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Abstract. Velopharyngeal structure augmentation with the injection of
autologous fat tissue into the nasal mucosa of the soft palate has been reported
previously. However, as the injection points in the velopharyngeal space cannot
be observed directly, these injections may be difficult to perform accurately. This
report describes a new endoscope-assisted approach in which the materials for
velopharyngeal structure augmentation are administered while observing the
injection points directly, also enabling adjustment of the amount of material
injected. A case series of five patients aged 8-16 years who underwent
endoscopic soft palate augmentation under general anaesthesia is reported.
Autologous fat tissue was injected into the nasal mucosa of the soft palate using
a needle-type device of an endoscope, and the effects of the treatment were
evaluated. The injections were performed successfully, and the velopharyngeal
function was improved. This new technique of endoscopy-assisted augmentation
was useful for the treatment of velopharyngeal insufficiency.
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Post-palatoplasty, velopharyngeal in-
sufficiency (VPI) is inevitable in a cer-
tain percentage of cleft palate cases,
irrespective of the success of the sur-
gery.'” The main causes of VPI are
inadequate or poor movement of the
soft palate due to scarring, the short
palate, and poor repair of the levator
veli palatini muscle. In addition, some
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2021; April 28-May 2, 2021), the 66th
Congress of the Japanese Society of Oral
and Maxillofacial Surgeons (November
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Cleft Congress (July 11-15, 2022).
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22ql11.2 deletion syndromes present
with VPI because of inadequate soft
palate muscle, including in patients
who do not have a cleft palate.”
Speech plays an important role in
daily life, and speech disorders such as
VPI reduce the patient’s quality of life.
Historically, a pharyngeal flap opera-
tion has been employed to manage
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Fig. 1. Lateral X-ray images before injection. Lateral X-rays were used before injection to
check where the levator veli palatini muscle would be elevated during vowel pronuncia-
tion, resulting in restenosis of the pharynx. A contrast medium applied through the nasal
cavity made the nasal side of the levator veli palatini muscle clear.

VPL>*7  Velopharyngeal structure
augmentation, which involves the in-
jection of materials into the tissue
around the velopharynx, has also been
performed as a less invasive alternative
to a pharyngeal flap operation; this
procedure does not change the original
structure of the pharynx.”" 7 However,
the anatomical sites and injection ma-
terials used for augmentation have
varied widely owing to a lack of stan-
dardized criteria, and their effects have
also varied across institutions.” '’

The authors of the present study
recently investigated the most effec-
tive injection approach for velophar-
yngeal structure augmentation in
dogs.””?! Dogs naturally exhibit VPI,
and the nasopharyngeal closure
movement can be triggered by ap-
plying  respiratory  depression.”
Taking advantage of this property, it
was elucidated experimentally that the
soft palate was a more effective in-
jection site to reduce nasal air leakage
than the posterior pharyngeal wall or
bilateral pharyngeal walls. Further-
more, it was found that autologous
fat tissue was the best material histo-
logically compared with hyaluronic
acid or collagen, because a part of the
injected area showed increased muscle
tissue. A method of injection into the
nasal mucosa of the soft palate with a
needle device and an endoscope to
directly confirm the injection site was
also proposed.”

The aim of this study was to report
the technique of endoscopic soft pa-
late augmentation (ESPA) using

autologous fat injection in a series of
five patients.

Patients and methods

Five patients with a non-syndromic
repaired cleft palate (age 8-16 years;
three female and two male) underwent
ESPA. All clinical protocols were re-
viewed and approved by the Clinical
Ethics Committee of Osaka University
Graduate School of Dentistry (ap-
proval number, H30-E30).

Technique

Before ESPA, the degree of VPI was
assessed endoscopically to identify the
injection site and evaluate the gap.
Lateral X-ray images were also used to
check where the levator veli palatini
muscle would be elevated during vowel
pronunciation, resulting in restenosis of
the pharynx (Fig. 1). Thereafter, ESPA
was performed with the patient under
general anaesthesia.

