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ARTICLE INFO ABSTRACT

Primary tracheobronchial tumors are rare lesions that can be benign or malignant, with different location
along the airway tree. Symptoms may include wheezing, chronic pneumonia, asthma, chest pain,
recurrent cough, atelectasis, haemoptysis, and weight loss. Due to the heterogeneity of symptoms,
diagnosis can be difficult and the airway involvement can lead progressively to a bronchial or tracheal
obstruction. Due to the rarity of primary tracheobronchial tumors in children, there are not any
oncological guidelines on pre-operative work-up, treatment, and follow-up. Only few reports and
multicentric studies are reported. In most cases, surgical resection seems to be the treatment of choice.
Brachytherapy, endoscopic treatment, and chemotherapy are rarely described. In this article we present
an overview on these rare tumors, including pathological aspects, clinical presentation, imaging
assessment, and endoscopic or open surgical treatments. We discuss different surgical approaches,
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according with tumor location.
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Introduction

The most common airway tumor in children is papillomatosis, a
well known viral infection disease, described in many reports,
especially from otorynolaryngologist groups, both in pediatric and
adult age. Another relatively frequent and well known airway
tumor is infantile hemangioma. Conversely, the group of the other
primary airway tumors in children includes very rare diseases
whose treatment often requires a multidisciplinary approach and
major surgery. Over the years, some clinical case series were
published!~* in which the patients were treated heterogeneously
(by endoscopic or surgical approach). In other few larger studies
published,”~” details on type of surgical procedure, exact tumor
location, and other data were lacking.>~” Primary airway tumors
have a wide range of histopathologic types and their long-term
outcomes remain still unknown (Figure 1).

Non-specific symptoms as haemoptysis, chronic pneumonia,
asthma, chest pain, wheezing, recurrent cough, and weight loss
can delay the diagnosis and children may develop tracheal or
bronchial obstruction.

Neville et al® reported an overall incidence of 0.049 per
100.000 children, but the exact incidence of every single primary
tracheobronchial tumor (PTT) type in pediatric population is not
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provided, due to the rarity of the singular entities. Epidemiology
and End Results (SEER) registry, due to the rarity of the PTT,
justified the absence of prospective studies comparing different
treatments as well as the absence of guidelines for diagnosis and
treatment.®

The aim of our article is to present an overview of rare pediatric
airway tumors (excluding metastasis, papillomatosis, and vascular
tumors), including pathological aspects, clinical presentation,
imaging assessment, and endoscopic or open surgical treatment.

Pathology

Tumor histology is the main factor determining the survival
rate as reported by Rojas et al.,” with a better survival reported for
carcinoids and mucoepidermoid carcinoma. The better prognosis
of these tumors was also related to the intraoperative findings of
negative lymph nodes and survival is higher when lymphadenec-
tomy and a lesser extensive surgery were performed.”

Carcinoid tumors (CaT) are the most frequent PTT in children
with an overall incidence of 3-5 cases per million people per year®
and represent among the 80% of PTT.>'° CaT have an endodermal
origin from Kulschitzky cells, generally located in the basal layer of
bronchial epithelium. CaT are classified as typical (10%) and
atypical (90%), according to mitotic index and presence or absence
of necrosis."!
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Fig. 1. The most representive primary tracheobronchial tumors are described with
their more frequent location.

In association with airway symptoms, clinical presentation of
CaT may include carcinoid syndrome (hypotension, diarrhea, and
vasomotor flushing) in 10-30% of cases.'?

As CaT can be characterized by lymph nodes metastases, lymph
node sampling is recommended'® during surgery. A complete
surgical resection remains the treatment of choice—despite CaT
can present as intraluminal or pedunculated, in case of a bronchial
wall infiltration an endoscopic approach does not allow a complete
resection.'® The overall survival of CaT is good (95%) in the largest
reported series of PTT.”

