Annals of Otology, Rhinology & Laryngology 120(3):175-184.
© 2011 Annals Publishing Company. All rights reserved.

Assessment of Canine Vocal Fold Function After Injection of a
New Biomaterial Designed to Treat Phonatory Mucosal Scarring
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Objectives: Most cases of irresolvable hoarseness are due tg{deficignctes in the pliability and volu xe superficial
lamina propria of the phonatory mucosa. By using a US Foagd and Prug Administration—approved p, er, polyethyl-

ene glycol (PEG), we created a novel hydrogel (PEG30) anthi ated its effects on multiple’ alifold structural and
functional parameters. .‘K

Methods: We injected PEG30 unilaterally into 16 HOIWC vocal folds with survival tj to 4 months. High-
speed videos of vocal fold vibration, induced by i 0C airflow, and phonation thres essures were recorded

& uction analysis of 11.7 T mag% ance images and histo-
i t

jectigns were the most superficial, s ximally impact vibratory
scs.

at 4 time points per subject. Three-dimensional
logic analysis identified 3 cases wherein PEG3
function. These cases were subjected to in-depth a

cases showed minimal to on in the maximum vibratory
amplitudes of vocal folds injected with ) compared to the non-injected
ed vocal folds displayed mucosal wavéa pressures. No significant inflam-
mation was observed on microlaryngoscopigegamination. Magnetic resopance imaging and histologic analyses revealed
time-dependent resorption of the PBEG30 hydrogel by phagocytosis with i

Conclusions: The PEG30 hydrggel¥s,a promising biocompatible candid
deficient phonatory mucosa, while not Mechanically impeding residug ogenous superficial lamina propria.

Key Words: hoarseness, hyj polyethylene glycol, scar.

¢ has not been a reliable method to restore nor-
suppleness to stiff vocal folds.”® This capability
Optimal vocal function fequires an aerodynamf 1d be highly desirable, given the large numbers
cally competent \ patients with benign and malignant processes
mucosa. During S who sustain diminished pliability of phonatory mu-
adept at repairimg a€fodynamic incompetence cosa from phonotrauma, disease, or instrumentation.
storing glaff sure. This was achieved by=a About 6.6% of the American working-age popula-
menting the pawaglottic space!-* and/or repost tion is affected by voice-related disorders, and most
of these patients present with diminished phonatory

From the Center for Laryngeal Surgery an i ilitation (Karajanagi, Lopez-Guerra, Park, Kobler, Galindo, Aanestad, Mehta,
Kumai, d’ Almeida, Heaton, Hillman, Zeit€ls) and €¢he Department of Pathology (Faquin), Massachusetts General Hospital, the Depart-
ments of Surgery (Karajanagi, Lopez-Gue! obler, Kumai, Heaton, Hillman, Zeitels) and Pathology (Faquin), Harvard Medi-
cal School, the Department of Medicine, niversity School of Medicine (Herrera), the School of Engineering and Applied
Sciences, Harvard University (Mehta), and the School of Engineering, Boston University (Giordano), Boston, and the Department of
Chemical Engineering (Karajanagi, Park, Langer) and the Harvard-MIT Division of Health Sciences and Technology (Kobler, Heaton,
Langer, Hillman), Massachusetts Institute of Technology, Cambridge, Massachusetts. This work was supported in part by the Eugene
B. Casey Foundation and the Institute of Laryngology and Voice Restoration. Dr Zeitels has an equity interest in Endocraft LLC. This
study was performed in accordance with the PHS Policy on Humane Care and Use of Laboratory Animals, the NIH Guide for the Care
and Use of Laboratory Animals, and the Animal Welfare Act (7 U.S.C. et seq.); the animal use protocol was approved by the Institu-
tional Animal Care and Use Committee (IACUC) of the Massachusetts General Hospital.

Presented at the meeting of the American Broncho-Esophagological Association, Las Vegas, Nevada, April 28-29,2010. Winner of the
Broyles-Maloney Award.

