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Preface

Itis withimmense pleasure that | introduce the first edition
of the Pakistan Chest Society guidelines on rigid
bronchoscopy. As we embark on this journey, we recognize
the pivotal role this procedure plays in diagnosing and
managing complex airway diseases. Interventional
pulmonology is gaining momentum in Pakistan, mirroring
global trends, with a growing number of centers and young
pulmonary physicians eager to master techniques like rigid
bronchoscopy. Rigid bronchoscopy is a powerful tool that
enables pulmonologists to intervene effectively in
conditions that were once considered challenging, offering new hope to patients with
airway stenosis, tumors, and other thoracic pathologies.

These guidelines have been crafted with meticulous attention to detail, incorporating
international best practices and tailored to meet the unique needs of our healthcare
landscape in Pakistan. They cover essential aspects of rigid bronchoscopy, including
patient selection, procedural techniques, and perioperative care, aiming to standardize the
practiceand enhance patient outcomes.

| extend my deepest gratitude to the dedicated members of the guideline committee,
whose expertise and relentless efforts have made this document a reality. | also
acknowledge the invaluable contributions of our patients, whose cases have enriched our
understanding, and our mentors, who haveinspired us to strive for excellence.

To all healthcare professionals, | hope these guidelines serve as acomprehensive resource,
empowering you to advance your skills in rigid bronchoscopy and elevate the standard of
respiratory care in Pakistan. Let us continue to learn, innovate, and push the boundaries of
whatispossibleinthoracic medicine.

Thankyou.

Prof. Dr. TalhaMahmud

Chairman
Rigid Bronchoscopy,
Guidelines Development Committee




Message by the President
Pakistan Chest Society

It gives me immense pleasure to present the Guidelines on
Rigid Bronchoscopy- First Edition 2026, published by the
Pakistan Chest Society. Rigid bronchoscopy continues to be
anindispensabletoolinboth the diagnosisand management
of complex airway disorders, foreign body aspiration, and
acute airway emergencies. Despite advances in flexible
bronchoscopy and interventional pulmonology, the role of
rigid bronchoscopy remains central due to its ability to
provide a secure airway, superior suction, and the capacity
tomanagebleedingandlarge lesions effectively.

These guidelines represent a commendable and much-needed effort to standardize clinical
practice, enhance procedural safety, and promote evidence-based respiratory care across
Pakistan. By consolidating current best practices and expert consensus, they will help reduce
variability intechnique, improve patient outcomes, and provide a clear framework for training
the next generation of pulmonary specialists.

| sincerely appreciate the dedication, expertise, and collaborative effort of all contributors,
reviewers, and experts who worked tirelessly to bring this document to fruition. Their
commitment reflects the highest standards of academic rigor and clinical responsibility. lam
confident that these guidelines will serve as an invaluable resource for pulmonologists,
thoracic surgeons, ENT surgeons, anesthetists, and trainees alike. | congratulate the
guideline committee on this significant academic achievement and hope that this initiative
will further strengthen bronchoscopy services, teaching, and research throughout the
country.

Prof. Shereen Khan
President
Pakistan Chest Society
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Message by the Chairman
Guideline Committee, Pakistan Chest Society

It gives me great pleasure to present the 1st Edition of
Guidelines for Rigid Bronchoscopy, developed under the
auspices ofthe Pakistan Chest Society.

Rigid bronchoscopy remains a cornerstone interventionin
the diagnosis and management of complex airway
disorders, offering rapid restoration of airway patency and
enabling therapeutic procedures such as tumor debulking,
balloon dilatation, and stent placement. In our setting,
where malignant airway obstruction, post-intubation

stenosis, and tracheobronchial tuberculosis are frequently encountered, standardized,
evidence-based guidance is both timely and critical. These guidelines have been
meticulously developedtointegrateinternational best practices with the clinical realities and
resource constraints of healthcare delivery in Pakistan, with a strong emphasis on patient
safety, procedural competency, and multidisciplinary decision-making.

| would like to extend my sincere appreciation to the dedicated working group for Rigid
Bronchoscopy first PCS guidelines, under the able chairmanship of Prof. Talha Mahmud, for
their scholarly contributions, commitment, and expertise in producing this comprehensive
document. It is our hope that these guidelines will serve as a practical resource for
pulmonologists, thoracic and ENT surgeons, and anesthetists, strengthen procedural
proficiency, and ultimately improve outcomes for patients with central airway disease across
the country.

Withbestwishes,

Prof. Muhammad Ashraf Jamal

Chairman Guideline Committee
Pakistan Chest Society
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Dedication

To those who breathe with difficulty, yet persevere,

In the narrow passages of the airway, we see the breadth of human resilience. Your
struggles, though unique, resonate with the universal longing for unobstructed breath, for
the simple freedom to inhale and exhale without constraint. These guidelines are a tribute

to your courage, a testament to our commitment to advancing the art of airway care.

They embody the precision of science, the compassion of caregivers, and the unwavering
dedication to easing the burden of those who face the challenges of complex airway
disease. We dedicate this work to you, not merely as patients, but as individuals whose
lives remind us of the profound gift of breath.

May these guidelines illuminate the path to innovative treatments, more effective
interventions, and the restoration of breath as a source of life and joy. May they remind you
that in the journey of airway health, you are seen, you are heard, and you are not alone.

In the words of a poet, "What is life without breath?" We answer, it is a life unfulfilled. It is
with the breath of hope, compassion, and innovation that we dedicate these guidelines to

you, striving for a future where every breath is a testament to possibility.

For every breath taken, for every life touched, we are here.
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Introduction

Interventional pulmonology's tale is one of trailblazers, innovation, and perseverance, fueled
by technologicaladvancements and unwavering passion, unfoldingalongside the progress of
the last century. Bronchoscopy's origins date back to 1897 when Gustav Killian (father of
bronchoscopy), a German rhinolaryngology head, used a rigid esophagoscope to remove a
pork bone from the right main bronchus of a farmer, marking the birth of bronchoscopy. The
first paper on direct bronchoscopy followed in 1898." Meanwhile, in the USA, Chevalier
Jackson (father of American bronchoesophagology) was revolutionizing rigid bronchoscopy.
He introduced an endoscope with a distal light in 1904 and pioneered endobronchial
treatments for tuberculosis (TB) complications, including the first reported endoluminal
resections of endobronchial tumors.” The 1960s marked a groundbreaking era in
bronchoscopy with the introduction of the flexible bronchoscope allowing procedures
without general anesthesia. Shigeto lkeda, a thoracic surgeon at Tokyo's National Cancer
Center, pioneered this innovation in 1966, enabling exploration of peripheral bronchi,
simplifying the procedure, and improving patient comfort.’ The introduction of flexible
fiberoptic bronchoscopes in 1968 led to a decline in rigid bronchoscope usage. The flexible
bronchoscope's popularity grew post-1968 due to its minimally invasive nature, lack of need
for general anesthesia, and better peripheral airway visualization. As a result, rigid
bronchoscopy use declined over the next two decades, becoming rare and almost obsolete,
except among a few dedicated physicians, mainly in Europe.’ Jean-Francois Dumon, a French
pulmonologist, revived interest in rigid bronchoscopy in the 1980s with his work on laser
vaporization, photocoagulation, and silicone stenting. His development of the Dumon
silicone stent was a game-changer, popularizing airway stenting and sparking a global
resurgence of rigid bronchoscopic procedures. Although stent deployment dates back to
1915, major advancements came with the Montgomery T tube (1960s) and Dumon's silicone
stent (mid-1980s). The first airway stent was placed in Marseille in 1985, making stenting a
key part of managing airway compromise in benign and malignant conditions, and re-
establishing rigid bronchoscopy'simportance ininterventional pulmonology.*’

Rigid bronchoscopy is a specialized endoscopic technique utilizing a rigid scope to provide
direct visualization and intervention in the central airways (trachea and main bronchi). It has
regainedits crucial role ininterventional pulmonology, providing options for both surgicaland
non-surgical patients. Rigid bronchoscopy in majority of cases is performed alongside
flexible bronchoscopy, but it can also be used as a standalone diagnostic procedure. Unlike
flexible bronchoscopy, the rigidinstrument's larger working channel enables the use of larger
instruments, facilitating complex procedures like foreign body (FB) retrieval, tumor
debulking, stent deployment, and managing severe hemoptysis. Although requiring general
anesthesia and expertise, rigid bronchoscopy offers superior airway control, addressing
complex pathologies that may be very challenging with flexible bronchoscopy.’® It's a crucial
tool for interventional pulmonologists, playing a central role in managing complex airway
disorders - both cancerous and non-cancerous. It provides controlled access to the airway,
enabling various treatments like laser therapy, cryotherapy, electrocautery, argon plasma
coagulation (APC), and photodynamic therapy,amongothers.*
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In Pakistan, rigid bronchoscopy's often handled by ENT surgeons, typically in operation
theatres under general anesthesia, mainly for retrieving FBs from the larynx and trachea.’
Pakistan is witnessing a surge in interventional pulmonology. Interestingly, a review on Rigid
Bronchoscopy by a French author was published in the Pakistan Journal of Chest Medicine
(Vol 18, No 1, 2012).° Fast forward to 2021, a Pakistani interventional pulmonologist
presented "Revival of Rigid Bronchoscopy" at PCS Chestcon, Karachi, highlighting the
growing expertise in this field.” As techniques and technology evolve, rigid bronchoscopy's
role in managing airway disorders will keep growing. Despite varying applications globally,
Pakistan Chest Society's initiative to create first National guidelines for the junior and senior
pulmonologists with interest in airway interventions is timely. Recognizing the procedure's
evolution, current status, and future directions will help establish a framework for safe and
effective use, ultimately boosting patient care.

10




Anatomy, Physiology, and Pathophysiology
of the Central Airways

The central airways form the anatomical and functional conduit between the upper
respiratory tract and the distal bronchial tree. In interventional pulmonology, detailed
knowledge of central airway anatomy, physiology, and pathological alterations is
fundamental for diagnostic bronchoscopy, therapeutic bronchoscopy, airway stenting,
tumor debulking, and management of airway obstruction. Central airway diseases
significantly contribute to morbidity and mortality due to impaired ventilation, secretion
retention, recurrent infections, and respiratory failure. Modern interventional pulmonology
relies heavily on understanding both normal airway structure and the pathophysiological
mechanisms underlyingairway compromise.

The central airways typically refer to the trachea, mainstem bronchi, bronchus intermedius,
and lobar bronchi. These structures keep the airways open and support gas exchange,
mucociliary clearance, and host defense. Pathologies involving the central airways can be
neoplastic, inflammatory, infectious, traumatic, or congenital in origin."*"" Interventional
pulmonologists frequently encounter airway stenosis, tracheo-bronchomalacia, tumors,
fistulas, and post-intubationinjuries.”

10,11,12

Anatomy of Central Airways
Larynxand Subglottic Region
A detailed understanding of laryngeal anatomy is essential for safe and effective rigid

bronchoscopy. The rigid bronchoscope passes through the oral cavity, pharynx, and larynx
before entering the trachea. The larynx represents the narrowest and most vulnerable
portion of the upper airway encountered during instrumentation. Knowledge of its
anatomical landmarks, dimensions, cartilaginous framework, musculature, innervation, and
functional dynamics is critical for minimizing trauma, ensuring adequate ventilation, and
successfully performing therapeuticinterventions.”

Rigid bronchoscopy requires alignment of the oral, pharyngeal, and laryngeal axes under
general anesthesia. During insertion, the bronchoscope traverses the supraglottic
structures and passes through the vocal cords into the subglottic space. Consequently,
interventional pulmonologists must understand the anatomical relationships relevant to
airway access, endoscopic orientation, and potential complications. Grossly divided into

supraglottic, glotticand subglotticregions.
Supraglottic Anatomy: Epiglottisis aleaf-shaped elastic cartilage attached inferiorly to the

thyroid cartilage and hyoid bone. During rigid bronchoscopy, the bronchoscope blade
elevates the epiglottis anteriorly, exposing the glottic opening. If elevation is inadequate,
visualization of the glottis may be obstructed.

Aryepiglottic Folds extend from the lateral margins of the epiglottis to the arytenoid
cartilages and form the lateral boundaries of the laryngeal inlet. They contain cuneiform and
corniculate cartilages. Edema or tumor infiltration in this region can significantly complicate
rigidbronchoscopeinsertion.

False Vocal Cords lie inferior to the aryepiglottic folds and superior to the true vocal cords.
They are covered by respiratory epithelium and play a minor role in phonation. During
bronchoscopy they serve asimportantlandmarks foridentifying the true glottic opening.
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GlotticAnatomy
True vocal cords are the most critical anatomical structure encountered during rigid

bronchoscopy. They are composed of stratified squamous epithelium covering the vocal
ligament and vocalis muscle, and appear as pearly white structures anchored anteriorly to
the thyroid cartilage and posteriorly to the arytenoid cartilages. The opening between them
is called the rima glottidis, which represents the narrowest point of the adult laryngeal airway
during phonation. Passing the rigid bronchoscope through the vocal cords requires adequate
neuromuscular relaxation, proper alignment of the airway, and gentle rotational movements
toavoidtraumatothecords.

Arytenoid Cartilages paired pyramidal cartilages situated on the posterior cricoid lamina.
During rigid bronchoscopy excessive posterior pressure can dislocate or even cut arytenoid
cartilages and prolongedinstrumentation may produce mucosal ulceration. ™

Thyroid cartilage

Thyroarytenoid &
vocalis muscles

Vocal ligament

Cricothyroid
Conus muscle
elasticus
Lateral !
FHEORY Ik Cricoid cartilage
muscle
Posterior ! Arytenoid cartilage
cricoarytenoid Arytenoid muscle
muscle (transverse & oblique

components)

Figure 1. Anatomy ofthelarynx.
(Source: https://teachmeanatomy.info/neck/viscera/larynx/)

Subglottic Anatomy
The sub-glottis extends from inferior border of the vocal cords to the lower border of the

cricoid cartilage. Thisregionis clinicallyimportant becauseitis:

e Thenarrowestfixedportionoftheadultairway.

