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Introduction

Neuroblastoma (NBL) is the most common extracranial 
solid malignancy in children. Neuroblastoma originates 
from the sympatico-adrenal lineage of the neural crest and 
can grows anywhere along the sympathetic nervous system 
chain (1). The incidence is more than 7% in childhood 
each year and the median age of diagnosis is 15 months (2).  
The tumor develops in the abdomen, in particular localized 
in the adrenal glands (49%). Other sites of primary lesions 
include: neck (1%), chest (19%), abdomen (30%, non-
adrenal), or pelvis (1%) (3). Hepatic, lymphatic, bone 

marrow and bone cortical infiltration metastasis disease 
are present at diagnosis in 50% of patients (1). The 
etiology of Neuroblastoma is unknown. The main cases are 
sporadic, others are described in literature in association 
with Neurofibromatosis type I, Beckwith-Weidemann 
syndrome, Hirschsprung’s disease and DiGeorge syndrome 
and almost 1% are familiar, presenting an autosomal 
dominant (AD) pattern with incomplete penetrance. Recent 
studies considered the association between consumption of 
substances including tobacco, alcohol or marijuana during 
pregnancy and risk of neuroblastoma (4).

Patient age, tumor stage, amplification of MYCN (20%) 
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and ALK oncogene and DNA ploidy, specific chromosomal 
alterations include gain of 17q and deletion of 11q and 1p36 
and grade of tumor differentiation are involved in tumor 
prognosis (1,3,5-7). There are some typical microscope 
characteristics of Neuroblastoma (small, round, blue cells 
clustered in rosettes) in common with other frequent 
tumors in childhood like Ewing’s sarcoma, primitive 
neuroectodermal tumors (PNETs), leukemia, lymphoma 
and rhabdomyosarcoma (1,8). 

Symptoms are variable and depend on site of primary 
tumors. Usually, in symptomatic patients with localized 
tumors, an incidentally abdominal mass or abdominal 
distension is the typical evidence, sometimes associated 
with abdominal pain. Other symptoms include Horner’s 
syndrome (thoracic localization), hypertension (as a 
result of the compression of renal vessels) and neurologic 
deficits. However, patients with localized disease are often 
asymptomatic. Also paraneoplastic syndromes may be 
present in localized disease, the most common syndromes 
are opsomyoclonus (consists in rapid eye movements, ataxia, 
and irregular muscle movements) and Kerner-Morrison 
syndrome (consists in hypersecretion of vasoactive 
intestinal peptide (VIP) resulting in watery diarrhea) 
(1,2,9). Sometime the diagnosis is secondary to systematic 
symptoms like fever or weight loss; in patients with flushing, 
tachycardia or hypertension it is important to dose urinary 
catecholamine (10). 

Neuroblastoma has highly variable biologic behavior: 
in fact tumors may spontaneously regress, differentiate 
into benign ganglioneuromas or follow an unrelenting 
progressive course. High-risk features, including large, 
unresectable tumors and widely metastatic disease, are 
present in up to 50% of patients. Long-term survival of 
these patients is about 40% (1,8).

Imaging

The diagnosis of neuroblastoma is suggested on imaging 
pattern and age of the patient, and the most challenge is 
to differentiate neuroblastoma, retroperitoneal extrarenal 
tumor, from Wilms tumor, which is retroperitoneal renal 
tumor, also found in the same age range.

The imaging characterist ics  of  neuroblastoma, 
ganglioneuroblastoma, and ganglioneuroma are similar, and 
for this reason the histologic type cannot be discriminated 
with imaging but is an exclusively anatomopathological 
diagnosis (3).

The diagnostic approach in childhood is based on 

ultrasound (US), particularly for abdominal mass.
US allows the detection of the primary lesion, it can 

also identify the relationship with neighboring structures 
(organs/vessels) and describe some characteristics because 
it is well tolerated in children, easy to find, low cost 
and doesn’t use radiation (11). The first evidence is a 
heterogeneous vascularized solid mass, which is associated 
with frequent presence of contextual calcifications or, more 
rarely, of the cystic component (11,12) (Figure 1A). 

In addition to this, it is useful to perform a color Doppler 
examination, to discriminate between vascular compression 
and vascular invasion. There’s also an increase in diagnoses 
of fetal or congenital neuroblastoma due to a large diffusion 
of this modality in neonatal screening. This variable entity 
must be differentiated from fetal adrenal hemorrhage: the 
latter appears as a maturing mass during follow-up US and 
doesn’t show any sign on Doppler US (11).

