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Abstract

Objective : To review the efficacy of intracavernous injections (ICI) in spinal cord injured (SCI)
men and to identify prognostic factors affecting the efficacy of ICI in this population.
Methods : Systematic review of the literature using Pubmed/Medline, Embase, Ebsco, Web of
science and the Cochrane library databases. The literature search was restricted to articles
published in English, French and Spanish language up to november 2014 using the key words:
alprostadil, papaverine, moxisylyte, alpha-blocking agent, phentolamine, intracavernous injection,
spinal cord injuries, paraplegia, quadriplegia, erectile dysfunction. Studies involving SCI patients
with erectile dysfunction treated with ICI of alprostadil, papaverine, alpha blocking agents,
including retrospective and prospective cohorts, population studies and randomized controlled
trials, were included.
Results : Out of 283 studies identified, 23 were included involving 713 SCI patients. ICIs resulted
in successful erections in 88 % (n=713; 95%-CI 83 %; 92%) of patients. Erections were obtained
respectively in 93 % of patients (n=101; 95% CI 83%; 99%) with the combination of papaverine
and phentolamine, in 91% (n= 274; 95%-CI 78% – 97%) with papaverine alone and in 80 % (n=
119; 95%-CI 64%; 90%) with alprostadil. Type of injected drug, doses, level of injury whether
complete or not, extent of the injury, age, time since injury, persistence of erections or not were
evaluated but statistical analysis could not identify specific factors predictive of a response to ICI.
Conclusion: ICIs are an effective treatment of erectile dysfunction in SCI men. No predictive factor
for efficacy could be identified. Studies comparing the response to ICI in upper and lower motor
neuron lesions could improve our understanding of ICI failure.
Systematic review registration – PROSPERO 2014:CRD42014009288.
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Introduction
Despite improvements in the care of patients after SCI, permanent impairment of locomotion,
sensation, and autonomic function remain a major hurdle. Sexual and reproductive functions are of
primary importance. Once the acute post-injury stage is over, recovering sexual function is the first
priority for paraplegics and the second for quadriplegics (1).
Erectile dysfunction (ED), defined as the inability to attain and maintain penile erection sufficient
for satisfactory sexual performance (2), is common in SCI patients. In this pathologic context, ED
of neurogenic origin depends on the level and the extent of the lesion (3). Reflexive erections
triggered by peripheral stimulation, especially when applied to the penis or the perigenital area are
present in patients with intact sacral conus medullaris and independent of supraspinal connections.
Psychogenic erection triggered by stimuli processed by the brain (visual, auditory, fantasy) are
observed in patients with preserved and supra-spinally connected sacral parasympathetic centres
located in S2-S4 spinal segments or, in case of injured or disconnected sacral segments, preserved
T12-L2 spinal segments (4,5). Overall the exact impairment of erectile function depends on the
type of SCI, both in terms of the completeness of the injury and its location within the spinal cord
(6). Although most men with SCI can have some type of erection (i.e., psychogenic or reflexive),
erectile responses are often not sufficiently predictable, rigid or long-lasting enough for satisfactory
sexual intercourse (7–9). Oral phosphodiesterase type 5 inhibitors (PDE5i) are first line treatment
option for patients with ED, whatever the aetiology (10). Based on multinational randomized
placebo-controlled clinical trials in SCI patients (11–14), in the summary of product characteristics
indication section, ED in SCI is actually mentioned for the following PDE5is: sildenafil, vardenafil
and tadalafil. SCI patients not responding to PDEi may be proposed intracavernous injections (ICI)
(2) or vacuum device. The first in class PDE5 inhibitor, sildenafil, has been launched in 1998, while
the first reports about the proerectile effect of intracavernous delivery of papaverine or
phentolamine have been provided respectively in 1982 and 1983 (15,16). For ICI commonly used
single agents include prostaglandin E1 (PGE1) also named alprostadil, papaverine, and moxisylyte,
an alpha adrenoreceptor blocking agent (no longer available). PGE1, papaverine, vasoactive
intestinal polypeptide (VIP), phentolamine, phenoxybenzamine, both adrenoreceptor blocking
agents or chlorpromazine, have also been combined to treat ED (16–18). The most frequently used
combinations include papaverine, phenoxybenzamine (bimix) and PGE1 (trimix). Men or their
partners (especially for quadriplegics) must be taught how to inject the penis during the dose
titration in the physician's office. First, the material is presented: the pre-filled syringes or the drug
vials with the syringes including 28- to 30-gauge needles, and alcohol swabs. Second, patients are
instructed to draw up the drugs aseptically in case of not pre-filled syringes. Third, patients are
taught how to inject laterally into the left or right corpus cavernosum at a 90-degree angle to the
penis, avoiding the urethra and the dorsal penile nerve and the veins. After the injection, it is
required to apply a pressure to the injection site for two minutes. Erection usually occurs in a few
minutes, independent of sexual stimulation. Pharmacologically induced erection by ICIs are thus
different from facilitated erections by PDE5i with a mandatory sexual stimulation. After an
adequate training by an experienced physician, home self-injection therapy program can be
initiated. The titration of the dose required to achieve a satisfactory erection remains unpredictable

