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What is the current role of intracavernosal injection in
management of erectile dysfunction?
AI El-Sakka

The emerging of intracavernosal injection (ICI) of vasoactive materials was a major breakthrough in the treatment of erectile
dysfunction (ED). However, the current state and future direction of ICI role in the armamentarium of diagnosis, prevention and
treatment of ED are not well defined. The aim of this study was to address the current place of ICI in the armamentarium of ED
diagnosis and treatment. An English-language MEDLINE review for the utilization of 'intracavernosal injection & erectile dysfunction'
was performed from 1990 to present time. Four hundred forty-eight articles were analyzed and classified according to the current
utilization of ICI in the following conditions; diagnosis of ED, phosphodiesterase-5 inhibitor (PDE5I) non-responders, diabetes, post
radical prostatectomy (RP), stem cells and gene therapy, new intracavernosal drugs, adverse effects and couple satisfaction. This
paper is not a standard systematic review; it is eventually a literature review of original peer-reviewed manuscripts and clinical trials
reported in Medline. The comprehensive analyses of all the reviewed data were not possible as the level of evidence for utility of ICI
in each topic was not available. Current date have established the role of ICI of vasoactive materials as a very common alternative
domain in treatment of severe ED particularly in diabetic patients, post-RP, PDE5I non-responders. Further, new studies have
denoted the potential future role of intracavernosal treatment for ED in the era of stem cells and gene therapy. ICI of vasoactive
material continues to be a highly effective and safe treatment tool for men with wide varieties of ED etiologies. Several
experimental and clinical studies are currently investigating new ICI materials. Hopefully in the near future, we might witness
evolved molecules and innovative strategies that could help to treat ED patients with different etiologies.
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INTRODUCTION
Amelioration of cavernosal fibrosis remains a controversial issue.
The relative smooth muscle cells (SMCs) loss that happens with
aging, cavernosal nerve injury and diabetes are detrimental factors
in the process of penile fibrosis.1 Furthermore, chronic ischemia
that occurs with those conditions is associated with the reduction
of nitric oxide (NO)-cyclic guanosine monophosphate (cGMP) and
ultimately cavernosal fibrosis. Encouraging recent results demon-
strated the role of intracavernosal injection (ICI) of vasoactive
material in the prevention of cavernosal fibrosis and ultimately
improvement of erectile function; however, debate regarding the
exact mechanism still exists.
ICI therapy introduced as monotherapy by Virag in 1982,

and evolved into combination therapy with as many as four
different compounds in the injectate.2–4 Alprostadil was the
only agent for which FDA approval was sought. It was approved
in 1994. Alprostadil is targeted at the end organ and acts
directly on the penile and vascular SMCs. The mechanism of
action is through stimulation of cAMP production with subse-
quently intracellular calcium sequestration and ultimately
smooth muscle relaxation and penile erection. Men with pure
neurogenic erectile dysfunction (ED) respond to significantly lower
doses of alprostadil as its effect does not depend on NO or an
intact nervous system, whereas older men with multiple medical
co-morbidities need higher doses and might not respond as
well.5,6

Resurgence of the ICI role in management of ED was
highlighted with a growing population of men who are initially
refractory or become refractory to phosphodiesterase-5 inhibitors
(PDE5Is), combination oral and ICI therapy has been shown to
salvage those patients.7 The reported incidence of ED following
radical prostatectomy (RP) range from 20 to 90%, depending upon
which series is analyzed and whether the series is uni-institutional
or multi-centered. Other contributing factors such as nerve
sparing, pre-op ED assessment score and definition of erection
should be considered. Furthermore, a more delayed recovery of
erection that might happen take up to 3 years for the return of
partial erections.8,9 Additionally, ICI is introduced as a useful tool in
penile rehabilitation, prevention and treatment of post-RP ED.
In another important ICI domain, diabetic men with severe ED
and patients who are PDE5I non-responders are more likely to
achieve a satisfactory response to ICI than those with other types
of ED.10

