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Abstract:   Endoscopic treatment of lower airway pathologies requires 
accurate quantification of airway dimensions. We demonstrate the 
application of a real-time endoscopic optical coherence tomography system 
that can image lower airway anatomy and quantify airway lumen 
dimensions intra-operatively. Results demonstrate the ability to acquire 3D 
scans of airway anatomy and include comparison against a pre-operative X-
ray CT. The paper also illustrates the capability of the system to assess the 
real-time dynamic changes within the airway that occur during respiration. 
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1. Introduction  

The lower airway is a complex structure composed of branching, tapering airways, and 
extends from below the vocal cords through to the terminal bronchioles. Its primary function 
is to conduct air from the upper airway to the gas exchange portions of the lungs. The airway 
tree can be considered in terms of large (8-25mm diameter); intermediate (2-8mm); and small 
( < 2mm) airways. From trachea to terminal bronchioles, the airway branches up to 25 times. 

Several important pathologies may affect the lower airways, including asthma (chronic 
inflammatory disease usually triggered by allergens); bronchiectasis (chronic inflammation 
and dilation of the airways and a build-up of mucus); and chronic obstructive lung disease 
(fixed obstruction to airflow caused predominantly by long term exposure to cigarette smoke). 
In addition, certain processes may lead to focal narrowing (stenosis) of the large or 
intermediate sized airways, resulting in obstruction to airflow and subsequent clinical 
conditions. The etiology of such stenoses includes both benign conditions and malignant 
growths such as primary lung, esophageal and metastatic cancer. 

Endoscopic clinical interventions in the lower airway are performed by specialist 
interventional pulmonologists and by ear, nose and throat surgeons.  Pre-operative assessment 
and planning requires accurate imaging of the airway dimensions and is critical to help guide 
these interventions. 

There are several imaging modalities currently available. Pre-operative X-ray computed 
tomography (CT) allows visualization and quantification of the lower airway. However, for 
optimal pre-operative planning, the CT should be performed close to the time of 
bronchoscopy. This is often not possible for both logistical reasons and issues of radiation 
dosage. In addition, CT cannot provide measurements during an interventional procedure. 
Real-time measurement is important because airway dimensions are not static but may vary 
with changes in regional anatomy (such as cartilaginous rings and adjacent external organs). 
Also, airway size may be affected by alterations of lung volume, phase of respiration and 
cardiac motion. Finally, the radiation burden makes CT inappropriate for repeated imaging. 



Endobronchial ultrasound, used increasingly to stage lymph node involvement in lung 
cancer, cannot quantify airway dimensions because poor transducer-air coupling confounds 
imaging. Initial work has been published on the use of magnetic resonance imaging (MRI) 
using hyperpolarized gases such as 

3
He or 

129
Xe [1,2], but this is still far from clinical use. 

Preliminary ex-vivo results have also demonstrated potential for non-coherent optical 
techniques [3], although such techniques have not yet been utilized in vivo. 

 

Fig. 1. aOCT schematic. PM: phase modulator; PC: polarization controller; 
BBS: broadband source. 

 
In current clinical practice, interventions are guided using real-time video bronchoscopy. 

A persisting limitation of such guidance is the inability of bronchoscopy to provide 
quantitative images. This is because of the lack of depth discrimination in the single 2D 
image, and is compounded by the distortion introduced by the wide-angle or ñfish-eyeò lens at 
the tip of the bronchoscope [4]. Although lens distortion can be corrected [5-7], the time 
intensive nature of applying complex algorithms to airway images, as well as the inability to 
provide real-time measurements, has meant that no user-friendly system has yet been 
developed or been widely adopted by bronchoscopists. Clinicians, therefore, rely on 
subjective estimation from bronchoscopic images in order to assess airway sizes during a 
procedure. There is a need for an endoscopic, real-time imaging modality which allows 
dynamic measurement of airway dimensions. 

Anatomical optical coherence tomography (aOCT) [8,9] is an endoscopic optical 
modality designed to provide quantitative cross-sectional images of large internal hollow 
organ anatomy over extended observational periods. It has previously been used in assessment 
of sleep disorders in the upper airway [10,11], and preliminary work has been presented on its 
application in the lower airways [12]. It acquires anatomical cross-sectional images of lumens 
over a range of several centimeters. 

This differs from other research with endoscopic subsurface OCT, which has focused on 
subsurface morphological changes [13-18] or imaging the thickness of the airway wall [19]. 
In such applications, the systems are characterized by extremely high resolution and an axial 
scanning range of a few millimeters or less. However, the determination of airway lumen size 
and shape does not require subsurface imaging and there is a need for a significantly longer 
scanning range than is typical with subsurface OCT. 



In this paper, we will demonstrate the application of aOCT to quantifying the lower 
airway lumen, demonstrating several physiological features, including 3D structure and 
dynamic compliance (displacement versus applied pressure) during breathing. 

2. Methods 

A schematic diagram of the aOCT system is presented in Fig. 1. The system utilizes a 
frequency-domain optical delay line (FDODL) consisting of a grating, lens and galvanometer 
mirror in a folded, double-pass arrangement. This configuration allows the system to achieve 
a delay line length of 36mm, although typically only 25mm is used in the lower airway. A-
scans are acquired at a frequency of 500Hz. The light source has a center wavelength of 
1310nm, with a bandwidth of 32nm. Details are given in Refs. [8,9,12]. 

