creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ST =T

Anatomic Evaluation of Normal
Laryngeal Region Using
Magnetic Resonance Imaging
under Intravenous Anesthesia in Dogs

HolA AHutH s A7|FHFEE T

A £F 399 dray 3ot

2023d 02¢



Anatomic Evaluation of Normal
Laryngeal Region Using
Magnetic Resonance Imaging
under Intravenous Anesthesia in Dogs

Aras FH A 3
o] £EL FAFYA FPEROT ST

20223 10€

9 = g
92Y SYGHA GRS AZT

2023d 01€¥

99 % ()
2o (21)

A4 € (]




Abstract

Anatomic Evaluation of Normal
Laryngeal Region Using
Magnetic Resonance Imaging
under Intravenous Anesthesia in Dogs

Loktam Baek

Major in Veterinary Clinical Sciences
Department of Veterinary Medicine
The Graduate School

Seoul National University

In veterinary medicine, magnetic resonance (MR) imaging to the laryngeal region
requires anesthesia because of its long image acquisition time. Tracheal intubation
for respiratory anesthesia can displace the laryngeal structures and obscure or
distort the pathologic lesion of this area. The purpose of this study was to assess the
clinical applicability of MR imaging to the laryngeal region in dogs under
intravenous anesthesia without tracheal intubation. In this prospective, method

comparison study, MR and CT images of the laryngeal regions were acquired using



1.5-Tesla MR scanner and 64-slice CT scanners in five clinically healthy, purpose-
bred male beagle dogs under general anesthesia without intubation respectively.
Then, MR images were compared with the pre- and post-contrast CT images and
assessed the conspicuity of the laryngeal structures and discrimination of some
structures, and comparative evaluation of the clinical feasibility of both imaging
techniques was conducted.

MR scan of the laryngeal region was successfully completed in all dogs under
intravenous anesthesia without tracheal intubation. On the MRI rather than CT, the
conspicuity of the vocal ligament and laryngeal muscle, differentiating the internal
components of the thyroid cartilage, cricoid cartilage, epiglottis, and distinguishing
vessel wall from the lumen were considered more appropriate to evaluate. On the
other hand, CT was more useful than MRI for identifying the cricoid cartilage,
thyroid cartilage, and hyoid bone. On the MR images, Artifacts thought to be
caused by movement during respiration were confirmed to a minor extent that
obscured the boundary between the arytenoid cartilage and the air-filled cavity, and
did not interfere with the image evaluation. MRI is feasible modalities for the
evaluation of the laryngeal region. The three observers had excellent agreement
across all evaluation categories statistically.

Furthermore, according to the detailed structures, each modality had a different
range of applicability. Depending on where the lesion is suspected to be, the study's

findings may be used as a guideline for selecting an imaging modality.
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Introduction

The larynx is a musculocartilaginous part of the upper respiratory system located
just before the tracheal entrance and plays a major role in breathing by controlling
the airflow and providing the air passage, swallowing, and vocalization (Evans et
al., 2012). Several diseases can affect the larynx in dogs including laryngeal
paralysis, laryngeal collapse, and laryngeal mass (MacPhail, 2020). In particular,
laryngeal tumors or pathologic legions from the surrounding structures which can
distort, displace, or obstruct the larynx can cause coughing or gagging when eating
or drinking, noisy panting, increased panting, respiratory distress, and difficulty in
swallowing. Although laryngeal tumors is not commonly identified in dogs, various
primary laryngeal tumors such as adenoma, adenocarcinoma, papilloma, squamous
cell carcinoma, chondroma, chondrosarcoma, fibroma, fibrosarcoma,
rhabdomyoma, and rhabdomyosarcoma has been reported in dogs (Carlisle et al.,
1991).

The diagnosis of the laryngeal disease is made mainly through
laryngoscope and biopsy (Teixeira et al., 2014). In addition, diagnostic imaging
such as computed tomography (CT) and magnetic resonance (MR) imaging plays
an important role to delineate the laryngeal lesions in human because the larynx is
an anatomically complex structure including epiglottis, vestibule, thyroid cartilage,
and others which are made of the cartilage, ligaments, and muscles. CT and MRI
can evaluate the structures and spaces in deep location, and the extent of the lesion

without superimposition, and plays an essential and complementary role in staging



of the laryngeal tumor and making a plan and post-operative evaluation (Wu et al.,
2016). In addition, it can be used to diagnose non-neoplastic diseases such as
laryngoceles, trauma, paralysis, and inflammation of the larynx (Becker et al.,
2008).

