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Abstract
Objective: To evaluate the feasibility of and the potential for using optical coherence tomography in conjunction 
with conventional bronchoscopy in the evaluation of the airways. Methods: This was a pilot study based on 
an ex vivo experimental model involving three animals: one adult New Zealand rabbit and two Landrace pigs. 
An optical coherence tomography imaging catheter was inserted through the working channel of a flexible 
bronchoscope in order to reach the distal trachea of the animals. Images of the walls of the trachea were 
systematically taken along its entire length, from the distal to the proximal portion. Results: The imaging catheter 
was easily adapted to the working channel of the bronchoscope. High-resolution images of cross sections of 
the trachea were taken in real time, precisely delineating microstructures, such as the epithelium, submucosa, 
and cartilage, as well as the adventitia of the anterior and lateral tracheal walls. The corresponding layers of the 
epithelium, mucosa, and cartilage were clearly differentiated. The mucosa, submucosa, and trachealis muscle 
were clearly identified in the posterior wall. Conclusions: It is feasible to use an optical coherence tomography 
imaging catheter in combination with a flexible bronchoscope. Optical coherence tomography produces high-
resolution images that reveal the microanatomy of the trachea, including structures that are typically seen only 
on images produced by conventional histology.

Keywords: Tomography, optical coherence; Trachea; Bronchoscopy; Microscopy; Diagnostic techniques, 
respiratory system.

Resumo
Objetivo: Avaliar a viabilidade e o potencial do uso da tomografia de coerência óptica em conjunto com um 
broncoscópio convencional na avaliação das vias aéreas. Métodos: Estudo piloto baseado em um modelo 
experimental ex vivo com três animais: um coelho adulto da raça Nova Zelândia e dois suínos da raça Landrace. 
Um cateter de imagem de tomografia de coerência óptica foi inserido no canal de trabalho de um broncoscópio 
flexível para alcançarmos a traqueia distal dos animais. As imagens foram obtidas sistematicamente em toda a 
traqueia ao longo das paredes, partindo da porção distal para a proximal. Resultados: O cateter de imagem se 
adaptou com facilidade ao canal de trabalho do broncoscópio. Imagens em alta resolução de cortes transversais 
da traqueia foram obtidas em tempo real, sendo delineadas microestruturas, tais como epitélio, submucosa, 
cartilagem e camada adventícia nas paredes anteriores e laterais da traqueia. As camadas correspondentes do 
epitélio, mucosa e cartilagens foram claramente diferenciadas. Na parede posterior, foi possível identificar 
mucosa, submucosa e musculatura traqueal. Conclusões: O uso de tomógrafo de coerência óptica em conjunto 
com um broncoscópio flexível é viável. A tomografia de coerência óptica produz imagens de alta resolução 
que permitem visualizar a microanatomia da traqueia, inclusive estruturas que normalmente são visualizadas 
somente na histologia convencional.

Descritores: Tomografia de coerência óptica; Traqueia; Broncoscopia; Microscopia; Técnicas de diagnóstico 
do sistema respiratório.
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the bronchoscope with no need for adapters, 
which facilitates the use of this technology and 
greatly contributes to the generation of high-
resolution images for the detection and evaluation 
of lung diseases.(11)

The objective of the present study was to 
evaluate the feasibility of and the potential for 
using OCT in conjunction with conventional 
bronchoscopy in the evaluation of the airways 
in an ex vivo experimental model.

Methods

This was a study based on an ex vivo 
experimental model involving three animals: one 
adult New Zealand rabbit and two Landrace pigs.

We used an OCT device (LightLab Imaging 
Inc., Westford, MA, USA) with a flexible imaging 
catheter of 1 mm in diameter (Imagewire; LightLab 
Imaging), a P20D adult flexible bronchoscope 
(Olympus Optical, Tokyo, Japan), and a BF 3C10 
pediatric flexible bronchoscope (Olympus Optical).

The animals were placed in the supine position. 
A 3.6-mm bronchoscope with a 1.2-mm working 
channel was inserted through the rabbit’s airway, 
whereas a 5.1-mm bronchoscope with a 2.0-mm 
working channel was used for the pigs. The 
lungs were not under mechanical ventilation. As 
soon as the right main bronchus was identified, 
the 1.0-mm OCT catheter was inserted through 
the working channel of the bronchoscope until 
the distal end of the catheter had reached the 
airway. The catheter was placed in the distal 
trachea, being slowly drawn to the subglottis 
and subsequently reinserted to the distal trachea, 
restarting the process. Trans-endotracheal imaging 
was performed with direct approximation of the 
OCT catheter to the inner surface of the trachea, 
images being displayed in real time on a monitor 
and appearing as black and red microscope slides, 
at a rate of approximately ten frames per second. 
The procedure was filmed, and OCT images were 
systematically taken along the entire trachea. 
The video files were subsequently transferred to 
a database in which digital photographic images 
were captured and catalogued.

