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Background: Neuroblastoma is one of the most common solid 

malignant neoplasms in childhood. Accounts for 15% of cancer deaths, 

mostly in the first two years. It has an  infiltrative growth pattern , with 

early metastatic disease. Diagnosis of the tumor is important prior to 

treatment .   

Aim of The Study: To evaluate the accuracy of  MDCT in diagnosis 

and radiological characterization of neuroblastoma and to assess its 

extent , common and uncommon  locations.   

Material and Methods: Retrospective  study was carried out in 

radiology department at Karbala teaching hospital for pediatrics 

between January 2016 and November  2018, on  twenty four  patients , 

8(33.3 %) were males and 16 (66.7%) were females , mean age (3.55 

±2.21 years), who had  a radiological impression of and reported as 

neuroblastoma  on MDCT examination  and patients  those who had a 

final diagnosis of neuroblastoma as confirmed by histopathological 

examination of the surgical specimens. All patients had undergone 

native and contrast enhanced CTS to the area of interest. 

Results: The diagnostic accuracy of MDCT in diagnosis of 

neuroblastoma was (83.3%) and sensitivity value  was (90.9%). Most 

common location was in the abdomen (77.3% ) and  about (13.64%) at 

the superior and posterior mediastinum. The least common sites were  

the neck and pelvis and the percentage was (4.5%) for each. Most of 

the tumor masses are large at presentation, extend beyond the midline , 

with  diagrammatic extension and the presence of distant  metastasis,  

18(81.8%) of patients had tumors of stages 3 or 4.    

Conclusion: MDCT is a valuable tool in diagnosis and radiological 

characterization of neuroblastoma. 
 

                 Copy Right, IJAR, 2019,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Neuroblastoma (NB) is the most common extracranial solid tumor of early childhood (8-10%), the 4th after 

leukemia, lymphoma and brain malignancies
 (1)

. Neuroblastoma arises from primitive neuroblasts of the embryonic 

neural crest, and therefore can occur anywhere within the sympathetic chain
 (2,3)

 ,(figure 1).  

 

The most common site of the primary tumor occurs within the abdomen (65%). About half of these tumors arise 

from the adrenal medulla. Other common sites of neuroblastoma include the neck, chest and pelvis
 (4)

.                                                                                             
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The diagnosis is based on histopathological examination of tumor tissue, supplemented with immunohistology or 

electron microscopy, and a finding of increased excretion of catecholamine metabolites in the urine
(5)

. The tumor is 

sometimes diagnosed from the presence of tumor cells in bone marrow aspirate. Staging is performed on the basis of 

clinical, radiological and surgical evaluation with histopathological correlation
 (5)

. The International Neuroblastoma 

Staging System (INSS) was launched and was revised in 1993
(6)

.The different stages were defined as in (table 1).                                                                              

 

Most children with neuroblastoma present between 1 and 5 years of age, median age 2 years, with a palpable 

abdominal mass. This may be an incidental finding in an otherwise healthy child or in a child clearly unwell from 

metastatic spread of the tumor. Abdominal distension, generalized skeletal pain or even arthritis type complaints, 

effects of hormone production and nonspecific findings from bone marrow involvement, such as weight loss, 

malaise, anemia, fever and irritability  can be encountered
(1)

. In half of the patients with intra-spinal tumor 

extension, peripheral neurologic deficits and neurological symptoms from compression of the nerve roots or the cord 

may be present
(1)

. In less than 2% of cases, neuroblastomas can present with paraneoplastic syndromes: opsoclonus-

myoclonus-ataxia syndrome or watery diarrhea
 (7,8)

.  It can be discovered incidentally during scanning for other 

reasons, e.g. chest radiograph for pneumonia in case of thoracic neuroblastoma
 (7,8)

.       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:-Anatomic distribution of sympathetic ganglia. Diagram illustrates the sympathetic ganglia extending from 

the neck to the pelvis, including the adrenal medulla (sympathetic tissue shown in blue)
(3)

. 

 

Table 1:-staging of neuroblastoma 
(5)
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Materials and methods:- 
Patient selection and study design : 

A retrospective  study was carried out in radiology department at Karbala teaching hospital for pediatrics between 

January 2016 and November  2018, on  twenty four  patients (8 boys  and 16 girls).         

 

Inclusion criteria:  
Patients  who had  a radiological impression of and reported as neuroblastoma  on MDCT examination  and patients  

those who had a final diagnosis of neuroblastoma as confirmed by histopathological examination of the surgical 

specimens.                                                    

 

Methods:  
All patients   had undergone  native and contrast enhanced CTS to the area of interest (abdomen, pelvic and chest), using 

Siemens, Somatom, 64 multi-slice CT scanner. The images were reviewed blindly by two specialist radiologists. 

