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Abstract

Human body has a set of unspecialized cells called as
stem cells that have the ability to generate cells of
specialized function. Volume of fractionated plasma
extracted from autologous blood is termed as Platelet-
rich plasma (PRP) that is rich in several growth factors.
Both have shown effective results in the field of
regenerative medicine. Physiologically, platelets are the
first cells to concentrate at the site of tissue damage,
therefore application of PRP in diverse surgical
procedures enhances bone and soft tissue healing; this
same phenomenon is currently being used in otology,
head and neck flap surgery and yielding miraculous
outcomes. The perspective role of stem cells in
regenerative medicine is wrapped in its loosely arranged
DNA with working genes; a similar concept is being
worked upon in different ENT procedures with
groundbreaking results. But still, the data is scarce and
there is a dire need for clinical trials, and large population-
level studies to further formulate the guidelines on basis
of proven evidence.
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Introduction

Since the start of the 21st century, the field of medicine
has shifted its focus to better and effective healing that is
in accordance with minimal complications, early healing,
and cost-effectiveness. Stem cells and PRP have shown
significant results in terms of regenerative medicine and
effective healing in many sub-specialities of medicine and
surgery but their role in otolaryngology and head neck
cancer is relatively avant-garde; this narrative review is
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focussed on the use of stem cells and PRP in different
subdomains of ENT, head and neck surgery.

Stem cell- Past, Present and Future implications

Pluripotent stem cells (PSC) form cells of embryonic germ
layers only, therefore, synonymously termed as
embryonic stem cell (ESC). Induced pluripotent stem cells
(iPSC) are formed from the epiblast layer of the implanted
embryo, and can also be artificially generated, for a
promising future in regenerative medicine'. This
pluripotency of stem cells makes them a potential therapy
for use in regenerative medicine2,

The potential role of stem cells in regenerative medicine is
wrapped in its loosely arranged DNA with working genes.
Normally, various signaling pathways, activate certain
genes for the function of specialization while inactivating
unimportant genes. Interaction in gene sequencing can
reverse this process and give researchers a window for
possible stem cell therapies, such as few tested in heart
failure3, retinal and macular degeneration4, tendon
ruptures, and diabetes type 15. Haematopoietic stem cell
(HSC) transplantation has been studied for more than 50
years. HSCs are extracted from the bone marrow,
peripheral blood, or umbilical cord blood§, and are useful
in treating conditions such as leukaemia and anaemia.

As ideal as it may seem, stem cell therapy has several
impediments. Out of all, human embryonic stem cells
(hESC) remain an ethically debatable source of the cell.
Secondly, uncontrolled proliferation of cells must be
assessed before implanting stem cells in living patients?
this tumorgenicity limit the use of iPSC, possibly due to
the risk of oncogenes expression when reprogrammed.

Platelet-rich plasma therapy - future or trend

PRP was initially developed in the 1970s and first used in
Italy in 1987 in an open-heart surgery procedure.
Physiologically, platelets are the first cells to concentrate
at the site of tissue damage, therefore application of PRP
in diverse surgical procedures enhances bone and soft
tissue healing. The platelets comprise of alpha granules
that has growth factors, such as platelet-derived growth
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Table : Main functions of the growth factors present in platelet rich plasma.

Growth factors Main Function
PDGF — Increases hair growth
— Vascularization
— Angiogenesis stimulator
TGF-B — Inhibits hair growth in vitro
— Hair-cell proliferation and regeneration
VEGF — Expressed in DP cells in the anagen phase
— Probably regulates perifollicular angiogenesis
— Increases perifollicular vessel size during the anagen
growth phase
EGF — Angiogenesis stimulator
— Hair-cell proliferation and regeneration
HGF — Angiogenesis stimulator
FGF — Increases hair growth by inducing the anagen phase of HF

