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CASE REPORT

Valsalva Manoeuvre-Assisted Retrieval of a Challenging
Aspirated Mechanical Pencil Tip in a Child: A Staged
Multidisciplinary Airway Management Case Report

Sarah-Mong Xiao Yi !, Sanah Mohtar *!

ABSTRACT a OPEN ACCESS

Introduction: Foreign body aspiration in paediatric patients poses considerable diagnostic and airway
management challenges, especially in cases of delayed presentation and complex retrieval. This report describes
a case involving the challenging extraction of an aspirated plastic mechanical pencil tip, necessitating staged
multidisciplinary intervention and the adijunctive use of the Valsalva manoeuvre.

Case Presentation: An 8-year-old boy presented with a two-week history of cough, fever, and intermittent chest
discomfort. Imaging demonstrated a foreign body lodged within the left lower lobar bronchus, associated with
left lung collapse-consolidation and mediastinal shift. He underwent examination under anaesthesia, direct
laryngoscopy, and tracheobronchoscopy under total intravenous anaesthesia while maintaining spontaneous
ventilation.

Intraoperatively, the foreign body, identified as a mechanical pencil tip, was found in the left secondary bronchus
with surrounding oedema and copious pus. During retrieval, the object became lodged at the subglottic region,
causing severe desaturation due to the inability to ventilate. The foreign body was pushed back into the airway
and migrated to the right secondary bronchus, allowing ventilation to resume. Multiple retrieval attempts using
optical forceps, flexible graspers, and a Fogarty balloon catheter by paediatric Otorhinolaryngology and
paediatric surgical teams were unsuccessful. The prolonged procedure was complicated by subcutaneous
emphysema, bilateral pneumothoraxes, pneumomediastinum, pneumopericardium, and pneumoperitoneum,
leading to abandonment of the procedure and subsequent Paediatric Intensive Care Unit admission requiring
bilateral chest tube insertion.

After optimization with dexamethasone, adrenaline nebulization and escalation of antibiotics, a second procedure
was performed 48 hours later. Bronchoscopy demonstrated persistent impaction of the foreign body within the
right secondary bronchus with granulation tissue formation. Multiple retrieval attempts were made, and the foreign
body was successfully dislodged into the trachea, with an adjunctive Valsalva manoeuvre performed concurrently
by the anaesthetist. At the same time, the surgeons secured it using a flexible endoscopic grasper through the
rigid bronchoscope and removed it en bloc.

Conclusion: This case underscores the significance of staged, multidisciplinary management and demonstrates the
efficacy of the Valsalva manoeuvre as an adjunctive technique in the difficult retrieval of impacted paediatric
airway foreign bodies.

Keywords: foreign body, paediatric, retrieval, mechanical pencil tip, bronchoscopy, Valsalva manoeuvre,

adjunctive technique, staged multidisciplinary.
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Introduction:
Foreign body aspiration in children may present significant diagnostic and airway management challenges, particularly

in delayed presentations and difficult retrievals. Children often present with non-specific respiratory symptoms such as
chronic cough, wheezing, and recurrent respiratory infection despite anti-inflammatory treatment. While organic foreign
bodies are most frequently encountered, aspiration of inorganic objects poses unique diagnostic and therapeutic
difficulties, especially when the material is radiolucent. Plastic foreign bodies may evade early detection, as plain
radiographs typically reveal only indirect signs of airway obstruction. Delayed presentation is also frequently associated

with significant morbidity, including pneumonia, lung collapse, abscess formation or fatal airway obstruction.!-¢

Early diagnosis and prompt intervention are essential in the management of suspected foreign body aspiration, with rigid
bronchoscopy remains as the standard approach.>¢ Various approaches with combining bronchoscopic techniques and
risks involved have been described for the retrieval of foreign bodies, depending on the nature, size, location, duration
of the aspirated objects and the presence of granulation encapsulation.”-10 Smooth-surfaced obijects are particularly
difficult to grasp with conventional bronchoscopic instruments, especially when lodged in a distal airway and surrounded
by granulation tissue; increases the likelihood of prolonged procedures, multiple retrieval attempts, and procedure-

related complications such as tracheobronchial injury.

