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Abstract

Introduction Traditional surgical strategies for dumbbell neuroblastoma entail, among others, high risk of spinal deform-
ity. Less invasive procedures might reduce these sequelae, however, there is small evidence comparing different strategies.
Indications of minimally invasive surgery in neuroblastoma are still developing. Our aim is to identify and analyze different
surgical approaches described in the recent literature and to suggest a minimally invasive option.

Methods A systematic review of the literature was conducted in PubMed (Jan 2000-Dec 2021) to identify reports describ-
ing surgical resection of dumbbell neuroblastoma in children, according to the PRISMA guidelines. Only full-text articles
were included.

Results 7 articles met the inclusion criteria which, added to the present case, represent a total of 43 patients. All were ret-
rospective studies, most of them small series. Tumor location was mostly thoracic. Most of combined approaches were per-
formed in two stages. Spinal deformity after surgery was reported in 3 patients. Minimally invasive approach was described
in only one paper, with no reported cases of its use in a single-stage combined surgery. We also report, to our knowledge, the
first single-stage posterior neurosurgical approach combined with thoracoscopy for resection of a dumbbell neuroblastoma
in an infant.

Conclusion Surgical resection of dumbbell neuroblastomas is challenging. There is no consensus on best surgical approach.
Dumbbell tumors should not be considered a contraindication for minimally invasive surgery. A single stage and minimally
invasive strategy is proposed.

Keywords Dumbbell neuroblastoma - Minimally invasive surgery - Thoracoscopic resection - Pediatric cancer - Single
stage

Abbreviations SCA Segmental chromosomal aberrations
IDRF Image-defined risk factor SIOPEN International Society of Paediatric Oncology
INRGSS International Neuroblastoma Risk Group Stag- Europe Neuroblastoma Group
ing System
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pain [2, 3]. The overall survival is reported as >90% in
the recent publications, as corresponds to paravertebral
location [4], which usually entails favorable biology and
low or intermediate risk group patients. However, the rate
of severe neurological sequelae at short- and long-term
remains very high [1, 5].

Over time, different treatment modalities have been
used (surgery, radiotherapy, and chemotherapy), but there
is still no consensus regarding the best approach for these
patients. There is significant controversy regarding the sur-
gical indication in these cases, but there is little evidence
regarding the techniques used. If surgery is needed, the
most common approach to date is a midline posterior inci-
sion first, for laminectomy or laminoplasty, followed by a
posterolateral thoracotomy (and/or laparotomy) as separate
procedures, or more seldom, in one single stage [1].

Almost 50% of patients with spinal compression by
neuroblastoma develop scoliosis [5]. Spinal deformity is
a possible long-term effect of laminoplasty and radiother-
apy, but thoracotomy has also been described as an iso-
lated risk factor for scoliosis [6]. To reduce these sequelae,
thoracoscopy seems an interesting option [7, 8], adding the
classical benefits of minimal invasive approach (less pain,
shorter hospital stay, or reduced bleeding) [9].

In this review, we analyze the most recent literature
regarding surgical techniques for pediatric dumbbell neu-
roblastoma and we describe, to our knowledge, the first
single-stage resection of a dumbbell neuroblastoma in an
infant through a combined approach (neurosurgical and
thoracoscopic).

Methods

A systematic literature research was performed to identify
different surgical techniques descried in the literature for
resection of dumbbell neuroblastoma in children.

We also describe, to our knowledge, the first minimally
invasive single-stage surgical approach for a thoracic
dumbbell neuroblastoma. A literature search of simi-
lar approaches (including adults and children) for other
tumors invading the spinal canal, was also performed.

Data sources and search strategy

A systematic literature review was conducted on PubMed
from 2000 to 2021 using the terms “neuroblastoma sur-
gery” AND “intraspinal involvement OR dumbbell”, in
accordance with the PRISMA reporting checklist [10]. The
last search was performed in February 2021.

Eligibility criteria

Inclusion criteria consisted of all papers published in
English or Spanish language containing pediatric patients
(0-18 years-old) affected of neuroblastoma with intraspinal
involvement and that provided description of the surgical
technique. Full-text articles were assessed for eligibility.
Among the selected papers, we analyzed only those patients
up to 18 years with diagnosis of neuroblastoma.

