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Abstract:

Autologous blood-derived platelet-rich products exert their regenerative effects by
modulating molecular processes involved in hemostasis, inflammation, angiogenesis,
cellular transport, cytoskeleton synthesis and other. Abnormalities in these biological
processes can be observed in many conditions, including otologic diseases. The action
of bioactive components of extracellular vesicles and platelets in platelet-rich prepara-
tions presents an additional therapeutic possibility in managing several otologic pa-
thologies, especially where other interventions for enhancing wound healing, tissue re-
generation, and reducing inflammation have been exhausted. The application of plate-
let-rich preparations has been explored in chronic middle ear disease, tympanic mem-
brane perforation, sudden hearing loss, facial nerve damage and other. Furthermore,
extracellular vesicles, which are present in all bodily fluids including platelet-rich prep-
arations, have been increasingly investigated as a potential diagnostic and target ther-
apeutic tool in the management of hearing loss.

Keywords: Platelet-rich Plasma; Extracellular vesicles; Otology; Growth Factors; Hear-
ing Loss
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1. Introduction

By providing small particles to tissues and aiding in establishing an optimal molecular
microenvironment for tissue regeneration, platelet-rich products have been utilized across
various fields of medicine yielding favourable results (Troha et al.,2023). Otology, a sub-
specialty focused on the diagnosis and treatment of ear-related disorders, is no exception
in the attempts of exploring the beneficial effects of these products.

Platelet rich products are most commonly described in the literature as platelet-rich
plasma (PRP) or platelet and extracellular vesicle-rich plasma (PVRP), the latter emphasiz-
ing the importance of extracellular vesicles (EVs) in these fluids. PRP and PVRP are autol-
ogous blood-derived products with platelet concentrations 3-5 times higher than whole
blood (Marx et al.,2001; Tao et al., 2017). EVs are a heterogeneous group of cell-derived
membranous structures, harvested from any bodily fluid, including PRP and PVRP. De-
pending on their origin, EVs play a role in physiological and pathological processes and
can be categorized endosome-origin exosomes and plasma-derived ectosomes (further di-
vided into microvesicles, microparticles, ectosomes, large oncosomes and apoptotic bod-
ies). These nano- and microvesicles are especially recognized for their involvement in
membrane and cytosol transport, as well as RNA delivery, the mechanisms by which EVs
are being investigated for their potential use in the diagnosis and treatment of a range of
diseases (Tao et al., 2017; Dai et al., 2020; Raposo et al., 2013; Steiner & Battelino, 2020;
Sluga et al., 2021). In addition to EVs, platelets have been identified as the central mediators
of beneficial effects of platelet-rich preparations, participating in essential processes of he-
mostasis, inflammation, angiogenesis, tissue anabolism, extracellular matrix synthesis, as
well as in immune system modulation (Morrell et al., 2014; Anitua et al., 2004) . The main
bioactive molecules promoting healing in platelet-rich preparations include growth fac-
tors, cytokines and other compounds (Anitua et al., 2004; Sundman et al., 2011). The prep-
aration of platelet-rich products is cost-beneficial, straight-forward and involves simple
centrifugation, performed either in one or two steps. After centrifugation, platelets in the
preparation can be activated either exogenously (using chemical substances like calcium
chloride) or endogenously (in vivo after application). A significant advantage of exoge-
nous application is the formation of a gel-like consistency, which facilitates application
onto tissues. However, its application should occur within 10 min after activation, in the
time frame where most of the beneficial constituents are released (Marx et al.,2001; Croisé
et al., 2020; Bozi¢ et al., 2021). Platelet-rich products have been found as inherently safe to
use in tissues, acting similarly to a blood clot (Andia et al., 2013). Studies investigating
possible oncogenic effects (Marx et al.,2001; Marx et al; 1998), or long-term use in animal
models (Omar et al., 2017), as well as in sensitive tissues, such as in the middle ear (Arslan
etal, 2022) have shown no adverse effects. Instead, the investigations demonstrated sig-
nificant anti-inflammatory and regenerative potential (Arslan et al., 2022). In addition, it
has been shown that the preparations can be tailored in their composition to optimize its
therapeutic effect depending on the clinical context, especially regarding the presence or
absence of the inflammation process, and on the patients’ own blood characteristics
(Sundman et al., 2011; Steiner et al., 2022).