in SCI patients and sometimes ICIs fail. Then, vacuum or in rare case of failure, penile implants, as
third line treatments, can be proposed. Predictive factors for ICI’s success in SCI patients have not
been evaluated so far.
The objectives of this systematic review and meta-analysis were to assess i) the efficacy of ICI, and
to attempt to determine ii) demographic and iii) predictive factors of ICI's response in terms of
spinal cord lesion in SCI patients.
Methods
This review followed the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalysis) guidelines (19). We developed and followed a standard protocol of meta-analysis
recorded on the PROSPERO database (20) with the following registration number: PROSPERO
2014:CRD42014009288.
Eligibility Criteria:
Type of participants:
We reviewed studies reporting data about SCI men with erectile dysfunction (ED).
Type of intervention:
Studies were eligible if they involved the use of ICIs, whatever the drug used.
Types of studies:
All prospective and retrospective designs assessing the response to ICI were eligible for this review:
randomized controlled trials (RCT), non randomized cohort studies and cases series could be
included. Literature search was restricted to reports in English, French and Spanish language
published up to November 2014.
Type of outcome:
Studies were retained if they reported ICI's response defined as i) Schrameck scale grade ≥ 4/5
(grade 1: no erection, grade 2: slight tumescence, grade 3: full volume without rigidity, grade 4:
sufficient for sexual intercourse, grade 5: full erection) (21) and/or ii) rigidity allowing intromission
and/or iii) full erection and/or iv) successful intercourse and/or v) satisfactory erection suitable for
sexual intercourse.
Search strategy:
Eligible studies were identified from PubMed/Medline, the Cochrane library, Embase, EBSCO, and
Web of science databases. In a first step, an initial search on Medline was carried out in order to
refresh optimal search terms. The search terms retained were double-checked before starting the
main search within all the above-mentioned databases. A final search was undertaken using the
reference lists of articles identified (including previous meta-analysis). The initial MeSH (Medical
Subject Headings) terms used were: “alprostadil” OR “papaverine” OR “intracavernous injection”
OR “moxisylyte” OR “phentolamine” AND “spinal cord injuries” OR “paraplegia” OR
“quadriplegia” AND “erectile dysfunction”.

Studies selection:
Eligibility assessment was performed independently in a blinded standardized manner by 2
reviewers (CL and CC) and subsequently cross-checked. Disagreements were resolved by
consensus or by a third reviewer (NF). A comparison across the studies, checking for author names,
treatments, sample sizes and outcomes was performed to avoid duplicates and compilations of data
from several reports of the same series.
Assessment of methodological quality:
Each article was then assessed for methodological quality prior to inclusion in the review using an
appropriate standardized critical appraisal instrument: i) the check-list from de Institute of Health
Economics (IHE) (22) for the case series and ii) the check-list from STROBE (23) for studies with
any other design.
Data collection:
Two authors (CL and CC) extracted data from the studies included. Disagreements were resolved by
consensus or by a third author (NF).
For each included study, information was extracted on: i) characteristics of the study (sample size,
year); ii) characteristics of trial participants (age, gender, duration of SCI, characteristics of the
injury: whether the lesion was complete or not, level, evaluation of somatic spinal reflex arcs, upper
and lower limits when available; iii) type of the intervention: single ICI or titration, injected drug;
iv) outcome measure (number of responders); v) side effects (not pre-specified in PROSPERO
registration). For each study, aggregated data were extracted and when available (in case series)
individual data were extracted. When a valid e-mail address was provided in the publication for the
corresponding author, we contacted him in order to collect the individual data.
Data analysis:
Analysis of overall response rate to ICI was assessed using aggregated data. For all type of studies
we performed a meta-analysis of the response rate (giving an estimation of the percentage of
responders with a 95% confidence interval). We used visual inspection of the forest plots, the I2
index and the Q statistic to investigate the possibility of statistical heterogeneity. In the absence of
heterogeneity we performed meta-analysis with a fixed-effects model; in case of possible
heterogeneity, we performed meta-analysis with a random effect model.
Individual data were used to explore predictive factors of ICI's response through a regression model
(i.e. a meta-regression). The dependent variable was erectile response to ICI and the following
explanatory variables were explored: injected drug, doses, level of injury, whether the spinal lesion
was complete or not, extent of the SCI, age, time since SCI, persistence of erections or not. These
meta-regressions were performed with «study» and «subject» factors specified as random effect
(mixed model). In certain studies a subject could have different treatments. We had initially planned
a meta-regression analysis on aggregated data to explore predictive factors of ICI's response, but the
quality of the information, the possibility of major ecological biases (particularly when averages of
patient characteristics in each trial were used as covariates in the regression) (24) could not allow
this analysis to be carried out.

