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Background: Mediastinal neuroblastoma (NB) can invade the spinal canal and result in spinal cord 
compression. Some patients go on to develop severe spinal deformities after decompression of the spinal 
cord. The optimal therapeutic strategy for mediastinal NB with intraspinal extension is still unclear. Our 
study is to assess the therapeutic strategies for such patients.
Methods: A total of 77 patients suffered mediastinal tumors with intraspinal extension between March 2015 
and Aug 2019 were enrolled in the study. According to the primary therapy, NB were classified into 4 groups: 
chemotherapy, video-assisted thoracoscopic surgery (VATS)/thoracotomy, neurosurgical decompression, and 
a combined thoracic-neurosurgical approach. Clinical features, including patient demographics, neurologic 
recovery and survival rate, were assessed. 
Results: Among the 77 patients suffered mediastinal tumors with intraspinal extension, neurological 
symptoms were present in 44 patients. Neurological deficits improved in 76.5% of patients who underwent 
neurosurgical intervention and 50% of the other patients (P=0.094). Compression manifestations of ≤4 weeks 
duration showed an improved outcome compared to a longer compression time, with complete recovery of 
neurological function in 60% of patients versus 28.6% for patients with a longer symptom duration (P=0.04). 
NB constituted 49.4% of the 77 patients. An overall survival rate of 90.0%±9.5% was achieved for patients 
in the combined thoracic-neurosurgical group, 59.5%±15.0% in the thoracotomy group, 40.0%±29.7% 
in laminectomy group, and 37.0%±20.2% in the chemotherapy group. Complete regression of the tumor 
was demonstrated in 80% of combined group, which was greater than that of patients in the other groups 
(P=0.001). 
Conclusions: Neurological recovery was correlated with the type of initial treatment and the duration 
of neurological symptoms. Mediastinal NB with intraspinal extension can be effectively managed with a 
combined neurosurgical and thoracic surgical approach. 
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Introduction

Posterior mediastinal tumors may result in an epidural 
mass with or without associated spinal cord compression 
by infiltrating the intervertebral foramina and invading the 
spinal canal. Neuroblastoma (NB) is the most common 
posterior mediastinal tumor, approximately 10–15% of 
which are reported to extend into the spinal canal (1-3). 
Depending on the extent of spinal cord compression, patients 
may present with sphincter dysfunction, pain, and motor 
and sensory deficit (4,5). Furthermore, 50% of these patients 
develop permanent sequelae, which are more severe in 
younger children (6-9).

Early decompression of the spinal cord either by 
neurosurgical intervention or thermotherapy may prevent 
irreversible neurological changes (1,10,11). Neurosurgical 
intervention results in immediate spinal decompression but is 
also associated with postlaminectomy deformity and surgical 
risk (1,3,12,13). To avoid surgical risk and postoperative 
complications, chemotherapy was an excellent alternative for 
NB with intraspinal extension (11,14). However, neurological 
function had been found to be not improve or aggravated 
in 30% of patients received chemotherapy (15-17). Some 
studies have already reported on spinal cord compression in 
NB (3,5). However, these studies almost exclusively focused 
on the neurological function of patients with abdominal 
NB. At present, a consensus has not been reached regarding 
the optimal therapeutic strategy for NB with intraspinal 
extension (3,18,19).

We conduct this study to present the clinical characteristics 
of patients suffering from mediastinal NB with intraspinal 
involvement at our single center, and it is expected that our 
finding will contribute towards the management of patients 
with this condition. We presented the following article 
following the STROBE reporting checklist (available at 
http://dx.doi.org/10.21037/tp-20-268).

Methods

In the present study, a total of 335 patients who were 
younger than 16 years old and diagnosed with a mediastinal 
tumor between March 2015 and Aug 2019 in our center 
were screened. A total of 77 children who had a posterior 
mediastinal tumor with intraspinal involvement were 
included in the study. There were 40 males and 37 females, 
with a male-female ratio of 1.08:1. The patients’ ages at 
diagnosis ranged from 2 months to 13 years, with a median 
age of 31.7±32.0 months.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by the Ethics Committee of Guangzhou Women 
and Children’s Medical center (No. 2017120103-2). 
Written informed consent was obtained from the parents or 
guardians of each participant.