Results

The passage of the flexible OCT catheter 
through the working channel of the bronchoscope 
caused no difficulties. It was possible to place 
the catheter in the desired position under direct 

Introduction

Optical coherence tomography (OCT) is a 
relatively new and promising noninvasive diagnostic 
imaging technique that produces high-resolution 
images of cross sections of complex living tissue. 
Generated in real time, OCT images allow the 
visualization of cellular and extracellular structures 
up to 3 mm below the surface and have a spatial 
resolution of 1-20 µm, approaching the resolution 
of images produced by conventional histology.(1,2)

The OCT system has a mechanism that is 
analogous to that of B-mode ultrasound, using 
superluminescent-diode-based light in the infrared 
region, at a wavelength of 1,300 nm, rather 
than acoustic waves. The light is emitted to the 
tissue by a flexible imaging catheter measuring 
approximately 1.5 mm in diameter. The operating 
principle of OCT is low coherence interferometry. 
In this technique, light is divided into two parts: 
reflected light (reference light) and light that 
will be directed to the tissue. The interferometer 
can detect and analyze the interference pattern 
generated between the reflected light and the 
backscattered light at different tissue depths. The 
interference patterns created by the two light 
beams are recombined and decoded, forming a 
high-resolution cross-sectional image.(3,4)

The procedure is painless and requires no 
contact between the instruments and the tissue. 
There is no need for intravenous contrast or 
topical dyes, and ionizing radiation is not used.(1)

The use of OCT allows measurement of 
biological tissues at a resolution that is 20 times 
as high as that of ultrasound (10 µ vs. 200 µ).(5)

The images are displayed on a monitor in real 
time, appearing as black and white microscope 
slides, at a rate of ten frames per second.(6)

In situations in which it is pertinent to take 
high-resolution images of a given surface, OCT 
has a range of potential uses. The technique is 
widely used in the diagnosis of retinal problems, 
as well as in eye diseases such as macular 
degeneration, retinopathies, and glaucoma.(7) The 
use of OCT has been increasing in various areas, 
such as dermatology,(8) cardiovascular surgery,(9) 
gastrointestinal diseases, and pancreatic and 
biliary diseases.(10)

There are relatively few studies focusing 
on the use of OCT in the evaluation of the 
respiratory tract. A flexible OCT probe can be used 
in combination with a conventional bronchoscope, 
being inserted through the working channel of 



176 Rodrigues AJ, Takimura CK, Lemos Neto PA, Figueiredo VR

J Bras Pneumol. 2012;38(2):174-180

biopsy”. Unlike ultrasound, light waves do not 
require a liquid medium for better transmission and 
are therefore more compatible with the airways. 
During OCT imaging, it is not necessary to touch 
the tissue with the catheter to take images, as 

bronchoscopic vision along the entire length of 
the central respiratory tract.

No contact between the catheter and the 
airway surface was needed for the acquisition 
of the corresponding image. Smooth and regular 
movements ensured satisfactory image quality. 
Closer proximity of the catheter to the surface 
of the trachea, without effectively touching it, 
translated to clearer images.

The format of the cross-sectional images, 
which is very similar to that of ultrasound images, 
showed good resolution up to approximately 
2 mm.

The OCT images were able to delineate, in 
real time, microstructures, such as the epithelium, 
submucosa, and cartilage, as well as the adventitia 
(Figure 1) of the anterior and lateral tracheal walls, 
similarly to the images produced by conventional 
histology (Figure 2). In the posterior wall, the 
layers corresponding to the mucosa, submucosa, 
and trachealis muscle were clearly differentiated 
on the OCT images (Figure 3) and were consistent 
with the histological images (Figure 4).

Discussion

Imaging with OCT allowed real-time 
identification of microstructures, such as the 
epithelium, submucosa, and cartilage, as well as 
the adventitia of the anterior and lateral tracheal 
walls. In the posterior wall, it was possible to 
identify the mucosa, submucosa, and trachealis 
muscle.

A new imaging technique, OCT has generated 
great interest because it is noninvasive, allows 
real-time evaluation, has higher spatial resolution 
than that of tomography and ultrasound, and 
dispenses with exposure to ionizing radiation 
and the use of intravenous contrast agents.

The functioning of OCT is analogous to that 
of ultrasound, although OCT uses electronic 
processing of the backscattering intensity of 
infrared light for constructing a topographic 
image of the tissue. The advantages of OCT 
over ultrasound include having higher image 
resolution and dispensing with physical contact 
with the tissue (without the use of a saline-filled 
balloon), as well as the fact that images are taken 
through the orotracheal tube, patient extubation 
being therefore unnecessary.(3)

The image produced is that of a tissue cross 
section, with resolution approximating that of 
light microscopy, and some authors call it “optical 

Figure 1 - Optical coherence tomography image of 
the tracheal wall (left anterolateral view) precisely 
delineating the mucosa, submucosa, cartilaginous 
ring, and adventitia.