— Promotes DP cell proliferation

— Increases the HF size in mice

— Angiogenesis stimulators
IGF-1 — Increases hair growth

— Maintains HF growth in vitro

— Angiogenesis stimulator

PDGF: Platelet-derived growth factor, TGF-B: Transforming growth factor beta, VEGF:

Vascular endothelial growth factor, EGF: Epidermal growth factor, HGF: hepatocyte
growth factor, FGF: Fibroblast growth factor, IGF-1: insulin-like growth factor 1

factor, vascular endothelial growth factor, epidermal
growth factor, transforming growth factor-f3 and insulin-
like growth factor (Table). Because of the ability to
perform different functions and rejuvenate human tissue
all these growth factors are valuable tools in regenerative
medicines.

In last ten years , an exponential growth in several clinical
trials evaluating PRP therapeutic effects on wound
healing and renewal of soft tissue defects has been largely
reported®. Platelet-rich plasma therapy has been
extensively promoted for the local treatment of ligament
injuries, osteoarthritis, and muscle tears'0.

Role of stem cells and PRP in Otology

The debate about stem cell therapy, platelet rich plasma
and cloning is getting hysterical in terms of finding long-
term treatment for hearing, balance, olfaction, and voice
disorders'.12. The literature review with reference to
otology shows, spiral ganglion can be an ideal target for
stem cell therapy because the bony wall separating
Rosenthal's canal from the perilymphatic space of the
Scala tympani, is delicate and highly vascularized in
humans. This intricate anatomical construction provides
access to directly inoculate stem cells into the space of
Rosenthal's canal where the spiral ganglion is located’3.
Another ability of stem cells is to form replacement hair
cells for either the auditory or the balance receptors
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within the inner ear. This idea arises from the research
into mammals such as reptiles, fish and birds who could
regenerate hair cells following an injury'415, In a study
conducted by Yoshida et al in 2007, stem cells have
shown to prevent hearing loss by regenerating hair cells
through transplanted hair cells after an ischaemic
insult16.17,

The success rate of stem cell therapy is higher in
uncomplicated systems where there are no compound
linkages present between multiple different cell types. An
obstacle in otology is the complex anatomy of the ear,
which increased risk of causing trauma to adjacent
structures and lead to more risk than benefit as a method
of treatment'!. Currently, one of the most successful
research is being done on the capability of a patient's own
cell to differentiate into new ganglia along with exerting
a paracrine effect on the remaining spiral ganglion cells to
produce replacement neurons from resident endogenous
stem cells and/or to stimulate the repair and
rehabilitation of damaged neurons and other cells types
present within the damaged spiral ganglion'819,
Application of stem cell therapy in deficiencies of
fibrocytes of the inner ear is also debatable. Transplanted
mesenchymal stem cells are most likely to have both
direct involvements by replacing into fibrocytes and by
exerting a paracrine influence stimulating differentiation
of nascent endogenous stem cells into replacement
fibrocytes for recovery of damaged fibrocytes20.

Sensorineural hearing loss is a disease of the ear caused
by injury to the pathway for sound impulses from the hair
cells of the inner ear to the auditory nerve2'.22, Over the
period of the last 5 years, multiple published studies have
verified PRP to be a safe method to treat sensorineural
hearing loss previously not resolved by medical
management by promoting growth factors that lead to
hair cell formation. This opens up many avenues for future
research23-25, Another area where PRP is acting as a magic
glue is the treatment of ear drum perforations, it has been
observed that during the process of grafting if PRP is
applied towards its edges it not only heals the damage
better but also reduces the healing time and
complications26-28,