Data collection

From the selected articles, we collected the data regarding
study characteristics, neurological symptoms at diagnosis,
surgical approaches, spinal deformity and neurological
sequelae after surgery. Any disagreement was discussed and
resolved between the different authors.

Results

Regarding dumbbell neuroblastoma, a total of 69 potentially
relevant articles were identified. After reading the abstract,
53 were excluded. Of the 16 articles selected for full-text
reading 7 met the inclusion criteria. The search strategy used
is detailed in Fig. 1.

The series of Sandberg et al. [11] was initially consid-
ered for inclusion in the review. This study reports 42 pro-
cedures in 30 patients: 21 single stage and 9 multiple proce-
dures. Although it is a large interesting series, it was finally
excluded because the approach undertaken in each patient
is not explained in detail.

All papers were case reports (3) or retrospective reviews
(4). Although some of the papers included adult patients and
tumors with different histology, we analyzed only those up to
18 years with diagnosis of neuroblastoma, accounting for 43
cases of interest (including the present case), ranging from
2 months to 18 years of age: Hussein (n=35), Pio (n=32),
Yiin (n=1), Yang (n=1), Yahya (n=1), Kattepura (n=1),
Yilmaz (n=1), and the present case (n=1). Table 1 sum-
marizes the most relevant information. Tumor location was
most frequently thoracic (22/43; 51.2%). A limiting factor in
this review is that most articles do not provide information
on tumor biology, staging, or treatment protocol.

When analyzing surgical techniques, 9 patients (20.9%)
did not require a neurosurgical procedure, 2 (4.7%) only
underwent neurosurgical resection and in 10 cases (23.3%)
both intra and extraspinal component were removed through
one single approach, in some cases requiring widening of
the intervertebral foramina. From those undergoing com-
bined approaches (neurosurgical and transcavitary), making
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Fig. 1 Surgical techniques
for dumbbell neuroblastoma,
2000-2020. Flow diagram of
the search strategy

Records identified through database
screening (n=69)

53 articles excluded based
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on abstract

Articles review in full text (n=16)

9 excluded after applying

»
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4

the inclusion criteria

Articles included in the review (n=7)

51.16% of the patients, this was performed as a single stage
in 5 (22.7%) of them, two stages in 14 (63.6%) and three or
more in 3 (13.6%). Neurosurgical procedures where com-
monly the first to be performed (63.6%). Interestingly, from
those patients who only had extraspinal canal surgery, only 2
(22.2%) were operated with a minimally invasive approach.
In total, a minimally invasive approach was described in
only one paper (3 thoracoscopies) [1], 2 did not even require
neurosurgery and the last one underwent separately thora-
coscopy after the previous neurosurgical resection.

The survival rate at the last follow-up was 88.4%. 5
patients died; 3 due to metastatic progression and 2 second-
arily to chemotherapy toxicity.

Case presentation

An 11-month-old boy, with an unremarkable past medical
history, was referred to our center after ultrasonographic
discovery of a right paravertebral mass. The reason for con-
sultation was a lump on his back noticed by his parents.

Physical examination demonstrated a hard, nonmobile
and painless mass in the right paraspinal region. Neurologi-
cal examination showed no impairment. An MRI revealed a
65 X 63 x45 mm solid mass in the right paravertebral region
with intraspinal extension from D7 to D10 (Fig. 2A). The
tumor displaced anteriorly the inferior vena cava and con-
tacted the descending thoracic aorta. The right paravertebral
muscles were invaded. The image suggested a neuroblas-
toma occupying % of the spinal canal, with abnormal signal
of the spinal cord. Owing to the presence of this image-
defined risk factor (IDRF) the tumor was then classified
as L2, according to the International Neuroblastoma Risk
Group Staging System (INRGSS).

Laboratory examination showed elevated levels of lactate
dehydrogenase (761 UI/L), alkaline phosphatase (838 UI/L),
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and neuron specific enolase (58.5 ng/mL). Urine catechola-
mine testing was normal.

An ultrasound guided needle biopsy was performed.
The histopathology confirmed a differentiating neuroblas-
toma with low mitosis-karyorrhexis index. Genetic analy-
sis showed no MYCN amplification and the presence of
several numeric chromosomal aberrations, but also sev-
eral segmental chromosomal aberrations (SCA) were pre-
sent: 4+ 1pl1.1qter, + 8p23.2pter, and 4+ 18q22.1qter. There
was not loss of heterozygosity.

