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Abstract A potentially life-threatening emergency in ENT
practice is the aspiration of tracheobronchial foreign body.
This commonly affects young children and requires early
extraction. Successful removal provides immediate relief.
However procedural complications can cause devastating
morbidity like anoxic encephalopathy or instant death. The
aim of this study is to describe the experience in our
institution with two surgeons approach for removal of
tracheobronchial foreign bodies by telescope and optical
forceps. This is an observational study from the period of
March 2010 to April 2021 in which 96 patients (59 males,
37 females; age range 3 months to 15 years) were diag-
nosed with foreign body aspiration. In all cases rigid
bronchoscopy and FB removal under general anaesthesia
was performed using the two surgeons technique. This
technique was instituted once Storz make paediatric tele-
scope (2.9 mm diameter 36 cm length), optical grasping
forceps and optical suction were procured in March 2010.
Aspirated material was inorganic or organic with varying
location in right main bronchus, left main bronchus or the
trachea. We highlight the OT setup, surgical algorithm and
the advantages of this technique. Visual and tactile coor-
dination between the two surgeons being the crux of this
procedure; allows hands on mentoring of the next genera-
tion of budding surgeons in a real-life scenario without
compromising patient safety.
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Introduction

High incidence of foreign body aspiration (FBA) in infants
and younger children is common as toddlers use their
mouth to explore their surroundings. This can lead to high
mortality and morbidity if it is not diagnosed and managed
in time [1, 2]. The most common types of FBA in children
are seeds, peanuts, food particles, and toys. Items such as
toy parts, paper clips, pins, and pen caps are usually
noticed to be aspirated in older children [3, 4]. The bron-
chial FB tend to get lodged in the straighter right main
bronchus. Airway mucosal inflammation and oedema is
seen on aspiration of organic FB. Late diagnosis causes
granulation at obstruction site with recurrent or persistent
pneumonia.

Our goal is to highlight the life-threatening nature of
bronchial FBA and to discuss the novel therapeutic inter-
vention method of two surgeons approach to FB removal
by optical instruments. During extraction by optical
instruments live visualisation occurs with all members of
surgical team participating in the decision making process.
This helps in developing anticipation for instrument han-
dling between the surgical team members. Thus, there is
sharing of experience in a real-life scenario without com-
promising patient safety.
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Materials and Method

This observational study included 96 children aged less
than 15 years, diagnosed with tracheobronchial FBA
between March 2010 and April 2021. After accessing all
records from Medical Records Department, retrospective
analysis was made of the patient age, gender, FB charac-
teristics, location and clinical outcomes.

Provisional diagnosis of FBA was made on the basis of
detailed history with emphasis on any witnessed aspiration
and intractable cough. Auscultatory examination of
unequal air entry and unequal breath sounds was pathog-
nomic, but was not present in all cases. Radiological
investigation CT chest (68) or XRAY chest (28) was done
for FB screening. We counselled and took informed con-
sent regarding chances of tracheostomy, mechanical ven-
tilation, repeat endoscopy and cardiac arrest. If patient was
already on mechanical ventilation preoperatively, then
pupillary reflex was checked to document any pre-existing
anoxic encephalopathy.

When FBA was diagnosed from clinical and radiologi-
cal evaluations, rigid bronchoscopy was performed under
general anaesthesia with the jet ventilation. All foreign
bodies were extracted using paediatric rigid ventilating
bronchoscope with telescope and optical instruments using
the two surgeons technique.

OT Setup

Appropriately sized Macintosh laryngoscope was used to
visualise the laryngeal inlet to guide in the rigid ventilating
bronchoscope. Appropriately sized Magills forceps was
kept ready to remove FB if it slipped out of optical forceps
in the oral cavity or pharynx. Tracheostomy set and pre
sterile packed tracheostomy tube was kept ready in OT.
Instrument assembly is described in Fig. 1.

(1) In our setup we use appropriate size rigid ventilating
bronchoscope. Size is calculated as in Table 1:

(2) Telescope 0 degree, 2.9 mm diameter, 36 cm length.

(3) Optical instruments: pincer, rat tooth and peanut
forceps (Fig. 1C.a, b, c respectively).

