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Introduction

The art of bronchoscopy was introduced in the late 1890s by 
Gustav Killian with the use of a modified esophagoscope (1).  
With practice on cadavers and continued development, the 
first foreign body was removed from the airway using a rigid 
laryngoscope which lead to the era of rigid bronchoscopy. 
From this foundation, considerable advances have been 
made to allow the rigid bronchoscope to be used alone and 
in conjunction with the flexible bronchoscope to complete 
complex airway procedures. 

The rigid bronchoscope

Many varieties of rigid bronchoscopes exist today with 
slight differences in the assembly and multifunctional head. 
The main components however remain the same which 
include: the barrel, multifunctional head, light source and 
optics seen on Figures 1 and 2.

The rigid barrel has a beveled tip which is available in 

two lengths 33 centimeters (tracheal) and 43 centimeters 
(bronchial) with outer diameters ranging from 6 to 14 mm. 
The bronchial barrel has fenestrations at the distal end to 
allow for contralateral ventilation if the barrel is selectively 
intubated into the right or left mainstem. The tracheal 
barrel does not include side fenestrations as the length only 
allows this barrel to reach the mid to distal trachea. The 
choice depends on the location of the obstruction or lesion 
as well as goals of the procedure.

The multifunctional head varies in the number of ports 
available and allows for various instruments to be used 
during the procedure, including but not limited to: suction 
catheters, balloons, and biopsy/stent forceps. Connected to 
this is the anesthesia port comes which is available in two 
types depending on the mode used for ventilation: jet or 
volume control. 

The light source and optics allow for visualization 
during the intubation and the procedure. The barrel can 
be inserted with direct visualization or with the use of a 
telescope and camera limiting damage to the airway. The 
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typical telescope used is 0° direct visualization and the 
length is a few centimeters longer than the chosen barrel. 

After the airway is secured, the operator can utilize a 
variety of different instruments depending on the underlying 
condition and desired procedure. The instruments, when 
compared to the flexible bronchoscope, are designed to be 
larger and stiffer, but even with the rigid barrel the flexible 
scope is used in conjunction in a majority of cases. 

Presurgical testing

During the presurgical evaluation in the office or in 
the intensive care unit, chest imaging, laboratory values 
(including, but not limited to: complete blood count, PT/
INR, type and screen, basic metabolic panel), EKG and any 
other imaging or testing at the discretion of the anesthetist 
or proceduralist are reviewed.

During the physical exam, special attention should 
be given to mouth opening, teeth or lack thereof, neck 
extension and history of prior facial, neck trauma/surgeries, 
other oral obstructions. 

Increased procedural risks occur in those with limited 
oxygen reserve, poor neck mobility, hemodynamic 
instability and higher propensity to bleed: inherently 
or iatrogenically due to medications which should be 
discontinued if possible. 

Contraindications

Very few contraindications exist for rigid bronchoscopy 
and, with experienced hands, most of these can be 
overcome. Relative contraindications include coagulopathy 
or anticoagulation medication and higher ventilatory 
requirements. The main absolute contraindication is 
patients with an unstable cervical spine (e.g., patients 
with previous radiation, rheumatoid arthritis with neck 
involvement) risking further damage due to the neck 
extension which is required for intubation. During the 
presurgical testing these risks should be addressed with 
anesthesia and corrected if possible. In all cases, the risk and 
benefit need to be weighed and discussed with the patient 
and or power of attorney, as well as, alternative treatments. 
If the benefit is possible or an alternative is unavailable, 
then rigid bronchoscopy should be performed. 

Anesthesia

Intubation of the patient requires deep sedation and, 

in most instances, paralytic, to prevent injury to teeth, 
posterior oropharynx, vocal folds and trachea. The rigid 
bronchoscope needs to be in very experienced hands for 
those patients in which a paralytic is not utilized.