Achieving durable erection and better functioning penis was a
dream for longtime. Promising recent experimental and ongoing
clinical trials might bring this dream true. ICI of vasoactive agents
may still have a key role in the alleviation of ED-associated
cavernosal fibrosis in the future. Furthermore, the early introduc-
tion of ICI has been shown to accelerate the resumption of natural
function and expedite PDE5I responsiveness.11 In this review, we
intended to address the current place of ICI in the armamentarium
of ED diagnosis and treatment.
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DIAGNOSIS OF ED
Several studies were designed to evaluate whether PDE5Is could
be used as alternatives to vasoactive agent injections.12 Some
of them demonstrated that oral sildenafil was as effective as
injection papaverine in evaluating ED. A more recent study
concluded that, although PDE5Is and papaverine ICI showed
similar effects on penile color-duplex ultrasound parameters in
detecting arterial ED, more patients had better clinical responses
to ICI, and oral PDE5Is administration still showed some pitfalls in
practical use.13

Another interesting study had compared the clinical response
and the change in nucleotides correlating with hemodynamic
changes in the cavernosal arteries after ICI with vasoactive agents
with or without oral sildenafil in men with ED. Authors concluded
that the hemodynamic changes and cGMP and cAMP production
in the cavernosum were improved by trimix plus sildenafil more
than with PGE1 plus sildenafil or one ICI with trimix or PGE1. The
results suggest that ICI with trimix and sildenafil is the best
combination for a pharmacological erection test.14

An interesting study was designed to compare the results of
both-side ICI with those of one-side injection. Authors concluded
that dividing the total dose of the vasodilating agent and injecting
half of the dose into each corpus cavernosum (CC) separately
prevents artifactual difference between blood flow and velocity on
the right and left side.15 A nice study was designed to identify any
useful role of phentolamine redosing in diagnosis of venogenic
impotence. Authors concluded that the addition of ICI phentola-
mine during PGE1 CDU examination carries no advantage over the
use of PGE1 alone regarding cavernosal artery response in
patients with suspected venogenic ED.16

COMBINATION THERAPY FOR ED
PDE5I non-responders
The majority of men report that PDE5Is are effective; however,
there is a subgroup of men who require second- and third-line
therapies. The efficacy of this class of medication is well
established for the general population, as well as in men following
RP and radiotherapy for prostate cancer and those with diabetes
mellitus (DM), spinal cord injury and other medical co-
morbidities.17–20 This class of medication has several contra-
indications such as concurrent nitrate therapy, following a recent
myocardial infarction, and high-risk cardiovascular disease.
The success rate of PDE5Is is 43–89%. Several detrimental

factors are responsible for the poor response to PDE5Is such as
following prostate surgery (43%), DM with neuropathy (50%) and
peripheral vascular disease (63%). Other factors contributing to
the failure of PDE5Is include incorrect dosage/duration, intoler-
ance to side effects and hypoandrogenism.21 A better response is
seen in an otherwise healthy male whose ED is secondary to
psychological disorders (89%), neurological disease (85%) and
smoking (80%).21 Following a complete trial with PDE5Is, second-
line therapies can be used as a single therapy or in combination
with PDE5Is to improve response. Combination therapy has
recently been adopted for more refractory cases of ED, but a
critical evaluation of current combination therapies is lacking.
Some of these combination treatments appeared to be quite
effective in preliminary testing. Caution must be advised, however,
as the majority of combination therapy have undergone on a
relatively small sample size. Regardless of limitations, present
combination therapy research provides a solid foundation for
future studies in complex ED management.7 Several ICI agents
were used to treat ED in PDE5I non-responders include
papaverine, phentolamine and alprostadil or combination of the
three agents (Trimix) or Quadmix (phentolamine, papaverine,
prostaglandin E1 and atropine) can be initiated after an
unsuccessful trial of alprostadil.22,23 Erection usually occurs within

5–20 min of injection and can last up to 2–3 h. Patients should be
educated regarding injection technique, dosing, minor side effects
and priapism before beginning home injections. Improvement of
natural spontaneous erections has been reported in men under-
going ICI. However, the discontinuation rates still high (40.7–
68.0%).24–26

Unconsummated marriage
A nice study investigated the long-term outcome in 417 patients
with male sexual dysfunction and unconsummated marriage,
authors strongly advise ICI as the first-line treatment of
unconsummated marriage.27

