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Abstract

Background: Adrenal schwannomas (AS) are extremely rare neoplasms. This study shares 
our experience regarding the diagnosis and operative management of AS.
Methods: Clinical details, radiologic, laboratory, and pathologic findings as well as 
follow-up data were analysed retrospectively for 13 AS patients who accepted surgery at 
a tertiary referral hospital in China between 1 January 1996, and 31 December 2017.
Results: The mean age of the patients at diagnosis was 44.7 ± 13.7 years (range 19–62 
years; male: female ratio, 1:1.16), of whom seven patients had unilateral AS on the 
right side, and the remaining six on the left side. None of the cases were hormonally 
active. None of the 13 cases were diagnosed as AS by CT imaging before the operation. 
Among the patients, ten were asymptomatic. The mean preoperative size was 7.1 ± 
3.2 cm (range 1.6–12.6 cm). All patients underwent surgery, with open adrenalectomy 
in five patients and laparoscopy in eight patients. The mean tumor size on pathologic 
examination was 6.8 ± 3.0 cm (range 3.0–11.7 cm). The surgical specimens were 
confirmed by pathological examination. During a median follow-up of 60.8 ± 17.7 
months, no patients showed recurrence or metastasis.
Conclusion: The preoperative diagnosis of AS remains difficult despite the advances in 
imaging examinations. After complete resection, the prognosis of AS is excellent.

Introduction

Schwannoma is a rare tumour arising from Schwann 
cells in the myelinated neural sheath of the nerves (1). 
Tumours can occur in various places, such as the head, 
neck, extremities, retroperitoneum, and psoas muscle (2, 
3). Related studies have shown that approximately 5% of 
schwannoma cases come from the retroperitoneum (4). 
However, schwannomas presenting in the visceral organs, 
especially the adrenal glands, are rare (5, 6). The adrenal 
medulla is innervated by the phrenic nerve, the vagus 
nerve and the sympathetic trunk. Adrenal schwannoma 
(AS) arises from Schwann cells related to these nerves 

(7, 8). AS is usually benign and slow-growing but can 
be malignant (9). AS is mostly asymptomatic, but some 
patients can present with either abdominal or flank pain. 
AS has a good prognosis after surgical excision.

Due to its low incidence, only a few case reports and 
small case series have been published to date (10). Thus, 
a comprehensive understanding of the clinical features, 
diagnosis, and clinical treatment of AS is necessary. In this 
study, we present our experiences regarding the clinical 
features, diagnostic imaging, and operative treatment of 
13 AS cases in a single institution.
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Subjects and methods

A total of 548 patients with adrenal neoplasms were treated 
at Wuzhou GongRen Hospital between 1 January 1996, 
and 31 December 2016. Of these, 13 (2.37%, 13/548) were 
pathologically diagnosed with AS. The clinicopathological 
features, diagnosis, surgical intervention and follow-up 
data of these patients were retrospectively analysed. This 
study was approved by the Ethics Committee of Wuzhou 
GongRen Hospital.

All patient demographic parameters, chief complaints, 
concomitant diseases and operative histories were analysed. 
All patients were assessed for adrenal function, including 
(i) serum potassium; (ii) plasma adrenocorticotropic 
hormone and cortisol (08:00, 16:00 and 12:00 h); (iii) 24-h 
urinary free cortisol; (iv) plasma renin and aldosterone 
(standing and lying position); (v) 24-h urinary epinephrine, 
norepinephrine, dopamine and vanillylmandelic acid; (vi) 
serum epinephrine, norepinephrine and dopamine and 
(vii) serum testosterone and oestrogen.

All patients were evaluated by ultrasound and 
enhanced CT. The precontrast and postcontrast Hounsfield 
units (HU), maximum diameter, characteristics and 
preoperative diagnosis were analysed.

The surgical specimens were confirmed by pathological 
examination. The resection margins and pathological 
diagnosis were evaluated by two pathologists specialized 
in genitourinary diseases. The routine follow-up schedule 
was every 3 months in the 1st year after surgery, every 6 
months in the 2nd year postoperatively, and once each 
year in the future.