»  Highlysusceptibleto stenosis.

«  Frequentlyinjuredduringprolongedintubation.

Themucosaistightly adherent to the cricoid cartilage, makingit vulnerable toischemicinjury
from pressure. Larynx is innervated by Vagus nerve through superior laryngeal nerve and
recurrent laryngeal nerve provides motor supply to all intrinsic muscles except cricothyroid.
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Blood supply is derived from superior laryngeal artery and inferior laryngeal artery. These
vesselsmay bleed duringtumor biopsy, laser therapy or mechanical trauma.

Trachea
The trachea is a flexible, fibrocartilaginous tube that serves as the main conduit for air

betweenthelarynxandthe bronchi.ltbeginsinferiorly at the cricoid cartilage, corresponding
to the level of the sixth cervical vertebra (C6), and extends downward through the neck and
upper thorax. The trachea terminates at the carina, where it bifurcates into the right and left
main bronchi, typically at the level of the fifth thoracic vertebra (T5). Anteriorly, its lower
portionliesjust behind the manubrium sterni. In adults, the trachea measures approximately
10-13 cm in length and 2-2.5 cm in diameter with approximately 16-20 C-shaped
cartilaginous tracheal rings. These cartilages are made of hyaline cartilage and support the
tracheal structure and patency.” The posterior membranous wall lacks cartilage and is
composed mainly of the trachealis muscle, which allows dynamic variation in tracheal
diameter during coughing and forced expiration. The tracheal wall consists of four main
layers:

Mucosa: Lined by pseudostratified ciliated columnar epithelium containing goblet cells, with
arichvascularandlymphatic network beneath.

Submucosa: Contains seromucous glands that produce secretions and contribute to airway
humidification.

Cartilaginouslayer: Composed of hyaline cartilage rings that provide structural support.
Adventitia: A connective tissue layer that anchors the trachea to surrounding mediastinal
structures.

Carinaand MainBronchi
The carina is the bifurcation point of the trachea into the right and left main bronchi. It is

highly sensitive and richly innervated, making it a major trigger point for cough reflex during
bronchoscopy. Carinal anatomy is critically important in interventional pulmonology
because malignant involvement, stenosis, or fistula formation at this site often requires
advanced therapeuticinterventions such as Y-stenting or rigid bronchoscopy. It's ideal place
for Trans-bronchial Needle Aspiration (TBNA) or endobronchial ultrasound guided needle
aspiration.

Right Main Bronchus is shorter, wider, and more vertically oriented than the left, measuring
about 2-2.5 cminlength. Thisanatomy makes it more prone to aspiration of foreign bodies. It
divides into bronchi supplying the right upper lobe, bronchus intermedius, right middle lobe,
andrightlowerlobe, givingrise to 10 segmental bronchiin total.

Left Main Bronchus is longer and narrower, measuring approximately 4-5 cm, and runs
beneaththeaorticarchincloserelationto cardiac structures. Ilts more acute angleandlonger
course make instrumentation slightly more challenging during bronchoscopy, particularly
witharigid bronchoscope.™




The structure of the trachea and primary bronchi

The branching of the trachea within the

mediastinum to form the right and left

primary bronchi Qi Hyold bone

A sectional view of the trachea showing
- Larynx a C-shaped tracheal cartilage
Esophagus
Posterior wall of
Tracheal cartilages 2 the trachea lacking
£ f tracheal cartilage
Mucosa resembling
that of the nasal cavity
and nasopharynx
Thyroid giand
Tracheal cartilage
Right primary bronchus
Secondary bronchi
Right lung Left lung

Figure 2. Anatomy of the tracheaand bronchi.
(Source: https://healthiack.com/encyclopedia/trachea-diagram#google_vignette)

Blood Supply
The trachea is supplied by segmental arteries that differ between its cervical and thoracic

portions.

Cervical trachea receives branches from the inferior thyroid arteries, which arise from the
thyrocervical trunk of the subclavian artery. These branches run along the lateral aspects of
the trachea and anastomose with each other to form a longitudinal vascular network along
the trachealwall.

Thoracic trachea supplied by tracheal branches of the bronchial arteries, which originate
from the thoracic aorta or intercostal arteries. These branches also form an anastomotic
network alongthetrachea, ensuring continuous perfusion.

Venous drainage occurs through brachiocephalic trunk for cervical trachea and bronchial
veins into the azygos and hemiazygos veins for thoracic trachea.” Understanding vascular
anatomy is essential during therapeutic bronchoscopy because procedures such as tumor
debulking, laser therapy, and cryotherapy carry bleedingrisks.

Innervation
Airwayinnervationis derived fromtwo main sources:

Parasympathetic fibers via the vagus nerve, which cause bronchoconstriction and increase
mucus secretion.

Sympathetic fibers from the thoracic ganglia, which produce bronchodilation and reduce
glandular secretion.

Sensoryinnervation mediates coughreflexes and otherairway protective mechanisms.
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Physiology of the Central Airways
Air Conduction
The primary physiological role of the central airways is conduction of air between the

atmosphere and alveoli. The large diameter and cartilaginous support minimize airflow

resistance under normal conditions.

Airflowresistanceis governedby Poiseuille'slaw: R « %

Even minor reductions in airway radius can dramatically increase airflow resistance,
explainingwhy central airway stenosis produces severe dyspnea.”

Mucociliary Clearance: The mucociliary escalator is one of the airway's key defense
mechanisms and relies on ciliated epithelial cells, goblet cells, and submucosal glands. The
cilia beat in a coordinated manner to move mucus and trapped particles upward toward the
pharynx, where they can be swallowed or expectorated. Interventional procedures can
temporarilyimpair mucociliary function through mechanical trauma or thermalinjury.

Airway Defense Mechanisms
The central airways protect the lower respiratory tract through mechanical filtration, the

cough reflex, air humidification, and immune surveillance. Alveolar macrophages, dendritic
cells,andlymphoid tissue further contribute to thisimmune defense

DynamicAirway Mechanics

Airway caliber changes duringtherespiratory cycle:

. Inspiration produces airway expansion through negative intrathoracic pressure

. Expiration may narrow airways due toincreasedpleural pressure

Cartilage provides rigidity while the posterior membranous wall allows flexibility. This
dynamicbehaviorbecomesclinicallyimportantindisorders such as tracheobronchomalacia.
Pathophysiology of Central Airway Disorders

Central Airway Obstruction

Central airway obstruction is a major indication for interventional bronchoscopy. Symptoms
generally occur when the airway lumenis reduced by more than 50%.***""**

Table 1. Causes of central airway obstruction.

Malignant Causes Benign Causes

Primary lung cancer Post-intubation stenosis
Thyroid malignancy Tracheostomy-related injury
Metastatic tumors Granulomatous disease
Esophageal carcinoma Relapsing polychondritis
Thyroid malignancy Amyloidosis

Foreign body aspiration

Mechanisms of Obstruction
Airway obstruction may result from:

1. Intraluminallesions: Stenosis, polyp, lipoma, tumor.

2 Extrinsic compression: Mediastinal tumor, goiter, aneurysm.

3. Mixed lesions: Mediastinal tumorsinvadingwallto tracheallumen.
4 Dynamic collapse: Tracheomalacia.




In tracheobronchomalacia, weakened cartilage causes excessive collapse of the airway
during expiration. This excessive dynamic airway collapse is marked by a 250% reduction in
theairway lumen, air trapping, anineffective cough, andrecurrent respiratoryinfections.”

Tracheal Stenosis
Tracheal stenosis commonly develops after prolong intubation or tracheostomy but shorter

duration <24 hours can lead to stenosis formation specially after upsized ETT or high balloon
pressure causing ischemic necrosis. Ischemic injury from cuff pressure leads to mucosal
ulceration, chondritis, fibrosis and healing with scar formation."”* Interventional techniques
such as laser therapy, argon plasma coagulation, cryotherapy, and stent placement can
provide rapid symptomaticrelief.

Tracheoesophageal Fistula (TEF)
A tracheoesophageal fistula represents abnormal communication between the airway and

esophagus, mostly caused by esophageal cancer, prolonged intubation, radiation injury,
surgical complications. TEF can lead to aspiration, severe pneumonia, malnutrition and
respiratory failure. Airway and esophageal stentingareimportant palliative interventions.
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Anesthesia and Pre-op Management of Rigid
Bronchoscopy

Airway and Respiratory Evaluation
Unlike flexible bronchoscopy, the rigid scope introduces unique anesthetic challenges

because it occupies the airway, interferes with conventional ventilation, and is often used in
patients with significant respiratory compromise.” Successful outcomes require careful
planning, multidisciplinary communication between the proceduralist and anesthetist, and
mastery of specialized ventilation strategies.”

Patients requiring rigid bronchoscopy often have significant central airway compromise
which disturbs ventilation.”®” Patients may have central airway obstruction due to tumor,
foreign body, blood clots, or benign stenosis of the airway. Often, these obstructions are in
the trachea, right main stem or left main stem bronchus.” This can translate to patients
effectively ventilatingapproximately 50% or less of their total lung capacity.
Themostimportant things to assess pre-procedure is the baseline oxygenation, ventilatory
status, location and severity of the obstruction based on CT-imaging, and mouth opening of
the patient.”** Complication rates are seen to increase when there is an emergent need of
the procedure, patienthas an ASA status of 4 or greater, or baseline hypoxemia.***

Baseline Oxygenationand Ventilatory Status
Baseline oxygenrequirements are likely the single mostimportant factor to assess tolerance

of the procedure from the anesthetist point of view.” If the patient has no supplemental
oxygen requirements, and is maintaining saturations above 95%, then their anesthetist risk
would overall be low.” If the patient is requiring 2-5 liters/min of supplemental oxygen, then
they would have amoderate chance of desaturations during the procedure. If the patientison
high oxygen requirements > 6 L/min, then they would likely be at a high chance of
desaturation during the procedure.”

However, it is important to note that with the procedural intervention, the goal is to relieve
the ventilatory obstruction. Once the obstruction is relieved, then the ventilation and
oxygenation should normalize quickly. Therefore, this should be discussed with the
proceduralist to assess the expected procedural duration for the obstruction to be resolved.
If there is benign tracheal stenosis, a single balloon dilatation may open the trachea
sufficiently to improve all the ventilatory parameters within 2 to 5 minutes. However, a large
airway tumor may take up to 60 minutes to remove, with additional risk of bleeding and
temporary worsening of the ventilatory parameters.”

Location ofthe Obstruction
The proceduralist and anesthetist should review the CT chest of the patient and assess the

location of the central airway obstruction along with the underlying lung parenchyma.
Assessing the location of the obstructionis crucial in deciding how to ventilate the patientin
the procedure and the risk associated with it. If the central trachea is more than 80%
occluded, then ventilation would be extremely challenging and chances of intra-procedural
desaturationsare high.”

However, if that same lesionis obstructing less than 50% of the trachea, then the ventilation
would be relatively easier. If there is a distal right bronchus intermedius lesion or a small FB
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that needs to be extracted, then ventilation would be generally easy. If the location is in the
proximaltrachea, thenthere would be limited space to positionaventilatory tube. However, if
thelesionisin the right bronchus intermedius, then arigid tube or endotracheal tube canbe
easily placed to ventilate the patient.

The proceduralist should also review the lung parenchyma. If the lesion is unilateral, and the
contralateral side of the lung is healthy, then it would be easier to ventilate the patient.
However, if the contralateral side also has parenchymal changes such as emphysema or
chronicfibroticchanges, thenit would be much harder to ventilate or oxygenate the patient.

Airway Assessmentand Mouth Opening
The patient should be able to open the mouth wide so that the rigid tube can be manipulated

forintubation. Often, patients with prior head and neck tumors who have received radiation,
will likely have limited mouth opening and not be a candidate for rigid bronchoscopy. The
patients shouldideally have atleast 3-4 cm of mouth opening.”

The oral cavity should also be examined for any loose teeth, orallesions, or dentures as these
may get in the way during the intubation. At times teeth can break off and fall into the oral
cavity during the intubation. Itis also good practice to note the old scars in the mouth, so the
proceduralist can differentiate from any new oral trauma that may be caused during the
intubation.

The patient's neck circumference and length should also be assessed. If the patient has a
wide and short neck, then the intubation is likely to be difficult. Similarly, if the patient is
obese, then the reduced functional residual capacity and soft tissue prominence in the upper
airway also make for a challenging intubation. In these patients, a back-up plan for the airway
should always be present in case the rigid intubation is difficult, such as placing an
endotrachealtube, bag-maskventilation oralaryngealmaskairway placement.

The proceduralist and anesthetist should also assess the cervical spine of the patient. The
rigid intubation requires that the patient's neck be extended for the intubation. If the
patient's cervical spine is not stable, or they cannot extend it well, then they would be a
difficultintubation or may not be considered a candidate for rigid bronchoscopy.**

Other key physical exam findings to assess are stridor, exercise tolerance, and ability to lie
flat. If a patient has stridor at rest and cannot lie flat, it usually indicates >80% central airway
obstruction and suggests that ventilation during the procedure will be challenging. In
contrast, the absence of stridor, combined with good exercise tolerance and no orthopnea,
generally predicts that airway management and ventilation willbe straightforward.