The bone marrow was not infiltrated and the 123I-MIBG
scan revealed no metastatic lesions.

The patient was treated as per group 3 of the LINES
protocol of the International Society of Pediatric Oncology
Europe Neuroblastoma (SIOPEN), starting treatment based
on the Carboplatin and Etoposide.

An MRI performed after four chemotherapy cycles dem-
onstrated a marked reduction in the volume of the paraver-
tebral tumor (60%) as well as of the intraspinal component,
but the latter was still significative, affecting 1/3 of the spinal
canal at D8/D9 and D9/D10 (Fig. 2B). The MDT decided
to administer one more cycle of chemotherapy based on
Vincristine, Cyclophosphamide and Adriamycin. However,
the patient developed significant hematological toxicity and
febrile neutropenia and the tumor response at this point was
not improving further. Therefore, surgical resection of the
lesion was decided by the multidisciplinary team.

The surgical technique consisted in a combined single-
staged approach. First, the Pediatric Neurosurgical team,
through a posterior approach, performed D8-D9 right
laminectomies and D10 hemilaminectomy and removed
completely the intraspinal component of the tumor.
Therefore, laminoplasty was carried out using absorbable
plates of Poly-p, L-Lactic Acid (Resorb x®, KLS Martin,
Germany) to provide stability (Fig. 3A). The second part
of the surgery was performed by the Pediatric Surgical
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Fig.2 A MRI at diagnosis
showing a solid paravertebral
mass (red arrows) extend-

ing over D8/D9 and D9/D10,
producing compression of the
spinal cord (yellow arrow). B
MRI performed after chemo-
therapy shows reduction in
tumor size with persistant
intraspinal component, affecting
more than 1/3 of the canal. C
Postsurgical MRI

Fig.3 Single stage resection
of dumbbell neuroblastoma.

A Posterior neurosurgi-

cal approach. Laminoplasty
with absorbable plates (*). B
Thoracoscopic resection of the
intrathoracic component of the
tumor (white arrow)

Oncology team. The child was positioned in the left lat-
eral decubitus position with left bronchial selective intuba-
tion. A 3-port 5 mm thoracoscopy was performed. Adhe-
sions secondary to chemotherapy were removed using
bipolar diathermy. The parietal pleura was incised and
the extraspinal intrathoracic part of the tumor was com-
pletely resected and extracted though an enlarged trocar
incision inside an EndoBag. A 10Fr chest tube was placed
(Fig. 3B). The patient had an excellent postoperative
course with no complications, and was discharged home
on the 4™ postoperative day. Complete resection was con-
firmed on MRI (Fig. 2C).

@ Springer

After 12 months of follow-up, there are no signs of
relapse on MRI and the patient is completely asymptomatic
with no signs of neurological impairment, spinal deformity
or other complications.

Discussion

Patients affected of dumbbell neuroblastoma are usually
younger at diagnosis and they have more favorable histology,
less MYCN amplification and less metastatic disease [2, 4].
For that reason, this group of patients have generally better
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outcomes in terms of survival [1, 3]. However, the risk of
neurological sequelae is high (17-69% of neurological motor
deficit, 9-50% of bladder and 4-29% of bowel disfunction
and up to 80% of spinal deformity) [3]. This fact highlights
the importance of an early diagnosis and treatment with the
aim of avoiding permanent neurological impairment.

Dumbbell tumors have intraspinal and extraspinal com-
ponents connected through the intervertebral foramina,
making surgical resection challenging. Different operative
techniques have been previously described for resection of
dumbbell tumors, either by single posterior approach, thora-
cotomy, or a combination of both [7, 8, 12, 13]. Most of
these treatments associate significant complications. Purely
posterior thoracotomy usually includes extensive bone resec-
tion with laminectomy, facetectomy, and/or costotransver-
sectomy which frequently entails postoperative pain, disabil-
ity, and spinal instability [7, 14]. Even though a combined
approach requires two incisions, changing the patient’s
position and availability of two surgical teams, laminec-
tomy followed by thoracotomy or thoracoscopy allows a
less aggressive neurosurgical resection, reducing the risk of
damaging nervous structures, and spinal instability [15-18].
Moreover, laminoplasty with instrumented fixation provides
greater stability to the spine and appears to reduce the risk
of deformity [19].

