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Abstract

Objective To investigate safety, feasibility, and effectiveness of platelet-rich plasma (PRP) injection into the olfactory clefts
of COVID-19 patients with persistent olfactory dysfunction (OD).

Methods From March 2022 to July 2022, COVID-19 patients with persistent OD were consecutively recruited to benefit
from PRP injection into the olfactory clefts. Patient pain, annoyance, time of procedure, and adverse events were evaluated.
Olfactory function was evaluated at baseline and 2-month post-injection with the olfactory disorder questionnaire (ODQ)
and threshold, discrimination, and identification (TDI) test.

Results Eighty-seven patients with anosmia (N =30), hyposmia (N =40), or parosmia (N=17) with a mean OD duration of
15.7 months completed the evaluations. The PRP injection was successfully performed in all patients with a mean procedure
time of 18.4 + 3.4 min. The adverse events included transient epistaxis (N=31), parosmia related to xylocaine spray (N=10),
and vasovagal episode (N=2). The injection procedure was evaluated as somewhat or moderately painful by 41 (47%) and
22 (25%) patients, respectively. Thirty-seven patients were assessed after 2 months post-injection. The mean ODQ and TDI
scores significantly improved from baseline to 2-month post-injection (p < 0.01). The olfactory improvement occurred after
a mean of 3.6 + 1.9 weeks.

Conclusion The injection of PRP into the olfactory clefts is safe and associated with adequate patient-reported outcomes.
The findings of this preliminary study suggest possible efficacy on subjective and psychophysical evaluations, but future
randomized controlled studies are needed to determine the superiority of PRP injection over placebo.
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Introduction

< Jerome R. Lechien
Jerome.Lechien@umons.ac.be The pandemic of coronavirus disease 2019 (COVID-19) led
to an increase of the prevalence of olfactory dysfunction
(OD) in the population [1]. The OD is one of the most com-
mon symptoms of the infection, reaching 30% to 86% of

patients according to variants [2—4]. Most patients recover
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smell sense over the post-infection weeks, but some indi-
viduals report mid- to long-term OD, including anosmia,
hyposmia, phantosmia, or parosmia [5]. Thus, the 12-month
persistence of OD according to psychophysical olfactory
evaluations may reach 46% of cases [6]. Others reported
that the prevalence of patient-reported OD ranged from 15
to 70% 1 year after the infection [7, 8]. To date, there is no
treatment for the long-term OD. Patients are recommended
to adhere to an olfactory training protocol [8, 9], while some
dietary supplements (e.g., omega 3, zinc, and B12 vitamin)
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may be advised [10]. In 2019, Yan et al. [11] published a
preliminary paper describing the injection of platelet-rich
plasma (PRP) into the olfactory cleft of seven individuals
with post-viral OD as a new potential approach to improve
the smell recovery. To date, there is no study assessing feasi-
bility, safety, and tolerance of this procedure in large cohort
of patients.

In the present study, we investigated the feasibility, safety,
and tolerance of the injection of PRP into the olfactory clefts
of patients with COVID-19-related OD.

Methods
Setting and patients

From March 2022 to July 2022, patients with post-
COVID-19 persistent OD were consecutively recruited from
two medical centers [Ear Nose and Throat Dour Medical
Center (Dour) and CHU Saint-Pierre University Hospital
(Brussels, Belgium)]. The OD occurred after the COVID-
19, which was diagnosed with RT-PCR. The persistent
OD was defined as smell sense disorder lasting more than
6 months and consisted of anosmia, hyposmia, phantosmia,
or parosmia. Anosmia and hyposmia were defined with the
threshold, discrimination, and identification testing (TDI)
[12]. Anosmia consisted of a TDI score < 16 points, while
hyposmia was established as a TDI score of less than 30.75.
TDI > 30.75 was considered as normal [12]. Patients ben-
efited from tomodensitometry or magnetic resonance imag-
ing, which did not report sinus or olfactory region abnor-
malities (e.g., thinosinusitis, olfactory, or nasal tumor).

Patients with the following conditions were excluded:
OD before the pandemic (e.g., post-viral, post-traumatic,
neurological, and idiopathic); chronic rhinosinusitis with or
without nasal polyposis; nasal obstruction related to rhini-
tis; history of nasal radiation or functional endoscopic sinus
surgery.

