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Evaluation of domestic and Yucatan swine nasal sinus anatomy as models
for future sinonasal research of medications delivered by standard

instruments used in functional endoscopic sinus surgery

Jay Ching Chieh Wang, BHSc (Honours), lain Hathorn, MBChB, FRCS (ORL-HNS), Al-Rahim Habib, BSc,
Estelle Chang, MDCM and Amin R. Javer, MD, FRCSC

Background: There is a need to find an animal model to
study new medications to improve mucosal wound heal-
ing after functional endoscopic sinus surgery (FESS). Cur-
rent literature suggests swine as a potential candidate. The
lack of information correlating swine computer tomogra-
phy (CT) and endoscopic sinonasal anatomy prompted us
to investigate them in the domestic and Yucatan swine
to determine their feasibility as models to test new med-
ications and drug-embedded stents applied using FESS
techniques.

Methods: Two domestic pig heads and 2 Yucatan pig heads
were imaged using helical thin slice (1 mm) CT. Two rhinol-
ogists analyzed the images and performed endoscopy on
the swine. Particular attention was given to accessing the
frontal sinus and suturing stents to the nasal septum using
standard endoscopic instruments.

Results: CT confirmed that swine sinonasal anatomy is
largely similar to human, with all major sinuses present. The
middle and inferior turbinates of swine arise from a single
uniturbinate. The superior turbinates contain large concha
bullosa. Unlike human, swine nasal septum is bone anteri-
orly and cartilage posteriorly. The frontal sinus ostia, re-

gardless of head size, were consistently around 10 cm from
the nasal aperture. On endoscopy, domestic swine frontal
sinus ostia were easily accessible for topical medication
deposition. Silastic splints can be sutured to the domestic
swine septum through the posterior cartilaginous portion,
allowing for studies involving medication-eluting material.
The narrower nasal cavity of Yucatan pigs prohibited endo-
scopic maneuvers.

Conclusion: Domestic swine, but not Yucatan, are a feasible
model for future sinonasal research using standard FESS in-
struments. © 2013 ARS-AAQOA, LLC.
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n animal model is “a living organism with an in-
herited, naturally acquired, or induced pathological
process that in one way or another resembles the same phe-
nomenon in man.”! In the area of pharmaceutical and tox-
icology research, animal models can be used to determine
effect, efficacy, effective dose, toxicity profile, and patho-
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physiological interactions of novel medications.! In par-
ticular, animal models provide a platform through which
safety profiles of the new medications can be obtained be-
fore testing them in humans.

Research on medications used to improve mucosal
wound healing following functional endoscopic sinus
surgery (FESS) may also require the use of animal models.
Our group is interested in studying the effect of fucoidan
on post-FESS synechia, which has been shown in an ani-
mal model to reduce the formation of postsurgical adhesion
in the abdomen.? This would be particularly useful in the
frontal sinus because frontal ostia have a tendency to scar
and stenose postsurgery. However, before testing fucoidan
in human sinuses, we must first establish the safety profile,
absorption, and effect on sinonasal mucosa in an animal
model.
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We plan to study the effect of fucoidan delivered by 2
methods via standard FESS instruments: drug-incorporated
gel, which would be deposited in the frontal sinus of the
animal; and drug-embedded silastic stent, which would be
sutured onto the nasal septum of the animal models. Thus,
it is crucial to choose an animal model that allowed inves-
tigators to access the frontal sinus and suture stents onto
the nasal septum using the standard FESS instruments.

