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Summary

Objectives: To find out advantages and disadvantages of virtual endoscopy (VE) and 3D volume rendering (3DVR),
helical CT data postprocessing methods, that might be useful in diagnostics and preoperative management of maxillary si-
nus cancer.

Methods: High-resolution helical CT scan (HRCT) of paranasal sinuses (slice thicknes 1.2 and 0.6 mm) was performed
in a 41-year-old female with cancer of the right maxillary sinus. Siemens Somatom Emotion 16 scanner was used for data
collection. Acquired images were stored in DICOM format. Ray casting fly-through algorithm was applied as well as 3D
In-space volume rendering. The processing was done using a professional 3D Syngo CT 2006G software package.

Results: During the post-processing of data we made virtual sinusoscopy, virtual rhinoscopy and 3DVR. Image anal-
ysis was performed by one radiologist, one ENT specialist and one maxillofacial surgeon. Fly-through of virtual endocam-
era within the maxillary sinus and nasal cavity was manually driven. Using a mouse pointing device, we interactively
changed the camera 3D position and focus. We also controlled the field of view of the camera. We found that inside the si-
nus, cancer was located on the floor and posterior wall. The surface involved by cancer was uneven, thickened and elevated
in comparison to areas covered by healthy sinus mucosa. 3DVR showed cancer advance through the eroded posterior max-
illary sinus wall towards the retromaxillary space. Reconstructed virtual images were comparable with those obtained by
classical sinusoscopy. CT showed destruction of the posterior wall of the maxillary sinus and further tumor advance to the
retromaxillary space. Parts of the hard palate were also involved. There were no cancer spread to other parts of the body.

Conclusion: VE accompanied with 3D In space analysis has several advantages in comparison to classical endoscopy.
It is completely non-invasive. It is possible to repeat the same procedure hundreds of times, therefore it may be a valuable
tool for training. Interactive control of all virtual camera parameters, including the field-of-view is possible. Endoscopic
viewing as opposed to real endoscopy is not restricted to the spaces defined by inner surfaces. The viewer may penetrate
the walls and see the extent of lesions within and beyond the wall. Finally, it has a potential to stage tumors by determining
the location and the extent of transmural extension.
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VIRTALNA ENDOSKOPIJA I TRODIMENZIONALNO VOLUMNO RENDERIRAN]JE
U OBRADI BOLESNIKA S KARCINOMOM MAKSILARNOG SINUSA

Sazetak

Ciljevi rada: Demonstracija prednosti i nedostataka virtualne endoskopije (VE) i trodimenzionalnog volumnog ren-
deriranja (3DVR), tehnika postprocesiranja podataka dobivenih spiralnom kompjutoriziranom tomografijom visoke
razlucivosti, koje mogu biti korisne u dijagnostici i preoperativnoj obradi bolesnika s karcinomom maksilarnog sinusa.

Metode rada: Spiralni CT visoke razlu¢ivosti (HRCT) paranazalnih sinusa (debljine slojeva 1,2 i 0,6 mm) napravljen je
u Cetrdesetjednogodisnje bolesnice s karcinomom desnog maksilarnog sinusa. Siemens Somatom Emotion 16 CT uredaj je
primijenjen za prikupljanje podataka. Dobivene serije slika pohranjene su u DICOM formatu na elektroni¢kom ra¢unalu. U
postprocesiranju primijenjen je algoritam “ray-casting” za virtualnu endoskopiju kao i trodimenzionalno “in-space” volu-
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mno renderiranje za 3D prikaz promatranog dijela tijela. Obrada podataka napravljena je s pomocu 3D Syngo CT 2006G
specijaliziranog programskog paketa.

