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Abstract

Objective. To review the results of a series of patients with
glottic insufficiency caused by scarred vocal folds who under-
went injection laryngoplasty with centrifuged and emulsified
autologous fat.

Study Design. Prospective cohort.

Setting. Single center, tertiary institution.

Subjects and Methods. Examination of the medical records of
21 patients operated on through injection laryngoplasty
with fat grafts for the treatment of dysphonia was per-
formed. All patients were operated on between January of
2015 and September of 2019. The voice variables measured
were the GRABS (Grade, Roughness, Breathiness, Asthenia,
Strain) scale, the Voice Handicap Index–10 (VHI-10), maxi-
mum phonation time, jitter, shimmer, and harmonic/noise
ratio before surgery and 8 months later.

Results. Twenty-six injection laryngoplasties were performed
in 21 patients during the reviewed period. Seventeen were
men, and 4 were women. Mean age was 57.2 (range, 18-80)
years. Mean (SD) follow-up time was 20.7 (9.3) months.
Etiology of dysphonia was scarring after tumor resection in 17
patients and sulcus vocalis in 4. Five patients received an addi-
tional injection laryngoplasty. Statistically significant improve-
ments were observed in all the parameters evaluated (P \.05).

Conclusions. Injection laryngoplasty with fat grafts processed
through centrifugation and emulsification is an effective tech-
nique for the treatment of dysphonia caused by glottic insuffi-
ciency related to scarred vocal folds, with minimal complication
rates.
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I
njection laryngoplasty is a procedure aimed to medialize

a nonfunctioning, scarred, or atrophic vocal fold in order

to achieve complete glottic closure. This way, it improves

phonation and helps to protect the airway, reducing aspiration-

related complications.1

This was the first surgical technique described for the

treatment of unilateral vocal fold paralysis. It was originally

described by Bruning,2 who used paraffin for injections.

Since then, many other injectable products have been used,

like Teflon, collagen, hydroxyapatite, and, more recently,

autologous fat. However, most of them have been abandoned

because of their complication rates and, in the case of biolo-

gic substances, because of their short-lasting effect.3

The use of autologous fat for injection laryngoplasty was

first described by Zielins et al4 in 1983, who reported fat

injection of a scarred vocal fold through an open translaryn-

geal approach. Nowadays, fat grafting is an extensively used

resource in the field of plastic surgery in order to achieve

permanent tissue volume augmentation.4

To date, many case series of injection laryngoplasty with

fat grafts have been reported, but only 2 studies included

specifically the treatment of scarred folds after tumor resec-

tion, and only 5 reported treatment of sulcus vocalis.

Furthermore, no other study has reported the use of lipoaspi-

rate processed through centrifugation and emulsification,

and until 2016, none had reported the use of centrifuged fat

grafts.5-26 Centrifugation of the fat graft allows one to obtain

a more concentrated tissue, and the process of emulsification

reduces the size of fat particles in the graft.27 This combina-

tion of fat-processing techniques has never been reported

before for vocal fold augmentation.

The aim of our study was to evaluate the results obtained

in a series of 26 injection laryngoplasties with fat grafts

obtained through liposuction and processed through centri-

fugation and emulsification in 21 patients with glottic

insufficiency.
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Materials and Methods

A prospective review of the clinical records of 21 patients

who underwent injection laryngoplasty with fat grafts at the

University and Polytechnic Hospital La Fe between January

2015 and September 2019 was performed. This study was

approved by the Ethics Committee of the Medical Research

Institute Hospital La Fe.

At the first evaluation, demographic and medical data of

each patient, as well as the etiology of the dysphonia, were

recorded. Either at first evaluation and in a review 8 months

after surgery, 2 voice recordings were performed: one pro-

nouncing continuously the sound /e/ and another reading the

2 first paragraphs of the book Platero y yo from the writer

Juan Ramón Jiménez. Recordings were performed with a

microphone placed 15 cm from the voice source in order to

prevent interferences from emitted air. The software and

device used for acoustic analysis was the voice laboratory

model 4500 of KayPentax (Pentax Medical). All the patients

had performed supervised phoniatric rehabilitation for at

least 1 year without achieving significant improvement in

voice quality. All patients signed the surgical consent and

the consent to participate in this study.

The Voice Handicap Index–10 (VHI-10) was used for

subjective voice evaluation by the patient.28 The GRABS

(Grade, Roughness, Breathiness, Asthenia, Strain) scale was

applied by 2 otolaryngologists from the voice department of

our hospital.29 The records used for determination of the

GRABS scale score were the ones in which the book text

was read, and they were blindly assessed regarding the

moment of the recording (the evaluator ignored whether the

recordings were preoperative or postoperative) by each of

the laryngologists. The objective measures for voice evalua-

tion were maximum phonation time (MPT), shimmer, jitter,

and harmonic-to-noise ratio (HNR). These measures were

evaluated in the recordings with the continuous phonation of

the sound /e/. During preoperative evaluation, a stroboscopic

study was performed by an otolaryngologist from the voice

section of the Department of Otorhinolaryngology. Also, the

VHI-10 survey, the GRABS scale, MPT, jitter, shimmer, and

HNR were evaluated. Eight months after surgery, a new eva-

luation was performed registering the postoperative values

of the same parameters.