Many different animal models have been used in FESS-
related research, including rabbits,> sheep,!®'® and
swine.!”>18 Among these 3 animals, the swine appeared to
be the most promising for the following reasons. First, even
though rabbits are readily available and easy to breed, their
sinuses were too small to accommodate the smallest endo-
scope we have access to, the 0-degree pediatric endoscope
(result from our primiliary trial), for endoscopic maneu-
vers. On the other hand, sheep and pigs do not have the
same problem. However, pigs exhibit a number of advan-
tages over sheep. Sheep nasal cavities have been shown
to be too deep for the reach of the standard FESS instru-
ments used in human surgeries.!” Also, the paranasal sinus
anatomy of the sheep differs greatly from human paranasal
sinuses.?’ While these reasons make sheep a less suitable
candidate for our purpose, the work that has been done on
swine thus far make pigs a much more attractive choice.
Recently, the Witmer Lab of Ohio University constructed
a virtual pig head from computed tomography (CT) imag-
ing to establish the detailed sinus anatomy of the swine.
Furthermore, previous studies have shown similarities in
physiological processes between swine and human, includ-
ing the molecular responses of mucosal wound healing?!
and drug absorption of the nasal mucus membrane.?? As
such, pigs offer greater potential over sheep and rabbit for
use as an animal model in FESS-delivered medication stud-
ies.

In this study, we aimed to determine and correlate the
CT and endoscopic anatomy of the domestic and Yucatan
swine—a comparison which has not been reported before—
in order to determine the suitability of using the swine as an
animal model to study sinonasal medications in the future.
In particular, we are interested in determining the accessi-
bility of the frontal sinus and swine nasal septum for topi-
cal drug deposition and suturing of drug-embedded silastic
stents, respectively, using standard FESS instruments. These
are of specific interest to us due to the higher rate of frontal
sinus stenosis post-sinus surgery and because the septum
offers a large area of nasal mucosa to assess drug absorption
and effect.

Subjects and methods

Criteria for anatomic feasibility
We wished to study the effect of medications both in the
form of gel and drug-eluting stents applied to the nose and
sinuses. A feasible animal model must therefore satisfy the
following 2 criteria:

1. Easy access to the sinuses under endoscopic guid-
ance using standard FESS instruments for deposi-
tion of drug-containing gel, and;

2. Ability to suture medically-coated silastic stents on
the swine nasal septum.

Swine

Our group chose to study the standard domestic swine as
a potential candidate for use as an animal model because
they are readily available and affordable.?® In addition, we
also studied the Yucatan miniature swine, as they retain
their miniature status over time and may be more suitable
for studies involving longer time frames.>*

Two domestic swine heads and 2 Yucatan miniature
swine heads were obtained from Jack Bell Research Cen-
ter and International Collaboration on Repair Discoveries
(ICORD) Blusson Spinal Cord Center in Vancouver, British
Columbia, Canada. The domestic swine were female, and
6 months old. The Yucatan miniature swine were both fe-
males, and aged 12 months.

Anatomic evaluation through CT and endoscopy

CT imaging ordered in axial, coronal, and sagittal planes
is a routine requisition for patients undergoing endoscopic
sinus surgery at St. Paul’s Sinus Center (SPSC). The swine
heads were imaged under the SPSC protocol, using a GE
Low-Dose Lightspeed volume CT (VCT, General Electric,
Fairfield, Connecticut) 64-slice system. Scans were analyzed
by 2 rhinologists (AJR & IH) for interexaminer comparison
to identify any similarities and/or differences between swine
and human anatomy. The authors used a methodical ap-
proach to assess the domestic and Yucatan swine scans by
first evaluating each sinus in succession. Scans in the axial
plane were examined by scrolling from superior to inferior
to evaluate their anatomical relation to the nasal aperture.
Images in the coronal and sagittal planes were evaluated
from anterior to posterior and lateral to medial respec-
tively, to determine the orientation of sinus outflow tracts.
The inferior, middle, and superior turbinates were identi-
fied and followed to their respective points of attachment,
making note of pneumatization and overall size. The sep-
tum was examined utilizing images in the axial and coronal
planes to determine its composition. Measurements were
taken in centimeters from the structures of interest, includ-
ing the frontal sinus and the concha bullosa of the superior
turbinate, to nasal aperture, using an electronic ruler.?’ As
a point to be emphasized, the analyzers also paid close at-
tention to the distance of the frontal sinus from the nasal
aperture, as it will be an important site of drug deposition
when using the swine as an animal model.