Medication recommendations include a combination 
of hypnotic, narcotic and a paralytic. Common induction 
agents include propofol, ketamine, and etomidate 
complemented with a narcotic (fentanyl, remifentanil 
or alfentanil) (2). Remifentanil has been shown to have 
a faster recovery compared fentanyl in patients during 
spontaneous assistant ventilation (3). For maintenance, 
the preferred and most commonly used medication is 
propofol and the paralytic choice depends on the patient’s 
co-morbid conditions, anesthetist and procedural comfort 
level, and case length. The common paralytics used 
include succinylcholine, vecuronium or cisatracurium and 
rocuronium. 

Use of gaseous anesthetics should be avoided due to lack 
of complete closure of the circuit, as well as, addition and 
removal of instruments multiple times throughout the case 
generating larger leaks for short periods of time.

Intubation

Intubation requires teamwork with anesthesia, procedural 
nurses, and proceduralist. Patient positioning on the bed 
is of utmost importance to allow proper neck extension for 
easier intubation. Utilization of an operating room table 

Figure 1 Left—various rigid barrels (tracheal and bronchial); 
right (top to bottom)—multifunctional head, anesthesia connector, 
metallic obturator cap for double accessory, silastic caps.

Figure 2 Rigid bronchoscope set up with telescope.
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allows for extension of the neck. The shoulders must be 
positioned slightly above the breakdown crease to permit 
proper extension. The anesthetist will then induce the 
patient and after confirming proper ventilation using 
bag mask technique a paralytic is given. Next, the neck is 
extended, a tooth guard is placed on the upper teeth and 
the scope is handled with the right hand while the mouth is 
opened with the left. The rigid scope inserted perpendicular 
to the mouth with the bevel on top just passing the tongue. 
The index finger acts as a lever as it sits inside the patient’s 
mouth while the thumb rests on the lips/teeth to prevent 
injury. Upon passing the tongue the scope lowered to 
near parallel to the patient’s chest. Once at the level of the 
epiglottis, it is lifted up and the vocal cords are visualized. 
The barrel is then rotated 90° and the bevel is used to 
push one of the vocal cords to the side. As the barrel is 
introduced through the cords, it is again rotated 90°, in the 
same direction placing the bevel is at the posterior portion 
of the larynx. The index finger of the left hand is used to 
maintain lift on the barrel and bevel to prevent injury the 
posterior membrane while advancing the scope. Once the 
barrel is at the desired location, usually distal trachea, the 
ventilator tubing is connected to the anesthesia port of the 
rigid bronchoscope. 

Modes of ventilation

The particular mode of ventilation will depend on the entire 
team—their experience and expertise with the different 
methods, as well as, the available options in the hospital 
system. Three common techniques are described below.

Spontaneous assisted ventilation is a mode in which 
intravenous anesthesia is delivered to a level at which the 
patient is spontaneously breathing. In this technique, 
para lyt ic  agents  are  avoided which may prevent 
post-operative complications such as re-intubation. 
Complications from this mode of ventilation, in a study by 
Perrin and colleagues, occurred in about 18% of patients 
which included: post-operative hypoxemia, bronchospasm 
and laryngospasm (4).

On the other hand, if a combination of paralytic or 
inhaled anesthetic plus intravenous sedation is used, positive 
pressure ventilation is required. This mode of ventilation 
is considered controlled ventilation and special attention 
to prevention of ventilator and inhaled anesthetic leak is 
necessary. The prevention of leak is overcome by packing 
the mouth, and using silastic caps on the ends of the 
rigid bronchoscope ports. The patient’s end-tidal CO2 is 

monitored along with the tidal volumes and adjusted per 
anesthesia. Inhaled anesthetic is typically avoided due to 
unavoidable small leaks in the system and exposure to the 
operating room staff (2).

Jet ventilation uses high pressured gas delivered in short 
bursts into an open rigid bronchoscope. Given the open 
system inhaled anesthetic is contraindicated due to large 
leaks. Monitoring in these patients requires special attention 
to chest rise and oxygen saturation, but partial pressure of 
carbon dioxide is monitored only by serial arterial blood 
gasses or transcutaneous capnographic monitoring. 