There’s also an increase in the diagnoses of fetal or 
congenital neuroblastoma due to a large diffusion of this 
modality in neonatal screening. This variable entity must 
be differentiated from fetal adrenal hemorrhage: the latter 
appears as a maturing mass during follow-up US and 
doesn’t show sign on Doppler US (12). 

Inter-observer reproducibility and acoustic shadowing 
caused by calcifications limit the use of ultrasound 
examination.

X-ray, performed for other reasons, may incidentally 
show the presence of a mass that compresses adjacent 
structures and presents contextual calcifications. It can 
also demonstrate lytic lesions or metaphyseal lucencies in 
metastatic disease, but it has low sensibility and specificity (2). 

To define the disease correctly and for treatment 
planning multiplanar imaging modalities are necessary at 
the time of diagnosis, and for this scope magnetic resonance 
(MR) or computed tomography (CT) can be used. 

In accordance with literature, for the assessment of the 
local disease there’s no agreement about the use of CT or 
MR.

CT is generally performed for planning surgical 
treatment, especially for the most confident of surgeons 
with this imaging modality.

On CT, neuroblastoma often appears as a heterogeneous 
mass, with indistinct margins, calcifications which are 
present in 80–90% (13), areas of necrosis, hemorrhage and 
contrast enhancement. The lesion can also cross the midline 
and involve other anatomic compartments, and generally 
encase and displace structures rather than invade them (1).

The use of multiplanar reconstructions and maximum 
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intensity projection (MIP) allows vascular evaluation for 
staging tumor, for a best definition of the primary lesion 
and for the treatment (Figure 1B).

CT is performed using single spiral acquisition, generally 
at 40–60 s after contrast media administration, to reduce 
the radiation dose.

It’s great availability, high-quality lesion detection and 
the ability to perform scan without patient sedation are the 
strengths of this modality (14). It places limitations on the 
radiant dose in more susceptible basic patients (15,16) and 
the use of contrast media, used to improve tumor detection 
and its relation with neighboring structures, as vessels.

Nowadays the dual-source CT allow the evaluation 
of both contrast enhancement and calcification with one 
acquisition, thanks to software reconstruction, which results 
in reduction of both radiant dose and contrast media (17). 
With the new CT scan the acquisition time is very fast, 
reduces movement artifacts, so sedation is not required (1,3).

CT is also is required to plan the radiation field and the 
dose for radiation therapy (18), but nowadays there’s an 
increased use of the MR to detect the target lesion (19).

After chemotherapic treatment, CT better evaluates than 
MR solid portion of the mass and calcification, increased 
because related to necrosis, that it important before surgical 

Figure 1 Typical findings in adrenal neuroblastoma. (A) Ultrasound shows heterogeneous solid mass which cystic component; (B) computed 
tomography after contrast medium administration shows large heterogeneous lesion with calcifications arising in right adrenal gland; (C) 
magnetic resonance T2W fat sat sequence shows hyperintense retroperitoneal lesion involving aorta and goes beyond the median line; (D) 
evidence of multiple liver metastatic lesions (Stage MS) on computed tomography (I) and ultrasound (II) studies. 

A B

C D I

II
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approach.
MR, when available, is the mainstay modality for the 

evaluation of primary tumor in all different compartments.
The mass appears heterogeneously hypointense in T1 

and hyperintense in T2, sometimes with cystic aspects 
and contextual hemorrhagic areas (Figure 1C). Contrast 
enhancement is variable, and diffusion on diffusion-weight 
imaging (DWI) may be restricted in more malignant 
forms for the high cellularity (20). One advantage, when 
compared to CT, is the possibility to evaluate vessels, and 
thus the local-regional tumor extent, without the use of 
contrast media, also considering the recent limitations 
on gadolinium-based contrast agents due to their 
accumulation (21). Some authors believe that the use 
of diffusion weight pulse sequences, in addition to best 
definition of soft tissues, allow best evaluation of staging 
and IDRFs with MR (22). 

Limits are represented by the low availability, poor 
assessment of calcifications and the sedation of the patient 
to prevent movement artifacts.

MR is more sensitive than CT to identify bone marrow 
involvement, invasion of the spinal cord and for liver 
metastasis, especially in the diffusely infiltrative forms (1).

Whole-body MR is now a modality to evaluate metastatic 
disease to bone marrow, using combinations of T1 weighted 
sequences after and before contrast injection, but its role is 
still unclear (23,24). With Whole-body MR signal intensity 
abnormalities have low specificity when compared to I-123 
metaiodobenzylguanidine (I-123 MIBG), and there isn’t a 
standardization or score for the evaluation of the disease. 
Whole- body MR is not accurate to detect extraskeletal sites 
of metastatic disease.

