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1  | INTRODUC TION

Erectile dysfunction (ED) is a common condition with a significant 
impact on the quality of life. ED is prevalent with ageing as well 
as other risk factors (Vrentzos et al., 2007). Impaired penile cir-
culation is probably the commonest cause of organic male sexual 
dysfunction (Kandeel et al., 2000). The nitric oxide (NO) path-
way is impaired as a result of destruction to the endothelial lin-
ing of the arterial walls with subsequent inability for vasodilation. 

Thus, endothelial dysfunction plays a crucial pathophysiologic 
factor that results in vasculogenic ED as well as atherosclerosis 
in other vascular beds (Vlachopoulos et al., 2008). Regenerative 
medicine maladies aim to repair or replace damaged tissues and 
organs through different therapeutic modalities. Regenerative 
medicine therapies for ED that act by restoring NO bioavail-
ability through rejuvenation or regeneration of the cavernous 
endothelial cells, cavernous nerve or both may serve as a prom-
ising therapeutic strategy, especially in phosphodiesterase type 5 
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Abstract
Erectile dysfunction (ED) is a common condition with a significant impact on the qual-
ity of life. Regenerative medicine maladies are intended to repair or replace damaged 
tissues and organs through different therapeutic mechanisms. Our aim was to study 
the	effect	of	intra-	corporeal	injection	(ICI)	of	platelet-	rich	plasma	(PRP)	in	ED	patients.	
Thirty- four patients’ erectile function was evaluated by filling up an abridged form of 
the	international	index	of	erectile	function	(IIEF-	5)	before	and	after	PRP	therapy.	ICI	
of	PRP	was	done	once	per	week	for	2	months.	All	patients	were	prescribed	PDE5Is	
for	one	month	after	PRP	therapy.	Penile	haemodynamics	was	assessed	using	20	µg of 
PGE1	before	and	3	months	after	initiating	PRP	therapy.	Interestingly,	our	study	had	
shown	that	there	was	a	statistically	significant	difference	in	the	IIEF-	5	score	after	ICI	
of	PRP	(−5.5,	±5.2, p=<0.001). Furthermore, in multiple logistic regression model for 
PRP	responsiveness,	 smoking	and	 IIEF	score	before	PRP	were	 the	only	 significant	
independent variables (p = .040, p =	.023	respectively).	PRP	injection	for	ED	patients	
may be a promising modality as well as baseline IIEF- 5, and smoking status can be 
used	as	predictors	for	a	satisfactory	response	to	PRP	in	such	patients.
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inhibitors	 (PDE5Is)	 nonresponders.	 There	 is	 a	 variety	 of	 growth	
factors that stem from platelets including platelet- derived growth 
factor, transforming growth factor- ß, platelet- derived epidermal 
growth factor, vascular endothelial growth factor, insulin- like 
growth factor- 1, fibroblastic growth factor and epidermal growth 
factor (Boswell et al., 2012). Additionally, the platelets contain 
cytokines and many other proteins (Anitua et al., 2004; Boswell 
et	al.,	2012;	Cole	et	al.,	2010).	Platelet-	rich	plasma	(PRP)	ensures	
the highest concentration of platelets after centrifugation of au-
tologous whole blood with subsequent increase in alpha- granules 
which	 store	 growth	 factors	 (Creaney	 &	Hamilton,	 2008;	 Eppley	
et al., 2004).