Correspondence: Sandeep S. Karajanagi, PhD, Center for Laryngeal Surgery and Voice Rehabilitation, Massachusetts General Hospi-
tal, Bartlett Hall Extension, 413, Boston, MA 02114.

175



176 Karajanagi et al, Canine Vocal Fold Function After Injection of New Biomaterial 176

mucosal pliability of their vocal folds.?

The need for methods to restore vocal fold pli-
ability has generated an increasing number of efforts
to develop biological and/or synthetic remedies. A
recent series of review articles provides an excellent
overview of the wide range of treatment strategies
that are under development.!9-17 These proposed
therapies include the use of synthetic biomaterials
(some based on natural extracellular matrix compo-
nents such as hyaluronic acid [HA] and collagen),
cells (stem cells or fibroblasts), autologous tissue
(fat or fascia), scaffolds (synthetic or tissue-based),
and growth factors and other chemical agents, such
as steroids and phytochemicals. All of these ap-
proaches have demonstrated some positive results
in animal studies, and small-scale human trials have
studied several types of treatment.

Biomaterials have several potential advantaVS Food and Drug Admigi
- i

over other approaches, including availability
ited biological side-effects, control over vise a@
tic material properties, immediate benefit, and PrQ-

cently, some human subject experiments Sug
that biomaterial therapy may be effegfivédfor vocal
fold scar. In a 2-year study, 40 pati @ vocal
fold scar, vocal fold atrophy, or sulcus Vagalis were
injected with auto—cross-linkedgolysaccharide HA
gel (Fidia Advanced Biopol bano Terme,
Padova, Italy).!® The materjalmgas placed into the
lamina propria for treating @ ar and sulcus or
into the thyroarytenoid muSele for closing the glot-
tal gap. This study had a prégreatment-posttreatment
design, with multivarf ical analysis of voice
and endoscopic parametcts, Glottal closure, vibrg;

A (MeroGel; Medtronic Xo

have a positive effect on the long-term esof
voice production.!9-20

The positive vocal outcomes rep@hese ini-
tial human experiments are somewh pered by
the heterogeneity of the vocal conditions treated and
by inadequate controls. However, this work, as well
as a host of animal studies,!3-21-23 does suggest that
biomaterials may provide short- and long-term ben-
efits for treatment of vocal fold scar, and that mate-
rials with established biocompatibility in other parts
of the body can be relatively safe for use in the vo-
cal folds.

Hylan-B, auto-crosslinked polysaccharide HA
gel, and MeroGel were initially designed for appli-

cation in other tissues (eg, skin or dermis), and it
would be serendipitous if they happened to be opti-
mal for vocal fold applications. Ideally, substances
would be designed specifically for the vocal fold on
the basis of the rheological and functional properties
of the normal vocal fold mucosa, as well as for their
use in scar-stiffened tissue. Since the primary com-
vocal fold’s layered microstructure re-
bration is the superficial lamina pro-
pria (SP)%E wg' created a novel hydrogel, PEG30
(pate% ), with rheological properties that

lie near t wer limits of normal vocal fold stiff-
0

jay

osing materials, an additional consider-

fore pased PEG30 on polyethy
¢ PEG is an establishe@ ki
idely used in numerous

col (PEG) be-
patible polymer

s approved by the
ion. We investigated
1d structural and func-

n
atiomdecomes the potential regulatory hurdles for
@ 1 of novel chemical formutations. We there-

ts effects on multiple v
tional parameters.

4

ions of PEG and PEG-DA (both 100

/ ere made in sterile phosphate-buffered
sa& tion (PBS) and mixed in the volumetric
¥7 of PEG-DA to PEG. This solution (1 mL)

s gelled for 200 seconds with 0.05% (wt/vol) of

ure 2959 (Ciba, Tarrytown, New York) as the
oinitiator. An EXFO Lite lamp (Lumen Dynam-
1

tory pattern, andgmmgosal waves were significant—\
ly improved at % follow-up (1 to 3 montn&
and at 12 monthstfterdnjection. In two other stud

Group, Mississauga, Canada) that generated ul-
traviolet light of intensity 10 mW/cm? (measured at
365 nm) was used for the gelation. The entire pro-
cess was carried out in a sterile laminar flow hood.
The gel disks thus formed were rinsed with 70%
ethanol (3x at 1 minute per wash), rinsed in sterile
PBS (3% at 5 minutes per wash), and then incubated
in sterile PBS for 24 hours at 37°C. The swollen gels
were progressively sheared through needles of de-
creasing bore size to make them injectable through a
25-gauge needle. The gels were stored at 4°C sealed
in a capped syringe until further use.