Comorbidities Evaluation
Chronic conditions usually will not play a major role in deciding about anesthetic risk, as

predominantly the airway lesion is a life-threatening problem that must be dealt with. The
chronic conditions may be a consideration if they are affecting the ventilation, such as
chronic obstructive pulmonary disease, or interstitial lung disease. Ideally, good blood
pressure control, glycemic control and control of other comorbidities should be done if the
procedure is non-emergent. However, often these issues have to take back seat, as theriskis
dictated by the primary central airway problem, rather than these comorbidities.*

At times, these patients have underlying coronary artery disease and are on anti-platelet
therapies or have had thromboembolic disease requiring anticoagulation. It should be
ensured with the proceduralist that these medications have been held in a timely manner.
Anticoagulants should typically be stopped 5 days before rigid bronchoscopy for warfarin,
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and 24-48 hours for direct oral anticoagulants (DOAC), depending on the agent, renal
function, andbleedingrisk.

Pre-procedural blood product arrangement is usually not mandatory if the patient's
hemoglobin (Hb) is above 10 mg/dL. However, if the patient's Hbis < 8mg/dL, one or two units
of blood transfusion can be considered to optimize the oxygen delivery prior to the
procedure. Blood products for intraprocedural bleeding are likely not needed, as the airways
donothave the capacity forlarge bloodloss.

Patients with active arrythmias, acute myocardial infarctions, aortic dissections, or shock
requiringmediumto high dose vasopressors, are not to be considered for rigid bronchoscopy
due to high probability of a poor outcome. Before all rigid bronchoscopies, the patient's short
and long-term survival should be considered. If the underlying conditions predict a high
short-term mortality, then the rigid bronchoscopy would unlikely change the outcome and
may lead tounnecessary morbidity and cost.

Procedural Anesthesia

The goals for anesthesia during rigid bronchoscopy are to achieve deep sedation, immobility
of the patient, adequate oxygenation, ventilation, and hemodynamic stability.”** Close
collaboration between anesthesiologists and bronchoscopistsis essential to ensure optimal
procedural outcomes.

Deep Sedation and Immobility

Rigid bronchoscopies should be performed with total intravenous anesthesia (TIVA) and

paralytics.”**** Any combination of TIVA can be used, such as propofol, dexmedetomidine,
nalbuphine, ketamine or midazolam.*******
adjusted to achieve deep sedation. Commonly, propofol infusions are effective for rigid
bronchoscopiesand canbetitrated quickly to achieve deeper sedation.

Any neuromuscular blocking agent can be used.” The proceduralist should inform the
anesthetist of the expected duration of the procedure. Short procedures such as removal of
FBs or balloon dilatations can be performed within 10 to 20 minutes. However, procedures
such as tumor debulking and stent placements require more time such as 1 to 2 hours. The
choice of neuromuscular blocking agent can be adjusted according to the expected
procedure time. Rocuronium may perform better than succinylcholine.™

The choice of induction during intubation should also be discussed between the
proceduralist and anesthetist. For airways that are an easy intubation, a moderate duration
paralytic agent such as rocuronium or cisatracurium can be given for the intubation process.
However, for threatened airways that may be difficult to ventilate, giving succinylcholine and
attempting the rigid intubation may be appropriate, if in case the first intubation pass is
unsuccessful, then bag-mask ventilation can be attempted in an unparalyzed patient as the
succinylcholine wears off. Itisimportant that the patient is deeply sedated and appropriately
paralyzed for the intubation and the duration of the procedure. If the patient coughs
excessively or moves during the intubation or the procedure, it can lead to unwanted trauma
orhypoxemia.”

Ventilatory Techniques
In a patient requiring an advanced bronchoscopic procedure, there are generally 3 different

options of an advanced airway. The first option is rigid bronchoscopy, and that is the most
commonairway tool, asit provides rapid control of therapeuticinterventions. However, other
options include an endotracheal tube or an i-GEL laryngeal mask airway. In certain limited
cases such as a distal right or left main stem balloon dilatation or stent placement, an

The dose of sedative agent used should be
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endotracheal tube can be placed. For benign proximal tracheal stenosis, in which high peak
pressures will not be needed to ventilate a patient, an i-GEL laryngeal mask airway can be
placed.* Similarly for small FB removals, endobronchial ultrasound (EBUS), and navigational
bronchoscopy, ani-GEL canbeused.*

Thereare two mainways to ventilate a patient througharigid bronchoscope.

Controlled assist ventilation, or jet ventilation (manual or high-frequency automatic.* Both
techniques have its caveats and benefits, which the anesthetist should be aware about.
Other less commonly used techniques are apneic oxygenation and spontaneous assisted
ventilation.” Spontaneous assisted ventilation has shown to be equally safe with TIVA,
however it has a slightly higher incidence of complications compared to controlled assist
ventilation.”* Apneic oxygenation is now discouraged and is not a common practice.”” Our
recommendation is to use either controlled assist or manual jet ventilation based on
availability and experience. Controlled assist ventilation is easier to connect, however may
not provide adequate ventilationifthereis ahigh-grade obstructioninthe airways.

For assist control ventilation, a side port is used to connect the ventilator to the rigid tube,
similarto an endotracheal tube (seerigid bronchoscopy equipmentbelow). A set tidal volume
isappliedto deliver ventilation through the barrel of the tube. There are two issues faced with
thismethod. Thefirstissueisthat since thereis no cuffontherigid tube and the proximal port
isopenfortherigid scope; thereis ahigh leakin the system. Therefore, most of the volume is
not delivered to the alveoli. The secondissueis that these patients usually have a high-grade
airway obstruction which needs high peak pressures to bypass the obstruction and ventilate
thedistallung. Commonly used pressures through the assist control methods usually do not
provide sufficient pressures to effectively ventilate past the obstruction. If this method of
ventilation is used, it may be appropriate in cases when there is no major airway obstruction
such as when a FB may need to be removed. If assist control ventilation is used with a rigid
scope, then the oral pharynx must be tightly packed with gauze to reduce the chances of air
leak. That is a cumbersome process and still leads to a significant air leak. Overall, assist
control ventilation is easy to set up, however may not be effective to ventilate patients with
high-grade airway obstructions.”

Most proceduralists prefer using jet ventilation during rigid bronchoscopy ***. Through the
rigid tube's side port, the tubing of the jet ventilator is connected. The jet ventilatory breaths
can be delivered manually using a Sanders valve or via an automated ventilator at
supraphysiologic respiratory rates.””* For manual jet ventilation, the anesthetist is
responsible for delivering breaths with the jet ventilator. Usually, the setting of the jet
ventilator is set at a pressure of 20-25 PSI.* The anesthetist delivers an inspiratory breath
every 3 to 5 seconds. The anesthetist should hold down the jet ventilator lever for about 1 to
1.5 seconds while observing for chest rise, and then wait for 2-3 seconds for the chest to
passively recoil before delivering the second breath.”” This would ensure appropriate
ventilation along with allowing the patient to expire carbon dioxide. Duringjet ventilation, itis
essential to avoid creating a closed system to reduce the risk of barotrauma and aspiration. If
hypoxemia or desaturation occurs, the scope can be briefly withdrawn into the trachea to
allow bilateral lung ventilation. During this maneuver, bronchial secretions from the healthy
lungcanbeclearedinordertoimprove the oxygenation during the bronchoscopy.

Anesthetic Complications Related to Rigid Bronchoscopy
The main complication associated with rigid bronchoscopy is difficulty in ventilation leading
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to hypoxemia and hypercapnia. Depending on the airway obstruction and the mode of
ventilation, there needs to be vigilance and communication between the anesthetistand the
proceduralist on how to handle these complications. Mild hypoxemia and hypercapnia are
acceptable in these procedures. Significant hypoxemia is not frequent and happens in less
than 5%, if ventilatory parameters are taken care of and no procedural complications
occur.”?*” With rigid bronchoscopy, end-tidal CO, cannot be measured, however
transcutaneous capnography or arterial sampling can provide information.” During rigid
bronchoscopy with jet ventilation, elevated CO, is more common than low oxygen, with end-
tidal or arterial CO, levels typically ranging from 45 to 60 mmHg.***” APCO, of up to 100is also
acceptable and will resolve once the rigid procedure is completed, however PCO, of greater
than 100 has shown to worsen outcomes.” In most patients an arterial line or frequent blood
gas monitoring is not required. However, where the anesthetist feels that the patient is not
ventilatingadequately, anarterialline or frequent blood gas sampling can be performed.

The other complication that can be seen with jet ventilation is barotrauma. However, when
pressure such as 20 to 30 PSl are used, then barotrauma is a rare complication.* In patients
with limited lung reserve this can be a significant complication. The anesthetist and the
procedurelist should be aware of thisif there are any hemodynamic or ventilatory changes.
The rigid tube can also lead to an airway perforation.” If such an event is to occur, then there
would be a high air leak into the mediastinum or the pleural space. Complications such as
these can be quite complex and an attempt can be made to bypass the perforation with the
tube to ventilate the distal airway. Other measures such as placement of a stent can be done
by the proceduralist to cover the airway perforation.

Uncommonly, therigid tube can put mechanical pressure on the surrounding structures. This
mechanical pressure on the great vessels can impair cardiac output and venous return. This
cansometimeslead to significant hypotension, arrhythmias and cardiac arrest. If mechanical
pressure of the rigid tube is felt to be the causative factor, repositioning of the rigid tube
should be done or removal of the tube and ventilating with a standard endotracheal tube till
the patientis stabilized.

With any form of cautery- such as APC or electrocautery, and high oxygen content in the
airways, there is a risk of airway fire (see APC section below).” During assist control
ventilation, the FiO, should be kept below 40%, and during jet ventilation, the anesthetist
should pause any breath delivery when cautery is being performed. Therefore, the
anesthetist and proceduralist should communicate very closely during this process to
ensurethatventilationis heldat the appropriate timeandresumedwhen the cautery process
hasbeenpaused.

Airway interventions can lead to airway bleeding, however large volume bleeding s rare.
is the job of the proceduralist to control the bleeding with the tools on hand. However, if the
bleedingis significant and the patient is desaturating due to significant blood in the airways
the anesthesiologist should always be preparedto place adouble lumen endotracheal tube to
ventilate the normalairway andlung.

PostProcedure Care
The goal of post procedure care should be to extubate the patient. The patient should ideally

be extubated in the operating room soon after completion of the procedure. If the airway
obstruction has been relieved, then the patient's underlying respiratory issue should have
improved. Therefore, most patients need less ventilatory support than prior to the

22,38 It
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procedure.
Asastandard practice, if the patient has had a successful procedure, endotracheal intubation
should be avoided in the recovery phase. Placement of an i-GEL or laryngeal mask airway is

22,38

preferred orthe anesthetist can extubate to aface mask.
There may be certain issues faced by the anesthetist after extubation. At times, there are
issues with retained secretions, airway edema, or bronchospasm, which can lead to
respiratory distress. Nebulizing, oxygen therapy, encouraging the patient to clear their
airway, may improve the bronchospasm slowly. Steroids canbe used oncase-to-casebasis.
If there is significant respiratory failure post-procedure then non-invasive ventilation or
high-flow nasal oxygenation should be tried. After few days of the procedure, secretions and
airway edema improve, and these can be weaned off. In severe cases, endotracheal
intubation canbe considered. However, adiscussion should be done with the proceduralist to
ensure that there is no residual obstruction for which a repeat airway exam should be
performed.

Most patients have a rapid recovery after rigid bronchoscopy with therapeuticinterventions.
These patients can return to their baseline or sometimes better than their baseline soon
after the procedure. If the intervention is successful, the respiratory failure or symptoms
should be clinically better than prior. Many patients can be discharged within a few hours of
the procedure, like a daycare setting. However, some patients with respiratory failure may

requireintensive care or step-down care.
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Rigid Bronchoscopy Equipment,
Procedure and Setup

Rigid bronchoscopy is a valuable tool for managing central airway pathology due to its ability
to secure the airway and maintain ventilation throughout the procedure. The scope's large-
caliber working channel allows simultaneous use of multiple instruments, and it supports
larger suction devices and forceps for the removal of debris, thrombus, and foreign bodies. A
key limitation is that the rigid bronchoscope cannot reach beyond the proximal bronchi. To
overcome this, a flexible bronchoscope is oftenintroduced through the rigid scope to assess
andtreatmoredistalairways.

Equipment

The choice of equipment for rigid bronchoscopy usually depends on local expertise and

institutional resources.*

Thebasicequipmentincludes:

1. Rigidbarrel(tracheoscope orbronchoscope).

2. Visualizing equipment (telescope, light cable, and camera, with real time images
displayed onavideo monitor).

3. Accessoryinstruments, biopsyforceps, suction, electrosurgical unit etc.

Rigidbronchoscope
The rigid bronchoscope is a hollow stainless-steel tube (see figure 3 and 4). Arigid telescope

isinsertedthroughit. It'salsoknownasan open-tube, straight, or ventilatingbronchoscope.
Rigidbronchoscopes comeinvarious sizes:

. Externaldiameter:2-14mm

«  Wallthickness:2-3mm

«  Length:33cm(tracheal scope)and 43 cm (bronchial scope)

Rigid bronchoscopes have a uniform diameter throughout, except for the beveled or tapered
tip, which lifts the epiglottis during intubation and facilitate dilation of airway strictures. Rigid
bronchoscopes are typically round or oval in cross-section. The proximal end features a
central opening and sometimes external side ports for suction, tools (like electrocautery,
laser equipment), and ventilation. Some scopes have shaft fenestrations for contralateral
lung ventilation. Rubber or silicone caps fit on proximal ports to reduce air leaks, and pinpoint
piercings allowforaccessoryinstruments.