The tumors were assessed with regard to the location, size, homogeneity pre and post IV contrast administration , 

presence of calcification, necrosis, local and beyond the midline extension , kidney displacement, invasive growth, 

vascular involvement, intra-spinal, paravertebral , or mediastinal extension and distant metastases. Distinguishing 

between the primary tumor and the adjacent nodal disease is some times difficult and even said to be  often 

impossible by G. Papaioannou et al
(1)

. Thus lymphadenopathy when  suspected , it was considered to be present if 

lymph nodes more than 0.5cm, 0.8 cm and 1 cm for mesenteric , para-aortic and cervical nodes respectively  , in 

shortest  axis  and were separated from the primary tumor by a fat plane. The tumor was considered to be localized 

to site of origin when preserved  fat plane surrounding the tumor , separating it from  adjacent organs or tissues, this 

is seen on CT as a low-attenuating line, and was supposed to be a stage 1 tumor,   absence of such a separation was 

considered a sign of possible tumor invasion
(5)

. If the tumor could not be demarcated from the surrounding tissues or 

organs as psoas muscle or the kidney, it was supposed to be a stage 2 tumor. A midline position of the tumor, growth 

beyond the lateral aspect of the opposite side of the spine and/or vascular encasement were considered as stage 3. 

Vascular involvement was considered to be present if the tumor was encasing   180 degrees of the vessel or more of 

its circumference.  Suspected diaphragmatic involvement and ascites together indicated a possible stage 3, but were 

not by themselves indicative of a stage 3disease
(5)

. Lung metastases, uni- or bilateral para-vertebral intrathoracic 

extension, intra-spinal extension, or liver, brain, or bone involvement indicated a stage 4 tumor. Bone  involvement 

was considered positive when there was a  lytic or sclerotic lesion. Pleural fluid may indicate a stage 4 tumor, but 

not without the presence of malignant cells
(5)

. Different stages are illustrated in (table 1).                                              

 

 

Results:- 

A total of 24 patients were included in the study , 8(33.3 %) were males and 16 (66.7%) were females , their ages 

ranged from (5 months – to 8 years), with a mean  age of (3.55 ±2.21 years), table( 2). All had undergone native and 

contrast enhanced CTS. Twenty two  patients were reported as neuroblastoma, twenty patients( 83.3%) were 

accurately diagnosed as neuroblastoma as confirmed by histopathological study of the surgical specimen while  

there were  two reported as Wilms tumor revealed to be a neuroblastoma(NB) as shown by table (3), making a total 

number of 22 patients having NB , 7 (31.8%) males and 15(68.2%) females(figure 2).      

   

Total accuracy of MDCT is diagnosis of neuroblastoma was (83.3%) and total sensitivity was ( 90.9 %). 

 

Clinically  more than two thirds  presented with abdominal symptoms as mass, pain , and distension,  others with 

diarrhea  ( paraneoplastic syndrome), neck mass, one presented with Horner's syndrome ( had an upper mediastinal 

mass extending to neck root , figure 3), two presented with Hutchinson syndrome (presented with skeletal pain and  

palpable lumps  due to bony metastases figure 4) , one with Blueberry muffin syndrome( multiple cutaneous lesions 

figure 5) and one with Pepper syndrome( hepatomegaly due to extensive liver metastasis , figure 6). 

 

First radiological detection was by abdominal ultrasounds and  plain chest radiograph.       

 

Most common location  was in the abdomen (77.3% ) , more than half are found  at the adrenal gland (figure 7), the 

remainings were  found at the retroperitoneum(figure 8), namely the paravertebral sympathetic chain , around the 

celiac axis and organ of  Zuckerkandl ( figure 9 ). About (13.64%) at the superior and posterior mediastinum. The 

least common sites were  the neck and pelvis and the percentage was (4.5%) for each as shown by table (4).  
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NB masses showed considerable extension, whether local on the same side in(50%), crossing the midline (63.3%); 

(41%) for each of the above or below the diaphragm, para-vertebral and mediastinal extension , spinal extension 

(18.2%) , (figure 8 and 10) and  the  distant metastasis was (59.1%), mostly to the bone (18.2%). Renal  

displacement was found in (70.5%  regrading only the  abdominal cases  ) , while  invasive growth was found in 

(22.7%) , one case found to invade pancreatic body(figure 9). The suspected lymphadenopathy was seen in (63.3%) 

and vascular encasement  represented (81.8%) of the cases, no vascular invasion. 14(63.63%) of patient was 

considered as stage 4, while 4 (18.18%)  of  them were stage 3, 2 ( 9.09 %)pateints were stage  2 and  2 (9.09 % ) 

patients were stage 4S.  

 

Most of the tumor masses (95.5 %) showed heterogeneity  pre and post IV contrast administration (figure 10) and  

(86.4%) showed necrosis. Calcification was seen in (72.7 %), figures (4,6,8 and 10).  

 

 

 

Table 2:-Baseline characteristics of the studied sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           

 

Figure 2:-Distribution of patients of  neuroblastoma according to gender 

 

 

Table 3:-Showing correlation of the CTS reports with  histopathological result of the studies sample  

 

 

 

 

 

 

 

 

 

 Mean Std. Deviation Range  

Age (years)  3.55 2.21 0 5/12  —8y 

Gender Male 8(33.3 %)   

Female 16 (66.7%)   

Duration (months) 30.39 0.871 1—23  

No. of patients 

included in the study. 