When the platelets are injected into damaged tissue, the major-
ity of these growth factors is secreted by the platelets within one 
hour with the ability of them to stay viable for 7 days in the tissue 
and	continue	releasing	growth	factors	(Marx,	2004).	Currently,	there	
is a rising demand for the utilisation of platelet- based therapies in 
multiple specialties including dermatology, ophthalmology, cardiol-
ogy,	colorectal	surgery	and	plastic	surgery	(Andia	&	Maffulli,	2013;	
Sampson	et	 al.,	 2008).	Consistently,	 a	 phase	 I	 human	 trial	 had	 re-
vealed	safety	when	intracavernous	injections	(ICI)	of	PRP	were	used	
for	both	ED	and	Peyronie's	disease	 (PD)	 (Matz	et	al.,	2018).	Phase	
II	trials	had	evaluated	the	use	of	PRP	in	ED,	PD	and	stress	urinary	
incontinence	(Matz	et	al.,	2018).	The	current	work	aimed	to	evaluate	
the	effect	of	ICI	of	PRP	on	the	erectile	function	in	patients	complain-
ing of ED with unsatisfactory response to neither oral on- demand 
nor to oral daily doses of phosphodiesterase type 5 inhibitors 
(PDE5Is)	 and	whether	 it	would	 improve	 their	 response	 to	 PDE5Is	
after	PRP	therapy.

2  | PATIENTS AND METHODS

The current prospective interventional pilot study was carried out 
on	34	patients	 attending	our	 outpatient	 clinics	 from	 July	 (2018)	
to	March	 (2019).	All	patients	signed	an	 informed	consent	before	
joining the study, and the whole steps of the current work were 
explained to them. Approval of the institutional review board was 
obtained	 that	 conforms	 to	 Helsinki	 declaration	 (World	 Medical	
Association,	 2013).	 The	 guidelines	 of	Consolidated	 Standards	 of	
Reporting	Trials	 (CONSORT)	were	 followed	 in	 the	 current	 study	
(Figure 1).

2.1 | Inclusion criteria

Patients	with	ED	for	more	than	6	months	and	not	responding	to	
neither	 oral	 on-	demand	 PDE5Is	 nor	 oral	 daily	 dosing	 of	 PDE5Is	
(oral	 daily	doses	of	PDE5Is	were	prescribed	 for	 all	 patients	who	
were	 already	 not	 responding	 to	 oral	 on-	demand	PDE5Is).	 All	 in-
cluded patients should have a regular sexual relationship (at least 
once weekly).

2.2 | Exclusion criteria

Patients	who	suffered	from	Peyronie's	disease	or	using	drugs	 that	
affect erectile function such as psychotropic medications, major 
tranquilisers or antihypertensives were excluded from the study.

All patients were subjected to full medical history including spe-
cial habits of medical importance, particularly smoking, alcohol in-
take and drug abuse. Also, sexual history was evaluated in the form 
of onset of the condition, the course and duration. Factors that may 
participate in psychogenic ED as anxiety, depression, phobia or his-
tory of any psychic disorders were excluded. Full general and genital 
examinations were done. All patients were studied between 8 and 10 
a.m. after a 12- hr overnight fasting. Venous blood was sampled for 
measurements of total cholesterol, triglycerides, high- density lipo-
protein	cholesterol	(HDL),	low-	density	lipoprotein	(LDL),	total	testos-
terone	and	glycosylated	haemoglobin	(HbA1c).	All	patients	filled	up	
the Arabic version of IIEF- 5 questionnaire in a structured interview 
before	and	1	month	after	ending	the	sessions	of	ICI	of	PRP	(Shamloul	
et	al.,	2004)	(Figure	1).	Pharmaco-	penile	duplex	study	was	done	be-
fore	and	1	month	after	ending	the	sessions	of	ICI	of	PRP	(Figure	1).

The penile duplex parameters for diagnosing different types of 
ED were set according to the data shown by Aversa and Sarteschi 
(2007) and Ioakeimidis et al., (2011). Oral daily dose of 5 mg tadalafil 
with oral on- demand vardenafil 20 mg was prescribed for 1 month 
after	ending	the	sessions	of	ICI	of	PRP.