Regarding statistical study, the mean values, standard

deviation, and the standard error of the mean were calcu-

lated. Preoperative and postoperative values were evaluated

using the nonparametric Wilcoxon test. P \ .05 was consid-

ered statistically significant. The software used for statistical

analysis was SPSS Statistics (SPSS, Inc).

Surgical Technique

The procedure was performed under general anesthesia and

orotracheal intubation. In total, 100 mL of a solution con-

taining physiologic saline with epinephrine at a concentra-

tion of 1:1,000,000 was infiltered in the abdomen, above the

umbilicus, through 2 lateral incisions. Under sterile condi-

tions and after waiting 15 minutes for the vasoconstriction

effect of the epinephrine to take place, liposuction started,

using a standard canula of 3 mm. Negative pressure was per-

formed manually through a 20-mL Luer-lock syringe. The

fat was first processed through centrifugation (Duografter-II,

Proteal; Biorregenerative Solutions) at 300 g during 3 min-

utes. Then, the fat was emulsified by performing 10 passes

between 5-mL syringes. Afterward, the processed fat was

passed to a 1-mL syringe. Under direct suspension laryngo-

scopy and through endolaryngeal microsurgery, direct injec-

tion of fat grafts through a 23-gauge laryngeal needle was

performed. Volume was slightly overcorrected (achieving

20%-40% more volume of the desired vocal fold size). A

gauze was then used to softly massage the vocal fold, in

order to spread the graft. An abdominal compressive dres-

sing was placed on the abdomen, which was later replaced

by a compressive abdominal band that was worn 15 days.

Patients were placed on partial voice rest for a week, being

allowed to speak in a soft voice tone, for small periods of

time (shorter than 10 minutes).

Results

Twenty-six injection laryngoplasties with fat grafts pro-

cessed through centrifugation and emulsification were per-

formed in 21 patients between July 2015 and September

2019. All the procedures were performed in conjunction

between the Department of Plastic Surgery and Burns and

the Department of Laryngeal Surgery of the Service of

Otorhinolaryngology.

From the 21 patients, 17 were men, and 4 were women.

Mean age was 57.2 (range, 18-80) years. Nineteen patients

attended to the revision visit at 8 months, while 2 were lost

to follow-up. The mean (SD) follow-up time was 20.7 (9.3)

months. Twenty-one patients had scarred vocal folds, 17 of

them after tumor resection, and 4 had sulcus vocalis. Sixteen

patients had unilateral affection, and in 5 cases, affection

was bilateral. Five patients received an additional injection

laryngoplasty for showing unsatisfactory results 12 months

after the first intervention (Table 1 and Table 2).

Regarding complications, one of the patients who

received a second injection laryngoplasty reported mild dys-

pnea during the first 2 months after the second intervention,

which improved spontaneously. No case of abdominal hema-

toma requiring drainage was observed, while most of the

patients showed diffuse and mild abdominal ecchymosis,

which also disappeared spontaneously. None of the patients

who showed good results at 8 months reported regression or

worsening of their dysphonia.

A statistically significant improvement in all the para-

meters of the GRABS scale was observed compared to preo-

perative values (Table 3). Also, a significant improvement

in the subjective evaluation was observed in the VHI-10 (P

\ .003). MPT improved from a mean (SD) value of 7.15

(3.59) to 10.16 (4.8), with the differences statistically signifi-

cant (P \ .003). Jitter value decreased from a mean (SD) of

5.47 (2.39) to 4.51 (2.4) (P \ .005). Shimmer decreased

from a mean (SD) value of 12.27 (6.39) to 11.07 (6.62) (P \
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.05). Harmonic-to-noise ratio increased from a mean (SD)

value of 0.24 (0.1) to 0.3 (0.14) (P \ .01) (Table 4).

Three of the 5 patients who received a second lipoinjec-

tion had an improvement in the parameters evaluated, while

the other 2 achieved slight improvement in objective para-

meters but reported a subjective worsening on the VHI-10

survey. The etiology of 4 of those 5 cases was scarred vocal

fold after tumor resection, while the other one was a grade

III sulcus vocalis.

Discussion

Autologous fat offers an important number of advantages

with respect to other substances, which has made it become

the elective infiltration substance in injection laryngoplasty.

