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Abstract

Obijectives: Treatments for unilateral vocal fold paralysis (UVFP) include conservative
voice rehabilitation, vocal fold injection, and laryngeal framework surgery. We pro-
posed basic fibroblast growth factor (bFGF) injection as a potential novel treatment
for UVFP and have reported the short-term results. In this study, we present the
long-term results and safety of vocal fold bFGF injection as a treatment for UVFP.
Methods: This retrospective study included 42 patients (25 males and 17 females)
with UVFP who were administered a local injection of bFGF. The injection regimen
involved injecting FGF (0.5 pg/ml in 0.5 ml per side) into the bilateral vocal folds
using a 23-gauge injection needle. Phonological outcomes were evaluated 6 months
and 12 months after the injection.

Results: Overall, 26 patients received a single injection of bFGF, six patients received
an additional injection, and 10 patients received the additional framework surgery.
Maximum phonation time, mean flow rate, pitch range, jitter and shimmer percent-
ages, the total GRBAS (grade, roughness, breathiness, asthenia, strain) score, and
voice handicap index scores improved significantly in the long term. In patients who
received the additional injection or framework surgery, the effects of bFGF injection
were temporary, but did not interfere with the performance of the framework
surgery.

Conclusion: In total, 42 patients who underwent vocal fold bFGF injections were
reviewed. The bFGF injections were effective and safe in the long-term results for
UVFP in the selected cases. Some patients with severe symptoms benefited from the

additional framework surgery but not the additional bFGF injection.
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1 | INTRODUCTION

Unilateral vocal fold paralysis (UVFP) occurs due to various reasons,
including surgical, neoplastic, idiopathic, traumatic, central, and cardio-
vascular causes.! The main symptoms of UVFP include dysphonia? and
dysphagia,® which greatly affect the quality of life of patients and
require effective treatment for recovery. Various treatments have been
proposed for UVFP, including conservative treatments such as voice
hygiene, voice rehabilitation, and medication.* However, these have
not been established as standard treatments. In severe cases, laryngeal
framework surgery techniques such as thyroplasty type | and/or aryte-
noid adduction® have shown good results. However, this surgery has
some limitations, including the need for a neck incision and several days
of hospitalization.> In addition, reoperation poses difficulties in cases in
which the original surgery was not sufficiently effective.®

Patients with mild symptoms who do not qualify for this highly
invasive surgery require certain treatments. Treatments are also
required for patients to maintain an acceptable quality of life during
the waiting period of 6 months before the surgery. Previously, such
patients were treated mainly with injections of fat,” non-crosslinked
bovine collagen,® and calcium phosphate cement.’ Since 2014, we
have been administering basic fibroblast growth factor (bFGF) injec-
tions to the vocal fold for various vocal fold lesions.’® The main
advantage of bFGF injection is that it stimulates the fibroblasts in the
vocal folds to restore their preferable structure without the introduc-
tion of foreign materials.

Recent advances in molecular biological research have popularized
tissue engineering techniques using growth factors, cells, and scaffold-
ing.!* The delivery of external growth factors is a simple method that
has been attempted in several fields.'? In particular, bFGF—one of the
major growth factors—has been used to treat vocal fold lesions. %1316
bFGF injection stimulates the hyaluronic acid production and inhibits
collagen production by proliferating the reduced fibroblasts in the
superficial lamina propria (SLP) of atrophic vocal folds. This increases
the thickness of the SLP, thereby improving the symptoms of dyspho-
nia caused by vocal atrophy and sulcus vocalis.*>*”~*” However, bFGF
injection was most effective in prolonging the MPT of UVFP compared
with other disease indicating that UVFP could be suitably treated with
bFGF injections.’® A sex-specific study on UVFP also demonstrated
that bFGF injection improved MPT, mean airflow rate (MFR), and pitch
range (PR) in patients, regardless of sex.1* In this study, we investigated
whether bFGF injection can be used as a standard therapeutic strategy
for UVFP by examining the long-term results and safety of bFGF injec-

tions and its indications in UVFP patients.