CTS report  Histopathological result 

24 22  NB 20 NB  

1 Adrenocortical ca   

1 Extra renal Wilms T 

2 Wilms T 2 NB 
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Table 4:-Radiological CTS Finding of 22 patients truly diagnosed as NB 

Radiological CTS Finding  

Number Percentage% 

 Neck  unilat RT:0 LT :1 4.55 

 

Location  

Superior and posterior 

mediastinum  

unilat RT:0 LT:2 13.64 

bilat 1 

Abdomen   Adrenal  unilat RT:3 LT:7 45.5  77.3 

retroperitoneum 7 31.8 

 Pelvis   1 4.55 

 

Extension  

Local same side 11  50 

Crossing the midline  14 63.3 

Above or below diaphragm 9 41 

Para-vertebral 9 41 

Mediastinal  9 41 

Spinal extension 4 18.2 

Heterogeneity pre and post IVCM    21  95.5  

Necrosis  19 86.4 

Calcifications  16  72.7  

Invasive growth   5 22.7 

Renal displacement 12 12/17 =70.5    

Suspected lymphadenopathy  14 63.3 

Vascular encasement  18 81.8 

 

 

Distant metastasis 

  Total  Total 

Bone      4  

  13 

18.2  

59.1 Liver      3 13.6 

Others  Neck LNs 3  

6 

13.6  

27.3 

 

Pleura  2 9.1 

  Skin  1   4.5  
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Discussion:-     

Effective patient's planning therapy requires precise delineation of the local extent of the neuroblastoma and 

evaluation of distant metastases. CT, MRI and bone scintigraphy are the primary imaging modalities used in staging 

disease in children with neuroblastoma. The imaging protocol might vary from institution to institution
(9)

.                

 

CT was considered  the imaging mode of choice for staging neuroblastoma in all sites
(10)

. Recently, MRI has 

supplemented CT for the staging of neuroblastoma 
(9,11, 12,13) 

, and it is better for para-spinal lesions and is essential 

when assessing intra-foraminal extension of the tumor and its potential for cord compression 
(2)

,but as there is some 

limitation in  imaging modalities in our hospital (unavailability of  MR scanner and scintigraphy), as many district 

hospitals that may not have the facilities for pediatric  MRI, particularly in the age group prevalent for 

neuroblastoma, in whom general anesthesia is often required. Contrast-enhanced CT is therefore the most commonly 

used modality for disease staging for neuroblastoma worldwide 
(9)

. Thus this study was conducted to evaluate  the 

role of MDCT in diagnosis , extent and  radiological characterization of neuroblastoma.  

 

The total accuracy of MDCT in the current study in diagnosis of neuroblastoma  and assessing its extent was 

(83.3%) , comparable with reported percentage 
(9)

and the total sensitivity was ( 90.9 %).  The patients  ages  ranged 

from (5 months – to 8 years) with peak incidence was at (2—3 years) comparable with other literatures
(14,15,16)

. The 

current study showed females predominance (68.2%)  while other literature showed that  NB most often affects 

males
(14)

.  

 

Most common location  was in the abdomen (77.3% ) , more than two third  at the adrenal gland , where the least 

common sites were  the neck and pelvis and the percentage was (4.5%) for each, relatively comparable with other 

studies 
(1,14, 17)

.                                                                        
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Local  disease was assessed  by  CT,  along with local extension on the same side in , but some limitation was found 

for  assessment  of   invasive growth , for the paucity of  fat surrounding the abdominal organs in small children, 

thus stage 1 was not reported and not stated  in this current study, while only two were with stage 2 for local 

invasion. Lymph  node involvement, INSS( International Neuroblastoma Staging System) stage 2B/3, cannot be 

assessed without surgical or percutaneous biopsy 
(1,5)

. The current study showed  that most of the tumors extend 

beyond the midline , diagrammatic extension and the presence of distant  metastasis  18 out of  22  of  patients had 

tumors of stages 3 or 4 and thus lymphadenopathy would not really affect the staging. Distant  metastasis were 

found in  more than half  of the patients (59.1%), almost all of them showed metastasis at time of presentation 

comparable with other literatures  
(5)

, mostly to  bone ( which is shown clearly on CTS bone algorithm) . Lung 

metastasis is rare
(1)

 , CT is not surpassed by any of  other imaging modalities for detection of lung metastasis
(5)

. 

Again calcification is better seen on CTS 
(5,10)

, and it was seen in about (72.7 %) of the patients, comparable with 

other literatures
(5)  

and it is a finding favors NB and according to some reports indicating an improved prognosis
(5,18)

. 

Stage 4S was reported in 2(9.09 % ) patients , that shows favorable prognosis with high survival rates and even 

spontaneous regression
(14)

.  

 

Conclusion:- 

MDCT is a valuable tool in diagnosis and radiological characterization of neuroblastoma. 
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