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Adrenocortical tumors (ACTs) are rare in children and should be treated as malignant tu-
mors. A 12-year-old female patient was referred to our institute for acute abdomen and hy-
povolemic shock. She had symptoms of virilization, including lowered voice, beard growth,
and hirsutism. An elevated level of dehydroepiandrosterone sulfate was observed, and com-
puted tomography scan showed a large left adrenal mass with massive hemorrhage. Emer-
gency transcatheter arterial embolization was successfully performed using N-buthyl-2-
cyanoacrylate as an embolic material. She underwent surgical resection on the following
day. Histopathological analysis showed strong degeneration of the tumor and its necrosis,
and the tumor was diagnosed as ACT of unknown grade. To our knowledge, this is the first
case of a ruptured ACT treated with transcatheter arterial embolization in a pediatric pa-
tient.
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

[1]. It should be treated as a malignant neoplasm, although
histopathologically, it is difficult to classify it as a carcinoma
or adenoma. Rupture is a rare complication of ACTs. Accord-

Pediatric adrenocortical tumor (ACT) is extremely rare and  ing to a literature review by Polistina et al,, all 16 patients
has an incidence of 0.1-0.4 cases per million individuals  with ruptured adrenocortical carcinomas underwent surgery,
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and three of them were pediatric patients [2]. In this case
report, we present the case of a 12-year-old female patient
with virilization, who presented with acute abdomen and
hemorrhagic shock due to a ruptured ACT. She underwent
emergency transcatheter arterial embolization (TAE) to stabi-
lize her general condition before undergoing elective surgery.
To our knowledge, this is the first pediatric case of a rup-
tured ACT treated with TAE, which has only been reported
so far in 2 adult patients with adrenocortical carcinoma and
adenoma [3,4].

Case description

A 12-year-old girl with abdominal pain, vomiting, and hy-
povolemic shock was referred to our hospital in an emer-
gency. She was 161.0 cm tall (+1.3 standard deviation [SD])
and weighed 49.6 kg (+0.4 SD). On admission, her level of con-
sciousness was assessed and she was able to open her eyes to
a stimulus; her body temperature was 35.9°C, heart rate was
184 beats per minute (bpm), blood pressure could not be mea-
sured, respiratory rate was 44 per minute, and blood oxygen
saturation was 98% on 2 L of oxygen. Following rapid infu-
sion of 500 mL extracellular fluid, her heart rate decreased to
130 bpm and blood pressure measured 83/48 Torr. Contrast-
enhanced computed tomography (CT) of the abdomen (CTD],
10.902 mGy) showed a left retroperitoneal tumor measuring 13
cm in diameter with massive hemorrhage between the spleen
and left kidney (Fig. 1). The patient had shown signs of viril-
ization over the past several years, including lowered voice,
beard growth, and hirsutism. Laboratory results showed ele-
vated levels of dehydroepiandrosterone sulfate (DHEA-S) (398
png/dL; normal <68), although, the level of testosterone was
within normal limits.

The clinical diagnosis was hemorrhagic shock due to the
spontaneous rupture of the left ACT, and emergency TAE was
performed in order to restore hemodynamic stability. In the
first session, we embolized the left superior adrenal artery us-
ing gelatin sponge slurry (Fig. 2). The middle adrenal artery
was so thin that the gelatin sponge slurry did not flow into the
vessel and the inferior adrenal artery could not be catheter-
ized, even though a 1.7-F microcatheter was used. The hemo-
dynamic state improved but only temporarily as the patient
returned to the pre-shock vitals on the same day. During
the second procedure, we selected the recanalized left supe-
rior adrenal artery as well as the middle (Fig. 3) and inferior
adrenal arteries using a double coaxial microcatheter system
consisting of an outer 2.6-F high-flow microcatheter and an
inner 1.6-F thin microcatheter (Fig. 4). These arteries were em-
bolized with 17% N-butyl-2-cyanoacrylate (NBCA) diluted with
iodized oil. Her general condition improved enough to allow
tumor resection on the next day. The histopathologic diagno-
sis was ACT of unknown grade due to strong tumor degener-
ation and necrosis. Almost no mitoses were observed micro-
scopically (<1 per 10 high-power fields). The patient has been
doing well for 1.5 years with no evidence of hormonal abnor-
mality or tumor recurrence. The condition of virilization is im-
proving gradually.

Fig. 1 - Coronal contrast-enhanced CT image shows a large
left suprarenal retroperitoneal mass with massive
hemorrhage measuring 13 cm in diameter (arrows).