2.  Application of PRP/ PVRP in otology

Studies investigating the tissue regeneration and anti-inflammation functions have made
platelet-rich preparations a promising adjunctive treatment modality in otologic diseases,
such as middle ear diseases (e.g., tympanic membrane perforation, chronic otitis media),
nerve preservation (sudden sensorineural hearing loss, chorda tympani nerve manipula-
tion, facial nerve injuries) and other (Sherif et al., 2024; Mandour et al., 2019; Lee et al,,
2017). Some examples and findings of clinical studies are presented in the Table 1.
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Table 1. Examples of studies with PRP/PVRP application in otology. PRP; platelet-rich plasma, PVRP; platelet and ves-
icle-rich plasma.

Authors and year of publication, type of

study and number of subjects

Use in otology

Results

Shiomi and Shiomi (2020):
retrospective study, 118 patients;
Fouad et al. (2018) : retrospective study
conducted, 69 patients;

El-Anwar et al. (2015) randomized
controlled trial, 64 patients;
Mandour et al. (2019) :

prospective randomized controlled
study, 50 patients;

Huang et al. (2021),

meta-analysis, 8 studies;

Al-Arman et al. (2024) : randomized

clinical trial, 156 patients.

Tympanic membrane perforation .

— use in myringoplasty

Significantly improves healing
of perforations, also suitable for

larger perforations.

Kanauija et al. (2023): prospective
interventional study, 70 patients;

Dave et al. (2021) : case series, 40 patients;
Tom et al. (2022): prospective
observational study, 54 patients;

Tyagi & Rout (2019): Case series study,
200 patients;

Arslan et al. (2022) : experimental animal

study.

Sudden sensoryneural hearing loss ¢

Substantially improves hearing
in acute hearing loss.

One-time intratympanic
injection yields better results
compared to intratympanic
steroids, no complications.
Favourable results in younger
patients.

Proven safe use in the middle

ear.

Askar et al. (2021): case series, 21
patients.
Jang et al. (2016): experimental animal

study.

Mastoid reconstruction after CWD e

(canal wall-down) mastoidectomy

Good healing and epithelization
of radical cavity.

Better visualisation upon
follow-up imaging as in
obliteration with other

materials.

Vozel et al. (2021) [30]: randomized

controlled trial, 22 patients.

Chronic discharging radical cavity e

Successful outcomes in cases of

standard therapy failure.

Lee et al. (2017): case study, 1 patient.

Pinna replantation site .

Supports neovascularization
and transplant protection after

reperfusion ischemia.
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2.1. Tympanic membrane perforation