In this review, 3 cases of spinal deformity are reported:
one hyperlordosis after lumbotomy, one scoliosis after 2
stage neurosurgery and laparotomy and one kyphosis after
thoracotomy followed by neurosurgery [1].

Regarding neurological sequelae, Pio et al. reported 16
patients suffering neurological impairment after surgery,
most of them (13) presenting symptoms prior to the inter-
vention [1]. Kattepura et al. described mild weakness dorsi-
flexion of the left foot in a patient who required multilevel
laminectomy (L.5-S2), after 1 year of follow-up [20].

Although the indication for resecting the extraspinal
part of the tumor is well defined, controversy remains on
which patients could benefit from neurosurgical removal of
the intraspinal component and when is the best moment to
perform it. It seems beneficial in patients with rapid pro-
gression of neurological symptoms despite initial medical
treatment and also in those in whom intraspinal component
remains as an IDRF after chemotherapy [1, 5]. In the largest
series to date [1], published by the group of Sarnacki, it was
found that there is a high risk of local relapse and medullary
compression if tumor remnant after chemotherapy occupied
more than 1/3 of the spinal canal, as was our case. This,
together with the biology of the tumor (with the presence of
several SCA), prompted us to attempt a complete resection.
In any case, MDT discussion of each patient and treatment
in experienced reference centers (through national referral
pathways or through European Reference Network PaedCan)
is highly recommended.

In this review we found that in most cases of combined
approach the intraspinal component was the first to be
removed. This is consistent with current trends to avoid
injuring the spinal cord. Pio et al. describe a case of paraple-
gia after primary resection of the extraspinal component due
to diffusion of edema in the spinal canal, requiring emergent
neurosurgery [1].

Thoracoscopy has demonstrated equivalent surgical
results and overall survival outcomes than thoracotomy for
resection of thoracic neuroblastomas. Moreover, studies
have shown that minimally invasive surgery results in less
postoperative pain, decreased length of hospital stay and less
blood loss than open surgery [9, 13, 21]. Even though MIS
is becoming very popular for NB resection, in our review
we only found three cases in which thoracoscopy was per-
formed. Furthermore, two of them did not require neurosur-
gery, so only the extracanal component was excised. The
remaining case received a thoracoscopy as a third step after
a transcavitary and a neurosurgical approach. Therefore, we
found no reports of minimally invasive surgery for a single
stage combined approach.

Although this combined approach (single-stage neuro-
surgical resection of the intracanal component associated to
minimally invasive surgery of the extraspinal intrathoracic
component) has been described before for other types of
intraspinal lesions (mostly adult benign tumors) [15-18, 22]
(Table 2), to our knowledge, this is the first pediatric case of
thoracic dumbbell neuroblastoma treated with such strategy.

In our patient, complete resection of the tumor was possi-
ble. Nevertheless, considering the favorable biology of most
of these tumors and the risk of neurosurgical damage, a sub-
total resection in selected cases is advisable and provides
similar survival rates [1].

So far, our patient has not developed any neurological
sequelae or chest wall deformity. Nonetheless, long-term fol-
low-up of both neoplastic disease and possible complications

Table 2 Reports of combined posterior and thoracoscopic approach
for dumbbell tumors

References Histology Patients age
Liet al. [28] Schwannoma, neurofibroma,  21-65 years
ganglioneuroma

Okada et al. [15] Neurilemoma 54 years

Gamez et al. [16] Angiolipoma 56 years

Valliéres et al. [17] Schwannoma (3) 35-54 years
Mesenchimal hamartoma (1)

Pojskic et al. [18] Hemangioma 78 years

Chen et al. [12] Mesenchimal condrosarcoma 26 years

Barrenechea et al. [13]  Neurofibroma (2) 33-38 years
Schwannoma (1)

Citow [29] Neurofibroma 29 years
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from surgery is important since these can appear several
years later [5].

Conclusions

There is insufficient evidence to recommend one surgical
approach over another. In our patient, single-stage neuro-
surgical and thoracoscopic resection with laminoplasty
for treatment of a dumbbell pediatric thoracic tumor was
feasible and showed the benefits of minimally invasive sur-
gery. This strategy might reduce long-term sequelae, such
as scoliosis or thoracic deformities. Prospective multicen-
tric studies are needed to confirm which is the best and less
aggressive surgical strategy.
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