Subcutaneous fat was suctioned from
the left femoral area with a cannula (60-
ml monoject Toomey hub cannula;
Tulip Medical Products, San Diego,
CA, USA), because this is safer than
abdominal fat suctioning in children
with a relatively low body mass index
(BMI) and low subcutaneous fat
(Table 1, Fig. 2). The suctioned fat
tissue was centrifuged at 800 rpm for
2 min to separate three layers: an upper
layer comprising oil from crushed fat
cells, a middle layer comprising fat
cells, and a bottom layer comprising

blood, water, and lidocaine used for
local anaesthesia. The middle layer was
used as the injection material.

The autologous fat tissue was in-
jected into the nasal mucosa of the soft
palate using a needle-type device
(ViziShot 2 FLEX 19-gauge suction
biopsy needle; Olympus Medical
Systems Corp., Tokyo, Japan) with an
endoscope (Video Bronchoscope BF-
1TQ290; Olympus Medical Systems
Corp.). The device was first inserted
through the nostril, and the fat tissue
was then injected into the soft palate
nasal mucosa at the back of the levator
veli palatini muscle, while confirming
the injection site in the anteroposterior
direction with the C-arm and in the
transverse direction with the endoscope
(Figs. 3 and 4). During the injection of
the fat tissue, the point of the levator
veli palatini was pushed up from the
oral cavity with a rod-shaped instru-
ment to facilitate visualization of the
point with endoscopy. The fat injection
was performed until the soft palate
lightly touched the posterior wall of the
pharynx under endoscopic observation,
with reference to the findings obtained
on endoscopic images before surgery.
Thus, the injection amount differed
among patients, ranging from ap-
proximately 2 ml to 4 ml.

Evaluation

The following functional evaluations
were performed before and at 1 month
and 12 months after the operation: (1)
magnetic resonance imaging (MRI)
video recorded during speech vowels;
(2) nasopharyngeal endoscopic ob-
servation during speech, with the find-
ings classified as follows, depending on
the modulation of the area of the ve-
lopharyngeal opening by movements of
the velum and pharyngeal walls: VPI,
substantially unclosed with a visible
gap; BVPI, borderline with bubbling;
and VPC, complete closure; (3) speech
assessment by speech therapists with
more than 10 years of experience, who
evaluated the severity of the VPI and
abnormal articulation by their own
hearing during actual conversations
with the patient.

Results

The characteristics of the study parti-
cipants are shown in Table 1. BMI in
childhood is affected by the maturity
rate and varies widely not only with age
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Table 1. Patient characteristics.

Endoscopic soft palate augmentation 3

Height Weight
Case No. Age (years) Sex Cleft type (cm) (kg) BMI (kg/m?)
1 12 M BCLP 139.0 27.6 13.8°
2 8 F UCLP 124.0 20.8 13.4°
3 8 F UCLP 127.0 21.6 13.4°
4 16 M UCLP 160.9 48.4 18.7°
5 14 F BCLP 160.7 43.5 16.8°

BCLP, bilateral cleft lip and palate; F, female; M, male; UCLP, unilateral cleft lip and palate

“BMI below the 3rd percentile.

"BMI between the 15th and 50th percentiles.

°BMI at the 3rd percentile.

Autologous fat tissue
from femoral area

5

Centrifugal separation
(800 rpm, 2 minutes)

Fig. 2. Schematic diagram of endoscopic soft palate augmentation. Subcutaneous fat was
suctioned from the left femoral area with a cannula. The suctioned fat tissue was cen-
trifuged at 800 rpm for 2 min to separate three layers: an upper layer comprising oil from
crushed fat cells, a middle layer comprising fat cells, and a bottom layer comprising blood,
water, and lidocaine used for local anaesthesia. The middle layer was used as the material
injected into the nasal mucosa of the soft palate using the needle-type device of the en-

doscope.

