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Main Thoracic Tumors in Pediatric 
Age
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21.1	 �Introduction

Thoracic tumors in pediatric age mainly arise 
from the mediastinum. Tumors arising from the 
bone and cartilage of the chest wall are rare. 
Primary lung and bronchial tumors are excep-
tionally rare, while metastases are more frequent. 
Thoracic tumors are most commonly discovered 
incidentally on chest radiographs. Large thoracic 
masses can cause compression of adjacent struc-
tures. Patients may have airway compression or 
cardiovascular compromise (Fig.  21.1) [1]. The 
location of the mass, its effect on adjacent medi-
astinal organs, and its radiological internal char-
acteristics (calcification, fat, water, and necrosis) 
can help in establishing a differential diagnosis 
and clinical planning [2].

21.2	 �Classification

Classification of thoracic tumors is mainly related 
to the site of origin of the mass. They can be 
grossly divided into:

•	 Mediastinal tumors
–– Anterior mediastinum
–– Middle mediastinum
–– Posterior mediastinum

•	 Lung tumors
–– Primary
–– Secondary

•	 Chest wall tumors
–– Primary
–– Secondary

•	 Airways tumors
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Fig. 21.1  Huge thoracic tumor with airway displacement
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21.2.1	 �Mediastinal Tumors

Mediastinal masses in children are a heteroge-
neous group of asymptomatic or potentially life-
threatening congenital, infectious, or neoplastic 
lesions that present complex diagnostic and ther-
apeutic dilemmas.

The mediastinum is located in the central por-
tion of the thorax, between the two pleural cavi-
ties, the diaphragm and the thoracic inlet [3]. The 
classification of Fraser et al. [4] divides the medi-
astinum into the traditional anterior, middle, and 
posterior compartments based on the lateral chest 
radiograph. The anterior mediastinum is defined 
as the region posterior to the sternum and anterior 
to the heart and brachiocephalic vessels. It con-
tains the thymus, fat tissue, and lymph nodes. 
The middle mediastinal compartment is located 
posterior to the anterior mediastinum and ante-
rior to the posterior mediastinum. This space 
contains the heart and pericardium, the ascending 
and transverse aorta, the brachiocephalic vessels, 
the vena cava, the main pulmonary artery and 
veins, the trachea, bronchi, and lymph nodes. The 
posterior mediastinal compartment is located 
posterior to the heart and trachea and extends 
posteriorly to the thoracic vertebral margin and 
includes the costovertebral space. It contains the 
descending thoracic aorta, esophagus, azygos 
veins, autonomic ganglia and nerves, thoracic 
duct, lymph nodes, and fat [5]. Mediastinal 
masses are usually assigned to a single mediasti-
nal compartment to limit the differential diagno-
sis. Because tumors arise from normal structures 
that may be located within multiple regions, a 
given mass can develop in any compartment.

21.2.1.1	 �Anterior Mediastinum
Several benign and malignant conditions may 
arise in the anterior mediastinum (see Box 21.1).

Thymus
Thymic disorders are rare in the pediatric popula-
tion. Hyperplasia of the thymus is the most com-
mon process to involve the thymus gland in 
infants and children. The hyperplastic gland usu-
ally maintains the radiographic characteristics of 
the normal thymus. Thymic enlargement rarely 
causes neonatal respiratory distress but should be 
considered in the differential diagnosis of marked 
tachypnea in the neonatal period [6]. Thymomas 
account for up to 4% of pediatric mediastinal 
neoplasms [7, 8]. Thymoma is associated with 
four organ-specific autoimmune diseases: (1) 
myasthenia gravis (2) type 1 diabetes mellitus, 
(3) autoimmune hepatitis, and (4) Hashimoto’s 
thyroiditis [7].

Lymphoma
Lymphomas are the third most common group of 
cancers in children and adolescents, accounting 
for approximately 13% of newly diagnosed can-
cers in this age group. Non-Hodgkin's lymphoma 
represents approximately 60% of these diagno-
ses, and Hodgkin's disease accounts for the 
remainder [9–12]. Lymphomas are the most com-

Box 21.1 Pediatric Anterior Mediastinal 
Masses. *Most Frequent Diseases
Pediatric anterior mediastinal masses
Thymus Normal thymus*

Thymic cyst
Thymomegaly
Thymoma
Thymic hemorrhage

Pediatric anterior mediastinal masses
Adenopathy Infectious 

adenopathy*
Lymphoma or 
leukemia*
Sarcoidosis
Castleman disease
Rosai–Dorfman disease

Solid tumors Germ cell tumors*
Thyroid or parathyroid 
tumors
Hamartoma
Vagus-phrenic nerve 
tumors
Hemangioma
Sternal tumors

Infections Mediastinitis
Sternal osteomyelitis or 
abscess

Vascular 
abnormalities

Vascular malformations
Aneurysm

Other Histiocytosis
Morgagni’s hernia
Hematoma
Extension of middle 
mediastinal mass
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mon cause of masses in the pediatric mediasti-
num (Fig. 21.2). More than 50% of children with 
lymphoblastic lymphoma present with an ante-
rior mediastinal mass, and more than one-third of 
all patients with non-Hodgkin's lymphoma have 
their primary sites in the mediastinum. Hodgkin's 
disease also frequently involves this anatomic 
compartment with approximately two-thirds of 
all pediatric cases manifesting mediastinal ade-
nopathy [13]. Being radiological and clinical pre-
sentation similar in different lymphoma subtypes, 
biopsy (either image-guided needle biopsy or 
properly surgical) may be the only possibility to 
diagnose and classify the tumor and consequently 
address the appropriate chemotherapy.

Germ Cell Tumors
Germ cell tumors are the third most common 
neoplasm of the mediastinum after lymphoma 
and neurogenic tumors. Most often, they arise 
within the anterior mediastinum near the thymus 
gland. A small subset of germ cell tumors arises 
from other mediastinal compartments. Germ cell 
tumors account for 6–18% of mediastinal tumors 
and comprise only 1–3% of all germ cell tumors 
[14, 15]. Two theories have been proposed to 
explain the development of malignant non-
seminomatous germ cell tumors (MNSGCT). 
One is that mediastinal germ cell tumors origi-
nate from germ cells that mismigrate during 
embryogenesis, and the other theory is that they 
originate from germ cells that are widely distrib-
uted during embryogenesis. Both theories could 
explain the central location of germ cell tumors 
in the mediastinum, retroperitoneum, sacrococ-
cygeal area, and in the central nervous system 
[16, 17].

Teratomas are the most common mediastinal 
germ cell tumor and are divided into mature, 
immature, and mixed malignant types. Non-
teratomatous tumors include seminoma, yolk sac 
tumor, embryonal carcinoma, choriocarcinoma, 
and mixed types. A malignant germ cell tumor is 
a complex tumor of varied histology with frequent 
coexistence of benign elements. Lesions often 
have incomplete regression with chemotherapy 
alone, and tumor resection may be undertaken at 
diagnosis or after primary chemotherapy [18].

The clinical picture is nonspecific. Germ cell 
tumors are large and produce respiratory distress 
caused by tracheobronchial compression. Most 
children have a subacute course that may span 
several weeks or longer. Germ cell tumors can be 
seen in patients with Klinefelter’s syndrome and 
may present with precocious puberty [19].

With chest radiography, teratomas can be 
rounded or lobulated and can be large in size. Up 
to 26% of teratomas exhibit calcification [20]. On 
CT scan, teratomas are multilocular cystic tumors 
with a variable wall thickness [21]. The combina-
tion of fluid, soft tissue, calcium, and fat attenua-
tion in the anterior mediastinal mass is highly 
specific for teratoma [5]. Seminoma generally 
presents as a bulky lobulated mass, which uncom-
monly invades adjacent structures but can metas-
tasize to regional lymph nodes and bone [22–24]. 
Seminoma rarely calcifies. Nonseminomatous 
malignant germ cell tumors are radiographically 
large and irregular with extensive heterogeneous 
areas of low attenuation on CT caused by necro-
sis, hemorrhage, and cyst formation [23]. Germ 
cell tumors appear on MR imaging as masses of 
heterogeneous signal intensity. The most striking 
difference between mediastinal and gonadal non-
seminomatous germ cell tumors concerns prog-
noses. Overall, 5-year survival in MNSGCT is 
about 40%, which is much lower than in gonadal 
non-seminomatous germ cell tumor and is a 
unique feature of MNSGCT [24, 25].

The current standard treatment in MNSGCT is 
chemotherapy combined with post-chemotherapy 
residual mass excision. In most cases, surgery is 
technically challenging. Adhesion and invasion of 
surrounding structures are usually found during 
exploration, and vascular involvement often 
makes complete excision impossible. Total resec-
tion includes en bloc resection of the primary 

Fig. 21.2  Anterior mediastinal mass (lymphoma)
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lesion and the complete excision of metastatic 
lesions. Given poor alternative options in this 
aggressive disease, surgery may also be offered 
even to patients with increasing post-chemother-
apy markers if complete resection can be accom-
plished. Unfortunately, hope for cure remains 
feeble in this subset of patients and supports 
ongoing investigation of other salvage modalities 
for primary treatment failure [26].

After the introduction of cisplatin-based che-
motherapy, followed by surgical resection, sur-
vival in cases of MNSGCT improved dramatically, 
and this multimodality treatment has become the 
standard treatment for MNSGCT [27, 28].

21.2.1.2	 �Middle Mediastinum
Benign and malignant conditions may arise in the 
middle mediastinum (sometimes extending from 
the anterior mediastinum), the majority and more 
relevant to the aim of this chapter being adenopa-
thies (see Box 21.2).