Subgroup analysis:
Meta-analysis were performed to estimate the overall erection rates and for each different treatment.
Risk of bias across studies
Because of an important heterogeneity, publication bias could not be investigated either graphically
(using funnel plots) or by testing (using the rank correlation test) (22). Analyses were performed
using R (25) with libraries meta (26) and rmeta (27) and lmer (28).
Results
Identification:
After adjusting for duplicates the searches provided 166 publications. 127 of these publications
were discarded based on title and abstract because they did not meet the selection criteria. After
review of the full text of the 39 remaining articles, 16 additional publications were discarded. 23
articles were finally included for the overall analysis (Figure 1). Only 4 articles provided individual
data (29–32). All studies were conducted from October 1982 to November 2014.

Studies characteristics and risk of bias within studies:
Only one out of the 23 included studies was a double blind randomized controlled clinical trial with
a cross over design (33). Data are summarized in Table 1. All studies were single centre.
The overall analysis involved 713 SCI men. The study sample sizes ranged from 6 to 101 SCI
patients with a median of 28 patients.
The quality assessment performed is summarized in Table 1. The scoring ranges from zero to 18
(IHE check-list) or 22 (STROBE check-list), with higher scores indicating higher quality. Median
quality of included studies was i) 9/18 [with a range of 5/18 to 12/18] for the 16 case-series
evaluated with the IHE check-list and ii) 13/22 [with a range of 6.5/22 to 16/22] for the 7 studies
evaluated with the STROBE check-list.
Protocols of ICI were different but in the majority of the studies titration was performed until full
erection was obtained (Table 1). The drug most frequently injected was papaverine (274 men),
followed by PGE1 (119 men) and the combination papaverine-phentolamine (bimix) (100 men).
Moxisylyte was used in 3 different studies conducted in the same centre (29,33,34). Trimix was
tested in only one study (30 men) 35). The maximum injected doses were: papaverine: 90 mg,
PGE1: 40 µg, papaverine + phentolamine: 80 mg + 10 mg, moxisylyte: 30 mg, and trimix:
papaverine 30 mg + phentolamine 0,05 mg + 5 µg (Table 2).
The quality of the erection induced by ICI was assessed by the Schrameck scale in 4 studies (17%),
described as “full erection” in 6 studies (26%), as “satisfactory erection” in 2 studies (9%) and as
“erection with rigidity allowing intromission or intercourse” in 11 studies (48%).
Demographic and clinical characteristics of the participants included in the different studies are
summarized in Table 3.

Overall response rate to ICI:

All drugs taken together, ICIs resulted in successful erection in 88 % (n=713; 95%-CI 83%; 92%)
of SCI patients. Results are outlined in Figure 2.

Subgroup meta-analysis:
Meta-analyses were performed to estimate the overall response rate to ICI and the rate of success
for each different drug. Results of meta-analysis per drug are presented in Figure 3. The number of
patients per drug (553) differs from the number of patients in the meta-analysis of overall efficacy
(713)because : i) 173 men were excluded from the meta-analysis per drug because in a few studies
there was no information available regarding which drug was injected (36 4037, 39-42) and ii) 13
patients treated with two different drugs have been double-counted in the meta-analysis of the
efficacy per drug (30, 43). Satisfactory erection permitting sexual intercourse was obtained with
papaverine (mean dosing 17 mg) in 91 % (n= 274; 95%-CI 64%;97%) (30,32,35,43-47), with PGE1
(mean dosing 12 μg) in 80 % (n= 119; 95%-CI 64%;90%) (30,31,36,48,49), with bimix (mean
dosing 15 mg papaverine and 0,4 mg phentolamine in 93% (n= 100; 95%-CI 83,%; 99%)
(43,44,50,51), with moxisylyte (mean dosing 22 mg) in 83% (n= 30; 95%-CI 77%; 98%)
(29,33,34), and with trimix (mean dosing 4 mg papaverine, 0,02 mg phentolamine, 1,5 μg PGE1) in
100 % (n= 30, 95%-CI 88%; 100%) (38). Random effects model was used in these analyses (except
for moxisylyte and trimix) due to heterogeneity between the different studies (i.e. I2 > 25% and/or a
significant Q statistic).
Individual data meta-analysis:
Information about individual patients was only provided in 4 studies (29,31,32,45). These studies
were included in the individual data meta-analysis (for one of these studies, only patient's age was
available). Overall response rate in these 4 studies was 92% [95%-CI 68%-98%].
No results were statistically relevant for i) the effect of age (p=0.49), ii) whether the lesion was
complete or not (p=0.26), iii) the dose of papaverine (p=0.82) or of PGE1 (p=0.98) and iv) the level
of the lesion according to the following classification: above T10, between T10 and L2, below L2
(p-value resulting of the mixed model> 0.05).
Side effects:
Tolerability of injected drugs was acceptable with an overall complication rate of 13.3 % (n= 685,
CI-95% 11%;16%), respectively 2% for PGE1 (n=119, CI-95% 1%;6%), 0 % for moxisylyte (n=30)
and 13% for papaverine (n=262, CI-95% 9%;17%). The combination of papaverine with
phentolamine was responsible for higher complication rate of 30% (n=69, CI-95% 21%;42%).
The main side effects were ecchymosis 5% (n=685, CI-95% 3.5%; 7%), prolonged erection (≥ 3
hours) 4% (n=685, CI 95% 3%; 6%), priapism (≥ 4hours) 3% (n=685%, CI-95% 2%;4%), 5 cases
of fibrosis (n= 685, CI-95% 0.5% -2%), 5 cases of pain (n= 685, CI-95% 0.5% -2%), 3 cases of
urethrorrhagia (n= 685, CI-95% 0.1-1.5%).

