
Distribution of thymic tissue at
the anterior mediastinum
Current procedures in thymectomy

The distribution of thymic tissue at the anterior mediastinum was examined histologically in 18
cases following the removal of the adipose tissue which was located outside the thymic capsule
at the time of thymectomy for myasthenia gravis. The gross adipose tissue revealed the presence
of histological thymic tissue, including Hassal/'s bodies, in 13 of 18 cases. In order to be sure
of extirpating all of the thymic tissue, the adipose tissue at the anterior mediastinum as
well as the gross thymus should be removed.
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Thymectomy has been widely carried out
for the treatment of myasthenia gravis. At
the First Department of Surgery, Osaka
University Medical School, 88 patients were
thymectomized for this disease. Most of
these operations were performed by means
of a median sternotomy. In our experience
it has been noted that the upper pole of the
thymus is clearly seen, bordered by the ad-
jacent tissue through the thin capsule,
whereas the boundary between the lower
pole and the surrounding adipose tissue is
not distinct.

Therefore, in order to identify the loca-
tion of the thymic tissue at the anterior
mediastinum, and to clarify the borderline
of it for completion of thymic extirpation,
the following study was performed.

Method and material

There were 18 thymectomies for myasthe-
nia gravis performed in our clinic from
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February, 1973 to June, 1974 (Table I).
The ages of the patients ranged from 19 to
55 (one in the teens, two in the twenties,
six in the thirties, eight in the forties, and
one in the fifties). Nine of the patients were
male and nine were female. According to
Osserman's classification of mysthenia grav-
is, there were four in type I, two in type IIa,
and 12 in type lIb. Thymoma was noted in
five cases and hyperthyroidism was also
present in three.

In all these cases thymectomy was per-
formed via median sternotomy. The thymus
is usually yellow-red and encapsulated by a
thin membrane. Usually, the lower pole does
not show a distinctive borderline between it
and the surrounding adipose tissue. This
adipose tissue often has continuity with the
pleural adipose tissue or hilar adipose tis-
sue (Fig. 1). At thymectomy these adipose
tissues were resected as much as possible,
until the major blood vessels, pericardium,
and pleural surface at the anterior medi-
astinum were almost entirely exposed.

Two to 14 histological sections were
made from the gross thymus and the sur-
rounding adipose tissue in each case and
examined microscopically after being stained
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Table I. Summary of 18 cases of thymectomy for myasthenia gravis
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Weight of
Age Ossermans thymus No. of

Patient (yr.) Sex classification Thymoma (Gm.) specimen" Remarks

I. K.F 55 <3 I Yes 5(2:3)
2. S. U 42 <3 lIB No 7(4:3)
3. S.A 47 <3 lIB No 7(6:1)
4. M.F 19 \? lIB No 6(4:2)
5. K. T 40 <3 I No 40 14(8:6)
6. T. S. 48 <3 lIB Yes 40 4(2:2)
7. M.T 45 <3 lIB Yes 35 6(4:2)
8. S. F 26 \? lIB No 6(4:2)
9. A. S. 41 \? lIB Yes 23 4(2:2)

10. H.M 25 \? IIA No 61 7(3:4) Graves' disease
II.I.K 32 \? lIB No 27 6(3:3)
12. T.K 34 \? lIB No 26 4(2:2)
13. I. Y 43 <3 lIB No 16 5(3:2)
14. M.F 32 \? lIB No 19 6(3:3)
15. Y.M 45 \? IIA No 10 6(4:2)
16. S. K 34 <3 lIB No 12 4(2:2) Graves' disease
17. M.O 38 \? I No 35 3(2:1) Graves' disease
18. K.M 32 <3 I Yes 110 2(1:1)

"Total number of the specimen (number of the gross thymus:number of the gross adipose tissue).

with hematoxylin and eosin. In this study
the thymoma portion was excluded from
the investigation.

Results

Gross findings. In all cases, the lobulated
thymus could be visualized at the anterior
mediastinum after the loose connective tis-
sue had been dissected. The upper poles, on
both sides, connected to the lower part of
the thyroid gland through the thyrothymic
ligament at the neck and could be dissected
easily. The lower poles, however, were
buried in the adipose tissue at the anterior
mediastinum, and the fine dissection was
difficult in many cases. This adipose tissue,
which continued to the adipose tissue at the
pleural or pulmonary hilum, was excised as
much as possible with the thymus. The
specimen was weighed in 13 cases, including
four with the thymona. The weights ranged
from 10 to 110 grams; the average weight
was 27.3 grams without the thymoma.

Microscopic findings. From each case two
to 14 histological slides were made: 102
slides totally, 57 from gross thymus, and 45
from adipose tissue.