The sample arm utilizes a rotating fiber-optic endoscopic probe for deployment in the 
airway, encased in a transparent plastic catheter with outer diameter of 2.2mm. It is attached 
by 1.8m of optical fiber encased in a biplex torque-transmission stainless steel coil. The light 
beam is focused using a 1.0mm diameter gradient index lens, and redirected at right angles to 
the probe head with a right-angle prism of 0.7mm width. The probe rotates at approximately 
2.5Hz, tracing out an axial image. The rotary joint and probe coupling are mounted on a 
movable carriage to allow the rotating probe to be translated through a section of airway to 
obtain a 3D data set. 

The aOCT probe has a beam waist of 138mm at a distance of 9mm from the probe head 

expanding to 249mm at an axial distance of 25mm. Because a rotating probe is used, the 
transverse resolution is a function of both the distance from the probe and A-scan frequency. 
The sampling rate of 1.8 degrees per A-scan means the transverse resolution ranges from the 

143.5mm per pixel at the probe head, to 0.8mm per pixel at a distance of 25mm. 
Our portable aOCT system has been configured for use in the bronchoscopic procedures 

theatre, and has been used to make measurements on anesthetized subjects undergoing a 
variety of procedures. The catheter is passed into the lower airway via the working channel of 
a standard bronchoscope. 

During scanning, external analogue respiratory signals are recorded by a lab data 
acquisition system (ADInstruments, Australia) and integrated into the aOCT data in post-
processing. When using the two systems simultaneously, a set of clock and synchronization 
signals are generated by the aOCT system and used for subsequent synchronization. Examples 
of analogue physiological parameters that can be measured and synchronized in this way 
include lung volume, airflow, esophageal pressure and airway pressure. 

3. Results 

We report the use of bronchoscopic aOCT to assess both 3D airway anatomy and dynamic 
movement during quiet breathing. Scans have been performed on over forty patients. In this 
paper, we illustrate with results from two patients. Informed consent was obtained and the 
study was approved by the Human Research Ethics Committee of Sir Charles Gairdner 
Hospital. Bronchoscopic procedures were performed by one of the authors (JPW). 

Figure 2 (View 1) shows a typical chest-lung CT used in interventional planning, 
obtained using a LightSpeed 16 scanner (GE Healthcare, WI, USA) with acquisition settings 
of 120kV peak voltage and 406mA X-ray tube current. This data is available online (Case 1). 
The CT was performed at total lung capacity (a breath-hold at full inspiration) and extends 
from the abdomen up to above the larynx. The trachea, annotated in the image, bifurcates into 
the left and right main bronchi. The left main bronchus bifurcates into the left upper and left 
lower lobes and the right divides into three lobes: the right upper, right middle and right lower 
lobes.  

Figure 3 (View 2) demonstrates an intra-operative aOCT scan obtained during 
bronchoscopy. The data may also be accessed online (Case 2). The catheter, containing the 
aOCT probe, was inserted through the bronchoscopeôs working channel and into the patientôs 
left lower lobe. The catheter then remained stationary as the probe was rotated and withdrawn 

http://67.212.160.250/~midasos/midaspub/midas/bitstream/download/10883
http://67.212.160.250/~midasos/midaspub/midas/collection/view/31/Case01
http://67.212.160.250/~midasos/midaspub/midas/bitstream/download/10884
http://67.212.160.250/~midasos/midaspub/midas/collection/view/31/Case02


through the left main bronchus and into the distal section of the trachea, acquiring a 3D scan 
of the airway lumen. As shown in the axial view of Fig. 3, the aOCT scan enabled 
quantification of the lumen diameters at the time of the bronchoscopy. 

A strong correlation was observed between CT and aOCT estimates of airway lumen 
diameters. A representative site in the proximal left main bronchus was selected for the 
purposes of illustration, with the same anatomical site visually identified for comparison. 
Using CT, the airway diameter was estimated to be 17.8mm x 14.1mm (Fig. 2). In the aOCT 
scan, the diameter was measured as 17.3mm x 13.9mm. Note that with the CT scan, we have 
used the oblique (not axial) view, so as to orient the measurement perpendicular to the central 
axis of the airway. 

 

Fig. 2. Patient A. Chest CT depicting the lower airway (View 1). Top row (L-R): 3D view; 
Axial slice at the level of the main carina. Middle row (L-R): Coronal view; Sagittal view. 
Bottom row (L-R): Lightbox view; Oblique view measuring airway diameter. 

http://67.212.160.250/~midasos/midaspub/midas/bitstream/download/10883


 

Fig. 3. Patient A. aOCT of trachea, through the left main bronchus and into the left lower lobe. 
(View 2). Top row (L-R): 3D view; Axial view showing diameters of the proximal left main 
bronchus; Bottom row (L-R): Coronal view; Sagittal view. The catheter, within which the 
probe is housed, is visible within the airway lumen. 

 

 

Fig. 4. Patient A. aOCT scan through mid-trachea, proximal trachea and the larynx (View 3). 
Top row (L-R): 3D view; Axial view showing airway dimensions in proximal trachea. Bottom 
row (L-R): Coronal view; Sagittal view. The catheter is visible within the airway lumen. 

 
Note also that each axial image in the aOCT scan is centered on the rotating aOCT probe 

and, hence, is relative to the position of the catheter. The bending of the catheter through the 