Lymph node groups may be visible on chest 
radiography when they become enlarged. The 
etiology of lymph node enlargement is exten-
sive. In fact, most middle mediastinal masses 
are caused by either adenopathy or broncho-
pulmonary foregut malformations. The most 
frequent causes of adenopathy are lymphoma; 
leukemia; tuberculosis; histoplasmosis; sar-
coidosis; cystic fibrosis; infectious mononucle-
osis; Langerhans' cell histiocytosis; Castleman 
disease; and metastatic neoplasms, such as 
neuroblastoma in the young child and testicu-
lar carcinoma in the teenager that metastasize 
to mediastinal nodes [29].

21.2.1.3	 �Posterior Mediastinum
Of all pediatric mediastinal masses, 30–40% 
occur in the posterior mediastinum [5]. Most 
(85–90%) of these masses are of neurogenic ori-
gin [30]. CT and MR imaging are used to stage 
the extent of the disease, establishing a differen-
tial diagnosis list, and help in judging the efficacy 
of treatment (see Box 21.3).

Box 21.2 Pediatric Middle Mediastinal 
Masses. * Most Frequent Diseases
Pediatric middle mediastinal masses
Adenopathy Infectious adenopathy (e.g., 

tuberculosis)*
Metastatic disease*
Lymphoma or leukemia*
Sarcoidosis
Castleman disease
Rosai-Dorfman disease

Solid tumors Thyroid or parathyroid 
tumors
Vagus-phrenic nerve tumors
Cardiac tumors
Hemangioma
Hamartoma

Infections Mediastinitis
Vascular 
abnormalities

Vascular malformations
Vascular rings
Aneurysm

Other Bronchopulmonary foregut 
malformations (i.e., 
esophageal duplication 
cyst, neuroenteric cyst)*
Histiocytosis
Hematoma
Diaphragmatic rupture
Pancreatic pseudocyst
Esophageal hernia
Achalasia, chalasia
Pericardiac cyst

Box 21.3 Pediatric Posterior Mediastinal 
Masses. *Most Frequent Diseases
Pediatric posterior mediastinal masses
Ganglion cell 
tumors

Peripheral neuroblastic 
tumors*
• Neuroblastoma
• Ganglioneuroblastoma
• Ganglioneuroma

Other nervous 
system tumors

Nerve sheath tumors 
(schwannoma, 
neurofibroma)
Paraganglioma

Adenopathy Metastases
Infectious adenopathy
Sarcoidosis
Castleman disease
Rosai-Dorfman disease

Solid tumors Osseocartilaginous tumors
Thoracic duct cyst
Hemangioma

Infections Mediastinitis
Vertebral osteomyelitis
Diskitis

Vascular 
abnormalities

Vascular malformations
Aneurysm
Dilated azygous system

S. Avanzini et al.
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Neurogenic Tumors
Neurogenic tumors or ganglion cell tumors arise 
from the sympathetic chain ganglia. These 
lesions range from malignant masses (neuroblas-
toma) to benign tumors (ganglioneuroma). 
Ganglioneuroblastoma has components of both 
ganglioneuroma and neuroblastoma. All three 
histologic types are radiographically indistin-
guishable. Therefore, the appropriate differential 
diagnosis is partly determined by the patient’s 
characteristics, blood and urine examinations, 
and mostly by biopsying the tumor.

Neuroblastoma is the most common extracra-
nial solid tumor in children. It represents 10% of 
all childhood cancers and, because of its poten-
tially highly aggressive nature, accounts for 15% 
of cancer deaths [31]. After the abdomen, the tho-
rax is the second most common location of neu-
roblastoma (15%) followed by the neck (1–5%) 
and the pelvis (2–3%) [32, 33].

Age at presentation is one of the most impor-
tant criteria when evaluating a patient with a 
posterior mediastinal mass. Neuroblastoma is a 
malignancy of young children and is diagnosed 
at a median age of less than 2  years old and 
greater than 95% by age 10. In younger patients 
(less than 5 years old), neuroblastoma is twice as 
common in boys as girls. As they get older, how-
ever, it affects both sexes equally. Fetal or con-
genital neuroblastoma may even be seen on 
prenatal ultrasonography. The median age of 
presentation of ganglioneuroblastoma is 5.5 
years of age. Mature ganglioneuroma presents 
even later in childhood, most often after 10 years 
of age [31]. Furthermore, it is possible for the 
immature cells found in neuroblastoma and gan-
glioneuroblastoma to undergo a spontaneous 

maturation process and follow the benign course 
of ganglioneuroma [34].

Patients with thoracic neuroblastoma can be 
asymptomatic; masses are found incidentally on 
chest radiographs. When symptoms do occur, 
they can be related either to the primary tumor or 
to the metastatic disease. Local mass effect or 
intraspinal extension can lead to symptoms of 
respiratory distress or cord compression, respec-
tively. Neuroblastoma can secrete catechol-
amines, such as vanillylmandelic acid and 
homovanillic acid. In such a scenario, high levels 
of these catabolites may be detected in the urine, 
thus allowing for a proper diagnosis [30, 31]. 
Finally, patients with a widely disseminated dis-
ease can present with constitutional symptoms, 
such as fever, weight loss, and bone pain.

With conventional radiographs of the thorax, 
ganglion cell tumors appear as paraspinal well-
defined masses. Chest wall involvement and rib 
remodeling are uncommon but possible with 
neuroblastoma. Intraspinal extension includes 
widening of the intervertebral foramina or pedi-
cle erosion. Because the skeletal system is the 
most common site of metastasis, an initial skele-
tal survey with a combination of conventional 
radiographs and bone scintigraphy, including 
iodine 123 m-iodobenzylguanidine (123I-MIBG), 
is an essential part of the evaluation for any 
patient with the diagnosis of neuroblastoma. CT 
and MR examination are routinely employed to 
assess thoracic neuroblastoma (Fig.  21.3). 
Contrast enhancement may highlight intratu-
moral areas of necrosis or hemorrhage. 

Pediatric posterior mediastinal masses
Other Hematoma (secondary to 

fracture)
Bochdaleck’s congenital 
diaphragmatic hernia
Extramedullary 
hematopoiesis
Lateral meningocele
Extension of normal 
thymus
Histiocytosis

Fig. 21.3  Posterior mediastinal mass (neuroblastoma), 
with vascular encasement (aorta) and with spinal canal 
invasion
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Calcification can be seen in up to 80% of patients 
with neuroblastoma [35]. Imaging provides 
information regarding the extent of tumor, 
regional invasion, metastatic adenopathy, and 
vascular encasement. The concept of “surgical 
risk factors” lately named “image-defined risk 
factors” (IDRFs) was introduced in 1994 and 
routinely applied since 2005 [36, 37]. The IDRFs 
and the INRGSS are designed for use at the time 
of diagnosis, but they may also be used at reas-
sessments during treatment. The exact preopera-
tive evaluation of IDRFs is mandatory to stage 
the patient and therefore plan the appropriate 
treatment (see staging). If one or more of these 
features have been documented, presurgical 
chemotherapy should be administered in order to 
shrink the tumor and enable safe tumor resection 
[38]. Thoracic IDRFs include:

•	 Cervicothoracic junction:
–– Tumor encasing brachial plexus roots
–– Tumor encasing subclavian vessels and/or 

vertebral and/or carotid artery
–– Tumor compressing the trachea

•	 Thorax:
–– Tumor encasing the aorta and/or major 

branches
–– Tumor compressing the trachea and/or 

principal bronchi
–– Lower mediastinal tumor, infiltrating the 

costovertebral junction between T9 and 
T12

The primary tumor can also spread through 
the neural foramina and extend through it into the 
spinal canal creating a classic dumbbell. This 
appearance is seen in up to 28% of patients with 
thoracic neuroblastoma [31]. 123I- or 
131I-MIBG, an analog to catecholamine precur-
sors, can concentrate in neuroblastic cells. MIBG 
localizes in primary sites of neuroblastoma and 
in metastatic sites in 90–95% of patients [39–41]. 
MIBG scintigraphy should be performed in all 
newly diagnosed patients. MIBG findings can 
result in the detection of metastases that are not 
evident by other imaging studies. Determination 
of MIBG avidity can influence the choice of fol-
low-up evaluation [42].

The role of PET is gaining importance in the 
management of patients with neuroblastoma. 
FDG-PET may offer advantages over MIBG 
scintigraphy in detecting small lesions or local-
izing the extent of the disease. In addition, PET 
can detect lesions in the liver, which are obscured 
in MIBG scintigraphy by normal MIBG uptake 
by the liver. PET cannot demonstrate lesions in 
the cranium because of normal brain avidity [34].

The staging of neuroblastoma and ganglio-
neuroblastoma is radiologically or surgically 
determined by the local extent of disease and 
locating the sites of metastatic involvement.

The International Neuroblastoma Risk Group 
(INRG) classification system was introduced in 
2009 first alongside the International 
Neuroblastoma Staging System and then progres-
sively gaining clinical relevance with the advan-
tage to facilitate the comparison of risk-based 
clinical trials conducted in different regions of the 
world by defining homogenous pretreatment 
patient cohorts [43]. In the INGRSS, locoregional 
tumors are staged L1 or L2 based on the absence 
or presence of one or more IDRFs, respectively. 
Metastatic tumors are defined as stage M, except 
for stage MS, in which metastases are confined to 
the skin, liver, and/or bone marrow in children 
younger than 18 months of age.