Rezultati: Tijekom postprocesiranja podataka napravili smo virtualnu sinusoskopiju, virtualnu rinoskopiju i 3SDVR.
Analizu dobivenih slikovnih prikaza napravili su po jedan radiolog, otorinolaringolog i maksilofacijalni kirurg. Let (fly-
through) virtualne endokamere unutar maksilarnog sinusa i nosne supljine je ru¢no voden radi bolje preciznosti. Uz pomo¢
rac¢unalnog misa interaktivno je mijenjan polozaj, fokus i pogled kamere u prostoru. Takoder smo na isti nacin kontrolirali
Sirinu vidnog polja kamere. Unutar desnog maksilarnog sinusa karcinom bio je smjesten na dnu sinusa i na straznjoj stijen-
ci. Povrsina zahvacena tumorom bila je neravna, zadebljana ii izdignuta iznad povrsine zdrave sluznice sinusa. 3DVR
prikaz pokazao je napredovanje karcinoma kroz erodiranu straznju stijenku maksilarnog sinusa prema retromaksilarnom
prostoru. Dijelovi tvrdog nepca takoder su zahvaceni tumorom. Nije dokazano Sirenje tumora u ostale dijelove tijela. Rekon-
struirani VE i 3DVR slikovni prikazi sli¢ni su onima koji se dobiju prilikom klasi¢ne endoskopije sinusa.

Zakljucak: VE zajedno sa 3DVR ima nekoliko prednosti u odnosu na klasi¢nu endoskopiju. Potpuno je neinvazivna.
Moguce je ponavljati istu proceduru nebrojeno puta bez rizika ili neugodnosti za bolesnika, zbog toga ova tehnika predsta-
vlja vrijedan alat za edukaciju. Moguca je interaktivna kontrola svih parametara virtualne endokamere uklju¢ujudi i sirinu
vidnog polja. Za razliku od klasi¢ne endoskopije slikovni prikazi nisu ograniceni na prostore definirane stijenkama tjelesnih
Supljina. Klini¢ar moZe endokameru pomicati kroz stijenke sinusa ili drugih Supljina te pratiti Sirenje lezije kroz stijenke u
okolne anatomske strukture. VE i 3DVR pomazu prilikom staginga tumora svojom mogucnos¢u odredivanja lokacije i op-
sega transmuralnog Sirenja tumora..

KLJUCNE RUECL: kompjutorizirana tomografija visoke razlucivosti, virtualna endoskopija, 3D volumno renderiranje,
karcinom maksilarnog sinusa

INTRODUCTION very late in their disease course with 25% of pa-
tients having distant metastases at the time of di-
Cancers of the nasal cavity and paranasal si- agnosis. Complete resection of these tumors is dif-
nuses are rare, comprising less than one percent of ficult due to the propensity for widespread local
all human malignancies and only three percent of invasion. Combined treatment with surgery and
those arising in the head and neCk (1) Males are X_ray therapy Offer the best Chance Of cure for
affected two to three times more often than fe- most patients. It requires careful preoperative
males, and most patients are in their fifth to sev- planning, including CT and MRI imaging. The
enth decade at the time Of diagnosis. Cancers Of Choice Of Surgical approach depends upon tumor
the maxillary sinus are the most common of the extension into adjacent structures.

paranasal sinus cancers (80%). Tumors of the eth-
moid sinuses are less common (19-20%), and tu-
mors of the sphenoid and frontal sinuses are rare
(<1%) (2-6).

The majority of tumors of the paranasal si-
nuses present with advanced disease, and cure
rates are generally poor ( 50%). Squamous cell
carcinoma is the most frequent type of malignant
tumor in the nose and paranasal sinuses (70%-
80%). Papillomas are distinct entities that may un-
dergo malignant degeneration. The cancers grow
within the bony confines of the sinuses and are of-
ten asymptomatic until they erode and invade ad-
jacent structures (7-9). Mucoepidermoid carcino-

The high mortality rate and poor prognosis
associated with paranasal sinus tumors is related
to late diagnosis secondary to the early symptom-
atic latency of these lesions. Most lesions are at an
advanced stage at the time of definitive diagnosis.
Some data indicate that various industrial expo-
sures may be related to cancer of the paranasal si-
nuses and nasal cavity. The risk of a second pri-
mary head and neck tumor is considerably in-
creased.

