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We report a case of neuronal hypertrophy associated with acute appendicitis in which
significant neuronal fibers and the number of ganglion cells increased in the absence of
inflammatory cells. Differential diagnosis from diffuse ganglioneuromatosis by the
pathologic findings of resected specimen was difficult. A 33-year-old Japanese female
visited our hospital complaining of acute abdominal pain. The patient underwent
appendectomy upon the diagnosis of acute appendicitis on the day of admission.
Postoperative examinations found no neoplastic lesions in other organs or inherited
disorders such as multiple endocrine neoplasia (MEN) type 2b and von Recklinghau-
sen’s disease (VRD). The pathologic diagnosis was neuronal hypertrophy of the
appendix. Because the clinical outcomes of diffuse ganglioneuromatosis and neuronal
hypertrophy of the gastrointestinal tract are quite different, clinical and pathologic
examination should be carefully carried out for lesions in which significant proliferation
of neuronal components is seen.
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cute appendicitis in younger people is a very
Acommon disease globally, but the diagnosis of
the underlying disease can be difficult in an
emergency' because acute appendicitis may be
caused by various conditions such as infection® or
malignant tumor,”> and sometimes iatrogenically.*
Thus, it is important to clarify the cause of acute
appendicitis in order to decide on the clinical
treatment after surgery.

In cases of acute appendicitis, it has been reported
that neuronal components containing Schwann cells
and ganglion cells proliferate accompanied by mast
cell infiltration, which is thought to be a reactive
process against acute inflammation.” On the other
hand, histologic findings of increased Schwann cells
and ganglion cells are also pathologic features of
ganglioneuromatosis in the gastrointestinal tract,
which often develops in association with inherited
disorders such as multiple endocrine neoplasia
(MEN) ’E/ype 2b and von Recklinghausen’s disease
(VRD).*

The pathologic findings such as the lesions of
neuronal cells proliferating and the existence of
acute inflammatory cell infiltration may help differ-
ential diagnosis of these conditions.

We report here a case of neuronal hypertrophy of
the appendix that was difficult to distinguish from
diffuse ganglioneuromatosis and discuss the possible
different pathogenesis of diffuse ganglioneuromatosis.

Case Report

A 33-year-old Japanese female visited our hospital
in April 2011 complaining of acute abdominal pain.
The patient described pain throughout the abdomen
and appetite loss for the last 10 days. Physical
examination revealed oppressive pain of the lower
abdomen. Laboratory data on admission showed an
increase of white blood cell (WBC) count (13,400
cells/mm?®) and C-reactive protein (CRP) of 7.8 mg/L.
She had no specific individual or family medical
history.

No abnormality was found on chest or abdominal
X-ray. Computed tomography (CT) demonstrated a
swollen appendix with strong enhancement that
indicated abscess formation around the appendix
(Fig. 1). The cecal wall was thickened, but a
tumorigenic mass was not found anywhere in the
abdomen. The patient was clinically diagnosed with
acute appendicitis with abscess formation and
underwent appendectomy on the day of admission.
Part of the appendix had a gangrenous wall, and
there was perforation at the root. A grayish-white
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Fig. 1 Contrast-enhanced CT. CT showed a swollen appendix
with strong enhancement accompanied by some fluid. The cecal
wall was thickened, but no mass indicating tumor was found in
the abdomen.

abscess with a little white viscous liquid was found
around the appendix.

Macroscopically, there was ulceration in the
mucosal layer, but no hemorrhagic or necrotic
lesions were observed in the body and base of the
appendix. There were no polypoid or obstructive
lesions in the lumen. By histologic examination after
surgery, acute inflammatory cell infiltration was
found at the serosa of the root of the appendix.
However, there was no acute inflammatory cell
infiltration in the body and base of the resected
appendix. In the submucosal layer, winding neural-
appearing bundles containing nests of mature
ganglion-like cells significantly proliferated around
the ulcerative lesion and had infiltrated into part of
the adjacent mucosal layer (Fig. 2). Immunohisto-
chemically, neural-appearing bundles were strongly
positive for S100 protein, which implies that the
bundles consisted of Schwann cells and ganglion-
like cells that were positive for neurofilament heavy
and medium subunits (Fig. 3a and 3b). Numerous
mast cells that were positive for KIT had infiltrated
around neural bundles (Fig. 4).

The postoperative course of the patient was
uneventful, and she was discharged 9 days after
the surgery.

The patient underwent upper and lower endo-
scopic examination 1 month after the operation,
which did not indicate other digestive disease. The
patient also underwent ultrasonographic examina-
tion of the thyroid gland and tests of thyroid
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Fig. 2 Hematoxylin and eosin staining of resected specimen.

Winding neural-appearing bundles containing nests of mature
ganglion-like cells significantly proliferated in submucosal layer
and mucosal layer.

hormone and parathyroid hormone, with negative
results. She had no family history of inherited
disorders.

Discussion

Initially, differential diagnosis of this case between
diffuse ganglioneuromatosis of the appendix and
some reactive conditions was difficult because there
was no acute inflammatory cell infiltration around
the proliferating neuronal component.

To our knowledge, only 5 studies of neuronal
hypertrophy of appendices have been reported. Of
those, immunohistochemical studies by Xiong et al®
and Amber et al® found a significant increase in
neural components and mast cell infiltration, even in
cases of histologically normal appendices resected
with a diagnosis of appendicitis. Nemeth et al also
reported increased neuronal components of the
myenteric plexus and neuronal hypertrophy in
histologically normal appendix specimens, and they
hypothesized that neuronal hypertrophy is likely to
develop with or without choronic luminal obstruc-
tion or repeated inflammatory episodes.’