Mucoepidermoid carcinomas (MC) are the second commonest
PTT in children. They take origin from salivary gland and are
characterized by mucinous, intermediate, and squamous cells."”
MC represent 10% of PTT and are classified in low, intermediate,
and high grade, based on the mitotic index.'® MC usually present
as an airway (trachea or main bronchus) slow-growing vascular
polypoid mass. Despite some endoscopic resections were
attempted,'” the possibility of recurrence, as reported by Romio
et al.,’> confirms that open surgical resection and lymph node
sampling remain the treatment of choice.®

Similar to CaT, the overall survival for MC is excellent (87-
100%).°

Granular cell tumors (GCT) take origin from Schwann cells and
are frequently located in tracheobronchial lumen, only the 10%
occurring in the larynx.>!® Whereas malignancy transformation
was never documented in pediatric population, surgical resection
must be considered, based on the morbidity risk.

Inflammatory myofibroblastic tumors (IMT), also named pseu-
dotumors, are characterized by myofibroblastic spindle-shaped cells,
lymphocytes, plasma cells, and eosinophils. They represent around
1% of PTT,*° and are commonly located in upper trachea (Figure 2).
Despite being considered as low-grade benign-tumor, IMT may give
occasionally metastatic spread.’! Corticosteroid treatment could
favor proliferation of the tumor.>? After the recent identification of
ALK gene mutations in myofibroblasts on 50% of IMT patients, the
utilization of ALK inhibitor as crizotinib was introduced in selected
cases as complementary treatment and founded to be useful in
preliminary studies.”>>> Compete surgical resection actually
remains the treatment of choice and endoscopic treatment must
be reserved to those cases at high risk of surgical morbidity.?*?!

Rhabdomyosarcoma (RMS) is a rare entity in children. In
pediatric patients, RMS can be located in the larynx as an
embrional botryoid variant. A previous radiation therapy for a
pre-existing papillomatosis is the main recognized risk factors for
larynx RMS, but there are also implications between genetic
predisposition and immunological factors.?®

Mutilating surgery is not indicated, as multiagent chemother-
apy associated with radiotherapy allows an excellent overall

Fig. 2. Miofibroblastyc tumor: upper airway localization.

survival even in cases of lymph nodes metastasis with survival of
all cases after a follow-up between 13 and 17 years in the largest
reported series.”’*® Surgery must be reserved to the purpose of
diagnostic biopsy or debulking for emergency condition.

Other very rare tumors are the laryngotracheal chondromas
(LTC). Surgical resection remains the treatment of choice and the
rate of local recurrence seems to be low but still unclear, due to the
slow growth of this PTT and the relatively short follow-up of
reported cases in literature.”®

In the literature, there is only 1 case of tracheal lipoblastoma
(TL) in children, described by our group>°—we described a poste-
rior tracheal wall tumor with obstructive symptoms at presenta-
tion and a rapid growth with esophageal involvement (Figure 3).
A partial cricoid tracheal resection was required, as well as a strict
follow-up, due to the high local relapse risk in the early post-
operative time.

Sign and symptoms

Clinical presentation depends on the site and type of the tumor.
Obstructive symptoms are frequent in case of severe ( > 50% of the
lumen) upper airway obstruction with stridor, wheezing, and
dyspnea; cough is very common and is expression of mucosal
irritation or poor clearance with accumulation of airway secretions
distal to the stenosis; haemoptysis is not a frequent symptom and
is observed in case of mucosal ulceration. Commonly, clinical
presentations of PTT are misdiagnosed as bronchitis, pneumonia,
or asthma episodes. Complete or partial lung atelectasis is another
frequent occurrence in these patients with bronchial localization.
Neuroendocrine tumors as CaT can present with carcinoid syn-
drome as described above.

Fig. 3. Tracheal lipoblastoma. A partial tracheal cricoid resection was neccesary.
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The diagnosis of PTT in children is usually delayed, due to the
low suspicion level of the clinicians approaching patients with
respiratory symptoms, because of their rarity, but also to the
“functional reserve” of the trachea—obstructive symptoms usually
do not appear until the lumen is occluded for 50% or more.’!