Fig. 2 - Left inferior phrenic arteriogram shows the left
superior adrenal artery supplying the tumor (arrow).

Discussion

In adults, adrenal tumors are common and are even found
incidentally on medical imaging examinations, as so-called
“adrenal incidentaloma.” Approximately half of such adrenal
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Fig. 3 - Left middle adrenal arteriogram shows the tumor
stain.

Fig. 4 - Fluoroscopy image during TAE of the left inferior
adrenal artery using NBCA diluted with iodized oil shows
the radiopaque casts of the embolisant in the left superior,
middle, and inferior adrenal arteries and a 1.6-F inner
microcatheter (arrowhead) coaxially advanced through a
2.6-F high-flow microcatheter (arrow).

tumors in adults are non-functioning adrenocortical adeno-
mas, and adrenocortical carcinomas are diagnosed in only
1.4% of adrenal tumors in adults [5]. Weiss criteria are usu-
ally used for diagnosing adrenocortical carcinoma. In pedi-
atric patients, however, the Weiss criteria show a discrepancy

with clinical outcomes; thus, it is difficult to classify pedi-
atric ACTs histopathologically into carcinomas and adeno-
mas. Nevertheless, pediatric ACT should be treated as a ma-
lignant tumor, especially in patients aged 4 years or more [6].
Recently, Wieneke-index criteria have shown excellent consis-
tency with the clinical outcome of ACT [6]. In comparison with
the Weiss criteria, the Wieneke-index criteria focused more on
macroscopic findings such as tumor weight and size. However,
it was difficult to evaluate our case even with the Wieneke-
index criteria because the tumor size and weight could be
overestimated due to the massive intratumoral hemorrhage
and the rupture and embolization could affect the histopatho-
logical evaluation, including necrosis, vascular, and capsular
invasion.

There have been three previously reported pediatric cases
of ruptured adrenocortical carcinomas treated with emer-
gency adrenalectomy [2]. Of these, a 12-year-old female pa-
tient died 30 months after surgery; thus, we are closely follow-
ing up our patient, and fortunately, no recurrent disease has
been observed for 1.5 years. Interestingly, the previous three
pediatric patients had non-functioning tumors, although vir-
ilization is the most common presentation of pediatric ACTs
[1]. The lack of such clinical manifestations might delay the di-
agnosis of ACTs in these cases. Our patient had obvious symp-
toms of virilization, including lowered voice, beard growth,
and hirsutism, which helped in the diagnosis. A previous re-
port described other symptoms of virilization, including acne,
increased muscle mass, and secretion and proliferation of se-
baceous glands with characteristic adult odor [7]. According
to the report, the elevation of urinary 17-keratosteroids and
plasma DHEA-S in hormonal examination had high sensitiv-
ity in diagnosing pediatric ACTs. The latter was also observed
in our case.

To our knowledge, only two adult patients treated with TAE
for ruptured ACTs have been reported so far. A 47-year-old
female patient with a ruptured non-functioning left adreno-
cortical carcinoma measuring 13.5 cm in diameter underwent
embolization of the left middle adrenal artery followed by
elective left adrenalectomy 2 months later. She underwent ad-
juvant chemotherapy and no recurrence was observed for 6
months [3]. In another case, a 71-year-old male patient with
end-stage renal failure on dialysis underwent TAE for bleeding
from a non-functioning right adrenocortical adenoma mea-
suring 5.8 cm in diameter after a fall at home [4]. In both
cases, there were no descriptions of embolic agents. In the
present case, the initial TAE with gelatin sponge failed to sta-
bilize the hemodynamic state of the patient; therefore, NBCA
diluted with iodized oil was used in the second session be-
cause of its immediate and rigid embolic effect. Migration
of the embolisant to proximal vessels and catheter adhe-
sion to the vessel wall are considerable serious complications;
however, these can be avoided by combining the use of the
double coaxial microcatheter technique [8]. This technique
is useful to catheterize thin arteries, especially in pediatric
patients.

In conclusion, we experienced the first pediatric case of a
ruptured ACT treated with TAE. Emergency TAE was an effec-
tive treatment to stabilize the hemodynamic state of the pa-
tient and enabled the subsequent elective surgery. NBCA with
iodized oil showed better embolic effect than gelatine sponge
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and could be safely administered using the double coaxial mi-
crocatheter technique.

Patient Consent Statement

The parents of the patient gave written informed consent for
publication of this case report.
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