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Abstract

Obijectives: The paraglottic space is an essential anatomic compartment of the
larynx. It is central to the spread of laryngeal cancer and to the choice of
conservative laryngeal surgery and many phonosurgical procedures. Since its
description, 60 years ago, the surgical anatomy of the paraglottic space was
sparsely revisited. Amid the era of endoscopic and transoral microscopic functional
surgery of the larynx, we provide here a long-awaited description of the inside-out
anatomy of the paraglottic space.

Methodology: Using an endoscope equipped with a 3D camera, we dissected
10 hemilarynges from 5 fresh frozen cadavers from the inside out. Before dissection,
we labeled the vessels through injecting them with colored latex. We explored the
paraglottic space emphasizing its shape, boundaries, and contents. We documented
our findings through endoscopic photography and video recordings.

Results: The paraglottic space is a spacious tetrahedral space located parallel not
only to the glottic, but also to the subglottic and the supraglottic compartments
of the laryngeal lumen. It has musculo-cartilaginous, musculo-fibrous, and
mucosal boundaries. It is separated from the pyriform sinus only by mucosa. A
cushion of fat surrounds its vascular and to a lesser extent its neural contents.
Harbored intrinsic laryngeal muscles are endoscopically identifiable within the
space, namely the thyroarytenoid, the lateral, and posterior cricoarytenoid
muscles.

Conclusion: The endoscopic description of the paraglottic space partly fills the
knowledge gap on the laryngeal anatomy from the inside out. It opens the door for
novel diagnostic methods and for ultraconservative functional laryngeal interventions
under endoscopic control.

Level of Evidence: N/A
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1 | INTRODUCTION

The paraglottic space is an important anatomic compartment of the
larynx. As described initially by Tucker and Smith,! it is bounded
antrolaterally by the thyroid cartilage, inferomedially by the conus
elasticus, medially by the laryngeal ventricle of Morgagni and the qua-
drangular membrane, and dorsally by the mucosal lining of the pyri-
form sinus. It communicates with the deep neck spaces
posterosuperiorly through a foramen in the thyrohyoid membrane
allowing the entry of the superior laryngeal vessels and the internal
branch of the superior laryngeal nerve. It is continuous with the pre-
epiglottic space anterosuperiorly and communicates with the prelar-
yngeal tissues anteroinferiorly through a gap in the cricothyroid mem-
brane.l? Reidenbach did not consider the paraglottic space a typical
anatomic compartment enclosed within connective tissue membranes,
but viewed it as a space of adipose and connective tissue connected
to adjacent anatomic regions and continuous with them at specific
points.>

The boundaries and contents of the paraglottic space are also
debatable. Tucker and Smith® and Tucker® considered the laryngeal
ventricle of Morgagni and the quadrangular membrane the medial
boundary of the paraglottic space and hence included the thyroaryte-
noid muscle within its contents. Maguire and Dayal® and Sato et al.®
confined the term “paraglottic” space to a slit of areolar tissue bor-
dered by the thyroarytenoid muscle medially, the thyroid cartilage lat-
erally, and the piriform sinus dorsally. Hence, they excluded this
muscle from the contents of the space. Sato et al.® suggested that the
rest of the medial boundary of the paraglottic space is formed by the
“thyroglottic ligament” advocating that this ligament separates the
paraglottic space from the preepiglottic space. Tucker and Smith? had
used the term “thyroglottic ligament” earlier, to describe a fibrous
layer stretched between the anterior part of the vocal fold and the
thyroid cartilage in a 24-week-old fetal larynx, not in an adult larynx.

The paraglottic space is of utmost importance regarding laryngeal
cancer spread.”® The local spread of laryngeal cancer depends primar-
ily on its site of origin, which is predominantly the mucosa. The route
of invasion is highly determined by the anatomy of the adjacent tis-
sues, especially their muscular content.”

Transglottic cancer was described as the one that invades both
the false and true vocal folds across the ventricle, passing through
the muscle harboring paraglottic space. It was long stigmatized by its
ominous prognosis. Therefore, laryngeal cancer invading the para-
glottic space was treated exclusively by total laryngectomy.®
The introduction of surgical techniques that allow the complete
resection of the primary tumor, together with resection of the para-
glottic space, flagged the beginning of the era of partial (functional)
laryngeal cancer surgery. %! Today, the extent of cancer invasion in
the paraglottic space and the possibility of its safe oncologic excision
occupy a central role in the TNM classification of laryngeal cancer
and in the choice of one of the oncologic conservative laryngeal
surgeries.1?13
Since the endoscopic flexible and rigid laryngoscopy became the

standard method for laryngeal examination,®* the classic layered

trans-cervical anatomy no more mirrors our clinical practice. Modern
laryngologists and phonosurgeons have no choice than to master the
anatomy of areas, muscles, cartilages, and neurovascular structures of
the larynx from the inside out.*®> Novel anatomic dissections should
help. The inside-out perspective is not only the portal for endoscopic
and microlaryngeal surgery'®”; moreover, it follows the main route
of local spread of laryngeal cancer.!®