Neuroblastoma prognosis varies tremendously 
based on the stage and biological features of the 
tumor. Treatment varies depending on the risk 
group and can range from surgery alone for local-
ized tumors to aggressive multimodality treat-
ment for MYCN-amplified tumors. Although 
surgery plays a role in the diagnosis and manage-
ment of all stages of neuroblastoma, the impor-
tance of that role, especially the extent of 
resection, in high-risk neuroblastoma continues to 
evolve. In the past 5 years, there have been several 
advances in neuroblastoma surgery. Studies have 
demonstrated that patients with low-risk disease 
can be treated with surgery alone, and in a subset 
of patients who are neonatally diagnosed with 
adrenal tumors, surgery can be avoided in 80% 
[44–46]. In contrast to its pivotal role in localized 
disease, surgery has a somewhat controversial 
role in metastatic disease. However, given the 
high incidence of local relapses, the current indi-

S. Avanzini et al.
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cation in most treatment protocols is resection of 
the primary tumor after debulking at metastatic 
sites [46–48]. Since neuroblastoma has an ele-
vated tropism for lymphatic vessels and lymph-
node infiltration, surgical tumor resection should 
include exploration of locoregional lymph nodes, 
especially in abdominal and pelvic locations. In 
the case of paravertebral locations with spinal 
canal invasion through intervertebral foramina, 
laminectomy is indicated only in the presence of 
rapidly progressive neurological symptoms, as 
chemotherapy can rapidly reduce the volume of 
the tumor and relieve compression [49].

Nerve Sheath and Nerve Tumors
Nerve sheath tumors are either schwannomas or 
neurofibromas. Histologically, schwannomas are 
encapsulated without nerve fibers running 
through the tissue. Conversely, neurofibromas are 
unencapsulated with nerve fibers running through 
the tissue. These nerve sheath tumors are most 
commonly benign and asymptomatic and are 
rarely seen in less than 20 years of age [50]. They 
often arise from intercostals or sympathetic 
nerves and are more common in patients with 
neurofibromatosis type II. Schwannomas consti-
tute 75% of nerve sheath tumors.

Malignant degeneration of these neurofibromas 
and schwannomas is rare in the pediatric popula-
tion and involves less than 5% of nerve sheath 
tumors. Benign lesions can either be observed or 
resected; however, malignant lesions require com-
plete surgical resection for cure. For malignant 
tumors, adjuvant chemotherapy and radiation do 
not seem to improve survival. Local recurrence is 
common, and the prognosis is poor [51].

Paragangliomas
Although most pediatric posterior mediastinal 
masses are of ganglion cell or nerve sheath or 
nerve origin, other nervous tissue tumors must be 
considered when formulating a complete differ-
ential diagnosis. Paragangliomas or extra-adrenal 
pheochromocytomas are rare tumors of chromaf-
fin cells of the sympathetic nervous tissue that 
can be seen in the posterior mediastinum within 
the paravertebral sulcus. Patients with these 
lesions often present with signs of catecholamine 
excess. Less than 2% of these tumors are malig-

nant [52]. Treatment consists of surgical resec-
tion; however, recurrence can occur, and close 
follow-up after excision is recommended.

Nonneurogenic Posterior Mediastinal 
Masses
Extramedullary hematopoiesis is often clinically 
asymptomatic; however, it may present as signs 
of spinal cord compression. Extramedullary 
hematopoiesis is seen in hematologic disorders, 
most commonly thalassemia. The actual patho-
genesis of this disorder, however, is unknown. 
Bilateral paraspinal masses with smooth margins 
are the classic presentation on chest radiographs. 
The soft tissue mass may contain fat and is almost 
always seen within the lower thorax. These 
masses are either observed if clinically silent or 
maybe surgically resected.

Lipomatosis is a deposit of mature fat in the 
extrapleural and mediastinal spaces, commonly 
associated with long-term steroid administration 
[53]. On CT or MR imaging, the appearance is 
that of the normal subcutaneous fat.

Vascular masses, including hemangiomas 
(true neoplasms) and vascular malformations, 
can occur in the posterior mediastinum, although 
they rarely isolate to the posterior mediastinum. 
The CT or MR imaging appearance depends on 
the type of vascular malformation (cystic spaces, 
large blood vessels, fatty components) or stage of 
hemangioma. Hemangiomas densely enhance in 
the proliferative stage, with eventual fibrofatty 
replacement during involution.

The differential diagnosis of nonneurogenic 
posterior mediastinal masses also includes pri-
mary soft tissue malignancies, such as Ewing's 
sarcoma, germ cell tumor, and rhabdomyosar-
coma. All these malignancies can arise in the 
paraspinal area and can dumbbell into the spinal 
canal [54, 55]. Adenopathy, both infectious and 
metastatic, is also a consideration.

21.2.2	 �Lung Primary and Secondary 
Tumors

Primary pulmonary tumors are rare in infants and 
children. The spectrum of pediatric lung tumors 
is quite different from that occurring in adults. 

21  Main Thoracic Tumors in Pediatric Age
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Most pulmonary neoplasms in children are 
malignant in nature, and metastatic lesions are far 
more common than primary malignancy. This 
latter group includes primary lung parenchymal 
tumors and airways tumors (see the following 
chapter).

21.2.2.1	 �Pleuropulmonary Blastoma
Pleuropulmonary blastoma (PPB) is a rare mes-
enchymal childhood malignant neoplasm. Three 
types are described based on morphology and 
increasing malignant behavior. Type I is purely 
cystic and mostly seen in younger children. Type 
I PPB resembles congenital pulmonary adenoma-
toid malformation (CPAM) clinically and radio-
logically and cannot be differentiated without 
histological examination (Fig.  21.4). Type II 
PPBs are mixed cystic and solid, while type III 
tumors are predominately solid. Both type I and 
II PPB occur in older children and often arise 
from preexisting cystic lesions. Some evidence 
suggest that type I tumors may evolve into the 
more malignant types II and III if untreated [56]. 
Cough, fever, and sometimes pain in the chest 
suggesting a respiratory infection are often the 
first symptoms. The chest radiographs may be 
interpreted as “pneumonia,” delaying the diagno-
sis. Pneumothorax is another common presenta-
tion, especially in younger patients. Malignant 
potential increases with the solid component, and 

more than 20% of patients present with meta-
static disease [57]. The tumor is usually located 
at the periphery of the lung, but it may also be 
located in extrapulmonary locations, such as the 
mediastinum, diaphragm, and/or pleura. Since 
most of the lung tumors are located peripherally, 
resection is usually possible by segmental or 
lobar resection. However, since the limit between 
the lesion and the normal parenchyma may be 
difficult to determine grossly and because of the 
high risk of local recurrence and metastatic 
spread, the surgical procedure of choice for 
parenchymal PPB is lobectomy. The use of mul-
timodal neoadjuvant chemotherapy and radiation 
following surgical resection has shown promis-
ing results in a few patients with extensive dis-
ease and dissemination. Despite aggressive 
treatment protocols, the prognosis for patients 
with PPB is not good, with 5-year survival rates 
of 83% for type 1 and 42% for types 2 and 3. 
Furthermore, it appears that type II and III lesions 
have a tendency to recur, even at remote or con-
tralateral sites, despite an apparently complete 
resection of the primary tumor [58]. It is not 
known whether the tumor can develop in preex-
isting benign congenital cystic lung disease or 
whether the cysts in these cases are type I PPB 
from the outset. The latter opinion has been 
favored recently, especially since PPB has been 
identified in fetuses and neonates [59].

21.2.2.2	 �Secondary Lung Tumors
In recent decades, significant progress has been 
made in the treatment of pediatric solid tumors, 
with current overall survival rates of 75–90% in 
nonmetastatic tumors. Unfortunately, 10–30% of 
children with solid tumors present with metasta-
ses, and an additional 15–20% relapse at distant 
sites [60]. Advances in the treatment of meta-
static disease, however, have not mirrored those 
of nonmetastatic solid malignancies, with overall 
survival ranging from 20% to 70%, depending 
primarily on histology [60]. As metastasis is a 
disseminated process, treatment depends on 
effective systemic therapy, but surgical resection 
can sometimes be therapeutic [61].

Computed tomography (CT) scan is nowadays 
the gold standard for the identification of pulmo-

Fig. 21.4  Surgical resection of a macrocystic lung lesion 
(differential diagnosis should include PPB type I and 
macrocystic CPAM)

S. Avanzini et al.
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nary nodules. However, the limitations of CT are 
still apparent in multiple pediatric solid tumors, 
including the fact that there are generally no find-
ings pathognomonic for specific histologies, both 
neoplastic and non-neoplastic (Fig.  21.5). 
Although the high sensitivity of CT can be bene-
ficial, its lack of specificity with respect to dif-
ferentiating malignant from benign nodules can 
lead to false-positive interpretations, resulting in 
unnecessary anxiety, surgery, and/or overtreat-
ment if a confirmatory biopsy is not performed 
[61]. Additional difficulties arise when trying to 
localize the CT-identified lesions for diagnostic 
or therapeutic resection, particularly if a mini-
mally invasive approach, such as thoracoscopy, is 
planned. While superficial lesions can be seen 
intraoperatively on visual inspection and larger, 
firmer lesions can be palpated with instruments, 
many deeper, smaller, softer lesions can easily be 
missed, regardless of the surgical approach. 
Given that the goal of metastasectomy is resec-
tion with maximal preservation of normal lung 
tissue, lobectomies or segementectomies are not 
a solution to this problem. Multiple techniques 
have been used to overcome this problem, includ-
ing preoperative marking with wires, coils, or 
dye, and localization with intraoperative ultra-
sound [62–64]. All these strategies are useful, but 
each has its drawbacks. Dyes spread along the 
pleura, coils, and wires can be inaccurately 
placed or dislodged, and the accuracy of ultra-
sound is limited by lesion depth and the amount 

of air in the lung. Despite the risk of dislodge-
ment, most authors favor preoperative wire or 
coil placement when attempting to localize a dif-
ficult lesion in the lung.