Radiology and endoscopic assessment

Conventional chest x-ray is often performed in patients with
PTT, but in the majority of cases it is not diagnostic and can only
detect not-specific indirect signs of airway obstruction, as pulmo-
nary collapse, opacity, or hyperinflation.

The gold standard for radiological diagnosis of PTT remains
computed tomography (CT) with intravenous contrast, that pro-
vides the exact location of PTT, the intra- and extra-luminal
extension and the relation with the adjacent organs and vessels.
CT also allows 3D reconstruction with the possibility of measure-
ment of the tracheal and bronchial lumen. The different tumors
present some of the following differences at CT scan: CaT and IMT
are characterized by lobulated and defined contours on CT scan,
with calcifications less present in cases of peripheral location; MC
are lobulated or oval masses with calcifications in the 50% of cases;
GCT present as ovoid soft-tissue masses.>> However, CT cannot
give us a definitive diagnosis on the histological type of the mass.
This underscores the role of endoscopy with biopsy for studying
the histological findings®® (Figure 4).

If CT scan remains the gold standard for PTT assessment,
magnetic resonance (MRI) represents a useful tool for staging of
pediatric malignancies, whole-body scan allows detection of dis-
tant metastases as described by Siegel** (Figure 5).

The American College of Radiology Imaging Network demonstrated
that MRI was not less accurate than other conventional techniques
involving ionizing radiation as PET/TC or scintigraphy. In case of RMS, a
metastatic work-up is indicated, including bone scan, bone marrow
aspirate in addiction to CT scan to identify cartilage invasion.

Fluoro-deoxy-glucose positron emission tomography (FDG PET)
can be a complementary useful tool for diagnosis of CT because of
the expression of somatostatin receptors. The main limitations of
the application of FDG PET for CT diagnosis are the low metabolic
activity of the typical form results and the size-relation with
possible false negative.>®

FDG PET utilization was also reported for MC, but due to the
low metabolic activity of MC must be always associated with a CT
scan.>37

Airway endoscopy is essential in the study algorithm and
commonly used to assess tumor location and obtain tissue sam-
pling. Both flexible fiberoptic endoscopy and rigid bronchoscopy are
useful and complementary techniques.! Flexible endoscopy is

Fig. 4. Computed tomography coronal section with the mass protruding in the left
main bronchus.

Fig. 5. CT scan coronal view. Left subglottic space mass. Miofibroblastic tumor.

particularly useful to explore the distal airways, 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 maneuvers can be performed
such as hemostasis, tumor debulking, and stenting.>®

Endoscopic treatment

Despite several institutional experience on endoscopic resec-
tion of PTT were reported, its use remains controversial.!"*>9

One of the largest series of endoscopic treatments for trache-
obronchial lesions in children was reported in 2013 by Sjogren and
Sidman“® who used carbon dioxide laser. Despite their promising
results of a total of 234 procedures in 17 patients, they concluded
that endoscopic resection is burdened by several limitations: the
high risk of transmural injury, the inability to coagulate vessels
with caliber higher than 5 mm of diameter and the risk of rupture
of laser fiber with dislocation in the airway tree. The high rate of
endoscopic procedures for each patient expose to a high number
of anesthesia procedures, with subsequent procedure-related
complications. The others limitations are related to the tracheo-
bronchial compression which represents a contraindication to
endoscopic resection and the extratracheal involvement of the
tumor. Several complications were reported after endoscopic
resection as post-operative atelectasis and risk of local relapse.>*