Indications for rigid bronchoscopy

The use of rigid bronchoscopy waned after the development 
of the flexible bronchoscope, but has come back into 
favor for specific indications which include placement of 
silicone stents. This article will focus on the therapeutic 
interventions using the rigid bronchoscope which include 
tumor excision, stent placement, repair of airway stenosis, 
and control of hemoptysis. 

Airway disease exists in multiple forms which include 
intrinsic, extrinsic or a combination of both. They are also 
further differentiated into malignant or benign. Depending 
on the mixture of the above will guide the proceduralist to 
the therapeutic options available. 

Tumor excision

Various mechanisms can be used for debulking tumors 
which are usually used in combination with one another 
including: mechanical, thermal therapy and cryotherapy.

Mechanical debulking can be accomplished using the 
beveled end of the rigid barrel in a coring technique, 
forceps whether rigid or flexible, or a microdebrider. When 
using the rigid barrel, careful attention must be made to 
the angle of the beveled edge, amount of pressure used 
and anatomical location of the obstruction. This type 
of debulking, typically referred to as apple-coring, can 
easily cause unwanted trauma including: mucosal tears, 
hemoptysis, and airway obstruction. As the rigid barrel is 
advanced, it is also rotated about 90–180° to allow the bevel 
to slice through the tumor. Figure 3 shows an example of 
pre and post apple coring. Simultaneously, lateral pressure 
is also applied at the stalk to maintain hemostasis as the 
barrel is advanced. After passing through the obstruction, 
the large debulking forceps are used to remove the excised 
tumor all while keeping constant pressure on the wall from 



Shanghai Chest, 2020Page 4 of 10

© Shanghai Chest. All rights reserved. Shanghai Chest 2020;4:15 | http://dx.doi.org/10.21037/shc.2019.11.01

which the tumor was excised. Once the tumor is cleared and 
visualization is restored, the pressure is slowly released to 
determine if hemoptysis occurs or hemostasis is achieved. 

Thermal therapy includes laser (light amplification by 
stimulated emissions of radiation), electrocautery and argon 
plasma coagulation (APC). The particular modality chosen 
is dependent on the proceduralist’s experience, location and 
appearance of the tumor, and depth of penetration desired. 
The largest limitation of thermal therapy is the required 
drop in fraction of inspired oxygen (FiO2) to less than 0.40 
to prevent airway fires. 

Laser therapy is best utilized in those tumors which are 
central, short (<4 cm) and a visible distal lumen. This is a 
non-contact modality with the fiber at least 1 centimeter 
from the tip of the bronchoscope and about 1 centimeter 
proximal to the lesion (5-9). To achieve carbonization the 
laser is moved closer to the lesion or multiple pulses are 
activated (9). Depending on the desired effect the specific 
laser is chosen for their coagulative or cutting effect. The 
CO2 and diode lasers are the most precise and the YAG 
or YAP laser having the best coagulative effect (10). The 
most common laser used in the endobronchial lesions is 
the neodymium-yttrium, aluminum, garnet (Nd:YAG) laser 

(10). The different properties of lasers depend on their 
absorption, scatter and depth of penetration.

APC is also a non-contact thermal modality which is 
utilized more in smaller tumors given the minimal risk for 
airway perforation. The use of APC or laser can be used 
prior to mechanical debulking as a method to coagulate and 
desiccate the tumor allowing for better hemostasis, however 
this limits the pathologist’s review of the specimen due to 
destruction. 

Electrocautery snare allows debulking of tumors with 
a stalk. During the cutting of the tumor there is electrical 
current which allows for cauterization and hemostasis. 
Removal in this fashion allows for preservation of tissue 
for pathologist review with limited destruction as opposed 
to mechanical removal with or without prior laser or APC 
therapy.