This study provides an anatomic description of the paraglottic
space from the inside out. This work was accomplished using a 3D
video laryngoscope (Xion GmbH, Germany) that gives a more real per-
spective, especially on the depth, like the one provided by a stereo-
scopic microscope. The wider angle of vision, the possibility to come
in close proximity with the studied structures and the video-
documentation and photo-documentation in a 3D fashion were
advantages provided by the 3D endoscope. The laryngeal vessels
were marked primarily to allow their identification and secondarily to
locate the plans of dissection defined by them. In brief, our technique
combined a postmortem injection of colored latex into the cervical
vessels!? with an inside-out laryngeal dissection by a sophisticated
video-guided endoscope. To the best of our knowledge, this is the
first-ever report describing the surgical anatomy of the larynx and of

the paraglottic space from the inside out using a 3D endoscope.

2 | METHODOLOGY

Five donor bodies (fresh cadavers) were transferred to the Depart-
ment of Anatomy, Charité - Universitatsmedizin Berlin. Their age, sex,
race, and cause of death were noted. All data were obtained in accor-
dance with Charité guidelines for cadaveric use in research.

The common carotid arteries and the internal jugular veins on
both sides were meticulously dissected according to the approach of
surgical neck dissection. Any breach of the vessels or their branches/
tributaries was avoided. The subclavian artery was also dissected
bilaterally with dislocation of the clavicle when needed. Plastic tubes/
cannulas were introduced into the main vessels through a small inci-
sion secured by sutures. We flushed the arterial and venous systems
with saline to remove debris or clots. Leaking points, if any, were
identified and secured by a hemostat. Colored latex (Ward Science,
California) was injected into the great neck vessels of the fresh
cadavers: red latex into the arterial system and blue latex into the
venous system. In total, 20-45 cc of red latex was injected into the
arterial system and 60-120 cc of blue latex into the venous system.
The injection was continued until the colored latex spilt out from the
contralateral side. After injection, the cadavers were frozen for at least
1 week at —20°C. Once the latex had solidified, the necks were trans-
ected at the level of C7-T1 and stored at —20° C until the start of the
transoral video-endoscopic dissection of the larynx. Each specimen
was dissected in an average of three dissection sessions on 3 noncon-
secutive days. Before each session, the specimens were allowed to
defrost for 20 h at room temperature. Each dissection session lasted
for 5 h in average. After each session, the heads were refrozen at
—20°C for at least 24 h.
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FIGURE 1

Schematic presentation of the tetrahedral aspect of
the left paraglottic space. It is like a triangular pyramid with a dorsal
base and a ventral summit

The larynges of the cadaveric heads and necks were dissected
from the inside out using microphonosurgical instruments and an
endoscope-bearing laryngoscope (Spiggle & Theis, Germany). The
laryngoscope was equipped with a whole-length socket encompassing
a 0°, 14 cm long endoscope mounted to an EndoSURGERY 3D Spec-
tar camera (Xion GmbH, Germany).

The cadaveric heads were put in a position similar to that during
transoral microsurgery with the neck hyperextended. The light guide
was used to position the laryngoscope by the naked eye. The laryngo-
scope displaced the epiglottis ventrally and was suspended by a
support.

The dissection started, under videoendoscopic guidance, by an
incision in the mucosa of the aryepiglottic fold. A mixture of sharp and
blunt dissections was adopted. Adipose tissue was extracted from the
paraglottic and the adjacent preepiglottic spaces, preserving the mus-
cles and neurovascular structures. Dissection was video-recorded and
photos were shot. Photos and videos were reviewed several times.

3 | RESULTS

We dissected 10 hemilarynges from 5 donor-fresh frozen cadavers.

The donors' ages ranged between 73 and 98 years (mean = 85 years).

FIGURE 2 x Muscle-lined thyroid cartilage forming the
anterolateral boundary of the right paraglottic space. The mucosa was
incised at the right aryepiglottic fold. The right thyroid cartilage ala is
seen from inside lined by muscle x while forming the anterolateral
boundary of the right paraglottic space. From the orientation of the
fibers, we think that this layer is rather an inner extension from the
thyropharyngeal part of the inferior constrictor muscle. Branches of
the right superior laryngeal artery are seen bridging the right
paraglottic space. A, right arytenoid; E, epiglottis; SLA brs, branches of
the right superior laryngeal arteries; SLA, right superior laryngeal
artery; VF, right vocal fold

They were four females and one male, all were Caucasians. The five
donors had died from systemic conditions and did not have any
known laryngeal pathology.