Mechanical Testing of Hydrogels. The viscoelas-
tic shear properties of the hydrogels were measured
at low frequencies with an AR-2000 rheometer (TA
Instruments, Inc, New Castle, Delaware). A cone-
and-plate geometry was used to apply oscillatory
shear to hydrogel samples with an acrylic cone (60-
mm diameter, 2° angle) and a flat metallic Peltier
plate heated to 37°C. Sheared gels were placed be-
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tween the heated plate and the cone so that a man-
ufacturer-specified gap of 61 pm was maintained
between the cone and the plate. The gel was sub-
jected to an oscillatory shear at 1 Hz for 2 minutes
to equilibrate the entire gel to a uniform tempera-
ture of 37°C. Strain sweep tests were done to ensure
that the shear property measurements were done in
the linear region of the stress-strain curve. The vis-
coelastic shear properties are independent of the
percentage strain in the linear region. A target shear
strain value was therefore identified by measuring
the viscoelastic shear properties as a function of the
percentage strain applied. A 0.6% strain was typi-
cally used to measure the shear properties by means
of a frequency sweep. Measurements of the shear
properties were then made by systematically vary-
ing the frequency from 1 to 10 Hz. The elastic shear
modulus (G') at 10 Hz was used as a measure of the
mechanical properties of the PEG30 hydrogel u

in this study. The elastic shear modulus of P

fell within or below the ranges reported in th -
ture for normal phonatory mucosa,?’ there -
onstrating adequate softness and/or pliability atow
frequencies to justify in vivo testing.

Animal Care. This study was perfi @ accor-
dance with the PHS Policy on Human Cagg’and Use

of Laboratory Animals, the NI uide for the Care
and Use of Laboratory Ani and the Animal
Welfare Act (7 U.S.C. et segomdAll experimentation

followed an animal use pr¢ @

by the Committee on Agi afe
“All surgical procedures
place at the Massachy;

and housing of animals to®
setts General Hogpi

Sixteen resea’
hounds, 8 mé (0 1 year in age) were obtai
from Cova @ arch Products (Cumberla ir-
ginia). Throughyaat arrangement with the supplig
were able to obtain animals that had bee
ically pre-screened for laryngeal dj
are not uncommon due to excessive/barkifig. Before
every procedure, the dogs were prémedigated with
acepromazine maleate (0.05 mg/kg), glycopyrro-
late (0.01 mg/kg), and butorphanol tartrate (0.2 mg/
kg). Anesthesia was maintained throughout the sur-
gical procedures with intravenous propofol (10 mL
for induction, followed by 0.5 mg/kg per minute or
more given intravenously as needed). Spontaneous
respiration was maintained, medical-grade oxygen
was supplied continuously through the mouth, and
a heating pad was used to maintain body tempera-
ture throughout the surgery. Heart and respiratory
rates were monitored continuously by a monitoring

d dogs (young adult m§&

device and visual observation. At the conclusion of
each phonatory testing session (see below), the dogs
were watched until they regained consciousness and
were given the nonsteroidal anti-inflammatory drug
meloxicam (0.2 mg/kg), buprenorphine hydrochlo-
ride (0.01 mg/kg), and the antibiotic Baytril (enro-
floxacin; 5 mg/kg).