2 | MATERIALS AND METHODS

21 | Study participants
This retrospective cohort study was approved by the Institutional
Review Board of the International University of Health and Welfare,

Tokyo Voice Center, Japan (14-S-3). Before injection, written informed

consent was obtained from all patients. We included 42 patients
(25 men and 17 women) who had undergone bFGF injection at the
International University of Health and Welfare from December 2015 to
November 2017 and had been followed up for >1 year (12 months).
The mean age of the patients was 64.4 years (range, 38-94 years). In
33 cases, UVFP was caused by thoracic aortic aneurysm, thyroid can-
cer, lung cancer, esophageal cancer, mediastinal tumor, and their associ-
ated surgeries. UVFP was idiopathic in nine cases. All patients had
experienced persistent dysphonia due to UVFP for >6 months, were
dissatisfied with voice rehabilitation, were offered both laryngeal
framework surgery and bFGF injection, and had chosen bFGF injection.
Patients with severe aspiration and those who had already undergone
laryngeal framework surgery were excluded. In all cases, the injection
was administered bilaterally. The medical records of all patients were
reviewed, and the laryngeal findings were confirmed by two or more

independent phonosurgeons or speech-language-hearing therapists.

2.2 | Injection procedure

The injection was administered as described previously.!®* Briefly,
local anesthesia was administered (4% lidocaine sprayed on the pharynx
and larynx). Following this, bFGF (Fiblast; Kaken Pharmaceutical Com-
pany Ltd.) was injected into the bilateral vocal fold (0.5 pg/ml; 0.5 ml
per side) using a Varixar 23G needle (TOP Corp.) inserted into the treat-
ment channel of the flexible laryngeal fiber. One hour after the injec-
tion, the laryngeal findings were examined to find any acute adverse
effects. The patients were requested to maintain voice rest on the day
of the injection and the following day. According to the findings in our
preliminary study, which suggested that bFGF injection into the bilat-
eral vocal folds can yield more favorable outcomes than unilateral injec-

tion, even in UVFP, all included cases received bilateral injections.

2.3 | Voice laboratory measurements

Voice laboratory measurements included MPT, MFR, PR, speech fun-
damental frequency (SFF), jitter, shimmer, noise-to-harmonic ratio
(NHR), the total GRBAS (grade, roughness, breathiness, asthenia,
strain) score (tGRBAS; the sum of the scores on the GRBAS scale),
and the voice handicap index (VHI). The measurements were recorded
before the bFGF injection and 6 months (6M) and >12 months (12M)
after the bFGF injection. MFR was measured using the Phonatory
Function Analyzer (PS-77E; Nagashima Medical Instruments Company
Ltd.). Jitter, shimmer, SFF, and NHR were measured using a computer-
ized speech lab device (Model 4500, KayPENTAX). PR was measured
objectively using an electronic piano keyboard.

2.4 | Statistical analysis

In the single-injection group, the changes in voice laboratory measure-

ments were tested using one-way ANOVA. A p value of <.005 was
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FIGURE 1

Stroboscopic vocal fold examination of a
representative patient with UVFP. (A) Inspiratory phase at pre-
injection. (B) Phonation phase at pre-injection. (C) Inspiratory phase at
6 months post-injection. (D) Phonation phase at 6 months post-
injection. (E) Inspiratory phase at 12 months post-injection.

(F) Phonation phase at 12 months post-injection. UVFP, unilateral
vocal fold paralysis.

considered statistically significant to account for the Bonferroni cor-
rection and avoid multiple comparison problems. The measured
parameters in the single-injection and additional treatment groups

were also compared using Welch's t test.

3 | RESULTS

3.1 | Adverse events

As in previous reports, no allergic reactions or serious adverse effects
were observed in the present study. Some patients experienced
severe hoarseness associated with transient hyperemia, which
resolved completely after 2-3 weeks of follow-up. Although there
were concerns about atrophy and defective granulation in the vocal

folds as long-term results, no such reactions were observed.