Nuclear medicine is useful in detection of occult disease 
and for bone marrow (70%) and bone (55%) metastasis, 
that are the most frequently involved sites in metastatic 
disease and confirmed by bone marrow bilateral aspirate 
and biopsy.

I-123 MIBG can detect MIBG-avid disease (which 
expresses norepinephrine transporter) with a high 
sensitivity (90%) and specificity (nearly 100%) (25). Limits 
are represented by low spatial resolution, particularly of 
planar imaging, and by the fact that some tumors don’t 
have a norepinephrine transporter (a small percentage of 
neuroblastoma). Complementary investigations, useful for 
staging, are the bone scintigraphy, for the evaluation of 
bone metastases, and PET-CT.

Technetium Tc-99m medronate bone scintigraphy isn’t 
used routinely, but it’s only performed when the tumor is 

not MIBG avid or MIBG positivity cannot be confirmed (26). 
One of the most important limit of the Tc-99m scintigraphy 
is the physiological uptake of the growing metaphysis in 
children, which can be wrongly interpreted as metastasis (27). 

The role of 18-F fluorodeoxyglucose positron emission 
tomography (18-F FDG PET) is still unclear (28). It can 
be helpful in detecting small lesions and in tumors that are 
MIBG-negative (10%), and can play a role for initial disease 
staging at diagnosis, to monitor response during treatment 
and for follow-up. It must be considered that 18-F FDG 
PET has low specificity, due to uptake also in inflammatory 
conditions. For this reason it must be used in selected 
cases, as when there is a discrepancy between MIBG and  
CT/MR (29). 

Staging

The staging system for prognostic purpose was one of the 
first points of disagreement, which led to the International 
Neuroblastoma Staging System (INSS) of 1986, revised 
in 1989, which relies on surgical staging (30). This staging 
system describes the characteristics of the primary lesion, 
the loco-regional lymph node involvement and invasion 
of the neighboring organs, and the presence of metastasis. 
INSS was made on imaging before and after surgery: the 
main problem was the lack of accordance between surgical 
and imaging staging (31). 

Furthermore, INSS doesn’t evaluate that some tumors 
are not operated because in the case of localized disease 
spontaneous regression can occur.

There’s also a difficulty to evaluate uniformly lymph 
node interested by the disease.

The limit of this classification was the different surgical 
resection, also done at interval times from diagnosis. To 
overcome this difficulty a new staging system was made 
based on preoperative imaging by the International 
Neuroblastoma Risk Group (INRG) in 2009 (32). This new 
staging system uses 20 Image-Defined Risk Factors (IDRFs) 
across multiple organ systems, and must be considered in 
parallel to the INSS staging system. The aim of this IDRFs 
is to predict surgical outcomes and, in addition with clinical 
data, to provide risk stratification. The INRG Staging 
System (INRGSS) relies on Imaging-Defined Risk Factors 
(IDRFs) that are determined before surgery or other 
therapy (33). 

With the application of the INRGSS the radiologist’s 
role in staging children with neuroblastoma increased. 

According to this classification, localized disease is 
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classified as L1 or L2, while metastatic disease as stage M or 
MS. 

Stage L1 is used for a tumor that doesn’t involve vital 
structures, according with IDRFs, and limited to one body 
compartment.

Stage L2 indicates lesion with at least one IDRF; the 
lesion can involve two compartments, but must be ipsilateral 
(for example a disease extended in the abdomen and chest 
on the left side).

Stage M is for metastatic disease (not contiguous with 
the primary lesion), and it includes also the involvement 
of nonregional lymph node. If there’s an involvement of 
mediastinal lymph nodes in a case of tumor localized in 
the upper abdomen, or involvement of the inguinal lymph 
nodes in pelvic mass, it is not considered metastatic disease 
but locoregional.

Ascites and pleural effusion, even with malignant cells, 
are not considered metastatic disease unless they are distant 
from the body compartment of the primary tumor. 

Stage MS refers to metastatic disease to skin, liver and/ 
or bone marrow in children younger than 18 months  
(Figure 1D). Bone marrow involvement should be limited to 
less than 10% of all nucleated cells in the culture smears or 
biopsy samples. I123-MIBG scintigraphy findings must be 
negative in bone and bone marrow (3).

Imaging characteristics of IDRFs

The use of INRGSS requires a deep knowledge of the 
terms used to describe the IDRFs correctly.

It’s very important that every radiologist uses the 
same language, to allow better communication between 

radiologists themselves and with the surgeons.
IDRFs are also useful for the follow up, both for 

patients who are observed only or treated with primary 
chemotherapy, to document tumor regression or as a 
preoperative assessment. When imaging is repeated in 
follow-up protocol, reporting should include reassessment 
of the patient’s IDRF status.