The study protocol was approved by the ethics com-
mittee of the University hospital CHU Saint-Pierre
(CHUSP2102028). The electronic informed consent was
obtained for all patients.

Epidemiological, clinical, and olfactory data

The following epidemiological and clinical outcomes were
collected with a standardized online questionnaire at the first
evaluation: age; gender; comorbidities; allergy and tobacco
consumption. The nasal symptoms were assessed with the
French version of the sinonasal outcome tool-22 (SNOT-
22) [13].

The olfactory and gustatory questions were based on
the smell and taste component of the National Health and

@ Springer

Nutrition Examination Survey [14]. The impact of OD on
quality of life was assessed with the French version of the
Olfactory Disorder Questionnaire, which includes paros-
mia (/12), quality of life (/57), and sincerity (/18) outcome
scores [15]. The ODQ total score ranges from 0 (no OD)
to 87 (important impact of OD on quality of life). Patients
benefited from psychophysical evaluations with the TDI
(Medisense, Groningen, The Netherlands) [12]. The olfac-
tory cleft endoscopy scale [16] was scored at the first con-
sultation and at the time of the PRP injection. This scale
is a validated scale reporting the findings of discharge,
polyps, edema, scarring, or crusting on a scale of 0, 1, or
2 on each side, giving a total score ranging from 0 to 20.
Patients were evaluated for TDI and ODQ at the time of
inclusion and 2 months after the PRP injection.

Injection procedure and outcomes

The PRP injections were performed by the same otolar-
yngologist (J.R.L.). The procedure was briefly described
in Fig. 1. The blood extraction was performed into a
20 mL tube with sodium citrate anticoagulant and the
isolation of PRP was made through a 10-min centrifu-
gation at 4200 rpm. The supernatant was drawn up into
a 10 mL syringe. The PRP was transferred into a 1 mL
syringe. The injection was performed with a 27-G needle
(10 cm). The local (nasal) anesthesia was performed in
patients with Xylocain 10% spray, while otolaryngologist
used xylometazoline chlorhydrate drops to have a better
access to the nose and the olfactory cleft. The injection
was performed through a 0° rigid optic to guide the needle
direction. In some cases (septal deviation), the needle was
bent to have a better access to the olfactory cleft. Several
points of 0.2—-0.5 mL were performed in the middle turbi-
nate and in the nasal septum in regard of the head of the
middle turbinate. The procedure was similarly performed
in the contralateral nasal fossae. Note that common pre-
cautions were taken to ensure no injection into intravas-
cularly, while patients were awake during the procedure
about any visual changes occurring during the procedure.
Patient was observed for 15 min after the procedure for
potential adverse events and was discharged.

At the end of the procedure, patient was invited to fulfill
an online questionnaire assessing pain and annoyance with
a 4-point visual analog scale ranging from totally disagree
(=0) to totally agree (=3) for the following steps: blood
extraction, local anesthesia, and procedure.

The physician assessed the following outcomes: time
of PRP preparation (e.g., blood extraction and centrifuga-
tion); time of local anesthesia; time of injection; quan-
tity of injected PRP and immediate and delayed adverse
events.
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Fig. 1 Procedure. The figure shows: blood extraction (A); centrifugation (B); 27-G needle syringe preparation (C, E); local anesthesia (D),
injection of PRP through a 0° rigid optic in the middle turbinate/nasal septum in regard of the head of the middle turbine (F-I)
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Statistical analyses

Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences for Windows (SPSS,
v23,0; IBM Corp, Armonk, NY, USA). The evolution of
subjective and objective olfactory evaluations was studied
with the Wilcoxon Rank test. A p value <0.05 was con-
sidered as significant. The relationship between epidemi-
ological, clinical, olfactory, and procedure outcomes was
analyzed with Spearman coefficient (r,<0.30 =low cor-
relation; 0.30-0.60 = moderate correlation; > 0.60 = strong
correlation).