Tracheotomy

It is recognized that surgical complete removal of the tumor is
the treatment of choice, for most of PTT (CaT, IMT, and GCT). The
role of pre-operative tracheotomy has not been studied, but in our
opinion tracheotomy is usually unnecessary or not recommended.
The patients who present with severe tracheal obstructive symp-
toms are those who potentially could benefit of a tracheotomy,
however, primary resection of the tumor or biopsy with endoscopic
debulking could allow a safe airway management avoiding the need
of tracheotomy. Tracheotomy could be an option in a severely
distressed patient in whom the surgeon needs a pre-operative
precise definition of the tumor histology and endoscopic debulking
could be technically impossible (e.g., for bleeding).?? One of the
disadvantages of the tracheotomy is that, depending on the site
where it is performed, it could complicate the subsequent oper-
ation. If tracheotomy is really close to the tumor, it can be included
later in the tracheal resection and anastomosis, without sacrificing a
long segment of trachea; if tracheotomy is far from the tumor (at
least 3-4 rings from the inferior margin of the tumor), a tracheal
resection and anastomosis can be accomplished without the need of
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including the tracheotomy in the resection. If tracheotomy is
performed at a middle distance (at around 2 rings) from the inferior
margin of the tumor, it will probably complicate the subsequent
tracheal resection. For these reasons, in our practice we tend
to avoid the use of tracheotomy. We usually perform a biopsy
during endoscopic pre-operative assessment and shortly after the
histological diagnosis is achieved, we plan an open surgical
resection.

Surgical approaches. Technical aspects

Despite several transverse neck incision were reported,®' a
conventional anterior transverse collar incision provides a good
exposure for PTT located in the larynx tract.

After subcutis and platysma dissection, a modified Scott retrac-
tor (Lonestar®™ retractor) placement can help the surgeon to
proceed to the larynx exposure (Figure 6).

After sternohyoid and sternothyroid muscle lateral retraction, the
isthmus of the thyroid is transected in the middle port to gain the
access to the airway. A temporary intraoperative tracheotomy can
help to assist the child during the surgery and give the possibility to
remove the tracheal tube positioned at the beginning of the
procedure. Depending on the localization of the tumor, a laryngo-
fissure is performed to gain access to the tumor. If necessary, a full
laryngofissure will give access to posterior glottis and inter-arytenoid
space. If the tumor is covered by a normal mucosal layer, the mucosa
can be open and the tumor dissected. If not infiltrating the cartilage,
the tumor can be easily separated and removed (tumorectomy),
leaving the laryngeal framework intact (Figure 7). After tumor-
ectomy, the mucosa can be re-approximated and the laryngofissure
closed. In case of infiltrated larynx, a partial resection is usually
necessary and frozen sections are recommended to delineate tumor
margins and then surgeon can proceed to the reconstruction. A
posterior and/or the anterior larynx defect can be reconstructed with
a cartilaginous rib graft (laryngotracheal reconstruction with carti-
lage graft). In this case, after measuring the cricoid defect, a rib graft
is harvested from the anterior chest wall, designed on the cricoid
defect leaving additional 1-2 mm for the postero-lateral margins*?
and leaving the perichondrium intact on 1 side. The graft is sutured
to the laryngeal cartilage by using absorbable sutures, avoiding
multiple punctures for the risk of cartilage rupture and necrosis. In
addition, fibrin—-thrombin glue can be used to facilitate the re-
epithelization. The mucosa will progressively cover the graft prolif-
erating from both sides of the graft onto the perichondrium.

Fig. 6. Larynx tumor with posterior cartilage exposure, tracheal tube is inserted
below the tumor location.

Fig. 7. A granular cell tumor (GCT) is removed from the posterior cricoid plate
(tumorectomy).

In case of PTT with larger extension, a cricotracheal resection
with an end-to-end anastomosis is required. In this case, the
anterior arch of the cricoid is removed, leaving the posterior arch
intact to preserve the recurrent nerves. The resection completed,
the distal tracheal stump is mobilized and moved cranially to join
the thyroid cartilage, to which is anastomosed by using absorbable
extra mucosal sutures. A full mucosal approximation is essential to
avoid subsequent granulation tissue and stenosis.