IDRFs used for the evaluation of neuroblastoma that 
involves the adrenal gland are (3):
 Contact: there’s no visible layer between tumor and 

normal tissue and/or there is involvement of less 
than 50 % of the vessel’s circumference (Figure 2). 
The contact with the renal artery, vein or renal pelvis 
is considered an invasion of the kidney (Figure 3);

 Encasement: there isn’t a visible layer of normal 
tissue between tumor and neighboring vessel. 
There’s an involvement of more than 50% of the 
circumference of the artery, whereas the veins appear 
flattened, without visible lumen (Figure 4);

 Infiltration: malignant tissue grows into organ with 
loss/ill-defined margins (Figure 5);

 Invasion: there’s a contact or encasement of the renal 
vessels (Figure 6).

Separation (when there’s a visible layer of normal tissue 
between tumor and other structures) and flattened (when 
the tumor compresses veins, which maintain a partially 
visible lumen) they are not considered IDRFs, but they have 
to be known for correctly reporting.

The leading point is establish relationship between local 
disease and main abdominal vessels prior to performing 
surgery, and the challenge for the radiologist is to do an 
accurate and complete report. IDRFs are positive when 

Figure 2 CT after contrast medium administration. Contact: there’s involvement of less than 50% of the vessel’s circumference of aorta, 
splenic artery and celiac axis. CT, computed tomography.
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there is:
 infiltration of porta hepatis and/or hepatoduodenal 

ligament;
 encasing of branches of superior mesenteric artery at 

mesenteric root;
 encasing of the origin of the celiac axis and/or of the 

superior mesenteric arteries;
 invasion of one or both renal pedicles;
 encasing of the aorta and/or vena cava (Figure 7);
 encasing of the iliac vessels. 
An encasement of the inferior mesenteric artery is not 

considered as an IDRF, because if damaged during surgery, 
it doesn’t lead to complications.

Another IDRF is the infiltration of adjacent organs and 
structures, such as pericardium, diaphragm, kidney, liver or 
duodeno-pancreatic block.

A tumor extension through neural foramina and occupies 
more than one third of the spinal canal in the axial plane 
above the level of vertebral body of L2, with disappearance 
of the perimedullary leptomeningeal spaces or with 
abnormal spinal cord signal intensity is considered an 
IDRF. When the mass develops in the spinal cord below the 

Figure 4 CT and MR. Encasement: there isn’t a visible layer of normal tissue between tumor and celiac trunk and portal vein. There’s an 
involvement of more than 50% of the circumference of the celiac artery. CT, computed tomography; MR, magnetic resonance.

Figure 3 CT after contrast medium administration. Contact with the renal artery, vein and renal pelvis. CT, computed tomography.
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Figure 5 CT after contrast medium administration. Infiltration of vena cava: malignant tissue grows into vena cava with loss defined 
margins. CT, computed tomography.

Figure 6 CT after contrast medium administration. Invasion with encasement of the renal vessels. CT, computed tomography.
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Figure 7 MR and CT: encasement of the celiac axis, superior mesenteric arteries, aorta, and renal pedicles. MR, magnetic resonance; CT, 
computed tomography.

vertebral body of L2, it is not an IDRF.
The majority of neuroblastoma develop in one anatomic 

compartment, but they can extend into an adjacent 
compartment: in the latter case must be considered an 
IDRF (abdomen-chest; abdomen-pelvis). There’s the 
possibility of a multifocal primary neuroblastoma, often 
familial, which can be metachronous or synchronous: in 
this case, each neoplasm should be staged according to the 
greatest extent of disease, but for itself is not considered an 
IDRF.

Differential diagnoses

The main differential diagnoses is with Nephroblastoma/
Wilms’ tumor.

Wilms’ tumor rarely presents calcification (<10%), often 
with a curvilinear pattern.

Nephroblastoma occasionally involves para-aortic lymph 
nodes, but often invades the inferior vena cava. Metastases 
are common to lungs.

Conclusions

In conclusion,  INRGSS is  the gold standard for 
preoperative staging of neuroblastoma, because it allows 
reproducibility, essential to compare results in clinical trials, 
and improves communication with surgeons and other 
clinicians.

Imaging role is decisive both in diagnosis, staging and 
for treatment planning, because it delineates IDRFs: this 
definitively changes the approach to this pathology.

CT and/or MR are both used to characterize primary 
tumor, metastatic disease and evaluate IDRFs in INRGSS, 
but MR is the choice modality in follow-up for reducing 

radiant dose exposition.
MIBG scintigraphy is an important tool to define the 

metastatic disease, but the role of MR is increasing. 
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