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Abstract

Preoperative tracheobronchoscopy (TBS) in the diag-
nostic assessment of newborns affected by esophageal
atresia (EA) was described in 1981. Nevertheless, the
value of the procedure is actually much debated; only
a few studies have clearly explored the advantages of
TBS and this procedure is not yet routinely included in
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the diagnostic and therapeutic assessment in many in-
ternational pediatric surgery settings. Routine preoper-
ative TBS is a safe procedure that enables the accurate
examination of the tracheobronchial tree, the visualiza-
tion of tracheoesophageal fistula and the diagnosis of
tracheomalacia or associated respiratory anomalies.
When a distal fistula is found, its occlusion with a Fog-
arty balloon catheter improves mechanical ventilation
and facilitates surgical repair. This review provides a
detailed overview on the use of TBS in newborns with
EA, focusing on technical aspects, anesthesiological
management, indications and limits. The benefits and
risks of the procedure are also compared with alterna-
tive diagnostic tools, such as an esophageal contrast
study, computed tomography scan and ultrasound.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Despite preliminary tracheobronchoscopy
(TBS) in the management of newborns affected by
esophageal atresia (EA) being described in 1981, only
a few studies have clearly explored the advantages of
TBS in the subsequent years and this procedure is still
not routinely part of the diagnostic and surgical assess-
ment in many international pediatric surgery centers.
This review provides a detailed overview on the use of
TBS in newborns with EA, focusing on technical and an-
esthesiological aspects, benefits and risks of this proce-
dure. TBS is also compared with alternative diagnostic
tools, such as an esophageal contrast study, computed
tomography scan and ultrasound.
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INTRODUCTION

More than thirty years ago in 1981, Benjamin first high-
lighted the importance of preliminary tracheobron-
choscopy (TBS) in the management of 152 newborns
affected by esophageal atresia (EA), enabling an accurate
examination of the tracheobronchial tree and the diag-
nosis of tracheomalacia or associated upper respiratory

anomalies'. Nevertheless, in subsequent years, only a few
studies clearly explored the advantages of TBS in these
patients and this procedute is not yet routinely included
in the diagnostic and surgical assessment in many pediat-
ric surgery centers all over the world™”. This review pro-
vides a detailed overview on the use of TBS in newborns
with EA, focusing on technical and anesthesiological as-
pects and comparing benefits and risks of the procedure
with alternative diagnostic tools.

BACKGROUND

Multicenter studies on diagnostic assessment and opera-

tive management of newborns with EA are lacking and
only scant data on the use of TBS are available (Table
1). Lal ez al reported an online-based survey sent to all
members of the International Pediatric Endosurgery
Group (IPEG) in 2012. The survey was completed by
170 surgeons from 31 countries and only 60% of them
routinely performed tracheoscopy before surgical repair
of EAM. A lower rate of use (43%) was found by Zani
et al” with a survey completed by 178 delegates from
45 countries who attended the European Pediatric Sut-
geons Association (EUPSA) and British Association of
Pediatric Surgeons (BAPS) Joint Congress in Rome in
2012". The Ttalian retrospective and prospective national
register of EA compared the data of the 53 participating
centers and the use of TBS stood at 40.5% (Pini Prato,
personal communication 2013), while only 21.5% of the
38 centers of the French National Register performed
TBS". None of these studies mentioned which type of
tracheoscope, rigid or flexible, was used, not technical
details of the procedure. In a British and Irish prospec-
tive cohort study on 151 children affected by EA, no data
were reported in regards to the use of tracheoscopy'.
Evidence suggests that TBS is still far from being a com-
mon practice in many international pediatric surgery cen-
ters. Possible explanations are the lack in many settings
of adequate expertise in neonatal airways endoscopy and
the availability of alternative diagnostic tools.

THE IMPORTANCE OF TBS

Overview on EA
Preoperative TBS has proven to be an useful diagnostic
tool in newborns with EA™¥. This procedure helps to
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define the anatomy of the respiratory tree, confirms the
presence of a proximal and/or distal tracheoesophageal
fistula (TEF), the site of entry and location. The value
of routine TBS is much debated because the incidence
of the combination of a proximal and distal fistula
has been historically reported in less than 1% of cases.
Nevertheless, there is increasing evidence of a higher
prevalence of double TEF®. Two studies also reported
that the routine use of TBS led to detection of a much
higher relative incidence of proximal fistula, up to 5.69%.
This finding suggests that the lower rate of EA with
proximal TEF reported in the literature when TBS is not
performed is probably due to a lack of accuracy in the
diagnosis[s’g]. The distance from the entrance of the distal
fistula to the carina provides a clue as to the gap between
the esophageal pouches as the location of the upper one
could be suspected by observing an external compression
of the pars membranacea. Water-soluble contrast inflated
in a Fogarty catheter balloon positioned into the fistula at
its entrance into the trachea provides a better assessment
of the distance between the fistula and upper esophageal
pouch and allows easier identification during surgery of
a distal esophageal pouch. TBS also allows preoperative
detection of unusual variants of AE, such as double or
triple TEF fistula™ and if gross changes or deviation of
the vascularization of the subepithelium are found, the
suspicion of an hidden TEF should be raised.