This study describes a challenging case involving the extraction of an aspirated plastic mechanical pencil tip, which
required staged multidisciplinary intervention and the adjunctive use of the Valsalva manoeuvre. This case highlights the
importance of maintaining a high index of suspicion for radiolucent airway foreign bodies and illustrates a useful
adjunctive technique in the management of difficult bronchoscopic retrievals. However, to our knowledge, reports of
mechanical pencil tip aspiration in children are scarce, and evidence guiding the management of such radiolucent

inorganic airway foreign bodies remains limited.

Case Report

We report a case of an 8-year-old boy who experienced an inhalation injury due to a foreign body. He presented with
a two-week history of cough, fever, and intermittent chest discomfort. He had initially been treated with a course of oral
Augmentin prescribed by a local general practitioner (GP); however, his symptoms did not improve. He subsequently
visited another GP 48 hours later, where reduced breath sounds over the left hemithorax were noted. A chest radiograph
(Figure 1) demonstrated left lung collapse-consolidation and a suspicion radiopaque lesion within the left airway. He was

then referred to a district hospital for further management.
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Figure 1: Initial chest radiograph on presentation demonstrating left-sided lung collapse and a suspicion radiopaque

foreign body in left bronchus.

Upon arrival at the district hospital, he was in mild respiratory distress, with no stridor, and was able to speak in full
sentences. An urgent computed tomography (CT) thorax demonstrated foreign body aspiration, showing a hyperdense
oval foreign body with surrounding metallic streak artefacts located intraluminally within the left lower lobar bronchus,
measuring 0.2 X 0.8 X 0.3 cm, approximately 3.6 cm from the carina. Proximal to the foreign body, the left main
bronchus was partially occupied by dependent hypodense secretions, associated with collapse-consolidation of the left
lung, volume loss, and mediastinal shift to the left. The trachea and main bronchi were patent, with no evidence of

pneumothorax. He was referred to a tertiary hospital the following day.

Upon arrival at our centre, he remained in mild respiratory distress, with oxygen saturation of 97% on nasal prong
oxygen at 2 L/minute. There was no stridor, and no intercostal or subcostal recession was noted. His respiratory rate was
40—-45 breaths per minute. He underwent examination under anaesthesia, direct laryngoscopy, and tracheobronchoscopy
by the paediatric Otorhinolaryngology (ENT) team under total intravenous anaesthesia (TIVA) using target-controlled
infusion (TCl) propofol and remifentanil infusion with high-flow nasal cannula, while maintaining spontaneous respiration

throughout the procedure.

Intraoperatively, the foreign body, identified as the tip of a mechanical pencil, was found embedded in the left secondary
bronchus, with surrounding oedematous mucosa and copious pus (Figure 2). Approximately 15 cc of pus was drained
following removal of the foreign body from the bronchus. However, during retrieval, the foreign body became lodged
at the subglottic region below the vocal cords, resulting in desaturation to 70% due to the inability to ventilate. The ENT
team therefore decided to push the foreign body back into the bronchus, where it became lodged in the right secondary

bronchus, after which ventilation was successfully re-established. Multiple attempts at removal using optical forceps, a
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flexible grasping basket, and flexible forceps only partially removed part of the foreign body, which was the tip and
metallic part. Unfortunately, the larger plastic part could not be removed. The paediatric surgical team also attempted
removal using a Fogarty balloon catheter; however, passage through the narrow lumen beside the foreign body was
unsuccessful. In view of prolonged procedure time and the development of subcutaneous emphysema over the right
supraclavicular region, the procedure was abandoned. Intra-operatively, the interventional radiology team was also
consulted for further opinion. The patient was subsequently intubated and transferred to the Paediatric Intensive Care

Unit (PICU) for mechanical ventilation. The total operative duration was five hours.

Figure 2: Foreign body embedded within the left secondary bronchus.

Bilateral chest tubes were inserted in PICU in view of worsening subcutaneous emphysema. A repeat CT thorax on
postoperative day 1 (Figure 3) demonstrated extensive subcutaneous emphysema, bilateral pneumothoraxes,
pneumomediastinum, pneumopericardium, and pneumoperitoneum. An irregular linear air tract anterior to the trachea at
the C5 level raised suspicion of tracheal injury. Abrupt truncation of one of the right lower lobe bronchi with associated
segmental wedge-shaped atelectasis was also noted, possibly secondary to mucus plugging or the presence of a

radiolucent foreign body.
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Figure 3: CT thorax on postoperative day 1 demonstrating abrupt truncation of one of the right lower lobe bronchi with
associated segmental wedge-shaped atelectasis, which may be secondary to mucus plugging or the presence of a
radiolucent foreign body. Extensive subcutaneous emphysema, bilateral pneumothoraces, pneumomediastinum,

pneumopericardium, and pneumoperitoneum were also noted.