21.2.2.3	 �Osteosarcoma
Osteosarcoma is the most common pediatric 
bone tumor. Twenty percent of these patients 
present with metastasis at diagnosis, and another 
22% eventually develop metastasis at some point. 
Pulmonary metastases comprise 85% of these 
metastases. While the overall survival of patients 
with osteosarcoma has improved to 75% in recent 
trials, survival for metastatic osteosarcoma is still 
only 17–34%. Many studies have found that 
complete surgical resection of primary and meta-
static disease is essential for survival in osteosar-
coma [61]. Good prognostic factors in metastatic 
osteosarcoma include diagnosis of metastasis 
after treatment rather than prior to or during che-
motherapy, longer disease-free interval between 
treatment and relapse, fewer metastatic lesions, 
better histologic response to preoperative chemo-
therapy, and the ability to clear all metastatic dis-
ease surgically. Metastasectomy in osteosarcoma 
should be attempted whenever complete surgical 
resection of the primary and metastatic sites is 
possible. The presence of miliary disease and/or 
hilar node or pleural involvement can be consid-
ered relative contraindications, depending on the 
ability to resect all lesions and maintain adequate 
pulmonary function. The use of an open tech-
nique with exploration and palpation of both 
lungs has been supported by overwhelming evi-
dence that complete resection of all detectable 
disease is necessary for survival, because of the 
finding that pre-operative CT misses up to a quar-
ter of viable osteosarcoma metastases found by 
palpation, and by evidence that up to 60% of 
patients with unilateral CT lesions have contra-
lateral metastases at exploration. Unfortunately, 
no studies to date have attempted to identify the 
ideal open approach from among the available 
options of a median sternotomy, transverse ster-
notomy, synchronous bilateral or staged bilateral 
thoracotomies using posterolateral muscle-
sparing, vertical transaxillary, or lateral incisions. 
While sternotomy allows access to both lungs at Fig. 21.5  Wilms tumor right lung metastasis
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once, the posterior lung and left lower lobe are 
difficult to evaluate. Despite the exposure that 
thoracotomy provides, its use necessitates two 
incisions, and usually two separate surgeries, as it 
is better tolerated when staged [65].

21.2.2.4	 �Wilms Tumor
Approximately 10% of Wilms tumor patients 
present with pulmonary metastasis although they 
still have high overall survival rates [66]. 
Although burdened by a percentage of long-term 
sequelae and a significant risk of developing a 
second tumor, in the United States, these pulmo-
nary nodules have traditionally been treated with 
whole-lung radiation with good outcomes [67]. 
In Europe, therapeutic metastasectomy has been 
used to avoid the long-term effects of lung radia-
tion. The International Society of Pediatric 
Oncology (SIOP) protocol 93-01 allowed for 
pulmonary metastasectomy after initial chemo-
therapy. If complete remission is achieved by 
chemotherapy alone or with chemotherapy and 
surgery, patients continue on similar chemother-
apy and did not receive lung radiation [68]. The 
recently closed Children’s Oncology Group 
(COG) trial AREN0533 also eliminated lung 
radiation for patients who achieved complete 
remission of lung disease after 6 weeks of 3-drug 
chemotherapy and encouraged biopsy of lung 
nodules after initial chemotherapy to ensure that 
patients did not receive unnecessary lung radia-
tion. Overall, the use of surgery in the diagnosis 
and treatment of pulmonary disease in Wilms 
tumor is increasing. The upcoming COG high-
risk Wilms tumor trial will incorporate the use of 
metastasectomy to achieve pulmonary complete 
remission after initial chemotherapy, with the 
goal of obviating the need for lung radiation, as 
has been done in the SIOP protocol. With the cur-
rent diagnostic role of surgery, minimally inva-
sive techniques can be used when complete 
sampling of the lesions is possible.

21.2.2.5	 �Hepatoblastoma
Approximately 20% of patients with hepatoblas-
toma present with pulmonary metastases. Patients 
with metastases have a much lower survival rate 
(25–50%) compared to those without [69]. While 

early case reports showed the potential for cure 
following metastasectomy, initial chemotherapy 
trials also showed the possibility of complete reso-
lution of lung metastases with chemotherapy 
alone. Two larger Japanese trials showed the 
importance of this combined approach and empha-
sized the use of metastasectomy for residual lung 
disease after chemotherapy [70, 71]. The strategy 
of combining chemotherapy and metastasectomy 
for the residual disease is still used in all major 
hepatoblastoma cooperative trials for patients with 
pulmonary metastatic disease at diagnosis. The 
resection of any residual disease in the lungs is of 
utmost importance before local control for 
PRETEXT III and IV patients who require liver 
transplantation due to the need for post-transplant 
immunosuppression. Contraindications to metas-
tasectomy include an inability to achieve a com-
plete resection while preserving adequate lung 
function and the presence of uncontrolled disease 
at the primary site. There is no contraindication to 
minimally invasive techniques if complete resec-
tion can be accomplished.

21.2.2.6	 �Neuroblastoma
Among patients with neuroblastoma, pulmonary 
metastasis at diagnosis is rare. The International 
Neuroblastoma Risk Group Study most recently 
reported an incidence of 3.6% [72]. However, all 
of these might be underestimates, as detailed 
lung imaging was not obtained in the majority of 
these patients. The likelihood of metastasis in 
general and lung metastases, in particular, is 
higher in patients older than 1  year and with 
MYCN amplification (denoting a higher risk 
group). Patients with lung metastases are much 
more likely to have metastases to the CNS and 
other locations. Regardless of the metastatic bur-
den or location of metastases, surgery should be 
reserved for diagnosis only. Biopsy of the most 
easily accessed site, whether primary or meta-
static, for initial diagnosis or recurrence is 
recommended.

21.2.2.7	 �Rhabdomyosarcoma
Overall survival for metastatic rhabdomyosar-
coma (RMS) is poor. One early mixed-histology 
case series reported that patients with pulmonary 
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metastases from RMS are 35 times more likely to 
relapse in the lung than patients with lung metas-
tases from other sarcomatous histologies [73], 
and other reports confirmed a dismal outcome 
[74]. The largest European study included 174 
patients with metastatic RMS, 55% of whom had 
metastases to multiple organ systems. The unfa-
vorable primary site, bone or bone marrow 
involvement, and age <1 or >10 years were inde-
pendent, unfavorable risk factors. Patients with 0 
or 1 of these factors had an overall survival of 
47%, whereas overall survival was 9% for those 
with two or more risk factors [75]. A more recent 
COG report divided patients into groups, as the 
previous European trial did, and found that 
patients with 0 or 1 risk factor (age <1 or >10, 
unfavorable site, bone or bone marrow involve-
ment) had 3-year event-free survival of 69%, 
which is an improvement over earlier trials. 
Unfortunately, patients with 2 or more risk fac-
tors, which constitute the majority of metastatic 
RMS patients, still only have a 3-year event-free 
survival of 20% [76]. Given the poor outcome 
and good response to chemotherapy and radiation, 
metastasectomy in rhabdomyosarcoma should 
only be performed for diagnosis, and minimally 
invasive techniques can be used when 
appropriate.

21.2.2.8	 �Non-Rhabdomyosarcoma 
Soft Tissue Sarcoma (NRSTS)

This family of sarcomas includes alveolar soft 
part sarcoma, synovial sarcoma, chondrosar-
coma, and malignant fibrous histiocytoma, 
among others. These tumors have a propensity to 
metastasize to the lung and are generally resistant 
to chemotherapy and radiation. The rarity of 
these tumors makes their study difficult. Based 
on resistance to other treatments, metastasec-
tomy has been recommended for this family of 
tumors whenever complete resection of all dis-
eases is possible [77]. CT is the modality of 
choice for the diagnosis of these lung lesions, and 
because of their consistency, these tumors may 
be difficult to palpate. Localization techniques 
described earlier may be advisable for deeper 
lesions regardless of open or minimally invasive 
approach.

21.2.2.9	 �Ewing Sarcoma
Ewing sarcoma is a chemo- and radiosensitive 
tumor, which makes the assessment of the utility 
of surgery more difficult. A recent Polish study, 
published in 2016, reviewed 38 patients with 
Ewing sarcoma and isolated lung metastases 
treated with modern multi-modal therapy from 
2000–2014. Patients with a radiographic response 
to initial chemotherapy had improved event-free 
survival, but no effect of metastasectomy was 
observed [78]. Given the multitude of conflicting 
reports hampered by poorly controlled data, there 
is no reliable evidence that metastasectomy in 
Ewing sarcoma is of therapeutic benefit. 
However, with the 47% rate of negative biopsy in 
patients with small to moderate lung lesions, it 
can still play an important role in diagnosis, per-
haps saving some patients from intensified ther-
apy or lung radiation.

21.2.2.10	 �Adrenocortical Carcinoma
Adrenocortical carcinoma is a rare chemotherapy 
and radiation-resistant tumor. Although pediatric 
case series examining the effect of pulmonary 
metastasectomy do not exist, there is ample evi-
dence in the adult literature that this procedure is 
beneficial and can enhance long-term survival 
[79]. Case reports confirm the ability of metasta-
sectomy to produce long-term survival in the 
pediatric population [80, 81]. Pulmonary metas-
tasectomy should be performed in any patient 
with metastatic adrenocortical carcinoma in who 
complete resection is possible. Although there is 
no contraindication to minimally invasive resec-
tion, there are ample data from adults that these 
tumors are at high risk of rupture during dissec-
tion and removal and that spillage can lead to 
implants and carcinomatosis. The implications of 
spillage are heightened as there is little useful 
treatment other than surgery, so the surgeon must 
make every attempt to dissect and remove the 
tumor intact.