(4) Telescope mounted suction and plain suction (tele-
scope mounted suction fits only in bronchoscope size
4 and above).

(5) Tracheostomy
cheostomy tube.

(6) Bronchoscope prism (Fig. 1A.e) 2 xenon light
sources, 2 light cables (Fig. 1A.a, b).

(7) Endoscopic camera, medical grade monitor and
recording system.

set and appropriately sized tra-
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Fig. 1 Aa light cable 1, Ab light cable 2, Ac forceps lock, Ad spring
action forceps handle, Ae bronchoscope prism, Ba distal prism slot,
Bb proximal prism slot, Be telescope slot, Bd jet ventilator slot, Be
anaesthesia circuit slot, Ca pincer forceps, Cb rat tooth forceps, Ce
peanut forceps, D Uteroscopic tripronged forceps

Detailed positioning in this novel two surgeons tech-
nique as in Fig. 2

(a) The rigid bronchoscope introduced by Surgeon 1
who sits on head end of the table.

(b) Surgeon 2 who introduces the telescope mounted
optical instruments, stands behind surgeon 1. This
allows both to look directly to the monitor and
allows easy instrumentation without fouling with
each other’s hand.

(c) Monitor.

(d) Primary nurse besides monitor and bronchoscope
trolley.

(e) Circulatory nurse with tracheostomy set stands at
patient foot end.

(f) Anaesthesia workstation.

(g) Anaesthetist with workstation on right of patient
head end.

Procedure Algorithm

(1)  Assistant checks focus of camera after mounting on
telescope, completes white balance and zooms in
appropriately (telescope is 2.9 mm diameter as
opposed to 4 mm of nasal endoscope).

(2) Pre oxygenation done with bag mask ventilation or
through endo tracheal tube if pre-intubated.

(3) 2% Lignocaine withl: 200,000 Adrenaline injected
over neck to allow for rapid bloodless access in
case of emergency tracheostomy.

(4) After visualising laryngeal inlet with Macintosh
anaesthetic laryngoscope, rigid ventilating bron-
choscope is inserted into larynx in a pen holding
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Table 1 Size of bronchoscope according to age

Age Bronchoscope size
Term newborn 3.0
6 months 3.0
1 year 3.5
2 year 3.5
3 year 4.0
4 year 4.5
5 year and above 5.0

N
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Fig. 2 a Surgeon 1 sitting, b Surgeon 2 standing, ¢ Monitor,
d Primary nurse, e Circulatory nurse, f Anaesthesia workstation,
g Anaesthetist
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fashion by surgeon 1 sitting on head end. The
bronchoscope must be rotated at right angles so that
the bevel faces laterally, allowing easy insertion
through the glottic chink. Otherwise, the scope
tends to slip posteriorly into the oesophagus. Jet
ventilation is started as soon as bronchoscope is in
the trachea.

Once bronchoscope reaches the carina, patient’s
head is turned slightly to opposite side to allow
easy insertion into intended bronchus. If required
suction and clearance of secretions is done for
better visualisation.

After surgeon 1 visualises FB with naked eye
through proximal illumination of prism, surgeon 2
standing behind introduces telescope through end
on opening (Fig. 1B.c) of bronchoscope to confirm
nature of FB.

(N

®)

©))
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15)

(16)

Optical forceps is chosen according to nature of FB.
Peanut in case of soft FB and rat tooth or pincer in
case of hard FB (Fig. 1C).

Telescope is then withdrawn and optical forceps
mounted onto it. The light cable on telescope
(Fig. 1A.b) has to be rotated vertically up to 12 o
clock so as to lock the forceps (Fig. 1A.c) onto the
telescope, keeping the spring action forceps handle
at 6 o clock (Fig. 1A.d).

While inserting the telescope mounted forceps into
the bronchoscope, the proximal illuminating prism
has to be pulled outside (Fig. 1B.b—B.a) to allow
space for insertion.

Jet ventilation which is done through the thin side
slot (Fig. 1B.d) is stopped during extraction as the
moist air coming out of bronchus tends to fog the
scope. Strict watch is kept on saturation and when
required bronchoscope is removed to allow for
dedicated bag-mask ventilation. In absence of Jet
ventilation equipment, the standard ventilating
anaesthesia circuit may be connected to the large
side port (Fig. 1B.e).