Results

Table 1 summarizes the essential demographic characteristics 
and clinical presentations of the 13 AS patients. Their mean 

age was 44.7 ± 13.7 years (range, 19–62 years), including 
six patients with tumours on the left and seven on the 
right. Ten cases were detected incidentally; two patients 
presented with abdominal or back discomfort, and one 
patient presented with dizziness. Table 1 summarizes their 
demographic characteristics and clinical manifestations. 
Preoperative endocrine function examinations and serum 
potassium levels were normal in Table 2. A routine medical 
examination was the main indicator (10/13; 76.9%) of 
clinical signs leading to the discovery of an AS.

All of the adrenal masses were unilateral. 
Ultrasonography was performed in 13 patients but showed 
no specificity. The masses showed solid or mixed echoes. 
Blood flow signals could be observed in the tumours, and 
the masses were hypoechoic, with regular morphology 
and clear boundaries. A small amount of blood flow was 
observed within or around the lesions.

In our study, CT findings were available for 13 patients. 
Table 3 summarizes the clinical and CT findings of the 13 
AS patients. Six tumours were located on the left adrenal 
gland, and the remaining seven were on the right side. 
The tumour diameters ranged from approximately 1.6 to 
12.6 cm (mean 7.1 ± 3.2 cm). All tumours were unilateral, 
heterogeneous, round or oval solitary encapsulated masses 
and thus presented with well-circumscribed margins in 
the unenhanced phase (Figs 1, 2 and 3). Intratumoural 
cystic changes were observed in six cases (46.2%, Fig. 
1), calcification was observed in one case (7.7%, Fig. 2), 
and septa were observed in three cases (23%, Fig. 3). 
Haemorrhage was not observed in any of the cases.

On the multiphase CT images, all solid areas displayed 
an early mild heterogeneous enhancement in the hepatic 
arterial phase and a delayed progressive enhancement in 
the portal venous and equilibrium phases. There were 
no malignant features, such as invasion of the adjacent 
tissues, regional lymph node involvement, or distant 
metastasis. None of the 13 patients were diagnosed 
with AS by CT imaging before their operation. The 
preoperative radiologic studies suggested that five were 
inconclusive, one was considered to be malignant ('adrenal 
carcinoma' or 'liposarcoma'), four were considered to 
be pheochromocytomas, two were considered to be 
cortical adenomas, and one was considered to be a cyst. 
A retrospective review revealed that tumour density was 
heterogeneous with low attenuation in 12 patients and 
homogeneous in 1 patient, as shown in the precontrast 
CT images. Slight, early enhancement was seen in the 
postcontrast images in all of the patients.

All of the AS patients underwent operative resection 
by open adrenalectomy (five patients) and laparoscopy 

Table 1 Patients’ demographic and clinical characteristics.

Patients n (%)

Age, median (range) 44.7 (19–62)
Gender
 Female 7 (7/13)
 Male 6 (6/13)
Clinical presentations
 Incidental 10 (10/13)
 Abdominal/back discomfort 2 (2/13)
 Dizziness 1 (1/13)
Tumor site
 Right 7 (7/13)
 Left 6 (6/13)
Mean preoperative tumor size in cm (range) 7.1 (1.6–12.6)
Mean tumor size in cm on pathology (range) 6.8 (3.0–11.7)
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(the remaining eight patients). Surgical indications 
were ≥ 1 of each of the following: tumour size ≥ 4 cm 
(n = 11), suspicious appearance on imaging (n = 5), or a 
patient’s fear of malignancy (n = 9).

The mean tumour size on pathologic examination was 
6.8 ± 3.0 cm (range 3.0–11.7 cm). The tumour was typically 
well-circumscribed as an encapsulated round (Fig. 4A) or 
lobulated mass (Fig. 4C). The cut surface often consisted 
of firm yellow-tan tissue (Fig. 4B) or contained cystic or 
solid regions (Fig. 4D). All 13 patients were diagnosed 
with AS by pathology. Microscopic examination showed 
that the tumour consisted of alternating hypercellular 
(Antoni type A tissue) and hypocellular areas (Antoni type 
B tissue) (Fig. 5A and B). Immunohistochemical staining 
showed a diffuse expression of S-100 protein (Fig. 5C) 
and positive immunoreactivity for vimentin (Fig. 5D) 
in the tumour cells. These findings are consistent with a 
diagnosis of benign AS.

There was no mortality, minor morbidity or 
complication in our patients. During a median follow-up 
of 60.8 ± 17.7 months (range 39–92 months), no patient 
had recurrence or metastasis.