DIABETES MELLITUS
The incidence of sexual dysfunction in men with DM may exceed
50% and, diabetic men already made up one-quarter of those
seeking advice for ED.28 In a study of Saudi diabetic patients we
found that 86.1% had various degrees of ED, including mild in
7.7%, moderate in 29.4% and severe in 49.1%.29,30

Oral PDE5Is are first-line treatment but only 50–60% of these
patients see improvements from these drugs.31,32 Diabetic men
are more likely to achieve a satisfactory response to ICI than those
with other types of ED.10 Moreover, diabetic patients accept self-
injecting and comply better with this method of treatment
compared with non-diabetics.33 Treatment with self-injections of
vasoactive drugs in diabetic men with severe ED is a safe and
effective alternative in the long term; however, in general, the
frequency of non-compliance with self-injecting is high, approach-
ing 50%.34 The mixtures of vasoactive drugs that use different
mechanisms of action and exert pharmacological synergism are
an effective treatment for severe diabetic ED. Diabetic men of
both types show the same preferences in quality and quantity of
treatment after 10 years. The key point to maintain treatment is
the adjustment of the dosage and therapeutic method to reach a
satisfactory erection.35 Self-injection is also a safe treatment, it has
been reported that priapism never occurred during the long-term
treatment phase of experienced patients.36

Although the majority of patients with ED strongly prefer oral
therapeutic compounds, diabetic men who have started self-
injecting are not likely to switch to oral treatment.37 Those men
may decrease the number of self-injections over time, set realistic
expectations and create a baseline of satisfactory sexual life with
aging. For this reason, systematic follow-up of those patients is
mandatory.
A recent interesting experimental study aimed to determine

whether adipose-derived stem cells (ADSCs) expressing vascular
endothelial growth factor (VEGF) gene can improve endothelial
function, recover the impaired VEGF signaling pathway and
enhance smooth muscle contents in a rat diabetic model. This
study had demonstrated that impaired erectile function, abnormal
VEGF signaling pathway, defect in endothelial function, smooth
muscle content and pericytes were observed in diabetic rats. ICI of
ADSCs expressing VEGF has more efficiently promoted the
recovery of the diabetic erectile function. Moreover, the potential
mechanisms of these recoveries appear to be due to the rescued
endothelial function produced by the paracrine effects of ADSCs.38

Hence, a novel therapy to restore impaired endothelial cells (ECs)
and cavernous SMC function is highly desirable for patients with
DM-associated ED.32

A recent study was designed to evaluate the therapeutic
potential of injectable microspheres for DM-related ED in the rat
model and concluded that NO-releasing microspheres signifi-
cantly improved erectile response in diabetic rats for 3 weeks and
hence offer a promising approach to ED therapy, either as
monotherapy or as combination therapy.39
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Another study showed that an ICI of cartilage oligomeric matrix
protein-angiopoietin-1 COMP-Ang1 enhances cavernous angio-
genesis by structurally reinforcing the cavernosal endothelium.40

Interesting study investigated the expression of insulin-like
growth factor binding protein-3 (IGFBP-3) in penile cavernosal
tissue of diabetic rats model and whether downregulation of
IGFBP-3 by ICI of short-hairpin ribonucleic acid targeting IGFBP-3
could improve the erectile function in DM rats. This study
concluded that gene transfer of short-hairpin ribonucleic acid-
IGFBP-3 could improve erectile function in DM rats by an increase
in the cyclic guanosine monophosphate concentration in caver-
nous tissue.41

POST RADICAL PROSTATECTOMY
Prostate cancer is the most common cancer among men in the
United States representing around 25% of all newly diagnosed
cancer.42 Although incontinence and ED are major urological
complications of RP, this technique remains the gold standard
therapy for clinically localized prostate cancer. The significant
negative impact of ED on the quality of life of those patients was
clearly shown.43,44

