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ARTICLE

Optical Coherence Tomography of the Larynx Using the
Niris System
Marc Rubinstein, MD, Esther L. Fine, MD, Ali Sepehr, MD, William B. Armstrong, MD, Roger L. Crumley, MD, MBA,
Jason H. Kim, MD, Zhongping Chen, PhD, and Brian J.F. Wong, MD, PhD

ABSTRACT

Objectives: To present our experience using the first commercially available optical coherence tomography (OCT) device for use

in the head, neck, and upper aerodigestive tract and to determine the feasibility and efficacy of this system in comparison with our

previous experience using other research OCT systems.

Methods: Using the Niris OCT imaging system (Imalux, Cleveland, OH), we obtained OCT images of benign and premalignant

laryngeal disease in 33 patients undergoing surgical head and neck endoscopy. This imaging system has a spatial depth resolution of

10 to 20 mm and a depth scanning range of 2.2 mm, obtaining images of 200 3 200 pixels at a maximum frame rate of 0.7 Hz. The

scanning mechanism of the device is located at the distal end of a flexible probe that is placed in contact or near-contact with the area

of interest. The tip of the probe was inserted through a rigid laryngoscope, and still images were obtained.

Results: OCT images of arytenoids, aryepiglottic folds, piriform sinus, epiglottis, and true and false vocal cords were obtained. In

patients whose OCT images were taken from normal tissue, the normal microstructures were clearly identified, as well as disruption

of the latter in malignant pathologies.

Conclusions: The device can easily be incorporated into the operating room and requires minimal set-up and staff to operate.

OCT imaging with this device potentially offers an efficient, quick, and reliable imaging modality in guiding surgical biopsies,

intraoperative decision making, and therapeutic options of various laryngeal pathologies and premalignant disease.

SOMMAIRE

Objectifs: L’étude avait pour objectifs de faire état de notre expérience du premier appareil de tomographie par cohérence

optique (TCO) commercialisé pour utilisation dans la région de la tête, du cou et des voies aérodigestives supérieures, et de comparer

son efficacité et sa faisabilité d’emploi avec d’autres appareils de TCO utilisés en recherche.

Méthode: Nous avons obtenu, au moyen de l’appareil Niris (Imalux; Cleveland [Ohio]), des images par TCO de lésions bénignes et

précancéreuses du larynx sur 33 malades devant subir une endoscopie chirurgicale de la tête et du cou. L’appareil offre une résolution

d’une profondeur spatiale de 10 à 20 mm, une plage de profondeur de 2.2 mm et une production d’images de 200 x 200 pixels à une

cadence maximale de 0.7 Hz. Le mécanisme de balayage de l’appareil se situe à l’extrémité distale d’une sonde souple, placée en

contact, ou presque, avec la région à examiner. Nous avons glissé le bout de la sonde dans un laryngoscope rigide pour obtenir des

images fixes.

Résultats: Nous avons pris des images des cartilages aryténoı̈des, des replis aryépiglottiques, des sinus piriformes, de l’épiglotte

et des cordes vocales, vraies et fausses. Paraissaient clairement, sur les images prises sur du tissu normal, les microstructures

normales, de même que leur altération dans les cas de lésion maligne.

Conclusions: L’appareil peut facilement s’intégrer dans une salle d’opération, et son fonctionnement exige une installation

minimale et très peu de personnel. Cet appareil de TCO offre une nouvelle forme d’obtention d’images suffisamment efficace, rapide

et fiable pour guider les biopsies chirurgicales, les prises de décision en cours d’intervention et les traitements de différentes

affections et lésions précancéreuses du larynx.
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O ptical coherence tomography (OCT) is an emerging