Figure 2 - Histological image of the left lateral wall.
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The satisfactory results obtained in the 
present study demonstrate that integrating OCT 
with conventional bronchoscopy is feasible, as 
previously demonstrated.(12) The passage of the 
OCT catheter through the working channel of 
the bronchoscope required no adaptations.

Our results showed that OCT was able to 
generate high-resolution images of the mucosa, 
submucosa, cartilage, and adventitia of the 
trachea, including microstructures, such as the 
epithelium and perichondrium, dispensing with 
contact between the catheter and the trachea; 
these data are consistent with those reported 
in the literature.(5,13)

Imaging with OCT can be performed in a few 
minutes, as part of conventional bronchoscopy. 
In addition, during the same procedure, it is 
possible to perform bronchoalveolar lavage, 
endobronchial biopsy, and dynamic inspection.

Among the disadvantages of the technique is 
the inverse relationship between image resolution 
and image depth, i.e., higher resolution translates 
to lower depth of the acquired image. In addition, 
the penetration depth is still limited (approximately 
3 mm), and the imaging catheter is very fragile 
and has a reduced diameter, requiring extremely 
careful handling.(4,5,14)

There are several ongoing clinical studies 
aimed at determining the usefulness of OCT in 
characterizing normal tissue and differentiating 
diseases. Ophthalmology is the medical specialty 
in which OCT is most commonly used, OCT 
being a valuable tool in the diagnosis and 
clinical follow-up of macular edema, choroidal 
neovascularization, and glaucoma-related changes.
(15) There have been studies investigating the use 
of OCT in other medical fields, such as cardiology, 
gastroenterology,(16) mastology,(17) pulmonology, 
urology,(18) and otolaryngology.(19)

Because it enables high-resolution real-time 
imaging without exposure to radiation and because 
it is compatible with bronchoscopy, OCT has the 
potential to become a powerful tool in future 
lung research.(20) Minimally invasive visualization 
of tissue anatomy provides important information 
for the diagnosis and clinical management of a 
wide range of diseases.

In pulmonary medicine and thoracic surgery, 
OCT has numerous potential applications and 
can substantially increase the precision and 
accuracy of the current bronchoscopic diagnostic 
techniques (Chart 1). These applications include 

was observed in our study. There are no risks 
associated with exposure to infrared light.

Imaging with OCT is a noninvasive procedure. 
However, the use of OCT in conjunction with 
conventional bronchoscopy involves topical 
anesthesia with lidocaine and conscious sedation, 
as well as posing the same risks as those posed 
by bronchoscopy in isolation. Therefore, the 
term “minimally invasive” is more appropriate.

Figure 3 - Optical coherence tomography image 
of the posterior wall of the trachea. The mucosa, 
submucosa, and the trachealis muscle can be clearly 
identified. Note that the catheter is not in contact 
with the structure.

Figure 4 - Histological image of the posterior wall.
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be promising in the study of airway changes in 
patients with COPD. Two groups of authors(12,24) 
also compared the use of OCT + bronchoscopy 
with that of CT in the measurement of the airways 
and obtained accurate results, suggesting that 
OCT be used in the study of airway remodeling 
in asthma patients.

Further studies investigating the application 
of OCT and bronchoscopy in the evaluation of the 
respiratory tract are needed in order to optimize 
the method, with the objective of potentially 
distinguishing between benign and malignant 
lesions, correlating the microanatomical changes 
identified by clinical examination, comparing 
OCT images with those produced by conventional 
histology, and improving OCT use in studies of 
lung diseases.

This initial experience, in the form of a pilot 
study involving a limited number of animals 
and using an ex vivo model, prevented us from 
drawing conclusions other than that OCT produces 
high-resolution images of the trachea and that 
it is feasible to use OCT in conjunction with 
conventional bronchoscopy. However, this was 
the first step toward further studies using in 
vivo experimental models.