The mechanisms of post-RP ED have been explored in animal as
well as in human studies. Unilateral or more commonly bilateral
transection of accessory or aberrant pudendal arteries, which can
be the sole arterial supply to the corpora cavernosa, is
incriminated in post-RP arteriogenic ED.45 Venogenic ED is mainly
due to corporal smooth muscle fibrosis. Cavernous nerve (CN)
traction or transection may result in reduction in nitric oxide
synthase-producing nerves as well as corporal smooth muscle
atrophy and fibrosis.46 Expression of profibrotic cytokines, such as
transforming growth factor beta, with expression of more collagen
was shown.47 Peyronie’s disease has also been reported in almost
16% of men post-RP.48 Finally, in a rat model of bilateral CN injury
a hypogonadal state has been demonstrated that improves with
testosterone supplement.49

The pointer study by Montorsi et al.50 popularized the concept
of penile rehabilitation by using ICI of alprostadil to enhance
erectile recovery post-RP. This study highlighted that the like-
lihood of spontaneous recovery of erections is not high, only 20%
of patients had normal erectile function 6 months postoperatively
in the control group compared with 67% in the experimental
group Po0.01. Early post-op penile rehabilitation shown to
facilitate early sexual intercourse, improve patient satisfaction and
possibly promote earlier return of spontaneous erections.51

Prostaglandin E1 (PGE1), either alone or in combination with
papaverine and/or phentolamine, is an effective treatment for ED.
In men with normal erectile function preoperatively, among
whom over 40% had failed prior ED treatments, had good success
with ICI of this triple therapy post-RP.52 Raina et al.53 assessed the
long-term efficacy and compliance of ICIs for mean duration of 3.7
years, one-third of ED men post-RP chose ICIs alprostadil alone, or
triple therapy as their initial treatment. Of them, 48% continued
long-term therapy, with significant increases in SHIM (Sexual
Health Inventory in Men) compared with preoperative scores. The
causes for discontinuation were insufficient erections in 33%,
preference for oral therapy in 32%, fear of injections in 11%,
troublesome procedure in 8%, priapism in 1% and return of
natural erections in 1%. The combination of ICI alprostadil and
PDE5Is improves erection based on SHIM scores in patients who
were not completely satisfied with PDE5Is alone.54 ICIs with only
PGE1 or combinations therapy in a monitored clinical setting are
fairly successful in men with post-RP ED. Moreover, this strategy is
effective for men who have tried and failed oral agents.
In an interesting recent study that investigated the effect of

different agents on erectile function in a rat model of CN injury:
PnTx2-6 protein from Phoneutria nigriventer spider toxin
improved erectile function and prevented muscle atrophy in a

rat model of bilateral CN injury via increased synthesis of nitric
oxide and cGMP.55 In another study that investigated erectile
responses to ICI of a soluble guanylate cyclase activator (BAY 60-
277), under physiological and pathophysiological conditions. This
study suggested that BAY 60-2770 would be effective in the
treatment of ED when NO bioavailability is reduced, after pelvic
nerve injury and when soluble guanylate cyclase is oxidized.56

A bilateral CN crush in adult Sprague-Dawley rats was used to
mimic RP-induced ED. ICI of COX-2-10aa-PGIS is a newly
engineered protein demonstrated that COX2-10aa-PGIS improved
erectile function after CN injury through antifibrotic and anti-
apoptotic mechanisms.57

Other study evaluated whether periprostatic implantation (PPI)
of human bone marrow-derived mesenchymal stem cells
(hBMSCs) potentiates recovery of erectile function after ICI of
hBMSCs in a rat model of CN injury. This study showed that PPI of
hBMSCs potentiates recovery of erectile function by decreasing
corporeal smooth muscle deterioration and collagen deposition
and via regeneration of nNOS-containing nerve fibers.57,58

Another comparative study compared PPI and ICI of human ADSC
to facilitate recovery of erectile function in a rat model of CN
injury. This study showed that PPI or ICI of ADSCs in a rat model of
CN injury was equally effective in recovering penile erection, but
may address different types of pathophysiology.59

A clinical study evaluated the clinical outcomes of ICI use in an
undifferentiated group of men with ED at various stages after RP.
ICI use among patients after prostatectomy can be highly effective
but has a significant attrition rate.60 Comparing early vs late rehab
of erectile function after nerve-spring cystoprostatectomy in a
prospective randomized manner showed that early erectile
rehabilitation brings forward the natural healing time of potency
and maintains nerve-assisted erection.61 A survey study of practice
patterns among the International Society for sexual medicine
practitioners regarding post-RP pharmacological penile rehabilita-
tion concluded that post-RP penile rehabilitation is widely
practiced, commenced early and based predominantly on PDE5Is
and ICI.62