Discussion

AS is a rare incidentaloma found in the adrenal medulla, 
and fewer than 100 cases have been reported to date 
(6, 10, 11, 12, 13, 14, 15, 16, 17, 18). The vast majority 
of AS patients are sporadic. The specific cause of the 
disease is unknown. Genomic analysis demonstrated 
that there were neurofibromatosis type 2(NF2) alterations 
in intracranial and spinal schwannoma, which may be 
related to chromosome 22q and NF2 mutations. The 
chromatin-modifying genes ARID1A or ARID1B, as well 
as mutations in DDR1 were found in intracranial and 
spinal schwannoma (19, 20). However, it remains to be 
investigated whether similar genetic changes also exist 
in AS patients. The ratio of female to male patients 
is approximately 1.2:1, and the mean age of onset is 
49 years (6). In this study, the ratio of female to male 
patients was approximately 1.16:1, and the mean age 
was 44.7 years, which is consistent with the literatures. 
Furthermore, the majority of cases were likely isolated; 
therefore, the true incidence of AS in patients undergoing 
adrenalectomy remains unknown. In this study, the 
incidence of AS among these patients was 2.37% (13/548) 
at our institution.

Owing to the lack of endocrine function, most cases 
of AS do not cause any corresponding clinical symptoms. Ta
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The majority of our patients had no clinical symptoms. In 
the present study, 10 out of 13 AS cases were incidental 
tumours. They were diagnosed with adrenal lesions 
while imaging for other diseases. Some patients suffer 
from abdominal pain and abdominal distention due to 
increased tumour sizes. The literature indicates that AS 
ranges in size from 0.6 to 14.5 cm, with a median of 5.5 
cm (6). The mean tumour size in our study was 6.8 cm, 
which is larger than that reported in the literature and is 
possibly related to the late presentation of the patients to 
our institution.

It is difficult to diagnose AS before surgery. Imaging 
findings have some significance for AS diagnosis. The 
literature has suggested that the following signs may 
support the diagnosis of this entity: a nonlipid-containing 
mass, a well-defined border, a unilateral mass with cystic 
or haemorrhagic degeneration, septa with delayed 
enhancement and a characteristic progressive contrast 
enhancement pattern of the solid portions (21).

The final diagnosis of AS depends on histopathology. 
The typical features are as follows: (i) in gross specimens, 
the lesion size varies, with a round or nodular contour, 
with a tan-yellow to greyish-white appearance and 
integrated capsule, the colour of cross sections is pink or 
brownish-grey and slightly transparent, with a solid and 
rough texture and a spiral structure, and focal jelly like 
necrosis is visible in some specimens; (ii) by HE staining, 
spindle cells can be found and may be complicated by 
haemorrhage, cystic, and hyaline degeneration. In light 
of the cell arrangement, pathology can be classified as 
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Figure 1
Unenhanced phase (A), hepatic arterial phase (B), portal venous phase (C) 
and coronal CT (D). CT imaging reveals a well-circumscribed mixed solid 
cystic mass (red arrow) located in the region of the right adrenal gland.
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either Antoni A or Antoni B. Antoni A-type tumours 
show spindle cells arranged in a dense (hypercellular) 
manner with ill-defined intercellular spaces, and Antoni 
B-type tumour cells are arranged in a loose (hypocellular) 
manner with large intercellular spaces and a high degree of 
myxoid degeneration and (iii) by immunohistochemistry, 
specimens are always positive for the expression of S-100, 
Leu7, laminin, and myelin basic protein. Tumour cells 
can express CD34, glial fibrillary acidic protein, and 
cytokeratins but not epithelial membrane antigen (EMA), 
desmin, or actin (16). Haemorrhage, necrosis, and cystic 
and hyaline degeneration are thought to be indicative of 

malignancy potential due to vascular insufficiency caused 
by increasing tumour size.

Most cases of AS have no endocrine function. However, 
a few studies have reported that AS may be accompanied by 
excessive secretion of corticosteroids or adrenomedullary 
hormones (9). It has been suggested that a routine 
examination of adrenal endocrine function be performed 
before surgery to determine the nature of the incidental 
adrenal tumours, to determine whether there is endocrine 
function and to select appropriate treatment methods.