Cryotherapy utilizes the Joule-Thompson effect 
freezing the tissue to −89 ℃ with the use of nitrous oxide. 
By freezing the tumor, this allows for hemostasis by 
way of vasoconstriction, platelet aggregation and tumor 
dehydration. Cryotherapy is also advantageous compared to 
thermal therapy in those patients in whom limiting FiO2 is 
not possible. Recommended freeze thaw cycles range from 

Figure 3 Malignant right mainstem obstruction. (A,B) Tumor arising from the right upper lobe; (C) right mainstem post rigid coring. 
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three to five applications at 30–60 seconds of freezing and 
then allowing thaw. This method is applied for the entire 
length of the tumor with overlapping areas. The major 
downside to cryotherapy for tumor excision is a required 
bronchoscopy 2–4 days after to remove sloughed tissue. 

Ost and colleagues reviewed the benefits of rigid 
bronchoscopy with a retrospective analysis of the AQUIRE 
registry. Success in relief of obstruction was obtained in 
93% of patients, improvement in dyspnea in 48% of patients 
and improvements in quality of life in 42% of patients. 
Those with higher level of baseline dyspnea saw better 
improvements in dyspnea and quality of life scores and those 
with lobar obstruction saw fewer improvements (11).

Stents

Stents come in a variety of diameters and lengths as well as 
multiple different types of material. The two most common 
stents are made from metal (Nitonol) with or without a 
polyurethane cover and silastic. The choice of stent is 
dependent on the disease as mentioned above.

Metallic stents are typically reserved for malignant airway 
disease and using covered, partially covered or uncovered 
is dependent on the location of the disease and whether 
patency of certain lobes are trying to be maintained. 

To select the proper size of the stent a multimodality 
approach is used. Prior to the procedure the CT scan is 
used to measure the disease-free airway to give an estimate 
of what the diseased side should be. At the time of the 
procedure, estimation of the size can be done with the 
use of the flexible bronchoscope or rigid barrel (knowing 

the diameter of either will give an estimate of the size of 
obstruction) and endobronchial dilation balloons. The 
initial balloon diameter selected is also guided by the 
estimated degree of obstruction based on the CT scan 
measurements, the size compared to the bronchoscope and 
the normal size of the anatomical airway in healthy patients. 
The balloon should be at least 5 millimeters longer than the 
stenosis on either side or serial dilations in an overlapping 
manner. It is recommended that balloon dilation is done in 
a serial fashion starting with the smallest balloon size and 
increase in one millimeter increments. There are no strict 
guidelines for the balloon inflation time, but for malignant 
disease we dilated for one minute and for benign disease we 
dilated for two minutes. If the patient’s hemodynamics are 
intolerant to the dilation at any point the balloon is deflated. 
After dilation to desired patency, the length of the stent 
is measured using the bronchoscope. The proceduralist 
places the bronchoscope at the estimated distal end of 
the stent and by gripping the bronchoscope at the end 
of the rigid barrel, the scope is withdrawn to the desired 
proximal portion of the stent. The length from the end of 
the rigid barrel to the proceduralist’s finger is measured. 
It is recommended that the stent be at least 5–10 mm  
beyond and proximal to the diseased portion of the airway. 
The diameter of the stent is chosen based on largest balloon 
dilation and upsizing this by one to two millimeters. 
Depending on the size of the rigid barrel and location of 
the stenosis, placement can be done with direct visualization 
or with the utilization of fluoroscopy with or without a 
guidewire. 

Metallic stents whether covered, uncovered or partially 
covered are chosen dependent on the location of the disease. 
If the disease is malignant and spans the entire desired 
location a completely covered stent is recommended. On 
the other hand, if the disease is malignant with free portions 
prior to a secondary carina and patency of the subsegment 
is trying to be maintained a partially covered stent can be 
used as seen in Figure 4.

When considering metallic stents for benign airway 
disease, the United States Food and Drug Administration 
has placed warnings due to complications in these patients. 
These stents should be placed and removed in experienced 
hands due to the high complication risk. 

Uncovered stents are typically reserved for airways in 
which granulation tissue is desired such as in a dehiscence 
and not recommended in benign airway disease. 

Silastic stents are in large part why the rigid bronchoscope 
came back in favor and are utilized in both benign and 

Figure 4 Partially covered metallic stent allowing ventilation of 
subsegment while covering tumor above.