STEM CELLS AND GENE THERAPY
Cell transplantation and tissue engineering is an emerging field of
science. In the field of urology, attempts have been made to
engineer urological tissues, including the urethra, bladder and
ureter.63–65 Endothelial dysfunction and subsequent decreased
smooth muscle content may be one of the pivotal reasons for the
refractory response to the conventional treatment in patients with
medical co-morbidities associated ED. Therefore, new therapeutic
strategies targeted toward repairing endothelial function, parti-
cularly in the early stage of these disorders, are needed.
Cell-based and gene therapies have become the new revolu-

tionary therapeutic strategies aimed at discovering a cure for ED.66

Previous study illustrated that VEGF-transfected ADSCs improved
erectile function in diabetic rats by enhancing VEGF stimulated
endothelial function and increasing the contents of smooth
muscle cells and pericytes.38 Other mesenchymal stem cells
(MSCs), such as rat bone marrow-derived mesenchymal stem
cells (BMSCs),67,68 VEGF-transfected BMSCs,65 VEGF-transfected
endothelial progenitor cells (EPCs)69 and autologous ADSCs,70

were reported capable of restoring erectile function in different
animal models. A recent clinical study reported promising result of
stem cell therapy for ED.71 Recently, urine-derived stem cells
(USCs) reported to possess the features of a progenitor and are a
convenient cell source. USCs display many characteristics of MSCs
and are capable of differentiating into multiple cell lines including
endothelial and smooth muscle cells.72 A recent study illustrated
that USCs can secrete several proangiogenic growth factors, and
hold endothelial differentiation potential. These characteristics of
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USCs indicate a strong potential to improve endothelial function
in diabetic ED.73

Fibroblast growth factors (FGFs) are multifunctional proteins
with a wide variety of functions; one important function of FGF1
and FGF2 is the promotion of EC proliferation and the physical
organization of ECs.74 They induce angiogenesis and enhance the
growth of new blood vessels from pre-existing vasculature
in vivo.75 Both FGF1 and FGF2 are more potent angiogenic factors
than VEGF or platelet-derived growth factor.76 A nice recent study
aimed to determine the proangiogenic paracrine effect of USCs on
improving ED using cell therapy with USCs or USCs genetically-
modified with FGF2 in a rat model of type 2 diabetic ED. This study
concluded that the paracrine effect of USCs or USCs-FGF2 induced
improvement of erectile function in type 2 diabetic rats by
recruiting resident cells and increasing the endothelial expression
and contents of smooth muscle.73

Interesting studies have revealed that direct injection of the
VEGF gene or protein into the corpora cavernosa restored erectile
function in rabbits with hypercholesterolemia-induced ED and rats
with traumatic arteriogenic ED.77,78 A recent study transplanted
ex vivo endothelial nitric oxide synthase (NOS) gene-modified
MSCs into the corpora cavernosa of geriatric rats and reported
restoration of erectile function.79

Stem cells have emerged as the current trend in the study of
cell transplantation and tissue engineering during the past
decade. Muscle-derived stem cells (MDSCs) are adult stem cells
located in muscles that are known to proliferate into muscle cells
and also differentiate into various tissues such as bone, cartilage
and fat.80 Previously, umbilical cord blood MSCs showed improved
erectile function in a rat model of CN injury.81 A recent study
investigated the effect of intracavernosal transplantation of
MDSCs on erectile function in rats with bilateral CN injury, and
concluded that MDSCs can improve erectile function in a CN injury
rat model. ED resulting from RP may be treated with ICI of
MDSCs.82

A more recent study reported that ICI of both autologous or
allogeneic MSCs improves erectile functions in a rat model of CN
injury. Allogeneic MSCs might provide clinicians with ready to use,
standardized and, in certain cases, more effective products.83

