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Abstract. The aim of the present study was to evaluate the
thymuses of non-thymomatous myasthenia gravis (MG) patients
by computed tomography (CT) for differentiating lymphoid
follicular hyperplasia (LFH) thymus from normal/involuted
thymus in order to assist surgeons in determining whether a
non-thymomatous MG patient requires an operation. In the
present retrospective review over 10 years, 80 patients who
received CT scan and thymectomy at the Affiliated General
Hospital of Tianjin Medial University (Tianjin, China) were
included. According to the pathological records, 54 of the
cases initially detected on CT were confirmed as LFH thymus.
Thymic measurements, including anteroposterior and trans-
verse dimensions, width (the longest axis of the lobe on a
transverse scan) and thickness (the largest dimension perpen-
dicular to the long axis of the lobe) and CT attenuation of the
thymus region, adipose tissue and chest wall musculature in
each CT slice were included to assess differences between the
LFH group and the normal/involuted thymus group. Although
a negative association between patient age and the CT attenu-
ation of the thymus region was identified (r=-0.779, P<0.05,
Pearson's correlation test), the LFH thymus group featured
nodular changes on CT, while no such changes were observed
in the normal/involuted thymus group. The mean age of disease
onset in the LFH thymus group was significantly lower than
that in the normal thymus group (40.2+17.3 vs. 59.2+9.3 years).
Furthermore, significant differences in CT attenuation were
identified between the LFH group and the normal/involuted
thymus group [-41.21+54.42 vs. -108.23+8.72 Hounsfield units
(HU) on unenhanced CT; -25.57+58.65 vs.-117.40+6.22 HU
on contrast-enhanced CT]. In the LFH group, the difference in

Correspondence to: Professor Peng Zhang, Department of Cardiac
and Thoracic Surgery, Affiliated General Hospital of Tianjin
Medical University, 154 Anshan Road, Tianjin 300051, P.R. China
E-mail: zhp_tjgh@yahoo.com.cn

Key words: thymus gland, lymphoid follicular hyperplasia, involuted
thymus, myasthenia gravis, computed tomography, thymectomy

mean CT attenuation between the thymus region and adipose
tissue was significant, while no significant difference was
observed in the normal/involuted thymus group. In conclusion,
CT may be used to distinguish LFH thymus from normal/invo-
luted thymus in MG patients.

Introduction

Myasthenia gravis (MG) is an autoimmune disease, which
is caused by anti-nicotinic acetylcholine receptor antibody,
resulting in a defect in neuromuscular transmission (1).
Clinically, MG is manifested by weakness of voluntary muscles
on prolonged exercise, which is restored rapidly after rest (1).
Although the trigger of autoimmunity in MG is unknown, it
is well documented that the thymus has an important role in
the pathogenesis of MG (2,3). An estimated 80-90% of MG
patients have thymic abnormalities, of which lymphoid follic-
ular hyperplasia (LFH) accounts for 65-75% (4). Thymectomy
has almost always been routinely performed for patients
with MG and is effective in most cases of LFH (5-8). From
the position of the thoracic surgeon and under consideration
of the cost, pre-operative computed tomography (CT) is a
more valuable method than magnetic resonance imaging and
2'T]-single photon emission CT in diagnosing the abnormali-
ties of thymus, including LFH and thymoma. However, CT
has its own limitations in differentiating LFH from normal
and involuted thymus considering the radiology standards for
thymus LFH (9-13). Whether a patient with non-thymomatous
MG requires a thymectomy is currently difficult to decide for
the surgeon. As described previously, the overall volume of
the thymus remains stable after birth and the volume of the
thymus epithelial space diminishes during aging, while thymo-
poiesis is encountered in thymus tissues of normal individuals
aged >60 years (14,15). However, most patients with MG
have an LFH thymus, which is enlarged and contains B-cell
germinal centers (4,16,17). The present study assessed the
chest CT of MG patients who received thymectomy after one
week following admission. The removed thymuses were then
confirmed as either normal/involuted or LFH by pathological
analysis. On the basis of the pathological results, a comparison
of the CT appearance between the LFH thymus group and the
normal/involuted thymus group was performed in order to
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determine the best indicators of thymus abnormalities of LFH
for the thoracic surgeon.