Shanghai Chest, 2020Page 6 of 10

© Shanghai Chest. All rights reserved. Shanghai Chest 2020;4:15 | http://dx.doi.org/10.21037/shc.2019.11.01

malignant disease. Straight stents are reserved for focal 
areas of stenosis mainly due to benign disease in the trachea 
or proximal bronchi. Y stents, on the other hand, are 
reserved for those patients with malignant disease involving 
the carina and/or distal trachea and are at risk for causing 
complete airway obstruction as well as benign tracheal 

stenosis pictured on Figure 5.
For straight stents the rigid bronchoscope is placed 

slightly distal to the center of the stenosis. As the stent 
is being deployed the rigid barrel is withdrawn in the 
opposite direction to ensure correct positioning of the 
stent. The length of the silastic stents should be at least 10– 
15 millimeters above and below the stenotic area. Once 
placed, the telescope or the flexible bronchoscope can be 
used to visualize placement and if needed, the rigid stent 
forceps can be used to adjust location. Variety of stent 
forceps are shown in Figure 6.

Measurements for the Y stent are made in the same 
fashion as the metallic stents using the flexible bronchoscope 
and ruler. For the right limb the flexible bronchoscope is 
flexed to touch the right upper lobe secondary carina and 
then placed in neutral potion. The scope is then withdrawn 
to the main carina and this measurement is taken for 
the distal portion of the right limb. The left mainstem is 

Figure 5 Non-small cell carcinoma involving the main carina. (A) Tumor arising from the main carina and obstructing the right and left 
mainstems; (B) tumor post laser therapy; (C) post Y stent placement after mechanical debulking and balloon dilation.

A B

C

Figure 6 Top to bottom: reverse stent forceps, stent forceps, and 
large debulking forceps.
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measured to the end of endobronchial disease and typically 
not longer than 25 to 30 millimeters given the angulation 
medially of the left mainstem beyond this length. The 
tracheal length is then measured to the area at least 10– 
15 millimeters above the disease. When cutting the stent, 
a scalpel is used with the proceduralist holding either the 
proximal or distal end of the stent and the assistant holding 
down the opposite end of the stent to allow for straighter 
cut. For the right limb, 5 millimeters are subtracted from 
the measurement of the distal portion measured and the 
stent is cut at a 45° angle to match the angle of the right 
upper lobe in takeoff from the right mainstem. Either the 
right or left limb is marked in the inside of the stent along 
with the posterior membrane to allow proper alignment in 
the deployer prior to inserting this into the rigid barrel. The 
stent is then loaded in to the Y stent loader and placed in 
the stent deployer seen in Figure 7. The rigid bronchoscope 
is either placed into the left mainstem bronchus or about 
20 mm above the main carina to allow for the bronchial 
limbs to come out first. Once half way deployed, the 
rigid bronchoscope is slowly withdrawn with continued 
deployment of the stent.

The most common stent complications include mucous 
plugging (4–27%), granulation tissue (4–10%) and stent 
migration (3–10%) (12-16).

Benign airway stenosis

Benign airway stenoses occur due to a variety of mechanisms 
of injury to the native tissue which include: post intubation 
or tracheostomy, inhalation injuries, infection, or collagen 
vascular diseases. While surgery is usually the mainstay for 
complex tracheal stenosis, both simple and complex can be 

managed bronchoscopically as those presented in Figure 8. 
Simple web-like stenoses can be managed with thermal 

therapy to create an incision at the site of the web to release 
the stenosis. After this the airway is dilated to the estimated 
diameter of the airway determined in a similar fashion as 
described previously. If possible, the dilation is completed 
after incisions are made to prevent tears in the mucosa 
leading to fibroblastic proliferation and further scar tissue. 
Mitomycin is utilized to help prevent recurrent stenosis 
as an anti-fibrotic agent with varying success (17-20). It is 
an antineoplastic antibiotic that acts as an alkylating agent 
by inhibiting DNA and protein synthesis and with this it 
can inhibit cell division, protein synthesis, and fibroblast 
proliferation. Application is done using the rigid or flexible 
forceps and either gauze or cotton tip applicators soaked 
in the mitomycin. Using either method the mitomycin 
solution is held in position for about 1 minute intervals. 
After each minute a new applicator is grasped with the 
forceps and applied in a clockwise method at 4–6 points 
at the site of previous stenosis as presented on Figure 9. 
More recently Bohra and colleagues have reported success 
with cryospray and balloon dilation as a safe procedure for 
tracheal stenosis (21). If there is recurrence either stent or 
surgical resection should be considered. 