Role of stem cells and platelet rich plasma in
Rhinology

Platelet-rich plasma (PRP) and platelet rich fibrin (PRF) are
the two frequently studied autologous materials in
rhinological procedures, while the potential role of
Leukocyte- and Platelet rich fibrin (L-PRF), a second-
generation platelet concentrate, is studied only in
endoscopic CSF leak repair.
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Growth factors particularly platelet derived growth
factors (PDGF) and transforming growth factor beta (TGF-
B) contribute to rapid wound healing and decrease
scarring and haemostasis.2? Platelet-rich fibrin (PRF)
which is prepared by centrifuging the patient’s blood at a
lower speed forms a smooth gel that stays in place, while
PRP remains liquid. Furthermore, centrifuging PRF at
3000rpm for 10min, Leukocyte and platelet rich fibrin (L-
PRF) forms, that can abruptly aid in rapid mucosalization.
A survey postulated that administration of PRP-soaked
nasal packs not only accelerates healing but also reduces
bleeding, and is proven to be effective in surveillance of
inserted diced cartilage after rhinoplastys3°.

Bruising, nasal and pre-orbital oedema are some common
postoperative complications following rhinoplasty. A
prospective study concluded that 26.3% of the PRP group
had nasal oedema as compared to 52.6% in the non-PRP
group3'. Skin necrosis, one of the rare complications
following rhinoplasty, was also successfully managed
with purified PRP mixed with autogenous fat graft32. In
long-term follow-up, PRF has reliable aesthetic result.
Studies done on septorhinoplasty patients; implanted
split cartilage grafts were wrapped in PRF matrix, had
reduction in ecchymosis, oedema and successful results
in dorsal grafting and tip area after 4-22 weeks of follow-
up period as compared to the first week after operation 33,
This not only clinched PRF matrix to be an easy-to-
prepare and ready-to-use biocompatible material but also
a potential alternative to reduce the need for a second
surgical incision (in case of temporalis fascia), and risk of
infection (in case of Surgicel)34. Moreover, the rate of
epithelial regeneration and fibroblast proliferation was
statistically significant (p = 0.048; 0.021; 0.046) in patients
undergoing septoplasty when done in conjunction with
PRP35, Application of PRF on nasal mucosa resulted in
89.2% of patients being norm osmic in the first
postoperative week36, Injecting PRP in the olfactory cleft
is however novel in recovery of smell. These effects on
nasal mucosa demonstrated PRP as a ground-breaking
biogenic stimulator which can be used as a less invasive
approach to treat atrophic rhinitis, as the improvement in
patients’ nasal symptoms and mucociliary clearance are
similar to the results obtained by routine invasive
approaches i.e., adipocyte-derived stem cells dermo fat
grafts37.

In cerebrospinal fluid leak, either spontaneous or
acquired, L-PRF can be used as an actual layer for repair
through an endoscopic approach. This helps to use a
smaller number of grafts in the traditional multi-layer
repair process. Besides being a cost-effective autograft, L-
PRF completes mucosalisation at the surgical site in 3-4
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weeks with less chance of recurrence, and no donor site
jeopardisation38. There is also a reduction in the rate of
local or systemic postoperative infection as L-PRF has
bactericidal properties3. When applied locally, PRP has
also shown improvement in symptoms among patients
with recurrent sinusitis/polyposis8. Staph Aureus is
detected in 50% of patients with chronic sinusitis, and as
PRP has antibacterial effects, PRP can be used as sinus
lavage in endoscopic sinus surgeries or synergistically
with beta-lactam antibiotics#0. These outcomes can
theoretically be justified as PRP increases the number of
platelets in the wound area, promoting the number of
growth factors or in the case of PRF, increasing
fibroblastic proliferation induce angiogenesis thereby
collecting circulating stem cells in the blood, ultimately
increase osteoblastic activity and stimulates bone
regeneration in the peri-implant area. PRF has the
characteristic of polymerising, it protects growth factors
from proteolysis, implying their availability for a longer
period eventually aiding in the handling of graft
material'® and improving quality of life in general4!.

