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Abstract

Objective: Platelet-rich plasma (PRP) is rich in growth factors and is easily obtained

from blood samples. Long-term data after PRP injection into the larynx should be

improved. This study reports the short-term (3 months) and long-term (12 months)

voice results after PRP injection.

Materials and Methods: Sixty-three patients with scars (n = 34), sulcus vocalis

(n = 17), recalcitrant nodules (n = 5), atrophy (n = 4), or a combination of

these (n = 3) were included (158 injections; median follow-up = 12.3 months).

Stroboscopy, voice handicap index (VHI-10), and cepstral spectral index of

dysphonia (CSID) before and after treatment (3 months) and at 12 months were

tabulated.

Results: VHI-10 changed from 19.5 to 14 at 3 months and 21 to 15 in the long

term. The CSID scores improved from 31 to 21 in the short term and 31 to 26 in

the long term (p < 0.001, paired t-test). Patients reported improved vocal effort

and stamina with slight VHI or CSID score changes. Stroboscopy revealed

improved closure and mucosal waves. Patients with severe dysphonia were less

likely to improve compared to those with mild to moderate dysphonia. Some

patients showed short-term improvements and then deteriorated back to baseline

CSID over time (p < .05, paired t-test).

Conclusion: Both short- and long-term improvements in voice following PRP

injection have been reported. Patients with mild-to-moderate dysphonia had

better outcomes. PRP injection is an alternative treatment for patients with

mild-to-moderate dysphonia due to vocal fold scarring, sulcus, and atrophy.

Level of evidence: II Prospective case series treatment.
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1 | INTRODUCTION

Vocal-fold scarring, atrophy, and sulcus vocalis continue to pose

challenges to laryngologists.1 Multiple treatments are currently available

for this condition, including augmentation laryngoplasty,2 tissue

implantation,3,4 mucosal freeing,5 steroid injection,6 and laser surgery.7

Despite the common use of these techniques, the results are not

consistent.8 Tissue regenerative procedures have gained interest because

basic scientific studies have shown promise.9,10 Stem cells,11,12 growth

factors,13 and extracellular matrix14,15 or a combination of these have

been used in animal models and humans. The first such report was pub-

lished by Hirano in 2009.16 The first case of human vocal-fold injection

of stem cells was reported in 2018.17 In 2016, Ohno et al. reported six

patients with vocal-fold atrophy who were treated with basic fibroblast

growth factor (b-FGF) and showed improved vocal function.18 In 2021,

Hirano reported on 100 patients with scarring, atrophy, and sulcus trea-

ted with b-FGF and reported positive effects of intracordal injection of

b-FGF, resulting in an improved voice with no severe adverse events.19

Platelet-rich blood (PRP) represents a cocktail of autologous growth

factors. Thus, PRP could be used as an alternative to commercial growth

factors for cell therapy. PRP can potentiate stem cell proliferation, migra-

tion, and differentiation. Blood-derived products are effective for human

tissue repair.20 PRP is widely used in cosmetic, dental, orthopedic, derma-

tological, and wound healing.21 It has an appeal over pure growth factors

owing to its ready availability and fewer regulatory hurdles.

Bhatt et al. first described the use of PRP for the treatment of vocal

scars and reported improvement.22 Woo and Murry showed short-term

improvements in voice quality.23 In a safety and efficacy study, Johns

et al. showed that PRP is safe, with minor reported morbidity.24 Since

then, other authors have used PRP during phonosurgery,25 acute vocal

injury,26 and in combination with fat grafting.27 However, long-term PRP

results are unavailable.

This study reports a prospective case series of patients treated

with office PRP injections in the larynx. We report short-term

(3 months) and long-term (1 year) voice results after PRP injections

into the vocal folds of 63 patients. PRP is a ready and renewable

source of growth factors that may be used for the same indications as

in a study using growth factor therapy proposed by Hirano in 2021.19

Thus, volume and pliability issues of the vocal folds resulting from

scarring, sulcus, and atrophy, with the involvement of both the lamina

propria and vocal ligament and muscle, may benefit from using PRP.

This study also aimed to evaluate the acoustic parameters reported

by patients using the voice handicap index short form (VHI-10)

and objective analysis of voice in both the short and long term after

PRP treatment.