Figure 3. Rigid bronchoscope: Distal beveled edge, barrel with ventilation slits and
proximal 90° angle side port for standard anesthetic circuit for continuous/intermittent
insufflation and spontaneous ventilation and 30° angle Luer-lock connector for jet
ventilation (top left), adapter for passage of instruments (top right), 0-degree rod-lens
telescope (middle), and rigid biopsy forceps (bottom) used for tissue biopsy, tumor
debulking, or FBretrieval.

L

Figure 4. Components of a standard rigid bronchoscopy set including showing ventilating
tubes with obturators, multifunction ventilation head, rigid telescope, and sealing caps
forairway instrumentation.

Larger bronchoscopes are better suited for tracheal procedures, such as placing large stents
or managing proximal airway lesions, while smaller bronchoscopes are preferable for distal
bronchialinterventions. During a procedure, scopes can be sequentially exchangedfor larger
sizes toaccommodate biggerinstruments or to dilate airway stenoses safely, minimizing the

risk of mucosal injury. Rigid bronchoscopes are manufactured by EFER Endoscopy (La Ciotat,
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France), Richard Wolf (Knittlingen, Germany), Karl Storz (Tuttlingen, Germany), and Dutau-
Novatech (La Ciotat, France). Despite differences in design, all of these scopes use the same
standard components: a rigid tube, illumination system, and optical system. The Texas rigid
bronchoscope is the first fully integrated system that houses a semi-flexible endoscope
inside. Its key advantage is preserving the full inner lumen of the rigid scope, with the semi-

flexible endoscope attachingthrough adedicatedinternal channel.
The proximal end of arigid bronchoscope houses multiple ports and a hollow channel for the

telescope connected to a bronchoscopy tower via camera, with lateral ports for connecting

light sourcesandventilationadapters.
Visualizing Equipment (Telescope, Light Source, Video Monitor)
Rigid telescopes with varying angles (0-180°) are used through the bronchoscope to

visualize airways, including trachea, mainstem bronchi, and lobe origins. Alternatively, a
flexible bronchoscope can be passed through the rigid scope for visualization. Most
physicians only need a direct-view rigid telescope since a flexible bronchoscope eliminates
the need for angled scopes when examining the sides of the central airways or treating

lesionsinthe upperlobes.*
Thelight source, typically a xenon or halogen lamp, is delivered either by inserting it directly

intotherigidbronchoscope orbyattachingittothe telescope.
Video equipment (figure 5) is great for teaching, documenting, and letting multiple people

view the procedure on the monitor. Cameras (single- or three-chip) connect to the rigid

telescope's eyepiece viadirect connection, snap-onlenses, or C-mounts.

Figure 5. Rigid bronchoscopy trolley. From top to bottom: video monitor, camera
processor, andlight source.
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AccessoryInstruments
Accessoryinstruments used during rigid bronchoscopy include rigid biopsy forceps, foreign-

body retrieval forceps/baskets, suction catheters, and devices for airway prosthesis
insertion and removal, such as stents and procedure-specific equipment like CRE balloons
etc. Theseinstrumentsare typically introduced through the lumen of the rigid bronchoscope

via a silicone cap or open port. When indicated, these instruments can be introduced via a
flexible bronchoscope passedthroughtherigid scope (figures 6and 7).

Setting for Rigid Bronchoscopy and Preparation

Rigid bronchoscopy is performed under general anesthesia, most commonly in an operating
room. It may also be carried out in anintensive care unit (ICU) with appropriate expertise and
monitoring, orinabronchoscopy suite equipped with fullanesthesia support.**"

Patient preparation requires an 8-hour fast for solids, with clear fluids permitted up to 2
hours before the procedure.

Pre-procedure checks include a formal time-out, assessment for difficult intubation and

cervical spine stability,and confirmation of an adequate seal for mask ventilation.

Figure 6. Rigid bronchoscopy forceps distal tips showing left: alligator jaw, middle:
smooth cupjaw,right:rat toothjaw for biopsy and foreignbodyretrieval.

Figure 7. Distal tips of instruments used in rigid and combined flexible-rigid
bronchoscopy, shown left to right: electrocautery knife, CRE balloon dilator,
electrocautery probe, foreignbodyretrieval basket,and APC probe.
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The airway management plan should be discussed with the anesthesiologist to ensure a
secure airway can be maintained in the event of complications before, during, or after rigid
scope insertion. Equipment preparation involves confirming functioning suction and
patient monitoring, establishing intravenous access and having necessary medications
available, and ensuring a range of rigid bronchoscopes, both tracheal and bronchial sizes, is
ready. The required procedural instruments and accessories should also be organized
accordingtothe plannedintervention.

Patient PreparationandPositioning
A thorough pre-procedural assessment is essential, including airway examination, dental

status, mouth opening, and history of neck trauma or cervical spine disease. The procedureis
performed with the patient supine, head slightly hyperextended in the sniffing/intubation
position to align the pharyngeal and laryngeal axes. A shoulder roll can facilitate
hyperextension when needed. The operating table should be horizontal and at a height that
optimizes ergonomics for both the bronchoscopist and anesthetist. Neck mobility must be
checked to ensure the head can be safely turned toward the contralateral shoulder during
main bronchus intubation without free movement. Before induction, the team should brief
onequipmentavailability androles.




The Rigid Bronchoscopy Procedure Techniques

41,42

Severaltechniques canbe usedforintubation.
Method 1: Direct Intubation with Telescope and Maneuvering
Thisis the preferred technique. A 0°rigid telescope isinsertedinto the rigid bronchoscope to

visualize the beveled tip. Standing behind the supine patient with the head partially extended,
the bronchoscopist holds the scope with the dominant hand. The middle finger of the non-
dominant hand is used to protect the upper dentition during insertion, preventing dental
trauma. Preferably, a saline-soaked gauze sponge or a dedicated dental guard should be
interposedbetween the teethandthe bronchoscope barrelfor protection.

The scopeisinsertedinto the mouth with the bevel anterior, advanced along the tongue, and
the epiglottis is identified and lifted. The beveled tip is slid under the epiglottis, advanced to
visualize the arytenoids and vocal cords, then rotated 90° laterally to enter the trachea
without laryngeal trauma (figure 8). Once past the cricoid cartilage, the scope is rotated to
the six o'clock position to align the bevel with the posterior tracheal wall, and ventilation is
initiated through the proximal ventilatory port. When entering a main bronchus, the head of
the patient needs to be turned towards the contralateral shoulder.

Once the rigid bronchoscope has been introduced into the trachea or main bronchus, it is
advanced and withdrawn using controlled, gentle rotational movements. This technique
allows the beveled tip to navigate the airway lumen while minimizing mechanical trauma to
the respiratory mucosa and underlying cartilaginous rings. The rigid bronchoscope is
manipulated through three primary movements to navigate and inspect the airway. It can be
advanced and withdrawn longitudinally to assess proximal and distal segments, swept
laterally to visualize the entire airway wall, and rotated clockwise or counterclockwise, often
in a spiral motion, to negotiate curves and direct the tip toward the target lesion. When the
target lesion is visualized, the scope is positioned and stabilized directly over it to provide a
stable working channel and optimal visualization. Subsequent therapeutic interventions are
then performed through the scope's lumen according to the specific pathology identified.
Examples include extraction of aspirated FBs with grasping forceps or baskets, debulking of
endobronchial tumors using forceps, electrocautery, or laser, and dilatation of benign or
malignant stenoses with balloons orrigid dilators. Physicians who prefer using the rigid scope
don'trely on it alone, they acknowledge the value of supporting techniques and the central
role the flexible scope (figure 9) plays during a procedure especially airway clearance and
collecting specimens (washings, lavage, biopsies).
Method2:Laryngoscope-AssistedIntubation

As analternative, alaryngoscope is used to visualize the vocal cords. Therigid bronchoscope

is passed through the mouth and vocal cords like an endotracheal tube (ETT), kept midline
and rotated slightly to avoid trauma. Once in the trachea, the laryngoscope is removed, the
telescope is inserted, and the bronchoscope is advanced and rotated to the six o'clock
positionfor ventilation.

Modifying Intubation Techniques for ETT or Tracheostomy
Preexisting ETT: Pass rigid bronchoscope alongside ETT, suction secretions, deflate ETT

cuff,remove ETT, and advance bronchoscopeintotrachea.
Preexisting tracheotomy: Intubate through stoma (e.g., laryngectomy patients). Insert
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bronchoscopedirectly through stoma, avoiding posterior tracheal wall trauma.

P
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Figure 8. Sequential endoscopic views during rigid bronchoscopy intubation: (A)
Oropharyngeal view showing epiglottis (B) Laryngeal view with the vocal cords abducted
(C) Anterior deflection of the rigid bronchoscope to 90° to displace one vocal cord for
glotticentry (D) Intratracheal view showing trachealrings distal to the scope tip.

Figure 9. Rigid bronchoscopy performed under general anesthesia in an operating room.
After insertion of the rigid bronchoscope via the oral cavity, a flexible bronchoscope is
passed through its barrel. The anesthetist maintains ventilation and monitors the
patient'svital signs throughout the procedure.

29




Post-procedure Disposition Following Rigid
Bronchoscopy

Post-procedure disposition (table 2) following rigid bronchoscopy varies with the indication
and patient comorbidities. For uncomplicated cases in otherwise healthy individuals, such as
FB removal in a stable patient, the procedure is often performed on a daycare or ambulatory
basis, allowing discharge within a few hours once airway patency, oxygenation, and
hemodynamic stability are confirmed. In contrast, patients with underlying respiratory
disease, compromised pulmonary reserve, or acute respiratory failure typically require a
higher level of care post-operatively.” These individuals may need admission to an ICU for
mechanical ventilation and close monitoring, or to a step-down/high-dependency unit for
supplemental oxygen, airway clearance, strict vital signs monitoring and observation for
complications such as airway edema, bleeding, or pneumothorax.”* Therapeutic rigid
bronchoscopy typically leads to clinical improvement in most patients. Because of the need
for airway monitoring, most are kept for overnight observation, with ICU admission reserved
for complicated cases. Same-day discharge is uncommon after this procedure. A post-
procedure chestradiograph is recommended after dilation, biopsy, tumor debulking or stent
placement to confirm resolution of atelectasis, rule out complications like pneumothorax,

43,44,45

and verify airway patency. In cases where imaging shows abnormalities due to post-
obstructive infection, follow-up radiography is advised at 6 weeks to 3 months after foreign
body removal or airway clearance to document radiologic resolution.”

Table 2: Post-procedure dispositionfollowingrigid bronchoscopy.

Post-operative | All patientsimmediately | Continuous SpO,, ECG, BP, | Minimum 30-60
Recovery Area | post-procedure respiratory rate; assess minutes; transfer when
airway patency, stridor, stable vitals and awake
bleeding, oxygenation
Ward / HDU Uncomplicated CXR at 1-2 hours if 4-12 hours
diagnostic/minor dilation/biopsy/stent observation; discharge
therapeutic procedure; placed; NPO until gag reflex | when: stable vitals >1
stable vitals; returns (2—4 hours); hour, SpO, >94%, pain
SpO; >94% on room air analgesia controlled, CXR
reviewed, escort
present
ICU/HDU Significant Close airway monitoring; 12-48 hours; discharge
Admission bleeding/airway edema; | repeat CXR, ABG as when hemodynamically
post-massive needed; IV steroids and stable, norespiratory
hemoptysis or foreign nebulized adrenaline for distress, off ventilation
body removal; post- edema
procedure mechanical
ventilation; unstable
comorbidities
Direct Rare; only low-risk CXR normal; no sedation Same day discharge;
Discharge diagnostic casesin residual; no bleeding; able | must meet all ward
Home healthy outpatients with | to tolerate oral intake; discharge criteria +
responsible adult escort | writteninstructions given escort present
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Indications/ Clinical Uses (table 3)

Central Airway Obstruction (CAO)

CAO is a critical clinical condition defined by compromised airflow in the trachea or main
bronchi, most commonly caused by primary or metastatic malignancies, benign tracheal
stenosis, tracheomalacia, or FB aspiration. Using a flexible bronchoscope alone has
limitations for treating CAO, especially tracheal lesions. Its narrow working channel may not
control massive bleeding, and the small biopsy forceps can only remove tiny tumour
fragments, making the procedure lengthy and cumbersome.® Rigid bronchoscopy is
indicated for palliation or restoration of airway patency in malignant disease involving the
centralairways.""’
Recommendedinterventionsinclude:

. Mechanicaldebridement

. Coredebulkingusingrigidbronchoscope
. Forcepsdebulking

. Microdebrider-assisted tumor removal

. Heat ablative therapies, including:
. Argon Plasma Coagulation (APC)
. Electrocautery

. Lasertherapies
. Cryotherapy/ cryodebridement
. Airway stentdeployment, particularly silicone stents

Benign or malignant tumor obstruction (coringand debridement)
Malignant airway involvement can be intrinsic, when the tumor is inside the airway; extrinsic,

when there's external compression; or mixed, when both endoluminal tumor and external
compression are present.”** Bronchial obstruction can also cause complications like
atelectasis, respiratory insufficiency or distress, and recurrent infections, which may
interfere with chemotherapy and radiotherapy. Oncologic treatments rarely give quick
symptomrelief, soendoscopictherapyis akey adjunct for patients at all stages, neoadjuvant,
adjuvant, and palliative.’

