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bjective: We sought to examine the distribution of parenchyma, follicles, and
ymphocyte subsets in the thymus of patients with myasthenia gravis and to identify
eterminants of remission after thymectomy.

ethods: Sixty patients with myasthenia gravis who underwent thymectomy were
xamined. The thymus was divided into upper, middle, and lower parts. The upper
art was defined as the superior horn, the lower part as the inferior horn, and the
iddle part as tissue located between the 2 horns. The percentage of parenchyma
as measured morphometrically. The degree of follicular hyperplasia was classified

nto 5 grades. The densities of CD3�, CD4�, and CD8� lymphocytes were classi-
ed into 5 grades. The remission of myasthenia gravis after thymectomy was
xamined with those variables in each part of the thymus.

esults: The middle part had the highest percentage of parenchyma, the highest
rade of follicular hyperplasia, and the highest density of CD3�, CD4�, and CD8�

ymphocytes among the 3 parts (P � .001-.05). The grades of follicular hyperplasia
n the middle and lower parts were significantly higher in patients with improvement
f myasthenia gravis than in those without (P � .05). The densities of CD3�, CD4�,
nd CD8� lymphocytes in the cortex of the middle part were significantly higher in
atients with improvement than in those without improvement (P � .01-.05).

onclusions: The thymus has a heterogeneous distribution of parenchyma, follicles,
nd lymphocyte subsets. The middle part had the largest parenchyma, the highest
rade of follicular hyperplasia, and the highest densities of CD3�, CD4�, and CD8�

ymphocytes among the 3 parts of the thymus. The grade of follicular hyperplasia
nd the density of these lymphocyte subsets are predictive of improvement in
yasthenia gravis after thymectomy.

 he grade of follicular hyperplasia (FH) in the thymus has been reported to be
a significant factor for predicting remission of myasthenia gravis (MG) after
thymectomy.1-4 However, it has not been determined whether the distribu-

ion of parenchyma and follicles is uniform in the thymus. If these distributions are
ot uniform, the part of the thymus that is most appropriate for predicting remission
f MG after thymectomy requires clarification. To examine these issues, we studied
he following: (1) the thymus was divided into the upper, middle, and lower parts;
2) the percentage of parenchyma, grade of FH, and density of lymphocyte subsets
n each part were investigated; and (3) the relationship between those variables and
he remission of MG after thymectomy was analyzed.

aterials and Methods
ne hundred six consecutive patients with MG were treated with extended thymectomy from

997 through 2004 at the Department of Thoracic Surgery of Kumamoto University Hospital.
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f the 106 patients, 60 were available for pathological examina-
ion of the upper, middle, and lower parts of the thymus (Table 1).

e studied these 60 patients retrospectively. All 60 patients had an
xtended thymectomy or extended thymothymomectomy through
median sternotomy.

The thymus was divided into 3 parts (ie, upper, middle, and
ower; Figure 1). The upper part of the thymus was defined as the
ilateral superior horns. The lower part was defined as the bilateral
nferior horns. The middle part was defined as the tissue between
he upper and lower parts. After fixation with formalin, these 3
ieces were usually sliced at intervals of 10 mm, resulting in an
verage of 16 tissue blocks (range, 5-55) submitted for patholog-
cal examination in each patient.

The percentage of parenchyma in each part of the thymus was
easured by using the following method: (1) a hematoxylin and

osin–stained section was viewed under a macro lens and was
isplayed on the screen of a 3CCD digital color camera-computer
ystem (FX380, Olympus Co); (2) the image of the whole of the
elected section was outlined with a mouse on the screen, includ-
ng both the parenchyma and adipose tissue, and the data were
rocessed by using a computer, which calculated the total area; (3)
he area of parenchyma was likewise calculated; and (4) the
ercentage of parenchyma was derived from the area of paren-
hyma divided by the total area.

The degree of FH of the thymus was classified into 5 grades
ccording to the classification of the MG study group of the
inistry of Health and Welfare of Japan in 1977: grade 0, invo-

uted thymus; grade I, accumulation of lymphocytes in the dis-
ended medulla; grade II, 1 follicle in 1 section; grade III, 2 to 4
ollicles in 1 section; and grade IV, more than 5 follicles in 1
ection or more than 1 follicle in each lobule.

An immunohistochemical analysis of lymphocytes using mark-
rs for CD3, CD4, and CD8 (Nichirei Co) was performed in each

Abbreviations and Acronyms
FH � follicular hyperplasia
MG � myasthenia gravis

ABLE 1. Patient characteristics
Male/female sex 16/44
Mean age, range (y) 51 � 18 (13–80)
Grade of MG (Osserman)

I 6
II 32
III 20
IV 2

Thymoma/nonthymoma 19/41
Outcome of operation

A 10
B 40
C 9
D 0
E 1
WG, Myasthenia gravis.