NEW INTRACAVERNOSAL DRUGS
Avanafil
A recent study was designed to determine the effect of ICI of
avanafil, a novel PDE5I, on the treatment of ED associated with
type 2 DM. After induction of diabetes, intracavernosal pressure
was evaluated after 10 weeks on ICI of avanafil. The relaxant and
contractile responses of CC strips were obtained in in vitro
studies. Avanafil partially restored diminished ICP responses in
diabetic rats. In CC strips from the diabetic group, electrical
field stimulation-induced relaxation responses were markedly
enhanced by 45%, whereas acetylcholine-induced relaxation
responses were diminished by 73%. In addition, phenylephrine-
and electrical field stimulation-induced contractile responses were
significantly reduced in the diabetic group compared with
controls. CC relaxant responses to sodium nitroprusside and
avanafil were unaltered in both groups. This study concluded that
ICI of avanafil in type 2 DM rats resulted in partial improvement
in erectile responses. These findings suggest that ICI of avanafil
might be beneficial for the treatment of ED in patients with
type 2 DM.84

AVE 0991
A recent experimental study has hypothesized that the synthetic
non-peptide Mas agonist, AVE 0991, would potentiate penile
erectile function. This study showed that ICI of AVE 0991
potentiated the erectile response. The facilitatory effect of AVE

0991 on erectile function was dose dependent and completely
blunted by the nitric oxide synthesis inhibitor, N-nitro-L-arginine
methyl ester (L-NAME). Concomitant intracavernosal infusion of
the specific Mas receptor blocker, A-779, abolished the effect of
AVE 0991. This study concluded that AVE 0991 potentiates the
penile erectile response through Mas in an NO-dependent
manner, which might have significant therapeutic benefits for
the treatment of ED.85

BAY 41-8543 and BAY 60-2770
A recent study aimed to investigate erectile responses to the sGC
stimulator BAY 41-8543 under physiologic and pathophysiologic
conditions. Increases in ICP/MAP in response to ICI of BAY 41-8543
and the interaction of BAY 41-8543 with exogenous and
endogenously released NO were investigated; and the effect of
the sGC stimulator on cavernosal nerve injury was assessed. This
study demonstrated that BAY 41-8543 has significant erectile
activity and can synergize with exogenous and endogenously
released NO. Atropine and nerve crush attenuate the response to
cavernosal nerve stimulation and that BAY 41-8543 can restore the
response. The results indicated that the response to ICI of
acetylcholine is mediated by muscarinic receptors and the release
of NO with no significant role for nicotinic receptors. BAY 41-8543
might be useful in the treatment of ED.86

Another study investigated erectile responses to BAY 60-2770,
an sGC activator, under physiological and pathophysiological
conditions. Under baseline conditions, ICI of BAY 60-2770
increases ICP and area under the ICP curve. Responses to BAY
60-2770 were not altered by L-NAME or cavernosal nerve crush
injury. These data indicate that BAY 60-2770 has potent erectile
activity and show that responses to BAY 60-2770 are not
attenuated by NOS inhibition or cavernosal nerve injury. These
results suggest that BAY 60-2770 would be effective in the
treatment of ED when NO bioavailability is reduced, after pelvic
nerve injury, and when sGC is oxidized.56

PnTx2-6
Interesting study investigated the action of PnTx2-6, a toxin
purified from the Phoneutria nigriventer spider venom that causes
priapism in rats and mice erectile function was evaluated during
electrical stimulation of the major pelvic ganglion of normotensive
and deoxycorticosterone-acetate-salt hypertensive rats. This study
demonstrated that PnTx2-6 enhanced erectile function in
normotensive and deoxycorticosterone-acetate-salt hypertensive
rats, via the NO pathway. The conclusion was PnTx2-6 could be
important for development of new pharmacological agents for the
treatment of ED.87 A recent experimental study investigated the
effect of PnTx2-6 on the erectile function of aged rats.
Intracavernosal pressure during electrical field stimulation of the
pelvic ganglion was used to evaluate the erectile function. The
results demonstrated that the decrease in erectile function
associated with age was partially restored after injection of
PnTx2-6 and further improved by sildenafil. PnTx2-6 enhanced
electrical field stimulation-induced relaxation, as well as cGMP
levels in CC, from young and aged rats. Relaxation due to PnTx2-6
was further increased after incubation with Y-27632, a Rho-kinase
inhibitor, in aging CC. NOS activity in aged and young cavernosal
tissue was increased by incubation with PnTx2-6. However, this
toxin did not modify NOS expression. This study concluded that
PnTx2-6 improves penile relaxation in aged rats, via increased NOS
activity and NO release, resulting in enhanced cGMP levels.88