imaging modality that combines a low-coherence

light source and an interferometer to produce cross-

sectional high-resolution images of living tissues.1 OCT

works analogously to ultrasonography but instead of

sound uses near-infrared light to discern variation in

tissue optical properties. Clinical OCT devices have an

axial resolution of approximately 10 mm and a maximum

depth penetration of 2 to 3 mm, although 1 to 2 mm is

more typical because most biologic tissues are turbid.2 This

technology has been widely used in ophthalmology for

examination of the retina, cornea, and macula3–5 and as a

guide in cataract surgery.6 OCT has been evaluated in

other specialties, including dermatology, cardiology, pul-

monology, gastroenterology, urology, and neurology,

although primarily using research OCT systems designed

and constructed by specialists in photonic technologies at

academic medical centres.7–12

In the head, neck, and upper aerodigestive tract, clinical

OCT has focused on examination of the larynx, with one

goal: to distinguish benign from microinvasive cancer that

has violated the integrity of the basement membrane

(BM).2,13–18 Some work has focused on using OCT to

perform image-guided therapy of the larynx, although the

results have been mixed.19 It has also been used coupled to

a surgical microscope, allowing hands-free OCT simulta-

neously with microscopic visualization of the vocal

cords.20 More recently, we pioneered the use of OCT to

image both the neonatal and the pediatric airway with the

aim of examining changes in the subglottis following

prolonged intubation.21,22 OCT has also been used to

image the middle ear and thyroid gland.23–26 The oral

cavity has been studied comprehensively using OCT and is

reviewed elsewhere.24,25,27–33

Outside of ophthalmology, most clinical OCT studies

have involved the use of systems designed and built by

research groups focused on enhancing the resolution,

image acquisition rates, and functionality of this nascent

imaging modality. Until recently, there has not been a

commercially available turnkey OCT system for use in the

head and neck, and most studies to date have used research

devices designed and constructed in university optics

laboratories.

At University of California Irvine, we have had an

active OCT research program at the Beckman Laser

Institute and Medical Clinic for over 15 years, with over

7 years of clinical experience on OCT imaging in the head

and neck in human subjects. Our investigations to date

have used only OCT systems designed and constructed in

our laboratories. The objective of this study was to present

our experience with using the first commercially available

OCT device designed to image the larynx among other

applications and to compare its use with our previous

experience in over 200 patients using research OCT

systems.

Materials and Methods

Patient Population

OCT imaging was performed in 33 patients undergoing

upper aerodigestive tract endoscopy under general

anesthesia, under the aegis of the Institutional Review

Board at the University of California Irvine. Two subjects

were imaged twice during two separate operations.

Twenty-one patients (64%) were male and 12 patients

(36%) were female. The average age was 53 years (range

18–86 years). Imaging generally required 3 to 5 minutes of

additional surgical time.

OCT System

A commercially available clinical imaging system (Niris,

Imalux Corporation, Cleveland, OH) was used to examine

each patient. This portable time-domain OCT system34

uses a low-coherence near-infrared light source to acquire

real-time images of 200 3 200 pixels at a maximum frame

rate of 0.7 Hz. The spatial depth resolution of the system is

10 to 20 mm, with a depth scanning range of 2.2 mm. In

practice, owing to the turbidity of living tissues, scanning

depth is only about 1.5 mm. The lateral resolution is 25 mm,

with a lateral scanning range of 1.5 to 2.5 mm. In OCT

systems, lateral resolution is diffraction limited, whereas

axial resolution depends on the coherence length of the light

sources. It uses a 2.7 mm diameter reusable flexible probe to

obtain the images. To the user, the probe appears as a single,

compact instrument; however, it encases a single-mode

optical fibre, which is scanned back and forth within by a

solenoid.

Intraoperative Imaging

After exposing the larynx using a surgical laryngoscope

with suspension, the probe was inserted through the
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laryngoscope using a modified suction handpiece to allow

accurate placement of the probe tip on the area of interest

(Figure 1). Under microscopic or rigid telescope (eg, a

Hopkins rod) guidance, the probe tip was placed in gentle

or near-contact with the region of interest. OCT images

were acquired from the normal laryngeal tissue, the site of

the pathology, and in transition zones in the case of

potential cancers. In most of the patients, still images of

the lesion were acquired using conventional digital

imaging, which also aided in providing a record of the

probe position.