One reason for these poor outcomes is the
close anatomic proximity of the nasal cavity and
paranasal sinuses to vital structures such as the

ma (MEC) rarely occurs in the sinonasal tract. Both skull base, brgm, orbit, and carotid artery. This
high-grade and low-grade tumors have been re- complex location makes complete surgical resec-
ported. The prognosis is better for low-grade tu- tion of sinonasal tumors a challenging and some-
mors. Overall mortality is low when the tumor is times impossible task.

managed as the more common squamous cell car- The 5-year and 10-year actuarial survival
cinoma of the sinonasal tract. MEC tend to present rates for all maxillary sinus cancer patients were
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34% and 31%, respectively (10). Combined surgi-
cal and radiation treatment to the primary tumor
yielded higher survival and local control than ra-
diotherapy alone. Other significant prognostic
factors for survival were patient age, gender, and
lymph node (N) classification. Prolonged overall
radiation time was associated with poorer surviv-
al and local control. Late severe toxicity from the
treatment of these tumors was a significant prob-
lem in long-term survivors. (10). The primary
cause of death from paranasal sinus malignancies
is failure of local control.

In recent years the widespread use of system-
atic nasal endoscopy and high resolution comput-
ed tomography have contributed to earlier diag-
nosis of paranasal sinus cancer. However, the very
large quantity of data now generated in MSCT ex-
aminations can be unwieldy to manipulate and
view.

Postprocessing of helical CT datasets ac-
quired from patients with benign or malignant le-
sions of paranasal sinuses offers useful additional
help in diagnostics and preoperative manage-
ment.

Virtual Endoscopy (VE) is a technique to ex-
plore hollow organs and anatomical cavities using
3D medical imaging and computer graphics. VE
allows simulated three-dimensional (3-D) visual-
ization of anatomical structures by computerized
reconstruction of radiological images. VE turns
out to be a promising technique to improve, or
even in some procedures substitute, real endos-
copy (11,12).

3D Volume rendering is a flexible and accu-
rate 3D imaging technique that can help clinicians
to more effectively understand the large volumes
of data generated by modern helical CT scanners
(13). Recent advances in computer technologies
have made 3DVR a practical, interactive technique
that allows processing and display to occur in real
time.

VE and 3DVR can clearly display the ana-
tomic structure of the paranasal sinuses, nasopha-
ryngeal cavity and upper respiratory tract, reveal-
ing damage to the sinus wall caused by a tumor.
VE is a method which produces very clear images.
It is reliable to provide detailed information for
optimal operative planning (13,14).

3DVR has made significant contributions in
surgical planning. A majority of surgical proce-
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dures involve a complex 3D relationship between
the affected tissue and adjacent anatomic struc-
tures (13).

Our goal was to find out advantages and dis-
advantages of virtual

endoscopy and 3D volume rendering in stan-
dard clinical practice and to evaluate benefits or
shortcomings of these methods.

METHODS

Three-dimensional information obtained from
high resolution helical computed tomographic
(HRCT) data was used to explore and evaluate the
nasal cavity and paranasal sinuses and surround-
ing structures by virtual endoscopy and 3DVR in
a 41-year-old female with cancer of the right max-
illary sinus. Thin-section helical CT of the nasal
cavity and paranasal sinuses was performed on a
Siemens Somatom Emotion 16 scanner (slice
thicknes 1.2 and 0.6 mm). Acquired images were
stored in the DICOM format. Ray-casting fly-
through algorithm was applied as well as 3D in-
space volume rendering. Processing was done us-
ing the professional 3D Syngo CT 2006G software
package.

Additional views not normally accessible by
conventional endoscopy were generated.