Role of stem cells and PRP in Laryngology

Comparatively literature on the larynx is less and most of
it is based on animal models. The common cause of
acquired laryngotracheal stenosis is prolonged
endotracheal intubation; 24% of cases involving children.
The treatment so far is reconstruction with anterior or
posterior costal cartilage grafting for the repair of
moderate to severe laryngotracheal stenosis#?, and the
success of this surgery lies in proper and effective wound
healing that prevents restenosis. It has been observed
that the direct application of growth factors can control
the inflammatory response and enhance wound repair 43.
From previously published studies on animal models, it
has been proven that local application of PRP enhances
the growth factors and minimises the inflammatory
reaction that leads to better and more effective wound
healing?'.

Another pathology associated with the larynx is vocal
cord scar or atrophy. This in turn results in dysphonia and
altered pitch. A pioneer case report published by Bhatt NK
et al. was based on the local application of PRP in the
vocal cord which in turn led to significant improvement in
the voice within 4 months#4. Another animal-based study
worked sample of 24 mice with vocal cord injury,
determined that it leads to accelerated epithelisation of
injured rat vocal folds by inducing EGFR secretion4s.
Ujvary LP et al and Woo et al further studied the effects of
PRP in a series of cases and including the patients having
temporary vocal cord palsy and yielded promising
results42. Tsou YA et al worked on one of the most
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common causes of glottic insufficiency: Sulcus vocalis
which results in incomplete vocal fold closure during
phonation. PRP proved to enhance the survival of
autologous fat, which is the main choice of treatment in
sulcus vocalis#6. In regard to stem cells, no published
literature is available.

Use of stem cells and PRP in head and neck surgeries

Platelet rich plasma are a rich source of various platelet-
derived growth factors (PDGF), that cause neo
angiogenesis and help in wound healing#’. Platelet rich
plasma (PRP) has proven to be a convenient and low-cost
method to prevent the incidence of post-surgical
complications*8. The role of PRP has been well established
among other specialties like maxillofacial surgery and
plastic surgery#9. But its use in head and neck surgery is
still in evolving phase.

Many patients who undergo head and neck surgeries
have a history of radiotherapy, which can cause
complications like wound dehiscence, oro-cutaneous and
oro-cervical fistulas. Along with radiotherapy,
comorbidities like ischaemic heart disease and diabetes
mellitus, or risk factors like tobacco chewing and smoking
render the tissue hypoxic and hypo-vascular that later
leads to multiple surgical-related complications>.
Bramati et al. have published a case series where platelet
rich plasma was injected to treat post-operative fistula
formation. These patients also received postoperative
radiotherapy as part of the treatment4s.

Another important aspect of head and neck surgery are
flaps; for example, pectoralis major or free fibular flaps to
reconstruct soft tissue or bone defects. Once flap is
harvested, the donor site is covered with a split-thickness
or full-thickness skin graft>!. Multiple applications of PRP
can also be used to escalate the healing process of the
donor site5253, Lindeboom et al inducted 10 patients who
underwent bilateral autologous iliac crest bone as an on-
lay graft for maxillary reconstruction. He injected PRP on
one side of the mouth and left the other to heal without
PRP. The study concluded that PRP had a strong stimulant
effect in neovascularization that escalated the healing
process>4. Marx et al inducted 88 patients with
mandibular tumours, both benign and malignant, and
concluded that the grafts with PRP showed greater
trabecular bone density than non-PRP grafts at 6 months.
Also, grafts with PRP performed well on graft maturity
index at 2, 4 and 6 months®.

Although PRP in head and neck surgeries has proved its
importance in rapid wound healing and preventing
several wound complications, the method to use PRP is
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not standardized. It varies from being injected into the
wound or applied topically in the form of gel, or even
injected after mixing with the fat55.

Conclusion

As has been discussed, PRP and stem cells have a very
beneficial role in ENT surgeries but the data available lacks
proven evidence. Therefore, clinical trials, and large
population-level studies are needed to further formulate the
guidelines on its use. This will help bridge the gap between
surgical application and academic basis of PRP and stem
cells.

Disclaimer: None to declare.
Conflict of Interest: None to declare.

Funding Disclosure: None to declare.

