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Summary

Objective. To assess long-term phonatory outcomes of office-based injection laryngoplasty with 
cross-linked hyaluronic acid (HA) via transnasal flexible endoscopic phonosurgery (FEPS), followed 
by voice therapy, in patients with unilateral vocal fold palsy (UVFP).
Methods. Retrospective study on 20 UVFP patients treated with HA via FEPS within 6 months 
from diagnosis. All underwent postoperative voice rehabilitation. Voice outcomes were assessed 
at baseline (T0), and at 3 (T1), 12 (T2), and 24 (T3) months using Maximum phonation time (MPT),  
Cepstral Peak Prominence Smoothed (CPPS), Acoustic Voice Quality Index (AVQI), GRBAS rating 
scale, and Voice Handicap Index-10 (VHI-10).
Results. MPT, CPPS, and AVQI improved significantly at T1, remaining stable at T2 and T3. GRBAS 
scores showed marked improvement at T3. Videolaryngostroboscopy confirmed better glottic closure 
and vocal fold vibration. VHI-10 scores decreased consistently, indicating reduced voice handicap.

Cover figure. Injection laryngoplasty performed under local anaesthesia through flexible 
endoscopic phonosurgery. Glottic plane before medialisation (A); first injection site (B); second 
injection site (C); glottic plane after medialisation (D). 
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Conclusions. FEPS-guided HA injection is a safe, effective, and minimally invasive treatment for UVFP, ensuring lasting voice improvements, especially 
when performed early and combined with voice therapy. This strategy may reduce the need for open surgery in selected cases.

Key words: injection laryngoplasty, vocal fold palsy, hyaluronic acid, phonosurgery, FEPS

Introduction
Unilateral vocal fold palsy (UVFP) is a pathological condi-
tion characterised by the unilateral immobility of one vo-
cal fold, resulting in varying degrees of voice impairment, 
dysphagia, and dyspnoea, which collectively can have a 
profound negative impact on the patient’s quality of life 1.
The aetiology of UVFP is diverse, encompassing several 
potential causes. Surgical trauma, particularly from proce-
dures involving the thyroid, cervical spine, or thoracic cavi-
ty, remains the leading cause of UVFP. Non-surgical causes 
include viral infections such as herpes simplex virus, neo-
plastic processes involving the mediastinum or neck, and 
neurogenic disorders like stroke or multiple sclerosis. Idi-
opathic UVFP is diagnosed when no cause is evident after 
extensive evaluation, accounting for a significant propor-
tion of cases. A study by Rosenthal et al. provided a com-
prehensive longitudinal analysis of the aetiological factors 
associated with UVFP over a period of 20 years, encom-
passing data from 827 patients 2. The key findings indicate 
a substantial increase in the proportion of UVFP cases at-
tributed to surgical procedures, which rose from 23.9% in 
the period from 1985 to 1995 to 46.3% in the period from 
1996 to 2005. Conversely, the proportion of UVFP cases 
due to malignancies has declined significantly, decreas-
ing from 24.6% to 13.5%. Specifically, lung malignancies, 
once a major cause of UVFP, have decreased from 19.6% 
to 6.6%. The study also highlights a relative stability in the 
incidence of idiopathic UVFP, which remains a significant 
category, accounting for 17.6% of cases in the most recent 
cohort, slightly up from 19.6% in the earlier period. 
The objective of treating UVFP is to restore effective vocal 
function and address glottal insufficiency. Current treatment 
strategies for UVFP encompass three main approaches: sur-
gical interventions 3, speech therapy 4, and observation. The 
choice of management is typically determined by various 
factors including the presence of aspiration, the extent of 
nerve injury, findings from stroboscopy, the patient’s vo-
cal requirements, existing comorbidities, and the patient’s 
preferences and concerns. Based on these considerations, 
patients with UVFP may receive one or a combination of 
these treatment options.
Historically, management strategies have favoured a conserva-
tive approach, waiting up to 12 months for potential sponta-
neous recovery before considering invasive procedures like 