Materials and methods

Patients and thymuses. Of the 80 MG patients included, 54 were
diagnosed as having LFH thymuses (21 males and 33 females;
age range, 11-73 years; mean age, 40.2+17.28 years). The other
26 patients were diagnosed by the pathologist as having normal
or involuted thymuses (20 males and 6 females; age range,
42-72 years; mean age, 58.57+8.21 years). All of the patients
received transsternal thymectomy between January 2001 and
January 2011 at the Affiliated General Hospital of Tianjin
Medical University (Tianjin, China). Written informed
consent was obtained from all of the patients who participated
and the Ethics Committee of the Affiliated General Hospital
of Tianjin Medical University (Tianjin, China) approved the
study protocols.

The diagnosis of MG was made based on the patients'
history, the results of neurological examinations, electro-
physiological studies (repetitive nerve stimulation, single fiber
electromyography) and a prostigmin test. The patients did not
receive any immunosuppressants, including corticosteroids,
prior to the operation. Patients with other diagnoses, including
Grave's disease, malignant tumors receiving chemotherapy,
polyneuropathy, myopathy, multiple sclerosis or neurasthenic
syndrome, were excluded.

The pathological diagnoses were made by a senior patholo-
gist without any information from imaging and clinical studies.
There are two histopathological diagnoses for the thymus
in MG: LFH and normal/involuted thymus. Hyperplasia is
characterized by the appearance of lymphoid follicles, which
are usually round-shaped accumulations of B lymphocytes
with or without germinal centers on microscopic examination.
Normal thymus was considered when no lymphoid follicles
were present in the perivascular space with or without thymic
atrophy or adipose tissue alone (18).

Spiral CT. Spiral CT images were acquired on a single scanner
with contiguous 1.3-10.0 mm thick slices using a whole-body
CT (GE Lightspeed 64; GE Healthcare, Little Chalfont, UK)
in the mediastinal field condition. Standard parameters for
spiral CT of the chest were 120 kVp and 200-340 mAsec. The
images were reconstructed with a standard soft-tissue-kernel
algorithm. Contrast-enhanced CT scans were obtained after
intravenous injection of 120-150 ml contrast material (iohexol;
140 mg/ml; GE Healthcare) by using a power injector at a rate
of 2.0-4.0 ml/sec. The injection volume and rate of contrast
medium delivery varied depending on the patient's weight and
vascular access. Radiological findings were determined by a
senior radiologist prior surgery.

Analysis of CT images. CT images were retrieved from the
institutional picture archiving and communication system and
analyzed on a clinical workstation (GE Healthcare). The upper
border of the mediastinal tissue was fixed at the level of the
aortic arch and the lower border was fixed at the junction of
the pulmonary artery and the heart (19).

According to St Amour et al (20) and Francis et al (21), the
shape (quadrilateral or triangular) and density of the thymus
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were determined in all patients. The use of the terms triangular
and quadrilateral was chosen for simplicity and conformity
with prior studies (22). Thymic measurements, including
anteroposterior (AP) and transverse dimensions, width (the
longest axis of the lobe on a transverse scan) and thickness (the
largest dimension perpendicular to the long axis of the lobe),
were also obtained for each of the patients (20). The cranio-
caudal dimension of the thymus was not determined, since
precise measurement was usually not possible due to variations
in the degree of inspiration on contiguous CT scan (20).

The pixels of the thymus region, muscle and adipose tissue
in the chest wall in the same CT slice were measured using
the workstation to compare the pixel attenuation of different
tissues. The mean CT attenuation of each region in each
group of patients (LFH and normal thymus) was compared,
by studying differences in the tissues within each group and
between the groups of patients for the same tissue.