OCT Image Analysis

Images from the laryngeal subsites were obtained. Images

were then arranged by anatomic site and then subdivided

into the following three categories: (a) normal tissue, (b)

benign lesions, and (c) malignant lesions.

Results

OCT images of the true vocal cords (TVCs) were obtained

in 29 of the 33 patients. OCT images were also obtained

from the false vocal cords (FVCs), arytenoids, aryepiglottic

fold, piriform sinus, and epiglottis. In patients whose OCT

images were taken from normal tissue, the normal

microstructures were clearly identified.

The following images represent the features, disorders,

and pathology that were imaged in which the epithelium

and lamina propria (LP) and other microstructures were

clearly identified, as well as the demarcation between the

LP and epithelium, which is the locus of the BM. Figure 2

is a typical OCT image of the TVC, with identification of

the thin, translucent appearance of the stratified squamous

epithelium (SSE), the integrity of the BM, and the

underlying LP. This image can be compared with an

image of a TVC with scar tissue caused by previous

operations, showing a thickening of the LP as well as the

overlying SSE (Figure 3). Figure 4 is an image of an

A B

Figure 2. A, Optical coherence tomo-
graphic (OCT) image of a healthy
normal true vocal cord. BM 5 base-
ment membrane; LP 5 lamina pro-
pria; SS 5 stratified squamous
epithelium. B, Endoscopic image
showing the OCT probe being placed
at the true vocal cord.

A B

Figure 3. A, Optical coherence tomo-
graphic (OCT) image of a true vocal
cord with scar tissue and thickening of
the lamina propria (LP) and stratified
squamous epithelium (SS). BM 5

basement membrane. B, Endoscopic
image of the OCT probe being placed
at the scar tissue of the vocal cords.

Figure 1. Specially designed device to guide the flexible probe into the
larynx.
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A B

Figure 4. A, Optical coherence tomo-
graphic (OCT) image of invasive
carcinoma (CA) of the true vocal
cord, showing disruption and pene-
tration through the basement mem-
brane. B, Endoscopic image showing
the invasive carcinoma of the true
vocal cord.

A B

Figure 5. A, Optical coherence tomo-
graphic image of the transition zone
between normal false vocal cord and
invasive carcinoma (CA) invading
through the basement membrane
(BM). LP 5 lamina propria; SS 5

stratified squamous epithelium. B,
Endoscopic image showing the false
vocal cord tumor.

A B

Figure 6. A, Optical coherence tomo-
graphic (OCT) image of a normal false
vocal cord. BM 5 basement mem-
brane; LP 5 lamina propria; SS 5

stratified squamous epithelium. B,
Endoscopic image showing the OCT
probe being placed at the false vocal
cords.

BA

Figure 7. A, Optical coherence tomo-
graphic (OCT) image of a normal
epiglottis. BM 5 basement mem-
brane; LP 5 lamina propria; SG 5

seromucinous glands; SS 5 stratified
squamous epithelium. B, Endoscopic
image showing the OCT probe being
placed at the epiglottis.
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invasive carcinoma of the TVC. The integrity of the BM is

disrupted, which is the most important parameter of

invasion. In Figure 5, a transition zone between normal

tissue and an invasive carcinoma infiltrating through the

BM is clearly shown in a false vocal cord. This image can

be compared with a normal FVC where the BM is clearly

intact (Figure 6).

The presence cartilage and glandular structures are

identified in the epiglottis (Figure 7). A remnant scar

caused by previous surgeries of the epiglottis as well as

some glandular structures can be seen in Figure 8. The

normal microstructure of the aryepiglottic fold can be

seen in Figure 9, where no glandular structures are

identified.

