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Abstract

BACKGROUND

Ganglioneuroblastoma (GNB) is a peripheral neuroblastoma (NB) with malignant
degree between highly malignant NB and benign ganglioma (GN). Pathology is the
gold standard of diagnosis. Although GNB is not uncommon in children, biopsy alone
may lead to an inaccurate diagnosis, especially for giant tumors. However, surgical
resection may be associated with significant complications. Here, we report a case of
computer-assisted surgical resection of a giant GNB in a child and successful rescue of

the inferior mesenteric artery.

CASE SUMMARY

A 4-year-old girl was admitted to our department for a giant retroperitoneal lesion,
which was considered to be an NB by her local hospital. The symptoms of the girl
disappeared spontaneously without treatment. On physical examination, a mass of
about 10 cm x 7 cm could be palpated in her abdomen. Ultrasonography and contrast-
enhanced computed tomography performed in our hospital also showed an NB, and
there was a very thick blood vessel inside the tumor. However, aspiration biopsy
revealed GN. Surgical resection is the best treatment option for this giant benign tumor.
For precise preoperative evaluation, three-dimensional reconstruction was performed.
It was clear that the tumor was close to the abdominal aorta. The superior mesenteric
vein was pushed forward, and the inferior mesenteric artery passed through the tumor.
Because GN generally does not invade blood vessels, we split the tumor with a CUSA
knife during the operation and found that there was indeed a straight and intact
vascular sheath. Arterial pulsation was observed in the completely exposed inferior
mesenteric artery. The pathologists interpreting the tissue finally diagnosed it as a
mixed GNB (GNBi), which is more malignant than GN. However, both GN and GNBi

usually have a good prognosis.

CONCLUSION
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This was a case of successful surgical resection of a giant GNB, and aspiration biopsy
underestimated the pathological staging of the tumor. Preoperative three-dimensional
reconstruction assisted with the radical resection of the tumor and rescue of the inferior

mesenteric artery.
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Core Tip: The diagnosis and treatment of ganglioneuroblastoma is complex. Sampling
errors associated with aspiration biopsy may lead to inaccurate diagnosis, while
difficult surgical resection leads to many postoperative complications. Three-
dimensional reconstruction and other technologies may contribute to the safety of
surgery. Here, we introduce a child who underwent computer-assisted accurately
guided surgical excision of a giant ganglioneuroblastoma, and her inferior mesenteric

artery was rescued.

INTRODUCTION

Ganglioneuroblastoma (GNB) derives from primitive neural crest cells of the
neuroectoderm!!2], and its biological behavior and degree of differentiation are between
highly malignant neuroblastoma (NB) and benign ganglioneuroma (GN). These three
types are difficult to distinguish and can be transformed into each other, which often
leads to difficulties in clinical diagnosis and disease progression. GNB can be divided
into nodular (GNBn) and mixed (GNBi) based on histological features(34. GN/GNBi

commonly has a good prognosis due to good differentiation’l. However, it is seldom
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found because it is nonfunctional and without significant clinical symptoms in the early
stages. When a tumor is found, it often compresses and even encases blood vessels due
to its large volume. In addition, it is insensitive to chemotherapy and easily recurs. The
above characteristics increase the difficulty of radical surgical resection and
treatment(®7l. Computer-assisted system (CAS) three-dimensional (3D) image
reconstruction can be used to accurately evaluate and preoperatively plan the treatment
to optimize surgical modalities by clearly displaying the spatial anatomical relationship
between the tumor and surrounding vessels and organs in different colors. This may be
beneficial to improve the prognosis of these children89l. Here, we report a child who
underwent computer-assisted accurately guided surgical excision of a giant GNB, and

her inferior mesenteric artery was rescued.

CASE PRESENTATION

Chief complaints
A 4-year-old girl visited her local hospital due to abdominal pain and vomiting for one
day. Then, she was admitted to our department for a giant retroperitoneal lesion, which

was considered an NB.