Rigid sinonasal endoscopy was performed utilizing endo-
scopes of various sizes (3.0-mm 0-degree Karl Storz 7220
AA, 2.8-mm 0-degree Karl Storz, Endoscopy, Tuttlingen,
Germany, 7219 BA, and 2.8-mm 30-degree Karl Storz
7219 BA) on the swine heads. A standardized approach,
as practiced by the senior author, was utilized to directly
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(b)

FIGURE 1. (A) Coronal CT section of the domestic swine head at 13.6
cm from the nasal aperture, showing maxillary (yellow arrow), frontal (red
arrow), and ethmoid (green arrow) sinuses. (B) Coronal CT section of the
Yucatan swine head at 10.6 cm from the nasal aperture, showing maxillary
(yellow arrow), frontal (red arrow) and ethmoid (green arrow) sinuses.

visualize the endoscopic anatomy of the swine. This was
then correlated to the detailed anatomy as shown on the
CT scan. In addition, access to the swine frontal sinus and
suturing of silastic stents was performed using regular en-
doscopic surgical instruments, including 0-degree and 45-
degree through-cutting punches.

Results

CT

The CT scans revealed that all of the domestic and Yu-
catan swine had maxillary, frontal, ethmoid, and sphenoid
sinuses present on both sides (Fig. 1A, B). The frontal si-
nuses in all swine were found to be in a more horizontal
plane with the nasal aperture than is the case in humans.
This was noted to provide easier endoscopic access than
the frontal sinus in humans, which is much more superior
in relation to the nose. Both domestic and Yucatan swine
nasal septum exhibit anterior septal bone and posterior sep-
tal cartilage, which are opposite to the situation in humans.

(b)

FIGURE 2. (A) Coronal CT section of the domestic swine head at 10.0
cm from the nasal aperture, showing the middle (red arrow) and inferior
turbinate (green arrow) arising from a single uniturbinate (yellow arrow).
(B) Coronal CT section of the Yucatan swine head at 6.6 cm from the nasal
aperture, showing the middle (red arrow) and inferior turbinate (green arrow)
arising from a single uniturbinate (yellow arrow).

Also, in contrast to humans, the swine middle and inferior
turbinates arise from a single uniturbinate (Fig. 2A, B). In
addition, the superior turbinate in the swine exhibits large
concha bullosa (Fig. 3A, B). The opening of the frontal sinus
appeared to be just adjacent to the superior turbinate and
as can be seen on the sagittal CT the frontal sinus is located
just above the superior turbinate (Fig. 3C). The frontal si-
nuses of all 4 swine heads, despite variation in head size
and breed, were noted to all be located around 10 cm from
the nasal aperture.

The dimensions of the frontal sinuses and cartilaginous
septum were noted, and the average values are reported in
Table 1.

Endoscopy

The frontal sinuses of both domestic swine heads were
visualized using a 0-degree pediatric endoscope (3.0-mm
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(c)

FIGURE 3. (A) This coronal CT section is captured at 10.6 cm from the nasal aperture of the domestic swine. Notice the large concha bullosa (yellow arrow) in
the superior turbinate of the domestic swine, which needs to be dissected in order to access the frontal sinus. (B) This coronal CT section is captured at 8.8 cm
from the nasal aperture of the domestic swine. Notice the large concha bullosa (yellow arrow) in the superior turbinate of the domestic swine, which needs to
be dissected in order to access the frontal sinus. (C) This sagittal CT section of the Yucatan swine head shows the frontal sinus (green arrow) and the concha
bullosa (yellow arrow) of the superior turbinate (blue arrow). This section shows that wide access of the frontal sinus could be obtained by opening the concha

bullosa.