injection laryngoplasty (IL). However, recent findings suggest 
that early intervention with intracordal injections may signifi-
cantly improve patient outcomes in terms of voice quality and 
recovery, and also decreases the likelihood of requiring subse-
quent more invasive surgeries, such as thyroplasty 5. 
IL is a minimally invasive procedure for treating UVFP, 
presenting low risks compared to open laryngeal surgery 
and first described by Brünings in 1911 6. IL has evolved 
over time with various injection materials like collagen, 
polydimethylsiloxane, autologous fat, calcium hydroxyapa-
tite (CaHA), and hyaluronic acid (HA) 7. Cross-linked HA 
was introduced as injection material by Hertegard et al. in 
2002 8, and finds its greatest potential in non-immunogenic 
properties and effectiveness in mimicking the viscoelas-
tic characteristics of healthy vocal folds. Despite multiple 
brands and varying molecular sizes of HA, it remains a 
common choice for IL due to its safety and efficacy, though 
injection techniques and outcomes vary in the literature 9. 
Current practice entails a variety of surgical approaches for 
ILs. Augmentations can be performed both by direct micro-
laryngoscopy under general anaesthesia and by transoral, 
percutaneous, or transnasal approaches under local anaesthe-
sia. Injection procedures in awake patients can be conducted 
in office, representing valid, low cost, and minimally invasive 
solutions for vocal fold augmentations  3,10. Among office-
based procedures, transnasal endoscopic injections represent 
a feasible and effective option, as described by Ricci Mac-
carini et al. 10. In particular, the technique called flexible en-
doscopic phonosurgery (FEPS) encompasses the use of an 
operative rhinolaryngoscope to perform laryngeal surgical 
procedures under local anaesthesia and allows the surgeon to 
have a functional check of the operated larynx in real time 11.
The present retrospective study aims to describe long term 
phonatory outcomes of IL performed with cross-linked HA 
through FEPS. To the best of our knowledge, the present 
is the first long term investigation on transnasal vocal fold 
augmentations in patients treated with cross-linked HA for 
UVFP in office.

Materials and methods

Patients and procedures
Twenty patients (10 males and 10 females) were select-
ed from the records of an existing database of patients in 
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follow-up for various voice pathologies. Selection criteria 
were: diagnosis of UVFP in intermediate position, unsat-
isfactory voice outcome − despite a regular speech therapy 
rehabilitation − according to a multidimensional analysis 
based on aerodynamic, electroacoustic, perceptual, self-
assessment and endoscopic evaluations; phonosurgical IL 
performed in office, with cross-linked HA, through FEPS, 
within 6 months from diagnosis. Mean age was 62  ±  14 
years, and mean time from diagnosis was 4.3 ± 1.3 months. 
All procedures were performed between January 2020 and 
December 2021. Sociodemographic and clinical features of 
the sample are shown in Table I. 
The selected patients underwent in office IL with cross-linked 
HA (Restylane, Galderma SA, Zug, Switzerland) through 
FEPS under local anaesthesia, using a Karl STORZ flexible 
operative rhinolaryngoscope (KARL STORZ SE & Co. KG, 
Tuttlingen, Germany) and 23-gauge 120 cm long flexible en-
doscopic needles (Jiangsu Kangjin Medical Instrument Co. 
LTD, Zhenglu Town, Changzhou, China). The needle was 
connected to a 3 ml luer lock polycarbonate Medallion® sy-
ringe (Merit Medical Systems Inc, South Jordan, Utah, USA) 
filled with HA and mounted on a high-pressure injection gun 
(Medtronic Inc, Dublin, Ireland) modified by Ricci Maccarini 
and De Rossi 19, as shown in Figure 1. 
Oro-nasal local anaesthesia was performed through the nebu-
lisation of lidocaine spray before the procedure. Each patient 
was in a sitting position, with a peripheral venous access, 
blood pressure and oxygen saturation levels monitoring. 
When a mild sedation was required, 1 or 2 mg of intrave-
nous midazolam were administered, according to individual 
needs. Glottic plane anaesthesia was obtained by the irriga-
tion of lidocaine solution through a catheter inserted into the 
operative channel of the endoscope. Once a good level of 
local anaesthesia was obtained, the IL was performed. The 
amount of injected material was 1-1.5 ml HA according to 
specific needs. Injections were performed into the paraglottic 
space and the sites of injections were the posterior third of 
the vocal fold (in order to obtain intra-rotation of the vocal 
process of the arytenoid), and the middle third of the vocal 
fold (in order to obtain filling and augmentation of the vocal 
fold body). 
No intra- or postoperative complications were registered in 
the cohort. An example of IL performed through FEPS is 
shown in the Cover figure.
Each patient underwent a transnasal fibre endoscopic evalu-
ation at 7 days after surgery in order to check the immediate 
postoperative course and exclude post-surgical complica-
tions. Each patient then underwent a voice rehabilitation 
protocol of 2 months, aiming at consolidating glottic com-

