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Abstract

Virtual endoscopy enables computer-generated 3D visualization of a cavity by reconstructing two-
dimensional CT or MR data. The technique has been used experimentally to study the colon, bronchi,
ear, and other locations. Here, virtual laryngoscopies were created from the cross-sectional image data
of three patients. The patients represented: a normal airway, a squamous cell carcinoma of the glottic
fold, and a posterior glottic stenosis. These reconstructions included extra-luminal anatomy which is
not typical of current virtual endoscopic techniques. The two-dimensional CT and MR images of the
patients underwent post-processing for 3D reconstruction. The resulting models were imported into an
experimental virtual endoscopy program for

1. airway lumen generation
2. interactive viewing

Though they could not be used for biopsy, the virtual laryngoscopies provided, in a non-invasive
fashion, good simulation of endoscopy. Virtual endoscopy also gave the added benefits of the ability to



assess the transmural extent of disease and view the airway distal to areas of luminal compromise. This
technology may well provide clinical benefit in preoperative planning, staging, and intra-procedural
guidance for head and neck pathology and merits further study.
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Introduction

Endoscopy is used diagnostically for detailed three-dimensional (3D) evaluation of a lumen or cavity.
Some disadvantages of endoscopic examinations, including those of the larynx, are that they require
sedation, one can not assess beyond areas that prevent passage of the endoscope, and viewing is limited
strictly to the lumen, restricting transmural evaluation of lesions. There is also a risk of viscus
perforation in procedures such as esophagoscopy. Virtual endoscopy provides 3D anatomical
information by reconstructing two-dimensional CT and MR data, overcoming the drawbacks of
endoscopy. The colon, bronchi, ear, and other locations (1-6) have served as the locations for initial
assessment of virtual endoscopy. The advantage of 3D visualization of the larynx makes this a desirable
area for virtual endoscopy despite the fact that it cannot be used for biopsy. The benefits of virtual
laryngoscopy should be particularly helpful during assessment of the difficult airway or when
neoplasia, infection, inflammation, and congenital defects compromise the lumen.

Current methods of virtual endoscopy are limited in their 3D display of extra-luminal anatomy. For
example, during virtual broncoscopy, blood vessels and the lung parenchyma are often not seen. The
lack of a global context and physical clues during viewing may lead to confusion of the patient’s
anatomy (7). We address this problem by incorporating into our virtual endoscopic technique a method
of 3D anatomical reconstruction which can use merged CT and MR images. In this paper, we describe
our virtual endoscopic technique, augmented by 3D anatomical reconstruction, and discuss our initial
results with virtual laryngoscopy.

Study Design
Patient Profile

In order to give a variety of clinical conditions, three cases were chosen retrospectively for virtual
laryngoscopy. Patient one, KS, (Figure 1 and Figure 2) is a 56 year old female with no laryngeal or
airway pathology. Patient two, GY, (Figures 3-5) is a 58 year old male with a T3 N3 MO0 squamous cell
carcinoma involving the left area of the vocal fold, with paraglottic extension. Patient three, SH,
(Figures 6-8) is a 39 year old female with posterior laryngeal glottic stenosis.

Materials and Methods

Data Acquisition

Patient one underwent a helical CT scan with 3 mm thick axial images. Patient two underwent CT and
MR imaging. CT consisted of 5 mm thick consecutive axial images, while MR was acquired with 1.5
cm thick axial SPGR images. Patient three underwent a helical CT scan with 2 mm thick axial images.

Image Processing

All three patients underwent 3D reconstruction of their anatomy. Patient one had the following
structures reconstructed: vocal folds, thyroid cartilage, arytenoid cartilage, epiglottis, and the cuneiform
tubercle. For patient two, the following structures were assembled: epiglottis, tumor, left jugular vein,
left common carotid artery, vertebral column, hyoid bone, and mandible. Lastly, patient three had the
following anatomic entities reconstructed: hyoid bone, thyroid cartilage, vocal folds, epiglottis,
arytenoid cartilages, and intra-arytenoid web.

The 3D reconstruction method employed has been developed at The Surgical Planning Laboratory
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(SPL) of Brigham and Women's Hospital: The CT and MR images were transferred to computer
workstations at the SPL using internal network communication. The images underwent filtering for
reduction of unwanted signal (8). Registration, or merging, of CT and MR images came next for patient
two. The matrix of the CT images was reduced from 512 to 256 in order to match the MR data. The
actual combining then took place based on maximization of mutual information between aligned CT
and MR images (9). The rest of the steps utilized this combined data, allowing information from the
two different radiological modalities to be incorporated into the final picture. Segmentation consisted of
isolating and outlining each desired anatomic component in the two-dimensional radiological data (10).
This involved an automatic and a manual component and was the rate limiting step of the entire
reconstruction process. After an individual anatomic component was segmented, the slices were
stacked together to get a 3D anatomic structure (11-13). In a viewing program, the individual structures
were integrated to create a 3D model of the patient anatomy.