Results

Eighty-seven patients benefited from PRP injections
(Table 1). There were 62 females and 25 males, respec-
tively. The mean age was 41.6 + 14.6 years. The most
common comorbidities included thyroid disorders (16%),

Table 1 Epidemiological and clinical characteristics of patients

Outcomes Patients (N=287)
Age (mean, SD—years) 41.6+14.6
Sex (N (%))
Male 25 (28.7)
Female 62 (71.3)
Comorbidities [N (%)]
Thyroid disorder 14 (16.1)
Hypertension 8(9.2)
Arthrosis 8(9.2)
Diabetes 8(9.2)
Hypercholesterolemia 7(8.0)
Depression 5(5.7)
Psoriasis 5(5.7)
Asthma 4 (4.6)
Reflux 4 (4.6)
Renal insufficiency 2(2.3)
Rheumatoid polyarthritis 2(2.3)
Cancer history 1(1.1)
Hepatic insufficiency 1(1.1)
Cardiologic affections 1(1.1)
Allergy 5(5.7)
Tobacco consumption 4 (4.6)
Vaccine [N (%)]
No response 13 (14.9)
No vaccine 14 (16.1)
One-dose vaccine 5(5.7)
Two-dose vaccine 20 (23.0)
Three-dose vaccine 35 (40.2)

N number, SD standard deviation
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hypertension (9%), arthrosis (9%), and diabetes (9%;
Table 1). Sixty patients (69%) received at least one dose of
vaccine.

Olfactory features

The olfactory features are reported in Table 2. The
included patients reported a mean duration of OD of
15.7 £7.5 months. Fifty-eight patients (67%) recognized to
have adhered to a 12-week olfactory training at the onset of
the OD, while 39 (45%) and 37 (42%) received nasal or oral
corticosteroids in the first days after the onset of the OD.
Some dietary supplements were prescribed in some patients
in the first weeks of the OD (Table 2). At the time of the
inclusion, the mean SNOT-22 and ODQ were 32.5+18.1
and 51.0+ 18.0, respectively. According to psychophysi-
cal evaluations, 30 (34%) and 40 (46%) patients reported
anosmia and hyposmia, respectively (Table 2). Seventeen
patients (19%) had normal TDI score but severe parosmia.

Table 2 Olfactory dysfunction features of patients

Olfactory dysfunction outcomes

Duration of OD (mean + SD (range); mo) 15.7+7.5 (14.1-17.3)

Intervention pre-injection (N (%))

Olfactory training (12 weeks) 58 (66.7)
Alpha lipoic acid 16 (18.4)
Nasal corticosteroids 39 (44.8)
Oral corticosteroids 37 (42.5)
Vitamin B 26 (29.9)
Vitamin A 14 (16.1)
Omega 3 12 (13.8)
Zinc 37 (42.5)
SNOT-22 (mean, SD) 32.5+18.1
ODQ outcomes (mean, SD)
Parosmia statement 7.8+3.8
Life quality statement 34.1+13.8
Sincerity statement 9.1+4.4
0ODQ total score 51.0+18.0
Psychophysical evaluations (mean, SD)
Threshold 4.3+3.8
Discrimination 8.5+4.5
Identification 8.2+4.6
TDI total score 20.3+10.5
OD types (TDI; N (%))
Anosmia 30 (34.5)
Hyposmia 40 (46.0)
Normosmia with parosmia 17 (19.5)

The results consisted of mean standard + deviation or number (%)

mo months, OD olfactory dysfunction, ODQ olfactory disorder ques-
tionnaire, SNOT-22 sinonasal outcome 22, TDI threshold discrimina-
tion identification
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Procedure outcomes

The injection of PRP was successfully performed in all
patients. Thirty-five patients reported unilateral nasal devia-
tion, limiting the injection of PRP into the olfactory cleft of
the deviation side. In case of deviation, the injection was
performed closest to the olfactory cleft region. The mean
times of PRP preparation (i.e., blood collection, centrifuga-
tion, and syringe preparation), local anesthesia, and PRP
injection were reported in Table 3. The mean procedure
time was 18.4 + 3.4 min. Thirty-one patients (36%) had post-
injection transient epistaxis, which was the primary acute
adverse event. The local anesthesia with the xylocaine spray
led to transient parosmia in ten patients (11%). Note that
the two coagulations of PRP into the syringe occurred in
patients who had vasovagal episode. Postnasal drip sensation
(N=5) and nausea (N =2) were the only two adverse events
occurring in the post-injection days.