RESULTS

A 41-year-old female was referred to ENT,
oral and maxillofacial surgery due to dental prob-
lems, headache and nonspecific symptoms from
the nose and paranasal sinuses. There was no pro-
fessional exposure to known agents associated
with paranasal sinus cancer. She underwent den-
tal extraction as treatment for her pain before few
months, which resulted in an oroantral fistula and
lead to further management and the definitive di-
agnosis. Due to persistent pain after the dental ex-
traction, the oral surgeon made initial diagnosis of
radix relictae 24 and performed alveotomy. The
ENT and maxillofacial surgeon referred her to
high-resolution helical CT scan of the paranasal
sinuses. HRCT (slice thickness 1.2 and 0.6 mm)
was performed and finally revealed cancer of the
right maxillary sinus that eroded the sinus poste-
rior wall and floor, part of the hard palate and mi-
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Figure 1. 3DVR showed interior surface of both maxillary si-
nuses in the 41-year old female with right maxillary sinus can-
cer. Malignancy of the maxillary sinus posterior wall and floor
was clearly revealed as well as its relationship to surrounding
anatomical structures.

Figure 2. Axial CT image showed tumor extension beyond the
maxillary sinus into the retromaxillary region. Posterior and
medial walls were eroded. Soft tissue edema was found behind
the inferior nasal turbinate posterior end.

nor wing of the sphenoid bone. Cancer was pre-
sented as TANOMO. Fly-through of virtual endo-
camera within the maxillary sinus and nasal cavity
was manually driven. Using a mouse pointing de-
vice, we interactively changed the camera 3D po-
sition and focus. We also controlled the field of
view of the camera. We found that inside the sinus
cancer was located mostly on the floor and poste-
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Figure 3. Workstation review allows the use of clip planes and
sliding slab reformat techniques, enabling the radiologist or head
and neck surgeon to temporarily select a portion of the imaging
data and remove overlying soft tissue, and to move through the
data volume in real time. The frontal clip plane was moved to-
wards the posterior maxillary sinus wall. The eroded maxillary
sinus floor, cancer mass within the sinus and defect of the right
alveolar arch were shown.

Figure 4. Further advance of the frontal clip plane in posterior
direction revealed the eroded minor sfenoid wing at the right side
in close proximity to the enlarged posterior end of the inferior
nasal turbinate at the same side. Sphenoid sinuses presented
normal appearance.

rior wall. The surface involved by cancer was un-
even, thickened and elevated in comparison to
areas covered by healthy sinus mucosa.

Axial HRCT images, as well as sagital recon-
structions and 3DVR showed cancer advance
through the eroded posterior maxillary sinus wall
towards the retromaxillary space.
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Figure 5. 3DVR reconstruction with the sagital clip plane ap-
plied. Right sphenoid and maxillary sinus cavities were present-
ed, as well as cancer mass and eroded bone.

Figure 6. Working environment for virtual endoscopy was di-
vided in four windows. Virtual endocamera location was shown
in three main coordinate planes, whereas virtual endocamera
view was presented in the fourth window. Endocamera was di-
rected towards the angle where posterior, medial and inferior si-
nus wall contact each other. VE revealed the tumor location and
its relationship to surrounding structures.

VE and 3DVR processing were performed by
a multidisciplinary team — one radiologist, one
ENT and maxillofacial surgeon.

After preoperative management, our patient
underwent partial maxillectomy with preserva-
tion of the orbit at Clinic for Maxillofacial Surgery.
Postoperative irradiation therapy was applied.

DISCUSSION

The advancement of high resolution comput-
ed tomography with thin sections and intravenous
contrast has greatly improved the clinician’s abil-
ity to diagnose paranasal sinus lesions, allowing
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Figure 7. Virtual endocamera view was moved upwards and di-
rected towards the posterior sinus wall.