petence. Time points for voice outcome evaluations were at 
3, 12, and 24 months after surgery. 
All the following assessments were carried out before phono-
surgery (T0), and at 3 months after surgery (T1), 12 months 
after surgery (T2), and 24 months after surgery (T3). 

Table I. Sociodemographic and clinical features of the sample.

No. patients 20

Age (years) 62 ± 14

Gender, N (%)

Male 11 (55%)

Female 9 (45%)

Distance from diagnosis (months) 4.3 ± 1.3

Side of vocal fold palsy, n (%)

Left 12 (60%)

Right 8 (40%)

Aetiology, n (%)

Iatrogenic 

Thyroidectomy 6 (30%)

Upper lung lobectomy 1 (5%)

Vagal chemodectoma excision 1 (5%)

Cardiothoracic surgery 1 (5%)

Lateral neck dissection 1 (5%)

Prolonged oro-tracheal intubation 
for COVID-19

4 (20%)

Idiopathic 3 (15%)

Neurogenic 3 (15%)

Figure 1. Instrumentation required for the injection laryngoplasty. Op-
erative rhinolaryngoscope (A); flexible endoscopic needle connected to 
the injection gun (B); irrigation catheter connected to the syringe filled 
with lidocaine solution (C). 
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Voice analysis
Voice signals were recorded respecting standard conditions, 
with a Samson Meteor Mic (Samson Technologies, Haup-
pauge, NY) placed at a distance of 30 cm from the mouth 
of the patient in a quiet environment (< 40 dB), connected 
via USB to a MacBook Pro computer (Apple, Cupertino, 
CA) running PRAAT software (Version 5.3.57 for Mac, Bo-
ersma & Weenick, University of Amsterdam, Amsterdam, 
the Netherlands). Audio files were digitised on 16 bit at 
sampling frequency of 48 kHz.
Maximum phonation time (MPT) was measured through 
the window selection of the longest of three sustained /a/. 
Acoustic voice quality was assessed through the smoothed 
Cepstral Peak Prominence Smoothed (CPPS)  12 and the 
Italian version 03.01 of the Acoustic Voice Quality Index 
(AVQI) 13,14, calculated on 6 seconds of concatenated con-
tinuous speech (cs) and the sustained vowel (sv) /a/. As sug-
gested by the AVQI Italian validation study, 25 syllables of 
phonetically balanced sentences were used for continuous 
speech.
Perceptual assessments were carried out through the GR-
BAS rating scale, based on the recorded voice samples 
(both sv and cs). The GRBAS scale is a widely used per-
ceptual evaluation tool specifically addressing the follow-
ing parameters of voice quality: grade (G), roughness (R), 
breathiness (B), asthenicity (A) and strain (S) 15,16. Each pa-

rameter scores from 0 (normal voice) to three (severe dys-
phonia). Auditory-perceptual judgements were performed 
by a blinded expert and trained listener. 

Videolaryngostroboscopy
Videolaryngostroboscopies (VLS) were performed with an 
Olympus Evis Exera II 18 endoscopy system and an Olym-
pus ENF VH trans-nasal flexible endoscope (Olympus Cor-
poration, Tokyo, Japan). Patients were asked to produce 
some sustained /i/ and the following parameters were as-
sessed: glottic closure (A); amplitude of vocal folds vibra-
tion (B); periodicity of glottic vibration (C); supraglottic 
framework behaviour (D). Each parameter was evaluated 
and scored according to the VLS parameters form as sug-
gested by Ricci Maccarini et al. 17. 

Self assessments
Each patient completed the Italian Voice Handicap Index 
10 (VHI-10) 18, a validated and robust tool to assess the pa-
tient’s self perception of a voice problem. Its score ranges 
between 0 and 40; the higher the score, the greater the per-
ceived voice handicap.