Complex airway stenoses which involve the cartilage, 
stent placement is recommended due to the high recurrence 
if thermal therapy and balloon dilation are used alone  
(22-24). Thermal therapy is limited as many of these 
stenoses have a component of malacia or are damaged 
cartilage and native wall risking perforation. These stenoses 
are typically dilated and stent is then placed for months if 
the patient is not a surgical candidate. 

Silastic stents are the stent of choice in benign tracheal 
stenosis which exist in two forms Y shaped and straight. 
Straight stents have a high migration risk and should be 
considered prior to placement. The patient population for 
which a Y stent is used include: distal tracheal stenoses, 
patients with chronic tracheostomy despite stent placement, 
and patients at risk for repeated intubations given co-
morbidities and migration due to manipulation. On the 
other hand, straight silastic stents are typically used for 
simple recurrent mid tracheal and bronchial stenosis if 
surgery is not an option.

Hemoptysis

Massive hemoptysis is defined differently and ranges from 

Figure 7 Top—stent deployers, the color/size is matched to the 
color/size of the barrel. Bottom—(left to right): stent cutter, Y 
stent loader and plunger, straight stent loaders.
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Figure 8 Various forms of tracheal stenosis. (A) Pseudo-glottic tracheal stenosis; (B) simple tracheal stenosis; (C) complex tracheal stenosis.

A B

C

Figure 9 Simple web tracheal stenosis. (A) Tracheal stenosis prior to treatment; (B,C) post holmium: yttrium aluminum garnet laser 
incision; (D) post balloon dilation; (E) mitomycin-c application with cotton tip applicator.
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100–1,000 mL/24 hours. The rigid bronchoscope allows 
the proceduralist to secure an airway as well as maintain 
ventilation. The rigid barrel provides a larger conduit to 
facilitate easier insertion of instruments to help alleviate 
ongoing bleeding with various mechanisms: balloon 
blockers, APC, laser therapy. After bleeding is controlled 
clot removal can be facilitated with the use of rigid suction, 
cryoprobe and even rigid forceps. 

Complications

It is hard to determine the exact number of pulmonary 
physicians who perform rigid bronchoscopies, but 
the American College of Chest Physicians, European 
Respiratory Society and American Thoracic Society require 
20 such procedures to gain basic competency and thereafter 
10 procedures per year to maintain competency (25,26). 
Given lack of tools to assess true competency, Mahmood 
and colleagues developed the Rigid Bronchoscopy Tool 
for Assessment of Skill and Competence to serve as an 
objective tool of basic rigid bronchoscopy intubation and 
central airway navigation. The most common mechanical 
complications of rigid bronchoscopy are trauma to the 
teeth, oropharynx, vocal cords or other glottic structures, 
laryngospasm, pneumothorax, and hemorrhage, and death 
(27-29). Systemic complications include vasovagal syncope, 
hypoxemia, hypercarbia, medication effects of general 
anesthesia, arrhythmia, post-procedural respiratory failure, 
and death (2,27,28).

Conclusions

The main limitations of the procedure include experience 
of the operator, requirement of general anesthesia and the 
sicker population making this at a higher risk procedure. 
Rigid bronchoscopy is an overall safe procedure for 
therapeutic and diagnostic interventions while allowing 
for controlled ventilation. As with any procedure the 
risks and benefits should be discussed with the patient or 
power of attorney and if the benefits outweigh the risks, 
the procedure should not be withheld. Working as a team 
with the anesthesia staff, nursing and operating room staff, 
and the proceduralist are imperative to a safe working 
environment.
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