2.3 | Preparation of PRP

In	the	current	study,	we	opted	to	have	the	method	of	PRP	prepara-
tion without activation rather than the concurrent use of activation 
factors.	 Currently,	 there	 are	many	 commercial	 systems	 available.	
These systems vary from each other as regards the speed of centrif-
ugation, the number of centrifugations, the use of anticoagulant, the 
presence of leukocytes in the preparation and the use of activators 
(Lopez-	Vidriero	et	al.,	2010).	Activators	are	not	used	in	some	pro-
tocols as the preparation will be self- activated once in the tissues. 
Although there is a risk of immune reactions, yet, exogenous throm-
bin is used. Thus, calcium chloride is used as an activator to prevent 
immune	reactions	(Anitua	et	al.,	2006).	However,	some	rare	compli-
cations of calcium chloride have been reported such as cardiovas-
cular side effects, vasospastic angina, serious cardiac arrhythmias, 
AV	dissociation	and	shock	(Stempien	et	al.,	1986).	Noteworthy,	ICI	
of	PRP	was	done	every	week	for	2	months.	Harvesting	of	the	whole	
blood from the patient vein directly was accomplished into three 
4.5-	mL	EDTA-	containing	vacutainer	tubes.	The	tubes	were	centri-
fuged	for	5	min	at	1,000	rpm	at	room	temperature.	Platelets	were	
removed using a sterile 5- ml pipette inserted above the buffy coat 
where plasma and platelets were transferred to a new 5- ml Falcon 
centrifuge tube. The tube was centrifuged for 5 min at 3,000 rpm at 
room temperature. The pellet was kept with 1 ml plasma and trans-
ferred	to	an	insulin	syringe.	Injection	was	done	using	0.5	ml	of	PRP	
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concentrate	 in	 each	 corpus	 cavernosum.	Manual	 counting	 of	 the	
platelets	was	done	at	the	beginning	of	the	study	on	our	first	10	PRP	
samples. The platelet count was found to increase by about 8- fold 
of the primary platelets count found in the complete blood picture 
analysis of each blood sample before using the mentioned prepara-
tion	method.	This	means	that	the	resultant	platelet	count	after	PRP	
preparation depends primarily on the platelets count of each blood 
sample	 before	 preparation.	 The	 injected	 PRP	 dose	was	 prepared	
through a fresh blood sample obtained from each patient just be-
fore each injection setting. As blood samples collected out of the 
same patient are supposed to contain a similar count of platelets, 
the	resultant	prepared	PRP	doses	injected	are	supposed	to	contain	
similar	 amounts	 of	 platelets.	 Therefore,	 almost	 unifying	 the	 PRP	
doses injected for each patient.

2.4 | Method of ICI of PRP

The	ICI	was	performed	using	5/16	inch	28	gauge	needle.	After	injec-
tion, pressure was applied to the injection site and to the root of the 
penis	for	1	to	2	min	to	prevent	rapid	washout	of	the	injected	PRP.	
Massage	of	the	penis	was	done	for	1	–		2	min	to	distribute	the	PRP	in	
the whole penis while applying the pressure.

2.5 | Statistical methods

All	 data	were	 analysed	 by	 SPSS	 25.0	 (IBM	 SPSS	 Inc.,	 Chicago,	 IL,	
USA) and reported as the mean±standard deviation (SD). The vari-
ables	were	analysed	by	paired	Student's	t	tests.	Multivariate	logistic	

F I G U R E  1   A flow chart showing the 
steps of the current study
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regression analysis was used to predict the probability of respon-
siveness	to	PRP.	p <.05 was used to indicate significant differences 
(Figure 1).