Statistical analysis
Statistical analysis was carried out with GraphPad Prism 
software (Version 10.0). Means and standard deviations 
(SDs) for continuous variables were calculated. The nor-
mality of the distributions was assessed with the D’Agostino 
Pearson Test. Voice variables before and after phonosurgi-
cal approaches and voice therapy were calculated and com-
pared. Friedman tests with Dunn’s post hoc corrections for 
multiple comparisons and ANOVA tests with Tukey’s post 
hoc corrections for multiple comparisons were used to de-
tect statistical differences between the various checkpoints, 
as appropriate. Correlation analysis was carried out with the 
Spearman r coefficient. An alpha of 0.05 was considered for 
the statistical procedures.

Results

Acoustic-aerodynamic analysis
Means and SD for MPT were 4.5  ±  1.8 seconds at T0; 
6.3 ± 3 seconds at T1; 8.8 ± 4.8 seconds at T2 and 8.6 ± 5.8 
seconds at T3, as shown in Figure 2. Significant differences 
were found between T0-T1 (p = 0.042), T1-T2 (p = 0.0002), 
and T2-T3 (p = 0.0014).
Means and SD for CPPS and AVQI are shown in Figure 3. 
CPPS values were 7.9 ± 3.3 dB at T0, 12.4 ± 2.5 dB at T1, 
13.1 ± 1.9 dB at T2, 13.2 ± 2.4 at T3. AVQI scores were 

Figure 2. Representation of mean values and standard deviations of 
MPT at T0, T1, T2 and T3. 
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6.6 ± 2.5 at T0, 3.6 ± 1.8 at T1, 3.1 ± 1.3 at T2, 2.9 ± 1.7 at 
T3. Significant differences were found both for CPPS and 
AVQI between T0 and T1 (p < 0.0001), T0-T2 (p = 0.0001) 
and T0-T3 (p  =  0.0001). No significant differences were 
found between T1-T2 and T2-T3 nor for CPPS or AVQI. 

Perceptual analysis
Means and SD for the GRBAS rating scale are shown in 
Table II. All the subscales showed significant differences. 
In particular, post hoc tests showed significant differences 
between T0 and T1 for the subscales G (p  =  0.0045), B 
(p = 0.0036), A (p = 0.0004); between T0 and T2 for the 
subscales G (p = 0.0014), R (p = 0.007), B (p < 0.0001), A 
(p < 0.0001), S (p = 0.0087) and between T0 and T3 for the 
subscales G (p < 0.0001), R (p = 0.0001), B (p < 0.0001), A 
(p = 0.0009), and S (p = 0.0007). No significant differences 
were found for any subscale between T1-T2 and T2-T3. 

Videolaryngostroboscopies
No spontaneous vocal fold motility recoveries were reg-
istered in the study sample during follow-up assessments. 
Means and SD for the videolaryngostroboscopic variables 
are shown in Table III. All the investigated parameters ex-
cept for the variable D “supraglottic framework behaviour” 
showed significant differences. In particular, post hoc tests 
highlighted significant differences between T0 and T1 for 
the variables A “glottic closure” (p = 0.0007) and B “am-

plitude of vocal fold vibration” (p = 0.0029); between T0 
and T2 for the variables A (p < 0.0001), B (0.0045) and C 
“periodicity of glottic vibration” (p = 0.007); between T0 
and T3 for the variables A (p < 0.0001); B (p = 0.0005), C 
(p = 0.035). No significant differences were found for any 
considered variable between T1-T2 and T2-T3. 

Self assessments
Means and SD for the VHI-10 questionnaire were 24.90 
±  5.26 at T0, 13.05  ±  6.85 at T1, 12.75  ±  6.32 at T2, 
12.55 ± 8.21 at T3. One-way ANOVA showed significant 
differences between T0 and T1, T0 and T2, T0 and T3 
(p  <  0.0001). No significant differences were found be-
tween T1-T2 and T2-T3.

Gender, age and aetiology influence on voice out-
comes after IL
Statistical analysis showed no significant correlations be-
tween the age of the patients and the variation of each in-
vestigated outcome parameter across T0-T3. Similarly, no 
significant difference was detected for any of the outcome 
variables between males and females, nor between post-
surgical UVFP and other causes of UVFP. 