References

1. Sukoyan MA, Vatolin SY, Golubitsa AN, Zhelezova Al, Semenova
LA, Serov OL. Embryonic stem cells derived from morulae, inner
cell mass, and blastocysts of mink: comparisons of their
pluripotencies. Mol Reprod Dev 1993;36:148-58. doi:
10.1002/mrd.1080360205.

2. Larijani B, Esfahani EN, Amini P, Nikbin B, Alimoghaddam K, Amiri
S, etal. Stem cell therapy in treatment of different diseases. Acta
Med Iran 2012;50:79-96.

3. Menasché P, Vanneaux V, Hagége A, Bel A, Cholley B, Cacciapuoti
I, et al. Human embryonic stem cell-derived cardiac progenitors
for severe heart failure treatment: first clinical case report. Eur
Heart J 2015;36:2011-7. doi: 10.1093/eurheartj/ehv189.

4. Schwartz SD, Regillo CD, Lam BL, Eliott D, Rosenfeld PJ, Gregori
NZ, et al. Human embryonic stem cell-derived retinal pigment
epithelium in patients with age-related macular degeneration
and Stargardt's macular dystrophy: follow-up of two open-label
phase 1/2 studies. Lancet 2015;385:509-16. doi: 10.1016/50140-
6736(14)61376-3.

5. llic D, Ogilvie C. Concise Review: Human Embryonic Stem Cells-
What Have We Done? What Are We Doing? Where Are We Going?
Stem Cells 2017;35:17-25. doi: 10.1002/stem.2450.

6. Rocha V, Gluckman E. Clinical use of umbilical cord blood
hematopoietic stem cells. Biol Blood Marrow Transplant.
2006;12(Suppl 1):34-41. doi: 10.1016/j.bbmt.2005.09.006.

7. Harris MT, Butler DL, Boivin GP, Florer JB, Schantz EJ, Wenstrup RJ.
Mesenchymal stem cells used for rabbit tendon repair can form
ectopic bone and express alkaline phosphatase activity in
constructs. J  Orthop Res  2004;22:998-1003. doi:
10.1016/j.orthres.2004.02.012.

8. Khafagy YW, Abd Elfattah AM, Moneir W, Salem EH. Leukocyte-
and platelet-rich fibrin: a new graft material in endoscopic repair
of spontaneous CSF leaks. Eur Arch Otorhinolaryngol
2018;275:2245-52. doi: 10.1007/s00405-018-5048-7.

9. Kazakos K, Lyras DN, Verettas D, Tilkeridis K, Tryfonidis M. The use
of autologous PRP gel as an aid in the management of acute
trauma wounds. Injury 2009;40:801-5. doi:
10.1016/j.injury.2008.05.002.

10. Padilla S, Orive G, Sanchez M, Anitua E, Hsu WK. Platelet-rich
plasma in orthopaedic applications: evidence-based
recommendations for treatment. J Am Acad Orthop Surg
2014;22:469-70. doi: 10.5435/JAA0S-22-08-469.

11.  Van De Water TR. A Regenerative Medicine Approach to the



S-60

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Treatment of Hearing,

Balance, and Olfactory Disorders: What Is in the Future for
Otolaryngology? Anat Rec (Hoboken) 2020;303:385-9. doi:
10.1002/ar.24337.

Zhu Y, Yuan M, Meng HY, Wang AY, Guo QY, Wang Y, et al. Basic
science and clinical application of platelet-rich plasma for
cartilage defects and osteoarthritis: a review. Osteoarthritis
Cartilage 2013;21:1627-37. doi: 10.1016/j.joca.2013.07.017.
Rask-Andersen H, Liu W, Erixon E, Kinnefors A, Pfaller K, Schrott-
Fischer A, et al. Human cochlea: anatomical characteristics and
their relevance for cochlear implantation. Anat Rec (Hoboken)
2012;295:1791-811. doi: 10.1002/ar.22599.