21.2.3	 �Bronchial Tumors

Primary tracheobronchial tumors represent a het-
erogeneous group of rare tumors with an overall 
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incidence of 0.0049 per 100 thousand children 
(about 0.2% of all tumors in this age group) [82]. 
Because of nonspecific clinical presentations 
showing heterogeneous symptoms, diagnosis is 
often difficult, and the airway involvement can 
lead progressively to a bronchial or tracheal 
obstruction [83].

Due to the rarity of these tumors, oncological 
guidelines on preoperative workup, treatment, 
and follow-up are lacking. Surgical resection 
often seems to be the treatment of choice, while 
the endoscopic approach is recommended only 
in highly selected cases depending on tumor 
localization and histological type. Chemotherapy 
and radiotherapy are usually indicated only for 
the management of tumor relapse [83]. Tumor 
histology is the main factor determining the sur-
vival rate with a better survival reported for car-
cinoids and mucoepidermoid carcinoma. The 
better prognosis of these tumors is also related to 
the intraoperative findings of negative lymph 
nodes, and survival is higher when lymphade-
nectomy and a lesser extensive surgery are per-
formed [84].

Symptoms are usually connected to the site 
and type of the tumor. Obstructive symptoms are 
prevailing in case of severe upper airway obstruc-
tion (>50% of the lumen) with stridor, wheezing, 
and dyspnea; cough is very common, expression 
of mucosal irritation or poor clearance with the 
accumulation of airway secretions distal to the 
stenosis; rarely, in case of mucosal ulceration, 
hemoptysis may be observed. Commonly, clini-
cal presentations of primary tracheobronchial 
tumors are misdiagnosed as bronchitis, pneumo-
nia, or asthma episodes. Complete or partial lung 
atelectasis is another frequent occurrence in 
these patients with bronchial localization. 
Neuroendocrine tumors as carcinoids can pres-
ent with the paraneoplastic syndrome (hypoten-
sion, diarrhea, and vasomotor flushing in 
10–30% of cases); other nonspecific symptoms 
comprise chest pain and weight loss [83].

Tracheobronchial tumors include both benign 
and malign lesions: In the first group, the most 
common histological types are represented by 
infantile hemangioma and squamous papilloma, 
while inflammatory pseudotumors, leiomyo-

mas, granular cell tumor, juvenile xanthogranu-
loma, tracheal lipoblastoma, and laryngotracheal 
chondromas can occur more rarely. The second 
group includes carcinoid and mucoepidermoid 
carcinomas, and less frequently rhabdomyosar-
coma, leiomyosarcoma, and adenoid cystic car-
cinoma [85].

Concerning malignant masses, bronchial car-
cinoid and mucoepidermoid carcinoma are the 
most common entities, with a generally good 
prognosis.

Carcinoid accounts for 80% of all malignant 
forms. Basing on the mitotic activity rate and the 
grade of tumor necrosis, they are classified as 
typical and atypical, with the latter one showing 
more aggressive behavior and a worse prognosis. 
Lymph node metastases are frequently described, 
while local recurrences and distant metastasis 
rarely occurred [85].

Mucoepidermoid carcinoma looks like an 
exophytic mass arising from the submucosal 
bronchial glands. According to cell type, pleo-
morphism, mitotic index, and the presence of 
cystic structures, they are classified into low, 
intermediate, and high-grade tumors. The most 
common in children is the low-grade type, mainly 
composed of mucous cells [85].

Rhabdomyosarcoma and leiomyosarcoma 
together with adenoid cystic carcinoma are the 
less frequent malignant lesions reported in the 
pediatric population. The former accounts for 
5.8% of all pediatric endobronchial tumors with 
previous radiation therapy, genetic predisposi-
tion, and immunological factors as the main doc-
umented risk factors for its occurrence. 
Leiomyosarcoma is even more sporadic, making 
up 3.8% of all pediatric forms. Finally, adenoid 
cystic carcinoma is a very rare lesion in the pedi-
atric population, with an aggressive attitude, 
because of frequent local relapse and local lymph 
nodes metastases [85].

A conventional chest X-ray is often performed 
in these patients, usually detecting nonspecific 
indirect signs of airway obstruction, as pulmo-
nary collapse, opacity, or hyperinflation. The 
gold standard for radiological diagnosis is CT 
scan with intravenous contrast that provides the 
exact location of the tumor, the intra- and 
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extra-luminal extension, and the connection with 
the adjacent organs and vessels (Fig. 21.6). CT 
also allows 3D reconstruction with the possibility 
of measurement of the tracheal and bronchial 
lumen [83]. However, airway endoscopy is essen-
tial and commonly used to assess tumor location 
and obtain tissue sampling. Both flexible fiberop-
tic endoscopy and rigid bronchoscopy are useful 
and complementary techniques. Flexible endos-
copy is particularly useful to explore the distal 
airways, and rigid bronchoscopy allows a better 
view and multiple biopsies or debulking of the 
tumor while maintaining the patient ventilated. In 
case of emergency during endoscopy, some pro-
cedures can be performed such as hemostasis, 
tumor debulking, and stenting.

Radical surgical resection of the mass with 
sparing of the normal lung tissue is the treat-
ment of choice in most cases. Although pneu-
monectomy and lobectomy have been typically 
performed for bronchial tumors, parenchyma-
sparing procedures, such as sleeve resections 
and bronchoplasty, are the main procedures per-
formed recently. Moreover, lymph nodes sam-
pling is strictly recommended in case of 
carcinoid and mucoepidermoid carcinoma 
because of their capability to metastasize.

Although several reports describe endoscopic 
resection of tracheobronchial tumors, this 
approach is still controversial compared to radi-
cal surgery. Several limitations and different sur-
gical complications are reported during 
endoscopic treatment (bleeding, transmural inju-

ries, fiber ruptures, and dislocations). Moreover, 
repeated procedures are often needed to remove 
completely the neoplastic mass exposing patients 
to many anesthesiologic procedures.

In the case of tumors located in the laryngeal 
and upper trachea region, an anterior transverse 
neck incision is indicated. During surgery, a tem-
porary intraoperative tracheotomy could be per-
formed. If cartilaginous tissue is not infiltrated, 
and a clear separation plane is evident, radical 
excision can be safely performed. Partial resec-
tion is mandatory in the case of larynx or tracheal 
infiltration. Laryngotracheal defect can be 
repaired by rib grafts. Otherwise, huge tumors 
require cricotracheal resection with end-to-end 
anastomosis.

21.2.4	 �Chest Wall Tumors

Chest wall tumors occur rarely in infants and 
children, accounting for only 1.8% of all solid 
childhood tumors. Chest wall neoplasms are pri-
marily of mesenchymal origin and comprise a 
broad spectrum of benign and malignant lesions, 
arising from the skeletal or soft tissues of the 
chest wall. The majority are malignant in nature, 
with distinct behaviors and varying responses to 
chemotherapy and radiation. Benign tumors are 
less common in most series, although they may 
be underreported. Any growing chest wall mass 
in children should be evaluated promptly because 
of the high frequency of malignancy. Most 

Fig. 21.6  Preoperative CT scan showing an intraluminal 
mass close to the bifurcation of the right main bronchus in 
the superior and lower lobar bronchi (black arrow) with 
subsequent atelectasis of the basal segments (arrowheads) 

(with permission from Avanzini S et  al. Intraoperative 
bronchoscopy for bronchial carcinoid parenchymal-
sparing resection: a pediatric case report.Pediatr Surg Int. 
2012 Jan;28(1):75-8
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frequent malignant tumors include Ewing sar-
coma, rhabdomyosarcoma, chondrosarcoma, 
osteosarcoma, and infantile fibrosarcoma [86]. 
The goals of chest wall resection and reconstruc-
tion include complete removal of the local tumor, 
restoration of adequate protection of the thoracic 
viscera, restoration of physiologic function pro-
viding for adequate lung and chest wall growth, 
and an acceptable chest wall appearance. Chest 
wall resection can be achieved via a standard tho-
racotomy incision, which should include the ini-
tial biopsy site. Serratus anterior or pectoralis 
muscles may need to be excised with appropriate 
margins. The extent of rib resection depends on 
the type of tumor. Incisions must be appropri-
ately placed to allow preservation of overlying 
skin and, if possible, muscle flaps. In most 
cases, resection of one or multiple ribs is 
required. The resulting defect can either be 
closed primarily or may require chest wall 
reconstruction. Reconstruction of segments of 
the chest wall is performed to protect underly-
ing structures, to obtain chest wall rigidity and 
fixation for effective respiratory effort, to pre-
vent flail segments and reduce paradoxical 
movements, and prevent herniation. Small 
defects (those involving fewer than three ribs) 
can usually be covered primarily with muscle and 
skin; those greater than 5 cm often require chest 
wall reconstruction, as a large flail segment 
would otherwise result. Posterior defects of up to 
10 cm in diameter can be tolerated as long as the 
scapula remains to provide stability. Generally, 
resection of ribs 1–4 posteriorly is well-tolerated, 
but if resection also involves the fifth and sixth 
ribs, additional support is necessary to prevent 
the scapula from becoming caught below the 
lower ribs. Resections that include the lower ribs 
can be reconstructed by reapproximating the dia-
phragm to the lowest remaining rib. This trans-
forms a thoracic defect into an abdominal defect, 
which has less physiological consequences. 
However, this technique cannot be used if the 
resection extends above the fifth rib. Defects 
involving the sternum should be reconstructed to 
protect underlying structures and to prevent the 
paradoxical motion that occurs with the removal 
of the anterior costal attachments. Defects involv-

ing mid-thoracic segments can be reconstructed 
with a rib transposition, by disinserting the ante-
rior portion of the rib below the defect from the 
sternum and fixing it back to the sternum or the 
remaining extremity of a resected rib in the mid-
dle of the defect. Prosthetic materials should be 
avoided whenever possible to decrease the risks 
of infection and complications related to radia-
tion therapy. Several materials and techniques 
have been used to reconstruct large chest wall 
defects, including fascia lata, omental trans-
plants, contralateral rib grafts, assorted muscle 
flaps, and prosthesis, including Gore-tex and 
other non-absorbable materials [87]. The major 
deterrence to the use of these prosthetic materi-
als in the young infant or growing child is that 
they do not expand as the child grows and may 
result in more severe scoliosis than occurs if the 
defect is closed with living tissue. Prosthetic 
materials provide a rigid base for reconstructing 
chest wall defects, but the overlying soft tissue 
must also be replaced. The pectoralis major, 
latissimus dorsi, and rectus abdominus myocuta-
neous flaps and the greater omentum are all 
available for use [87].