Discussion
The current study examined the long-term phonatory out-

Figure 3. Representation of mean values and standard deviations of CPPS (left) and AVQI (right) at T0, T1, T2 and T3.
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comes of IL with cross-linked HA through FEPS in patients 
with UVFP. The findings provide significant insights into 
the efficacy of this procedure over a 2-year follow-up pe-
riod.
The results of the acoustic-aerodynamic analysis showed 
notable changes in MPT, which increased significantly at 
3-month follow-up (T1) compared to baseline (T0). How-
ever, MPT gradually decreased at 12 and 24 months (T2 
and T3), though it remained significantly above preop-
erative values. This trend suggests that while cross-linked 
HA provides immediate and substantial augmentation, the 
gradual resorption of the material over time might correlate 
with a slight decline in MPT. Nonetheless, the sustained 
improvement compared to baseline highlights the effective-
ness of the procedure in enhancing glottal closure, even in 
the long term.
Similarly, the improvements in the CPPS and AVQI were 
significant at 3 months, with stable results at the 12- and 
24-month follow-ups. Furthermore, the perceptual as-
sessment using the GRBAS scale showed improvements 
across all parameters, particularly in reducing roughness, 
breathiness, and asthenia, which are common indicators 
of dysphonia in UVFP. Videolaryngostroboscopic evalua-
tions revealed improvements in glottic closure and vocal 
fold vibration amplitude, particularly in the early post-
operative period. These results corroborate the acoustic 
findings, indicating that HA injections not only improve 

vocal fold bulk but also enhance vibratory function, con-
tributing to better phonatory outcomes. The lack of sig-
nificant changes in the supraglottic framework behaviour 
suggests that a certain amount of vestibular constriction 
might be functional for the maintenance of a satisfactory 
glottic competence.
VHI-10 results also reflected these improvements, with 
significant reductions in perceived voice handicap at all 
postoperative checkpoints. These findings underscore the 
positive impact of early intervention on patients’ perceived 
quality of life, particularly in mitigating the social and psy-
chological burden of UVFP. 
The analysis of gender, age, and aetiology on voice out-
comes suggests that these factors have limited impact on 
the treatment results in this study. No significant correla-
tions were observed between these variables and voice out-
come parameters, indicating that IL with cross-linked HA 
via FEPS may be broadly effective across diverse patient 
demographics. However, these findings were derived from 
a relatively small sample size, limiting the generalisability 
of the conclusions. 
When contextualised within the literature, these results 
align with current evidence suggesting that early IL can sig-
nificantly reduce the likelihood of requiring more invasive 
procedures, such as medialisation thyroplasty 5. Numerous 
studies have confirmed that early medialisation of the vocal 
fold − particularly within 6 months of UVFP onset − capi-

Table II. Mean values, standard deviations, test and p value of GRBAS subscales at T0, T1, T2 and T3.

Subscale T0 T1 T2 T3 Test p value

(mean and SD) (mean and SD) (mean and SD) (mean and SD)

G 2.8 ± 0.4 1.9 ± 0.7 1.8 ± 0.5 1.5 ± 0.8 Friedman test < 0.0001

R 2.3 ± 0.6 1.6 ± 0.8 1.3 ± 0.7 1.0 ± 0.7 < 0.0001

B 2.6 ± 0.6 1.5 ± 0.9 1.2 ± 0.7 1.1 ± 0.9 < 0.0001

A 2.4 ± 0.8 1.1 ± 0.8 0.8 ± 0.7 1.0 ± 0.9 < 0.0001

S 1.8 ± 0.8 1.1 ± 0.8 0.8 ± 0.8 0.6 ± 0.8 < 0.0001

Table III. Mean values, standard deviations, test and p value of VLS variables at T0, T1, T2 and T3.