Similarly, in veterinary medicine, when the laryngeal diseases are
suspected, radiography is used for screening the cervical region because it is fast
and easily accessible. However, radiographic evaluation of the laryngeal lesion is
limited due to the nature complexity of the laryngeal region showing similar
radiographic density within small area (Carlisle et al., 1991). CT has been applied
to assess the laryngeal region in normal dog and dogs with upper airway
obstruction or laryngeal tumor cases (Dunbar et al., 2012; Stadler et al., 2011). CT
scans require a short time and CT images can be obtained in respiratory
compromised dogs only under sedation or even awake condition.

Meanwhile, MR features of the laryngeal structure was described in one
study by cross-sectional comparison with the actual cadaver in the normal dogs
(Vazquez et al., 1998). Unlike human, clinical application of MR imaging to the
laryngeal lesion is limited in dogs, although superior soft tissue resolution can be
expected in MR images compared to CT images. This result would be related with
the need of anesthesia and long images acquisition time. Moreover, the tracheal
tube can displace the normal laryngeal structures and make the images evaluation
difficult, although it secures the airway.

Recently, as technology advances in MR imaging, it does not require very
deep anesthesia and faster scanning acquisition can be performed (Elders et al.,

2019). Therefore, in this study, MR imaging of the laryngeal region were
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conducted in healthy dogs after intravenous anesthesia without tracheal intubation
and compared with CT images as reference. The purpose of this study was to assess
the feasibility of MR imaging for laryngeal evaluation in dogs under intravenous
anesthesia, (2) to describe the MR features of the laryngeal structures compared in
CT, and (3) to present the MRI indication for delineating the laryngeal structures in
dogs. It was hypothesized that MR imaging of the laryngeal region would be
possible with only intravenous anesthesia without tracheal intubation and MR

images would be superior to delineate the soft tissue structures than CT.



Materials and Methods

1. Selection and description of subjects

This prospective, method comparison study was performed in 5 purpose-bred male
beagle dogs. The mean age of the dogs was 4.4 years (range, 4 — 6 years), and the
mean body weight was 14.4 kg (range, 12.8 — 15.5 kg). The dogs were individually
housed and fed commercial dry food and tap water ad libitum. None of the dogs
had histories or clinical signs indicative of respiratory diseases. All dogs were
clinically healthy based on physical examination, auscultation, complete blood
count, serum biochemistry, and cervical and thoracic radiography. Radiographs
were acquired with a digital radiographic system (EVA-HF525, Gemss-Medical,
South Korea) using maximum tube voltage 125 kV and maximum tube current 500
mA with a cesium-iodine based flat panel detector (FDX4343R, Gemss-Medical)
integrated into the table. The right lateral and ventrodorsal views of cervical and
thoracic radiographs were taken and then all radiographs were assessed on picture
archiving and communications systems (Infinitt PACS, Infinitt Healthcare, Seoul,
Korea) by two veterinarians (S.A., S.L.) with one-years of radiology experience.
All procedures were conducted under the approval of Seoul National University

institution's animal care and use committee (SNU-220810-2).



2. Anesthesia and schedule

After fasting at least for 12 hours, a 24-gauge catheter was placed into the cephalic
vein for the anesthesia. Acepromazine (0.01 mg/kg, Sedaject® , SamuMedian Co.,
South Korea) and medetomidine (0.01 mg/kg, Domitor® , Zoetis, Finland) were
administered intravenously for each CT and MR examination. The anesthesia was
maintained without intubation in all dogs. During MR scan, the dog’s condition
was monitored through real-time camera images, and additional anesthesia
(medetomidine, 0.01 mg/kg) was injected when the dog showed slight movement.
Additional anesthetic was given approximately 30-minute intervals. In each dog,
CT and MRI scans were performed within one day. CT scans were performed first,
then it took about 15 minutes to move and prepare the dog for the subsequent MRI
scan.