To assess the proportion of thymic tissue,

classification into the following four grades
was employed: Grade III, thymic tissue oc-
cupies more than 50 per cent of the histo-
logical field (Fig. 2); Grade II, fatty tissue
exceeds thymic tissue in the area (Fig. 3);
Grade I, the major portion of the field con-
sists of fatty tissue but thymic tissue can be
identified (Fig. 4); Grade 0, no thymic tis-
sue is observed.

The results are summarized in Fig. 5. In
all the sections of gross thymus (57 slides)
thymic tissue could be identified histolog-
ically. There were various distributions of
the grades in each case, but in anyone case
every slide showed almost constant distri-
bution. Hassall's bodies were found in 49
sections (85.9 per cent). All the sections of
Grades II or III showed Hassall's bodies ex-
cept one (case 1). Germinal center was ob-
served in 29 sections (50.8 per cent), or 15
out of 18 cases (83.3 per cent).

In the sections from gross fatty tissue, 31
out of 45 slides (68.8 per cent), or 13 out
of 18 cases (72.2 per cent), revealed thymic
tissue histologically. Although the location
of the gross fatty tissue was difficult to de-
scribe, in three sections of "hilar" fatty tis-
sue (cases 14 and 15) thymic tissue was not
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Fig. 1. The thymus .

Fig. 2. Grade III: Thymic tissue occupies more
than 50 per cent of the histological field.

found histologically. Usually the grade of
thymic tissue in the gross adipose tissue
was not different from that of the gross thy-
mus of the same case. Hassall's bodies were
observed in 25 sections (55.5 per cent), or
13 out of 18 cases (72.2 per cent). Germ-
inal center was observed in 12 sections
(26.6 per cent), or 8 out of 18 cases (44.4
per cent) (Fig. 5) .

Lymph node was recognized microscop-
ically in 8 out of 45 sections of gross fatty
tissue (cases 5, 6, 14, and 15): 3 of 3

Distribution of thymic tissue 7 4 9

Fig. 3. Grade II: Fatty tissue exceeds thymic tissue.

Fig. 4. Grade I : Although the major portion of
the field consists of fatty tissue, some thymic tissue
can be seen.

in case 5 (Grade 0), 2 of 3 in case 14
(Grade 0), and 1 of 2 in case 15 (Grade 0).
In case 6, Two sections of gross fatty tissue
showed both thymic tissue and lymph node
separately.

Discussion

The purpose of this study was to clarify
the location of thymic tissue at the anterior
mediastinum. Microscopic examination of
the gross fatty tissue surrounding the thy-
mus revealed thymic tissue in 13 out of 18
cases (72.2 per cent),

In this paper, gross fatty tissue means
what is located outside the capsule of the
thymus, without the membrane. Thymic
tissue was identified histologically by its
characteristic structure.

At 4 to 5 weeks of gestation, four pairs
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Fig. 5. Distribution of microscopic thymic tissue. Black circles, gross thymic tissue; clear circles,
gross adipose tissue; plus signs, germinal center noted; black circles within larger circles, gross
thymic tissue with microscopic Hassall's bodies; clear circles within larger circles, gross adipose
tissue with microscopic Hassall's bodies; asterisk, lymph node noted.

of the branchial pouch appear inside the
pharynx and four pairs of the branchial cleft
appear outside the pharynx in their respec-
tive positions.

It is widely believed that the human thy-
mic primordium arises predominantly from
the third branchial pouch.':" The inferior
parathyroid gland and the thymus arise
from this pouch, too; later this parathyroid
gland is affixed to the posterior side of the
thyroid gland and the thymus descends into
the thorax. The superior parathyroid gland
arises from the fourth branchial pouch, and
it is still not certain whether a part of the
thymic primordium develops from this
pouch.":'

Norris" classified the course of the devel-
opment of the thymus into six stages: (1)
preprimordial, (2) primordial, (3) branchial
complex, (4) fusion, (5) lobulation, and
(6) definitive form.

The cells making up the third endodermal
pouch have initially the same appearance as
those lining the proper pharynx. Developing
to 3 to 4 mm. in length, the parathyroid
primordium appears from the dorsal side of

the third pouch and the thymus primordium
from the ventral side. The period in embry-
onic development preceding the appearance
of this primordium is called the preprimor-
dial stage.

At the time of appearance of the primor-
dium of the parathyroid gland and thymus,
the ectodermal branchial cleft caves in and
makes its contact with the branchial pouch,
which has been in the form of a tubelike
lateral expansion, keeping a broad com-
munication with the pharynx (pharyngo-
branchial duct). This period is the primor-
dial stage, observed in embryos from 9 to
12 mm. long (Fig. 6A).

The thymic primordium becomes solid
and ropelike (thymic cord). On the other
hand, the second, third, and fourth branchial
clefts fuse to become a cervical sinus which
contacts the dorsal side of the thymic cord.
The pharyngobranchial duct closes and the
thymus loosens its communication with the
pharynx. This period is called the branchial
complex stage, observed in embryos about
12 to 19 mm. long (Fig. 6B).