2 | MATERIALS AND METHODS

2.1 | Patient selection

Between February 2019 and December 2022, a total of 158 PRP

injections were administered to 63 patients. Thirty-four patients had

unilateral or bilateral vocal fold scars, 17 had unilateral or bilateral sul-

cus vergeture or sulcus vocalis, five had mature vocal-fold nodules,

four had bilateral vocal atrophy, and three had combinations of the

above. All patients had previously failed standard therapies or surgery.

All patients had received prior voice or behavioral therapy. For all

patients, it had been longer than 6 months after the last intervention

and all had stabilized from any initial treatment effects. These

treatments included voice therapy, steroid injection, laser surgery,

augmentation laryngoplasty, and micro-flap techniques. All partici-

pants requested additional interventions.

All patients were recommended three monthly injections of PRP.

The injection technique was trans-oral for 27 injections and trans-

cervical for 131. Twenty-six injections were administered on one side,

and 132 injections were administered bilaterally. All procedures were

performed with laryngoscopy monitoring either during the procedure

(trans-oral) or during or after the procedure (trans-cervical) to verify

the placement of PRP. Institutional review board (IRB) approval was

obtained for the review of voice outcomes after treatment from the

Icahn School of Medicine (IRB Study 19-01251).

Consent for the use of PRP was obtained separately. This consent

included a discussion that this study involved an off-label use of a

product that is not specifically approved for application in the

patient's laryngeal condition. It also included the risks and benefits of

blood draw and the risks and benefits of PRP use from the known

literature. Patients with a prior history of blood disorders or the use of

platelet inhibitors or anticoagulants were excluded.

2.2 | Preparation of PRP

PRP was prepared in the physician's office. A phlebotomist drew

blood, and the physician prepared the PRP.

Seventeen milliliters of blood were drawn non-traumatically and

placed into two blood collection tubes containing ACD anticoagulant

(citrate-dextrose solution = ACD solution; Vacutainer tubes, Becton-

Dickinson, Franklin Lakes, NJ). The collected material underwent a

double-centrifugation process.28,29 A sterile technique was used. The

concentration of platelets was at a minimum of 10:1 compared to that

in blood plasma. The first centrifugation was 100�g for 10 min. After

the first centrifugation, the plasma was transferred to a sterile tube

and centrifuged at 200�g for 15 min to optimize platelet concentra-

tion. After a second centrifugation, the top 80% of the plasma was

removed and discarded. The remaining 20% corresponded to the PRP.

This material includes the buffy coat along with mononuclear cells,

leukocytes, macrophages, hematopoietic stem cells, and platelets. The

buffy coat portion contained leukocyte-rich PRP. Approximately

1.0 ml of PRP was derived from 17 ml blood. The PRP was resus-

pended for injection through a 1-mL syringe. The injection was per-

formed through a standard 1.5-inch 25-G needle via the trans-cervical

route or through a 23-G needle via indirect trans-oral injection

(27200T; Karl Storz, Tuttlingen, Germany).

The PRP preparation method is a double-spin harvest technique

outlined by Lana.28
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2.3 | Administration of PRP

PRP injections were performed in one of two ways. Indirect vocal-fold

injections were performed using a trans-oral indirect needle, whereas

the injection was carried out trans-cervically in patients who could

not tolerate the trans-oral approach.

PRP was injected trans-orally by drawing 1.0 cc of PRP into a

sterile 1-cc syringe. A 23-G indirect needle was used for indirect injec-

tions (2700T, Karl Storz). The injection site was the mid-membranous

vocal fold.

For trans-cervical injection, PRP was drawn into a sterile 1-cc

syringe and a 25-G, 1.5-inch needle was used for injection through

the cricothyroid membrane. Injection of PRP into the vocal folds was

verified via fiberoptic laryngoscopy.

Unilateral injections were performed in patients with unilateral

scars, whereas the other patients received bilateral injections. Video

laryngoscopy was performed to verify the size and placement of the

injections. Figure 1 shows a photograph of the larynx before PRP

administration, and Figure 2 shows the same patient after bilateral

injection of 0.5 cc of PRP (see S1–S5).

Guidance of the needle position for both procedures was done by

a navigator endoscopist using a fiberoptic laryngoscope to check the

position of the needle (ENF-VH scope, VISERA Elite OTV-S190;

Olympus, Tokyo, Japan). PRP was injected when the mid-membranous

fold was reached. Approximately 0.5 cc was placed into each fold.