In some children, extubation could be attempted at the end of
the surgery. In infants or small children, the patient will be usually
kept intubated for few days.

Complications of these types of surgeries include infection of
the rib graft, granulation, malacia, vocal cord palsy for laryngeal
nerve trauma, dehiscence of the airway, graft collapse, and
laryngotracheal stenosis. All these complications are described
with low incidence in main airway centers.

Upper trachea

PTT of the upper trachea must be approached through an anterior
access with an hyperextension of the neck. Sternotomy is usually not
necessary. A careful attention must be paid on the dissection of the
lateral aspects of the trachea not to damage the inferior laryngeal
nerves and avoiding unnecessary devascularisation. A flexible intra-
operative bronchoscopy can be useful for the correct identification of
the tumor location. Based on histological frozen evaluation of tumor
margins and extension of the mass, a cylindrical tracheal resection
with end-to-end anastomosis or a window resection can be per-
formed. Tracheal anastomosis is performed using interrupted
absorbable extra mucosal sutures with the knots outside. The length
of the trachea to be resected is usually not too long for a safe tracheal
anastomosis. Lymph nodes evaluation and biopsy is recommended.”

Inferior trachea

PTT of the inferior trachea usually required a full sternotomy.
Based on tumor location an extracorporeal circulation (CEC) or
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Fig. 8. Type of tracheobronchial resection according to the tumor location: (A) Carinal tumor with minor tracheal involvment; (B) Carinal tumor with major tracheal
involvment; (C) Tracheobronchial right angle involvement including the upper lobe orifice and initial part of the right main bronchus; (D) tracheobronchial right angle
involvement including the upper lobe orifice and long part of the right main bronchus; (E) tracheobronchial left angle involvement including the left main bronchus.

extracorporeal membrane oxygenation (ECMO) can be required.
Each case requires an individualized surgical approach, as the
technical solutions vary according to the site and extension of the
tumor described by Grillo.*?

Lobar and segmental bronchi

If PTT is located in the main bronchus, with both proximal and
distal margins free from disease, a sleeve resection is the gold
standard surgical approach. Sleeve resection consists in the
resection of the affected segment of the bronchus (checked with
frozen sections) and re-anastomosis of the distal to the proximal
stump. By this approach, the entire parenchyma of the lung is
preserved. Intraoperative bronchoscopy is very useful to guide
the bronchial resection. Single lung ventilation (contralateral
to the tumor) is usually sufficient to manage these cases,
but extracorporeal circulation must be ready to be installed
(Figure 8).

In case of more peripheral location of PTT (lobar or segmental
bronchi) a lobectomy or a segmentectomy are recommended with
the saving of the greater amount of lung tissue especially in cases
of diagnosis of benign tumor. Flexible intraoperative endoscopy is
very useful again to guide the bronchial section.

Despite thoracoscopy is progressively accepted for lobectomy
and segmentectomy of congenital cystic malformation,***> mini-
mally invasive approach for PTT has not been attempted in pediatric
age, while it was used in adult and adolescent population.*®*’

Conclusions

PTT are rare in children and oncological guidelines are lacking
in this group of population. Chemotherapy and radiotherapy are
used only in cases of pediatric lung malignancies as adenocarci-
noma, pleuroblastoma, or small cell carcinoma, following proto-
cols. In children neither recommendations exist on medical
treatment of CaT, MC, GCT, and IMT nor regarding radiological
and endoscopic follow-up.

In the largest reported series, PTT were also associated with
pulmonary malignancies as AC, PB, and SCC, but differ from
primary pulmonary tumors for the better prognosis.” Though
benign or with low grade of malignancy, the treatment is based
on surgery, so the removal of the mass must be radical. The
endoscopic treatment does not seem as efficacious as the open
approach. The surgeon should reduce to the minimum lung
demolitive surgery if possible, using technical tricks and preferring
sleeve resections to multiple lobectomy or pneumonectomy. PTT
must be managed in centers with airway reconstructive surgery
facilities.
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