21.3	 �Surgical Approaches 
in Pediatric Thoracic Tumors

21.3.1	 �Posterolateral Thoracotomy

The patient is placed in a full lateral decubitus 
position with appropriate pressure point padding. 
The skin incision is started at the level of the 
anterior axillary line over the fifth intercostal 
space. It is curved around the tip of the scapula 
and continued posteriorly along a line between 
the medial aspect of the scapula and the spine. It 
is carried upward to the level of T4. Anteriorly, 
the skin incision follows the rib outline 
(Fig. 21.7a). If an additional posterior extension 
is required, the anterior portion of the trapezius 
and rhomboid muscles can be divided. If an addi-
tional anterior extension is required, the skin 
incision is extended to the lateral edge of the ster-
num, and the serratus anterior and pectoralis 
major muscles are divided. The mammary vessels 
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are dissected and ligated in case a partial sternot-
omy is needed [88–90]. The thorax is then entered 
either in the intercostal space or with a partial rib 
resection with preservation of the periosteum, 
which is split on the midline. Dissection then 
begins with mobilization of the thymus and iden-
tification of the phrenic, vagus, and recurrent 
laryngeal nerves. The tumor is dissected piece-
meal, in a cranial direction, and major vascular 
structures are controlled proximally and distally. 
For teratomas, an attempt to remove the whole 
tumor and prevent spillage of cells is optimal, 
although not always possible. When the thoracic 
duct can be identified, it is isolated, tied, and 
ligated. Meticulous dissection continues with fre-
quent use of neural monitoring, and marginal 
biopsies are taken after tumor extraction. Once 
the tumor is completely removed and lymph 
nodes have been sampled (if necessary), a chest 
tube is placed one or two intercostal spaces below 
or above the thoracotomy (Fig. 21.7b). The ribs 
involved in the thoracotomy are approximated 

with pericostal interrupted absorbable sutures. If 
the rib was partially resected, the periosteum is 
now sutured on the midline to facilitate rib 
regrowth.

21.3.2	 �Thoracoscopy

Thoracoscopic surgery in pediatric oncology 
remains an evolving field that has grown over the 
past 30  years. Surgical intervention remains a 
standard principle underlying the multidisci-
plinary treatment of many childhood cancers, and 
the integration of minimally invasive surgery 
(MIS), including thoracoscopic approaches, 
requires validation for the efficacy of these surgi-
cal techniques and to expand the indications of 
MIS for the treatment of pediatric cancer. To 
date, the paucity of outcome data has limited the 
ability to create guidelines for the use of MIS in 
pediatric oncology. Many children with pulmo-
nary or mediastinal masses may initially require 

a
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Fig. 21.7  (a and b) Posterior thoracotomy and chest drain insertion. (c) Thoracoscopic resection of a localized thoracic 
neuroblastoma.
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tissue for pathologic diagnosis and in some cir-
cumstances tumor resection. Although percuta-
neous biopsies may be performed with the 
assistance of image-guided technology, situa-
tions remain in which a surgical biopsy is required 
either via the thoracoscopic or the open surgical 
technique [91]. A thoracoscopic approach is to be 
considered to limit long-term sequelae such as 
winged scapula and scoliosis in this special pop-
ulation. Pediatric surgeons have used thoracos-
copy to diagnose and resect benign, malignant, or 
metastatic intrathoracic tumors [92]. However, 
tumor extirpation remains controversial and con-
tinues to be limited (Fig. 21.7c).

Theoretical advantages of using thoracoscopy 
include access to a wide area through limited 
incisions, better visualization of thoracic and 
mediastinal structures, and magnification of the 
local anatomy. Additionally, the use of thoracos-
copy has led to a decreased intraoperative blood 
loss, decreased postoperative pain, reduced hos-
pital length of stay, fewer chest tubes required 
and/or earlier removal, improved cosmetic result, 
faster return to normal activity, and reduced pul-
monary adhesions [93–102].

Factors limiting the use of thoracoscopy in 
children with cancer are related to the surgeon, 
patient, pathology, and technology. Pediatric sur-
geons' experience with advanced thoracoscopic 
techniques may be limited. Although the ability 
to gain thoracoscopic experience has increased 
over time, the relatively low volume of pediatric 
oncologic cases encountered by general pediatric 
surgeons can negatively impact their decisions or 
confidence to use a thoracoscopic approach. 
Single-lung ventilation with double-lumen endo-
tracheal tubes is unavailable for the smallest of 
patients, and, alternatively, bronchial blockers 
require highly skilled anesthesiologists for the 
fragile airway of small children [103]. Although 
thoracoscopy is feasible using only positive pres-
sure carbon dioxide insufflation without single-
lung ventilation, the resulting lung collapse is 
often suboptimal, thus hampering visualization 
of pulmonary nodules, decrease working space in 
the thorax, and increasing the risk of lung injury. 
The small working space within the thoracic cav-
ity or mediastinum, the patient's ability to tolerate 

single-lung ventilation, and hemodynamic effects 
caused by pressure generated by pneumothorax 
are competing factors that make every case 
uniquely different.

Large masses can potentially impede safe 
accessibility and specimen delivery and contrib-
ute to the potential risk of intraoperative tumor 
spillage and port-site recurrence [104, 105]. Deep 
or subcentimeter pulmonary lesions are difficult 
to visualize, and because the tactile ability is lost 
in thoracoscopy, these pulmonary lesions may be 
missed [106]. Adhesions due to prior thoracot-
omy may limit the ability for a thoracoscopic 
approach. This is especially relevant in scenarios 
where multiple serial thoracic surgeries are 
expected over the course of the disease, such as 
with serial pulmonary metastasectomies for 
recurrent metastatic osteosarcoma.

Complications related to thoracoscopy are 
not different from those encountered in tradi-
tional open surgery. A direct comparison of per-
centages of complications in these different 
approaches is frequently biased by selection cri-
teria, which generally favor the use of thoracos-
copy in “easier” cases. [93, 94, 96, 105, 
107–109]. Recurrence at the chest tube site has 
been reported after thoracoscopic resection of 
pulmonary metastasis from osteosarcoma [105], 
although this is extremely rare.

Inadequate equipment, insufficient training, 
and experience are considered contraindications 
to performing advanced thoracoscopy. Relative 
contraindications can be anatomical, such as dif-
ficult thoracic access due to large tumor size with 
consequently increased potential for tumor rup-
ture or spill, and physiologic, such as abnormali-
ties in cardiac output, difficulty tolerating 
single-lung ventilation or thoracic carbon dioxide 
insufflation, and coagulopathy [98].

With ultra-advanced technologies, rapidly 
improving thoracoscopic training, and adher-
ence to the fundamental oncologic principles in 
surgical technique, pediatric surgeons from 
across the world can selectively customize treat-
ments for thoracic and mediastinal tumors in 
neonates, infants, and children. However, signif-
icant oncologic concern remains whether malig-
nant tumors can be safely removed in these 
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children, given the risk of potential iatrogenic 
tumor cell dissemination and metastasis. 
Appropriate patient selection and correct surgi-
cal indications for advanced surgical procedures 
in children with cancer are necessary to mini-
mize the risk of surgical complications.

21.3.2.1	 �Surgeon and Patient
The safety threshold and the patient selection are 
important for consideration of any thoracoscopic 
approach. The surgeon's experience, patient size, 
detail regarding the potential pathology, location, 
and proximity to vital structures all impact the 
final decision of whether or not to pursue this 
minimally invasive approach.

21.3.2.2	 �Anesthesia
Thoracoscopic surgery requires the ability to cre-
ate enough working space within the hemithorax 
to safely visualize and perform the operative pro-
cedure. Impediments that lead to difficulty with 
anesthesia in infants and young children include 
one-lung ventilation (OLV), carbon dioxide 
insufflation, hypothermia, and the effect of lateral 
decubitus positioning [110–114]. The smaller 
tracheal and bronchial diameters in children and 
infants may prohibit the use of double-lumen 
tubes or bronchial blockers because there is a 
lack of double-lumen tubes and commercially 
available bronchial blockers. OLV currently 
remains a technically difficult and demanding 
task on behalf of the anesthesia team.