Surgeon 1 stabilises bronchoscope prevents it from
rotating due to weight of optical cable attached to
prism (Fig. 1B.b).

While inserting the telescope mounted forceps into
bronchoscope and reaching the FB, surgeon 2 must
take care that there is no bending of the delicate
optical system. Any bend of the system shows up as
crescentic darkening along the sides of the round
image (Fig. 3a). This has to be corrected immedi-
ately else there is permanent instrument damage.
Once the forceps tip reaches near FB, the broncho-
scope has to be pulled back a few millimetres to
allow the jaws to open completely. Sometimes the
jaws are opened just proximal to impacting FB to
dilate the bronchus and create forceps space. Care
is taken to prevent pushing smooth FB distally
when closing jaw. To ensure this the jaws of a
peanut forceps has to go beyond the maximum
diameter of a smooth FB (Fig. 3b). However, a rat
tooth forceps attains a firm grip on a hard and rough
FB even when holding it partially.

The Storz forceps handle has spring action to
prevent slipping of FB without crushing it
(Fig. 1A.d).

Where possible the FB is pulled within the
bronchoscope. Else it is pulled out maximally till
the jaws of the optical forceps assembly touches the
bronchoscope tip.

The forceps and the bronchoscope are held in tight
contact by the two surgeons by visual feedback
from monitor.
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Fig. 3 a crescentic darkening, b smooth FB

(17)  Near the cords the bronchoscope is rotated anteri-
orly for the bevel to maximally open the glottis and
prevent glottic spasm. This prevents slippage of FB.
FB slipping into the subglottis may cause near total
airway obstruction and needs forceful jet ventila-
tion to dislodge distally it into a bronchus.

(18)  Check bronchoscopy is done to remove any trapped
discharge beyond erstwhile obstruction and to
remove any remnant FB.

(19)  Preferentially patient is extubated on table.

(20) Rarely in cases of severe pulmonary oedema or
pneumonia patient is managed in intensive care on
ventilator and extubated later.

Crux of our technique is the visualisation and coordination
between the two surgeons. Surgeonl concentrates to sta-
bilise the bronchoscope and prevents rotation by the weight
of the attached light cable. In neonate for suctioning the
plain suction is introduced along with the telescope by
surgeon 2 using both hands. This is required as a telescope
mounted suction is too thick to enter a neonate broncho-
scope of size 3. In one case, aspirated marble was too big
for the jaws of the optical forceps to go beyond its maxi-
mum diameter. Here surgeonl held the bronchoscope
while surgeon 2 introduced the telescope and ureteric tri-
pronged forceps together (Supplementary videol). The
ureteroscopic tripronged forceps opened wider than the
marble (Fig. 1D) and its thin shaft allowed insertion
alongside telescope within bronchoscope.
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Results

Our experience- total of 96 FBs were diagnosed with FBA
between March 2010 and April 2021 which have been
successfully extracted by two surgeons technique.

Age and Sex Distribution Table 2

59 males (61.5%), 37 females (38.5%); range 3 months—
15 years

Location of FB-

Lower trachea- 4(4.2%) carina 6(6.3%), right bronchus-
59(61.4%) left bronchus-27(28.1%).

Type of FB in Different Years Table 3

Organic FBs were 74(77.1%) while inorganic was 22(22.9)
in the last 11 years.

The most common inorganic FB were beads followed by
plastic decorative material and broken toy pieces. Unusual
inorganic FB removed were 1 marble, 1 screw (supple-
mentary video 2), 1 pen cap, 2 whistles and 3 led bulbs
(supplementary video3). The most frequently acquainted
organic FB was peanut followed by a beetle nut and custard
apple seed (supplementary video 4).