Fig. 3. C-arm image obtained during en-
doscopic soft palate augmentation. The
device (white arrow) was inserted, and
material was injected after confirming the
injection point, which was pushed up from
the oral side with a rod-shaped instrument
(black arrow).

but also height, within the age groups.
Therefore, only about 10-18 ml of fat
tissue could be obtained, and there was
no excess sample because the collected
tissue was reduced to one-third after
centrifugation. In case 2, as liposuction
was not sufficient and no improvement
in VPI was observed, the findings for
this case were excluded from the ana-
lysis.

With the material injected using an
endoscope, the injection site could be
observed directly and the injection
amount adjusted easily. The injections
were performed successfully, and the
restoration of velopharyngeal function
was confirmed by the improvement in
hypernasality on the day after the op-
eration. Postoperatively there was pain
in the thigh at the liposuction site, but
the pain in the pharynx was mild, and

the patients could consume a semi-solid
diet from the next day.

MRI video observation

The MRI findings obtained before
ESPA showed that closure of the velo-
pharyngeal sphincter required some ef-
fort (Fig. 5). In contrast, after ESPA,
the soft palate appeared able to touch
the velopharyngeal posterior wall more
easily, and the injected fat tissue was
visualized as a white lesion in the soft
palate on MRI.

Nasopharyngeal endoscopic observation

Nasopharyngeal fibrescopic observa-
tion showed some improvement in VPI
during speech, except in case 2, in
which little improvement was observed.
For example, patient case 4 showed a
space before ESPA, with BVPI-VPI
apparent in vowels and BVPI apparent
in consonants; however the space dis-
appeared after ESPA, with velophar-
yngeal competence (VPC) appearing in
vowels and consonants (Table 2,
Fig. 6). The endoscope allowed con-
centration of the injection at the site
where closure was insufficient before
the operation.

Nasopharyngeal fibrescopic  ob-
servation showed some improvement in
VPI during speech in all cases except
case 2, which showed little improve-
ment in this evaluation.

Speech assessment

Some improvement was observed in all
cases in the speech assessments per-
formed by the speech therapists, even if
small. All cases showed a mild-to-
moderate improvement aurally
(Supplementary Material Table S1).
These improvements in VPI were
maintained for over 12 months, and
further follow-up will be performed.
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Fig. 4. Representative view of the endoscope during endoscopic soft palate augmentation. Autologous fat tissue was injected into the
soft palate nasal mucosa after confirming the injection point in the transverse direction by endoscopy. (A) Before injection; (B) during

injection; (C) after injection.

Fig. 5. Representative MRI scans during speech before (A) and after (B) endoscopic soft
palate augmentation in case 4. After endoscopic soft palate augmentation, the injected fat
tissue appeared as a white lesion (arrow) in the soft palate on MRI, and the patient’s soft
palate could touch the velopharyngeal posterior wall more easily.

Moreover, the patients showed no
complications such as sleep apnoea or
hyporhinolalia. One patient experi-
enced mild paresthesia at the site of
thigh liposuction, but this recovered to
the extent that it was not noticeable in
daily life within approximately 6
months.

Discussion

Honjyo” reported that speech mis-
learning in early childhood makes later
treatment difficult. Therefore, early

treatment of VPI is important for pa-
tients.

BMI in childhood is affected by the
maturity rate and varies widely with
age and height. The BMI of the in-
cluded patients was compared with
those of other Japanese children of the
same sex and age, based on the BMI
reference curves by height of Japanese
children and adolescents aged 5-17
years obtained from the 2001 nation-
wide survey data.”” Patients with a
BMI below the 5th percentile were
considered underweight, while those
with a BMI between the 5th and 85th

Table 2. Nasopharyngeal endoscopic observations (except case 2).

percentiles were considered to have a
healthy weight. Since all of the study
patients, except patient case 4, were
underweight, liposuction was difficult.
In fact, liposuction was not sufficient in
case 2.