3  | RESULTS

Our study had shown that the mean age of the patients was 
50.18 ± 8.64 years, and the mean ED duration for the patients 
was 26.5 ± 23.83 months (Table 1). Furthermore, our study had re-
vealed that there were 13 diabetic patients, two had hypertension, 
and two were diabetic and hypertensive (Table 2). Also, there was 
one patient who had past history of ischaemic heart disease and 
hypertension.	52.9%	of	the	ED	patients	showed	dyslipidaemia	and	
35.3%	were	smokers	 (Table	2).	 Interestingly,	our	study	had	shown	
that there was a statistically significant difference in the IIEF- 5 score 
after	ICI	of	PRP	(−5.5,	±5.2, p=<0.001) (Table 3, Figure 1). Vascular 
ED was very much expected and included in our study to detect any 
satisfactory	 improvement	of	vascular	ED	patients	after	 ICI	of	PRP.	
Conversely,	there	were	no	statistically	significant	differences	in	the	
RT	PSV,	LT	PSV,	RT	EDV,	LT	EDV,	RT	RI,	LT	RI	and	the	mean	cavern-
osal	artery	diameter	after	ICI	of	PRP	(−1.06529,	±6.67586, p=.359,	
−1.16471,	±	7.00649,	p=.339,	0.07559,	± 0.68114, p=.522, 0.08176, 
± 0.78521, p=.548,	0.0004691,	±0.0195339,	p=.889,	−0.0009600,	
±0.0234353, p=.813,	 0.22059,	 ±2.25022, p=.571 respectively) 
(Table	3).	In	a	multiple	logistic	regression	model	for	PRP	responsive-
ness,	smoking	and	IIEF	score	before	PRP	were	the	only	significant	
independent variables (p =.040, p =.023 respectively) (Table 4). As 
shown	in	table	(4)	considering	EXP	(β) for the odds ratio evaluation, 
with	a	95%	degree	of	confidence,	the	probability	of	being	responsive	
to	PRP	injection	in	nonsmokers	is	67.143	times	more	likely	compared	
to	smokers.	A	1%	increase	in	the	baseline	IIEF-	5	determines	increase	
in	the	odds	ratio	for	being	responsive	to	PRP	injection	with	154.5%	
(Table 4, Figure 1).

Conversely,	there	was	insignificant	association	between	PRP	re-
sponsiveness and age, ED duration, chronic illness, serum testoster-
one, baseline penile duplex result, alcohol intake and other special 
habits. (p >.05) (Table 4, Figure 1).

4  | DISCUSSION

Currently,	there	is	an	emerging	interest	in	the	regenerative	treat-
ment modalities as novel treatment strategies for ED that mainly 
aim to restore the structure and function of the diseased cavern-
ous	tissue	(Milenkovic	et	al.,	2018).	Our	results	had	demonstrated	

that	14	patients	showed	improvement	in	the	response	to	PDE5Is	
after	 PRP	 therapy	 who	 were	 previously	 designated	 as	 poor	 re-
sponders	to	PDE5Is.	This	was	evidenced	by	a	significant	improve-
ment	 in	 the	 IIEF-	5	 score	 after	 ICI	 of	 PRP.	 In	 the	 same	 context,	
Epifanova	 et	 al.	 (2017)	 and	Matz	 et	 al.	 (2018)	 had	 shown	 simi-
lar results. This finding may be postulated by growth factors se-
cretion by platelets when they come into contact with exposed 
endothelium	within	damaged	cavernous	 tissues	 (Sclafani,	2009).	
Additionally, there is synchronisation between growth factors 
release and tissue- repair mechanisms such as chemotaxis, cell 
proliferation, angiogenesis, extracellular matrix deposition and 
remodelling	to	induce	appropriate	wound	healing	(Sclafani,	2009).	
However,	4	of	our	patients	had	revealed	E5	to	ICI	of	prostaglandin	
E1 20 µg and 2 of our patients had shifted to E4 instead of being 
previously	E3	after	PRP	therapy.	Yet,	the	current	study	failed	to	
show a significant improvement in the penile duplex parameters 
after	PRP	therapy.	This	finding	can	be	explained	by	several	facts.	
Firstly, the low number of sessions conducted for these patients 
as	our	study	is	a	prime	one.	Secondly,	around	50%	of	our	patients	
were smokers which may interfere with the optimum response to 
PRP	therapy.