Fibroblast growth factor
Investigational study determined the effects of ICI of recombinant
basic FGF on corporal tissue in hypercholesterolemic rabbits. All
animals were maintained on the high cholesterol diet until the
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time of killing 3 weeks after last injection. Strips of corporal tissue
were submaximally contracted with norepinephrine, and dose-
response curves were generated to evaluate endothelial-
dependent (acetylcholine) and endothelial-independent (sodium
nitroprusside) vasoreactivity. Protein levels of basic fibroblast
growth factor (bFGF) and VEGF were assessed. Vasoreactivity was
improved by bFGF treatment. The expression of bFGF protein,
VEGF protein, nNOS protein and mRNA was all increased
after bFGF treatment. ICI of bFGF improved vasoreactivity in
hypercholesterolemic rabbit corporal tissue, offering a new
direction to explore for the treatment of ED.89

Vascular endothelial growth factor
A nice study investigated whether ICI of VEGF can restore erectile
function in the aging rat. At 2 and 4 weeks after treatment, erectile
function and histology were evaluated by hemodynamic study,
histomorphometric analysis and immunohistochemistry. The
study concluded that ICI of VEGF appears to restore smooth
muscle integrity and improve erectile function in aged rats.90

Another recent study investigated the effect of transplanting
EPCs transfected with the VEGF165 into the corpora cavernosa of
rats with diabetic ED. ICP increased significantly among rats in the
trial group when compared with the results from rats in the blank-
plasmid and control groups during basal conditions and electrical
stimulation. Histological examination revealed extensive neovas-
cularization in the corpora cavernosa of rats in the trial group.
Fluorescence microscopy indicated that many of the transplanted
EPCs in the trial group survived, differentiated into ECs and
integrated into the sites of neovascularization. This study
concluded that transplantation of VEGF165-transfected EPCs into
the corpora cavernosa of rats with diabetic ED restores erectile
function.91

Sodium nitrite (NaNO2)
A nice study aimed to evaluate the effects of NaNO2 on erectile
function in the rat. The ICI of NaNO2 produced dose-related
increases in intracavernosal pressure and decreases in systemic
arterial pressure. NaNO2 was 1000-fold less potent than sodium
nitroprusside in increasing intracavernosal pressure. Increases in
intracavernosal pressure in response to NaNO2 were attenuated
by the NOS inhibitor L-NAME. The present data suggest that the
conversion of NaNO2 to vasoactive NO is mediated by NOS in
the corpora cavernosum and by xanthine oxidoreductase in the
systemic vascular bed of the rat. These data show that NaNO2 can
serve as an NO donor that increases erectile activity in the rat.92

ADVERSE EFFECTS AND COUPLE SATISFACTION
A nice recent study aimed to investigate the rate of withdrawal
and its associated reasons in patients undergoing ICI therapy.
Evaluation of intercourse rates, withdrawal rates and their
associated reasons, adverse events and the patients' satisfaction
were conducted. Most patients had previously failed PDE5I
treatment before the ICI therapy. Adequate penile rigidity after
ICI therapy was restored in 60.2% of patients. The reasons for
discontinuation of ICI were poor response (43.1%), inconvenience
of use (18.3%), switch to other treatments (10.7%), loss of libido
(6.7%), adverse events (5.5%) and return of spontaneous erection
(2.8%). Pain was the most common adverse event in the
withdrawal group. Before initiating ICI treatments, sufficient
counseling is necessary.93 Another study aimed to examine
injection anxiety and injection pain in patients using ICI and
conclude that although injection anxiety decreased with ICI use,
mean injection anxiety remained at a moderate level; however,
42% of men continued to report 'high' injection anxiety at
4 months.94