Fat injections can be used in children
because this method can be repeated
multiple times. Fat injections for the
treatment of VPI can be performed at
multiple locations, including the soft
palate, lateral pharyngeal wall, and
posterior pharyngeal wall.® '° Several
studies have reported cases involving
injection into the posterior pharyngeal
wall because this site seems to be easier
to inject than the other sites. However,
MRI showed the nasopharyngeal clo-
sure plane to be on the back surface of
the levator veli palatini muscle. More-
over, experimental evaluations sug-
gested that the best injection site is the
soft palate and that injections at this
site are also suitable for the original
anatomy.”’ Boneti et al.'” reported fat
injection into the soft palate transorally
with a 17-gauge needle, but this ap-
proach may injure the levator veli pa-
latini muscle itself, which is very close
to the injection area.

ESPA was developed to address
these considerations and appears to
cause less damage to the levator veli

Pre-operation

Post-operation (1 month)

Case No.

Vowel Consonant Vowel Consonant
1 BVPI BVPI-VPI VPC VPC-BVPI
3 VPI BVPI BVPI VPC-BVPI
4 BVPI-VPI BVPI VPC VPC
5 BVPI-VPI VPC-BVPI BVPI-VPI VPC-BVPI

BVPI, borderline closure, bubbling is observed; VPC, complete closure; VPI, substantially unclosed, visible gap is present.
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Fig. 6. Nasopharyngeal fibrescopic findings during speech before and after endoscopic
soft palate augmentation (ESPA) in case 3. (A) Image obtained before ESPA showing the
space on the right side during speech, demonstrating velopharyngeal insufficiency. (B)
Image obtained after ESPA showing that the space disappeared, indicating that ESPA
was successful in treating the velopharyngeal insufficiency.

palatini.”’ Currently, endoscopic tech-
nology is mainly being developed for
use in gastrointestinal surgery, and
there are various devices for this pur-
pose. However, ESPA is slightly diffi-
cult to perform with existing
endoscopes and devices. With a thin
endoscope that allows a device with a
19-gauge needle to pass into and be
inserted through the nasal cavity of a
child, the tip of the endoscope bends
only in one direction to allow adjust-
ment of the insertion site. In addition,
the most suitable length of the needle
device is 70 cm, and therefore adipose
tissue remains in the device and is
wasted as a result. Thus, it will be ne-
cessary to develop more appropriate
endoscopes and devices in the future.

It has been reported that 30-70% of
an autologous fat graft transplant is
resorbed within a year, and therefore
most of the patients require repeat fat
injections.” “* In the present study,
resorption of the fat grafts could not be
determined. Furthermore there is no
way to avoid the possibility of over-
injection, but according to a systematic
review by Nigh et al.,'” negative effects
of over-injection are rare, and only one
of 251 patients showed postoperative
apnoea symptoms.

ESPA cannot replace the pharyngeal
flap operation, because it can only im-
prove mild-to-moderate VPI. However,
it has several merits. First, ESPA can
be performed during childhood, which
is important for early speech therapy,
even if a pharyngeal flap operation is
necessary after maturation. Second,
VPI after palatoplasty with Furlow’s
method can occur due to scarring of the

soft palate rather than shortness of the
soft palate. In such cases, fat injection
is more suitable than the velophar-
yngeal flap operation because it does
not involve the extension of the soft
palate. Finally, if VPI recurs after a
pharyngeal flap operation, autologous
fat tissue can be injected at the back of
the velopharyngeal flap. At present,
surgery for VPI is mainly performed
through the velopharyngeal flap, but
expansion of the surgical procedures
with the use of ESPA is expected.

The results of this study were ob-
tained over a short-term period, and
multiple fat injections or the injection
of adipose tissue-derived stem cells
might be more suitable for a better
long-term prognosis, as reported in
breast reconstruction and  other
fields.””?" Nevertheless, stem cell
transplantation remains an expensive
treatment option and requires multiple
surgeries, which places a heavy burden
on the patient. Moreover, with the es-
tablishment of the Regenerative Medi-
cine Law in Japan, complicated
procedures are required to perform
stem cell transplantation; hence, this
procedure is not easy to perform. New
materials and technologies that replace
these techniques are desired.
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