The completed 3D models were imported into an experimental virtual endoscopy program (14) (VESA,
General Electric Corporate Research and Development Center, Schenectady, NY). Inclusion of the
models in the virtual endoscopy program was feasible because both use the visualization tool kit (VTK)
format for displaying 3D images (15). The virtual endoscopy program then created the airway lumen of
each patient, starting at the oropharynx and ending at the trachea. Lastly, a virtual laryngoscopy path
was generated, also by the program, by marking start and end points on the axial CT images.

Results

The virtual laryngoscopies were run on a computer workstation (Ultrasparc with Creator 3D graphics,
Sun Microsystems, Mountain View, CA). The virtual endoscopy program allowed for display of
multiple images: a camera view, a global or external view, and a view of the related CT or MR slice.
The camera and global views could be enlarged or reduced, rotated 360 degrees in any axis, and
translocated in the vertical or horizontal plane. The camera lens could face any direction and have a
view angle from 1-180 degrees. Any anatomic structure could be added or deleted. The individual
anatomic components could be rendered transparent and have their color and light intensity controlled.

The virtual endoscopy of patient one (Figures 1 and Figures 2) starts in the oropharynx. The camera
faces inferiorly as it descends the airway. It moves past the arytenoid cartilage and vocal folds and into
the trachea. Rendering the airway lumen transparent shows and thyroid cartilage. While in the trachea,
turning the camera in the cephalic direction gives an inferior view of the laryngeal structures. The
virtual endoscopy screen gives the camera location in a global context as well as the related cross-
sectional CT slice.

The virtual laryngoscopy of patient two (Figures 3-5) begins in the oropharynx. The camera looks
down toward the epiglottis, beyond which the tumor protrudes into the larynx. The transparent airway
lumen and the global view allow for appreciation of the transmural extent of the tumor. In addition, a
patent left common carotid artery and compressed jugular vein can be seen. The resected gross
pathology specimen confirmed the virtual laryngoscopy findings of extension out of the limits of the
larynx and occlusion of the jugular vein.

The virtual endoscopy of patient three (Figures 6-8) begins in the oropharynx. It looks down toward the
vocal folds. The area of stenosis is visualized in both the camera and global views. During endoscopy
we could not view beyond the glottis; however, the virtual camera moves beyond the vocal folds and
the area of stenosis without difficulty. A rertroverted view from the trachea gives another perspective
on the laryngeal structures. A posterior global view, with the web removed, demonstrates a non-
compromised airway distal to the stenosis.
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Discussion

Physicians use a variety of imaging techniques for diagnosing, staging, preoperative planning, and
monitoring of disease. Endoscopy allows for direct viewing into a cavity. In addition to being an
invasive procedure and requiring sedation, endoscopy cannot be used beyond areas of luminal stenosis
or obstruction and limits visualization to the interior walls of the cavity. CT and MR show tissue
volume beyond the lumen and usually do not require sedation. The problem with these noninvasive
techniques is that they present information in a cross-sectional two-dimensional format, which the
physician must mentally reconstruct into a three dimensional picture. This at times can be difficult in
areas of intricate anatomy, such as that of the head and neck (16). Having three-dimensional imaging
from non-invasive techniques could combine the benefits of endoscopic and radiological imaging.

Previous researchers used CT for three-dimensional reconstruction of the larynx and airway (17-20).
Because CT has poor soft tissue resolution, using it alone would make evaluation of head and neck
tumors difficult. Dunham and Wolf digitized endoscopic images of the pediatric airway and used a
computer for 3D reconstruction of the lumen. Though it allows the airway to be visualized in 3D, this
method cannot be used to display extra-luminal anatomy or the transmural extent of tumors (21).

Virtual endoscopy uses two-dimensional CT and MR data to create a 3D emulation of endoscopy with
some important advantages. By making the lumen transparent during virtual endoscopy, the full extent
of a lesion may be seen, as demonstrated by the case-study of patient two. This may enhance
preoperative planning and staging of head and neck pathology. Endoscopy is limited by the physical
progression of an endoscope; this presents a problem when assessing the difficult airway, such as a
narrowed lumen from any cause. An example occurred during the evaluation of patient three- during
the endoscopic exam, we could not view beyond the stenosis. Virtual endoscopy allowed for
visualization beyond the lesion without difficulty.

A technical challenge to current methods of virtual endoscopy is the limitation of anatomic detail. Our
approach to virtual endoscopy incorporates a method of 3D anatomical reconstruction to better
delineate patient anatomy. This new technique allows for anatomic rendition of even the smallest of
structures, such as the vocal folds and arytenoid cartilages. Combined MR and CT data allows for
visualization of soft tissue, cartilage, and bone. This should be particularly helpful when evaluating
tumors and their extension. As demonstrated by the second case-study, the intricate relationship of the
tumor with its surrounding viscera, such as the occluded jugular vein and patent carotid artery, could be
delineated. The simultaneous display of the global view and related CT or MR slice further improved
the understanding of the location of the virtual camera in relation to its extra-luminal spatial context.