Discussion

We present our experience imaging normal, benign, and

pathologic conditions in the larynx using the first

commercial OCT device designed for use in head and

neck endoscopic applications. Currently, other com-

mercially available OCT devices are available for use in

other medical fields, such as ophthalmology,35 gastro-

enterology,36 and cardiology37; however, these systems

do not work in otolaryngology. Other non–commercially

available OCT systems, which have a higher resolution

and scanning rate, have been previously reported and

are summarized in Table 1; however, none of these

systems have been used in head and neck applica-

tions.38–40

Present diagnostic imaging, including magnetic reso-

nance imaging, computed tomography, and ultrasonogra-

phy, offers 1 mm tissue resolution at best and thus is of

limited use in very superficial laryngeal lesions.18 OCT has

the unique capability of producing high-resolution images

of 10 to 20 mm, which are useful to assess very thin

structures, such as the surface of the larynx. We concur

with the results published by Shakhov and colleagues, who

Figure 8. Optical coherence tomographic image of a remnant scar in
the epiglottis. BM 5 basement membrane; LP 5 lamina propria; SG 5

seromucinous glands; SS 5 stratified squamous epithelium.

A B

Figure 9. A, Optical coherence tomo-
graphic (OCT) image of the normal
aryepiglottic fold. BM 5 basement
membrane; LP 5 lamina propria; PC
5 pseudostratified columnar epithe-
lium. B, Endoscopic image showing
the OCT probe being placed at the
aryepiglottic fold.

Table 1. Summary of Non–Commercially Available Optical Coherence Tomographic Systems with Higher Resolution and Scanning Rate

Jeon et al (UCI)38 Potsaid et al (MIT)39 Oh et al (MGH)40

Scanning rate 45.6 kHz 106 kHz (70–312 kHz) 50 kHz

Axial resolution 6.6 mm (air) 2.8 mm (air) 9.8 mm (air)

4.7 mm (tissue) 2.1 mm (tissue)

Source Fourier domain mode-locked Spectral/Fourier domain Fourier domain

MGH 5 Massachusetts General Hospital; MIT 5 Massachusetts Institute of Technology; UCI 5 University of California Irvine.
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found that a definitive diagnosis of laryngeal lesions

requires tissue biopsy, and this carries the risks of

compromising the airway and potentially causing a scar

formation.19

We have found that the Niris device provides images of

sufficient quality such that normal structures can be easily

differentiated from benign or malignant lesions. This

system was extensively used by Kraft and colleagues in a

large number of patients and for a broad list of disorders.18

They concluded that this device is a useful complement in

the diagnosis of different laryngeal diseases; however, their

group does not have extensive experience with cutting-

edge OCT technology such as exists in our centre and

others.

When comparing this system with the ones previously

used,2,13,14 the Niris has limited lateral resolution, a slower

frame rate, and a decreased depth of imaging. The

scanning mechanism for the Niris is at the tip, and the

optical elements move right to left across the target region

in the tissue. Previous devices constructed by our group

and others obtained cross-sectional images with the probe

tip moving in and out of the probe long axis. Left to right

imaging allows easier targeting of regions of interest on the

vocal cords and the surrounding structures. Benign

abnormalities demonstrated unique OCT characteristics,

which allowed them to be differentiated from both normal

tissues and malignancies.

OCT has limited capabilities in imaging large and

bulky laryngeal lesions because the BM cannot be

consistently identified, making it difficult to evaluate

BM infiltration and to distinguish between benign and

malignant lesions. Thus, OCT has its greatest potential

value in examining superficial and subtle lesions and

disease processes. This device has limited utility for

imaging bulky lesions but might be useful to evaluate

surgical margins following the resection of a bulky lesion

and as an adjunctive technology for use in transoral laser

microsurgery.

This system is an easy to use device, is portable,

requires a single operator, and takes approximately 3 to 5

minutes to set up. Although the image quality is limited

relative to previously described research devices,2,13,14

laryngeal microstructures, such as the BM, LP, epithelium,

glands, and capillaries, can be identified, still making this

device valuable for select applications.

OCT has potential use as a complementary tool for

diagnosing various laryngeal pathologies. It can be a great

asset in the operating room in guiding surgical biopsies,

decreasing the necessity of removing broader surgical

margins, and intraoperative decision making.
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