The clinical data, including clinical manifestations, 
time interval from neurological symptoms to diagnosis, 
pathological types, initial therapeutic regimen, and date 
of last medical follow-up, were analyzed retrospectively. 
Computed tomography (CT) was performed in all patients. 
Magnetic resonance imaging (MRI) was considered when 
the intraspinal extension was suspected. MRI and surgical 
reports were reviewed to determine the extent of intraspinal 
involvement and epidural compression level. The diagnosis 
was made based on histopathology combined with imaging 
studies and biochemical profiling. NB was staged according 
to the International Neuroblastoma Staging System (INSS). 
According to the initial therapeutic regimen, patients with 
NB were classified into 4 groups: chemotherapy, video-
assisted thoracoscopic surgery (VATS)/thoracotomy, 
neurosurgical decompression, and combined thoracic-
neurosurgical approach (Figure 1).

The tumor sites were re-assessed at regular intervals 
during follow-up. According to a previous study (16), the 
neurological deficits were classified into mild, moderate, and 
severe. Patients with paresis alone were considered to have 
mild neurological deficits, while patients with paraplegia 
were categorized as severe. Patients were classified as 
having moderate deficits when they suffered paresis and 
bladder or bowel dysfunction. Neurological recovery was 
defined as follows: stage 1, complete recovery, including 
fully regained motor power and skills, reflexes; stage 2, 
partial recovery; stage 3, stationary, including absent signs 
of neurological improvement and persistent symptoms 
of the same intensity; and stage 4. worsening, including 
newly developed neurological symptoms or worsening of 
previously present manifestations. 

Statistical analysis 

Quantitative data were represented by mean ± standard 
deviation. Percentages described qualitative data and the 
comparison of these data was performed using the Chi-
square test. Kaplan-Meier survival analysis was used 
to assess the median survival probability. All analyses 
were performed using SPSS 21.0 software (SPSS, Inc., 
Chicago, IL, USA) and P<0.05 was considered statistically 
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Figure 1 Surgical excision for the dumbbell neuroblastoma. (A) Mediastinal neuroblastoma with in spinal involvement; (B) mediastinal 
neuroblastoma; (C) spinal cord compression; (D) neurosurgical decompression with laminotomy and tumour excision.

significant.

Results

Patient characteristics

There were 77 patients enrolled in the study, including 5 
patients who were lose to follow-up. The follow-up period 
was 1–5 years. The characteristics of these patients are shown 
in Table 1. Neurogenic tumors constituted 83.1% of cases, 
including 38 cases NB, 13 case of ganglioneuroblastoma, 
10 case of ganglioneuroma, 1 case each of paraganglioma 
and pheochromocytoma, and 2 case of the primitive 
neuroectodermal tumor (PNET) (Table 1). Non-neurological 
tumors included 5 cases of lymphoma (34.9%), 4 case of 
teratoma (3.4%), 2 cases of rhabdomyosarcoma, and 2 cases of 
other tumor types. NB was the most common cause of spinal 
canal extension. CT or endobronchial ultrasound-guided 

fine-needle aspiration cytology (FNAC) was performed in 
12 patients. Three patients with ganglioneuroblastoma were 
initially misdiagnosed with ganglioneuroma by FNAC. We 
also found 2 patients who had posterior mediastinal NB 
and intraspinal ganglioneuroma with different histological 
entities.

Twenty-six patients (33.8%) were asymptomatic and 
detected incidentally by radiological evaluation, while 
51 patients (66.2%) were symptomatic. Neurological 
symptoms were the most common complaint, including 
14 patients with paraparesis, 34 with weakness of the 
lower limbs or pain, and 16 with incontinence of urine 
or stool. The presenting symptom was polypnea in  
8 patients, and 2 of them underwent an endotracheal 
intubation admission. Diarrhea caused by the vasoactive 
intestinal peptide was presented in 2 patients with NB. 
Paroxysmal hypertension was present in 1 patient with 
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Table 1 Key characteristics of 77 patients with intraspinal extension

Characteristic Number

Age (months) 31±32

Gender

Female 37

Male 40

Symptoms

Asymptomatic 26

Polypnea 11

Pain 11

Paraparesis 14

Lower extremity weakness 34

Bladder dysfunction 16

Constipation 10

Diarrhea 2

Hypertension 1

Lymphadenectasis 4

Scoliosis 1

Location

Cervicothoracic 22

Thoracic 45

Thoracolumbar 10

Pathology

Neurogenic

Neuroblastoma 38

Ganglioneuroblastoma 13

Ganglioneuroma 10

Pheochromocytoma 1

PNET 2

Non neurogenic 

Lymphoma 5

Teratoma 4

Rhabdomyosarcoma 2

Lipoblastoma 1

Tuberculosis 1

Involvement 

Soft tissue 6

Vertebral body 23

PNET, primitive neuroectodermal tumor.

pheochromocytoma (Table 1).