Figure 2
Unenhanced phase (A), hepatic arterial phase (B), portal venous phase (C) 
and coronal CT (D). CT imaging reveals a well-circumscribed, 
heterogeneous mass with calcification (red arrow) located in the region of 
the left adrenal gland.

Figure 3
Unenhanced phase (A), hepatic arterial phase (B), portal venous phase (C) 
and coronal CT (D). CT imaging reveals a well-circumscribed, 
heterogeneous mass with septa (red arrow) located in the region of the 
left adrenal gland.

Figure 4
Gross specimen showing that the tumour is typically well circumscribed 
as an encapsulated round (A) or lobulated mass (C). The cut surface often 
consists of firm yellow-tan tissue (B) or contains areas of cyst-solid 
formation (D).

Figure 5
Microscopic examination showing that the tumour consists of compact or 
loose interlacing fascicles of bland spindle cells (A, ×100). Antoni A areas 
(#) and loose myxoid degenerative Antoni B areas (*) are noted (B, ×200). 
Immunohistochemical staining demonstrates that the tumour is positive 
for S-100 protein (C) and vimentin (D).
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The treatment of adrenal incidentaloma depends on 
its endocrine function and whether the tumour is benign 
or malignant, and it must take into account the patient's 
general condition and wishes. For nonfunctional adrenal 
incidentalomas, there is a disagreement on management. 
At present, the literature holds that when the diameter 
of the tumour is > 4 cm, the risk of malignancy increases 
and the risk of malignancy is >25% for tumours > 6 cm; 
thus, active surgical treatment is advocated. Follow-up is 
recommended for tumours < 4 cm. Surgical intervention 
is also recommended for tumours with rapid growth, 
inhomogeneity, an irregular shape, necrosis and invasion 
of adjacent structures, which may indicate malignant 
tumours (22, 23, 24).

Surgical resection is the most effective treatment for 
AS. Laparoscopic adrenalectomy is considered the gold 
standard technique for the treatment of benign small- 
and medium-sized adrenal masses (<6 cm) due to its low 
morbidity rate, short hospitalization and rapid patient 
recovery (25, 26, 27). With the development of more 
advanced laparoscopic equipment and technology, it 
has been reported that large tumours (>10 cm) have 
been successfully removed by laparoscopic surgery (28). 
Due to magnification, laparoscopic surgery requires less 
space, is much clearer and is more precise. A large tumour 
diameter is not a contraindication for laparoscopic 
surgery. Most Chinese urologists prefer retroperitoneal 
laparoscopic adrenalectomy to treat adrenal tumours 
(tumour size < 6 cm). However, as the size of the adrenal 
tumour increases, the technical difficulty increases, and 
there is an increased risk of dealing with malignant 
gland pathology. Therefore, open surgery may be 
a good choice for patients with tumour sizes > 6 cm. 
Specific operation patterns are performed according to 
the patient’s situation and the surgeon’s preference and 
technical expertise. In the present study, eight patients 
underwent retroperitoneal laparoscopic adrenalectomy 
(the tumour diameter of these eight cases was <6 cm). 
Open surgery was performed in five patients with 
tumour sizes > 6 cm.

It should be pointed out that if the preoperative tumor 
volume is large and malignancy is suspected before surgery. 
Open surgery should still be considered the standard 
surgical management of adrenal malignancy. Laparoscopic 
surgery can offer a shorter hospital stay and possibly a faster 
recovery. Therefore, this minimally invasive approach 
can certainly play an important role in this setting, but 
it should be only offered in carefully selected cases, and 
performed by skilled experts, to afford a better oncological 
outcome (29, 30). Either open surgery or laparoscopic 

surgery should be chosen to avoid damaging the tumour 
capsule to cause tumour implantation metastasis. At that 
time, open surgery should be the best choice.

All patients were discharged without complications 
postoperatively. All patients were followed-up for a mean 
of 60.8 ± 17.7 months (range 39–92 months) without 
recurrence or metastasis. AS has a good prognosis. 
Although the majority of the literatures consider this 
disease to be benign, and our findings also confirm this. 
The pathogenesis of AS need to be further investigated. 
Herein, we still recommend routine follow-up schedules 
as described above after surgery.

In conclusion, due to its rarity, AS is discovered mainly 
during routine medical check-ups. The preoperative 
diagnosis of AS remains difficult. After complete resection, 
the prognosis of AS patients is excellent.
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