 with TLH and 18 with thymoma) that in the 
hyperplasia group, there was convex enlargement of the 
gland without lobulation in 73% and with lobulation in 
26%. In the thymoma group, the thymus gland was round 
in 83.3 % of the cases, had diffuse enlargement without 
lobulation in 11.1% and had an irregular shape in one 
patient [12].

All patients in the thymoma group in our study showed 
no decrease in the signal intensity on the out-phase image 

Fig. 2  Bar chart showing shape of thymic gland by MRI based on histopathology findings

Table 1  Paired comparison between chemical shift MRI and 
histopathology findings

Histopathology P value

Thymic hyperplasia 
(n = 12)

Thymoma (n = 18)

Count Row N % Count Row N %

Opposed-phase imaging

No change 0 0.0% 18 100.0% 1.0

Signal drop 12 100.0% 0 0.0%
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compared to the in phase (Figs. 3, 4, 5). Accordingly, we 
found that chemical shift MRI had 90% sensitivity and 
100% specificity in detecting thymoma with overall diag-
nostic accuracy of 93.3%. These findings are similar to 
the ones reported by Tuan et al., who stated that opposed 
phase imaging showed  sensitivity 97.0% and 90% speci-
ficity in detection of thymoma in MG patients [21].

Such high reliability of chemical shift MRI in detecting 
fat in tissue and discriminating thymoma from TLH in 
our study is comparable to that of several other studies. 
Popa et  al. also demonstrated that none of the patients 
in the thymoma group showed a decrease in the signal 
intensity of the thymus gland [22].

In our study, all the patients in the hyperplasia group 
demonstrated a homogeneous decrease in the signal 
intensity of the thymus gland on the opposed-phase 
image relative to the in-phase image (Figs. 6, 7) except 
for two cases; an 18-year-old male and a 21-year-old 

female. Their chemical shift MRI showed no signal drop 
on the opposed phase images and their CSR values were 
1.01 and 1.10, respectively. These cases were proven to 
be TLH with minimal fat infiltration on histopathol-
ogy. These findings were consistent with Ackman et al. 
study illustrating a pathologically proven case of nor-
mal thymus in a 21-year-old woman that displayed no 
fat replacement on the opposed-phase chemical shift 
MRI with CSR = 1.1 [23].

Priola et  al. also reported a true hyperplasia case in 
a 60-year-old female being treated with corticosteroids 
without fat infiltration on chemical shift MRI [24]. Fur-
thermore, Phung et al. reported a case of a 22-year-old 
woman with MG that showed no drop in signal inten-
sity on the opposed phase images and was diagnosed as 
thymic tumor. Post-operative histopathological findings 
proved TLH with only a few fat cells, which was not 

A B

Fig. 3  MRI chemical shift imaging in a 38-year-old male patient complaining of weakness in both upper limbs diagnosed as MG. a In phase and b 
out of phase MR images show the mass eliciting intermediate signal to the surrounding muscles with no apparent signal drop in the out of phase 
series. CSR value is 1.05. Histopathological diagnosis was thymoma

A B

Fig. 4  MRI chemical shift imaging in a 40-year-old female patient complaining of drooping of both eyelids and dysphagia diagnosed as MG. a In 
phase and b out of phase MR images show the mass eliciting intermediate signal to the surrounding muscles with no apparent signal drop in the 
out of phase series. CSR value is 1.01. Histopathological diagnosis was thymoma
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sufficient to detect the decrease of signal intensity on 
chemical shift MRI [13].

In our study, CSR showed 100% sensitivity by using 
>0.85 as a cut off value for diagnosis of thymoma with 
specificity 83.3%. Our results were consistent to Priola 
et al. study which included 83 patients diagnosed as MG 
who underwent surgical intervention and were assessed 
using MRI preoperatively; their results showed that MRI 
had a sensitivity 100% and specificity 96.7% at cutoff 
point >0.85 CSR [25].

Our findings also more or less agreed with a cross-
sectional study of 53 participants conducted in 

Vietnam where 53 MG patients were included; compari-
son between CT and MRI findings showed that MRI had 
sensitivity 100% and specificity 95% when using >0.75 as 
a cutoff value of MRI chemical shift [21].

Limitations of our study included the small sample size. 
A larger number of patients is necessary to clarify the 
utility of the chemical shift MRI imaging for differentiat-
ing thymic hyperplasia from tumors of the thymus gland 
in MG patients [25].

Also, in few cases especially in young patients and early 
adulthood, chemical shift MRI may be not solely enough 
for differentiation between TLH and thymoma. In such 

A B

Fig. 5  MRI chemical shift imaging in a 34-year-old male patient complaining of drooping of both eyelids and weakness in both lower limbs 
diagnosed as MG. a In phase and b out of phase MR images show the mass eliciting intermediate signal to the surrounding muscles with no 
apparent signal drop in the out of phase series. CSR value is 1.01. Histopathological diagnosis was thymoma

A B

Fig. 6  MRI chemical shift imaging in a 34-year-old male patient complaining of dysphagia and weakness in both upper limbs diagnosed as MG. a 
In phase and b out of phase MR images show the lesion eliciting a hyperintense signal relative to the surrounding muscles in the in-phase series 
with apparent signal drop in the out of phase series. CSR value is 0.61. Histopathological diagnosis was thymic hyperplasia
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cases, complementary Diffusion weighted MRI would be 
helpful to allow proper diagnosis. Furthermore, overlap-
ping CSR values between normal or hyperplastic thymus 
and tumors can be expected in early adulthood as cases 
of lipid-poor normal or hyperplastic thymus may occur.

Conclusion
In conclusion, MRI chemical shift imaging with CSR 
offers a highly sensitive and specific tool in assessment 
of thymus in MG patients and can differentiate between 
thymic hyperplasia and thymoma using cutoff value of 
>0.85, hence, unwarranted invasive procedures as thymic 
biopsy or thymectomy can be avoided and proper man-
agement could be planned.
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