Key safety considerations in the decision to 
adopt a thoracoscopic surgical approach are heav-
ily influenced by the risk of cardiopulmonary col-
lapse under anesthesia. In children with anterior 
mediastinal masses due to Hodgkin's or non-
Hodgkin's lymphoma or less commonly neuro-
blastoma or germ cell tumors, the pros and cons 
of proceeding with an anesthetic need to be con-
sidered, especially in the presence of airway com-
pression. General anesthesia should be avoided in 
patients with tracheal cross-sectional area or peak 
inspiratory flow rate less than 50% of predicted 
for age and sex, and those with less respiratory 
compromise can generally safely undergo general 
anesthesia [115]. Thoracic epidural anesthesia or 
bilevel positive airway pressure management has 

been used in children for open biopsies of anterior 
mediastinal masses [116, 117].

21.3.2.3	 �Localization and Biopsy
Thoracoscopic biopsy of intrathoracic lesions has 
been effectively used for mediastinal masses, 
most commonly neuroblastoma and lymphoma, 
and for pulmonary masses that are usually meta-
static lesions or infiltrates. Approaches for local-
ization include image-guided hook wire, 
methylene blue injection, and/or the utilization of 
endoscopic ultrasound [91].

Although these various preoperative localiza-
tion techniques serve as adjunctive tools, several 
case series have been reported using thoraco-
scopic biopsy without preoperative localization 
with excellent results [118, 119]. Conversion to 
open thoracotomy ranged from 0% to 30% and 
was primarily due to limited visibility, adhesion, 
bleeding, decreased intraoperative oxygen satu-
rations, and hypercarbia. Therefore, thoracos-
copy was largely successful, and some patients 
were able to begin adjuvant therapy earlier [91].

21.3.2.4	 �Future Developments
Single-incision surgery allows chest surgery to be 
performed through a single access site that admits 
multiple working instruments. Experiences with 
pediatric single-incision thoracoscopic surgery 
for tumors are extremely rare [120].

Robotic surgery eliminates tremors and allows 
three-dimensional vision with a magnified view 
and the use of articulated instrumentation [103]. 
Mediastinal masses are proposed as “the golden 
indication” for robotic resection, and successful 
resection has been reported of malignant tumors 
such as neuroblastoma and mediastinal germ cell 
tumor, tumors of intermediate malignant poten-
tial, including ganglioneuroblastoma and lipo-
blastoma, and benign tumors, including 
ganglioneuromas and mature teratomas [103, 
121]. Limitations such as robot costs compared 
with standard thoracoscopy are thought to be the 
single most limiting factor in the use of this tech-
nology. Additional factors are the limited hemi-
thorax space in patients less than 2.5  kg, 
instrumentation size and availability, and learn-
ing curve [121].
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21.3.3	 �Cervicothoracic Tumors

High thoracic tumors and tumors of the cervico-
thoracic junction are often not amenable to com-
plete resection by either an isolated unilateral 
cervical or thoracic approach. Nonetheless, ade-
quate surgical exposure of these tumors is essen-
tial to prevent injury to nearby nerves (brachial 
plexus, phrenic, vagus, recurrent laryngeal, and 
spinal accessory) and vascular structures (carotid, 
subclavian, and vertebral arteries, the thyrocervi-
cal trunk, and the subclavian and jugular veins), 
while assuring complete resection. Large medi-
astinal tumors that require access to both hemi-
thoraces also present a challenge to complete 
resection with low postoperative morbidity. 
Series regarding pediatric bilateral anterior thora-
cotomy (“clamshell” approach) are found most 
often in the cardiothoracic literature. Isolated 
case reports have described excellent exposure 
for resection cervicothoracic junction tumors 
using a combined supraclavicular incision 
sternotomy-anterior thoracotomy (“trap-door” 
approach).

21.3.3.1	 �Transmanubrial Approach
The technique was described initially by 
Grunenwald and Spaggiari in 1997 [122]. The 
patient is placed in dorsal decubitus, with a roll 
placed under the shoulder. An L-shaped skin inci-
sion is made, the upper line corresponding to the 
anterior part of the sternomastoid muscle as far as 
the angle of manubrium and prolonged in an 
anterior thoracotomy at the level of the second 
rib. The sternal manubrium is exposed after dis-
secting the sternomastoid muscle (from the ante-
rior part to the internal jugular vein), sparing the 
major pectoral muscles. The originality of this 
technique lies in the division of the superior lat-
eral part of the manubrium and after the cartilage 
section of the first rib, with an L-shaped incision. 
After cutting the insertion of the anterior scalene 
muscle, an anterior flap is retracted progressively, 
preserving the sternoclavicular articulation and 
the insertion of the sternomastoid muscle, and 
offering a perfect plane of dissection for the sub-
clavian vessels. Tumor dissection then begins, 
starting with the internal jugular vein and its 

junction with the brachiocephalic vein (Pirogoff 
confluence). Step by step, all the vascular and 
nervous structures are exposed (subclavian and 
jugular vein to the brachiocephalic vein, subcla-
vian artery, phrenic and vagus nerve, and control 
of the carotid artery). In the posterior plane, dis-
section exposes the anterior part of the vertebral 
bodies from C3 to T4. Moreover, this dissection 
facilitates the removal of extradural intraspinal 
involvement and pleural extension. Ligation of 
the thoracic duct can be performed easily for left-
sided tumors. Reconstruction of the manubrium 
is performed with resorbable sutures [88].

21.3.3.2	 �Trap-door Incision
The patient is placed in the dorsal recumbent 
position with a roll beneath the shoulders, the 
arm ipsilateral to the lesion outstretched, and the 
contralateral arm tucked at the side. General 
anesthesia is induced, using either a double-
lumen endotracheal tube or a single lumen endo-
tracheal tube with a bronchial blocker for 
intubation. The head is then rotated 30–45° away 
from the tumor. The patient is prepped from the 
ear to the umbilicus and a clear head and neck 
drape is used. A transverse incision is begun 
superior to the clavicle with a parallel course, or 
along the anterior border of the sternocleidomas-
toid with a descending course, to the mid-portion 
of the suprasternal notch, continued downward 
through the midline sternum to the fifth inter-
space, then laterally through the fifth interspace 
to the anterior-axillary line (Fig. 21.8). The pec-
toralis is divided close to its point of insertion, 
and the intercostal muscles are divided at the fifth 
interspace. The pleural space is entered and the 
internal mammary vessels are isolated, ligated, 
and divided. The retrosternal space is bluntly dis-
sected, and a sternal saw is used to divide the 
sternum to the level of the fifth interspace, then 
laterally to the thoracotomy. Bleeding from the 
edge of the sternum is treated with bone wax. The 
sternal and a portion of the clavicular head of the 
sternocleidomastoid are divided close to their 
points of origin and marked with sutures for later 
approximation. The strap muscles are similarly 
divided. A retractor is then placed between the 
cut edges of the sternum allowing excellent 

S. Avanzini et al.



211

exposure. At the end of the dissection, the ster-
num is reapproximated with 3–4 sternal wires or 
nonabsorbable sutures in small patients. The tho-
racotomy is closed as described above. The lungs 
are then inflated under direct vision, and the peri-
costal sutures and sternal wires are secured. The 
mobilized edges of the pectoralis flaps are closed 
over the sternal wires. Attention is then directed 
to the neck where the sternal and clavicular heads 

of the sternocleidomastoid muscle are reapproxi-
mated with the figure of eight sutures of heavy 
absorbable suture [90].

21.3.3.3	 �Sternotomy
The procedure consists of an anterior cervical 
transsternal approach as described by Ladas 
et  al [123] and also previously adopted by 
Grosfeld et al [124]. The patient is placed in a 

a

b

Fig. 21.8  (a) Right schwannoma tumor located at the right 
thoracic inlet, involving major cervical vessels and nerves. 
Anterior cervical transsternal approach was adopted. (b) 
Rhabdomyosarcoma located in the posterosuperior left 
mediastinum, determining compression and right-anterior 
displacement of the esophagus and trachea. The aorta is 
compressed and shifted medially, with slight anterior dislo-

cation of left carotid and left subclavian artery: the left pul-
monary artery and left principal bronchus appear 
compressed and inferiorly displaced; superiorly, the mass 
arrives in proximity to the left thyroid lobe. Trap-door 
approach was adopted. (with permission from De Corti F 
et al. The surgical approach for cervicothoracic masses in 
children. J Pediatr Surg.2012 Sep;47(9):1662-8)
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supine position, with the head extended and 
rotated contralaterally to the mass. The incision 
extends from the level of the thyroid cartilage 
downward along the anterior margin of the ster-
nocleidomastoid muscle onto the manubrium 
and the upper sternum (Fig. 21.8). If required—
in case of malignant infiltrating tumors—the 
incision may be prolonged caudally to perform 
a complete sternotomy. The clavicle is not 
resected. In instances of large-sized tumors, the 
sternocleidomastoid muscle may be divided to 
allow better exposure of the surgical field and 
reattached at the end of the operation. This 
approach offers a wide exposure of the cervical 
neurovascular structures, subclavian vessels, 
and brachial plexus. Vessels are identified and 
progressively isolated to guarantee immediate 
vascular control in case of bleeding during dis-
section of the mass. The tumor is progressively 
freed from the surrounding structures, making 
sure to preserve the roots of the brachial plexus 
(a nerve stimulator may be used) as much as 
possible. Once the tumor is removed, a laminar 
drain is placed in the surgical field along with a 
suction drain in the anterior mediastinum. A 
chest drain is not necessary unless the pleura is 
breached.