The red latex filled the laryngeal arteries in 7 out of the 10 hemi-
larynges. The blue latex did not reach the laryngeal veins in any
cadaver except in one cadaver where some superficial mucosal veins
were stained blue.

Our video-guided, endoscopic inside-out dissection of the larynx
found that the paraglottic space in all specimens is a true space, far
from being a potential or a presumed space (Supplementary Video
S1). The paraglottic space was capacious. Its largest transverse dimen-
sion was equal to that of the ipsilateral pyriform sinus. It was triangu-
lar in shape as previously described,! or rather tetrahedral (triangular
pyramid lying on its side with a dorsal base and a ventral summit;
Figure 1). We noticed that the anterolateral boundary of the paraglot-
tic space was musculo-cartilaginous. It was formed cranially by the
thyrohyoid membrane and caudally by the inner surface of the thyroid
cartilage, which is lined by a muscle layer (Figure 2). From the orienta-
tion of the fibers, we think that this layer is rather an inner extension
from the thyropharyngeal part of the inferior constrictor muscle.

The paraglottic space was bounded medially at this level by the
aryepiglottic fold, which is actually a fibro-muscular fold wrapped with

mucosa. The aryepiglottic fold contained not only the quadrangular

858017 SUOWIWOD SAEaID 3|(cedldde 8Ly Aq peuienob ae Ssppiie O ‘8sN JO Sa|nJ 0 A%Iq 178Ul JUO 48] UO (SUORIPUOD-PUR-SWLBIWI0D A8 |1 ARe.q 1 |Bu [UO//:Sdny) SUONIPUOD pue SULB | 8L 88S *[2202/2T/8T] Uo AriqiTauluo A8|Im ‘(leunsug) 3JomeN i [euoleN uendAB3 Aq 66'2011/200T OT/I0P/W0D A8 |1 Afe.d1jeuluo//Sdny WOy pepeo|umod ‘0 ‘8E088.LE2



Laryngoscope
4 | yngoscop

SALEH ET AL.

Lt VF
Rt VF
TA

LCA

PCA

FIGURE 3 Trifurcation of the thyroarytenoid muscle (TA), the
lateral cricoarytenoid muscle (LCA) and the posterior cricoarytenoid
muscle (PCA) from the muscular process and adjacent body of the left
arytenoid in the left paraglottic space. The left arytenoid is retracted
superiorly and posteromedially by the forceps (the muscular process
was palpable but not identified visually being wrapped in muscles). E,
epiglottis; Lt A, left arytenoid; Lt VF, left vocal fold; P, posterior
pharyngeal wall; Rt A, right arytenoid; Rt VF, right vocal fold; T,
Thyroid lamina

FIGURE 4 A closer view on the contents of the left paraglottic
space, showing the area of the inferior cornu (inf C) of the left thyroid
lamina which demarcates the lateral cricoarytenoid (LCA) muscle
fibers coursing antrolaterally and caudally from the cricopharyngeus
(CP) muscle fibers coursing posterolaterally and cranially

membrane but also muscle fibers constituting the aryepiglottic muscle,
which is an extension from the oblique arytenoid muscle as we
noticed and as was described by Sato.2°

Inside the paraglottic space and at the glottic and subglottic
levels, the thyroarytenoid and the lateral cricoarytenoid muscles were

FIGURE 5 x Ramifications from the internal branch of the right
superior laryngeal nerve coursing from lateral to medial immediately
deep to the mucosa of the right aryepiglottic fold and aiming towards
the right arytenoid area. The incised mucosa wrapping the right
aryepiglottic fold was retracted medially. L, laryngeal lumen

identified, intimately close but separable, the vessels and adipose tis-
sue of the paraglottic space were seen extending between them. The
vessels and adipose tissue of the paraglottic space extended also
between the lateral cricoarytenoid muscle, the posterior cricoaryte-
noid muscle, and the cricopharyngeus muscle. This latter muscle was
seen, from the inside-out perspective, constituting the posterolateral
boundary of the paraglottic space at the subglottic level. The thyroar-
ytenoid, the lateral and posterior cricoarytenoids trifurcated from the
muscular process and the adjacent body of arytenoid and coursed in a
craniocaudal orientation, anteriorly, antrolaterally, and posterolater-
ally, respectively (Figure 3). In the subglottic part of the paraglottic
space, the inferior cornu of the thyroid cartilage demarcated the
lateral cricoarytenoid muscle, whose fibers run antrolaterally ventral
to the inferior cornu and in a caudal direction, from the cricopharyn-
geus muscle, whose fibers run posterolaterally dorsal to the inferior
cornu but in a cranial direction (Figure 4).

