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THE VASCULATURE OF SCALA TYMPANI IN
RELATION TO COCHLEAR IMPLANTATION

Charles G. Wright Ph.D., Karen S. Pawlowski Ph.D., Peter S. Roland M.D.
Department of Otolaryngology — Head and Neck Surgery, Southwestern Medical Center, Dallas, Texas
onservation of residual hearing has become an important goal in cochlear
implant surgery, particularly for patients who may be candidates for com-
bined electrical and acoustic stimulation. In spite of advancements in
surgical technique and electrode design, residual hearing is lost in at least 10-20% of
cochlear implant patients (1-3). It seems likely that a variety of factors contribute to
hearing loss associated with implant surgery; however, mechanical trauma to various
intracochlear structures probably plays an important role. Structures that are par-
ticularly vulnerable to implant-related injury include the osseous lamina and basilar
membrane, the modiolus, soft tissues of the lateral cochlear wall, and blood vessels
associated with the scala tympani.

Although it has
received relatively
little attention in
previous studies,
vascular injury
occurring during
cochlear implant
surgery may com-
promise inner ear
function and thereby
contribute to loss

of residual hearing.
Vascular trauma is a
concern because of
the significant
exposure of scala
tympani vessels

to the perilymphatic
space where they are
vulnerable to mechani-
cal injury.Observations
on the vessels of scala
tympani are described
below in relation to

Fig. 1

Overview of veins in scala tympani in an osmium stained preparation. In this
dissection, the osseous lamina and basilar membrane have been removed to
provide a direct view into scala tympani (ST) of the lower apical and middle turns
of the human cochlea. In the area enclosed by white brackets numerous venules
draining lateral wall structures are seen converging to form the veins that cross
the floor of scala tympani to join the posterior spiral vein coursing around the
modiolus (M). The arrow indicates the point at which one of the veins on the floor
of scala tympani joins the posterior spiral vein.

See THE VASCULATURE OF THE SCALA TYMPANI..., page 3



NEWS AND ANNOUNCEMENTS

NIDCD to Celebrate 20th Anniversary with Scientific Symposium

The National Institute on Deafness and Other Commu-

nication Disorders (NIDCD) will be celebrating its 20th
anniversary on Thursday, Oct. 23, 2008, with a sym-
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posium highlighting two decades of scientific research
accomplishments supported by the NIDCD. The
program begins at 8:30 a.m. at the Natcher Confer-
ence Center on the campus of the National Institutes
of Health in Bethesda, MD. The symposium will consist of three sessions representing
NIDCD’s primary areas of research: hearing and balance; smell and taste; and voice,
speech, and language. Expected attendees include NIH staff members, scientists, advocacy
organizations, congressional representatives and news media members. Check the NIDCD

Web site, www.nidcd.nih.gov, for updates.
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Foundation and to re-commit itself to the future, the Deafness Re-
search Foundation hosted a special 50th Anniversary
Celebration on May 14, 2008 at The Hudson Theatre in New York City. The event was
held in honor of their founder, Mrs. Collette Ramsey Baker. The Deafness Research
Foundation is one of the largest and oldest hearing research organization in the US, and
is dedicated to making a lifetime of hearing health possible for all people through quality
research and education.
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This year marks the 50th Anniversary of the Deafness
Research Foundation. To recognize its achievements

OTOPATHOLOGY MINI-TRAVEL
FELLOWSHIP PROGRAM

COORDINATOR The NIDCD National Temporal Bone Registry is pleased to announce the avail-

Cindy Regan ability of mini-travel fellowships. The fellowships provide travel funds for research

technicians and young investigators to visit a temporal bone laboratory for a brief
Ly W 2 A educational visit, lasting approximately one week. The emphasis is on the training of
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2) Inactive U.S. temporal bone laboratories that wish to reactivate their collections or
3) Active U.S. temporal bone laboratories that wish to learn new research techniques

Up to two fellowship awards will be made each year ($1,000 per fellowship). The

funds may be used to defray travel and lodging expenses. Applications will be de-
cided on merit. Interested applicants should submit the following:

1) A 1-2 page outline of the educational or training aspect of the proposed fellowship
2) Applicant’s curriculum vitae

3) Letter of support from temporal bone laboratory director or department chairman
4) Letter from the host temporal bone laboratory, indicating willingness to receive
the traveling fellow

Applications should be sent to:

Saumil N. Merchant, M.D.
NIDCD National Temporal Bone Registry
Massachusetts Eye and Ear Infirmary
243 Charles Street
Boston, MA 02114




THE VASCULATURE OF THE SCALA TYMPANIL..., from page 1

possible injury during cochlear implantation. The find-
ings discussed here are based on examination of human
temporal bone microdissections, conventional histological
sections and scanning electron micrographs taken from
recent anatomical studies in our laboratory. Additional
illustrations and an expanded version of this brief review
can be found at: http://www.utsouthwestern.edu/utsw/
cda/dept28156/files/111715.html (see link to “Inner Ear
Anatomy and Cochlear Implantation”).