The patient outcomes are reported in Table 4. Among
the procedure steps, the injection was judged as the most
painful and annoying step compared with other steps. Seven-
teen patients (19%) reported severe pain during the injection,
while 41 (47%) and 22 (25%) evaluated the pain as moderate

Table 3 Procedure outcomes

Procedure outcomes Mean (SD)
PRP preparation time (min) 12.8+2.6
Local anesthesia time (min) 1.1+0.3
Right olfactory cleft score 0.6+1.9
Right olfactory cleft injection 23+1.0
time (min)
Right olfactory cleft amount 1.2+0.4
(mL)
Left olfactory cleft score
Left olfactory cleft injection 24+1.0
time (min)
Left olfactory cleft amount (mL) 1.2+0.3
Total duration (min) 18.4+3.4
N (%)
Acute adverse events
Transient epistaxis 31(35.6)
Parosmia during local anesthe- 10 (11.5)
sia (spray)
Vasovagal episode 4 (4.6)
Panic attack 2(2.3)
PRP coagulation 2(2.3)
Delayed adverse events
Postnasal drip sensation 5(5.7)
Nausea 2(2.3)

or low, respectively. According to the visual analog scale
ranging from O (ineffective) to 3 (fully effective), the mean
score of the local anesthesia effectiveness was 2.1 +0.9. The
local anesthesia was evaluated as optimal, adequate, mod-
erately adequate, and ineffective in 33 (38%), 33 (38%), 18
(21%), and 3 (3%) patients, respectively.

Evolution of olfactory outcomes and predictors

Thirty-seven patients were re-evaluated 2 months after the
PRP injection. There were no synechia, mucosal distur-
bances, or inflammation at the nasofibroscopic examina-
tion. Among them, 8 patients (22%) did not report subjective
improvement of OD, while 20 (54%) and 9 individuals (24%)
reported substantial improvement of anosmia/hyposmia or
parosmia, respectively. Thirty-three patients (89%) adhered
to the olfactory training, which was performed 2.3 + 1.5
times daily for 8 weeks. According to the patient experience,
the significant improvement of olfaction occurred after a
mean of 3.6 + 1.9 weeks. The pre- to post-injection changes
in ODQ and TDI scores are reported in Table 5. Both ODQ
and TDI scores significantly improved from baseline to
2-month post-injection.

Table 4 Patient-reported outcomes about procedure

Patient-  Mean
reported  (SD)
outcomes

Range

0 (nop/a) 1 (mild 2 (mod.
p/a) p/a)

3 (full p/a)

Injection 1.8+0.9
pain
Blood
collec-
tion
pain
Blood
collec-
tion
annoy-
ance
Local
anes-
thesia
pain

7(8.0) 22(25.3) 41(@7.1) 17(19.5)

03+0.6 65(74.7) 21(24.1) 0(0.0) 1(1.1)

03+05 67(77.00 17(19.5) 334 0(0.0)

1.1+1.0 30(34.5) 26(29.9) 25(28.7) 6(6.9)

Local 1.1+09
anes-

thesia

annoy-

ance

26(29.9) 29(33.3) 29(33.3) 3(34)

Injection 1.5+0.9
annoy-

ance

16 (184) 19(21.8) 45(51.7) 7(8.0)

The data of this table concerned the entire cohort (n=_87)

SD standard deviation

The data of this table concerned the entire cohort (n=_87)

p/a pain/annoyance, SD standard deviation
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There were negative significant associations between
age and the following baseline outcomes: ODQ-Life quality
score (r,=—0.309; p=0.007), sincerity score (r,=—0.237;
p=0.041), and ODQ total score (r,=—0.323; p=0.005);
meaning that young patients reported stronger impact of OD
on the quality of life.

Discussion

The injection of platelet-rich plasma into injured tissues is
an old approach used in orthopedic, plastic surgery, der-
matology, or rehabilitation [17]. In otolaryngology, PRP
was used in the management of neck fistula [18], vocal fold
scars [19], or tympanic membrane perforation [20], report-
ing encouraging results.

The primary finding of this pilot study was the demon-
stration of the safety, feasibility, and tolerance of PRP injec-
tion into the olfactory cleft. The injection-related pain was
judged as tolerable by 81% of patients, who assessed the
local anesthesia as effective. The occurrence of transient
epistaxis was related to the realization of several mucosa
injection points and was the main adverse event. Both injec-
tion pain and risk of transient epistaxis were, however, not
reported in the study of Yan et al., which limits the compari-
son of our data with the current literature [11]. The mean
time of the procedure was 18.4 min, which makes the PRP
olfactory cleft injection a rapid procedure. The mean time
of PRP extraction and injection found in the present study
corroborated those of studies in which PRP procedure was
performed for other otolaryngological indications [19, 21].
The mean injected PRP amount was 1.2 mL/side, which was
consistent with the data of Yan et al. [11].