In principle, purely intrinsic involvement can often be managed with debulking techniques to
remove the endoluminal tumor. Rigid bronchoscopy is the preferred approach in cases of
respiratory failure from airway obstruction, as it rapidly secures the airway, maintains
oxygenation, and allows direct treatment of the underlying obstructive lesion.® Patients with
malignant CAO (occuring in up to 20% of patients with bronchogenic carcinoma) typically
have a poor prognosis, but intervention can improve performance status, quality of life, and
physiological parameters.* Treatment depends on endobronchial obstruction type: dilation
and stenting for extrinsic compression, and debulking plus stenting for mixed obstruction.
Bronchial stents may be inserted as a bridge to chemo-radiotherapy or as a long-term
solution for high endobronchial tumor recurrence risk. Bronchoscopic relief typically lasts
2-3 months, while stents remain patent for about 4 months before overgrowth, though this
canbe prolonged with effective oncologic therapy.”*
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Debulking a tumor in the airway involves 3 steps: coagulating and devascularizing the
tumor using thermal or non-thermal techniques, mechanical coring using the rigid
bronchoscope's beveled edge to remove tumor fragments, and coagulating the tumor base.
The process starts with coagulating the tumor, followed by mechanical coring with the
bronchoscope, removing debris via suction, cryoprobe, or forceps, and controlling bleeding
with bronchoscope pressure or methods like APC, enabling safer use of further thermal or
ablative techniques (see below).”** Rigid bronchoscopy and mechanical debulking is safe and
successful in up to 83% of cases of central airway tumors®. Tumor debulking and
recanalization of the trachea and main bronchi is recommended if the distal airway beyond
the obstruction is open and supplies functional lung tissue and the pulmonary artery
supplying that lung part is patent; if not, recanalization might increase dead space without
improving function.”

CT Chest with multiplanar 2D and 3D reconstruction methods and virtual bronchoscopy can
display airways and parenchyma in a more anatomically familiar meaningful way (figure 13).
Further radiological details should include assessment of airway patency distal to the
stenosis, lesion diameter, length, and relation to nearby structures like vessels.* A successful
endobronchial debulking procedure requires: localized disease with proximal obstruction
(trachea, main bronchi), patent distal airway, functional bronchus and lung parenchyma, and
pulmonary artery. Patient should have good performance status and short (<3 cm)
symptomatic obstructionwith total atelectasis.

Bronchoscopic Ablative Therapies
Bronchoscopic ablative therapies for tumor debulking are broadly categorized into thermal,

non-thermal,and mechanical techniques.

Thermal ablation modalities include laser therapy, electrocautery, argon plasma
coagulation, endobronchial brachytherapy, and microwave ablation. These modalities
produce tissue effects through heat-mediated changes in cellular structures, progressing
from devitalization to desiccation, carbonization, and ultimately vaporization as
temperature increases. Preferably monopolar, both monopolar and bipolar electric currents
can be utilized for electrocautery. To minimize the risk of airway fire, the inspired oxygen
concentration (FiO.) should be reduced to <40% during thermal ablation procedures.
Electrocautery/diathermy is a contact-based thermal modality that enables tissue
destruction, airway deobstruction, and rapid coagulation through heat generated by the
transmission of high-frequency electric current. High-frequency electric current causes
coagulation at lower temperatures and tissue vaporization at higher temperatures. The
extent of tissue destruction depends on the power and duration of application, the surface
area of contact, and the tissue's density and moisture content. In the airways, a monopolar
technique is used, where current passes from the applicator through the body to a return
electrode on a limb. Low voltage, low power, and high current settings produce coagulation,
whereas high voltage and low current settings produce carbonization or a cutting effect.
Most electrocautery devices used through the bronchoscope employ a blended waveform
that combines both cutting and coagulation.”® Endobronchial electrocautery is safe in
experienced hands and effective for debulking endobronchial tumours, early-stage lung
cancer, and benign airway tumours and stenoses, with all indications supported by Level 3
evidence.”
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Start with a low energy setting of around 20 W (range of 10-40 watts) and test it on normal
mucosa before treating the lesion. Treatment duration directly affects the depth of tissue
damage. At 30 W, tissue necrosis depthincreases with application time, ranging from 0.1 mm
after 1 secondto 1.9 mm after 5 seconds. Prolonged coagulation of 3—5 seconds can damage
underlying cartilage.* Avariety ofinstruments (figures 10and 11) can be employed, including
snares, knives, probes, and forceps, allowing targeted application for both hemostasis and
tumor debulking.”**** An electrocautery knife is particularly effective for resecting benign
webs. A probe can be used for superficial tumours treatment, while a snare is useful for
debulkinglarge volumes, especially polypoid tumours (figures 12 and 13). It may be necessary
to remove the tumour in several sections before the airway is opened. Larger volumes of
tumour can be cleared from the airway using suction, grasping or biopsy forceps, or a
cryoprobe. Generally, power settings should be 30 W for punch biopsy and snare resection,
20 W for probe use,and 10 W for the needle knife.”

Figure 10. Flexible electrocautery knife for bronchoscopy, showing the catheter with
needle tip and handpiece. Used to cut, ablate, and coagulate tissue to relieve airway
stenosis.




Figure 11: Flexible bronchoscopy electrocautery snare with insulated sheath, wire loop,
and pistol-grip handle for endobronchial lesionresectionand hemostasis.

Figure 12. A 36-year-old male, non-smoker, presenting with recurrent hemoptysis and
cough, underwent bronchoscopic tumor (adenocarcinoma) debulking using
electrocautery: (A) CXR-PA showing an opaque right hemithorax with ipsilateral
mediastinal shift, consistent with right lung collapse (B) Bronchoscopic view
demonstrating an endobronchial tumor in the right main bronchus (RMB) causing
complete luminal obliteration (C) Application of electrocautery forceps to the tumor for
electrical coagulation and devitalization (D) Bronchoscopic image after debulking
showing restored patency of the RMB (E) Post-procedure CXR-PA demonstrating
resolution of the right hemithorax opacity with residual right hilar prominence due to
lymphadenopathy.

When undertaking snare resection, intermittent bursts of electrocautery of not more than 2
seconds duration should be used while carefully closing the snare against resistance. Mucus,
debris, and blood should be continuously cleared to prevent current leakage. Bleeding and
airway fire (reduce FiO, to 0.4) are the main complications of diathermy. It should be avoidedin
patients with pacemakers when possible, and return electrodes should not be placed over
skin covering metallicjoint prostheses.”
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Figure 13. A 62-year-old-male (ex-smoker) presented with intractable cough
unresponsive to treatment, (A) Clear CXR-PA (B and C) Multiplanar CT thorax (coronaland
axial reconstruction images) showing a well-circumscribed, smooth-to-lobulated soft
tissue mass in the bronchus intermedius with normal distal airway and lung parenchyma
with no atelectasis, mucus plugging, post-obstructive pneumonia, or metastases (D)
Histopathology consistent with benign endobronchial chondroma (E) Bronchoscopy
carinal image showing tumor in bronchus intermedius (F) Close-up tumor view (G)
Electrocautery snare application around the base of the tumor (H) Post-electrocautery
snare resection with the excised tumor being retrieved (I) Post-resection bronchoscopic
image showingaclearairway; thetumorbase was further treated with electrocautery.

Argon Plasma Coagulationis anon-contact thermal ablation technique in whichargon gasis
expelled from a probe and exposed to a high-voltage electric current at the probe tip (figure
14). Upon contact with the current, the argon gas becomes ionized to form plasma, which
then conducts a monopolar electric current to the target tissue (figure 15). This results in
superficial tissue coagulation and hemostasis with limited depth of penetration, making it
particularly suitable for managing superficial lesions and controlling bleedingin the airway .*

Figure 14.Flexibleinsulated APC probe/catheter with a proximal connector, centrallumen
for argon gas delivery, and a distal electrode tip that emits ionized argon plasma for non-
contact coagulation.
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Figure15. (A) Electrosurgical unit

(B) Delivery of ionized argon gas through an APC probe to achieve non-contact tissue
coagulation

(C) Bronchoscopic view of APC for airway tumor debulking

APC is a non-contact thermal ablation modality that operates within a 10-80-watt range,
though 15-25 wattsis generally used for precise coagulation. APC requires a high-frequency
generator, argon gas source (cylinder), return electrode, and a flexible catheter with a
monopolar tungsten electrode. The catheter, delivers argon at 0.3-2.0 L/min while the
generator sends high-voltage current to the tip. This creates an argon plasma “spray” that
coagulates tissue by following the path of least resistance to the return electrode. The argon
gasflowshouldbe keptaslowas possible, typically 0.2 to 0.4 L/min, to minimize therisk of gas
embolismand barotrauma. Energy is deliveredin short bursts of 2-5 seconds from a distance
of 2-8 mm from the target tissue, resulting in a superficial depth of penetration of 1-3 mm. It
is applied via a flexible probe, 1.5 to 3.2 mm in diameter. For safety (to avoid risk of fire), the
probe tip should be kept >2 cm distal to the bronchoscope and several centimeters beyond
the endotracheal tube. APC is used for debulking both benign and malignant exophytic
endobronchial tumours, as well as granulation tissue. Due to its limited depth and excellent
hemostatic properties, APC is best suited for treating short, flat, intraluminal obstructing
lesions and for controlling bleeding, including hemoptysis (figure 16). Similar to
electrocautery and laser, an FiO; of <0.4 is recommended during APC to reduce the risk of
airwayfire.”
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Figure 16. A 68-year-old male, cigarette smoker, presented with exertional dyspnea and
recurrent hemoptysis (A) CXR showed an opaque right hemithorax with ipsilateral
mediastinal shift (B) Bronchoscopy revealed a tumor in the right main bronchus causing
complete occlusion (C) APC treatment was performed via rigid bronchoscopy, and the
tumor was debulked (D) Post-debulking bronchoscopy showed a clear airway (E) Post-
procedure CXR demonstrated significant radiologicalimprovement.

Laser is a thermal ablative modality that is less readily available due to high cost. Its tissue
effect depends on multiple factors, including wavelength and target tissue characteristics,
exposuretime, laser power, and the distance between the laser fiberand the target. Common
lasertypesusedinbronchoscopyinclude diode, CO,, Nd:YAP,KTP,and Nd:YAG. Laser therapy
is best suited for central, short segment (<4 cm) endobronchial lesions located in the trachea
ormainbronchi, particularly those with an exophyticappearance andarecent onset of airway
collapse within 4-6 weeks.*

Non-thermal options comprise cryoextraction/cryotherapy and photodynamic therapy.
Cryotherapy achieves tissue destruction through repeated freeze-thaw cycles. Freezing
tissue to minus 20°C to minus 50°C leads to the formation of intracellular ice crystals,
resultingin >90% cell death. Tissue is then allowed to thaw slowly, which promotes growth of
intracellular crystals prior to melting and enhances tissue destruction.” For debulking large
endobronchial tumors, a combination of cryoadhesion and cryoablation techniques may be
used. The extent of freezing is monitored by visualizing the halo of ice around the probe tip
(figures 17 and 18). When the halo stops enlarging, freezing should be terminated and the
tissue allowed to thaw. A typical protocol consists of an initial freeze for approximately 1

minute, followed by three freeze-thaw

Figure 17. Cryotherapy machine (left) with cryoprobe in the equipment basket for
bronchoscopic use; cryoprobe tip in contact with chicken meat (middle) demonstrating
freezing (spreading halo) at the probe tip; schematic illustration depicting cryotherapy
application to an endobronchial lesion demonstrating ice-ball formation at the probe tip
(right).
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Figure 18. A 16-year-old male with benign endobronchial leiomyoma in the right lower
lobe: (A) Chest radiograph PA view demonstrating post-obstructive pneumonicinfiltrate
in the right lower zone (B) Bronchoscopic image of the right lower lobe showing a solitary
endobronchial mass occupying the antero-basal, lateral basal, and posterior basal
segments (C) Application of a cryoprobe to the tumor with visible halo of ice forming over
thelesion (D) Cryoextraction of the tumorthrough the barrel of arigid bronchoscope.

cycles at the same site. The probe is then repositioned 5-6 mm and another three freeze-
thaw cycles are performed. This sequence is repeated until the entire endobronchial lesion
has been treated. For cryoextraction, the cryoprobe is placed in contact with the target
tissue and activated to freeze onto the tumor surface. The bronchoscope and adherent
cryoprobe are then withdrawn swiftly, removing the frozen tumor tissue. The process is
repeatedto debulk the lesionin pieces untilairway patencyisrestored.”*

Tumor coring and debridement (mechanical debulking) is achieved with the rigid biopsy
forceps (forceps debridement) or using the beveled edge of the rigid bronchoscope to core
and remove tumor fragments from the airway wall (after ensuring tumor
coagulation/cryotherapy and devascularization). During the procedure, debris is removed
with suction, cryoprobe, or forceps, while bleeding is controlled by bronchoscopic
tamponade or APC. Additional procedures performed during rigid bronchoscopy include
bronchoscopicdilation or bronchoplasty, and airway stent placement torestore and maintain
luminal patency.’ This approachis useful for initial tumor debulking and for reducing the FiO,,
thereby permitting the subsequent safe application of thermal and other ablative
techniques. Selection of the specific technique depends on tumor characteristics, anatomic

location, degree of airway compromise, and operator expertise.*
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Foreign Body Removal

Rigid bronchoscopy is the preferred modality for removal of tracheobronchial foreign
objects, particularlyin®:

. Large orsharpobjects
. Objects causingcriticalairway compromise
. Pediatricairway foreignbodies

Adult foreign body aspirationis uncommon, with observational datareporting 0.66 cases per
100,000 and one center retrieving 12 FBs over 2 years. The nature of the inhaled objects is
highly variable ranging from organic toinorganic materials.”