It is important to stress virtual endoscopy, unlike traditional endoscopy, cannot be used for biopsy.
However, combing the two techniques by integrating and displaying virtual endoscopy during
endoscopic procedures may have a synergistic effect. This could allow for biopsy of the margins of
lesions, improving delineation of the extent of pathology (16, 22). The neurosurgical team of our
institution is already using this technology for intra-procedural guidance (23), and in the near future,
we hope to do so as well.

We did encounter some challenges that must be overcome before expanded application of our method
of virtual laryngoscopy. The 3D anatomic rendition is only as good as the two-dimensional CT and MR
images from which it is constructed. The luminal views are inferior in detail to their endoscopic
counterparts. Currently it takes several hours for completion of a single virtual endoscopy, not
including the steep learning curve that exists. If 3D anatomic reconstruction is not incorporated, virtual
endoscopy of the lumen and limited structures takes approximately 1-2 hours, with less of a learning
curve for the individual doing the reconstruction. The current cost for incorporating 3D reconstruction
to virtual endoscopy needs reduction. Finally the key question remains: what role should virtual
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laryngoscopy, with or without 3D reconstruction, play in the clinical setting? This can only be
answered with further study and clinical correlation.

Conclusion

A new approach to virtual endoscopy now exists by adding 3D anatomical reconstruction. It provided
good representation of the laryngeal and neck anatomy of the three patients that severed as the initial
study group. Though it cannot be used for biopsy, virtual laryngoscopy carries potential for improving
preoperative planning, staging, and intra-procedural guidance for head and neck pathology. However,
prior to expanded implementation, improvements need to be made in time and cost factors. In addition,
a study with a larger patient population, needs to be done to compare virtual laryngoscopy with
intraoperative findings.
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Figures and Captions

Figure 1: Patient 1. The left side shows a posterior global view during virtual endoscopy. The left (A)
and right arytenoid cartilages are in white. The lumen has been rendered partially transparent to show
the thyroid cartilage (in violet). The epiglottis is in red, along with the aryepiglottic fold and the
cuneiform tubercle (B). The vocal folds (C) are rendered orange. The green line follows along to
indicate the camera position during virtual endoscopy. The camera faces inferiorly to give us the view
on the right, showing the vocal folds, arytenoid cartilages, the edge of the cuneiform tubercle, and
thyroid cartilage.
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Figure 2:Patient 1. The right side shows a view of the larynx further along during the virtual
endoscopy. The vocal folds are orange, the arytenoid cartilages in white, and the epiglottis, located
along the superior and right perimeter, is in red. The lumen has been rendered partially transparent to
expose the thyroid cartilage, in violet. On the left, instead of the global view, we see the related two-
dimensional CT slice. The cross-hairs indicate the camera location, which faces inferiorly to show the
camera view on the right. The related CT slices scroll along during the virtual endoscopy to
continuously update the camera location.

Figure 3:Patient 2: multiple global views. Figure 3a and 3b are the frontal-lateral views, with the
tumor (T) transparent in 4b. The carotid artery, in red, is patent; the jugular vein, in blue, is
compressed. Figure 3¢ and 3d are the left lateral views, with the tumor transparent in figure 4d.
m=mandible; h=hyoid bone; t=thyroid cartilage; j=jugular vein.
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Figure 4:Patient 2. Different images during the virtual endoscopy (A= Anterior, P= Posterior). The top
left image displays the airway with the walls opaque. The epiglottis is in off-white and the tumor in
green. The top right figure shows the walls transparent. The transmural extent of the tumor and its
relationship to surrounding structures is seen. The bottom right image displays the virtual camera view
further down the airway with the walls made partially transparent. The vocal cords (red) and tumor are
visualized.

Figure 5: Patient 2- gross pathology, posterior view. The larynx and the contents of the dissected right
and left sides of the neck are shown. As confirmed intraoperatively, the virtual laryngoscopy
demonstrated well the findings of the extent of disease, penetration outside of the larynx, and occlusion
of the left jugular vein.
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Figure 6: Patient 3. A posterior global view during the virtual laryngoscopy. The airway lumen is in
peach and the thyroid cartilage is rendered light blue. A= left arytenoid cartilage; S= stenotic intra-
arytenoid web; V= right vocal fold; H= hyoid bone; E= epiglottis.

Figure 7: Patient 3. Another posterior global view during virtual laryngoscopy. The key difference
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between this figure and figure 6 is that the intra-arytenoid web is rendered invisible here. The airway
lumen narrowing in-between the arytenoid cartilages (white) and vocal folds (orange) is evident. Below
the vocal folds, the diameter of the airway lumen expands, giving no further evidence of stenosis.

Figure 8: Patient 3. A lateral global view of the virtual endoscopy. The airway lumen, in orange, runs
superior to inferior. The hyoid bone (H) and thyroid cartilage (T) have been rendered transparent. E=
epiglottis; A= right arytenoid cartilage; S= stenotic intra-arytenoid web; V= vocal fold.
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