After CT and MRI, the general condition and side effects related to
anesthesia or contrast medium, such as respiratory signs, vomiting, depression, and

anorexia, were monitored in each dog for 3 days.



3. CT examination

Immediately after anesthesia, each dog was positioned in sternal recumbency, with
the head in the isocenter of the gantry. CT images of the laryngeal region were
obtained using the 64-slice CT scanner (Aquillion 64™, Toshiba Medical Systems,
Tochigi, Japan). The scan range covered from the root of tongue to the level of 3rd
tracheal ring. CT images were obtained in each dog 120 kVp, 200 mAs, 512 x 512
matrix, slice thickness 1.0 mm, and pitch factor 0.828. After pre-contrast CT
scanning, the post-contrast CT scan was performed after manual injection of 2
ml/kg iohexol (OMNIPAQUE™, GE Healthcare Co., Ltd, China). During CT
scanning, the dog was allowed to breathe freely without inducing apnea.

All acquired CT images were reconstructed with 1 mm slice thickness, 1 mm
intervals into the transverse, sagittal, and dorsal planes. Reconstructed images were
evaluated using soft tissue window with window level of 30 Hounsfield Unit (HU)
and window width of 320 HU, and using bone window with window level of 450

HU and window width of 1500 HU.



4. MR imaging

MR imaging was performed after placing the dog in sternal recumbency, using a
1.5T-MRI scanner (GE Signa 1.5T, GE healthcare, Illinois, US) with an 8-channel
knee coil. The range of scan was same as that of CT scanning. In each dog, T2-
weighted (T2W, TR = 5000 ms, TE = 80 ms, slice thickness = 3 mm), T1-weignted
(T1W, TR = 450 ms, TE = 9 ms, slice thickness = 3 mm) and T1W-contrast
enhanced images (T1W-CE) after intravenous injection of 0.2 ml/kg gadolinium-
based contrast agent (Dotarem, Guerbet, Villepinte, France) were acquired in the

transverse, sagittal and dorsal planes.



5. Image analysis

All obtained MR and CT images were evaluated on PACS System (INFINITT
PACS, Infinitt Healthcare, Seoul, South Korea) and compared each other at the
same cross-sectional levels (Fig 1). Nine transverse images obtained at 3 mm
intervals from the middle level of the epiglottis and additional one image obtained
at the first tracheal cartilage level were used for analysis. Image evaluation was
performed independently by three observers; one veterinarian (L.B.) with two years
radiology experiences, and two veterinarians (S.A., S.L.) each with one-year
radiology experience blinded to the other’s results.

MR images of the laryngeal regions were assessed about the conspicuity
of the larynx and surrounding structures, inner discrimination of the internal
components of some structures, and compared with the CT images of each
structure. The conspicuity of the laryngeal and surrounding structures was
evaluated from the arytenoid cartilage, cricoid cartilage, thyroid cartilage,
vestibular fold, vocal ligament, laryngeal muscle, hyoid apparatus, mandibular and
retropharyngeal lymph nodes, mandibular salivary glands, thyroid glands, and large
vessels such as carotid artery and vein. The conspicuity of the larynx and
surrounding structures were assessed based on the degree of the recognition of the
structure from others and scored on a 3-point scale: 1 = insufficient, when the
structure's identification is limited, 2 = adequate, when the structure can be easily
recognized, and 3 = optimal, when the structure can be easily recognized with clear
margin. In addition, discrimination of the internal components were evaluated from

the epiglottis, cricoid cartilage thyroid cartilage and vessels based on the
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distinctions between the internal components of the structure that are visually
distinct, and scored on a 3-point scale: 1 = insufficient, 2 = adequate, when there is
a lesion in the corresponding structure, and 3 = optimal, when the texture

difference from the nearby structure can be clearly noticed.
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FIGURE 1. Midsagittal pre-contrast CT (A), T2W MRI (C), and dorsal pre-contrast CT (B), T2W MRI (D) of laryngeal region. The 10 lines in each
image, from cranial to caudal direction, denote the schematic locations of the transverse sections that correspond to figure 3 through figure 12. The

right side of the image in dorsal plane is the left side of the animal.
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6. Statistical analysis