Statistical analysis. Values are expressed as the mean + standard
deviation unless otherwise specified. The Kolmogorov-Smirnov
test was used to test if the quantitative data had a normal distri-
bution. The independent-samples t-test was used to examine
the differences in thymic thickness, AP dimension and perpen-
dicular dimension between the two MG groups. Analysis of
variance followed by the Student-Neuman-Keuls post-hoc test
was used to examine differences in mean CT attenuation among
thymus tissue, fat tissue and muscle in the two groups. Pearson's
rank correlation was used to test the association between the
patients' age and the CT attenuation. Analyses were performed
using SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

CT dimensions of the thymus region. First, when all of the
patients were analyzed as a whole and not grouped according to
their histopathological results, a negative correlation between
the patients' age and the CT attenuation in Hounsfield units
(HU) of the thymus region was identified (r=-0.779; P<0.05;
Pearson's rank correlation test; Fig. 1), which means the that
the CT attenuation in HU of the thymus region of MG patients
decreases with age. The mean age at disease onset in the LFH
thymus group was lower than that in the normal thymus group
(40.2+17.3 vs. 59.249.3 years; P<0.001; Table I). In the LFH
group, the thymus or its remnant was detected in all of the
MG patients. All of the thymuses remained in their usual
triangular or quadrilateral cross-sectional shape and the two
types of shape were observed in patients in each decade of life.
Even in patients in their fifties, it was possible to distinguish
the thymus region from adipose tissue. However, in the cases
where the thymus had been replaced by adipose tissue, certain
nodules were present in the thymus region, which did not occur
in normal thymus of MG patients. Typically, the gland was
located anterior to the ascending aorta, pulmonary outflow
tract and distal superior vena cava within the anterior medias-
tinal fat. Among the MG patients with LFH (Figs. 2-9), no case
of aberrantly positioned thymus was encountered. On the other
hand, in the MG patients of the normal thymus group, it was
not possible to detect the thymus or its remnant, as the thymus
tissue had been completely infiltrated by adipose tissue. In all
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Table I. Clinicopathological features of the patients.
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Parameter LFH thymus group (n=54) Normal/involuted thymus group (n=26) P-value
Gender 0.001
Male 21 (26.3%) 20 (25.0%)
Female 33 (41.3%) 6 (7.5%)
Age of disease onset (years)
Range 11-73 40-72
Mean =+ standard deviation 40.2+17.3 59.249.3 <0.001

LFH, lymphoid follicular hyperplasia.

Thymus CT attenuation

Age (years)

Figure 1. Correlation of the thymus CT attenuation with the age of the
patients (r=-0.779; P<0.05). CT, computed tomography.

MG patients with normal/involute thymus, the shape of the
thymus region on CT was quadrilateral (Figs. 10-12), which
may be due to the patients' age or a different pathogenesis from
that in the LFH MG group.

Regarding the mean measures of thymic thickness, width,
AP dimension and transverse dimension, there were no statis-
tical differences between the LFH group and normal/involuted
thymus group (Table II).

CT attenuation of thymus region on unenhanced CT. A total
of 43 and 18 patients were subjected to unenhanced CT in
the LFH group and the normal/involuted thymus group,
respectively. The mean values of CT attenuation of different
regions are listed in Table III. In the LFH group, when
comparing the CT attenuation of different regions (thymus
region vs. adipose tissue, thymus region vs. muscle tissue,
adipose tissue vs. muscle tissue), the differences were all
significant (P<0.05). In the normal/involuted thymus group,
there was no significant difference in the mean CT attenu-
ation between thymus region and adipose tissue, while the
differences were significant between other tissues (thymus
region vs. muscle tissue, adipose tissue vs. muscle tissue,

P<0.05). Most importantly, there was a significant differ-
ence in the CT attenuation of the thymic region between the
two groups (Table I1T).

CT attenuation of thymus region on contrast-enhanced CT.
In the LFH group and the normal/involuted thymus group,
11 and 8 patients received contrast-enhanced CT, respectively.
The mean values of CT attenuation of different regions are
presented in Table I'V. Similar to the trends of the unenhanced
CT, a significant difference in the CT attenuation of the thymic
region was identified between the two groups (Table IV).
Within each group, when comparing the CT attenuation of
different regions (thymus region vs. adipose tissue, thymus
region vs. muscle tissue, adipose tissue vs. muscle tissue), the
differences were all significant (P<0.05).