Acute and chronic tympanic membrane perforations in acute or chronic form, traumatic
or as a consequence of chronic otitis media present a common otologic disease often re-
quiring a surgical intervention. Tympanoplasty is a surgical procedure with reported suc-
cess rates from 75% to 98% (Mohamad et al., 2012; Sheehy et al., 1980), but tends to be less
effective in patients with larger perforations, in those with early onset of middle ear dis-
charge postoperatively, and in patients with myringosclerosis. Especially in cases of recur-
rent perforations, additional support (such as cartilage graft) is usually provided to the
most commonly used temporalis fascia graft. As a means of enhanced aid to graft incorpo-
ration and therefore in promoting the closure of the perforation several studies have
demonstrated the beneficial effects of PRP and PVRP (Singh & Jain, 2024). Huang et al.
(2021) performed a systematic review and meta-analysis, where the efficacy of PRP in
myringoplasty was investigated. The analysis included eight studies involving 455 pa-
tients. The results showed a significant increase in the closure rate for PRP-treated patients
compared to conventional surgery, indicating that PRP significantly enhances the healing
process. Moreover, the use of PRP was associated with a lower incidence of complications.
However, no significant differences in hearing in patients with closed tympanic membrane
improvements between PRP and conventional methods were noted (Yadav et al., 2018).
Yadav et al. (2018) demonstrated the use of PRP as applied in an underlay technique be-
tween temporalis fascia and tympanic membrane in a study of 20 patients, reporting a
significant difference in graft uptake in favour of the PRP group compared to the control
after 3 months (Yadav et al., 2018). Akash et al. (2023) conducted a RCT on 40 patients with
the use of PRP as packing material in type 1 tympanoplasty in chronic otitis media and 40
in the control group, observing the status of graft uptake and reperforations at 1st and 6th
month postoperatively. The results showed similar graft uptake and reperforations as well
as the rate of post-operative infections in both groups (Akash et al. 2023). In a study by
Yousaku Shiomi & Yoshiko Shiomi (2020), the researchers assessed the outcomes of myrin-
goplasty using PRP and atelocollagen sponge foams and found that PRP significantly im-
proved the rates of closure, especially for small perforations. The cause and duration of
perforation were not predictors of the outcome, while the patient age was significantly
correlated to the surgical success. Subjects older than 80 years had a significantly lower
success rate than younger patients (Yousaku Shiomi & Yoshiko Shiomi, 2020). Fouad et al.
(2018) compared the outcomes of fat graft myringoplasty (FGM) with PRP or with hyalu-
ronic acid (HA) versus to FGM alone in patients with medium-sized perforations. They
reported a significantly higher success rate (85.7%) in patients with PRP than those with
FGM alone (60%) (Fouad et al. ,2018). El-Anwar et al. (2015) supported the favourable re-
sults of PRP use by reporting a 100% success rate in myringoplasty with conchal perichon-
drial graft with PRP in 32 patients, compared to 32 patients without PRP, all with large dry
central perforations. 81.25% success rate was reported in the control group. Additionally,
in the test group, a reduced incidence of postoperative infections was noted (El-Anwar et
al.,2015). Mandour et al. (2019) compared PRP-enriched fat grafts and reconstruction with
cartilage perichondrium in 50 patients undergoing myringoplasty and demonstrated that
both approaches yielded comparable results, with an 88% closure rate in the PRP-fat graft
group and 92% in the cartilage group. The researchers concluded that PRP addition in fat-
graft myringoplasty can be recommended as first line treatment of medium-size central
perforations of the tympanic membrane. They additionally proposed that the preparations
are effective in transplant durability by preventing dehydration at the margins of tympanic
membrane perforations (Mandour et al.,2019). Choudhury et al. (2024) investigated the use
of fat grafts combined with PRP in small and moderate perforations in 36 patients and
reported a high success rate, suggesting that the convention of using the temporalis fascia
graft for smaller perforations should be revisited (Choudhury et al. 2024). Similarly, Al-
Arman et al. (2024) compared the efficacy of platelet-rich fibrin-augumented fascia to es-
tablished cartilage tympanoplasty for large perforations in a RCT study of 156 patients.
Graft take and hearing outcomes showed no significant difference, with no complications
reported, suggesting PRP as a comparable option without the need of cartilage harvest .
Braccini et al. (2009) previously reported a success rate of 96% in tympanoplasty using
leucocyte- and platelet-rich fibrin (L-PRF), compared to 85% successful outcomes in tym-
panoplasty without PRF. The researchers proposed that PRF provides both mechanical
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and inflammatory protection to tympanic grafts (Braccini et al.,2009). Sankaranarayanan
et al. (2013) found that the PVRP clot application during tympanoplasty prevented graft
displacement, facilitating the closure of the perforation.

2.2. Sudden sensorineural hearing loss and other nerve impairment in otology

Sudden sensorineural hearing loss (SSHL) is an abrupt deterioration of hearing for at least
30 dB in 3 or more consequent frequencies upon audiometric evaluation, in the time period
of 72 h. It is termed idiopathic when the etiology remains unclear after clinical (otologic
and audiologic) examination and patient history. Researchers Ding et al. (2009) priorly
suggested that the application of PRP has potential regenerative effect on cranial and pe-
ripheral nerves, which was later confirmed in different animal and clinical studies (Shen
et al, 2019; Li et al., 2019; Kulffler et al., 2011). Sanchez et al. (2017) proposed that platelet-
rich products influence nerve repair by mechanical protection, neuron apoptosis preven-
tion, stimulation of angiogenesis, axon regeneration promotion and inflammation modu-
lation in the microenvironment of nerve cells. Singh & Jain (2020) reviewed the role of
platelet-rich product use in management of sensorineural hearing loss and concluded that
may facilitate the repair and regeneration of damaged auditory cells and nerve fibers, po-
tentially improving hearing function in individuals with SNHL. Arslan et al. (2022) also
investigated in an animal model the effects of PRP application intratympanically and
found no adverse effects, with lower degrees of inflammation and mucosal thickness ver-
sus the control side, and with more evident angiogenesis on the tested side. They sug-
gested that PRP is a safe alternative to current treatment with its the anti-inflammatory
and regenerative features. Mahmoud Shawky (2024) conducted a study, where intratym-
panic PRP injections were compared to steroid intratympanic injections in managing
SSHL. A significant improvement in hearing after 2 weeks for 25 dB and after 2 months for
30 dB was observed in the PRP group. Tyagi & Rout. (2019) similarly previously reported
patients with mild to moderate SNHL to recover significantly after intratympanic PRP in-
jection, especially in younger patients. Stephy Maria Tom et al. (2022) reported 54 cases
with sensory neural hearing loss treated with PRP or dexamethasone intratympanically.
In the PRP group, improvement from baseline was significantly higher in PRP group com-
pared to dexamethasone group. Kanauija et al. (2023) administered intratympanic PRP in-
jections in 70 patients, where hearing loss was present for less than 6 months, of which 85.2
% recovered completely and 14.8% partially. Intratympanic PRP injection significantly im-
proved hearing in acute mild-to-severe cases of sensory hearing loss with no complications
reported. Sherif et al. (2024) conducted a comparative study of intratympanic steroid and
PRP injection and found no significant differences in treatment modalities, both proving
to be similarly effective in improving hearing outcomes in sudden sensorineural hearing
loss. Additionally, PRP's neurotropic effects were investigated in cases of facial nerve dys-
function, whether after salivary gland or temporal bone surgery (Bitenc Zore et al., 2022).
Ricci et al. (2019) and Scala et al. (2014) have shown that the application of PRP in gel form
after superficial parotidectomy reduces the occurrence of postoperative facial palsy. In the
study of Cho Hyong-Ho et al. (2010) PRP in combination with neural-induced mesenchy-
mal stem cells was administered to the facial nerve in animal models, showing significant
facial nerve regeneration. These effects were attributed to neurotrophic growth factors
such as nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF). More-
over, with the idea to aid nerve regeneration and reduce postoperative sensory impair-
ment, an unpublished study is currently underway evaluating the use of PVRP on the
chorda tympani nerve, responsible for taste sensation in the anterior two-thirds of the
tongue and is commonly stretched or damaged during middle ear surgeries, resulting in
taste and other sensory disturbance in the tongue.