After optimization with dexamethasone, adrenaline nebulization and escalation of antibiotics, the child underwent a
second surgery 48 hours after the initial procedure, which included examination under anaesthesia, direct laryngoscopy,
tracheobronchoscopy, foreign body removal and tracheostomy under TIVA. Flexible bronchoscopy via the endotracheal
tube demonstrated the foreign body, identified as the plastic tip of a mechanical pencil, lodged within the right secondary
bronchus, with surrounding oedema and granulation tissue. Multiple retrieval attempts were performed using a Dormia
basket, as well as a flexible endoscopic grasper by the paediatric surgical team together with ENT flexible forceps

(pincer grasper), introduced through a size-5 rigid bronchoscope.

The foreign body was ultimately successfully dislodged into the trachea with the aid of an adjunctive Valsalva manoeuvre
performed by the anaesthetist, while concurrently the surgeons secured it using the flexible endoscopic grasper through
the rigid bronchoscope and removed it en bloc. The foreign body was subsequently displaced into the oropharynx and

removed successfully (Figure 4). A tracheostomy was then created, and a size 5 tracheostomy tube was inserted.
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Figure 4: Tip of the mechanical pencil retrieved from the airway.

Post-procedure, flexible bronchoscopy assessment demonstrated abrasion of the subglottic region, bilateral posterior
commissure injury, copious thick secretions within the right main bronchus, and oedema over the right secondary bronchus.
The left primary and secondary bronchi appeared normal. The total operative duration was three hours. Postoperatively,

the patient was transferred to the PICU for further ventilatory weaning.

His condition gradually improved, and the bilateral chest tubes were removed the following day. He was weaned to
BiPAP on postoperative day 2 of the second surgery and was transferred out of the PICU on postoperative day 3. He
was also referred to child psychiatry for further assessment and support. A repeat airway assessment performed on
postoperative day 12 demonstrated healing of the previously noted airway injuries, with minimal suprastomal granulation

tissue. He was successfully decannulated on postoperative day 14 and discharged home well on postoperative day 15.

Discussion:

Foreign body inhalation injury is one of the most common paediatric emergencies; however, it often presents a challenge
to paediatric anaesthesiologists because of concerns regarding complications associated with shared airway procedures,
hypoxaemia during the procedure, and barotrauma such as pneumothorax. The complexity of the case and the tendency
for intraoperative complications depend on several factors, including the age of the patient, the type of foreign body
inhaled (whether organic or inorganic), duration of ingestion, presence of pneumonia before surgery, duration of surgery,

and development of intraoperative pneumothorax. These factors were described by Chen et al. and Tomaske et al.7-10

Organic materials are the most commonly inhaled substances,”-%.11 whereas inorganic materials account for less than 10%
of reported cases. Aspiration of inorganic foreign bodies is more common in older children.'2 Inorganic materials tend to

present later because they neither absorb water nor release chemicals that can cause chemical bronchitis, fever, or
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pneumonia, unlike organic materials. Instead, inorganic foreign bodies often remain asymptomatic until they cause airway

obstruction, atelectasis, or lung collapse,’3 as demonstrated in our case.

In our case, the patient had aspirated an inorganic material for two weeks prior to presentation. Consequently, he
developed pneumonia with collapse-consolidation of one lung, which determined the urgency of surgery. Chai et al.
reported that 32.8% of children presenting more than five days after aspiration developed pneumonia.!! As described
by Chen et al., foreign bodies generally tend to lodge in the right main bronchus, a finding also demonstrated in other
studies.”9.14-16¢ However, in our case, the foreign body was lodged within the left main bronchus. Due to the delayed
presentation of two weeks, the patient developed complications including left lung collapse-consolidation with pneumonia,
as demonstrated on chest radiography. The patient subsequently underwent two surgeries within 48 hours for removal of
the foreign body, which also resulted in migration of the foreign body into the contralateral lung during the first attempt

of surgical extraction.