The superficially located vessels of scala tympani are al-
most entirely of the venous type. They include the venules
found on the lateral wall and floor of scala tympani, the
anterior and posterior spiral veins associated with the mo-
diolus and the spiral vessel beneath the basilar membrane.
The arrangement and morphological features of these ves-
sels are illustrated in Figures 1-5. The venules of the lateral
wall drain the stria vascularis and spiral ligament and they
converge to form the small veins crossing the floor of scala

Fig. 2
A: Cross section of a vein (arrow) on the floor of scala tympani. The vein
is unprotected by bone and has only a thin connective tissue covering.
B: Longitudinal section of a vein (arrows) on floor of scala tympani. This vessel
appears completely exposed to the perilymphatic space.

tympani which empty into the posterior spiral vein. The
posterior spiral vein also collects blood from the spiral
ganglion and receives connecting vessels from the ante-
rior spiral vein which drains the osseous lamina and scala
vestibuli. In the lower basal cochlear turn, the two spiral
veins join to form the common modiolar vein, which after
uniting with the vestibulocochlear vein, becomes the vein
of the cochlear aqueduct (4), also known as the inferior
cochlear vein.

As the micrographs included in this article illustrate, many
of the venous vessels in scala tympani have little or no
bony covering, leaving them essentially exposed to the
perilymphatic space. They are therefore susceptible to
compression or mechanical injury associated with insertion
of electrode arrays.

During the insertion procedure, implant arrays frequently
tear or compress the delicate tissues of the spiral ligament
immediately below the area of attachment of the basilar
membrane (5,6). Scanning electron microscopic study has
shown this portion of the spiral ligament to be composed
of an open connective tissue meshwork which appears
prone to mechanical disruption by electrode arrays (5).
Such injuries will inevitably traumatize the venules cours-
ing through the lower portion of the spiral ligament. These
small vessels drain the stria vascularis and the part of the
spiral ligament that lies adjacent to the lateral wall of scala
media. Interruption of the venous outflow in the lateral
wall would compromise oxygen delivery and thereby im-
pair spiral ligament and strial function, which is essential
for maintenance of the ionic composition of the cochlear
fluids and the endolymphatic potential of the cochlear duct.

The bone of the modiolar wall is very fragile and shows
numerous gaps and open spaces in its structure (7). The
posterior spiral vein and vessels of the modiolar wall are
therefore unprotected by bone in some areas (Fig. 4). Thus,
perimodiolar electrode arrays positioned in close contact
with the modiolus may injure these vessels. Such injury
can occur if the tip of an electrode strikes the modiolar
wall during insertion or if the body of the array is pushed
into contact with the modiolus by a positioner device (8).
Modiolar trauma may also occur if explantation becomes
necessary because of the tendency for a perimodiolar array
to be pulled into tighter contact with the modiolus as it is
withdrawn from the cochlea.

In addition to the possibility of vascular trauma produced
by electrode arrays, the veins in the lower basal turn of
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Fig. 3

A: Dissection view of scala tympani and the modiolus in basal cochle-
ar turn showing the posterior spiral vein (black arrows). A tributary vein
(white arrow) on the modiolar wall joins the posterior spiral vein. ST, floor
of scala tympani. Cross sections of similar vessels are shown in Fig. 4.
B: Lower basal turn showing the common modiolar vein as it enters the cochlear
aqueduct (black arrow). The white arrow indicates the vestibulocochlear vein
which joins the common modiolar vein. ST, floor of scala tympani.

scala tympani are at risk of injury during surgical drilling
associated with cochleostomy placement. Such injuries
may occur during drilling of a standard promontory co-
chleostomy, or in the course of a round window insertion,
involving drilling of the anterior-inferior margin of the
round window near the so-called crista fenestrae. Obser-
vations from the authors’ laboratory have confirmed that
the cochlear aqueduct may lie within one-half millimeter
of the inferior margin of the round window membrane (9).
Therefore, caution is necessary when drilling in this area
to avoid injury to the common modiolar vein which enters
the bony channel immediately adjacent to the aqueduct to
become the vein of the cochlear aqueduct. Injury or occlu-
sion of this vessel would be particularly significant since
it is widely believed to provide virtually the entire venous
drainage of the cochlea (4,10). As shown in Figure 3B, the
common modiolar vein also receives the vestibulocochlear
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vein which carries blood from the vestibular sensory
organs and the basal end of the cochlea (4). There is,
therefore, the potential for circulatory compromise of the
vestibular apparatus as a result of vascular injury in the
lower basal portion of scala tympani.