Diagnosis of associated anomalies

Associated tracheobronchial anomalies are present in
nearly half of newborns with EA™", including ectopic
right upper bronchus, laryngotracheoesophageal cleft,
tracheal stenosis, tracheobronchial vascular compression
and laryngomalacia. The presence of an otorhinolaryn-
gologist with expertise in neonatal settings is strongly
recommended during the procedure in order to ensure
eatly detection of associated anomalies of the respiratory
tree as they can result in a significant perioperative and
postoperative morbidity, such as difficulty in ventilation,
failed extubation and atelectasis if their presence is unex-
pectedm]. Congenital vocal fold paresis/paralysis in pat-
ticular, although uncommon, should be ruled out prior
to surgical repair as it could lead to multiple failures in
extubation”. Kosloke ¢ a/'" reported that preoperative
endoscopic findings influenced the operative technique
or management in 24 of 42 newborns (57%), as in the
case of an unexpected cervical TEF fistula which was
repaired through a cervical approach without thoracoto-
my!"Y, Bronchotracheomalacia can be clinically significant
in 10% to 20% of children with EA, although it has been
reported to be present in postmortem pathological speci-
mens in nearly 75% of patients with EA"™L A definitive
diagnosis of tracheomalacia can be made by TBS with
the child spontaneously breathing by detecting the typical
triad of anteroposterior narrowing of the tracheal lumen,
weakening of the semicircular-shaped cartilages and for-
ward ballooning of the widened posterior membranous
tracheal wall!, Limited to dynamic evaluation of the
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Table 1 Review of the use of tracheobronchoscopy

Ref. Type of study Use of TBS (prevalence) Setting
Lal et al" Survey 60% International Pediatric Endosurgery Group, Online-based Survey,
170 Pediatric Surgeons, 2012

Zani et al® Survey 43% European Pediatric Surgeons Association and British Association
of Pediatric Surgeons Survey, 178 Pediatric Surgeons, 2012

Steir et al” Prospective register 21.50% French Reference Center for EA, 38 centers, 307 patients, 2008-2009

Burge et al'” Prospective cohort - Prospective Multicentric Cohort study, 151 patients, 2008-2009

Pini Prato Prospective and Retrospective 40.50% Italian Group of Study on EA, 53 centers, 150 patients, 2011-2012

(personal communication) register

TBS: Tracheobronchoscopy; EA: Esophageal atresia.

airways, the flexible scope provides the best assessment
for conditions such as epiglottic collapse, laryngomalacia,
vocal cord paralysis, tracheabronchomalacia’®'”. Nev-
ertheless, Dodge-Khatami ez al™ reported that in 17 of
the 20 newborns with an AE who developed a clinically-
evident tracheomalacia, the pre-operative bronchoscopy
was negative. Furthermore, according to Kosloske ez al™,
TBS can accurately predict the position of the aortic arch
by observing the side of dominant pulsation and it could
change the side of the thoracotomy.

Complications

The duration of the procedure is short and the oxygen
desaturation could be corrected by a facemask. Com-
plications of both flexible and rigid bronchoscopy are
related to anesthesia, ventilation and equipment use,
generally occurring in less than 5% of cases. Minor com-
plications include epistaxis, airway bleeding, cough and
transient laryngospasm. Major complications include ap-
nea, bradycardia and important oxygen desaturation with
bronchospasmm. Spread of infections and mortality are
extremely rare". Flexible bronchoscopes are associated
with problems of mechanical ventilation, which often
poses a time limit of 30-45 s on this procedurellg’zoj.
Should ventilation become difficult, the tracheoscope
may be removed and the ventilation can continue
through the endoscope sheath. Ianolli e al*" reported a
case of pneumothorax during flexible TBS in a neonate
with EA. Deanovic ef a/™ reported two cases of acci-
dental extubations during intermittent positive pressure
ventilation (IPPV) and fiber optic tracheoscopy assisted
repair of TEF (TARTEF) in 47 newborns, in whom the
tracheoscope passed through the lumen of the tracheal
tube and facilitated the identification of the TEF during
sutgery.