Recovery of neurological function

Neurological manifestations were clinically evident in 
48 patients at the time of diagnosis. Of these patients,  
14 patients received chemotherapy for initial management 
of neurological symptoms, while 34 patients underwent 
neurosurgical decompression. The present study suggested 
that neurological recovery was correlated with the type of 
initial treatment modalities and the duration of neurological 
symptoms at the time of diagnosis. Neurological deficits 
improved in 76.5% of patients who underwent neurosurgical 
intervention and in 50% of the other patients (P=0.094). 
In the mild deficit group, complete recovery occurred 
in 7 patients (100.0%) treated with laminectomy and in  
4 patients (36.4%) treated with chemotherapy (P=0.013). 
None of these patients who received chemotherapy as the 
first-line treatment showed neurological recovery in the 
moderate-to-severe groups. Compression manifestations of 
≤4 weeks duration showed an improved outcome compared 
to a longer compression time, with a complete recovery 
of neurological function in 60% versus 28.6% for patients 
with a longer symptom duration (P=0.04) (Table 2).

Outcome of NB 

Eleven mediastinal NB patients with intraspinal extension 
received chemotherapy as the primary treatment. Surgery 
was performed to resect a residual or growing mass after 
chemotherapy for all 11 patients, and 3 patients (27.3%) 

Table 2 Neurological outcome in the 48 patients with neurological 
manifestations

Feature

Neurological deficits

Mild Moderate Severe

CR PR S CR PR S CR PR S

Treatment

Surgery 7 0 0 6 6 3 3 4 5

Chemotherapy 4 3 4 0 0 1 0 0 2

Duration (week)

<1 2 0 0 0 0 0 0 0 0

1–4 5 1 2 4 0 1 1 2 2

>4 4 2 2 2 6 3 2 2 5

CR, complete recovery; PR, partial recovery; S, stationary.
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underwent a second surgical procedure for the residual 
mass. Secondary surgery was performed in 5 patients 
(100.0%) with neurosurgery alone and in 4 patients (20%) 
with VATS. No patient underwent secondary surgery with a 
combined thoracic-neurosurgical approach (Table 3).

An initial surgical excision was performed by a combined 
thoracic-neurosurgical approach in 10 patients. An overall 
survival rate of 90.0%±9.5% was achieved for patients in the 
combined thoracic-neurosurgical group, 59.5%±15.0% in 
thoracotomy group, 40.0%±29.7% in laminotomy group, 
and 37.0%±20.2% in the chemotherapy group (Figure 2). 
Complete regression of the tumor was demonstrated in 8 
out of 10 patients who underwent a combined thoracic-
neurosurgical approach as the primary treatment, which was 
greater than that of patients in other groups (P=0.001) (Table 3).

Discussion

Posterior mediastinal tumors can invade the spinal canal, 
leading to spinal cord compression. This is the largest study 
focused on posterior mediastinal tumors with intraspinal 
involvement to the best of our knowledge. One aim of the 
study was to present the clinical features of these patients. 
According to previous studies, posterior mediastinal tumors’ 
symptoms were nonspecific and varied depending on the 
local compression of adjacent tissue (4,5,16,20). Most 
of these tumors grow asymptomatically until the tumor 
impacts the adjacent tissue (20,21). In our series, 26 patients 
(33.8%) were completely asymptomatic. Compression 
of the airway was observed by CT scans in 19 patients 
including 11 patients with polypnea. MRI documented 
spinal cord compression in 56 patients, and 44 of them had 
complaints of neurological symptoms.