Surgicgl Pypcedures. The dogs were placed in a
supine e oif a surgical table with the head and
nec% . The vocal folds were exposed by

standard Sadoscopic techniques and visualized with

a F40 surgical microscope. PEG30 was in-

jec nilaterally in 16 normal canine vocal folds

Qith}‘ stinjection survival perio f1,2,3,and 4
0

months (n =4 per time point). ralateral fold
d as a control. An aver % uL of PEG30
as injected in the vocal f a 25-gauge Zei-
els Vocal-Fold Infusion Ne@edle2° (Endocraft, Provi-
dence, Rhode Island) aﬁtpeciauy modified in-
dustrial viscous ﬂu% ser (model HP7x by
Nordson EFD, Wes hio) that was pneumati-
cally driven and p%d improved injection con-
trol compared entional handheld syringes
or injectio e HP7x handpiece was mod-
ified to use precision linear transducer and
digital mgter so that dispenser output could be mea-
sured in ge@htime. The injection volumes for dogs 1
to 3 rep n this study were 69, 52, and 53 L,
respe

Nade periodic examinations of in vivo vocal
pearance using standard microlaryngoscopy.
cifically, examinations were made at the follow-
time points after injection for dogs with 1-,2-,3-,
4-month survival times, respectively: 1, 2, and
eeks; 2, 5, and 8 weeks; 4, 8, and 12 weeks; and
4,8, 12, and 16 weeks. High-speed videos (4,000
frames per second) of the vocal fold vibration were
also recorded during these examinations by using
a 16-gauge needle inserted in the trachea to create
subglottic air pressure for phonation. Air delivered
for phonation was warmed (37°C to 39°C) and hu-
midified by a Conchatherm unit (high-flow model;
Hudson RCI, Temecula, California). A pressure sen-
sor (MPX2010GP; Motorola, Schaumburg, Illinois)
was mounted on the air supply tube near its con-
nection to the needle inserted into the trachea, and
a condenser microphone (ECM50PSW; Sony, New
York, New York) was positioned approximately 15
cm from the mouth opening. Simultaneous acoustic
and pressure signals were filtered and recorded digi-
tally (20,000-Hz sampling rate) with Axon Instru-
ments hardware (Cyberamp 380, Digidata 1440a)
and software. Phonation threshold pressures were
monitored in real time during data collection in or-
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taken during maximum abduction during phonation. B) Derivation of
folds. Images are rotated to orient glottis vertically and are cropped to optimize image processing. Digi

ated from position halfway between anterior and posterior c

tracing edges of vocal folds in digital kymogram. Relative vocal¥igld pliability is estimated by calcujat
that of noninjected vocal fold.

mum amplitude of vocal fold injected with biomaterial

der to monitor and control phonation drivin -
sures, and were also measured from recorded S
during subsequent analyses. Our method fo
vocal function uses a tracheal needle ta

7

us to assess the pliability of the voce
physiological conditions. Furthewnore, thiS in vivo
procedure allows us to test vogal function at mul-
tiple time points, which is id€al ollowing the

progress of the effect of PE&30Nnjection over time

and minimizes the number @ als needed.
High-Speed Video Dat.

sis. Imaging of cani

induced phonation was

ing a Phantom

sion Research,
tical adapter g

ollection and Analy-
old vibration during
omplished by attach;

data were recorded at 4,000 images per
maximum integration time and a sp@tial re
of 448 horizontal x 424 vertical pixels to ¢apture an
approximately 2-cm? target area. I iffation was
provided by a Leica F40 surgical microscope with
an integrated 300-W xenon arc light source. Each
high-speed video data segment consisted of 1,000
images (250 ms).