A satisfaction study addressed ICI satisfaction in a modern
cohort of patients in the PDE5I era and concluded that although
the dropout rates were significant, high levels of satisfaction using
the IIEF were reported. Older age, younger partner age and fully
rigid erections were predictors of increased satisfaction. ICI
remains a robust second-line therapy in the treatment of ED even
in the era of PDE5I.95 Another study surveyed patient satisfaction,
using validated questionnaires, in a group of men with ED who
had used and responded to both sildenafil citrate and ICI therapy.
Authors concluded that in patients who alternate the use of
sildenafil and ICI therapy, satisfaction appears to be higher with
ICI, although the erectogenic performance is similar.96 Another
study supported this finding and concluded that more ED patients
using ICI preferred it as their main treatment than was expected,
even though they had a good response to oral sildenafil. A better
quality of erection with ICI was the reason why experienced
patients chose this method.97 Previous study had investigated the
reliability of ICI of PGE1 office vs self injection therapy in patients
with ED. This study demonstrated that there were significant
differences between number of injections and amount of PGE1
per month, total number of injections and total amount of PGE1
on office and self-injection programs. There was a significant
increase in the dropout rate in the office injection group
compared with the self-injection group. There was an increase
in penile fibrosis in the self-injection program compared with the
office program. Minor hematoma had occurred in patients in the
self-injection program in the first 3 months and had resolved
spontaneously. No cases of infection or elevated liver enzymes
were detected in the study population. There was no significant
difference between improvement of natural erection or satisfac-
tion rate after 1 year between patients in both programs. We
concluded that self-injection program is reliable. Office injection
program can be reserved for a subset of ED patients with special
preferences.26

SUMMARY AND CONCLUSION
Aging, DM and cavernosal nerve damage are associated with the
relative SMCs loss. Reversion of SMCs loss should be the target of
therapy to prevent ED associated with these conditions.98

Although the introduction of ICI of vasoactive materials was a
major breakthrough in the treatment of ED, however, the current
place of ICI in the prevention and treatment of ED is not yet well
established. ICI of vasoactive material continues to be a highly
effective and safe treatment tool for men with wide varieties of ED
etiologies. The key point for maintaining the treatment is the
adjustment of the therapeutic method and dosage to optimize a
satisfactory erection. For this reason, systematic follow-up of ED
patients is of the utmost importance. Men with ED may decrease
the number of self-injections over time and more importantly set
up a realistic expectation to create a baseline of satisfactory
sexual life.
ICI of vasoactive materials is reported as a very common

alternative way of therapy for treatment of severe ED in diabetic
patients. PDE5I non-responders usually are frustrated and some-
times anxious; resurgence of the ICI role in management of ED
was highlighted with a growing population of men who are
initially refractory or become refractory to PDE5I, combination oral
and ICI therapy has been shown to salvage to those patients.
Urologist may prefer to institute early post-RP penile rehabilita-

tion. Administration of ICI of vasoactive material following CN
injury improves cavernous smooth muscle-to-collagen corporal
ratios and ultimately erectile hemodynamics. There is strong
support for some program of post-RP penile rehabilitation,
defined as medical treatment to improve the restoration of
natural penile mechanics, which results in spontaneous EF. Each of
the ED management options had its own limitation and should be
presented to the patient with realistic goals and expectations.
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Moreover, ICI was introduced as a remarkable tool in penile
rehabilitation, prevention and treatment of post-RP ED. In this
context, penile rehabilitation defined as medical treatment at the
time of or after RP to improve the restoration of natural penile
mechanics, which results in spontaneous erection. Although some
evidence exists for the benefit of ICIs in a rehabilitative setting;
however, the findings of these studies are limited. This could be
due to the retrospective natures of the studies, small patient
numbers, absences of control or placebo groups for comparison
and unspecified lengths of follow-up, which might prevents
definitive conclusions from being reached.
Although PDE5Is are first-line treatment they are contra-

indicated in several contexts. ICI as a second line can be solely
offered or in conjunction with PDE5I for treatment of men with ED.
As numerous experimental and clinical studies are in different
stages of investigating ICI of new agents therefore, hopefully in
the near future, we might witness evolved molecules and
innovative strategies that could help to treat ED patients with
challenging associated conditions.
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