History of present illness

The girl’'s abdominal computed tomography (CT) scan showed a giant retroperitoneal
lesion, which was considered an NB. For further diagnosis and treatment, she visited
our department. Her symptoms such as abdominal pain and vomiting had disappeared

spontaneously without treatment after admission.

History of past illness

Previously, she did not have a specific past medical history.

Personal and family history
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The girl did not have any significant family history. Both her father and mother were
healthy.

Physical examination

On physical examination, a mass was found on palpation of abdomen, mainly in the left
upper and left lower quadrants, extending to the right lower quadrant, of about 10 cm x
7 cm in size. It was firm mass without tenderness, and had an unclear boundary and

limited mobility.

Laboratory examinations
Tumor markers revealed a neuron-specific enolase level of 4245 ng/mL. All other
blood test findings, including other tumor markers, coagulation, liver and renal

function tests, were within normal values.

Imaging examinations

Ultrasonography showed a giant hypoechoic mass in the left retroperitoneal space, and
the mass had a patchy strong echogenicity and no obvious cystic area. The lesion size
was 12.4 cm x 10.5 cm X 6.3 cm with irregular morphology, and the mass crossed the
midline. A tumor blood supply vessel with a diameter of 0.3 cm branched from the
abdominal aorta (Figure 1). Contrast-enhanced CT showed that the huge lesion
appeared well defined and was 123 mm x 85 mm in maximum cross-section, while the
inferior mesenteric artery was fully encased 360°. Mixed density and patchy
calcification were seen within the mass, the solid component was significantly
enhanced, and adjacent structures were pushed out. The radiologists considered it to be

a tumor (NB?) (Figure 2).

Further diagnostic work-up
To clarify the diagnosis and decide the next treatment, ultrasound-guided abdominal

mass aspiration biopsy was performed. Pathology revealed a retroperitoneal neoplastic
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lesion, and some cells were spindle-shaped and considered Schwann stroma. As a
whole, the tumor was differentiated, while some of the cells were suspected to have
undergone ganglion cell differentiation. Some areas appeared to be immature, but no
definite NB nesting mass was observed. Immunohistochemical results showed
calretinin (+-), Syn (+-), NF (+-), and SOX10 (+-). Therefore, the pathologists first
considered it to be a GN (Figure 3).

FINAL DIAGNOSIS

Macroscopically, the two postoperative masses were grayish-white and nodule-like,
they were approximately 15 cm x 8 cm and 10 cm % 2 cm in size; and they had soft cut
surfaces and fibrous capsules. Microscopically, the tumor was mainly composed of
nerve fibers and ganglion cells. However, there were a few scattered small round cells
with deeply stained nuclei, and these were considered neuroblasts (less than 10% of the
tumor). Immunohistochemistry showed NSE (+), S100 (+), Ki-67 (+, 2%), calretinin
(nodal cells +), and NeuN (-). Therefore, the pathologists finally diagnosed it as a GNBi.
In addition, metastasis was not observed in the abdominal aortic lymph nodes (Figure

4).

TREATMENT

Surgical resection is the best option for this type of benign tumor. Then, for precise
preoperative evaluation, 3D reconstruction was performed using CAS. The
reconstructed image clearly showed that the tumor was located in the retroperitoneum,
and the mass had a volume of 676.7 mL. The mass was extremely close to the
abdominal aorta. The superior mesenteric vein was pushed forward, and the inferior
mesenteric artery passed through the tumor (Figure 5). In fact, GN mostly grows along
the space around the organs and encases blood vessels but does not invade. Also, it
generally does not cause occlusion or stenosis of blood vessels. Therefore, we evaluate