Statistical analysis was performed by one observer (L.B.), under the supervision of
one statistician (J.R.P.), using IBM SPSS 26.0 software (IBM Corporation, NY).
The interclass correlation coefficient test was used to analyze the agreement
between three observers for each evaluation criteria. Interobserver agreements were
analyzed using the intraclass correlation coefficient (ICC) test: ICC < 0.4, poor
agreement; ICC 0.41-0.6, moderate agreement; ICC 0.61-0.8, good agreement;
ICC > 0.8, excellent agreement (Perinetti, 2018). The differences in the degree of
conspicuity of the structure and the degree of discrimination of the internal
components of some structures between CT and MRI, and between MRI sequences
were analyzed using Wilcoxon signed ranks test. All data were presented as mean +

standard deviation. P values of less than 0.05 were considered significant.
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Results

1. CT and MR images acquisition of the laryngeal region

CT and MR images of the laryngeal region was obtained successfully in all dogs
using intravenous anesthesia without tracheal intubation. The pre- and post-contrast
CT images were obtained within 10 minutes in a neutral, sternal recumbent
position, without additional anesthesia in all dogs. Meanwhile, the average scan
time of total MR sequences was about 60 min in each dog. Additional anesthesia
during total procedure using medetomidine (0.01 mg/kg) was performed two or

three times in each dog.
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2. CT images of the laryngeal region

The qualitative assessments of the laryngeal regions on the pre- and post-contrast
CT images are presented in Table 1 and Table 2. Table 1 compares the conspicuity
of the laryngeal structures, and Table 2 compares the degree of differentiation
between the internal components of some structures. Most laryngeal structures
were visualized similarly on pre- and post-contrast CT images without significant
difference in conspicuity or internal components discrimination of the laryngeal
structures, only except for the vessels, enhanced brightly after contrast injection
(Fig 8). The large blood vessels could be defined the vascular margin and localized
on both pre- and post-contrast CT images. However, smaller vessels were
distinguishable from the adjacent structures which showed similar density only
after contrast injection. Both pre- and post-contrast images, the vessel wall and
lumen were not distinguished. The soft palate and laryngeal muscles showed
homogeneous soft tissue density similarly regardless of the contrast injection. The
post-contrast CT images were not helpful for improving the conspicuity of the
muscles unless their margins were spatially separated.

The epiglottis was shown as a concave shaped structure with an epiglottic
cartilage as a framework and is surrounded by an epithelial layer (Fig 3). Except
for cases where the cartilage was calcified, CT images did not clearly distinguish
the inner cartilage from the outer epithelial layer. The arytenoid cartilage appeared
as soft tissue density, except for the focal hyperdense area due to calcification (Fig
4-7). The thyroid and cricoid cartilages showed high attenuation and they were

clearly differentiated each other (Fig 8-11). The thyroid cartilage surrounded the
13



ventral border of the larynx as a U-shaped. The cricoid cartilage was visualized as
an annular ring structure with a wider dorsal part than ventral part and was distinct
hyperdense.

The hyoid bone appeared distinct hyperdense on CT images and the shape
of the hyoid apparatus was clearly visualized on volume rendering images (Fig 3,
13).

The air-filled structures, such as the laryngeal cavity, piriform recess,
epiglottic vallecula, laryngeal vestibule, and tracheal lumen, were hypoattenuating,
and the borders of the piriform recess and laryngeal ventricle were clear.