Corwin JT. Postembryonic growth of the macula neglecta
auditory detector in the ray, Raja clavata: continual increases in
hair cell number, neural convergence, and physiological
sensitivity. J Comp  Neurol 1983;217:345-56. doi:
10.1002/cne.902170309.

Corwin JT, Cotanche DA. Regeneration of sensory hair cells after
acoustic trauma. Science 1988;240:1772-4. doi:
10.1126/science.3381100.

Yoshida T, Hakuba N, Morizane |, Fujita K, Cao F, Zhu P, et al.
Hematopoietic stem cells prevent hair cell death after transient
cochlear ischemia through paracrine effects. Neuroscience
2007;145:923-30. doi: 10.1016/j.neuroscience.2006.12.067.
Hakuba N, Hata R, Morizane |, Feng G, Shimizu Y, Fujita K, et al.
Neural stem cells suppress the hearing threshold shift caused by
cochlear ischemia. Neuroreport 2005;16:1545-9.

Mohammadian F, Eatemadi A, Daraee H. Application of stem cell
for the regeneration of spiral ganglion neurons. Cell Mol Biol
(Noisy-le-grand) 2017;63:6-12. doi: 10.14715/cmb/2017.63.1.2.
Roccio M. Directed differentiation and direct reprogramming:
Applying stem cell technologies to hearing research. Stem Cells
2021;39:375-88. doi: 10.1002/stem.3315.

Kamiya K, Fujinami Y, Hoya N, Okamoto Y, Kouike H, Komatsuzaki
R, et al. Mesenchymal stem cell transplantation accelerates
hearing recovery through the repair of injured cochlear
fiborocytes. Am  J Pathol ~ 2007;171:214-26.  doi:
10.2353/ajpath.2007.060948.

Tom SM, Sachdeva K, Kabade MV, Shukla A, Raj LV.
Clinicoaudiological evaluation of hearing improvement in
patients with sensorineural hearing loss using intratympanic
platelet rich plasma versus steroid injection. Int J
Otorhinolaryngol Head Neck Surg 2022;8:327-32. DOI:
10.18203/issn.2454-5929.ijohns20220799

Koltsidopoulos P, Bibas A, Sismanis A, Tzonou A, Seggas |.
Intratympanic and systemic steroids for sudden hearing loss. Otol
Neurotol 2013;34:771-6. doi: 10.1097/MAO.0b013e31828bb567.
Tyagi BPS, Rout M. Platelet Rich Plasma (PRP): A Revolutionary
Treatment of Sensorineural Hearing Loss. [Online] 2019 [Cited
2022 December 28]. Available from URL:
https://actascientific.com/ASOL/pdf/ASOL-01-0022.pdf
Skarzyriska MB, Kofodziejak A, Gos E, Sanfis MD, Skarzynski PH.
Effectiveness of Various Treatments for Sudden Sensorineural
Hearing Loss-A Retrospective Study. Life 2022;12:96. doi:
10.3390/1ife12010096.

Tyagi BS. Treatment of Sensorineural Hearing Loss in Children:
Platelet Rich Plasma. Acta Scientific Otolaryngology 2021;3:7-11.
Huang J, Shi Y, Wu L, Lv C, Hu Y, Shen Y. Comparative efficacy of
platelet-rich plasma applied in myringoplasty: A systematic
review and meta-analysis. PLoS One 2021;16:€0245968. doi:
10.1371/journal.pone.0245968.

Lou Z, Lou Z, Jin K, Sun J, Chen Z. Topical Application of bFGF
Alone for the Regeneration of Chronic Tympanic Membrane
Perforations: A Preliminary Case Series. Stem Cells Int
2021;2021:e5583046. doi: 10.1155/2021/5583046.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

AKU Supplement: Stem Cells: The New Frontier in Surgery

Lou Z, Lou Z, Jiang Y, Chen Z. FGF2 and EGF for the Regeneration
of Tympanic Membrane: A Systematic Review. Stem Cells Int
2021;2021:€2366291. doi: 10.1155/2021/2366291.