3.2 | Representative cases
Figure 1 and Video S1 show the stroboscopic findings of the larynx in
a typical case. The patient was a 72-year-old male who had severe
hoarseness due to UVFP caused by a thoracic aortic aneurysm. His
MPT was 10 s, and the GRBAS score was 22100. At the pre-injection
stage, the inspiratory and phonation phases of the vocal fold
(Figure 1A,B) showed severe glottal closure and suppression of vibra-
tion during vocalization. At 6 months after the injection (Figure 1C,D),
the glottal gap during vocalization had decreased, and the vibrations
of the paralyzed vocal folds had recovered. These findings were
maintained at 12 months after the injection (Figure 1E,F). MPT
improved to 13 s at 6 months post-injection and 20.5 s at 12 months
post-injection. Pre-injection showed elliptical closure, with contact at
vocal process, and 12 months post-injection showed slight left vocal
fold motion; however, this motion recovery had not been demon-
strated in most cases.

As in the representative patient, most patients improved in voice
laboratory measurements and stroboscopic findings in the single-
injection group.

3.3 | Clinical course after the initial injection

At the 12-month follow-up after the initial injection, 26 patients
received no additional treatment (the single-injection group),
six received additional injections because of the diminished effi-
cacy of the first injection (the additional injection group), and
10 underwent additional laryngeal framework surgery after injec-
tion (the additional framework surgery group). Among these
10 patients, the post-operation results of four patients were not
recorded.

3.4 | Voice laboratory measurements for the
single-injection group
3.4.1 | Aerodynamic and acoustic analyses

Compared with the pre-injection values, MPT increased in 24 (of 26)

patients at 6 months post-injection and in 23 (of 26) patients at
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FIGURE 2 Changes in the maximum phonation time and mean
airflow rate in the single-injection group. (A) Maximum phonation
time at pre-injection and at 6 months and 12 months post-injection.
(B) Mean airflow rate at pre-injection and at 6 months and 12 months
post-injection. The values of mean and standard deviation at pre-
injection, 6-month post-injection, and 12-month post-injection are
listed in graphs as mean (SD). Significant differences are determined
by one-way ANOVA. **p < .005.

12 months post-injection. The mean MPT increased significantly from
7.1 s (standard deviation [SD], 4.9 s) at pre-injection to 11.7 s (SD,
6.1 s) at 6 months post-injection and 13.5 s (SD, 6.5 s) at 12 months
post-injection (Figure 2A) (p < .005). MFR was reduced in 20 of the
26 patients at 6 months post-injection and in 18 of the 26 patients at
12 months post-injection (compared with the pre-injection values).
Compared with the pre-injection mean MFR of 498.2 ml/s (SD,
297.4 ml/s), the MFR values decreased significantly to 281.9 ml/s
(SD, 212.5 ml/s) at 6 months post-injection and 226.4 ml/s (SD,
121.1 ml/s) at 12 months post-injection (Figure 2B) (p < .005). PR
increased in 20 (of 26) patients at 6 months post-injection and
21 (of 25) patients at 12 months post-injection (compared with the
pre-injection values). The mean PR increased significantly from 17.3
semitone (SD, 10.7 semitone) at pre-injection to 23.8 semitone (SD,
9.3 Semitone) at 6 months post-injection and 27.9 semitone (SD, 9.6
semitone) at 12 months post-injection (Figure 3A) (p <.005).
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FIGURE 3 Changes in pitch range and speech fundamental
frequency in the single-injection group. (A) Pitch range at pre-
injection and at 6 months and 12 months post-injection. (B) Speech
fundamental frequency at pre-injection and at 6 months and

12 months post-injection. The values of mean and standard deviation
at pre-injection, 6-month post-injection, and 12-month post-injection
are listed in graphs as mean (SD). Significant differences are
determined by one-way ANOVA. **p < .005. n.s., no significant
difference; ST, semitone.