As noted above, the vein of the cochlear aqueduct is
believed to provide almost 100% of the venous outflow

of the cochlea in most individuals. The possibility of
collateral venous circulation does, however, exist. In the
older literature, a central auditory vein which follows the
course of the auditory nerve is described (11,12). This
vessel is now thought to be present inconsistently (4). In
cases where such a vessel does exist, there may be connec-
tions between it and the posterior spiral vessel and/or the
common modiolar vein, providing the potential for collat-
eral circulation (12). Another possible route for collateral
drainage may be via connections between the cochlear
veins and the vessels of the mucoperiosteum of the middle
ear (13). It might, therefore, be expected that injury of the
common modiolar vein or vein of the cochlear aqueduct
during implant surgery could result in variable damage to
inner ear tissues, depending on the degree to which col-
lateral vessels are present in a particular patient.

Various types of basilar membrane damage have been
reported in association with placement of electrode arrays
in scala tympani. Electrodes may occasionally penetrate
the basilar membrane and enter scala media or, if they
remain within scala tympani, they may directly contact the
underside of the basilar membrane and elevate the cochlear
partition and/or fracture the osseous spiral lamina (5,6,14).

Fig. 4

Cross sections of the modiolus showing veins coursing near the surface of the
modiolar wall. In “A”, the vein indicated by the arrow has a very thin covering of
bone facing scala tympani. In an adjacent section, shown in “B”, a similar vein
(arrow) appears entirely exposed to the perilymphatic space of scala tympani.
OL, osseous lamina; SG, spiral ganglion.



Fig. 5

A: Cochlear cross section showing a vessel (arrow) emerging from the
edge of the osseous lamina. OC, organ of Corti; ST, scala tympani. The
vessel has a connective tissue covering, but is unprotected by bone.
B: Scanning electron micrograph of the underside of the basilar membrane (BsM)
and osseous lamina (OSL). The arrows indicate the spiral vessel beneath the
basilar membrane, which is exposed to the perilymphatic space.

In either case, the spiral vessel and associated arterioles
found on the lower surface of the basilar membrane and
osseous lamina may be damaged or occluded. As shown in
Figure 5, these vessels lie in an unprotected position where
they could easily be subject to electrode trauma. Since the
spiral vessel is believed to be important for oxygen deliv-
ery to the organ of Corti (4,15), its injury could be a factor
in loss of residual hearing in patients who have viable
organ of Corti remaining on the basilar membrane.

In addition to circulatory compromise produced by vas-
cular occlusion, bleeding due to implant-related injury of
cochlear vessels may have detrimental effects on inner ear
function. As has long been known, significant intracochlear
bleeding due to hemorrhage can produce sudden hearing
loss, a fact which has been confirmed by recent imaging
studies (16). However, Radeloff et al. (17) have demon-
strated that even a few microliters of blood introduced into

See THE VASCULATURE OF THE SCALA TYMPANI..., page 7
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LAB SPOTLIGHT

Human Temporal Bone Laboratory
Department of Otolaryngology - Head and Neck Surgery,
Southwestern Medical Center
Dallas, Texas
By Charles G. Wright Ph.D.

I I uman temporal bone research at Southwestern Medical Center began in 1976 with work focused on development
and pathology of the vestibular apparatus. At that time our interest centered on studies of the otolith organs in
undecalcified temporal bones. Most specimens were prepared by microdissection and studied by a combination of light

and scanning electron microscopy.

After Dr. William Meyerhoff joined the Department as Chairman in 1982, the laboratory started to prepare temporal bones
for celloidin embedding and sectioning. To date, over 300 temporal bones have been processed for either microdissection
or celloidin sectioning. Many of the sectioned specimens in our collection were obtained from pediatric patients. They
have provided a valuable resource for studies on temporal bone development and congenital abnormalities of the ear.

Microdissection and conventional sectioning methods are complementary approaches to human temporal bone research.
Together. they permit a wide array of laboratory techniques to be applied in the study of temporal bone development,
morphology, and pathology. As reflected in the list of references below, much of the work from our laboratory has been

done using a combination of the two research methods.

In recent years, we have utilized the microdissection method for studies relating to cochlear implantation, including
evaluation of new electrode designs and investigation of various factors contributing to cochlear injury associated with
implant surgery. Dr. Peter Roland, who is currently Department Chairman, is an active member of our temporal bone
research group and has fostered an integrated program of clinical and basic science research aimed at improving clinical

outcomes in cochlear implant patients.

Publications From The Human Temporal Bone Laboratory,
Southwestern Medical Center, Dallas
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scala tympani in laboratory animals cause significant
permanent shifts in hearing thresholds. These findings
raise the possibility that relatively small amounts of
bleeding, such as might occur during cochlear implanta-
tion, may negatively impact auditory function and thereby
contribute to post-implantation hearing loss.
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