Peri Operative and Post-Operative Experience-

All FB were successfully removed with no need for redo
bronchoscopy. No case required tracheostomy. There was
no death on table.19 out of 96 patients (20%) were on
mechanical ventilation before they could be shifted to OT.
Post bronchoscopy 14 patients (14%) were not extubated on
table of which 9 were preoperatively on ventilator. These
postop ventilated patients had severe pulmonary oedema,
pneumonia or excess granulations at the site of old FB.13
out of these 14 were extubated within 48 h. The remnant
case was preoperatively on ventilator with anoxic
encephalopathy and had dilated and sluggish pupillary
reaction. Here the FB of custard seed was successfully
extracted but the boy succumbed on post-operative day 4
due to neurologic complications. 82 (86%) patients
including 10 who were preoperatively on ventilator did not
require postoperative mechanical ventilation.
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Table 2 Age and sex distribution of patients

Age Male Female Total
0-1 3 5
1-2 8 5 13
2-3 19 12 31
34 10 8 18
4-5 7 4 11
5-6 5 2 7
6-7 3 0 3
7-8 0 1 1
8-9 0 0 0
9-10 1 1 2
10-11 1 1 2
11-12 1 1 2
12-13 0 0 0
13-14 0 0 0
14-15 1 0 1
Total 59 37 96
Table 3 Types of FB removed in different years
Year Number Organic Inorganic
2010 7 5 2
2011 6 5 1
2012 12 9 3
2013 7 7 0
2014 10 8 2
2015 12 9 3
2016 6 5 1
2017 14 10 4
2018 9 5 4
2019 3 2 1
2020 6 1
2021 till April 0
Total 96 74 22
Discussion

The most frequently encountered life-threatening emer-
gency in ENT practice is FBA. It may not be immediately
diagnosed because there are no specific clinical manifes-
tations. Witnessed history of FBA and choking is extre-
mely suggestive but rarely encountered. The classical
clinical presentation of coughing, wheezing and diminished
air inflow, is seen in less than 40% of the patients. Other
symptoms include cyanosis, fever and stridor [5]. FBA in
children may present with respiratory symptoms days or
months after aspiration has occurred [6]. Rarely FBA can

be completely asymptomatic. A study by Mundra et al.
postulates any child presenting with cough, stridor and
respiratory distress of acute onset should be suspected for
FBA unless proved otherwise [7]. Of patients with laryn-
gotracheal foreign bodies, 67% experience associated
complications when removed after delay of more than 24 h
[7].

Saki discussed that in different studies males were more
affected (60-66%), specially more in the first and second
year of life [5]. Other studies cite that FBA maximally
affects children aged 2-5 [8, 9]. In our study, this age group
accounted for more than 62.5% of the patients. In our study
61.5% were males and 38.5% were females. Korlacki et al.
stated that the most commonly aspirated foreign bodies in
paediatric age were nuts and sunflower seeds (about 68%
of cases) [10]. Fidkowski et al. stated 81% of the aspirated
foreign bodies were organic materials with the most com-
monly aspirated foreign bodies reported as nuts (especially
peanuts) and seeds (mainly sunflower and watermelon)
[11]. However, an Italian series that found tooth to be the
most commonly aspirated object (33/128) [12]. In our
study 74(77.1%) were organic foreign bodies while
22(22.9%) inorganic. In our series the most frequently
acquainted organic FB was peanut followed by a beetle nut
and custard apple seed. Organic foreign bodies cause sur-
rounding tissue reaction as they enlarge in size when they
absorb water. This converts a partial airway obstruction to
a complete one. Delayed removal is related to higher rate
of complications. Mucolytics, parenteral antibiotics and
chest physiotherapy help in prevention of pneumonia and
shorten the hospital stay. Our data regarding the gender,
age and nature of FBA is consistent with published
literature.

We encountered total 96 FBAs in which lower trachea-
4(4.2%) carina 6 (6.3%), right bronchus-59(61.4%) left
bronchus-27(28.1%). Saki et al. noted the most common
site of foreign body lodgement as right main bronchus in
560 (55.1%) patients followed by left main bronchus in 191
(18.8%) [5]. In another study by Panda et al. the most
common site of FB was right main bronchus in 112
(64.74%) patients, followed by left main bronchus in 44
(25.43%) and carina in 17 (9.83%) cases [13].