Thirdly, our cases were not suffering from neurogenic ED as 
Ding	et	 al.	 (2009)	 stated	 that	PRP	 administration	 resulted	 in	 sig-
nificantly	higher	mean	maximal	intracavernosal	pressure	(ICP)	and	
maximum	 ICP/mean	 arterial	 pressure	 ratio	 in	 rats	 suffering	 from	
neurogenic	 ED.	 Furthermore,	 they	 had	 shown	 that	 higher	 ICP	
and more cavernosal nerve axons as well as regeneration of cav-
ernosal	 nerves	were	 observed	 after	 direct	 application	 of	 PRP	 to	
the	suture	area	 (Ding	et	al.,	2009).	Consistently,	Wu	et	al.	 (2012)	
and	Wu	et	al.	 (2016)	assumed	that	PRP	has	a	neuroprotective	ef-
fect as well as increasing the number of myelinated axons in the 
corpus cavernosum after rat models of bilateral cavernous nerve 
injury.	 Finally,	 the	 discrepancy	 between	 the	 response	 to	 PDE5Is	
and the response to prostaglandin E1 20 µg in our study can be 
explained by the temporary effect of the autologous administration 
of	PRP	(Taş	et	al.,	2021).	Because	our	patients	received	PDE5Is	for	
1	month	after	 the	end	of	 the	PRP	 sessions,	 then	 they	were	 sub-
jected to penile duplex once again. Thus, there was a numerical 
improvement in IIEF- 5 values rather than a clinical improvement 
which	could	be	seen	in	line	with	that	stated	by	Taş	et	al.	(2021).	In	
the same context, we cannot assert in the current study whether 
PRP	itself	improves	ED	or	it	can	only	improve	ED	by	enhancing	the	
patient's	responsiveness	to	PDE5Is	as	the	IIEF-	5	questionnaire	re-
sults	were	obtained	1	month	after	 the	end	of	 the	sessions	of	 ICI	
of	PRP.	During	this	month,	the	patients	were	prescribed	oral	daily	
dosing of tadalafil 5 mg with oral on- demand vardenafil 20 mg. The 

Mean
Standard 
Deviation Minimum Maximum

Age (years) 50.18 ±8.64 27.00 70.00

ED duration (months) 26.50 ±23.83 7.00 120.00

TA B L E  1   shows the participants age 
in years and the erectile dysfunction (ED) 
duration in months
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questionnaire	was	not	conducted	at	the	end	of	PRP	sessions	and	
before	 the	 start	 of	 oral	 treatment,	 just	 to	 check	 that	 ICI	 of	 PRP	
might have improved the IIEF- 5 scores even without the need for 
medical treatment. Interestingly, our study had revealed that the 
baseline IIEF- 5 and the smoking status can be predictors of a satis-
factory	response	to	PRP	injection.

Similarly,	a	previous	animal	study	had	shown	that	PRP	injection	
at an early stage of active distraction had insignificant enhanced 
bone healing power in the nicotine- compromised rabbit model of 
mandibular	 lengthening	 (Ma	 et	 al.,	 2011).	 It	 is	 worth	 mentioning	
that	 there	are	no	 reported	side	effects	 for	PRP	 injection	 into	 the	
cavernous tissue during the follow- up of our patients. These results 
are supported by Kim et al. (2011) who found that the technique 
was easy to be performed and had no important side effects. Side 
effects might range from mild bruising and occasional swelling 
to rarely infections (An et al., 2013). There are several weakness 
points in our study. Firstly, the current study was done on a small 
number	of	patients.	However,	it	is	a	pilot	study	conducted	in	order	
to	evaluate	 the	cost-	benefit	and	adverse	effects	of	 ICI	of	PRP	on	
humans.	The	 short	period	of	 assessing	 the	effect	of	PRP	 ICI	 that	
was	done	for	3	months	after	the	 initiation	of	PRP	therapy	can	be	
added	as	 another	 limitation.	 Longer-	term	 follow-	up	period	 is	 cru-
cial to identify long- term cost- benefits and long- term side effects. 
Additionally, lack of controls can be added as another limitation. 
Similarly, the same limitation was observed in the study conducted 
by	 Taş	 et	 al.	 (2021)	 who	 evaluated	 the	 prime	 result	 of	 the	 cost-	
effectiveness	and	the	side	effects	of	PRP	on	ED	cases.	Finally,	lack	
of randomisation of the ED cases in the current study can be re-
garded as a further limitation.