Discussion

In general, the thymus in a healthy human subject is a central
lymphoid organ that is gradually replaced by adipose tissue,
which results in thymic involution. The processes/timing of
the weight and volume of the thymus reaching its apex and
the beginning of involution are inconsistently described
among previous studies (19-21). However, it is known that
when the involution starts, the epithelial component of the
thymus atrophies, resulting in scattered small lymphocytes
in abundant adipose tissue (18,19,22). LFH, also known
as autoimmune thymitis, is characterized by a normal size
and weight of the thymus with chronic inflammation and
proliferation of lymphoid follicles, active germinal centers
and increased numbers of lymphocytes and epithelial
cells (23,24). The symptoms of MG, including the impairment
of ocular (extra-ocular muscles, eyelids), bulbar (ingestion
function, voice/speech function, respiratory function, facial
muscles) and limb-axial muscles (arms, legs and neck),
always improve after thymectomy in patients with thymoma
or LFH thymus (5-8). Furthermore, in MG patients with
LFH, the thymus also frequently appears as atrophic on CT
scan and gross examination, particularly in elderly patients.
Differentiation of LFH from the normal thymus may be diffi-
cult for the radiologist on the basis of morphologic features
alone. These all present obstacles for the thoracic surgeon
when determining whether an MG patient requires a thymec-
tomy.
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Figure 2. Unenhanced computed tomography image of a male myasthenia
gravis patient (age, 18 years) with lymphoid follicular hyperplasia. The
thymus is triangular in shape and may be easily distinguished from adjacent
tissue.

Figure 3. Female myasthenia gravis patient (age, 26 years) with lymphoid
follicular hyperplasia. The septum between the two lobes is visible.

Figure 4. Female myasthenia gravis patient (age, 36 years) with lymphoid
follicular hyperplasia. The thymus is quadrilateral and the computed tomog-
raphy attenuation in the thymus region is different from that of the adipose
tissue and musculature.
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Figure 5. Female myasthenia gravis patient (age, 45 years) with lymphoid
follicular hyperplasia. The thymus is quadrilateral in shape and nodules are
visible in the fat-infiltrated thymus region.

Figure 6. Contrast-enhanced computed tomography image of a female myas-
thenia gravis patient (age, 50 years) with lymphoid follicular hyperplasia. The
thymus is triangular in shape and can be easily distinguished from adjacent
tissue, particularly adipose tissue.

In the present study, the data of CT scans of non-thymoma-
tous MG patients with LFH thymus or normal/involuted thymus,
which had been pathologically confirmed, were analyzed. The
results indicated that the mean age of disease onset in the
LFH thymus group was lower than that in the normal/invo-
luted thymus group (40.2+17.28 vs. 58.57+8.21 years). In
the LFH group, the age was distributed more widely (from
11 to 73 years) than in the normal/involuted thymus group
(42-72 years). This result may possibly indicate a different
mechanism between younger and older MG patients (25). In
fact, the observation that there were no significant differences
between the two groups in six views of the thymus exactly
coincides with the fact that the autoimmune LFH thymus is
characterized by a normal size and weight, including those of
lymphoid follicles (24).

In the present study, the CT attenuation of the thymus
region of MG patients gradually decreased with age, although
for the spiral CT mentioned above, the parameters diversified.
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Figure 7. Female myasthenia gravis patient (age, 54 years) with LFH. The
thymus is triangular in shape and a nodule is apparent, which was later patho-
logically confirmed as LFH. LFH, lymphoid follicular hyperplasia.

Figure 10. Contrast-enhanced CT image of a male myasthenia gravis patient
(age, 43 years) with normal thymus. The thymus is quadrilateral in shape and
homogeneous regarding CT attenuation. CT, computed tomography.

e

Figure 8. Contrast-enhanced computed tomography image of a female  Figure 11. Unenhanced CT image of a male myasthenia gravis patient
myasthenia gravis patient (age, 58 years) with lymphoid follicular hyper- (age, 59 years) with normal (involuted) thymus. The thymus is quadrilateral
plasia. The thymus is triangular in shape and nodules are apparent in the  in shape and homogeneous regarding CT attenuation. CT, computed tomog-
thymus region. raphy.