A previous report describes the digital image pro-
cessing methods that were used to estimate lateral
displacements of the left and right vocal folds from
the recorded high-speed video segments.2’ Briefly,
the processing steps included correction of motion
artifact; user selection of a glottal midline; rotation

aigh-speed video camera (Vi \
a

e asymmetry measure. A) Hig
eral displacement waveforms fi

gram is gener-
hen obtained by
atio between maxi-

" Lateral displacement wavéfo

and cropping of images @ﬁcally orient the mid-
line; conversion fron% 0 monochromatic imag-
es; user selection off@p,intensity threshold that opti-

( @ ion; generation of a digital

and extrac of \Waveforms representing the am-
plitude of le d right vocal fold motion from the
kymogr (Fig 1). To assess the impact of the in-
jected b ial on the pliability of the vocal fold,

easure of left-right amplitude asym-
e ratio between the maximum amplitude
jected vocal fold and the maximum ampli-

0
%&he noninjected vocal fold.

agnetic Resonance Microscopy and/or Micro-
ing. Immediately after euthanasia, the laryn-

ere removed, rinsed with 0.9% saline solution,
fixed in cold PBS-buffered 4% paraformalde-
hyde. Magnetic resonance microimaging of the ex-
cised larynges was done as described elsewhere.28
Briefly, the larynges were suspended in Fomblin
and imaged with a Bruker Avance-500 nuclear mag-
netic resonance spectrometer (11.7 T; 500 MHz for
proton). A 30-mm “birdcage” transmitter and/or re-
ceiver coil was used for imaging. Transverse and/or
coronal scans were obtained throughout the length
of the segment with multi-slice multi-echo sequenc-
es. Transverse and/or coronal and axial images were
then obtained through regions of interest. Gradient
recalled echo images were acquired according to
the following parameters: slice thickness, 0.3 mm;
field of view, 20 mm; MTX, 512 (pixel size, 39 um);
and the following pulse parameters: repetition time,
1,000 ms; echo time (effective), 8.3 ms; flip angle,
10°; and NEX, 32. Sixty-four transverse or coro-
nal slices and 32 axial slices were obtained per dog
larynx for all 16 dogs injected. Fat was suppressed



179 Karajanagi et al, Canine Vocal Fold Function After Injection of New Biomaterial 179

Top View

with a fat-presaturati
were processed with P
by the vendor.

uring imaging. Data
ision software prov1de£1

oriented appropfiately and embedded NP3
Coronal sections, 5 pm thick, were cut @
at fixed intervals along the anteriétr-po
tent of the vocal fold. For each sp
the magnetic resonance images to o
ting of the paraffin sections such that the injection
sites were fully encompassed. Alternate slides were
stained with hematoxylin and eosin and Masson’s
trichrome stains and examined with brightfield mi-
croscopy. Digital photomicrographs were obtained
with a Zeiss Axioskop2 microscope system. When
necessary, differential interference contrast micros-
copy was used to improve image quality.

ldentification of Cases With Superficial Injec-
tions. In order to correctly attribute potential postin-

panels) that was or 3-dimensional re-

constructign of vocal fold with Amira soft-
ware (botts nels). Arrows show location
of residua and cellular infiltrate. A —

anteric@ sterior.

ion changes in the in vivo vibration of the vo-
folds to the injected biomaterial, we reasoned
it would be important that the injected bioma-
terial and the reaction that it caused be extremely
superficial so as to maximally affect vocal fold vi-
bration. In order to visualize and quantify the 3-di-
mensional (3-D) location of the residual biomaterial
and the accompanying biological reaction, we used
calibrated magnetic resonance images in combina-
tion with histologic imaging. Masson’s trichrome—
stained histologic sections were matched with cor-
onal magnetic resonance microimaging slices in
order to delineate residual biomaterial and cellular
infiltrate from the surrounding vocal fold tissue in
the magnetic resonance microimages as described
in detail elsewhere.28 An example of magnetic reso-
nance imaging—histology image matching is shown
in Fig 2 (top panels). Three-dimensional reconstruc-
tion of consecutive calibrated magnetic resonance
microimaging slices was then done with Amira soft-
ware (Visage Imaging, Inc, San Diego, California)
to visualize the location and quantify the volume of
the residual biomaterial and cellular infiltrate (Fig 2,
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identified in magnetic resonance microimaging slice
vocal fold. Arrow shows location of residual materia, @
cellular infiltrate.

bottom panels).