Compared with the pre-injection values, SFF increased in 14 (of 26)
patients and decreased in 11 (of 25) patients at 6 months post-injec-
tion, and increased in 18 (of 25) patients and decreased in seven
(of 25) patients at 12 months post-injection. The pre-injection mean
SFF of 65.9 Hz (SD, 15.3 Hz) increased to 70.8 Hz (SD, 5.3 Hz) at
6 months post-injection and 73.3 Hz (SD, 6.1 Hz) at 12 months post-
injection. However, the mean SFF values were not significantly differ-
ent (Figure 3B). Compared with the pre-injection values, jitter
decreased in 15 (of 21) patients at 6 months post-injection and
13 (of 21) patients at 12 months post-injection. The mean jitter
decreased significantly from 4.5% (SD, 3.7%) at pre-injection to 2.0%
(SD, 1.5%) at 6 months post-injection and 1.3% (SD, 1.3%) at
12 months post-injection (Figure 4A) (p < .005). Compared with the
pre-injection values, shimmer decreased in 17 (of 21) patients at
6 months post-injection and 13 (of 21) patients at 12 months post-
injection. The mean shimmer decreased significantly from 9.4% (SD,
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FIGURE 4 Changes in jitter percentage, shimmer percentage, and noise-to-harmonic ratio in the single-injection group. (A) Jitter percentage
at pre-injection and at 6 months and 12 months post-injection. (B) Shimmer percentage at pre-injection and at 6 months and 12 months post-

injection. (C) Noise-to-harmonic ratio at pre-injection and at 6 months and 12 months post-injection. The values of mean and standard deviation
at pre-injection, 6-month post-injection, and 12-month post-injection are listed in graphs as mean (SD). Significant differences are determined by

one-way ANOVA. **p < .005. n.s., no significant difference.

6.7%) at pre-injection to 5.4% (SD, 3.4%) at 6 months post-injection
and 4.8% (SD, 2.7%) at 12 months post-injection (Figure 4B)
(p < .005). Compared with the pre-injection values, NHR decreased in
14 (of 21) patients at 6 months post-injection and 16 (of 21) patients
at 12 months post-injection. However, the mean NHR values were

not significantly different (Figure 4C).

3.4.2 | tGRBAS score

The GRBAS scale is widely used for the perceptual evaluation of
voice quality. Compared with the pre-injection scores, the
tGRBAS scores decreased in 20 (of 23) patients at 6 months
post-injection and in 20 (of 23) patients at 12 months post-injec-
tion. The mean tGRBAS score decreased significantly from 4.8
(SD, 2.4) at pre-injection to 2.9 (SD, 2.9) at 6 months post-
injection and 2.6 (SD, 1.9) at 12 months
(Figure 5A) (p < .005).

post-injection

343 | Voice handicap index

Compared with the pre-injection values, VHI decreased in 17 (of 21)
patients at 6 months post-injection and 13 (of 21) patients at
12 months post-injection. The mean VHI decreased significantly from
44.6 (SD, 23.4) at pre-injection to 19.6 (SD, 17.4) at 6 months post-
injection and 151 (SD, 16.8) at 12 months
(Figure 5B) (p < .005).

post-injection

3.5 | Predictive factors for additional treatment

During the 12-month follow-up period after the initial injection, six
patients received additional injections because of insufficient effects,
whereas 10 patients underwent additional laryngeal framework sur-
gery. The patients who received additional injections showed signifi-
cant improvements in MPT and MFR, although the effect was

temporary and lasted only 3 months. In patients who underwent
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FIGURE 5 Changes in the total GRBAS (grade, roughness,

breathiness, asthenia, strain) score and voice handicap index scores in
the single-injection group. (A) Total GRBAS score at pre-injection and
at 6 months and 12 months post-injection. (B) Voice handicap index
scores at pre-injection and at 6 months and 12 months post-injection.
The values of mean and standard deviation at pre-injection, 6-month
post-injection, and 12-month post-injection are listed in graphs as
mean (SD). Significant differences are determined by one-way
ANOVA. **p < .005.