Contraindications and limits

No absolute contraindications to TBS are reported in
newborns. Relative contraindications include pulmonary
hypertension and uncorrected bleeding diathesis"” but
these conditions are quite uncommon in newborns with
EA. Special attention should be paid to extremely low
birth weight (ELBW) premature neonates as the narrow
larynx and trachea do not allow the introduction of the
even ultra slim 1.9 or 2.2 mm diameter flexible fiberscope
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without working channel. It is assumed that there must
be at least a 2 mm difference between the size of the en-
doscope and the diameter of the larynx"”

ALTERNATIVE DIAGNOSTIC TOOLS

Prone esophagogram

The need for contrast prone esophagogram is actually de-
bated™”. Under carefully controlled fluorography, water-
soluble contrast can visualize the position of the dilated
upper esophageal pouch and may detect a proximal TEE
However, this procedure requires a high degree of pedi-
atric radiology expertise, involves radiation hazards and
may be associated with complications, including aspira-
tion pneumonials’mj. Mortality during a contrast study in
newborns is extremely rare but reported””. Moreover, the
esophagogram could give false negative results when the
fistula is occluded by mucus or false positive results when
the contrast identifies the tracheobronchial tree which
is more likely to be aspiration through the larynx rather
than through a proximal TEF®*. We previously reported
a statistically significant better accuracy in the diagnosis
of proximal TEF using TBS rather than an esophago-

gram®,

Ultrasound scan

Mediastinal sonography has been proposed to delineate
the tracheoesophageal anatomy with promising results. Su
et al” demonstrated no statistically significant difference
in the distance between the two esophageal pouches as
assessed by ultrasound scan (US) and surgery in 36 new-
borns. In a study performed by Gassner ez al™ | a small
volume of saline solution was instilled into the blind
upper esophageal pouch and an ultrasound scan was per-
formed. The examination detected two proximal fistulas
in 16 patients and the fistula was located sonographically
by detecting moving air bubbles in two newborns with
isolated TEF™!. Ultrasound scan with Doppler evalua-
tion also identified the position of the aortic arch as well
as associated malformations™. Increasing evidence sug-
gests that an ultrasound scan is a useful noninvasive tool
for the diagnostic assessment of newborns with EA and
plays a crucial role in planning the surgical strategy. Nev-
ertheless, this procedure is operator dependent and needs

to be validated on a larger series of patients[()].
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Computed tomography

Computed tomography (CT) and three-dimensional im-
aging of the tracheobronchial system are well established
in adults but experience with pediatric patients is limited.
Su e i found no differences in the distance between

the two esophageal pouches as measured by CT scan and
at surgery and the same results were achieved by Wen ez
al™” by utilizing multidetector-row computed tomography
(MDCT) in reconstruction of 3D volume rendering, Ma-
halik ez @/ found that in 20% of newborns with EA, the
TEF fistula could not be recognized on a preoperative
3D CT scan, while Fitoz e# al® reported that shaded sut-
face display (SSD) and virtual bronchoscopy reconstruc-
tion techniques can satisfactorily show distal fistulae. A
recent review of the 8 available studies on the topic sug-
gests that the safety of CT scan techniques is question-
able due to limited facilities, problems regarding neonatal
transportation to the radiology department and the need
for sedation. Moreover, although a modern CT gives low
grade exposure, this examination is still associated with
radiation hazards™. Mahalik showed a risk of 1.79 radia-
tion induced cancer per 10000 newborns”. The routine
use of preoperative CT scans in newborns with EA is
controversial as the limited information acquired that may
help to change the surgical plan can be easily obtained by
TBS or intraoperatively.

Magnetic resonance imaging

The experience with MRI in newborns affected by EA
is extremely limited”. Cantinotti ez a/*" consider this
method to be an important diagnostic tool in identify-
ing anomalies of the aortic arch and associated cardiac
anomalies. Nevertheless, the advantages of the visualiza-
tion of tracheobronchial and esophageal system have
not been studied yet and the need for general anesthesia
makes magnetic resonance imaging (MRI) a procedure
only for selected cases.