In adults, acute asphyxiation from large upper airway FBs is uncommon. FB aspiration more
often has a subtle or silent presentation, with distalimpactioninlowerlobe bronchi. Coughis
the most frequent symptom, while other manifestations typically reflect complications such
as pneumonia, bronchial stenosis, bronchiectasis, fever, hemoptysis, chest pain, or wheeze.
Imaging findings depend on the FB's type, location, and duration; since most are radiolucent
and missed on plain radiographs (neck and chest), CT is indicated only when suspicion
persists, and in adults with delayed presentation imaging often shows complications such as
post-obstructive pneumonia or atelectasis rather thanthe FBitself.”*

If clinical suspicion remains high for a FB aspiration, irrespective of radiographic imaging,
visual airway inspection is recommended as many organic FBs are radiolucent.” Gustav
Killian opened the era of bronchoscopy in 1897 when he extracted a pork bone from the
trachea of a German farmer using an esophagoscope.’ The use of rigid versus flexible
bronchoscopy has been debated for many years. Flexible bronchoscopy can be used for the
diagnosis and extraction of FBs, which may be removed using forceps, snares or baskets
(figure 19). It is more accessible and less expensive, and a general anaesthetic is not
required.”

Rigid bronchoscopy remains the procedure of choice for asphyxiating FBs because it offers
superiorairway control, suctionand extraction capabilities. Inlife threatening situations ofan
aspirated FB causing complete upper airway obstruction, secure oxygenation and the airway
immediately via bag-mask ventilation and intubation; emergent cricothyrotomy/
tracheotomy is needed if supraglottic obstruction prevents ventilation. Inspect the
oropharynx promptly, as one-third of asphyxiating FBs may be supraglottic and can be
retrieved with Magill forceps. In near-cardiac arrest with complete tracheal obstruction, a
“"down-then-up maneuver” using an ETT to displace the object into a main bronchus may
enable life-saving single-lung ventilation.™




Figure 19. Flexible bronchoscopic foreign body retrieval basket used to grasp and extract
foreign bodies, tissue fragments, or clots via a distal wire basket controlled by a proximal
handle.

Flexible bronchoscopy is preferred for FBs in distal airways not accessible with the rigid
bronchoscope, and forintubated patients or those with cervical instability or facial trauma. In
stable, non-emergent patients with suspected FB aspiration, early diagnostic and/or
therapeuticflexible bronchoscopy isindicated but should be performedina setting equipped
for resuscitation and advanced airway management, with rigid bronchoscopy readily
available, as clinical decompensation may occur from inadvertent FB dislodgement during
the procedure.”* Bronchoscopic visualization is required to confirm the diagnosis of a
foreign body. For foreign bodies in the central airways, rigid bronchoscopy is preferred,
especially for large, irregular, sharp, or hard objects, or when flexible bronchoscopy is
unsuccessful. It secures the airway, maintains ventilation, provides superior visualization,
and accommodates large instruments, suction, and a flexible bronchoscope. Many
experienced centers use it as the first-line approach, often combined with flexible
bronchoscopy.

Successful extraction depends on maintaining a clear field of view, preventing distal
migration, grasping the object at its broadest point, and inspecting the airway after removal.
Toolsusedviatherigid scopeincludelarge forceps, snares, baskets, and cryoprobes. Alligator
forceps are suited for sharp orirregular objects due to their strong grip, while smooth forceps
work best for rounded objects, allowing en bloc removal with minimal displacement (figure
20).Regardless of the device, the scope and forceps should be withdrawn togetheras asingle
unittoavoid dislodgingthe object.
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Figure 20. Rigid bronchoscopy FB retrieval forceps set showing top: telescope mounted
retrieval forceps, and below: FB grasping forceps with alligator jaw, smooth cup jaw, and
rattoothjaw.

Technique selection is often dictated by the clinical scenario and operator experience, with
locally adapted approaches being common (figures 21 and 22). For example, Trendelenburg
positioning may be employed during extraction of heavy metallic FBs to reduce the risk of
aspiration. If the FBis lost during retrieval, the oral cavity and larynx should be systematically
inspected prior to reinsertion of the rigid bronchoscope. It is also important to consider that

the FB may be inadvertently swallowed and pass into the stomach during the extraction
procedure. Thoracotomyisreservedforrare,recalcitrant cases.

Figure 21. Post-obstructivelungabscess secondary to FB aspirationina42-year-old male
(A) Chest CT showing anon-resolving consolidationand air trapping with aradiopaque FB
obliterating the bronchus (B) Bronchoscopic view reveals animpacted brownish FB within
therightlowerlobebronchus (C) Retrieved FBidentified as awalnut shell fragment.




Figure 22. Accidental scarf pin aspiration in a 13-year-old female (A) CXR-PA view
demonstrating a linear metallic FB lodged in the left main bronchus (LMB) (B)
Bronchoscopic image confirms the scarf pin within the LMB lumen (C) Post-retrieval
image showing successfulremoval of theintact scarf pin.
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Removal of Mucus Plugs/Clots

The rigid bronchoscope allows more efficient clearance of blood clots and thick airway
secretions compared to flexible bronchoscopy, asits larger diameter accommodates higher-
capacity suction devices. Central airway thick mucus plugs or pseudomembranes (figure 23),
can cause severe dyspnea and stridor and may necessitate therapeutic rigid bronchoscopy
forremoval.”

Cryotherapy (described in bronchoscopic ablative therapies above) plays a targeted role in
clearing thick clots and mucus plugs from the airway during bronchoscopy.” The cryoprobe
delivers sub-zero temperatures, typically -40°C to -86°C, which rapidly freezes water inside
the clot or mucus plug. This forms ice crystals that bind the material to the probe tip through
“cryoadhesion.” After a few seconds of freezing, the probe is retracted, pulling the entire
frozen clot or mucus plug out in one piece instead of breaking it into fragments.” This is
especially useful for organized blood clots or tenacious mucus plugs that are too sticky or
rubbery for suction or forceps alone, since mechanical removal often breaks them and leaves
residue and risks bleeding. The freeze also causes local vasoconstriction, reducing bleeding
when removing clots, and the tissue underneath remains relatively spared because the cold

effect is superficial and controlled.” * Because of this, cryotherapy can be used to quickly

restore airway patency in patients with hemoptysis, atelectasis, or mucus plugging from
asthma, bronchiectasis, or post-infection pseudomembranes.”

Figure 23. A 33-year-old female developed stridor and respiratory distress 2 days post-
extubation following 48-hour mechanical ventilation for eclampsia-complicated
cesarean section: (A) Axial CT neck: Soft tissue attenuation membranous lesion adherent
to left lateral/posterior tracheal walls (B) Coronal CT neck: 5 cm tracheal luminal
abnormality 2 cm below vocal cords to 3 cm above carina (C) Rigid bronchoscopy: Fleshy,
whitish Obstructive Fibrous Tracheal Pseudomembrane with cast-like morphology
obstructing >80% of lumen (D) Post-removal view: Restored tracheal patency with clear

passage.




Management of Massive Hemoptysis

Rigid bronchoscopy plays a critical role in airway stabilization and bleeding control.”
Indicationsinclude:

. Directairway accessfor suctionandclotremoval

. Directtissuetamponade

. Isolationand protection of the non-bleedinglung

Airway hemorrhage can sometimes be rapidly fatal. Mortality risk depends on the volume and
rate of hemoptysis, the patient's baseline respiratory function, and comorbid conditions.” In
stable patients with minimal hemoptysis, bronchoscopy serves both diagnostic and
therapeutic roles by identifying specific causes such as endobronchial tumors, tuberculosis,
occult FBs, or mucosal ulceration. For life-threatening hemoptysis, flexible bronchoscopy
remains theinitialbedside approachtolocalize bleeding toaparticularlung or segment.”

Figure 24. A 25-year-old-female presented with low-grade fever, progressive dyspnea,
cough, and intermittent hemoptysis, and diagnostic workup revealed a tumor in the
bronchus intermedius causing middle and right lower lobe atelectasis. (A) CXR
demonstrating right hemithorax volume loss with collapse of the right lower lobe,
characterized by a triangular opacity in the right lower zone, (B) HRCT chest image
revealing a tumor in the bronchus intermedius, causing partial narrowing (wink sign), (C)
Rigid bronchoscopic view showing tumor obstruction of the bronchus intermedius with
patent middle lobe bronchus at 12 o'clock position, (D) Post-tumor debulking
bronchoscopic view demonstrating restored bronchial patency (E) follow-up CXR at one
year, showing clearance of right lower zone opacity, restored volume in right hemithorax,
and clear right hemidiaphragm shadow and (F) One-year follow-up-bronchoscopic-view
of the carina, confirming clear bronchus intermedius and patent distal segmental airways
without tumorrecurrence.
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A key limitation of the fiberoptic bronchoscope is its narrow suction channel, which is easily
occluded by blood and clots. Endoscopic visualization is often impaired by blood on the lens,
and pulmonary ventilation may be inadequate during bleeding.’ Many operators favor rigid
bronchoscopy for massive hemoptysis because it offers superior suction capacity, direct
tamponade capability, and better visualization of large clots and central lesions (figure 24).
The wide internal lumen allows clear endoscopic views, controlled ventilation, rapid
aspiration of blood and clots, and passage of instruments for selective lung intubation when
needed. A therapeutic flexible bronchoscope with a 22.8 mm working channel is typically
passed through the rigid scope, combining distal airway access with large-bore suction and
airway control.

After removal of thrombus and blood, careful inspection and segmental lavage help identify
active bleeding sites or culpritlesions suchas tumors or Dieulafoy disease.”

Hemostatic techniques include iced saline, topical epinephrine, balloon tamponade,
bronchial blockers, and thermal ablative therapies including laser, electrocautery, APC, or
cryotherapy. While balloon or blocker placement requires advanced bronchoscopic skills,
ablative interventions demand interventional expertise and are best performed via rigid
bronchoscopy given its safety profile for managing major airway bleeding.” Cold saline
lavage, APC, laser photocoagulation, and electrocautery achieve 85-100% success rates and
canbe usedto manage airway lesions causing bleedingand hemoptysis.”




Benign Central Airway Obstruction
(Airway Stenosis Dilation)

Rigid bronchoscopy is recommended for non-malignant airway narrowing or obstruction
where durable airway patencyis required.””®
Indicationsandinterventionsinclude:

*  Mechanicalairwaydilation

. Balloonbronchoplasty

. Heatablative therapies or cryotherapyforbenignlesions

«  Airwaystentplacement, especially silicone stents

Acquired benign tracheal stenosis most commonly results from prolonged endotracheal
intubation and post-tracheostomy changes (figure 26). Less frequent causes include prior
upper airway surgery, inhalational injury, laryngo-tracheal TB and autoimmune conditions
suchas sarcoidosis, granulomatosis with polyangiitis, and systemic lupus erythematosus.”
Although surgical resection can be curative in selected patients, it does not consistently
produce superior outcomes, making endoscopic management a primary option for many
cases. Tracheal stenoses are classified as simple or complex according to the degree of
airway wallinvolvement.*

Simple tracheal stenoses are limited to the mucosal layer with preserved cartilage integrity.
Treatment typically involves radial electrocautery incisions followed by sequential dilation
using CRE balloon catheters or the rigid bronchoscope barrel, which can be applied directly to
the stenosis, including subglottic lesions (figures 25 and 26). Balloons and bougies may also
be introduced through the rigid bronchoscope as needed. Balloon dilation is typically
performed using balloons filled with sterile saline or air, which are positioned at the stenotic
areaandheldinplace for 30to 60 seconds atatime to gradually widen the airway.

Complex tracheal stenoses, by contrast, involve cartilage injury, malacia, or instability.
These lesions generally require radial electrocautery incisions, rigid bronchoscopic dilation,
andstenting to ensure sustained airway patency.”

The principal advantage of rigid bronchoscopy is the ability to maintain a secure airway with
continuous ventilation, which is not feasible during balloon or bougie dilation performed via
flexible bronchoscopy.

Rigid bronchoscopy offers immediate symptom reliefand enables the application of multiple

therapeutic modalities under controlled ventilation. This makes it safer for managing

proximaland critical airway lesions.
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Stenoses located at the main bronchi, such as those following sleeve lobectomy or
transplantation, tend to be tighter and may require initial dilation with balloon catheters or
pediatric rigid scopes. Adjunctive techniques including APC, cryotherapy, and balloon
bronchoplasty can be used alone or in combination depending on lesion characteristics and
operator experience.” Outcomes depend on stenosis type. Simple stenoses without
cartilage damage often resolve after two to three dilations without the need for stenting.
Complex stenoses are more likely to require stenting to maintain long-term patency.*” For
complex nonmalignant strictures involving two or more tracheal rings with cartilaginous
distortion, malacia, or collapse, such as in granulomatosis with polyangiitis, post-
tuberculosis stenosis, or severe tracheobronchomalacia, personalized three-dimensional
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silicone stents may be required for prolonged use beyond three months.™ Studies using
combined endoscopic modalities have demonstrated sustained symptomatic resolution in
selected patients. Technique selection should therefore be guided by stenosis type,

physician experience, and available equipment.

Figure 25. Bronchoscopy CRE balloon inflation device with pistol-grip syringe, pressure
gauge, and connectedballoon catheter forairway stenosis dilation.




b

Figure 26. Stepwise endoscopic management of post-tracheostomy tracheal stenosis.
(A) Granulation tissue above the tracheostomy site visualized via the larynx (B)
Cryotherapy applied to debulk granulation tissue (C) Balloon dilatation of the stenotic
segment (D) Rigid bronchoscope barrel dilatation for further lumen expansion (E) Patent
airway immediately post-procedure.
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Airway Stenting

Airway stents are hollow, tubular devices inserted into the airway for the management of
various large airway disorders. They are available in multiple materials, sizes, shapes, and
diameters. The three principal categories include silicone stents, metallic stents (covered or
uncovered), and hybrid stents consisting of a metal framework coated with silicone,
polypropylene, or other materials. Airway stenting serves primarily as palliative therapy or as
abridge to definitive treatment for various airway disorders, most commonly malignant CAO,
but also nonmalignant CAO (post intubation/traheostomy tracheal stenosis, inflammatory
tuberculous bronchial stenosis etc), tracheo- or bronchoesophageal fistulas,
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tracheobronchomalacia, and anastomotic dehiscence followinglung transplantation.