laryngeal framework surgery, MPT and MFR did not improve after
the initial injection but improved after the framework surgery. To
clarify the indications for a single bFGF injection, we compared
the pre-injection voice laboratory measurements of the single-
injection and additional treatment (injection or framework surgery)
groups. Among the 10 items measured (including age and sex),
there were significant differences in MPT, NHR, and tGRBAS
values between the groups (Table 1). MPT was significantly greater
in the single-injection group (mean, 7.1 s) than that in the addi-
tional treatment group (mean, 4.2 s). The mean NHR was signifi-
cantly lower in the single-injection group (mean, 4.4) than in the
additional treatment group (mean, 6.4). Furthermore, the tGRBAS
score was significantly higher in the additional treatment group
(mean, 6.1) than in the single-injection group (mean, 4.4) (Table 1).
These results suggested that the more symptomatic patients
(as measured by MPT, NHR, and tGRBAS values) often required
additional treatment.

TABLE 1 Differences in parameters between the single-injection
and additional treatment groups.

Parameters Single injection  Additional treatment  p values
Sex (M:F) 15:11 10:6 4260
Age (years) 61.8 (12.6) 68.4 (14.2) .1320
MPT (s) 7.1(4.8) 4.2(3.18) .049*
MFR (ml/s) 498.3 (297.3) 679.2 (346.2) .0820
SFF (Hz) 65.9 (15.3) 68.2(7.9) .5770
Jitter (%) 52(5.1) 5.8(3.9) .6860
Shimmer (%) 9.4 (6.7) 10.7 (7.4) .5850
NHR 4.4(2.7) 6.4 (1.9) .012*
VHI 44.6 (23.4) 55.8(20.3) .1230
tGRBAS 4.4(2.7) 6.2(1.8) .049*

Note: Values shown are mean (standard deviation).

Abbreviations: MFR, mean airflow rate; MPT, maximum phonation time;
NHR, noise-to-harmonic ratio; SFF, speech fundamental frequency;
tGRBAS, total GRBAS (grade, roughness, breathiness, asthenia, strain)
score; VHI, voice handicap index.

4 | DISCUSSION
UVFP can be caused by various conditions—including thoracic aortic
aneurysm, esophageal cancer, lung cancer, mediastinal tumor, and thy-
roid cancer—their related surgeries, and viral diseases. UVFP often
impairs the quality of life by causing severe hoarseness and aspira-
tion.2®> The proposed treatments for UVFP include conservative
therapies—such as voice rehabilitation, voice hygiene,* and vocal fold
injection using various materials”~®—and framework surgery, including
medialization laryngoplasty and arytenoid adduction.>?° Among these,
framework surgery appears to be the most effective. However, it may
be unsuitable for patients in poor general condition due to uncon-
trolled disease and/or a recent highly invasive surgery. Therefore, it is
important to develop a novel, minimally invasive, and effective treat-
ment for UVFP and establish its indications. In our earlier work, we
proposed bFGF injection as a potential novel treatment for UVFP.*
Using bFGF injections to treat vocal fold paralysis has several
advantages. For instance, it promotes vocal fold regeneration without
injection medialization with foreign substances. Moreover, it uses an
easily available commercialized formulation whose safety has already
been established.’® The bFGF used in this treatment is also known as
FGF-2 or FGF-p and is one of the most common growth factors. For
example, bFGF plays an important role in developmental processes

nerve and t,2t

2

such as limb developmen anterior-posterior

patterning,?> mesoderm induction, keratinocyte organization, angio-
genesis in mature tissues and systems, and wound healing.2®> More-
over, bFGF stimulates intralaryngeal muscle proliferation. For
example, Goto et al.?* reported that in rats with recurrent laryngeal
nerve paralysis, a single injection of bFGF augmented the regenera-
tion and differentiation of atrophic thyroarytenoid muscles by
enhancing the proliferation and differentiation of muscle satellite cells.

|25

In addition, Nagai et al.”> conducted fascial transplantation experi-

ments in rats with a severed recurrent nerve and demonstrated that



YAMAUCHI ET AL.