Tracheostomy, bronchotomy, thoracotomy, and pulmonary resection are among the open surgical techniques used in
airway foreign body management, with reported rates ranging from 0.3% to 4% in published series.’>17 In a review of
6,693 airway foreign body cases, 2.5% required thoracotomy and 2.0% required tracheostomy.'8 Han et al. reported
various retrieval techniques in 633 children with foreign bodies, which include bronchoscopic forceps combined with
freezing, electrocoagulation, lasers, mesh basket and balloon dilatation.’® In our case, the transient increase in
intrathoracic pressure, thereby splinting open the airway generated by the adjunctive Valsalva manoeuvre, performed
in synchrony with surgical bronchoscopic manipulation, appeared to assist proximal dislodgement of a tightly impacted
foreign body from a segmental bronchus into the trachea, thereby enabling en bloc retrieval while avoiding thoracotomy
or pulmonary resection. To our knowledge, a review of the available literature reveals no previously reported cases
describing the deliberate use of a coordinated Valsalva manoeuvre as an adijunct to bronchoscopic extraction of an
impacted airway foreign body. This case, therefore, highlights a potentially useful rescue manoeuvre in selected difficult
airway foreign body extractions, particularly when the combined instrumentation technique is insufficient to mobilise an
impacted object, due to the inflammatory process which leads to the formation of granulation tissue in the mucosa area
surrounding the object and is difficult to access. Further reports would be valuable to determine the reproducibility, safety,

and applicability of this technique in broader clinical practice.

Rigid bronchoscopy is considered the gold standard for extracting foreign bodies in the tracheobronchial airway. When
a combined approach of flexible and rigid bronchoscopy is used, the success rate for retrieval increases significantly,
and the risk of complications decreases.20.21 However, retrieving an embedded foreign body from the distal airways can
present a substantial technical challenge and heighten the risk of tracheobronchial injury, particularly with prolonged
multiple attempts.22 In such a case, a staged surgery approach is crucial for the difficult retrieval of an embedded foreign
body in an exquisite distal airway. This approach helps minimize tissue injury, allows for better stabilization, and enables

the formulation of a comprehensive surgical plan that ensures successful retrieval without incurring further complications.

Several case reports have described the use of tracheostomy as part of the management strategy for airway foreign
body removal. Singh et al. reported that 4 out of 342 cases required tracheostomy. Although uncommon, the reported
indications included long-standing subglottic foreign bodies, sharp subglottic foreign bodies, and foreign bodies bigger

than the glottic opening. Tracheostomy was performed either to protect the airway or to assist in foreign body removal.23
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Similarly, in our case, the child sustained airway injury during prolonged attempts at retrieval of the foreign body, and
tracheostomy was performed to allow healing of the supraglottic structures. The patient was successfully decannulated

two weeks later following recovery of the supraglottic airway structures.

There is an ongoing debate regarding whether spontaneous ventilation or controlled ventilation with paralysis should be
maintained during airway foreign body retrieval. However, neither technique has demonstrated clear superiority, as
management often depends on the experience and preference of the attending anaesthesiologist. 9-10.24-32. |n our case,
the foreign body was inorganic in nature and therefore could not be crushed into smaller pieces like organic materials
such as seeds or plant matter. Before deciding to administer neuromuscular blockade, it was important to consider whether
paralysis might convert a partial airway obstruction into a complete obstruction and whether adequate ventilation and
oxygenation could still be maintained. If the foreign body is in the distal airway, paralysis may be considered. One
advantage of paralysis is the prevention of coughing and gagging during the procedure.34 However, in our case, the
foreign body was located within the secondary bronchus, which is relatively proximal; therefore, we elected to maintain
deep anaesthesia using TIVA with propofol, remifentanil, and dexmedetomidine while preserving spontaneous ventilation
throughout the procedure. This approach helped reduce intraoperative coughing and barking while maintaining
spontaneous breathing. Oxygenation was maintained using a high-flow nasal cannula during the tubeless period and

side-port ventilation through the rigid bronchoscope during the procedures.

Conclusion:

Close communication between the anaesthesiology and surgical teams is essential when planning the retrieval of foreign
bodies from the airway. We recommend the Valsalva manoeuvre as an adjunctive technique for retrieving impacted
inhaled foreign bodies and other challenging cases of foreign bodies removal. Clinicians should remain vigilant for
potential complications during the procedure, such as pneumothorax and subcutaneous emphysema, particularly during

prolonged and difficult retrieval efforts. In such cases, considering a staged surgical approach would be beneficial.
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