Computed tomography (CT) chest helps in accurate
diagnosis of FBA including its nature and site. Chest
X-rays though specific has a poor sensitivity value as FBA
diagnostic tool. Thoracic computed tomography (CT) with
virtual bronchoscopy (reformatted 3-dimensional CT
image that generates intraluminal views of the airway
bronchi) is an emerging modality. However, mucus plug,
tumours, or other obstructive lesions can produce false-
positive findings. In our observational study, CT chest
correctly identified all 68 children with FBA. Only Xray
chest was done in the rest 28 patients who had strong
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suggestive history and were either too poor or too sick to be
shifted to CT console. CT and virtual bronchoscopy are
more sensitive diagnostic modalities for foreign body
aspiration in comparison with conventional chest radiog-
raphy [14].

The gold standard for diagnosis and management of
paediatric FBA is rigid ventilating bronchoscopy and
removal. Our study highlights the usage of rigid broncho-
scope and telescope using the two surgeons technique.
Close communication between the anaesthesiologist, both
surgeons, assistants and the nursing staff is mandatory. We
also inject 2% lignocaine with 1:200,000 adrenaline in
neck to allow for rapid bloodless access in case of emer-
gency tracheostomy. In study by Hasridaz from 1987 to
2005, of the 1035 children taken for bronchoscopy,
laryngeal oedema, laryngeal spasm or bronchospasm with
insufficient ventilation were observed in 37 patients. While
11 of these patients recovered with bronchodilator treat-
ment, 26 required mechanical ventilation support for up to
48 h. Bleeding was observed in 6 patients during bron-
choscopy which was stopped with washing and aspiration
[15]. In another study by Panda, mechanical ventilation
was required in 13 (7.51%) cases in the pre-operative
period and 20 (11.56%) cases in the post-operative period.
Redo bronchoscopy was done in 7 (4.05%) cases for
retained FB. Mortality was seen in 04 (2.31%) cases, 03
died pre-operatively while 01 died in the post-operative
period [13]. In our study 19 (20%) required preoperative
mechanical ventilation.14 (14%) patients required postop-
erative mechanical ventilation including 9 who were shif-
ted into OT pre-intubated. Failure of extubation was due to
severe pulmonary oedema, pneumonia or excess granula-
tions at site of old FB. Bleeding from granulation during
check bronchoscopy was noted in 3 patients and was suc-
cessfully stopped on table with adrenaline wash. No case
required tracheostomy. All FBA were successfully
removed without redo bronchoscopy. There was no on
table mortality. One patient died on post op day 4 due to
preoperative anoxic encephalopathy. The overall mortality
of our study is 1%.

Complications of FBA can include severe laryngeal
oedema, bronchospasm, atelectasis, pneumonia, lung
abscess, pneumothorax, pulmonary oedema, bronchial
haemorrhage and airway obstruction requiring tracheotomy
or reintubation. The evolution of FBA can lead to variable
degrees of respiratory distress, atelectasis, chronic cough-
ing, recurrent pneumonia, and even death [16, 17]. Pro-
longed hypoxia during removal may cause morbid
complications like cardiac arrest and irreversible anoxic
encephalopathy. No patient in our series had such proce-
dural complications during OT.

Study by Dubey et al. stated that optical forceps have
advantage of high resolution & magnified view of airway
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while spring action in forceps handle allowed better tactile
sensation. These helped in correctly identifying the type,
size and site of tracheobronchial foreign body [18]. Our
patients were similarly benefitted from optical
instrumentation.

This study pioneers the novel two surgeons technique of
using the rigid bronchoscope and optical forceps for saving
lives of choking children. No comparative data of two
surgeons technique available in literature.

Conclusion

For paediatric FBA, rigid bronchoscopy along with optical
instruments is the procedure of choice as it allows excellent
visualisation with good ventilation and airway control. We
present a pioneering 11 year study in a tertiary care centre
of a novel two surgeons technique for removal of FBA. We
focus on the interchanging roles of two surgeons under
continuous monitoring by the entire team. This procedure
is associated with less chances of panic and a faster
learning curve with both tactile and visual feedback. Our
complication rate is comparable to published literature.
The major advantage is that it allows hands on mentoring
of the next generation surgeon in real life scenario without
compromising patient safety.
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