0-degree Karl Storz 7220 AA, 2.8-mm 0-degree Karl Storz
7219 BA) and standard straight and 45-degree sinus instru-
ments. As was demonstrated on the CT scans, the anatomy
of the frontal sinus and its relationship to the nasal aperture
made nasal endoscopy much easier than is usually the case
in humans. The concha bullosa of the superior turbinate
can be visualized using the endoscope (Fig. 4), and its dis-
tance from the nasal aperture of 10.6 cm, which was found

on the CT scan, was confirmed by measuring the length
of endoscope needed to reach it. The frontal sinus ostium
was identified in both domestic swine just adjacent to the
superior turbinate concha bullosa (Fig. 4), and is rather
small in size. Opening the concha bullosa of the superior
turbinate allowed wider access to the frontal sinus (Fig. 5).
The frontal sinus can then be accessed through the opened
concha bullosa (Fig. 6). A Silastic stent was successfully
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TABLE 1. Summary of the parameters of the frontal sinuses
and cartilaginous septum obtained from the domestic and
Yucatan swine

Frontal sinus Cartilaginous septum
Swine Height (mm) Width (mm) Height (mm) Length (mm)
Domestic
Left 18.75 12.8
23.45 87.6
Right 17.95 11.25
Yucatan
Left 21 16.4
22.3 77.6
Right 17.4 124

FIGURE 5. Opening the concha bullosa to access the frontal sinus using
standard endoscopic surgical instruments. This photo was taken in the right
nasal cavity of the domestic swine at 10 cm from the nasal aperture.

FIGURE 4. Endoscopic view of the undissected concha bullosa (yellow ar-
row) in the right nasal cavity at 10 cm from the nasal aperture. The concha
bullosa is an important structure because opening the concha bullosa allows
for wide access to the frontal sinus. The nasal septum is indicated with an
orange arrow, while the ostium of the frontal sinus is indicated by the green
arrow.

FIGURE 6. Endoscopic view of the opened concha bullosa (yellow arrow)
in the right nasal cavity at 10 cm from the nasal aperture. The frontal sinus

sutured onto the nasal septum of domestic swine on the can be accessed through the opened concha bullosa.

posterior cartilaginous portion, using a 2.0 polydioxanone
(PDS) suture on a cutting needle (Fig. 7). When attempting
endoscopy on the Yucatan miniature swine, the size of their
nasal cavity proved too narrow to allow for endoscopic
maneuvers. The 0-degree pediatric endoscopes (3.0-mm 0-
degree Karl Storz 7220 AA, 2.8mm 0-degree Karl Storz
7219 BA) became trapped in the nasal cavity approximately
5 cm from the nasal aperture, which was well short of the
frontal sinus. Similarly, no space was available to allow
instruments to pass for suturing silastic stents (Fig. 8).

Discussion

Swine sinonasal anatomy and access to frontal
sinus and nasal septum
The CT scans revealed that the sinonasal anatomy of the
swine exhibits various similarities and differences when
compared to human sinus anatomy. Similar to humans,

FIGURE 7. A silastic stent securely sutured onto the cartilaginous part of
the swine nasal septum.
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FIGURE 8. Endoscopic view of inferior and middle turbinate in the left
nasal cavity of the Yucatan pig, 4 cm from the nasal aperture. The narrow
airway, which prevented further advancement of the endoscope, could not
accommodate the simultaneous insertion of an endoscope and a standard
FESS instrument.

swine possess maxillary, frontal, ethmoid, and sphenoid
sinuses. However, unlike humans, the middle and inferior
turbinates of the swine arise from a single uniturbinate,
while the superior turbinate demonstrated large concha bul-
losa. Itis important to understand these anatomical features
of the swine nasal cavity in order to access the frontal sinus
of the swine for drug deposition. In fact, due to the align-
ment of the frontal sinus in relation to the nasal aperture,
the frontal sinus is relatively easy to access compared to that
of human frontal sinuses. Furthermore, the swine septum is
composed of bone anteriorly and cartilage posteriorly. This
is opposite to the situation in humans, in which the ante-
rior septum is cartilaginous and the posterior part is bone
(posterior plate of ethmoid and vomer). This finding is sig-
nificant since the effect of drugs embedded in silastic stents
on the wound healing of sinonasal mucus membrane can be
studied by suturing the stent on to the nasal septum and fol-
lowed over time. The cartilaginous septum of the domestic
and Yucatan swine examined offered a 23.45-mm x 87.6-
mm and 22.3-mm x 77.6-mm surface area, respectively.
This provides a large area of nasal mucosa to place stents
to study medication safety, absorption, and effect. When
planning studies that involves suturing medicated stents on
to the swine cartilaginous septum, investigators must be
aware of the size and posterior situation of the cartilagi-
nous septum in order to suture stents of correct size onto
the septum.