The adipose tissue in the paraglottic space mainly formed a cush-
ion of fat around the superior laryngeal artery and its branches. A vein
lied lateral to the main artery at its entry to the larynx. Ramifications
from the internal branch of the superior laryngeal nerve, coursing
towards the arytenoid area, were apparent immediately deep to the
mucosa of the aryepiglottic fold, being surrounded by adipose tissue
(Figure 5). The nerve and its branches did not remain tucked to the
inner surface of the thyroid cartilage, contrary to the superior laryn-
geal artery and its main branches. The amount and consistency of the
adipose tissue differed between the paraglottic and the preepiglottic
spaces. Adipose tissue was more abundant and looser in the latter.

We did not observe any apparent anatomical differences between the
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five cadavers regarding the shape, boundaries, or contents of the
paraglottic space. A radiologic study is planned to assess—between
others—the exact dimensions of the paraglottic space with the use of

an ultramodern MRI.

4 | DISCUSSION

1.2% investigated the spread of dyes injected into various

Pressman et a
regions of the larynx and related their experimental findings to the
laryngeal cancer growth pattern. They concluded that there is a zone
of minimal resistance against tumorous growth between the thyroid
cartilage and the intrinsic laryngeal muscles. This zone is nothing but
the paraglottic space described few years later.! Reidenbach stressed
that there is no definite anatomic barrier or well-developed collage-
nous fiber septa separating the muscle fibers from the paraglottic adi-
pose tissue’ adding to the low resistance of the whole space against
cancer.

Since the MRI sensitivity and specificity for infiltration of the
paraglottic space by cancer is only 67% and 50%, respectively, with a
tendency to upgrade the tumor,?? the extent of cancer invasion of the
paraglottic space and the identification of the invaded intrinsic
muscle(s) are prone to be explored by microscopic or novel endo-
scopic techniques. Surgical endoscopic paraglottic visual exploration
may constitute, in the future, an adjuvant to the assessment of the
laryngeal muscular activity, which is done now mainly by transoral
vocal folds mobility inspection.*31°

Besides its role played in laryngeal cancer staging and in the
choice of open laryngeal cancer surgery, the paraglottic space is now-
adays also home for many other surgical procedures.’® During trans-
oral partial laryngectomies, laser cordectomies, transoral laser excision
of hypopharyngeal tumors, Botulinum toxin injection, arytenoid
adduction, and medialization laryngoplasty, surgeons blindly enter the
paraglottic space.?®72¢ Despite its surgical importance, few reports
described the surgical anatomy of the paraglottic space during the last
six decades. Beyond its initial description by Tucker and Smith,* and

h®?27 in the 90s of the last century,

the pioneering work of Reidenbac|
the surgical anatomy of the paraglottic space was sparsely revisited.
The endoscopic inside-out dissection of the paraglottic space does
not necessitate removal of the thyroid cartilage. In addition, it is more
accurate, real, and rapid than conventional anatomic methods.?® Serial
sections of plastinated adult human larynges done by Reidenbach
took more than 3 months of preparation.®

29 we advocate that the paraglottic

In accordance with Sato,
space—despite its name—is neighboring not only the glottic and sub-
glottic levels of the laryngeal lumen, but also the supraglottic level. It
is also intimately bordering the pyriform sinus. As we observed at the
supraglottic level, Chitose et al.?®> found no muscular demarcation
between the pyriform sinus and the posterior aspect of the paraglottic
space. This explains the early invasion of cancer of the pyriform sinus
into the paraglottic space.

From the functional anatomic aspect, the paraglottic space may

be viewed as a technical room seconding the laryngeal lumen, where

the ancillary vascular and muscular machinery are protected uninter-
rupted, and away from interrupting the vibratory functions of the
vocal folds.

Our dissection showed that the paraglottic space is more than a
potential space containing a rim of adipose tissue insinuated between
the intrinsic laryngeal muscles. It is rather the whole area enclosed
between the thyrohyoid membrane, the thyroid lamina, and the cri-
coid cartilage laterally and the mucosa lining the laryngeal lumen at
the ventricle of Morgagni, the quadrangular membrane and the conus
elasticus medially (Figure 1). The paraglottic space contains intrinsic
laryngeal muscles separated by adipose tissue containing neurovascu-
lar structures. Accordingly, we suggest rebaptizing this space: the
“paraluminal laryngeal” space, a suggestion that we submit here to

the relevant scientific authorities for discussion and approval.

5 | CONCLUSION

The paraglottic space is a real and important anatomic compartment
of the larynx. It is situated in vicinity of the glottic, the supraglottic,
and the subglottic compartments. Laryngologists and phonosurgeons
should become familiar with the transoral perspective of the surgical
anatomy of the larynx, especially the anatomy of the paraglottic
space. Mastering the surgical anatomy of the paraglottic space from
the inside out will promote the development of new visual diagnostic
techniques, paving the way for more precise and ultraconservative

functional laryngeal and hypopharyngeal interventions.
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