The procedure has a learning curve that is 
similar to that of other bronchoscopic techniques. 
The imaging catheter should be carefully 
positioned, and knowledge of the respiratory 
anatomy is essential. The movements should 
be smooth and coordinated in order not to 
compromise the quality of the image. The 
similarity between OCT images and those produced 

evaluation of smoke-induced airway injury,(2) 
evaluation of anastomosis and small airways 
in lung transplantation, performance of 
endobronchial biopsies,(21) and measurement of 
tracheobronchial stenosis,(20) as well as evaluation 
of normal microanatomy and small airway and 
smooth muscle thickening in asthma patients,(22) 
COPD patients,(23) cystic fibrosis patients, and 
smokers,(24,25) together with pre- and post-bronchial 
thermoplasty evaluation.(26) In addition, OCT can 
aid in determining the size of the bronchi in 
the endoscopic treatment of emphysema with 
one-way valves.(27)

In lung cancer, OCT has been used for 
differentiating normal mucosa from pre-neoplastic 
lesions. Three groups of authors(28-30) studied the 
tracheobronchial trees of patients suspected of 
having cancer and compared OCT images with 
images of biopsy of suspicious sites; the authors 
concluded that OCT, in addition to being well 
tolerated, was able to differentiate between normal 
tissue and tissue with neoplastic infiltration, 
suggesting that OCT can be an adjuvant technique 
in the early diagnosis of neoplastic lesions.

Coxson & Lam(1) measured the dimensions 
of the bronchial tree in 44 smokers by means of 
reconstructed HRCT images of the chest and OCT 
in conjunction with bronchoscopy and concluded 
that there was a good correlation between the 
measurements taken with the two techniques, 
although OCT was more accurate in detecting 
bronchial wall thickening and remodeling in 
that group of patients. Those authors suggested 
that OCT in conjunction with bronchoscopy can 

Chart 1 - Potential uses of optical coherence tomography in pulmonology.
Condition Use

Asthma, COPD, lung transplantation,  
and cystic fibrosis 

Measurement of wall thickness, measurement of the luminal area, 
and measurement of airway caliber

In vivo visualization of bronchial structures,  
such as the smooth muscle

Smoke inhalation injury in burn patients, 
smoking

Assessment of disease severity, disease progression,  
and potential damage to the airways

Tracheobronchial stenosis Stenosis measurement
Neoplasms Distinguishing between normal and abnormal  

tissue during bronchoscopy
Sarcoidosis, amyloidosis, Wegener’s 
granulomatosis, and endobronchial 

tuberculosis

Extensive in vivo evaluation of the microanatomy

Thermoplasty, endoscopic treatment of 
emphysema, and tracheobronchial stenting

Measurement and comparative evaluation of the airways  
before and after treatment

Development of new drugs Real-time visualization of the airways allows the determination  
of the biological response to treatment
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Lens Anterior Eye. 2011;34(2):87-91. PMid:21094077. 
http://dx.doi.org/10.1016/j.clae.2010.10.008

17. Iftimia NV, Mujat M, Ustun T, Ferguson RD, Danthu 
V, Hammer DX. Spectral-domain low coherence 
interferometry/optical coherence tomography system 
for fine needle breast biopsy guidance. Rev Sci Instrum. 
2009;80(2):024302. PMid:19256665. PMCid:2736644. 
http://dx.doi.org/10.1063/1.3076409

18. Karl A, Stepp H, Willmann E, Buchner A, Hocaoglu 
Y, Stief C, et al. Optical coherence tomography for 
bladder cancer -- ready as a surrogate for optical biopsy? 
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Res. 2010;15(3):131-4. PMid:20452899. http://dx.doi.
org/10.1186/2047-783X-15-3-131

19. Just T, Lankenau E, Prall F, Hüttmann G, Pau HW, 
Sommer K. Optical coherence tomography allows for the 
reliable identification of laryngeal epithelial dysplasia 
and for precise biopsy: a clinicopathological study of 61 
patients undergoing microlaryngoscopy. Laryngoscope. 
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org/10.1002/lary.21057

20. Murgu SD, Colt HG, Mukai D, Brenner M. Multimodal 
imaging guidance for laser ablation in tracheal stenosis. 

by endobronchial ultrasound is obvious, the 
main difference being that OCT images have 
higher structural resolution. The analysis and 
interpretation of the acquired images require 
prior knowledge of basic histology.

One group of authors(20) used endobronchial 
ultrasound and OCT in order to evaluate post-
intubation benign tracheal stenosis, in an 
attempt to find changes that could guide them 
in identifying the best treatment. The resolution 
of OCT was found to be 25 µm, compared with 
100 µm of endobronchial ultrasound with a 
20-MHz radial probe, which required a liquid 
interface (water-filled balloon) for image 
acquisition. Although the resolution of OCT was 
four times as high as that of endobronchial 
ultrasound, OCT achieved a depth of 1.7 mm; the 
authors concluded that the two methods were 
complementary, further studies being needed in 
order to investigate the use of the two methods.

On the basis of the present experimental 
findings, we conclude that OCT is a minimally 
invasive imaging method that is feasible, safe, 
and capable of providing structural data on the 
microanatomy of the central airway. Future studies 
are needed in order to validate this technology 
for use in the investigation of the human airways.
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