jomaterial and cellular
ach of the remaining
agnetic resonance mj-

less than 5 pL of residua
infiltrate were elimin
subjects, 3 to 4 consecuti

croimaging sliceggwith the highest percentage of re;
sidual biomateri @ ellular infiltrate were ide l&

fied. For each of thesegnhagnetic resonance microims-
aging slicesfwe @@mputed the “vibratory frac

ie, the per ; f the vibratory zone occuyf

the residual bidwiaterial and cellular infiltrate
averaged it across the measured slices.

mals that had the highest average vib#8 a
were identified and subjected to intdepthfanalyses.
Representative magnetic resonanceugmiCroi
and the 3-D reconstructions of vocal folds for the 3
selected cases are shown in Fig 4. One subject each
with survival time points of 1 month, 2 months, and
3 months constituted the 3 subjects selected by this
screening process.

RESULTS

Vocal Fold Function Before and After PEG30
Injection. We evaluated vocal fold function for the
3 selected animals (those with the most superfi-

cial PEG30 injections; see Methods) during in vivo
phonation, whereby delivery of subglottic air pres-
sure and manual adduction of the arytenoid carti-
lages caused the vocal folds to valve the airstream
in a manner resembling natural phonation. All vo-
cal folds at all time points displayed clear evidence
of mucosal wave activity. The average phonation

threshold ssures were low (4 to 8.5 cm H20).
Analysis try in vocal fold amplitude failed
to sho igtent difference in lateral tissue ex-
cursi r the'injected versus noninjected (control)
vocal fol 1g 5). Statistical comparison of the rel-
ati fold amplitude (injected divided by non-

injegggd) prior to injection vergus the last record-
g time for each animal failecN a difference
(2-tallled paired #-test, p = 0.2, wise, phona-

hreshold pressures dif go er between pre-

\jection measures and the {\ording session for

Fig 3. “Vibratory zone” (shaded in blue) of vocal foldVach animal (2-tailed #-t

0.40; Fig 6). Taken
together, these two find ggest that the injected
gel and/or tissue res d not appreciably alter

the pliability of thessup@fficialmost portion of the
SLP during m uaited phonation.

PEG30. Multiple in vivo ex-

aminations nine vocal folds with an operat-

ing micgoscopeand gentle blunt-instrument palpa-
tion reve no clinical evidence of inflammation
such as a or edema. In all 3 cases, the in-
jecte old surface looked identical to the non-
inje; vgcal fold under high magnification. Histo-
lo ysis of the vocal fold for canine 1 (survival

1 month after injection) revealed the pres-
of PEG30 in the vocal fold, accompanied by
ificant macrophage infiltration at the implanta-
site, including and surrounding the PEG30 (Fig
,B). To a lesser extent, lymphocytes and plasma
cells were also present. No giant cells or neutrophils
were observed. Slight to mild fibrosis was seen, but
no fibrotic capsule formation was observed around
the PEG30. The macrophages adjacent to the implant
had a foamy cytoplasm suggesting active phagocy-
tosis of the PEG30 by the macrophages. These ob-
servations suggest that PEG30 is biodegradable by
macrophage-mediated phagocytosis. Similar histo-
pathologic findings were observed for canine 2 (sur-
vival time of 2 months after injection) and canine 3
(survival time of 3 months after injection), although
with amounts of residual PEG30 and macrophag-
es that decreased with each successive month (Fig
7C.,D). No fibrosis in the vocal fold was seen for ei-
ther canine 2 or canine 3. The foreign body response
to PEG30 seemed to resolve over time, with no ap-
parent damage to the surrounding vocal fold tissue
and with replacement of the lost material by loose
connective tissue.
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Canine 1 Canine 2 Canine 3

Fig 4. Representative magnet
els) of vocal folds for 3 se
lular infiltrate. Canine 1 rece

in magnetic resonance jpienoi

ce microimages (top panels)
Vibratory zone” is shaded in
njections, both at time zero.
and in 3-dimensional recons

ive 3-dimensional reconstructions (bottom pan-

e, arrows show location of residual PEG30 and cel-
i more superficial-medial injection is shown by arrow
. A — anterior; P — posterior.

ocal folds.