Repeated injections of the same PRP volume were administered. Vali-

dation of adequate injection after PRP injection revealed bulging of

the paraglottic space (Figures 1 and 2).

2.4 | Voice evaluation

Video stroboscopy, voice recordings, and clinical examinations were

performed before treatment, 3 months after the first injection (short-

term results), and 6 months to 1 year after the completion of the first

injection (long-term results).

The VHI-10 was administered before and after each injection and

during short- and long-term evaluations.

Acoustic analysis was performed using laboratory recordings.

Patients were recorded saying the Consensus Auditory-Perceptual

Evaluation of Voice (CAPE-V) sentence “How hard did he hit him” five
times in 10 s. The microphone-to-mouth distance was 6 inches. The

ambient noise in the room was less than 55 dB. Sentences recorded

over 10 s were analyzed using cepstral peak prominence (ADSV soft-

ware analysis of dysphonia speech and voice, version J3.42; Pentax

Medical Computer Speech Laboratory, Montvale, NJ). The Cepstral

Spectral Index of Dysphonia (CSID) was also calculated. We collected

the CSID scores for the CAPE-V sentences in each session. The CSID

index was used as an objective treatment outcome measure.30–32

2.5 | Analysis and statistics

Stroboscopic recordings were performed before and after treatment.

Based on a review of stroboscopy, we compared closure and mucosal

waves. The stroboscopy rating is a subjective rating by the author.

The CSID scores for CAPE-V sentences and VHI-10 before

treatment, short-term post-treatment, and long-term post-

treatment were analyzed using two-tailed paired t-tests. A similar

analysis was performed on the CSID and VHI-10 scores between

the short- and long-term results. Short-term and long-term data

were compared to pretreatment data. For short-term versus long-

term comparisons, a paired t-test was performed only for those

with short- and long-term data.

3 | RESULTS

The senior author administered 158 injections in 63 patients. These

injections were done over 5 years. Patients who are still undergo-

ing treatment were excluded. The inclusion criterion for the study

was a minimum follow-up period of 3 months. Short-term follow-

up was defined as an evaluation 3 months after the first injection.

F IGURE 1 A patient with bilateral vocal fold scar before PRP
injection.

F IGURE 2 Same patient as Figure 1 post-injection of 0.5 cc PRP
into each vocal fold using the trans-cervical technique.

1306 WOO



Data collected more than 6 months after the first PRP injection

were classified as long-term follow-up data.

There were 34 patients with scars (short- and long-term),

17 patients with sulcus vocalis, five with recalcitrant nodules, and four

with vocal atrophy. The remaining 17 patients had combinations of

the above.

The study included 20 females and 43 males, with a median age

of 43 years (standard deviation, 17 years). The youngest patient was

20 years old, and the oldest was 90 years old. There were 27 trans-

oral injections and 131 trans-cervical injections administered.

All patients tolerated the injections. Three near-syncope events

occurred. Most patients reported transient pain due to the injection.

All patients were discharged from the clinic. Excessive cough and

throat clearing were reported during the first 24 h.

The median duration of clinical follow-up was 12.3 ± 8 months

since the first PRP injection.

Table 1 tabulates the short- and long-term VHI and CSID scores

of all patients. We obtained 62 short-term VHI data points and

56 paired short- and long-term VHI data points. In-person recordings

were available for 60 short-term and 52 long-term CSID recordings.

The median pretreatment, short-term, and long-term VHI values were

19.5, 14, and 14, respectively. The median CSID scores before and

after treatment were both 31. The short- and long-term CSID scores

were 21 and 26, respectively.

There were significant improvements in both the VHI and CSID

scores compared with pretreatment in both the short- and long-term

recordings (paired two-tailed t-test). No significant differences were

observed between the short- and long-term results. The CSID scores

also showed significant differences between pre- and post-treatment

in both the short- and long-term recordings. Table 2 presents the

short- and long-term VHI and CSID scores. There were no significant

changes in the VHI between the short-term recordings and long-term

VHI scores. However, there were significant differences in CSID

scores between the short- and long-term recordings. Long-term CSID

scores were worse than the short-term CSID scores.

Although both the CSID score and VHI at short- and long-term

recordings showed significant improvements compared to the pre-

injection status, there was a significant deterioration in CSID scores

between the short- and long-term CSID recordings. The VHI did not

change significantly between the short- and long-term recordings.