Being an autologous material, inflammatory reactions to for-

eign bodies, extrusion, or rejection are avoided. Furthermore,

although there has been some controversy in the past 2

decades regarding the permanence of infiltered fat grafts,

recent studies have confirmed the long-term stability of the

infiltered volume that persists after initial partial resorption.30

The stability of fat grafts as a permanent filler is a well-

known fact, and it has been reported with its use in breast

reconstruction, facial rejuvenation, scar treatment, and correc-

tion of body contour deformities.31

A statistically significant improvement was observed in

all the parameters of voice quality tests performed on the

patients in our study 8 months after surgery, with respect to

preoperative evaluation. These good results coincide with

reports published in the most recent studies (since 2016) in

which fat grafts obtained through liposuction were used.9-

15,17,23,30,32 However, our series is the second largest in the

literature in the number of patients with glottic insufficiency

caused by scarred vocal folds, as most of the studies per-

formed on autologous fat injection laryngoplasty are focused

on the treatment of unilateral vocal fold paralysis.32 Also,

ours is the third largest study in sample size, among those

published since 2016, in which liposuction fat grafts were

used.5-26,30,32

Furthermore, our series is the first one in which fat grafts

processed through centrifugation and emulsification have

been used. The advantage of adding emulsification to fat

processing is the production of a graft composed of smaller

particles, which improves integration and homogeneity of

the grafted tissue, reducing the chances of introducing large

adipose tissue fragments that could form globules or cysts.27

Thus, the graft has a more homogeneous distribution, which

might improve softness and pliability of the vocal fold,

improving the quality of vibration. In fact, this hypothesis is

one of the reasons that justifies the fact that during the past 4

years, no more studies reporting the use of fat grafts obtained

through biopsy and fragmentation have been published.12-

15,33 Fragments of adipose tissue are small conglomerates

that, when injected, form a tissue composed of multiple fat

globules, which could alter pliability and the surface homo-

geneity of the vocal fold, which are necessary to achieve an

optimal vibration.9-15,17,23,30,32 In a study published by Park

et al,33 in which qualities of fat grafts obtained through lipo-

suction and biopsy were compared, a higher proliferation

rate and improved long-term viability were observed in

grafts obtained through liposuction.

The stability of voice improvement obtained through

injection laryngoplasty with fat grafts has been reported in

many studies, with follow-up periods of more than 10

years.9,11,30 In our study, with an average follow-up time of

20.7 months (range, 9-55 months), no patient reported wor-

sening of their symptoms compared to their postoperative

result at 8 months.

The volume of fat graft injected in our series ranged from

0.1 to 0.6 mL, while most of the studies reported a higher

volume of graft injected (range, 0.3-6 mL). This might be

attributed to the improved control and precision of the injection

associated with the use of a fat graft with smaller size particles

and its better distribution among the scarred vocal fold tissue.

In our series, 5 patients required a second procedure as

their postoperative result was considered insufficient by both

the patients and their otolaryngologist. All of them obtained

an improvement in objective voice quality parameters after

the second procedure, although one of them reported no per-

ception of subjective improvement. These results are coinci-

dent with the ones published in scientific literature, where

scarred vocal folds show a higher chance to require a second

procedure than nonscarred vocal folds.9-14,32

In 2016, Siu et al34 published a bibliographic review on

surgical techniques for the treatment of glottic insufficiency

caused by unilateral vocal fold paralysis (medialization thyr-

oplasty, injection laryngoplasty, laryngeal reinnervation, and

arytenoid adduction). In this review, the authors found favor-

able results for all techniques, without observing statistically

significant differences among them. Having similar func-

tional results, injection laryngoplasty is a procedure with

reduced technical complexity and reduced surgical time.

Table 1. Demographic Data of Patients.

Variables Value

Sex, No.

Female 4

Male 17

Age, mean (SD), y 57.2 (16.7)

Follow-up time, mean (SD), mo 20.7 (9.3)

Etiology, No.

Sulcus 4

Scarred 17

Infiltered volume mL 0.1-0.6

Number of interventions

1 16

2 5

Side, No.

Left 11

Right 5

Bilateral 5

1228 Otolaryngology–Head and Neck Surgery 163(6)
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Complications are more frequent and severe in medialization

thyroplasty (extrusion, displacement, infection, hematoma,

with the possibility of causing airway compromise) than

with injection laryngoplasty. Extrusion of the prosthesis in

thyroplasty has a reported incidence between 1% and 10%

of the cases.35 Also, complications that were traditionally

associated with injection laryngoplasty (granuloma formation,

extrusion of the injected substance, and fibrosis) are prevented

when using an autologous substance.35 Furthermore, fat graft

injections can be repeated if necessary, without having addi-

tional risks than a primary procedure.

Regarding limitations of our study, although the sample is

high compared to the few studies focused on lipoinjection in

scarred vocal folds, in absolute numbers, the sample is

small, and increasing its size could improve the quality of

the study. Also, although stroboscopy was performed in all

patients before and after surgery, no parameter measuring

changes in mucosal wave was recorded. As the number of

patients was not really high, we were not able to make 2

groups in which fat-processing techniques were different, so

we cannot confirm our hypothesis that centrifuged and emul-

sified fat grafts provide better vibrating quality to the aug-

mented vocal fold.

Conclusions

In our study, the performance of injection laryngoplasty with

fat grafts obtained through liposuction and processed with

centrifugation and emulsification achieved a statistically sig-

nificant improvement of voice quality in patients with glottic

insufficiency caused by scarred vocal folds, determined by

subjective and objective parameters.
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