DISCUSSION

Normal vocal fold vibration is manifested primar-
ily as a wave of displaced mucosal tissue on the sur-
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tween injected and noninjected vocal folds for 3 selected Fig 6. Comparison of phonation threshold pressures for 3
dogs as function of time. selected dogs as function of time.

Phonation threshold pressure (cm H,0)
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mucosal wave. The

@ mostly composed

face of the vocal folds, ie,
phonatory or vibratory mu
of a soft and pliable layeg 0
ing of epithelium that esse
chanical properties o substrate. The main
cause of chronic dysphortita or voice loss is permg;
nent damage and/@searring of the normal SLP. Ni
proven methods ﬁ y exist for restoring no
function to vocal¥eldssthat have lost the pliability
this key vib

Q ayer.
This report'dgsgCribes the results from iniQ -

ing of a new synthetic PEG30 hydrogel b cvel-
oped to restore vibratory function to s that

ith a thin cover-
y mimics the biome-

have lost some pliability of the ph@nator§y mucosa
Polyethylene glycol was chosen as s for this
new material because numerous PEG-based materi-

als are already approved by the US Food and Drug
Administration for implants in other parts of the
body, and therefore our modification had good po-
tential to be biocompatible. In addition, during ini-
tial low-frequency rheometric screening, the PEG30
formulation seemed soft and pliable enough to po-
tentially mimic the biomechanical function of nor-
mal SLP, and it could be injected through the dif-
ferent types of 25-gauge needles currently used for
vocal fold infusion during phonosurgery.26 It was

Fig 7. Masson’s trichrome—

stained impages of PEG30-inject-
ed Voca&f A,B) canine 1,
C) cani nd D) canine 3.

L 4

N
é

&
dee cessary to first determine if the impact
0 on healthy vocal fold tissue and function
ptable prior to investigating its use in vocal

%thology, particularly since most patients who
lost some pliability of the phonatory mucosa

retain some normal regions of SLP.

he biocompatibility and impact on vocal func-
tion of PEG30 were tested longitudinally in an in
vivo canine model with survival times ranging from
1 to 4 months. This report focuses on results from 3
dogs (1 each at 1, 2, and 3 months) for whom 3-di-
mensional reconstruction analysis of 11.7-T mag-
netic resonance imaging and serial-section histo-
logic analysis of excised larynges showed that the
PEG30 injections were superficial, so as to ensure
maximal impact on vocal fold vibratory function.
The presence of PEG30 did not negatively affect
normal phonatory vibration: the injected canine
vocal folds displayed clear mucosal waves at all 3
postinjection time points, vibratory amplitudes that
did not differ significantly from those of the con-
tralateral noninjected vocal folds, and no significant
change in phonation threshold pressure relative to
preinjection phonation.

The PEG30 also appeared to elicit a minimal bio-
logical response when implanted in the SLP of ca-
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nine vocal folds, with no evidence of an overt in-
flammatory response either in terms of the vocal
fold surface or with respect to histologic findings.
The biological response to PEG30 in the vocal folds
of the remaining 13 dogs was similar to that seen in
the 3 selected cases. In all dogs, the residual PEG30
was actively phagocytosed by macrophages, and the
amount of residual PEG30 and macrophages pro-
gressively decreased with an increase in survival
period. The PEG30 and the foreign body reaction
were resorbed with no apparent damage to the sur-
rounding vocal fold tissue, and the lost PEG30 was
replaced by nonfibrotic loose connective tissue. An
in-depth examination of the biological response
to PEG30 in all 16 animals, however, is out of the
scope of this report that focuses primarily on the
functional evaluation of PEG30 injected in the pho-
natory mucosa. A future report will utilize histologic

data from the entire cohort of 16 animals to evaluw

the biological response to PEG30 in detail.

Overall, comparative analysis of histo

cates that after PEG30 is injected into th
cal folds it biodegrades within 3 to 4 4
out creating damage (fibrosis) or meg!
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