The inside of the tongue was distinguished with relatively low density,
and the margins and septum with high density. The blood vessel distribution in the

tongue was clearly observed after contrast injection.
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TABLE 1. Conspicuity of the laryngeal structures on pre- and post-contrast CT images in healthy dogs

Evaluation structures Scores P-value
Pre Post Pre : Post
Arytenoid cartilage, Cuneiform process 1.40+.55 1.40+.55 1.00
Arytenoid cartilage, Corniculate process 2.40+.55 2.40+.55 1.00
Cricoid cartilage 3.00£.00 3.00£.00 1.00
Thyroid cartilage 3.00£.00 3.00£.00 1.00
Vestibular fold 2.00£.00 1.80+.45 .32
Vocal ligament 1.00+.00 1.00+.00 1.00
Laryngeal muscle 1.00+.00 1.00+.00 1.00
Hyoid apparatus 3.00£.00 3.00£.00 1.00
Lymph nodes (mandibular, retropharyngeal) 3.00+.00 3.00+.00 1.00
Salivary glands (mandibular) 3.00+.00 3.00+.00 1.00
Thyroid glands 2.80+.45 3.00+.00 32
Vessels 3.00+.00 3.00+.00 1.00

Score data is presented as mean = SD score

*Within a row, corresponding structures with superscripted letters differ significantly between the MRI sequences (P < .05)

Pre, pre-contrast CT images; Post, post-contrast CT images
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TABLE 2. Discrimination of the internal components of the laryngeal structures on pre- and post-contrast CT images in healthy dogs

Scores P-value
Evaluation structures Plane
Pre Post Pre : Post
Epiglottis Transverse 1.00+.00 1.20+.45 32
Epiglottis Sagittal 1.40+.55 1.40+.55 1.00
Cricoid cartilage Transverse 1.00+.00 1.00+.00 1.00
Thyroid cartilage Transverse 1.00+.00 1.00+.00 1.00
Vessels Transverse 1.00+.00 1.00£.00 1.00

The degree of discrimination was scored as: optimal (3 points); adequate (2 points); insufficient (1 point).

Score data is presented as mean = SD score

*Within a row, corresponding structures with superscripted letters differ significantly between the MRI sequences (P < .05)

Abbreviations: Pre, pre-contrast CT images; Post, post-contrast CT image
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3. MR images of the laryngeal region

In the laryngeal regions, all evaluation structures were observed on transverse
plane of all MR images regardless of MR sequences or contrast study. Table 3
compares the conspicuity of laryngeal structures, and Table 4 compares the degree
of internal component differentiation in specific structures by MR sequences.

On the sagittal section of the epiglottis, the inner cartilage was clearly
distinguished with a high signal intensity and the outer epithelial layer with a
relatively low signal intensity in all T2W, T1W, and T1W-CE images (Fig 2). In
transverse images, the distinction between the components was less clear than in
sagittal images (Fig 3).

The thyroid, cricoid, and arytenoid cartilages were observed individually
in the MRI image. In the arytenoid cartilage, the anterior corniculate process was
accompanied by a significant amount of artifact, so the boundary was unclear, and
the posterior part was relatively clearly imaged (Fig 4-7). The thyroid cartilage
visualized a clear low signal compared to surrounding muscles in the T2W images
and a relatively high signal intensity in the TIW images (Fig 6-9). The cricoid
cartilage was a low signal intensity in T2W and isointense to adjacent muscles in
T1W (Fig 9-11).

The air-filled cavities and lumen showed distinct signal void. Compared
to CT image, the borders of piriform recess and laryngeal ventricle were slightly
blurred on MRI.

The vocal ligament formed the anterior boundary of the vocal fold, and

was identified as a pair of linear structures from the vocal process of the arytenoid
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cartilage to the dorsal side of the thyroid cartilage. On CT image, vocal ligament
was indistinguishable, however, on MRI, it was identified as a hyperintense, linear
structure (Fig 7).

The contrast between the laryngeal muscles was more pronounced in the
T2W image than in the T1W image. Muscles appear as relative isointense to
adjacent cartilages on T1W images in general, and despite the image’s
homogeneity, it is still feasible to determine the boundaries of the muscles to some
extent (Fig 7-10).

In contrast to CT, the hyoid bones showed iso- to low signal intensity on
MR image, and the contrast with the surrounding structures was less pronounced
(Fig 3). The cross section of blood vessel was clearly identified, and it was possible
to distinguish the vessel wall from the lumen in both the TIW and T2W images
(Fig 12).

In the MR image, it was possible to confirm even more detailed structures
of the tongue than in the CT scan. The tongue showed hyperintense compared to
the surrounding muscles on TIW and T2W images, furthermore, on the sagittal
plane, it was possible to confirm even the texture and boundaries of the tongue
muscles. Compared with CT image, the border of the soft palate was more clearly
seen in MR, and the detailed signal differences in the parenchyma was observed,
which was more clearly identified on the T2W image (Fig 2).