Successful airway stent placement typically produces immediate relief of symptoms such as
dyspnea, cough, and respiratory insufficiency, along with improvements in pulmonary
function, exercise capacity, and quality of life.” Prior to placement, comprehensive lesion
assessment is required using both bronchoscopy and chest CT with axial, coronal, and
sagittalreconstructions. Criticalmeasurementsinclude distance from the vocal cords, lesion
length, morphology, luminal diameter, and patency of proximal and distal airways. This
preoperative planning determines appropriate stent dimensionsand type.”

Ideally, centers should stock a wide range of stents to allow individualized selection. In
Pakistan, however, stents are not yet routinely available. As more operators start performing
these procedures, availability is expected to improve. The choice of stent type and size
depends on lesion characteristics and location, anticipated duration, patient preference,
cost, and available expertise. First introduced in the mid-1980s, silicone stents remain a
commonly used, durable option for airway support, offering strong resistance to external
compression and material fatigue, and come in various tracheal and bronchial sizes and
shapes such as straight, hourglass, Y-shaped/bifurcation, T-tube, J-shaped, conical, and
custom configurations. They have lower rates of granulation tissue and tumor ingrowth
compared with uncovered metal stents, allowing long-term use beyond 500 days. They are
easily repositioned orremoved withrigid forceps and are more cost-effective than metallicor
hybrid stents. Disadvantages of silicone stents relative to uncovered metal stents include
higher rates of migration and infection, greater inhibition of mucociliary clearance with
increased risk of mucus plugging, and the typical need for rigid bronchoscopy and general
anesthesiafor deploymentandremoval.”

Uncovered self-expanding metal stents (SEMS) are tubular mesh prostheses now rarely
useddue toan FDA boxed warning citing complications including granulation tissue ingrowth
and difficult removal, limiting their long-term use innonmalignant conditions.*

Hybrid stents combine metal frames for radial strength with silicone coverings to limit tumor
and granulation ingrowth, addressing drawbacks of pure silicone or metal stents. They are
costlier but often have loops for repositioning and may be placed via rigid or flexible
bronchoscopy. Designs include silicone-covered metal stents that retain expansile force but
are hard to remove, nitinol shape-memory stents that conform well but migrate more, and Y-
shaped dynamic stents that mimic tracheal anatomy for long strictures or
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tracheobronchomalacia. Partially covered variants allow ventilation of jailed bronchi, though
epithelialization at uncovered ends can complicate extraction.®*

For malignant centralairway stenosis, silicone stents are appropriate forlong-term palliation,
whereas covered SEMS are reasonable when short-term relief of approximately 6 to 12
weeks is expected. Median survival after stenting for malignant obstructionis oftenlimited to
4-5 months, underscoring the palliative intent of SEMS in this setting. In benign
tracheoesophagealfistulas, silicone stents are preferred for prolonged use because they can
be removed, while covered SEMS may be used for short-term palliation of malignant fistulas.
In tracheobronchomalacia, silicone Y-stents are used both as a diagnostic trial to predict
response to surgical tracheoplasty and for long-term symptom control when surgery is not
feasible. Y-shaped stents are also indicated for disease involving the lower trachea and
carina.

Airway stents are typically placed bronchoscopically under direct visualization. Silicone
stents require rigid bronchoscopy with general anesthesia, while self-expanding metal
stents can be deployed using flexible bronchoscopy with moderate sedation. Stent insertion
may be performed during the same bronchoscopicintervention as other procedures such as
dilation, cryosurgery, electrosurgery, or laser resection, or it may be done later as a palliative
measure if the lesion recurs. For benign stenotic lesions not suitable for resection, airway
dilation should be performed prior to silicone stent placement.”

Each stent is unique and requires specific manufacturer instructions for deployment.
Deployment technique varies by stent type and may be done with or without fluoroscopic
guidance. Some silicone stents are placed using rigid bronchoscopic grasping forceps, while
others require manufacturer-specific deployment systems. Silicone stents generally require
preliminary airway dilation, whereas SEMS dilate the stenosis during expansion. Stents are
usually deployed directly into the stricture, though in some cases the stent is positioned
distal to the stricture and then pulled proximally to ensure adequate coverage of both
margins. In patients with obstructive lesions, identifying the critically narrowed “choke point”
canbe challenging during bronchoscopy.*

Multimodality assessment with spirometry, ultrathin bronchoscopy, and endobronchial
ultrasound may help guide stent placement at the choke point, but this approach is
technically demanding and remains experimental. The choke point may also shift after stent
placement, potentially requiring revision or placement of an additional stent.”” Most stents
are supplied with a dedicated deployment system that facilitates accurate positioning in
cases of stenosis or malignant tracheoesophageal fistula.* As an example, Dumon@ silicone
stent insertion using the Novatech Tonn Set (figure 27) is performed via rigid bronchoscopy
under generalanesthesia.
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Figure 27. Tonn-Applicator system (Novatech®) for Dumon silicone stent deployment,

arrangedtop tobottom:

1. Basic block with folding device and clamping rod: housing for the stent prior to
deployment.

2. Pusher and introducer tube: main instrument with thumb-ring handle for stent
advancement.

3. Loadingrod:Usedtoloadthestentintotheapplicatorandassistpositioning.

4. Stent grasping forceps - for intraprocedural manipulation and adjustment of the
stent.

5. Dumonsilicone stents - unmounted stentsready forloadingand deployment.

NOVATECH Stent Applicator:
[https://novatech.fr/en/tracheal/bronchial-stents/dumon-stents/original-dumon]
[Youtube Video: https://www.youtube.com/watch?v=5BYyE6f9lpw]

After measuring the stricture and selecting a stent 1-2 mm larger in diameter with planned
margins of 5-10 mmbeyond both the proximaland distal ends of the lesion, the stentis folded
and loaded into the lubricated introducer tube of the Tonn Set. Once any necessary pre-
dilation is completed, the rigid bronchoscope is positioned just proximal to the stenosis and
the loaded introducer is advanced through the barrel until its distal tip lies beyond the distal
end of the lesion. The stent is deployed by holding the pusher stationary while withdrawing
the outerintroducer sheath, allowingit tore-expand so thatit spans the entirelesion with the
proximal end positioned 5-10 mm above the upper margin of the stricture and the distal end
extending 5-10 mm below the lower margin. Positionis fine-tuned with rigid grasping forceps
to ensure complete coverage of the stenosis while avoiding unintentional obstruction of
adjacent lobar or segmental airways. The delivery system is then withdrawn and final stent

13,42

position, expansion, and airway patency are confirmed bronchoscopically.

While most patients tolerate airway stents well at first, up to one-third develop
complications, though life-threatening problems are uncommon. These complications can
include granulomatous tissue or tumoringrowth above, below, or through the stent, reduced
mucociliary clearance, stent migration, and recurrent infection. Less commonly, patients
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may experience airway perforation, stent fracture, metal fatigue, or fistula formation
involving nearby vascular or nonvascular structures.**

Following airway stent placement, monitor patients clinically for symptom relief, including
improvement in dyspnea (figures 28 and 29). Bronchoscopy should be performed if new
respiratory symptoms arise to assess for stent-related complications.” Stents should be
removed if no longer needed or causing major complications. Silicone stents are easier to
remove than metal ones, usually with rigid bronchoscopy using a twist-and-pull technique.
Metal stent removal is difficult after 6 weeks and has high complication rates, including
reobstruction andrespiratory failure. Remove the stent in one piece when possible, and clear
granulation tissue first while avoiding ablative techniques that risk airway fire. Some stents
have proximal sutures to aid removal, and dilation may be needed to free embedded metal

stents.”

Figure 28. Palliative rigid bronchoscopy with balloon dilation and silicone stent placement

for malignant tracheal compression from invasive thyroid carcinoma in a 65-year-old-

male:

A. Bronchoscopic view of severe upper tracheal external compression with patent
channelsaroundthe margins.

B. Restoredairway patencyfollowingsilicone stent placement.

C. CTneckconfirmingsiliconetracheal stentinsituwithmaintainedlumen patency.

Figure 29. Rigid bronchoscopy for recurrent post-intubation tracheal stenosis with

silicone stent placement:

A. Bronchoscopic view of subglottic stenosis 3 cm below the vocal cords following CRE
balloonandrigid dilation.

B. Deployment of a 16/80 mm Dumon silicone stent using Tonn-set stent delivery
systemand positioning withrigid forceps.

C. Stentexpansionachievedwith CREballooninflation withinthelumen.

D. Final view through the expanded stent demonstrating a patent airway and visible
carinadistally.
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Large Diagnostic Tissue Biopsy

Biopsy specimens obtained via rigid bronchoscopy are typically larger than those acquired
with flexible bronchoscopy, since the forceps used through a rigid scope have a greater
diameter and can obtain more substantial tissue samples, improving diagnostic accuracy.
This is particularly important for tumors such as carcinoids, which require large biopsies for
definitive diagnosis. In addition, rigid bronchoscopy allows effective management of
bleedingifit occurs duringthe procedure.

Rigid bronchoscopy isindicated when.**’

«  Largeendobronchialtissue samplesarerequired

. Flexible bronchoscopyisinadequate or unsafe

«  Significantbleedingriskis anticipated

Percutaneous Tracheostomy Placement
The rigid bronchoscope is occasionally used to stabilize the airway and provide guidance

during percutaneous tracheostomy placement in complex patients, such as those with
coagulopathy.*”

Miscellaneous Procedures
Beyond standard debulking and stent placement, rigid bronchoscopy facilitates a range of

miscellaneous therapeutic and diagnostic procedures. It is used for the deployment of
endobronchial valves and coils and for assessing collateral ventilation in patients with
emphysema. Therigid platformis also valuable inmanaging complex bronchial complications
following lung transplantation. Furthermore, it can be combined with advanced techniques
such as radial endobronchial ultrasound, electromagnetic navigation bronchoscopy, and
transbronchial cryobiopsy to enhance diagnostic yield and procedural safety. For
symptomatic malignant central airway obstruction, current guidelines recommend
therapeutic bronchoscopy as anadjunct to systemic therapy and/or radiotherapy.*




Table 3. Indications and clinical uses of rigid bronchoscopy for therapeutic and diagnostic
airway management.

I(?at;;o?; Specific Indications / Uses Key Notes / Rationale

Therapeutic
Management of
Central Airway
Obstruction

-Malignant CAO: palliation/restoration of
airway patency in primary or metastatic
malignancies

-Benign CAQO: benign tracheal stenosis,
tracheomalacia, post-
intubation/tracheostomy stenosis
-Mixed obstruction: endoluminal tumor +
extrinsic compression

Preferred when flexible bronchoscopy is
insufficient. Rapidly secures airway in
respiratory failure. Improves performance
status, QoL, and physiology in malignant
CAO

Tumor Debulking
& Recanalization

-Mechanical debridement/core debulking
with rigid scope

-Forceps debulking

-Thermal ablation: APC, electrocautery,
laser

-Cryotherapy/cryodebridement
-Microdebrider-assisted removal

Recommended if distal airway and
pulmonary artery are patent.
Safe/successful in up to 83% of central
airway tumors

Foreign Body

-Large or sharp objects

Preferred for asphyxiating FBs due to

-Isolation/protection of non-bleeding lung

Removal -Objects causing critical airway compromise | superior airway control, suction, and
-Pediatric airway foreign bodies extraction. En bloc removal with scope
-FBs not amenable to flexible bronchoscopy recommended

Management of -Direct suction and clot removal Offers superior suction, tamponade, and

Massive -Direct tissue tamponade visualization vs flexible scope. Allows

Hemoptysis

passage of therapeutic flexible scope
through rigid barrel

Airway Stenosis
Dilation &
Bronchoplasty

-Mechanical dilation with rigid barrel
-Balloon bronchoplasty

-Heat ablation/cryotherapy for benign
lesions

Maintains secure airway/ventilation during
dilation.

Simple stenoses often resolve after 2-3
dilations

Airway Stent
Placement

-Silicone stents for malignant and benign
CAO

-Metallic/hybrid stents for malignant CAQ,
fistulas, tracheobronchomalacia

-Y-stents for lower trachea/carina disease

Provides immediate symptom relief and
improved spirogram

Silicone stents preferred for long-term
benign disease

Mucus Plug/Clot
Removal

Removal of thick mucus plugs, blood clots,
fibrinous pseudomembranes

Larger diameter allows high-capacity
suction vs flexible bronchoscopy

Large Diagnostic
Tissue Biopsy

Obtaining large endobronchial samples for
diagnosis, especially carcinoid tumors

Larger forceps via rigid scope improve
diagnostic yield. Safer if bleeding risk
anticipated

Percutaneous
Tracheostomy

Airway stabilization and guidance during
percutaneous dilatational tracheostomy in
complex patients

Useful rarely in coagulopathy and difficult
anatomy

Miscellaneous
Procedures

-Deployment of endobronchial valves/coils
-Management of post-transplant bronchial
complications

-Combined with EBUS, ENB, transbronchial
Cryobiopsy

Rigid platform supports advanced
interventional techniques
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Complications of Rigid Bronchoscopy

Complication rates are low, with fewer than 4% of cases affected and most being mild. The
majority are associated with intubation, anesthesia, or ancillary procedures. However,
compared to endotracheal intubation and flexible bronchoscopy, rigid bronchoscopy carries

25,77

agreaterrisk ofairway lacerationand perforation.