TABLE 1 Pre and post-treatment VHI and CSID values.

Pre-treatment
number

Pre-treatment
value

Short-term

treatment
number

Short-term

treatment
value

Long-term

treatment
number

Long-term

treatment
value

VHI median 64 19.5 62 14.0a 56 14.0a

VHI SD 64 9.6 62 9.2 56 10.1

CSID median 64 31 60 21a 52 26a

CSID SD 64 21 60 26 52 23

aPaired t-test (two tail) p < .01 compared to the pre-treatment value.

TABLE 2 Short versus long-term result comparison.

Long term
treatment
Number

Short term
treatment
Value

Long term
treatment
Value

VHI median 56 14.0 14.0 (N.S.)

VHI SD 56 9.5 10.0

CSID median 52 21 26a

CSID SD 52 26 23

aPaired t test (two tail) p < .01 long term compared to short term value.

F IGURE 3 Line plot and SD of VHI values pre-treatment,
short-term, and long-term after-treatment.

F IGURE 4 Line plot and standard deviation of CSID values
pre-treatment, short-term, and long-term after treatment.
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The changes in the VHI scores are shown in Figure 3. Figure 4 shows

the CSID scores at pre-, short-, and long-term post-treatment.

Subjective evaluation using videostroboscopy viewed before and

after injection showed better closure and amplitude in patients with

reported improvements. In contrast, those with minimal improvement

showed no improvement in vocal-fold vibratory function. Although we

did not systematically rate the stroboscopy findings before and after

injection, we noted improved vocal-fold vibration in patients who

reported a better voice. Figure 5 shows a stroboscopic photograph of a

patient with persistent vocal-fold nodules before PRP treatment, and

Figure 6 shows the same patient 5 months after PRP treatment. It

showed better closure, with an improved mucosal wave.

Patients with severe dysphonia had worse outcomes than those

with mild-to-moderate dysphonia. Subgroup analysis was used to

compare the outcomes between patients with mild and moderate dys-

phonia and those with severe dysphonia. The mild-to-moderate group

showed better and more durable results. The results are summarized

in Table 3. Table 3 tabulates the severity of dysphonia using the VHI

and CSID scores. There were significant VHI and CSID scores for the

severe group in the short-term follow-up, but not in the long-term

follow-up. Patients with mild-to-moderate dysphonia had short- and

long-term sustained improvements in the VHI and CSID scores.

Figures 7 and 8 shows the changes in VHI and CSID scores according

to each group. There were fewer durable changes in the CSID and

VHI scores in the severe group than in the mild-to-moderate group.

F IGURE 5 Video frame from stroboscopy of best closure in a
patient with bilateral vocal fold nodules previously treated by therapy.

F IGURE 6 The same patient as in Figure 5 5 months post PRP
treatment. There is better closure and more pliable mucosal waves.

TABLE 3 Analysis of mild to
moderate dysphonia vs. severe
dysphonia in voice outcome.

VHI short VHI long CSID short CSID long Number

Mild to moderate a a a a 38

Severe a NS a NS 14

Abbreviation: NS, not significant.
aPaired t-test (two tails).

F IGURE 7 Line plot and standard deviation of VHI values pre-
treatment, short-term, and long-term after-treatment. A mild to
moderate dysphonia group versus a severe dysphonia group is shown.

F IGURE 8 Line plot and standard deviation of CSID values pre-
treatment, short-term, and long-term after treatment. A mild to
moderate dysphonia group versus a severe dysphonia group is shown.
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Subgroup analysis was performed to determine any differences

between sulci and scarring. In both groups, there were durable

improvements in VHI in both the short and long terms. We noted no

significant differences between sulci and scars in their responses to

PRP treatment.

4 | DISCUSSION

PRP is a new treatment for the management of vocal-fold scars,

sulcus atrophy, recalcitrant vocal nodules, and atrophy. Many

patients received prior treatment, including extensive voice

therapy, steroid injection, KTP laser treatment, and operative scar

lysis. Voice disabilities in this group varied from near-normal speak-

ing function to severe dysphonia. All patients expressed a desire to

seek additional treatment.