Overall conspicuity of the laryngeal muscle showed a significantly higher
score in the T2W than in the TIW (Table 3). No significant difference was found

when comparing T1W and T1W-CE images (Table 3, 4).
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TABLE 3. Conspicuity of the laryngeal structures on the transverse planes of MR images obtained using T1 and T2-weighted sequences in

healthy dogs
Evaluation structures Scores P-Value
W TiW TiW-CE TIW vs. T2W T1W vs. T1IW-CE
Arytenoid cartilage, Cuneiform process 2.20+.45 2.00+.00 1.60+.89 32 32
Arytenoid cartilage, Corniculate process 2.80+.45 2.40%.55 2.40%.55 32 1.00
Cricoid cartilage 2.20+.45 1.80+.45 1.60+.55 .16 32
Thyroid cartilage 2.60£.55 2.00£.00 1.80+.45 .08 32
Vestibular fold 2.60+.55 2.40+.55 2.80+.45 .32 16
Vocal ligament 2.75+.50 2.50+.58 2.75+.50 .16 16
Laryngeal muscle 3.00£.00 1.80+.45 2.00+.00 .03" 32
Hyoid apparatus 2.60+.55 2.00+.00 2.20+.45 .08 32
Lymph nodes (mandibular, retropharyngeal) 3.00£.00 3.00£.00 3.00£.00 1.00 1.00
Salivary glands (mandibular) 3.00£.00 3.00£.00 3.00£.00 1.00 1.00
Thyroid glands 3.00+.00 3.00+.00 3.00+.00 1.00 1.00
Vessels 3.00+.00 3.00+.00 3.00+.00 1.00 1.00

* P < 0.05, Data is presented as mean = standard deviation.

T2W, T2-weighted; T1W, T1-weighted; TIW-CE, contrast-enhanced T1-weighted.
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TABLE 4. Discrimination of the internal components of the laryngeal structures on MR images obtained using T1 and T2-weighted sequences

in healthy dogs

Scores P-Value
Evaluation structures Plane
T2W TiW TiW-CE TIW:T2W  T1IW:T1W-CE
Epiglottis Transverse 2.20+.45 2.20+.45 2.20+.45 1.00 1.00
Epiglottis Sagittal 2.80%.45 2.80+.45 2.80+.45 1.00 1.00
Cricoid cartilage Transverse 2.00+.71 1.80+.45 2.00+.71 .32 .56
Thyroid cartilage Transverse 1.20+.45 1.80+.45 2.20+.45 .08 .16
Vessels Transverse 3.00+.00 2.60+.55 3.00+.00 .16 .16
*P<0.05

Data is presented as mean * standard deviation.

T2W, T2-weighted; T1W, T1-weighted; T1IW-CE, contrast-enhanced T1-weighted.



4. Comparison between CT and MR images

Based on the 95% confident interval of the intraclass correlation coefficient
estimate, values were 0.998 for CT scores, 0.973 for MRI scores, indicative of both
excellent reliabilities. Statistical processing of comparative evaluation for each
structure was performed based on data of (L.B).

Table 5 presents the comparative evaluation of the degree of conspicuity
of each structure constituting the larynx shown on pre- and post-contrast CT
images, and T1W, T2W, and T1W-CE of MR images. The distinction between the
inner cartilage and the surrounding membrane layer for the thyroid, cricoid, and
epiglottis, as well as the distinction between the wall and the lumen for vessels are
presented in Table 6. MRI scores were significantly higher than CT scores for
identifying the overall laryngeal muscle and vocal ligament. In contrast, the scores
for discrimination of the hyoid apparatus were significantly higher in CT than in
MRI. MR images showed significantly higher scores than CT images for
distinguishing the inner cartilage and outer epithelial, and connective tissue layers
of the epiglottis. Also, while MRI scores were significantly higher for
differentiating between the inner cartilage and its surrounding perichondrium in
thyroid and cricoid cartilage, CT scores were significantly higher for identifying
the structures. In distinction between vessel lumen and wall, MRI showed
significantly higher scores than CT.