IncidenceandRisk Profile
«  Overallcomplicationratesrangefrom 3.9%to 13.4%acrossreportedseries.

«  Overallprocedure-related mortality is <1%.
« Increasedriskof complicationsisassociated with:
«  Useofmoderate sedationinstead of generalanesthesia
+  American Society of Anesthesiologists Physical Status (ASA) physical status > 1l
+  Repeat(re-do)rigidbronchoscopy procedures
Appropriate patient selection, team training, and operator expertise are critical to
minimizing complications.

Minor Complications
o Sorethroat(mostcommon)

. Minor mucosalirritation

Upper Airway and Oropharyngeal Complications
« Lipanddentaltrauma (includingtoothdislodgement)

«  Oropharyngealmucosalinjury
These are commonly related to poor intubation technique or inadequate preprocedural
airway and dentalassessment.

Laryngeal and Vocal Cord Injury
» Laryngealedema

e Injurytoarytenoids

«  Vocalcordtrauma

These may occur during passage through the larynx and require gentle technique and
adequate visualization.

Cervical Spineand Musculoskeletal Complications
. Cervical spineinjury or paralysis due to neck hyperextension

High-risk patients include those with cervical stenosis, unstable cervical spine, severe
osteoporosis, orlimited neck mobility.

Airway Trauma and Structural Injury
»  Tracheobronchiallaceration or perforation

Possible consequences include pneumothorax, pneumomediastinum, and bronchovascular
fistulae. Continuous visualization of the distal beveled end of the rigid bronchoscope is

essentialto minimizerisk.




Intra-proceduraland Adjunct-related Complications
. Bronchospasm

«  Airwaybleeding
. Procedure-relatedairway trauma
«  Complicationsrelatedto thermal, mechanical, or cryo-ablative tools

Anesthesiaand Shared Airway Complications

. Hypoxemia

. Hypercapnia

Continuous communication between the bronchoscopist and anesthesiologist is essential
duetothesharedairway.

Major Systemic Complications
Rare but serious risks include respiratory failure, myocardial infarction, cerebrovascular

accident, and death. Periprocedural mortality is reported to be <1%, thoughit varies with the
indication, the patient's overall condition and comorbidities, procedural urgency, whether
the procedureis diagnostic ortherapeutic, stent use, and the operator's experience.”
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Precautions, Contraindications, and Caveats

Absolute Contraindications

Although rigid bronchoscopy has few absolute contraindications, the proceduralist must
carefully evaluate patients prior to the procedure.”* Absolute contraindicationsinclude:
-Unstable facial fractures

-Congenital oracquiredfacialmalformations

-Severe laryngeal disease or upper airway obstruction preventing passage of rigid
instruments

-Cervical spineinstability (e.g., trauma, rheumatoid arthritis)

-Prior cervical spine fusion

-Severe cervical spondylosis

-Markedly limited cervical spine mobility precluding safe neck hyperextension required for
rigidintubation

Relative Contraindications and Clinical Precautions
Rigid bronchoscopy is most often performed for therapeutic indications in a vulnerable

patient population. Therefore, careful risk-benefit assessment is essential. Clinical
considerationsinclude:

«  Riskofrespiratoryfailurerelatedtorigid bronchoscopy and generalanesthesia

»  Underlyingcardiovascular disease and perioperative cardiacrisk

«  Presenceofcoagulopathy orbleedingdiathesis

«  Overallphysiologicreserve and predictors of therapeutic success

The anticipated benefits of intervention should clearly outweigh procedural and anesthetic
risks before proceeding.

Procedural Caveats
. Rigid bronchoscopy should be performed only by trained and experienced teams in

appropriately equipped centers

. Pre-procedural planning mustinclude airway assessment, cervical spine evaluation, and
anesthesiacoordination

«  Alternative diagnostic or therapeutic approaches should be considered when risks
outweigh expectedbenefit




Rigid Bronchoscopy Training Requirements

International recommendations including NICE guideline CG121 states that all cancer
centers should provide rapid access to a team capable of performing interventional
endobronchial treatments, and the advantages of rigid bronchoscopy are outlined in the BTS
guideline on therapeutic procedures.”® A recent ACCP publication sets accreditation
standards for IP fellowships in the USA, outlining a 12-month curriculum, required case
volumes, and cross-specialty exposure to strengthen P asarespiratory subspecialty.”
Compared to the US and Europe, only a few centers in Pakistan currently offer interventional
pulmonology training that includes rigid bronchoscopy. However, these practices are
growing and are expected to become more common over time. Rigid bronchoscopy training
is typically reserved to physicians who already have substantial experience with flexible
bronchoscopy and endotracheal intubation. Trainees begin with practice on mannequins or
animal models before progressing to at least 20 supervised rigid bronchoscopy procedures.
To maintain competency, physicians should perform 10to 15 procedures per year.”

Limitations of Rigid Bronchoscopy

Rigid bronchoscopy requires general anesthesia, an experienced operator, and careful
technique to minimize the risk of iatrogenic injury. It is typically performed in operating
theatres, where scheduling delays can occur due to competition with surgical cases for
available time slots. Moreover, its primary applicationis limited to the central airways, making
accesstoperipheralandupperlobelesions, particularlyintheright upperlobe, challenging.In
complex cases, introducing a flexible bronchoscope through the rigid scope can extend
access to upper lobe lesions and improve therapeutic reach. Training opportunities for rigid
bronchoscopy are also limited to a small number of specialized centers. Proficiency typically
requires 20—-25 procedures, and outcomes depend on both the operator's skill and a
coordinated, experienced team.

FutureDirections

Rigid bronchoscopy is evolving through the integration of robotics and artificial intelligence
(Al). Robotictools fitted inside the rigid scope are enabling precise interventions in peripheral
airway lesions, with expanding use for diagnosis, needle-based therapy, and management of
airway stenosis, tracheomalacia, and surgical complications. The technology also supports
natural orifice surgical approaches. Al is expected toimprove procedural safety by optimizing
navigation and patient positioning to reduce periproceduralinjury.'**"

Conclusion

Rigid bronchoscopy continues to be a core therapeutic modality in interventional
pulmonology for the management of central airway obstruction and related pathologies. In
centers with trained bronchoscopists, appropriate anesthesia support, and adequate
equipment, the procedure provides effective airway recanalization with a favorable safety
profile. Optimal clinical outcomes in the Pakistani context are contingent upon standardized
procedural technique, adherence to safety protocols, availability of essential
instrumentation and stents, and coordinated multidisciplinary care involving pulmonology,
anesthesia, andthoracic surgery teams.
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Appendices
Rigid Bronchoscopy: Informed Written Consent

Rigid bronchoscopy is an invasive procedure performed under general anesthesia for
selected indications including but not limited to central airway obstruction, foreign body
removal, tumour debulking, stent placement, and massive hemoptysis. Valid informed
written consent is mandatory under the Pakistan Medical & Dental Council (PMDC) Code of
Ethics (2023). Consent must be voluntary, written, and based on complete understandable
information.

Table 4. Required Information for the Patient (Verbal + Written)

Rigid metal tube passed through mouth, past vocal cords into trachea
Procedure .

under general anesthesia.
Indication Specific reason (e.g., airway blockage, foreign body, bleeding, stent).
Benefits Relief of breathlessness, bleeding control, airway opening, diagnosis.
Alternatives Flexible bronchoscopy, surgery, radiotherapy, or medical management.

Table 5. Risksand Complications

Complication Approximate Frequency

Dental/laryngeal injury, sore throat Common (5-10%)
Hypoxia, minor bleeding 2-5%
Pneumothorax, pneumomediastinum 1-3%

Major hemorrhage, airway perforation <2%

Stent migration (if stent placed) 5-15%

Cardiac arrest, death <0.5%

Consent Form Minimum Content (see samplein Englishand Urdu below)
«  Patientname,age, CNIC/B-form, hospitalnumber

. Procedure nameandplannedinterventions

«  Operatornameanddesignation

+  Anaesthesiatype(general)

«  Acknowledgment statement: "l understand the procedure, alternatives, and risks
including bleeding, airway injury, pneumothorax, infection, stent migration (if
applicable),anddeath.”

« Consent for additional emergency interventions (blood transfusion, chest tube,
surgery)

«  Photograph/video consent (separateiffor publication)

«  Refusalstatement (ifapplicable)

«  Signatures:Patient/guardian, operator, witness




Table 6. Special Situationsin Pakistan

m Action Required

llliterate patient

Read consent aloud in patient’s mother tongue
(Urdu/Punjabi/Sindhi/Pashto) in presence of witness. Thumbprint instead of
signature. Witness signs confirmation.

Emergency —
unconscious,
no guardian

Proceed under “doctrine of necessity” with second physician’s documented
independent opinion. Attempt to contact family.

Child (<18 years)

Consent from parent or legal guardian. Assent from child when appropriate.

HIV/Hepatitis
positive

No denial of procedure; universal precautions apply.

Documentation Requirements
. Signed original consent must be inmedical record before procedure.

. Operator must document in procedure note: consent obtained, discussion of
risks/benefits/alternatives, questions answered, no coercion.

. Consent valid for single procedure only.

Legal Note

Failure to obtain valid informed consent can constitute medical negligence under Pakistan
Penal Code and PM&DC Professional Misconduct Ordinance. Signed consent form must be
retainedfor 10years after last patient contact.
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2.MahmudT, etal.PakJChestMed.2025;31(1):22-27.
3.PM&DC. Code of Ethics for Healthcare Professionalsin Pakistan. 2023.
WahidiMM, etal. Chest.2021;159(3):1178-1191.
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Rigid Bronchoscopy Report Template

1.Patient & Procedure Details
Patient: MRN:[MRN] Age/Sex:[Age/Sex]

Date/Time:[DD/MM/YYYY,HH:MM] Location:[OT/Endoscopy Suitel]

Bronchoscopist: Anesthetist: Assistants:

Referring Physician:

Indication: [Foreignbody / Centralairway stenosis / Hemoptysis / Stent placement/ Other]

2.Procedure Details
Informed consent:[Taken]

Anesthesia:[Generalanesthesia,agent/dose] Ventilation:
RigidBronchoscope: Route:
Adjuncts: [Flexible bronchoscopy Y/N] [Fluoroscopy Y/N]

3. AirwayFindings

Larynx/Subglottis/Trachea: [Patency, secretions, lesions, granulation, stenosis grade]
Carina:[Normal/Blunted]

Right Bronchial Tree: [RUL, RML, RLL—patency, mucosa, obstruction]

Left Bronchial Tree: [LUL, Lingula, LLL—patency, mucosa, obstruction]

Additional Findings: [Foreignbody type/location, tumor, clot, stricture, size, consistency]

4.Interventions Performed
[1Foreignbodyremoval:[Type, location, instrument used]

[1Airway dilatation: [Balloon size / Rigid barrel size]

[1Debulking: [Cryotherapy / Electrocautery/Laser]

[1Stentdeployment:

[ITHemostasis:[Method used]

Technical Note: Scope and instruments withdrawn en bloc. Airway re-inspected post-
procedure.[Typel[sizel[position]

5.Specimens Obtained
[ 1Biopsy [1Brushing [1BAL [] T TBNA [ ] Microbiology [ ] Cytology [1]

Histopathology
Site: [Anatomical site for each specimen]

6.Complications
[1None []Bleeding []Hypoxemia [] Airway trauma [] Loss of foreign body [ ]

Pneumothorax
Management:[Detailsifany]

7.Impression/conclusion
[Briefinterpretation of findings and procedure outcomel

8.Plan & Recommendations

[1Await pathology/microbiology

[1Follow-up bronchoscopy on
[1Furtherimaging/intervention:

[1Post-procedure care:[Datel[Details][Instructions]
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9.Documentation
Images/Video:[Attached Y/N, file names/IDs]

Bronchoscopist Signature: _*_*_ Date:_*_*_

Youtube: https:/www.youtube.com/watch?v=0vUobn62jeo
2 Fundamentals Bronchoscopy Reports
(ProfHenriColt, Bronchoscopy International)-2026
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Further Reading:

. WABIP textbook of Interventional Pulmonology. AliMusani, Levent Dalar. 2025
https://www.wabip.com/wp-content/uploads/institute/ipi_textbook.pdf

. The utility of a rigid bronchoscope. Athanassiadi K, Na KJ, Zanowska K, et al. Breathe
2025;21:240252.d0oi: 10.1183/20734735.0252-2024.

. Management of Central Airway Obstruction: An American College of Chest Physicians
Clinical Practice Guideline. Mahmood K, Frazer-Green L, Gonzalez AV et al. Chest. 2025
Jan;167(1):283-295.doi: 10.1016/j.chest.2024.06.3804.

. BTS Interventional Bronchoscopy Guideline Group. Summary of the British Thoracic
Society guidelines for advanced diagnostic and therapeutic flexible bronchoscopy in
adults. Du Rand IA, Barber PV, Goldring J et al. Thorax. 2011 Nov;66(11):1014-5. doi:
10.1136/thoraxjnl-2011-201052.

. Bronchoscopy Academy. Learn bronchoscopy from Dr. Henri Colt and the experts at
Bronchoscopy International youtube.com.
https://youtube.com/@bronchoscopy?si=VtUkdgINNv3mOAQs

. Prof Dr TalhaMahmud's Interventional Pulmonology:
https://www.youtube.com/shorts/U543MFC7nY0: UCPSaTFeNF8UXyoYNMDYII9g

Guidelines 2026
Pakistan Chest Society: www.pakistanchestsociety.pk
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