The Journal of Thoracic
art. The density of lymphocyte subsets stained with these markers
as classified into 5 grades: grade 0, no positive cells; grade I,

cattered positive cells, grade II, fewer than half positive cells;
rade III, more than half positive cells; and grade IV, almost all
ymphocytes positive.

The postoperative outcome was obtained from hospital records
r by means of telephone contact with a validated questionnaire.
he investigation was approved by the institutional committee in
005. The outcome of MG after thymectomy was classified from
to E: A, no symptoms and without medication; B, improvement

nd reduction in medication; C, no change; D, symptoms worse;
nd E, death caused by MG.

Differences in the percentage of parenchyma among parts of
he thymus were analyzed by using paired Student t tests. Differ-
nces in the grade of FH and density of lymphocyte subsets in each
art of the thymus were analyzed by using Wilcoxon signed-rank
ests. Differences in the percentage of parenchyma between pa-
ients with and without improvement after thymectomy were an-
lyzed with t tests. Differences in the grade of FH and the density
f lymphocyte subsets between the patients with improvement
nd those without improvement were analyzed by using Mann–

igure 1. Definition of upper, middle, and lower parts of the
hymus in the present study.
hitney U tests. The Bonferroni test was used to determine

and Cardiovascular Surgery ● Volume 133, Number 2 365
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ignificance for comparisons among the 3 parts. All values in the
ext and tables are presented as means � standard deviation.

esults
he average of the total area of the upper, middle, and lower
arts of the thymus was 4.2 � 3.3, 7.6 � 4.3, and 5.8 � 4.3
m2, respectively. The average area of parenchyma was
.3 � 0.5, 0.8 � 1.2, and 0.4 � 0.7 cm2 in the upper,
iddle, and lower parts of the thymus, respectively. As a

esult, the average percentage of parenchyma was 9.2% �
3.1%, 11.8% � 15.7%, and 7.5% � 12.0% in the upper,
iddle, and lower parts of the thymus, respectively

Figure 2). The percentage of parenchyma in the middle
art of the thymus was significantly greater than in either
he upper or lower parts (P � .001).

The average grade of FH was 1.6 � 1.5, 2.7 � 1.7, and
.4 � 1.6 in the upper, middle, and lower parts of the
hymus, respectively (Figure 3). The grade in the middle
art was significantly higher than in the upper or lower parts
P � .001).

The distributions of densities of CD3�, CD4�, and
D8� lymphocytes in the cortex and medulla of each part
f the thymus are summarized in Table 2. Although the
ensity of CD3� lymphocytes was significantly higher in
he medulla than in the cortex of each part (P � .0001), the
ensities of CD4� and CD8� lymphocytes were signifi-
antly higher in the cortex than in the medulla of each part
P � .0001). In the cortex the densities of CD3�, CD4�,
nd CD8� lymphocytes were significantly higher in the
iddle part than in the upper or lower parts (P � .001-.05),

xcept for difference in density of CD3� lymphocytes be-
ween the upper and middle parts. In the medulla the den-
ities of CD4� lymphocytes were significantly higher in the

igure 2. Percentage of parenchyma in each part of the thymus.
iddle part than in the lower parts (P � .05). l

66 The Journal of Thoracic and Cardiovascular Surgery ● Febr
The mean follow-up period after thymectomy was 49 �
8 months. A postoperative status of A was seen in 10
atients, B in 40 patients, C in 9 patients, and E in 1 patient.
he patient with a postoperative status of E was a 79-year-
ld woman who died of a myasthenic crisis 49 months after
hymectomy. Figure 4 shows the percentage of parenchyma
f each part of the thymus in 50 patients with improvement
A and B) and 10 patients without improvement (C, D, and
), showing no significant difference between the 2 groups

P � .16, .09, and .12, respectively).
Figure 5 shows the grades of FH of each part of the

hymus in patients with and without improvement. Al-
hough the grade of FH in the middle and lower parts was
ignificantly higher in patients with improvement than in

igure 3. Grades of follicular hyperplasia in each part of the
hymus.

ABLE 2. Distribution of density of lymphocyte subsets in
he thymus

Density of lymphocyte subsets

CD3� CD4� CD8�

ortex
Upper 1.5 � 0.8 1.6 � 0.9† 2.0 � 0.8†

Middle 1.5 � 0.7* 2.1 � 1.0† 2.4 � 0.8†

Lower 1.2 � 0.8* 1.6 � 1.1† 2.0 � 1.1*
edulla
Upper 1.9 � 0.6 1.2 � 0.8 0.8 � 0.5
Middle 2.0 � 0.7 1.3 � 0.7* 0.9 � 0.5
Lower 1.8 � 0.9 1.1 � 0.8* 0.8 � 0.5

pper, Upper part of the thymus; Middle, middle part of the thymus; Lower,

ower part of the thymus. *P � .05; †P � .01; ‡P � .001.

uary 2007
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hose without (P � .026 and .044, respectively), that in the
pper part did not show a significant difference (P � .16).