From Figure 3 to Figure 12, the transverse images of the level indicated
in Figure 1 were sequentially arranged from cranial to caudal direction, and T1W,

T2W MRI, pre-, and post-contrast CT images of the same cross section were
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presented in each figure. Figure 13 presents the 3D volume rendering image of

laryngeal region.
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TABLE 5. Comparison between CT and MRI for conspicuity of the laryngeal structures on the transverse planes in five dogs

Scores P-value
Evaluation structures
MRI CT MRI : CT
Arytenoid cartilage, Cuneiform process 1.93+.43 1.40+.55 48
Arytenoid cartilage, Corniculate process 2.53+.18 2.40%.55 22
Cricoid cartilage 1.87+.38 3.00£.00 04"
Thyroid cartilage 2.13+.30 3.00+.00 04"
Vestibular fold 2.60+.43 1.90+.22 .07
Vocal ligament 2.67+.41 1.00+.00 04"
Laryngeal muscle 2.26+.15 1.00+.00 03"
Hyoid apparatus 2.27+.28 3.00£.00 04"
Lymph nodes (mandibular, retropharyngeal) 3.00+.00 3.00+.00 1.00
Salivary glands (mandibular) 3.00£.00 3.00£.00 1.00
Thyroid glands 3.00+.00 2.90+.22 32
Vessels 3.00+.00 3.00+.00 1.00
*P<0.05

Data is presented as mean + standard deviation.
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TABLE 6. Comparison between CT and MRI for discrimination of the internal components of the laryngeal structures in five dogs

Scores P-Value
Evaluation structures Plane
MRI CT MRI : CT
Epiglottis Transverse 2.20£.30 1.10+.22 04"
Epiglottis Sagittal 2.80+.45 1.40+.54 04"
Cricoid cartilage Transverse 1.93+.49 1.00+.00 04"
Thyroid cartilage Transverse 1.73+.37 1.00+.00 04"
Vessels Transverse 2.87+.18 1.00+.00 04"
*P < 0.05

Data is presented as mean + standard deviation.
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Discussion

In this study, CT and MRI scan of the laryngeal region was performed in clinically
normal dogs. Without tracheal intubation, it was possible to acquire MR images
capable of detailed evaluation of the laryngeal region only with injection anesthesia.
In discrimination of the internal components or conspicuity of soft tissue structures,
MRI outperformed CT generally, whereas hyperdense structures such as thyroid
cartilage, cricoid cartilage, and the hyoid apparatus were visualized more clearly on
CT images.

Air filled cavities and ventricles showed gas attenuation on CT and signal
voids on MRI. Blurred appearance of the borders of the piriform recess and
laryngeal ventricle on the MR image is thought to be minor artifactual result due to
respiratory movement during the scanning period, however, the quality of the
images was sufficiently feasible to do the overall evaluation.

At the level between the piriform recess and the laryngeal ventricle based
on the transverse section, symmetrical gas attenuation regions were observed and
considered as the laryngeal saccule. The laryngeal saccule is the cecal end of the
laryngeal ventricle, and it is thought to be observed as an independent sac as the
middle part was pressed by the muscle (Done et al., 2009). Although there is no
comparable study about this structure in dogs, this structure could be shown due to
the dynamic motion according to breathing or posture, considering that there was
variation in the size or shape of this structure for each dog.

The epithelium covering from the epiglottis to the vocal fold is non-
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stratified squamous epithelium, and the laryngeal epithelium after the vocal fold is
gradually changed to a respiratory epithelium (Eurell et al., 2013). Each of the
laryngeal cartilages showed slightly different signals. In the case of the epiglottic
and arytenoid cartilage, relatively high signal was identified, and these cartilages
are elastic cartilage rich in collagen type 2. (Eurell et al., 2013) The laryngeal
ligament (vestibular, vocal) also had a high content of type 2 collagen, and the
T2W image showed a particularly high signal intensity. On the other hand, the
thyroid and cricoid cartilages, which are hyaline cartilage with high collagen type 1
content, showed lower signal intensity (Perez et al., 2010; Vazquez et al., 1998).