Figure 8. An enlarged and additionaly postprocessed image
showed an endocamera close view to tumor mass in the sinus
cavity and its relationship to surrounding structures.

for earlier detection and more accurate staging.
Extension of the tumor into the intracranial cavity,
orbit, pterygomaxillary fossa, or into the soft tis-
sues of the face is easily demonstrated on HRCT
(13,14). In addition, bony erosion is well illustrat-
ed by HRCT and 3DVR. In spite of these proper-
ties, it is not always possible to distinguish tumor
from mucosal edema secondary to sinus obstruc-
tion by the lesion on CT. In addition, CT cannot
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Figure 9. Virtual endocamera position was changed, and moved
upwards and in posterior direction. The image was additionally
postprocessed.

Figure 10. Virtual endocamera view was directed towards the me-
dial maxillary sinus wall. Tumor mass and mucosa swelling was
presented on the posterior sinus wall, posterior part of the sinus
floor as well as portion of the posteroinferior medial sinus wall.

always clearly determine whether the tumor has
invaded the periorbita, and that is important for
planning needs for orbital exenteration (3-11).
Using virtual endoscopy and 3DVR different
goals can be achieved. These goals range from
teaching, diagnosis, intervention planning: pro-
viding insight into the potentially complicated
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Figure 11. Virtual endocamera was situated near to the maxil-
lary sinus roof and its view directed downwards.

Figure 12. 3DVR reconstruction showed the extent of bone de-
struction in the right maxillary sinus. The frontal clip plane was
applied and some structures were removed.

Figure 13. Special 3DVR reconstruction using the frontal clip
plane showed vascularization of the tumor mass within the max-
illary sinus.
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Figure 14. Posterior virtual rhinoscopy. Virtual endocamera was
situated in the epipharynx and its view directed towards the na-
sal septum and turbinates. The enlarged and uneven posterior
end of right inferior nasal turbinate was found.

Figure 15. Postprocessed 3DVR image of posterior rhinoscopy.
The posterior end of the inferior nasal turbinate was enlarged
and deformed due to cancer invasion.

and non-standard anatomy of the patients intra-
operative navigation, etc (11,12,15,16).

Virtual endoscopy also gives the added ben-
efits of the ability to assess the transmural extent
of disease This technology may well provide clini-
cal benefit in preoperative planning, staging, and
intraprocedural guidance for head and neck dis-
ease and merits further study (12,14,15).
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The role of 3D volume rendering in radiology
continues to grow rapidly. Areas that have re-
ceived a great deal of attention to date include
evaluation of musculoskeletal trauma, vascular
imaging, and numerous applications in oncology.
Since the inception of 3D reconstruction of CT
data, applications in skeletal anatomy have pro-
vided an opportunity for demonstrating the effi-
cacy of the new techniques (13).

Workstation review also allows the use of clip
planes and sliding slab reformat techniques, en-
abling the radiologist to temporarily select a por-
tion of the imaging data and remove overlying soft
tissue, and to move through the data volume in
real time (13,16). Multidisciplinary approach in the
management of maxillary sinus cancer patients is
required in order to achieve the best results (17).

CONCLUSION

Selectively applying 3DVR and VE may be
very helpful in localizing and identifying cancer
of paranasal sinuses, and allowing the head and
neck surgeon a visuospatial appreciation of the
surgical approach. The acquisition of high-quality
diagnostic datasets remains the first goal in the
HRCT, 3DVR and VE management of maxillary
sinus cancer. A failure at this stage affects all sub-
sequent image manipulation and interpretation.
This requires attention to detail and continuous
review of image quality.

VE and 3DVR have several advantages in
comparison to classical endoscopy. VE and 3DVR
are completely non-invasive. It is possible to re-
peat the same procedure hundreds of times, and
therefore it may be a valuable tool for training. In-
teractive control of all virtual camera parameters,
including the field-of-view is possible. Endoscopic
viewing as opposed to real endoscopy is not re-
stricted to the spaces defined by inner surfaces.
The viewer may penetrate the walls and see the
extent of lesions within and beyond the wall. Fi-
nally, it has a potential to stage tumors by deter-
mining the location and the extent of transmural
extension.
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