Figure 9. Unenhanced computed tomography image of a male patient

(age, 67 years) with myasthenia gravis and lymphoid follicular hyperplasia. ~ Figure 12. Unenhanced CT image of a male myasthenia gravis patient
The thymus is quadrilateral in shape and certain nodules may be distinguished ~ (age, 72 years) with normal thymus. The thymus is quadrilateral in shape and
from adipose tissue. homogeneous regarding CT attenuation. CT, computed tomography.
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Table II. Thymic measurements of myasthenia gravis patients with LFH or normal/involuted thymus (cm).

Type of measurement LFH thymus group (n=54) Normal/involuted thymus group (n=26) P-value
Thickness 2.03+0.71 2.57+0.65 041
Width 3.70+1.37 4.48+2.29 0.22
AP dimension 2.48+0.99 2.42+0.75 0.86
Transverse dimension 4.76+1.54 5.76x1.26 0.16

Values are expressed as the mean =+ standard deviation. LFH, lymphoid follicular hyperplasia; AP, anteroposterior.

Table III. Unenhanced computed tomography attenuation of different types of soft tissue in non-thymomatous myasthenia gravis

patients.

CT attenuation (HU) LFH thymus group (n=43) Normal/involuted thymus group (n=18) P-value
Thymus region -41.21+54 .42 -108.13+8.7 0.02
Adipose tissue -107.61£14.16* -110.24+4.17 0.72
Muscle tissue 53.62+£19.83*° 48.5+17.94*° 0.62

"P<0.001 vs. thymus region in the same group; °P<0.001 vs. adipose tissue in the same group. Values are expressed as the mean + standard

deviation. LFH, lymphoid follicular hyperplasia; HU, Hounsfield unit.

Table I'V. Contrast-enhanced CT attenuation of different types of soft tissue in non-thymomatous myasthenia gravis patients.

CT attenuation (HU) LFH thymus group (n=11) Normal/involuted thymus group (n==8) P-value
Thymus region -25.57+58.65 -117.40+6.20 0.01
Adipose tissue -105.66+16.13* -123.00+6.45* 0.17
Muscle tissue 60.63+7.20%° 57.64+3.60° 0.59

"P<0.001 vs. thymus region in the same group; "P<0.001 vs. adipose tissue in the same group. Values are expressed as the mean + standard
deviation. LFH, lymphoid follicular hyperplasia; CT, computed tomography; HU, Hounsfield unit.

This observation coincides with the histological results that
MG patients always have a thymus with atrophy and varying
degrees of fat infiltration, even in LFH MG patients with B-cell
lymphoid follicles and germinal centers in the thymus (18,25).
Regardless of whether unenhanced or contrast-enhanced CT
was used, a significant difference in the mean CT attenuation
was present between the LFH group and the normal/involuted
thymus group (-41.21+54.42 vs. -108.13+8.71 on unenhanced
CT; -25.57+58.65 vs. -117.40+6.20 on contrast-enhanced CT).
Furthermore, in the LFH group, the difference in the mean
unenhanced and contrast-enhanced CT attenuation, between
the thymus region and the adipose tissue was significant,
while the normal/involuted thymus group did not exhibit such
a difference. This result should be interpreted with the differ-
entiation of LFH from normal thymus in MG patients prior
to thymectomy in mind. A larger study is necessary to assess
more MG patients with a normal/involuted thymus to identify
differences from LFH patients. Only in this way, thymectomy

may be used for the patients with immune system abnormali-
ties to cure associated diseases, including MG.

In conclusion, either unenhanced or contrast-enhanced
CT may be used to distinguish LFH MG thymus from
normal/involuted MG thymus, even though there were no
significant differences in the dimensional measurements
between the two groups.
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