In the case of the MRI transverse image of the epiglottis, internal
components distinction was less clear than in sagittal, which is thought to be
because the cross section of the image is actually an oblique section due to the
angle of the epiglottis from the front of the thyroid cartilage to the soft palate. It
has been reported that epiglottic cartilage in humans undergoes gradual
calcification with age (Kano et al., 2005). The anterior part of the arytenoid
cartilage showed a blurred border with artifacts on MRI, and it is considered to be
due to movement caused by respiration during scanning, same as the borders of the
piriform recess and laryngeal ventricle were blurred.

The laryngeal muscles are composed of intrinsic and extrinsic muscles.
Intrinsic muscles move the vocal cord and are responsible for the vocal function of
the larynx, while extrinsic muscles cover the outside of the larynx (Tobias et al.,
2018). The T1W sequence is mainly used for lesion evaluation with TIW-CE, and
is the most commonly used sequence in clinical MRI along with fluid sensitive

T2W sequence (Gavin et al., 2009). For the conspicuity of overall laryngeal muscle,
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the T2W image showed more distinct contrast than the T1W image, so it was
effective to evaluate. The reason why there was no difference between the T1W
and T1W-CE images is thought to be because the dogs used in the study were all
normal subjects without lesions. It is also considered that the difference between
the pre- and post-contrast CT images was not clear for the same reason. If the
patient had a lesion in the laryngeal soft tissue region, there would be changes in
the post-contrast image.

The hyoid apparatus suspends the tongue root and larynx in the space
between the caudal parts of the mandible bodies (Evans et al., 2009). The shape of
the hyoid bone was very clearly revealed by the distinct density difference with the
surrounding soft tissue structures when the volume rendering technique was
applied on the CT image. In patients with suspected hyoid apparatus abnormalities,
if the cross-section image and volume rendered image are referred together, it will
be helpful to identify the location and morphology of the lesion.

The tongue consists of several muscles with various directions, and in this
study, only the root area was included in the scan range. The blood vessels
distributed on the tongue were most intuitively confirmed on the post contrast CT
images, and when evaluating parenchyma, it was considered that more detailed
structures could be evaluated on the MR image than on the CT image.

The soft palate was observed with a homogeneous soft tissue density on
the CT image, but the signal difference between the inner muscular and the outer
epithelial layer was identifiable on the MR image.

In this research, in normal dogs without respiratory symptoms, sufficient

MR images were obtained to evaluate the larynx area through imaging within 1
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hour with only intravenous anesthesia, and no respiratory-related side effects were
identified during anesthesia and after recovery. However, in the case of patients
with upper respiratory problems, there will be practical limitations in maintaining
anesthesia for about an hour with only intravenous anesthetics without tracheal
intubation. Although tracheal intubation cannot avoid displacement of the internal
structure of the larynx, it is expected that the normal anatomical structure identified
in this study will still be helpful in locating the lesion. There are additional
limitations to this study. All dogs used in this study were male beagles. Therefore,
it was not possible to evaluate differences in anatomical structures by breed and sex.
In addition, since only dogs in a clinically normal state without abnormalities in the
laryngeal region were used in the experiment, imaging was not performed in
patients with actual lesions in the corresponding area. Also, maintaining anesthesia
for more than 1 hour with intravenous anesthesia alone, as in this study, may be
limited in patients with respiratory symptoms or suspected to have abnormalities in
laryngeal region.

In conclusion, this study showed that MRI could be applied to assess the
normal laryngeal region in dogs only with intravenous anesthesia, without tracheal
intubation. Most of the laryngeal structures could be evaluated on both CT and MR
images, and structures composed of parenchymal tissue, such as muscles, were
better evaluated on MRI especially, whereas hyoid bone or dense laryngeal
cartilages were more clearly identified on CT. MR images are considered as
sufficiently feasible modality for evaluating the laryngeal region, moreover, it is
recommended to prioritize the selection of appropriate modality according to the

structure of interest and patient’s condition. The findings of this study could be
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utilized to help clinical practitioners choose more appropriate imaging modality for

visualizing the laryngeal structures in dogs.
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