2.3.  Radical cavity reconstruction and chronic radical cavity inflammation

In cases of chronic otitis media with cholesteatoma and subsequent need for surgery, often
a radical cavity is formed, which is an operative hollowing of temporal bone performed in
canal wall down mastoidectomy surgery. This postoperative cavity can be afflicted with
complications such as chronic inflammation with discharge. A study by Elbary et al. (2018)
demonstrated the benefits of combining titanium mesh and PRP with bone material in the
reconstruction of the posterior meatal wall in middle ear cholesteatoma surgery. This
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method was found to be reliable, without complications, giving a smooth appearance to
the area and improving healing. In order to aid the epithelization of the radical cavity and
reduce the inflammation, Askar et al. (2021) used PRP in addition to bone pate in mastoid
reconstruction and demonstrated improved healing, reduction of incidence of complica-
tions and better visualization during follow-up imaging for recurrences. Similarly, Vozel
et al. (2021) in randomized controlled trial described PVRP as an effective treatment mo-
dality for chronic postoperative temporal bone cavity inflammation. For obliterating sur-
gical cavities, Zwierz et al. (2024) used injectable platelet-rich fibrin on a temporoparietal
fascial flap in three cochlear implant patients after subtotal petrosectomy due to chronic
discharging ears and concluded that this material may reduce the risk of potential infection
in the obliterated cavity, in patients without cholesteatoma.

2.4.  Ototoxicity

The protective effects of PRP against ototoxicity have also been documented. It was re-
ported that intratympanic administration of PRP can mitigate the ototoxic effects of cispla-
tin in experimental models, alluding to the potential to preserve auditory function
(Yurtsever et al., 2020). In fact, growth factors present in PRP, such as Insulin-like Growth
Factor-1 (IGF-1) were suggested to play a role in protecting hair cells from ototoxic damage
(Dave et al., 2021).

2.5. Other uses

Lee et al. (2017) described a case of a complete ear amputation in a patient, where PRP was
injected along with hyperbaric oxygen therapy and polydeoxyribonucleotide, demonstrat-
ing facilitation of neovascularization and protection against transplant failure due to reper-
fusion ischemia with almost complete salvage of the pinna.