that surgical treatment would be feasible in this case.
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After sufficient preoperative preparation, radical surgical resection was performed
(Figure 6). The intraoperative situation was completely consistent with the preoperative
CAS evaluation. The giant tumor was located in the retroperitoneum and was
completely surrounded by a fibrous capsule. We carefully separated tissues and
protected the intestinal canal and mesentery around the tumor, especially the superior
mesenteric vein on the surface of the tumor. The vessels supplying the tumor were
ligated. Then, the tumor was exposed clearly and was seen to be close to the abdominal
aorta, and the inferior mesenteric artery was penetrating the tumor. During the
operation, we tried to block the distal inferior mesenteric artery but found that the color
of the distal sigmoid colon and rectum became darker. Therefore, we split the tumor
with a CUSA knife from the junction of the posterior of the tumor and the abdominal
aorta and carefully peeled out the complete inferior mesenteric artery. The tumor
section was yellowish-white with a straight vascular sheath. Arterial pulsation was
observed in the completely exposed inferior mesenteric artery, and the intestinal canal
was ruddy. This operation took 3.5 h, and the bleeding volume was approximately 20

mL.

OUTCOME AND FOLLOW-UP

The child recovered well after surgery without complications such as bleeding and
intestinal obstruction. Postoperative positron emission tomography-CT did not show
any abnormal increase in metabolism. No tumor cells were found on bone marrow
biopsy pathology. We comprehensively considered that she was very low risk, and she
did not receive any radiotherapy or chemotherapy. After more than one year of follow-

up, no tumor recurrence or metastasis was found in the imaging examinations.

DISCUSSION
GN/GNBi accounts for approximately 25% of focal NTs. Compared with immature
NTs (NB/GNBn), GN/GNBi often has better clinical and biological behaviorl610l.

However, GN/GNBi is generally insensitive to chemotherapy, and surgical resection of
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suspected GN or GNB can be performed to avoid sampling errors associated with
aspiration biopsy. Existing tumor compression symptoms can be relieved by surgery,
and surgery can also reduce the possibility of malignant transformation!'-'2l. Due to the
large volume of the tumor and its impact on important blood vessels, the operation is
difficult and highly risky, can lead to numerous surgical complications and affect the
short-term and long-term quality of life of children. Therefore, in recent years, some
scholars have advocated cytoreductive surgery or follow-up observation for
GN/GNBIil3". However, on the premise of minimizing surgical complications,
complete radical surgical resection is still the best choice for a definite diagnosis and
cure of the diseasel67:.10.1415] In this case, the surgery was precisely guided by CAS,
resulting in complete resection of the tumor and skeletonization of the vessels without
postoperative complications, which may indicate a better clinical prognosis.

Giant GN/GNBi tumors derived from the retroperitoneum often have mesenteric
roots at the base of the tumor body. The involvement of either the abdominal aorta,
inferior vena cava, or mesenteric arteries or all of them is usually the main factor that
affects the complete resection of tumors. At present, traditional ultrasound and two-
dimensional CT images can only be displayed along a specific interface and cannot
display the anatomical relationship as a whole, especially the origin and shape of
curved vesselsl'®l. CAS is a 3D reconstruction based on CT data that can be used for
precise preoperative evaluation and surgical planning by reconstructing organs and
tumors and tracking arteries. It can display the adjacent relationship between the tumor
and surrounding vascular organs in a 3D, dynamic and overall way['7l. The CAS of this
patient clearly showed that the giant retroperitoneal tumor completely encased the
inferior mesenteric artery with a clear vessel shape and normal tube wall shape. The
tumor also pushed up the superior mesenteric vein and was close to the abdominal
aorta. Therefore, the key point of this surgery is to preserve the inferior mesenteric
artery and protect the abdominal aorta and the superior mesenteric vein. Thus, it
reduces recurrence and prevents complications such as bleeding, intestinal obstruction,

and intestinal necrosis/!8l.
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CONCLUSION

Radical surgical resection is the best choice for the diagnosis and cure of GN/GNBi.
CAS can be used to accurately evaluate and plan surgery from the overall perspective,
and this planning has great significance to determine the origin and shape of curved

blood vessels.
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