CONCLUSION

Routine preoperative TBS with a rigid tracheoscope has
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Figure 1 Tracheobronchoscopy instrumentation. 1: Open-sided
laryngoscope with proximal prismatic lighting; 2: 2.7 mm neonatal
rigid bronchoscope; 3: Fogarty catheter (size 3-4); 4: Bronchoscopy
forceps; 5: Three-way stopcock; 6: Tracheoscope suction tube; 7:
Insulin syringe (to inflate Fogarty catheter); 8: 10 mL syringe (to as-
pirate the contrast medium); 9: Water-soluble mean of contrast; 10:
Nose gastric-tube 4-6 Fr; 11: Endotracheal tube; 12: Neonatal flexible
fiberoptic bronchoscope.

proven to be most useful in the diagnostic and thera-
peutic assessment of newborns affected by esophageal
atresia as this procedure enables an anatomical definition
of the anomaly better than other diagnostic tools. The
presence of an otorhinolaryngologist with expertise in
neonatal settings is strongly recommended during the
procedure to allow early detection of associated anoma-
lies of the respiratory tree which can result in a signifi-
cant perioperative and postoperative morbidity if not
detected. When the distal TEF is cannulated by a Fogarty
catheter, TBS may facilitate the surgical repair and im-
prove the mechanical ventilation. Although TBS is not a
routinely part of the management in many international
centers, increasing evidence suggests that this procedure
should be strongly recommended in the management of
neonates affected by esophageal atresia.

TBS should performed in the operation room just
before surgical repairw’sj. Instrumentation requested is
illustrated in Figure 1. The presence of an otorhinolar-
yngologist with expertise in a neonatal setting is strongly
recommended and close communication with the anes-
thesiological and surgical team is essential to perform a
safe TBS”. Electrocardiography and peripheral oxygen
saturation must be obtained. Particular attention should
be paid to any abnormality of the neck or spine that
might make the insertion of the endoscope difficuld™,
After inhalatory induction with halogenated ether (sevo-
flurane), the child is maintained in spontaneous ventila-
tion and 100% oxygenation is achieved with a facemask.
During laryngoscopy, a local anesthetic such as 0.5%-2%
lidocaine should be applied to the vocal cords and larynx.
Lidocaine may be instilled directly, sprayed or nebulized
and the total dose should not exceed 5-7 mg/kg“(’]. In-
sufficient topical anesthesia could result in pain, cough,
laryngospasm or bronchospasm, usually due to vagal
stimulation. We concur with the recommendation of
inserting a nasopharyngeal tube to provide oxygen and
sevoflurane during the procedure. After visualization of
the vocal cords, the neonate should be positioned with a
small roll under the shoulders to slightly extend the neck
and the tracheoscope should be pushed gently to enter
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the trachea. The endoscope must be slowly brought down
to the carina and then withdrawn more slowly to look for
the presence of fistulas or other anomalies. A video re-
cording system with magnification facilitates visualization
of the tracheobronchial anatomy and allows an immedi-
ate collegial discussion of the findings. Higher quality im-
ages are provided by rigid scopesm. If no proximal TEF
is recognized, 10 mL of air should be injected through a
gastric tube positioned in the upper esophageal pouch as
very small or occluded fistulas could be missed. Mechani-
cal ventilation can be facilitated by the placement of a
3-4 Ch Fogarty catheter relative to the child’s weight to
occlude the distal tracheoesophageal fistula, thus avoiding
gastric overdistension and gastroesophageal reflux”. Be-
fore the insertion of the Fogarty, we suggest placing a na-
sogastric tube through the mouth, parallel and external to
the endoscope, which is advanced through the fistula into
the stomach to aspirate gastric secretions. At this point,
the balloon is inflated with 0.2-0.75 ml. of water-soluble
contrast under tracheoscopic control, retracted up to the
entrance of the fistula in the trachea. This maneuver al-
lows better assessment of the distance between the distal
fistula and the tip of the endoscope or the radiopaque
gastric tube subsequently positioned at the bottom of
the upper esophageal pouch at chest X-ray. Furthermore,
the inflated Fogarty balloon provides a gentle dilatation
of the lower pouch, which makes easier the esophago-
esophageal anastomosis. In patients with H-type TEF,
Atzoti et al” advocates cannulation of the fistula by
the insertion of a guide wire through the trachea and
withdrawn through the mouth under fluoroscopy™””.
With this procedure, the H-fistula can be localized and
lifted upwards to enable a cervical approach and avoid
thoracotornym. TBS also allows a correct positioning of
the endotracheal tube which should be placed above the
M 2t an appropriate
depth which can be assessed by flexible tracheoscopy

carina but below any fistula present

through an adaptor on the facemask.
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