The main advantage of this approach is the safety and
the easiness of the technique. Because PRP is an autologous
biological product derived from the patient blood, there is no

Table 5 Evolution of olfactory outcomes after PRP injection

Outcomes Baseline 2 mo p value
Parosmia score 7.8+3.8 7.5+3.1 0.047
Life quality statement score 34.1+£13.8 244+8.0 0.001
Sincerity statement score 9.1+44 8.9+33 NS
Fr-ODQ total score 51.0+18.0 40.7+109 0.001
Threshold 3.5+4.0 5.8+4.5 0.024
Discrimination 8.5+4.5 11.2+£3.9 0.007
Identification 8.3+4.6 104+3.5 0.002
TDI total score 20.3+10.5 26.0+11.2  0.009

The data of this table concerned 37 patients who were assessed at
2-month post-injection

mo month, NS non-significant, ODQ olfactory disorder questionnaire,
PRP platelet-rich plasma, TDI threshold discrimination identification
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risk of reject, disease transmission, or blood adverse event.
However, from a practical standpoint, the injections need
to be performed in the minutes following the end of the
centrifugation, because there is a risk of coagulation of the
supernatant. In the present study, two patients had vasovagal
event, delaying the injection of few minutes, which led to the
coagulation of plasma.

A proportion of patients (n=37) were re-evaluated
2 months after the PRP injection, reporting significant
improvements of ODQ and TDI scores. These data supported
those of the preliminary study of Yan et al., who reported a
substantial improvement of TDI scores in five out of seven
patients [11]. The usefulness of PRP injection into the olfac-
tory cleft was recently supported by Steffens et al. [22] who
observed that patients treated by PRP injection for a persistent
(> 1 year) OD reported higher increase of TDI score improve-
ments 1 month after the PRP injection compared with patients
who did not benefit from injection. The study of Steffens
et al. [22] may support our observations. In the present study,
patients recovered subjectively smell sense 3.6 weeks after the
injection, which may corroborate the current knowledge about
the physiological effect of PRP [23]. From a physiological
standpoint, the PRP pockets in the mucosa will progressively
release anti-inflammatory and pro-regenerative factors of the
platelets, leading to the upregulation of some factors by the
cells of nasal and olfactory tissues, e.g., growth and transform-
ing factors, vascular endothelial growth molecules, epidermal
growth factor, and insulin-like growth factor [17, 23]. It was
moreover suggested that PRP may promote axon regeneration
and neuroregeneration [17]. The anti-inflammatory effects of
PRP are particularly relevant in patients with COVID-19 OD,
because a recent multicenter study supported that OD patients
may have persistent virus in the olfactory region and associ-
ated inflammation in the neuroepithelium, which may account
for prolonged or relapsing loss of smell [24]. Theoretically,
the potential anti-inflammatory effect of PRP may reduce the
chronic inflammation and the cell-related injuries, promoting
the regeneration of the olfactory tissues.

However, the effectiveness of PRP injection on persistent
OD cannot be formally established without the conduction
of randomized controlled study. Because the injection of a
‘therapeutic material’ into the olfactory cleft may have a pla-
cebo effect [11], the design of future studies may include the
injection of saline solution in the olfactory cleft of patients of
the control group.

The lack of control group and the low number of patients
who completed the 2-month follow-up evaluations are the
primary limitations of the present study. However, the main
objective of this preliminary study was the evaluation of the
safety, feasibility, and tolerance of the technique. The publica-
tion of our preliminary results about the potential effectiveness
of PRP was motivated by the potential impact of this approach
in COVID-19 patients with a persistent OD. The uses of ODQ
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and TDI scores are the main strengths of the present study,
because they are both validated approaches providing different
but complementary olfactory findings.

Conclusion

The injection of PRP into the olfactory cleft of patients with
OD related to COVID-19 is a safe approach associated with
adequate patient-reported outcomes. The findings of this pre-
liminary study suggest possible efficacy on subjective and
psychophysical evaluations, but future randomized controlled
studies are needed to determine the superiority of PRP injec-
tion over placebo.
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