The second aim of this study was to investigate the 
appropriate therapeutic approach for NB with intraspinal 
involvement. Our present study indicated that surgical 
approaches might be more appropriate for posterior 
mediastinal tumors with intraspinal involvement. Firstly, 
an accurate diagnosis is essential for selecting the optimal 
chemotherapeutic regimen. In our series, 3 patients 
with ganglioneuroblastoma were misdiagnosed with 
ganglioneuroma by FNAC, and we also found 2 patients who 
had posterior mediastinal NB and intraspinal ganglioneuroma 
with different histological entities. Consistent with previous 
studies (19,20), our current data suggests that surgery is 
recommended to ensure an accurate diagnosis. Secondly, 
complete resection of neurogenic dumbbell tumors is 
associated with excellent results (5,22-24). In our study, 

complete regression of neurogenic dumbbell tumors was 
observed in 8 out of 10 patients who underwent combined 
thoracic-neurosurgical approach as the primary treatment. 
Moreover, the overall survival rate of patients who underwent 
a combined thoracic-neurosurgical approach was better 
than that of other patients, although future studies with 
larger sample sizes are essential to verify these results. Also, 
consistent with previous studies (2,11), our data confirmed 
that recovery of neurological function was associated 
with the initial treatment modality and the duration of 
the neurological symptoms. Compared to patients who 
underwent chemotherapy, patients who underwent surgical 
resection had better neurological function recovery. Patient 
who received initial chemotherapy were more likely to 
have progressive neurological deterioration. Based on these 
findings, we propose that surgery is recommended to collect 
adequate lesion for histology and molecular analysis. For 
spinal cord compression in mediastinal NB, a combined 
thoracic-neurosurgical approach should be considered if 
complete tumor resection appears feasible for the primary 
mass in mediastinum.

There are some limitations in our present study. Firstly, 
laminectomy was reported to be the major risk factor for 
the development of spinal deformity in the treatment 
of NB with intraspinal involvement (6,25,26). Spinal 
deformities tend to be aggravated during puberty (27,28). 
Over a relatively short follow-up period in our present 
study, scoliosis or kyphosis were found in 1 patient before 
any treatment and in 3 patients during chemotherapy. The 
short-term follow-up might not have been not long enough 
to detect spinal deformities. These patients are continuously 
followed up to evaluate whether spinal deformities occur as 
the patients grow. Secondly, the small sample size and no 
adjustment for confounders cannot indicate the superiority 
of one treatment modality over the other. Thirdly, as this 
study is a retrospective study in our single-center, our 
findings should be interpreted with cautiously. A prospective 
study with long-term follow-up is warranted to determine 
the optimal treatment strategy.

Conclusions

An accurate and timely diagnosis of posterior mediastinal 
tumors with intraspinal involvement is challenging, 
and accurate diagnosis is sufficient to warrant surgical 
procedures. Our study suggests that a combined thoracic 
and neurosurgical approach is a safe and effective procedure 
for mediastinal NB treatment with intraspinal extension. 
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Table 3 Characteristics of neuroblastoma with different initial treatment modality

Initial treatment Chemotherapy VATS/thoracotomy Neurosurgery (laminotomy) Combined surgery

Case 14 22 5 10

Manifestations

Polypnea 2 2 0 1

Tracheal compression 5 7 0 4

Neurologic deficits 5 5 5 9

Spinal compression 5 10 5 10

Size of tumor

<5 cm 5 9 1 1

5–10 cm 6 10 3 8

>10 cm 3 3 1 1

Stage 

1 0 2 0 2

2 0 8 0 7

3 3 8 4 1

4 9 4 1 0

4S 2 0 0 0

MYCN (amplified) 0 1 0 0

Result

Intraspinal mass

Complete regression 4 11 3 9

Partial regression 2 6 2 1

Progression 3 2 0 0

Extraspinal mass

Complete regression 0 10 0 8

Partial regression 5 7 5 2

Progression 2 2

Neurologic deficits

Recovery 2 1 3 7

Improvement 0 1 1 1

Stationary 1 1 1 1

Worsening 2 2 0 0

Follow-up

Withdrawn 3 2 0 0

Spinal deformities 1 2 0 0

Second surgery 2 4 5 0

Died 4 5 2 1

VATS, video-assisted thoracoscopic surgery.
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Further well-designed, prospective studies are encouraged 
to determine the optimal therapeutic strategy.
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