Then the cervical sinus rapidly and com-
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Fig. 6A. Embryologic stages of the thy~u;. 'Primordial stage. (From Langman, J.: Medical
Embryology, Baltimore, 1969, The Williams & Wilkins Company.)

pletely fuses with the thymus and differen-
tiation of them becomes impossible. During
this stage the ectodermal cells around the
cervical sinus proliferate strongly. Finally
the cervical sinus loses its lumen and the
thymus is almost covered by the proliferated
ectodermal cells. This fusion stage is ob-
served in embryos 20 to 30 mm. long.

The ectodermal cells mentioned above
form the thymic cortex, which becomes a
lobulated structure. This period is the lobu-
lation stage, observed in embryos 30 mm.
long.

As development proceeds, the bilateral
lobes of the thymus separate from the para-
thyroid glands and descend into the thorax,
where they remain. This period is called the
definitive form stage. At this stage the epi-
thelial cells become reticular and the round
cells appear (Fig. 6C).

From the dorsal site of the fourth bran-
chial pouch, the superior parathyroid gland

originates, but it is still not certain whether
the thymus develops from the ventral site of
it and the thymus IV, which has developed
in this manner, disappears again. Van Dyke-
reported observing the thymus IV in 42
per cent of human embryos, and Gilmour!
found the unilaterally or bilaterally de-
veloped thymus IV in one of nine embryos
32 to 190 mm. long and in 5 out of 20
neonates. Norris," however, did not agree
about the development of the thymus from
the fourth branchial pouch.

Such a difference of opinion on thymus
IV is based on the explanation of the thy-
mic tissue being located in the neck, espe-
cially close to the parathyroid IV. One ex-
planation is that this thymic tissue derives
from the fourth branchial pouch; another
is that this thymic tissue originates from
the third branchial pouch and is simply what
is broken off and left behind while it de-
scends into the thorax (Norris). Anyway,
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Fig. 6B. Embryologic stages of the thymus. Branchial complex stage. (From Langman, J.:
Medical Embryology, Baltimore, 1969, The Williams & Wilkins Company.)

many researchers agree that there is thymic
tissue in the neck which has no communi-
cation with the thymus proper.

There are several clinical reports on the
ectopic thymus (tympanic cavity,' cervical
tumor":"). Lewis" collected 34 cases of cer-
vical thymus in the literature, including two
cases from his experience. Hyde, Sellers, and
Owen" reported a cervical cyst which origi-
nated from the thymus, and Boman10 de-
scribed thymomas in the neck. In addition
to the cervical cases, Castleman" reported
autopsy findings in a case of myasthenia
gravis with ectopic thymoma located at the
anterior part of the left main bronchus. For-
see, Farinacci, and Blake'> studied 20 cases
of thymoma, including three cases of ectopic
thymomas (posterior mediastinum, hilum,
and intrapulmonary) and collected 13 cases
of the ectopic thymoma from the literature
up to 1953. Recently three cases of ectopic

thymus in children were reported by Shackel-
ford and McAlister.!"

Experimental thymectomy has been per-
formed by many investigators from 1845
(Restelli) until the beginning of this cen-
tury in order to clarify the unknown func-
tion of the thymus, and there has been
much discussion on the completion of thy-
mectomy, because sometimes thymic func-
tion had not been eliminated by the thymic
extirpation. One of the points under dis-
cussion was the different locations of the
thymus in various animals. Tesseraux>' di-
vided many kinds of animals into four
groups according to the location of the thy-
mus: Group I (thymus in the neck), guinea
pig, kangaroo, mole, pig, etc.; Group 2
(thymus in the chest), mouse, rat, rabbit,
cat, horse, man, etc.; Group 3 (thymus lo-
cated from neck to chest), squirrel, dog,
sheep, cattle, etc.; Group 4 (thymus located
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Fig. 6C. Embryologic stages of the thymus. Definitive form stage. (From Langman, J.:
Medical Embryology, Baltimore, 1969, The Williams & Wilkins Company.)

separately in neck and chest) bat etc. The
accessory thymus which is sometimes ob-
served in animals, as well as the ectopic thy-
mus in human beings, contribute another
reason why the extirpation of the thymus
brought no end to function. Park and Me-
Clure-" stated that because thymic tissue
could be left behind anywhere along the
descending passageway of the thymus, com-
plete extirpation of the thymus is impossi-
ble in some cases.

We have pointed out the existence of
thymic tissue outside the capsule of the prop-
er thymus. Although it is still under specu-
lation whether this is due to broken-off
thymic tissue (Norris) or to special develop-
ment of the thymic capsule of the trabecula,
it can be safely said that in order to be sure
of extirpating all of the thymic tissue, the
adipose tissue at the anterior mediastinum
as well as the gross thymus should be re-
moved. Regarding the therapeutic effect on
myasthenia gravis of this operative proce-

dure, further investigation will be neces-
sary.
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