3.  Advancements in treating sensorineural hearing loss: EVs and autologous plate-
let-rich preparations

Sensorineural hearing loss is a result of multiple causes, including genetic predisposition,
infections, ototoxic agents, exposure to noise, aging. It presents a substantial clinical
challenge with no effective pharmacological treatments, despite the high prevalence of the
condition globally. As to act to prevent the loss of hair cells or auditory neurons, modern
research focuses to protect and regenerate cochlear cells before cell loss. In efforts to
establish restoration of cochlear synapses, neurotrophins such as brain-derived
neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) were proposed (Fritzsch et al.,
2004). These regulate the connection between hair cells and auditory neurons during
embryogenesis and stabilize the cochlear synapses (Bailey et al., 2014; Warnecke et al.,
2020). It has been demonstrated that especially a various composition of neurotrophins has
the ability to increase the survival of auditory neurons, compared to single factors alone.
Treatment with EVs have been proposed as therapeutic agents, especially containing the
mentioned neurotrophins, BDNF and NT-3. PRP and autologous mononuclear cells
derived from human bone marrow have been investigated as sources of these factors, since
a balanced combination of various factors are naturally occurring in these preparations
(Schwieger et al.,, 2015; Kranz et al.,, 2014; Kaiser et al., 2013). In addition to a potential
therapeutic role, Wong et al. (2018) reported that EVs from rats' primary cultured inner ear
cells release exosomes, which could be used as a biomarker showing the state of the inner
ear, as the change in EVs’ cargo and concentration was noted by exposure to cisplatin or
gentamycin. The authors also suggested the isolated EVs could be loaded with anti-
inflammatory drugs, therefore, the vesicles could be used as nanocarriers. Zhuang et al.
(2021) demonstrated EVs in human perilymph, which were carrying hair cell-specific
proteins and suggested that sensory hair cells themselves were the potential source of
exosomes. The isolated EVs had specific miRNA and protein cargo profile, derived from
different developmental stages of the inner ear postnatally. The study also postulated that
these EVs may reflect the physiological and pathophysiological processes in the inner ear
(Jiang et al., 2022) . This was demonstrated further on examples of EVs from vestibular
schwannoma (VS) cell culture. Exosomes from VS cell cultures were shown to likely
damage hair cells and auditory neurons from patients with VS and poor hearing, than
those of EVs from patients with VS and good hearing (Soares et al., 2016). Protective
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functions of EVs have also been investigated such as in protection of hair cells against
aminoglycoside toxicity, where researchers used utricle-derived exosomes (Breglio et al.,
2020). Moreover, Warnecke and colleagues in 2020 showed that mesenchymal stem cell
(MSC) EVs contain neurotrophic factors and that the application of these EVs to the cochlea
protected auditory hair cells from noise-induced trauma in vivo. The same researchers first
introduced in-human intracochlear application of allogeneic human stromal derived
extracellular vesicles during cochlear implantation (Warnecke et al., 2020). Tsai et al. (2021)
subsequently showed that the administration of umbilical cord-MSC-EVs to cochlear hair
cells in mice after repetitive cisplatin injection improved hearing. et In addition, EVs have
been investigated in neuro-otology as compounds of viral vector gene therapy, which was
previously inefficient in the delivery of genes to all the hair cells of the inner ear. By a
vector called exosome-associated adeno-associated-virus (exo-AAV), it was demonstrated
that the genes were significantly delivered to all inner ear hair cells, inner and outer. It was
shown that AAV with exosomes rescued hearing in a mouse with hereditary deafness
(Gyorgy et al., 2017).

3.1. Aduverse effects of use in middle ear

As noted previously, the adverse effects of platelet-rich products are extremely rare, there
are no concerns about transmittable disease, since the preparation is autologous. Studies
have shown that the slightly acidic pH of PRP compared to a matured blood clot, PRP acts
inhibitory to bacterial growth, which is beneficial in PRP applications. To assess the safety
of the use in the middle ear Arslan et al. (2022) demonstrated a safe prolonged use on the
middle ear mucosa, with degrees of inflammation and mucosal thickness significantly
lower in middle ear treated with PRP compared to the control side treated with saline. In
fact, favourably, the degree of angiogenesis was significantly higher in the PRP adminis-
tered side, promoting regeneration.

4, Conclusions

Autologous platelet-rich blood-derived products are versatile and effective treatment
options in otologic disease management with minimal adverse effects due to the
autologous nature. The components of the preparations, released in a manner similar to
blood clot formation, are involved in healing promotion, inflammation reduction, cell
regeneration and angiogenesis. These effects are being used in treatment of sudden
sensorineural hearing loss, tympanic membrane perforation, ototoxicity and others,
making it a valuable adjunct in clinical otology practice. In recent time, it has additionally
been shown that the natural composition of small particles called extracellular vesicles can
be used as vectors for gene therapy in transport to all inner ear hair cells, which previously
failed, potentially treating sensorineural hearing loss. In the future, personalized protocols
with preparations adapted to the clinical case may be expected. Further combinations of
platelet-rich products with other adjuvants, such as PRP with gene therapy, stem cells,
biomaterials, may be developed in order to enhance the beneficial clinical outcomes.
Further studies are needed to support the existing hypotheses.

Conflicts of Interest: The authors declare no conflict of interest.
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