Many interventions can be considered for sulcus, scarring, atro-

phy, and recalcitrant nodules. These procedures have usually been

reported in small clinical case studies and have yet to show uniform

success. What is expected in all these disorders is the loss of mucosal

pliability (scarring, sulcus, and mature nodules) and the need for vol-

ume (type I sulcus, atrophic scarring, and vocal atrophy). Thus, regen-

erative medicine approaches that mobilize the intrinsic healing

capabilities of the body are attractive. Although there have been stud-

ies on stem cells and matrices, it is possible to use growth factors in

the larynx, which have received the most recent interest. This is

because of the relative ease of purifying growth factors and the rela-

tive lack of possible harm from their use.

In an important study, Hirano19 showed that the injection of

basic fibroblast growth factors was essentially free of adverse side

effects, and many patients reported improved function. Hirano

noted that patients with mild-to-moderate dysphonia often per-

formed better than those with moderate-to-severe dysphonia. This

finding may be due to the short-acting nature of growth factors

injected or the lack of stem cells that are activated by stem cells.

Nevertheless, many patients reported sustained improvements in

voice outcomes. To replicate these results, we used PRP as a

growth factor source.

The use of PRP is well accepted in facial plastic and orthopedic lit-

erature. Many patients receive PRP injections for hair rejuvenation,

facial rejuvenation, and treatment of orthopedic injuries. It is an autol-

ogous source of growth factors that, if processed on-site and not sub-

jected to manipulation, is subject to fewer regulatory hurdles than

other materials.

Offering an office-based minimally invasive procedure is an

attractive alternative to other more invasive procedures. PRP is proce-

dure is readily tolerated. As reported by Johns et al.,24 the use of PRP

is understood to be an adjunct to help vocal-fold healing.

Although many techniques have been reported to improve vocal-

fold function, regenerative medicine is an exciting new adjunct. There

is growing recognition that stem cell therapy can be applied to the

larynx.33–35 Patient-derived PRP is a low-morbidity, low-cost, and

practical approach to cell therapy. Animal studies support the use of

PRP for vocal-fold healing.36 Previous studies have also noted short-

term improvements with PRP use.22,24

Over the last 18 years, ample literature has been published on

the use of growth factors and stem cells in laryngology.13,37–39 In a

report on b-FGF in 100 cases, Hirano also noted better improvements

in mild-to-moderate dysphonia than in severe cases.19

The durable effects of PRP and other growth factors remain

unclear.

Our observation was that while patients reported better voice

outcomes, their vocal folds did not return to normal. In patients

with sulcus atrophy, we still observed vocal-fold depression from

the sulcus despite improved vocal-fold oscillation. Patients fre-

quently report that they still struggle with phonation despite

improved vocal function.

The improvements in both VHI and CSID were partial. There was

some deterioration in the CSID scores over time. This gradual loss of

functional improvement may be due to the temporary effects of the

PRP, or it may be due to ongoing phono-trauma. This study also

showed that, in patients with severe dysphonia, short-term improve-

ments were short-lasting. This finding is similar to that reported by

Hirano on basic human growth factor injections.19

In this study, we asked the following two questions: First, are the

reported voice outcomes sustained over the next year, and second, is

there a difference in the longitudinal outcome of the voice as reported

by the patient and as analyzed by a computer? The data reported in

this study support the use of PRP for the treatment of mild-

to-moderate dysphonia. Furthermore, voice improvements were

expected to last 12 months.

For patients with mild-to-moderate dysphonia, PRP injections

offer an attractive office-based intervention over operative scar lysis,

steroid injections, or fat injections. Surprisingly, a durable improve-

ment was reported in VHI despite mild deterioration in CSID scores.

Other measures such as vocal effort scales may be better surrogates

for explaining these results.

The limitations of this study include the small sample size and

the challenges of obtaining all treated patients for in-person

follow-up. Despite these limitations, the improvements reported

by the patients are encouraging. The safety profile of office PRP

injections was established. We believe that PRP injections should

be limited to patients with mild-to-moderate dysphonia. We can

further refine the role of PRP in the management of scars, sulci,

and atrophy.

5 | CONCLUSION

PRP injections into the larynx are associated with few adverse

effects. PRP showed both short- and long-term improvements in

the VHI and objective voice recording analysis after 1–3 injections

at monthly intervals. Short- and long-term improvements appear to

be more pronounced in patients with mild-to-moderate dysphonia
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than in those with severe dysphonia. PRP can play an important

role in patients with voice disturbances caused by vocal-fold scar-

ring, atrophy, and sulcus vocalis. However, the use of PRP requires

further investigation.
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Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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