The densities of CD3�, CD4� and CD8� lymphocytes in
he cortex and medulla of each part of the thymus in patients
ith improvement and in those without are summarized in

igure 4. Differences in percentage of parenchyma in each part
f the thymus between patients with and without improvement of
yasthenia gravis after thymectomy. NS, Nonsignificant; MG,
yasthenia gravis.

igure 5. Differences in grade of follicular hyperplasia in each
art of the thymus between patients with and without improve-
ent of myasthenia gravis after thymectomy. NS, Nonsignificant;
pG, myasthenia gravis.

The Journal of Thoracic
able 3. The results in the cortex were as follows: (1)
lthough the densities of CD3� lymphocytes in the upper
nd middle parts were higher in patients with improvement
han in those without (P � .012 and .003, respectively), the
ifference in the lower part was not significant (P � .8); (2)
lthough the densities of CD4� lymphocytes in the upper
nd middle parts were higher in patients with improvement
han in those without (P � .006 and .015, respectively), the
ifference in the lower part was not significant (P � .8); and
3) although the density of CD8� lymphocytes in the middle
art was higher in the patients with improvement than in
hose without improvement (P � .014), the differences in
he upper and lower parts were not significant (P � .1 and
4, respectively). In the medulla (1) the density of CD3�

ymphocytes in the upper part was higher in patients with
mprovement than in those without (P � .012), but the
ifferences in the middle and lower parts were not signifi-
ant (P � .054 and .3, respectively); (2) the density of
D4� lymphocytes in the middle part was higher in patients
ith improvement than in those without (P � .007), but the
ifferences in the upper and lower parts were not significant
P � .07 and .13, respectively); and (3) the density of CD8�

ymphocytes did not show significant differences between
atients with improvement and those without in any of the
parts (P � .2, .2, and .7, respectively). Thus the differ-

nces in density of CD3�, CD4�, and CD8� lymphocytes
etween patients with improvement and those without im-
rovement were most significant in the cortex of the middle
art of the thymus.

Pathological differences of thymus (eg, thymic hyperpla-
ia, involuted thymus, and thymoma) did not affect the
bove results.

iscussion
he present study revealed 3 main points: (1) the middle

ABLE 3. Density of CD3�, CD4�, and CD8� lymphocytes in
ach part of the thymus in patients with and without

mprovement of myasthenia gravis after thymectomy
Improvement of MG (�/�)

Density of:

CD3� CD4� CD8�

ortex
Upper 1.6/0.9* 1.8/0.9† 2.1/1.7
Middle 1.6/0.9† 2.2/1.4* 2.5/1.7*
Lower 1.8/1.1 1.7/1.0 2.1/1.8
edulla
Upper 2.0/1.5* 1.3/0.8 0.8/0.6
Middle 2.1/1.6 1.4/0.7† 0.9/0.7
Lower 1.8/1.5 1.1/0.7 0.8/0.7

pper, Upper part of the thymus; Middle, middle part of the thymus; Lower,
ower part of the thymus. *P � .05, †P � .01.
art of the thymus had the highest percentage of paren-

and Cardiovascular Surgery ● Volume 133, Number 2 367
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hyma, the highest grade of FH, and the highest densities of
ymphocyte subsets of the 3 parts; (2) the grades of FH in
he middle and lower parts showed significant correlations
ith remission of MG after thymectomy, although that in

he upper part did not; and (3) the densities of CD3�, CD4�

nd CD8� lymphocytes in the cortex of the middle part
howed the greatest correlation with remission of MG after
hymectomy, whereas those in the other parts showed less
orrelation.

The distribution of parenchyma, follicles, and lympho-
yte subsets in the thymus has not been previously reported.
he present study examined the differences of the percent-
ge of parenchyma, grade of FH, and densities of CD3�,
D4�, and CD8� lymphocytes in the upper, middle, and

ower parts of the thymus and revealed that the middle part
ad significantly higher values of these variables than the
ther parts. Therefore we conclude that the middle part of
he thymus is the most representative area for examining
arenchyma, follicles, and lymphocyte subsets.

It has been reported that patients with MG with FH of the
hymus have higher remission rates after thymectomy than
hose without,1-4 but other authors have disputed this.5,6 The
resent study showed that the grades of FH in the middle
nd lower parts of the thymus were higher in patients with
mprovement than in those without improvement, although
he grades in the upper part did not show a significant

ifference. Therefore to predict the outcome after thymec-

6

68 The Journal of Thoracic and Cardiovascular Surgery ● Febr
omy from the grade of FH, the middle or lower part is more
ppropriate than the upper part.

The present study has shown that the thymus has a
eterogeneous distribution of parenchyma, follicles, and
-cell subsets. The middle part had the largest parenchyma,

he highest grade of FH, and the highest density of T-cell
ubsets. Both the grade of FH and density of T-cell subsets
n the middle part had significant correlation with improve-
ent of MG after thymectomy. The middle part of the

hymus is therefore the most representative area not only for
istopathological examination but also for predicting im-
rovement of MG after thymectomy.
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