Interestingly, despite the difference in head size, the
frontal sinus ostia in all 4 swine head were around 10 cm
from the nasal aperture. In the domestic swine this meant
that the frontal sinus ostia are easily accessible using stan-
dard 0-degree endoscopes and sinus instruments. This is
an obvious advantage over previous sheep models where
standard instrumentation could not reach the sinuses. The
swine model allows access to the frontal sinus for placement
of topical medication. Furthermore, silastic splints can be

securely sutured to the nasal septum through the posterior
cartilaginous part. This would allow us to study the safety
and efficacy of medications, such as fucoidan, incorporated
within the silastic splints on the nasal mucosal membrane.
The domestic swine, therefore, meets the anatomic feasibil-
ity criteria we set out at the start of the study, making it a
suitable animal model to study the effects of topical med-
ications on sinonasal mucosal wound healing. However,
the nasal cavities of the Yucatan miniature swine were too
small to allow for endoscopy, access to the frontal sinus
or suturing of silastic splints to the septum. The Yucatan
miniature swine thus does not meet the anatomic feasibility
criteria, making them unsuitable for our purposes of apply-
ing medications to the frontal sinus in the future. However,
the Yucatan miniature pigs may still be a feasible animal
model for other studies in which the size of the nasal cavity
does not become an issue. For example, research in cra-
nial facial surgeries implement the Yucatan miniature pig
sinuses as models and gain access through direct opening
of the sinuses.?®>2” Thus, investigators must consider the
feasibility of using other methods to access the sinuses of
the domestic and Yucatan swine if not using an endoscopic
approach.

Interpretation in relationship to current literature

To our knowledge, this is the first project to investigate and
correlate the CT and endoscopic anatomy of the domestic
and Yucatan swine in order to determine their feasibil-
ity as animal models for studies of medications delivered
via FESS. As such, the study provides timely, original, and
worthwhile addition to the current literature on the use of
swine paranasal sinuses as animal models.

Limitations of the study and future direction

A limitation of this study is that a small number of domestic
and Yucatan pigs were used for endoscopy. A larger sam-
ple size would be required for more extensive comparisons
between swine class. Also, the information provided in this
work, such as the sizes of the frontal sinuses and carti-
laginous nasal septum, can serve as initial information that
future studies can build upon. With an increase in a num-
ber of animals studied, it is possible to eventually attain an
average size of frontal sinuses and cartilaginous nasal sep-
tum by polling the results of the present and future studies
together.

In our study, the domestic swine used were 6 months
old. It would be interesting to find out the minimal age at
which the nasal cavities of the domestic swine grow to a size
large enough to accommodate endoscopic maneuvers. This
information, combined with the maximal size of domestic
swine that an institution can accommodate in its animal
care facility, will provide investigators further information
about how long they can study the animals, and is crucial
in the planning of experiments.
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Conclusion

Both domestic and Yucatan miniature swine nasal sinus
anatomy is similar to that of human anatomy. The domes-
tic swine can be used as an animal model to study the effect
of topical medications on sinonasal mucosal wound healing
delivered using standard FESS instruments for a number of
reasons. First, the sinus anatomy is similar to that of hu-
mans. Second, their frontal sinuses can be readily accessed
with greater ease than those of humans due to their position
in the horizontal plane in relation to the snout, using stan-
dard endoscopic sinus instruments for depositions of medi-
cations. Finally, the posterior cartilaginous septum provides

an area of nasal mucosa onto which drug-embedded stents
can be sutured easily. On the other hand, the Yucatan pigs
were not suitable animal models for future investigations
of medications delivered using standard FESS instruments
due to their narrow nasal cavities. €
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