5  | CONCLUSION

Although	PRP	 injection	 in	ED	patients	may	be	a	promising	modality	
especially	 in	 poor	 responders	 to	PDE5Is,	yet,	 its	 cost-	benefit	 effect	
seems to be temporary. Additionally, our study had shown that the 
baseline IIEF- 5 and the smoking status can be predictors of a satisfac-
tory	response	to	PRP.

TA B L E  2   shows the risk factors of ED in the participants

Number
Per cent 
(%)

Diabetes	mellitus	(DM) 13 38.2

DM-	Hypertension	(HTN) 2 5.9

HTN 2 5.9

HTN-	Cardiac 1 2.9

Healthy	ED	patients 16 47.1

Smokers (yes) 12 35.3

Dyslipidaemia (yes) 18 52.9

TA B L E  3   shows	the	IIEF	score	and	the	right	and	the	left	PSV	and	
the right and the left EDV and the right and the left RI and arterial 
diameter	before	and	after	PRP

Mean
Standard 
deviation P value

IIEF (before) 7.7059 ±2.73617 <0.001

IIEF (after) 13.2059 ±6.77240

Right	PSV	(before) 49.1744 ±15.86723 0.359

Right	PSV	(after) 50.2397 ±16.96461

Left	PSV	(before) 49.5294 ±16.95324 0.339

Left	PSV	(after) 50.6941 ±17.44857

Right EDV (before) 1.4018 ±1.63200 0.522

Right EDV (after) 1.3262 ±1.64297

Left	EDV	(before) 1.2703 ±1.60001 0.548

Left	EDV	(after) 1.1885 ±1.62251

Right RI (before) 0.968500 ±0.0345654 0.889

Right RI (after) 0.968031 ±0.0392051

Left	RI	(before) 0.972740 ±0.0328459 0.813

Left	RI	(after) 0.973700 ±0.0344322

Mean	artery	
diameter (before)

93.5294 ±16.85632 0.571

Mean	artery	
diameter (after)

93.3088 ±16.21027

Abbreviations: EDV, end- diastolic velocity; N.B IIEF, abridged form of the 
international	index	of	erectile	function;	PSV,	peak	systolic	velocity;	RI,	
resistivity index.

TA B L E  4  Logistic	regression	analysis	of	the	relationship	between	the	response	to	the	PRP	injection	and	the	study	variables

β S.E. Wald P value Exp (β) 95% C.I. for EXP(β)

Age 0.041 0.087 0.220 0.639 1.042 0.878 1.235

Smoking(smokers) 4.207 2.043 4.238 0.040 67.143 1.224 3,684.558

Smoking (Nonsmokers)

ED Duration −0.054 0.049 1.242 0.265 0.947 0.861 1.042

Chronic	illness	(present) 0.593 1.393 0.181 0.670 1.810 0.118 27.769

Chronic	illness	(absent)

Baseline	IIEF−5 0.934 0.412 5.134 0.023 2.545 1.134 5.710

Serum Testosterone 0.178 0.461 0.150 0.699 1.195 0.484 2.949

Baseline penile duplex result (abnormal) −0.727 1.713 0.180 0.671 0.483 0.017 13.889

Baseline penile duplex result (normal)

Note: N.B.	The	overall	percentage	of	the	cases	that	are	correctly	predicted	by	this	model	is	88.2%
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