Stavrakas M, Karkos PD, Markou K, Grigoriadis N. Platelet-rich
plasma in otolaryngology. J Laryngol Otol 2016;130:1098-102. doi:
10.1017/50022215116009403.

Vozel D, Bozi¢ D, Jeran M, Jan Z, Pajni¢ M, Paden L, et al. Treatment
with platelet-and extracellular vesicle-rich plasma in
otorhinolaryngology-a review and future perspectives. Advances
in Biomembranes and Lipid Self-Assembly 2021;33:119-53. Doi:
10.1016/bs.abl.2020.05.003

Al-Gerrah DA. Use of PRP in Rhinoplasty. Otolaryngol (Sunnyvale)
2016;6:280. doi: 10.4172/2161-119X.1000280

Mrad MA, Almarghoub MA. Skin Necrosis following Rhinoplasty.
Plast Reconstr Surg Glob Open 2019;7:€2077. doi:
10.1097/GOX.0000000000002077.

Guler I, Kum RO, Yilmaz YF. Application Of Platelet Rich Fibrin
Matrix (PRFM) In Septorhinoplasty. ENT updates 2019;9:53-8.
Dong W, Han R, Fan F. Diced Cartilage Techniques in Rhinoplasty.
Aesthetic Plast Surg 2022;46:1369-77. doi: 10.1007/s00266-021-
02628-2.

Yigit E, Kirgezen T, Ozdemir O, Ture M, Cagliyan A, Yigit O. The
Effect of Platelet-Rich Fibrin on Postoperative Morbidity after
Rhinoplasty: A Comparative Analysis with Respect to Edema,
Ecchymosis and Pain. Med Bull Haseki 2022;60:240-7. DOI:
10.4274/haseki.galenos.2022.8084.

Yildirim U, Kemal O, Aksoy A, Karaca E, Terzi O, Atmaca S. Effects of
submucosal PRP injection on wound healing in endonasal
surgeries: an experimental study. Eur Arch Otorhinolaryngol
2020;277:1681-9. doi: 10.1007/s00405-020-05884-1.

Tutar B, Ekincioglu E, Karaketir S, Berkiten G, Saltuirk Z, Arkan ME,
et al. The impact of platelet-rich fibrin (PRF) on olfactory function
and pain after septoplasty operations. Eur Arch Otorhinolaryngol
2020;277:1115-20. doi: 10.1007/s00405-020-05839-6.

Mostafa HS, Ayad EE. Platelet-rich plasma (PRP) a biogenic
stimulator in treatment of primary atrophic rhinitis. Egypt J
Otolaryngol 2020;36:2-7. Doi: 10.1186/543163-020-00026-0

Kim DH, Lee MH, Lee J, Song EA, Kim SW, Kim SW. Platelet-Rich
Plasma Injection in Patients with Atrophic Rhinitis. ORL J
Otorhinolaryngol ~ Relat  Spec  2021;83:104-11.  doi:
10.1159/000513099.

Eryilmaz A, Ertugrul B, Basal Y, Bolaman Z, Omiirlii iK, Sakarya S.
Antibacterial Effectiveness of Platelet Products (PRP, PPP, PCP,
and PFC) on M. catarrhalisand S. aureus, a Causative Agent of
Acute and Chronic Sinusitis, Respectively. Eur J Rhinol Allergy
2018;1:27-31. Doi: 10.5152/ejra.2018.6

de Mello AA, da Silva Esteves E, Manzini R. Investigation of the
main clinical findings of maxillary sinus surgery with platelet-rich
fibrin: a systematic review. MedNEXT J Med Health Sci 2022;3:1-6.
DOI: 10.54448/mdnt225316.

Choi SS, Zalzal GH. Changing trends in neonatal subglottic
stenosis. Otolaryngol Head Neck Surg 2000;122:61-3. doi:
10.1016/50194-5998(00)70145-8.