Subscale T0 T1 T2 T3 Test p value

(mean and SD) (mean and SD) (mean and SD) (mean and SD)

A 0.5 ± 0.5 1.7 ± 0.5 1.8 ± 0.4 1.8 ± 0.4 Friedman test < 0.0001

B 0.8 ± 0.6 1.7 ± 0.5 1.7 ± 0.5 1.8 ± 0.4 < 0.0001

C 1.0 ± 0.8 1.7 ± 0.5 2 ± 0.2 1.8 ± 0.4 < 0.0001

D 1.5 ± 1.1 1.8 ± 0.6 1.9 ± 0.8 2.1 ± 0.7 0.0691
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talises on the synkinetic reinnervation process, which helps 
maintain the paralysed vocal fold in a more favourable par-
amedian position 5,19. Postoperative voice therapy also plays 
a crucial role in the rehabilitation of patients with UVFP 
following IL. A study on the efficacy of voice therapy fol-
lowing IL highlighted that patients who underwent struc-
tured therapy post-surgery exhibited greater improvements 
in vocal quality and self-assessed voice handicap compared 
to those who did not receive therapy 20. Early initiation of 
therapy is particularly advantageous, as it enables patients 
to consolidate proper glottic competence while the injected 
material provides medialisation, facilitating better long-
term voice outcomes.
Concerning surgical techniques, literature reveals that both 
local and general anaesthesia approaches provide compara-
ble voice outcomes. A systematic review of IL procedures 
performed in office under local anaesthesia versus general 
anaesthesia in the operatory room found no significant dif-
ferences in terms of post-procedural voice improvement 21. 
Therefore, the choice of the technique should be guided by 
patient tolerance and procedural considerations rather than 
expected differences in outcome. The use of local anaesthe-
sia within FEPS in this study offers the advantage of real 
time voice assessment during the procedure, further sup-
porting its efficacy as a minimally-invasive, office-based 
option.
Regarding the choice of injection material, there remains 
no clear consensus in the literature on the superiority of one 
material over another  7. As suggested by Kwon et al. the 
ideal injection material should be biocompatible, biome-
chanically similar to vocal fold components, easily inject-
able through a fine needle, readily available with minimal 
preparation time, applicable in an outpatient setting, easily 
removable in the event of revision surgery, and resistant to 
absorption or migration 22.
While cross-linked HA has been suggested to offer favoura-
ble biomechanical properties and safety, showing easy injec-
tion localisation, tissue compatibility, and residence time 23, 
other materials such as calcium hydroxyapatite, autologous 
fat, and collagen also provide viable alternatives 9,22,24. A re-
cent study by Miaśkiewicz et al. compared 24-month voice 
outcomes after IL with calcium hydroxyapatite or HA in 
patients with UVFP and found no long-term differences in 
voice outcomes or number of reaugmentations with calci-
um hydroxyapatite compared to HA 25. Each material has 
its advantages, but the use of partially or fully resorbable 
materials, such as HA, is often preferred in early interven-
tions due to concerns that permanent materials may inter-
fere with potential spontaneous recovery  9. The present 

study’s use of cross-linked HA demonstrates its efficacy in 
achieving long-term voice improvement, particularly when 
followed by timely voice rehabilitation.
One of the primary limitations of this study is the relatively 
small sample size, which may affect the generalisability of 
the findings. While the results provide valuable insights into 
the efficacy of cross-linked HA injection via FEPS, larger 
studies are needed to validate these outcomes across a more 
diverse patient population. Additionally, the absence of a 
control group or comparison with other treatment modali-
ties restricts the ability to definitively assess the superiority 
of this technique. Lastly, two-year follow-up, though suffi-
cient to evaluate long-term phonatory results, may not fully 
capture the sustainability of the treatment’s benefits. Future 
studies should address these limitations by including larger 
cohorts, control groups, and extended follow-up periods to 
strengthen the evidence base.

Conclusions 
In conclusion, the results of this study demonstrate the 
long-term efficacy of office-based IL using cross-linked HA 
by a FEPS approach in treating UVFP. The study reinforces 
the importance of early intervention in UVFP management: 
timely IL offers significant long-term phonatory benefits 
and might reduce the need for more invasive surgical in-
terventions. Moreover, the combination of this procedure 
with early and consistent voice therapy maximises the like-
lihood of sustained improvement in vocal function. These 
findings, consistent with the existing literature, support the 
use of cross-linked HA as an effective and easy-to-use ma-
terial for UVFP treatment by FEPS, particularly when early 
intervention is possible.
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