However, all these studies were examined by
immunohistochemical technique using antibodies
against neuronal markers such as S100 protein and
Neuron Specific Enolase (NSE) and an increase of
neuronal components in those cases was not evident
by usual histologic examination.

Nevertheless, histologic examination revealed
marked increase of Schwann-like cells and ganglion
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Fig. 3 5100 (a) and neurofilament (b) immunohistochemical

staining of bundle-like structure resembling nerve fibers. These
proliferated bundles were strongly positive for S100 protein
and neurofilament.

cells in the mucosal and submucosal layers without
inflammatory cell infiltration, and no changes of the
myenteric plexus were evident. Since these histo-
logic findings seemed to be different from those in
previous reports, differential diagnosis from neuro-
genic neoplastic lesion was needed.

Diffuse ganglioneuromatosis, which is a type of
ganglioneuroma, has been reported to occur in
association with neurofibromatosis type 1 (NF1),
MEN 2b,” juvenile polyposis,'” adenomatous pol-
yps,'! Cowden disease,'”” malignant peripheral
nerve sheath tumors,’ carcinomas,’® and carci-
noids."*'® Ganglioneuroma in the gastrointestinal
tract is a characteristic feature of MEN 2b,”
although the appendix is rarely affected, and only
4 cases of appendiceal ganglioneuroma have been
reported. Shekitka and Sobin reviewed 43 patients
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Fig. 4 KIT immunohistochemical staining of mast cells. An

increased number of mast cells infiltrating around neural bundles
were positive for KIT.

with ganglioneuromas of the gastrointestinal tract,
of which 8 cases were classified as diffuse gang-
lioneuromatosis, and 7 of these were associated with
other tumors such as neurogenic sarcoma, multiple
neurofibroma, and plexiform neurofibroma.” One
patient had MEN type 2b, and one patient was
clinically diagnosed with VRD. Thway and Fisher
also reported an association of diffuse ganglioneur—
omatosis in the small intestine and NF1."® Hirata
et al reported a rare case of diffuse ganglioneur-
omatosis with plexiform neurofibromas limited to
the gastrointestinal tract."

However, there have been a few reports of
patients with diffuse ganglioneuromatosis that
developed around colonic adenocarcinoma'® or
multiple rectal carcinoid tumors,'* and the patients
in these cases had no other neurogenic tumors.
Zarabi and LaBach reported cases of acute appen-
dicitis caused by appendiceal ganglioneuromatosis
without other tumors or systemic disease.” In these
reports, familial history of inherited disease or
abnormality of NF2 or RET gene was not found.

Usually, the epicenter of diffuse ganglioneuro-
matosis lies within the muscularis propria, especial-
ly around the myenteric plexus and may extend to
the mucosal, submucosal, and subserosal layers;
meanwhile, in reported cases of diffuse ganglio-
neuromatosis associated with colon adenocarcinoma
or multiple rectal carcinoids, proliferating Schwann
cells and ganglion cells were located in the mucosal
and submucosal layers and did not extend to the
muscular layer including the myenteric plexus.
Histology of these cases seems to be similar to our
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case. The epicenter of proliferating neural compo-
nents in our case also was located in the mucosal
and submucosal layers; however, the myenteric
plexuses were not affected. Moreover, there was
no family history of inherited disease, and no other
tumors have been found to date. Although we did
not analyze germ line mutations of NF1 and RET
genes, the patient did not show signs of MEN 2b or
VRD. These findings were similar to diffuse gang-
lioneuromatosis cases associated with adenocarci-
noma and carcinoid tumor. Thus, differential diag-
nosis between neuronal hypertrophy and diffuse
ganglioneuromatosis was difficult in our case.

Although inflammatory cell infiltration was not
seen around the neural proliferating lesion, it was
seen at the serosa of the appendiceal neck. These
findings may indicate the existence of acute inflam-
mation at the proximal site of the resected appendix.
Moreover, infiltration of numerous KIT-positive
mast cells was found around proliferating neuronal
components. Mast cell infiltration was thought to
play an important role in the development of
neuronal hypertrophy in previous reports®*"** and
was not described as a characteristic finding in the
case of diffuse ganglioneuromatosis. Thus, we
finally diagnosed our case as a neuronal hypertro-
phy of the appendix.

From the viewpoint of the difference of family
history or accompanying malignancies, some diffuse
ganglioneuromatosis cases, in which hyperplasia of
Schwann cells and ganglion cells is found, similar to
neuronal hypertrophy, seem to be different from the
other typical cases. Although the pathophysiologic
basis remain to be elucidated, carcinoma cells and
carcinoid tumor cells might produce certain kinds of
chemical mediators that cause neural hyperplasia. In
an experimental study, the volume and density of
enteric nerve fibers were changed in rats with
chemically induced colon carcinomas.*® The diffuse
ganglioneuromatosis cases associated with adeno-
carcinoma or carcinoid tumor would be better
classified as neural hyperplasia as in our case.

In conclusion, diagnostic differentiation of diffuse
ganglioneuromatosis from neuronal hypertrophy of
the appendix was difficult without acute inflamma-
tory change being among the pathologic findings.
The detailed mechanisms of diffuse ganglioneur-
omatosis and neuronal hypertrophy have not been
clarified, but it is important to differentiate diffuse
ganglioneuromatosis from neuronal hypertrophy
clinically because physicians need to analyze sys-
temic, neurogenic, and endocrine diseases in the
former. Further studies are needed to understand
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the proliferation of the neural component in the
gastrointestinal tract.
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