Walner DL, Heffelfinger SC, Stern Y, Abrams MJ, Miller MA, Cotton
RT. Potential role of growth factors and extracellular matrix in
wound healing after laryngotracheal reconstruction. Otolaryngol
Head Neck Surg 2000;122:363-6. doi: 10.1016/5S0194-
5998(00)70049-0.

Suresh A, Balouch B, Martha VV, Sataloff RT. Laryngeal
Applications of Platelet Rich Plasma and Platelet Poor Plasma: A
Systematic Review. J Voice 2021. doi:
10.1016/j.,jvoice.2021.07.007. [ahead of print]

Younis RT, Lazar RH, Bustillo A. Revision single-stage
laryngotracheal reconstruction in children. Ann Otol Rhinol
Laryngol 2004;113:367-72. doi: 10.1177/000348940411300505.

J Pak Med Assoc (Suppl. 1)



AKU Supplement: Stem Cells: The New Frontier in Surgery

46.

47.

48.

49.

50.

51.

Schroeder JW Jr, Rastatter JC, Walner DL. Effect of vascular
endothelial growth factor on laryngeal wound healing in rabbits.
Otolaryngol Head Neck Surg 2007;137:465-70. doi:
10.1016/j.0tohns.2007.04.027.

Walner DL, Heffelfinger SC, Stern Y, Abrams MJ, Miller MA, Cotton
RT. Potential role of growth factors and extracellular matrix in
wound healing after laryngotracheal reconstruction. Otolaryngol
Head Neck Surg 2000;122:363-6. doi: 10.1016/S0194-
5998(00)70049-0.

Bramati C, Biafora M, Galli A, Giordano L. Use of platelet-rich
plasma in irradiated patients to treat and prevent complications
of head and neck surgery. BMJ Case Rep 2022;15:e247766. doi:
10.1136/bcr-2021-247766.

Cole BJ, Seroyer ST, Filardo G, Bajaj S, Fortier LA. Platelet-rich
plasma: where are we now and where are we going? Sports
Health 2010;2:203-10. doi: 10.1177/1941738110366385.

Bramati C, Melegatti MN, Lalla F, Giordano L. Management of two
rare cases of dermatofibrosarcoma protuberans arising in the
parotid region. BMJ Case Rep 2021;14:e243837. doi: 10.1136/bcr-
2021-243837.

Jeremic JV, Nikoli¢ ZS. Versatility of Radial Forearm Free Flap for
Intraoral Reconstruction. Srp Arh Celok Lek 2015;143:256-60. doi:

52.

53.

54.

55.

S-61

10.2298/sarh1506256j.

Giorgetti G, Gazzini L, Fazio E, Nucera G, Calabrese L, Fontanella F.
Use of platelet-rich plasma (PRP) to heal post-operative defects at
the radial forearm free flap donor site. Eur J Plast Surg
2022;45:507-8. Doi: 10.1007/500238-021-01885-3.

Kennedy JL, Hubbard MA, Huyett P, Patrie JT, Borish L, Payne SC.
Sino-nasal outcome test (SNOT-22): a predictor of postsurgical
improvement in patients with chronic sinusitis. Ann Allergy
Asthma Immunol 2013;111:246-51.e2. doi:
10.1016/j.anai.2013.06.033.

Meltzer EO, Hamilos DL, Hadley JA, Lanza DC, Marple BF, Nicklas
RA, et al. Rhinosinusitis: developing guidance for clinical trials. J
Allergy Clin  Immunol 2006;118(Suppl 5):s17-61. doi:
10.1016/j.,jaci.2006.09.005.

Cervelli V, Gentile P, De Angelis B, Calabrese C, Di Stefani A, Scioli
MG, et al. Application of enhanced stromal vascular fraction and
fat grafting mixed with PRP in post-traumatic lower extremity
ulcers. Stem Cell Res 2011;6:103-11. doi:
10.1016/j.5cr.2010.11.003.

Vol. 73, No. 2 (Suppl. 1), February 2023