I,ill'\'ll“’()s(‘() De
YngosCop 805

bFGF significantly reduced the glottic gap and increased the volume
of residual fascia and fat in the paralyzed vocal folds. Tamura et al.2®
demonstrated that bFGF injection in the vocal fold helped maintain
the adipose tissue in the paralyzed vocal cords of experimental beagle
dogs. Computed tomography scans have also shown that UVFP
patients treated with bFGF had a smaller decrease in the volume of
injected fat tissue than patients treated with the conventional
method.2” These results suggest that bFGF has potentiating effects
on the intralaryngeal muscles and effectively improves the symptoms
caused by UVFP. In addition, bFGF might reverse the atrophy seen
with chronic denervation as the glottal insufficiency, usually observed
in atrophic vocal folds, was reduced in most cases in this study. Upon
administering vocal fold injections of bFGF to patients with UVFP
(who had not improved sufficiently after laryngeal framework sur-
gery), we observed additional phonological improvements.® Another
study reported that following vocal fold injection of bFGF, 19 patients
with UVFP showed significant improvements in MPT, MFR, PR, and
NHR values 6 months post-injection (compared with the pre-injection
values).** These improvements were observed in both female (with
small larynxes) and male patients (with larger larynxes).X* Thus, previ-
ous results have demonstrated the short-term efficacy and safety of
vocal fold bFGF injection therapy.®'* As mentioned earlier, the find-
ings of our preliminary study indicated that bilateral bFGF injection
led to more preferable outcomes than unilateral injection for UVFP.
Although the reason for this is unclear, there are several possibilities.
First, most patients with UVFP exhibited vocal fold atrophy on the
contralateral side by poor vocalization or muscle tension dysphonia
associated with UVFP. Second, the vibration of the vocal fold injected
with bFGF differed from that of the unaffected vocal fold, and bilat-
eral injection may have equalized the vibrations on both sides. Third,
unilateral injection cannot achieve an adequate reduction of the
glottic gap. The results showed that a single bFGF injection signifi-
cantly improved the voice laboratory measurements—including MPT,
MFR, PR, jitter, shimmer, tGRBAS, and VHI—at 6 months post-
injection and that these improvements were maintained at 12 months
post-injection. In stroboscopic findings, glottic insufficiency
decreased, and the periodicity improved with an increase of the
mucosal wave on the paralyzed side during phonation, and symmetry
was observed between the healthy and paralyzed sides. However, in
the six patients who received an additional bFGF injection, the
changes in MPT and MFR values were temporary. Similarly, in the six
patients who underwent additional framework surgery, bFGF injection
did not improve the MPT and MFR values. However, significant
improvements were observed after framework surgery in these
patients. Therefore, framework surgery—and not an additional bFGF
injection—should be used as an additional therapy for patients with
ineffective bFGF injection.

In the present study, the pre-injection voice laboratory mea-
surements (MPT, NHR, and tGRBAS values) were significantly dif-
ferent between the single-injection (effective) and additional
treatment or laryngeal framework surgery (ineffective) groups.
These results suggest that bFGF injection was less effective in

patients with severe symptoms (in terms of voice efficiency and

voice quality), and these symptoms were considered to be an indica-
tion for laryngeal framework surgery. Importantly, vocal fold bFGF
injection did not interfere with the efficacy of framework surgery.
The present study showed that except in some severe cases, bFGF
injection was effective for the long-term improvement of voice dis-
orders caused by UVFP. These results indicate that it is possible to
provide a comprehensive treatment based on symptoms; for exam-
ple, framework surgery may be used for the most severe cases,
bFGF injection for severe to moderate cases, and voice rehabilita-
tion for mild cases.

Although this study did not include a control group to estimate
the spontaneous recovery cases, these cases could be excluded
because the study participants did not improve for a 6-month period
of voice rehabilitation. Furthermore, this study can be used as the
pilot data for safety/efficacy and to create a future study with a con-

trol group to evaluate a short-acting injectable.

5 | CONCLUSIONS

In total, 42 patients who underwent vocal fold bFGF injections were
reviewed. The bFGF injections were effective and safe in the long-
term results for UVFP in the selected cases. Some patients with
severe symptoms benefited from the additional framework surgery
but not the additional bFGF injection.
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