21.3.4	 �Thoraco-abdominal Tumors

21.3.4.1	 �Thoraco-phrenolaparotomy
The child is positioned on the homologous 
oblique lateral decubitus with the arm lifted and 
bent over the head, avoiding any outstretched 
position to reduce the risk of brachial plexus inju-
ries. Then, the surgeon identifies the 10th rib and 
marks the skin. A single skin incision is made fol-
lowing the 10th rib, starting posteriorly from the 
inferior margin of the scapula proceeding 
obliquely downward on the lateral margin of the 
rectus abdominis muscle beyond the umbilical 
transverse line. The rib is exposed and partially 
resected with preservation of the periosteum as 
described above. Then, the parietal pleura is 
incised to get access into the chest cavity. This 
leads to the wide exposure of the lung, dia-

phragm, and thoracic parts of the tumor. Selective 
lung ventilation is not generally required.

Laparotomy is performed following the direc-
tion of the lateral margin of the rectus abdominal 
muscle. Blunt dissection of the peritoneum from 
the diaphragm proceeds till touching the abdomi-
nal part of the tumor.

The diaphragm is incised along the posterior 
peripheral margin close to its insertion on the lat-
eral chest wall to avoid phrenic nerve lesions.

Once thoracotomy, laparotomy, and diaphrag-
matic incision are performed, intrathoracic and 
retroperitoneal spaces are both accessible and 
tumor complete resection can proceed following 
the usual steps.

A chest tube and a retroperitoneal suction 
drain are placed once the tumor is completely 
removed. The diaphragm is closed using inter-
rupted non-absorbable sutures.

21.3.5	 �Bilateral Thoracic Tumors

21.3.5.1	 �Clamshell Incision
The patient is placed in the dorsal recumbent 
position with a roll behind the midportion of the 
chest. The arms are abducted to 90° at the shoul-
der and elbow. General anesthesia is induced 
with a double-lumen or single-lumen endotra-
cheal tube capable of lung isolation, and the 
patient is prepped from the chin to the umbilicus 
and transversely to the bilateral posterior axillary 
lines. An anterior curvilinear incision is made 
along the fifth interspace bilaterally from each 
anterior-axillary line, connecting at the midline. 
The pleural space is entered and the mammary 
vessels are isolated, ligated, and divided. The 
retrosternal space is then bluntly dissected, and 
the sternum is divided transversely with a sternal 
saw. A retractor is placed, allowing for exposure 
of both pleural cavities, from the pulmonary 
hilum to the posterior aspect of the diaphragm. 
When the tumor dissection is complete and 
hemostasis is assured, bilateral chest tubes are 
placed and the sternum is either approximated 
with wires. Pericostal sutures are used to approx-
imate the ribs.
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21.4	 �Complications

21.4.1	 �Cardiopulmonary 
Complications

21.4.1.1	 �Atelectasis
Intraoperatively, adequate inflation of the lungs 
by positive pressure ventilation should be assured 
by looking at the lung at the time of closure or 
completion of thoracoscopy. After the operation, 
pain relief is critical to allowing the full opening 
of the lung. While some degree of atelectasis is a 
normal postoperative finding, it responds well to 
incentive spirometry, flutter valve, and other 
measures for a pulmonary toilet. How frequently 
atelectasis leads to pneumonia is unclear but not 
often. Family members can encourage the patient 
with these measures, and this helps them to real-
istically feel they are contributing to recovery.

21.4.1.2	 �Pneumonia
Postoperative pneumonia in children occurs in 
several settings, generally following atelectasis. Its 
incidence ranges between 9% and 21% according 
to different series. Gram-negative bacilli generally 
predominate, causing 86% of cases of pneumonia. 
Fungi caused 7%, and the remainder is related to 
gram-positive cocci (7%). With increasing antibi-
otic resistance recently reported in most centers, 
local susceptibility patterns must be followed.

21.4.1.3	 �Respiratory Distress 
Syndrome (RDS)

Respiratory distress syndrome (RDS) arises in 
children from the same pathophysiologic pro-
cesses as in adults. Pulmonary edema occurring 
as a result of oncotic and hydrostatic pressure dif-
ferences leads to fluid in the alveolar spaces. 
RDS in children is often complicated by infec-
tion of the edematous lung and may require pro-
longed ventilatory support and tracheostomy. 
Management remains controversial.

21.4.2	 �Complications of Chest 
Incision

Posterolateral thoracotomy complications noted 
in a series of 49 children [125] were: scoliosis, 

31%; elevation of the shoulder 61%; winged 
scapula 77%; asymmetry of the thoracic wall due 
to atrophy of the serratus anterior 14%; deformity 
of the thoracic cage 18%; and asymmetry of the 
nipples 63%. A greater incidence of denervation 
problems was noted with more cephalad inci-
sions. Most of the abnormalities were not func-
tionally significant but caused the authors to 
recommend that incisions should be as low as 
possible, and should be performed after the first 
year of life if possible.

Median sternotomy in childhood has been fol-
lowed by scoliosis in 34%. Median sternotomy is 
sometimes complicated by mediastinitis or ster-
nal wound infections.

Thoracoscopy or VATS operations should 
minimize the incidence of neurologic and chest 
wall complications that confound surgeons 
obliged to use a posterolateral thoracotomy. 
However, the approach is not without difficulties. 
Preparations should be made for rapid thoracot-
omy in case of unexpected massive hemorrhage.

Scoliosis is a well-established complication of 
thoracotomy and/or chest wall resection. The 
severity of the curve is directly related to the 
number of ribs resected. Resection of the poste-
rior segment of ribs produces more scoliosis than 
resection of the anterior segments. Similarly, 
resection of lower ribs produces a greater curve 
than resection of upper ribs [126]. Radiation can 
also affect the growth of the hemivertebrae on the 
radiated side. Scoliosis is often progressive until 
the child reaches full stature and therefore 
requires long-term follow-up. For these reasons, 
several authors recommend techniques sparing 
the serratus anterior and latissimus dorsi.

21.4.3	 �Complications of Pulmonary 
and Bronchial Resection

21.4.3.1	 �Pneumothorax
Pneumothorax or prolonged air leak from a tho-
racostomy tube following thoracic surgery may 
be a result of air leaking from the chest drainage 
device, air entering the chest along the chest tube 
as it passes through the chest wall, or leak from 
the lung. Air leak from a bronchial stump leak is 
more troublesome. This complication is 
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sufficiently infrequent in children that an inci-
dence is hard to obtain. Air leak is often associ-
ated with debility, poor nutrition, infection, or 
malignancy, and reoperation on a high-risk 
patient.

21.4.3.2	 �Restrictive Pulmonary 
Function

Residual pulmonary function depends on the 
amount of lung parenchymal resection in case of 
pulmonary tumors and/or on the entity of chest 
wall resection and consequent scoliosis. The 
forced vital capacity (FVC), forced expiratory 
volume, and functional residual capacities (FRC) 
studied from 1 month to 10 years after surgery 
demonstrates minimal early reduction in the FRC 
and FVC. Progressive worsening over time may 
be noted, with all patients eventually demonstrat-
ing a certain degree of pulmonary restrictive 
disease.

21.4.4	 �Complications Involving 
the Pleural Space

21.4.4.1	 �Pleural Effusion
Pleural effusion following thoracotomy is more 
commonly an expected outcome of the operation 
rather than a complication and is usually man-
aged adequately by placing chest drains at the 
time of surgery. Reaccumulation after drain 
removal might indicate premature removal but 
might also signal the development of pneumonia 
with effusion or hemorrhage.

21.4.5	 �Complications of Mediastinal 
Surgery

21.4.5.1	 �Chylothorax
Chylothorax occurs in a variety of mediastinal 
operations in 1–4% of cases. Chylothorax is 
initially managed by placing and leaving a 
chest tube. The median duration of drainage is 
generally 15 days. The great majority responds 
to treatment with dietary modification and/or 
octreotide. Surgical ligation of the thoracic duct 

was reported to decrease but not eliminate 
drainage. Recent reviews in the critical care 
medicine literature note that there is no consen-
sus about the optimal route of administration, 
dose, duration of therapy, or strategy for dis-
continuation of therapy. Thoracic duct ligation 
has been successfully performed thoracoscopi-
cally [127].

21.4.5.2	 �Diaphragmatic Paralysis
Diaphragmatic paralysis can result from phrenic 
nerve injury by dissection, clamp, electrocautery, 
or ice used for cardioplegia. Phrenic nerve injury 
is a serious complication. Its frequency was 
reported to be 1.5%. Half of the patients may 
require plication of the diaphragm. Video-assisted 
plication can be performed generally through an 
abdominal approach [128].

21.4.5.3	 �Spinal Ischemia
Posterior mediastinal tumors may extend into the 
intervertebral foramina and may potentially com-
press the spinal cord. Moreover, resection of infe-
rior posterior mediastinal tumors carries the 
possibility of injury to the artery of Adamkiewicz 
(AKA), typically located at the level of T9–T12. 
Disruption of the AKA may lead to anterior spi-
nal cord ischemia and subsequent paraparesis or 
paraplegia. Some authors suggest to routinely 
perform a spinal angiography for all posterior 
mediastinal tumors with intraforaminal involve-
ment located between the levels of T5–L1  in 
order to visualize the AKA for preoperative sur-
gical planning [129].

21.4.5.4	 �Horner Syndrome
The classic triad of Horner syndrome, consisting 
of ipsilateral miosis, mild upper eyelid ptosis, 
and facial anhidrosis, is caused by interruption of 
at least one of the three neurons in the oculosym-
pathetic pathway. Neuroblastoma is the most 
common neoplasm presenting with Horner syn-
drome and, indeed, an isolated Horner syndrome 
is the first presenting symptom of neuroblastoma 
in 2% of cases. Horner syndrome may obviously 
appear following resection of a tumor involving 
and/or located at the stellate ganglion [130].
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