Discussion
Summary of evidence
Recovery of penile erection in SCI patients allowing sexual intercourse with vaginal penetration did
represent an issue. Prior to the launch of sildenafil in 1998, ICI was the only pharmacological
treatment available for ED whatever the aetiology of the condition. Overall response rate to ICIs for
ED in SCI patients was 88 %. In 2006, DeForge et al (52) conducted a meta-analysis including 11
publications about ICI in SCI patients and reported similar results. In this former study, the search
strategy was different due to different objectives which were i) morbidity of ICI compared with oral
therapy and ii) PGE1 ICI compared with other injected drugs. In the present review, 12 additional
trials have been added in the analysis representing 395 added patients.
Since sildenafil approval, ICI became second line treatment for ED in case of failure of PDE5i or
rarely, when PDE5i are contraindicated. According to the summary of product characteristics in the
US, the contraindications for alprostadil IC injections are as follows: “Alprostadil should not be
used in patients who have conditions that might predispose them to priapism, such as sickle cell
anaemia or trait, multiple myeloma, or leukaemia; or in patients with anatomical deformation of the
penis, such as angulation, cavernosal fibrosis, or Peyronie's disease. Patients with penile implants
should not be treated with alprostadil. Alprostadil should not be used in men for whom sexual
activity is inadvisable or contraindicated”. These contraindications are all applicable to SCI
patients. These contraindications are the same for other pharmacological substances IC delivered.
With most studies conducted prior to 1998, the vast majority of SCI patients treated with ICI have
not been exposed to PDE5i apart in two studies. In a cohort of upper motor neuron injured patients
(37), 20 patients received PDE5i after ICI and both treatments resulted in the same IIEF-EF score.
In a cohort of conus medullaris injured patients (48), without a cross-over design, 31% (12/39)
patients who received PDE5i obtained an erection grade ≥ 4/5 (Schrameck scale), compared to 82%
(40/49) patients treated with ICI. The response rate of SCI patients to ICI was found comparable
between the different drugs or combination of drugs, but a statistical comparison could not be
performed due to the retrospective design of most of the studies, and the absence of control groups.
The most widely used drug was papaverine, because many studies were conducted prior to the
development of PGE1 ICI. Indeed PGE1 has been developed posteriorly to the off label use of
papaverine and phentolamine, which have both never been approved by regulatory authorities in the
ED indication. PGE1 is currently the preferred compound for ICI because of a claimed lower
complication rate, especially as far as priapism is concerned (53). In the included studies, the
maximal injected dose of each drug was in most cases above the recommended dose (54).
Tolerability for these high doses of injected drugs was acceptable with an overall complication rate
of 13 %, decreasing to 2% for PGE1 (mainly prolonged erection).
The heterogeneity in the selected studies regarding the drug used and the outcome measures
prevents to draw any conclusion about which drug or dose should be proposed for which patients.
No predictive factors of response rate have been found.
Limitations
Most of the included studies were of low or poor quality. They were mainly case series with only
one study based on a crossover randomized design. However the superiority of PGE1, papaverine,
papaverine combined with phentolamine and moxisylyte over placebo was previously demonstrated
in patients with ED from non-neurological origin (29,56,57).

A reporting bias at the level of the publication could not be excluded (“negative” studies might have
not been published) or at the level of outcome reporting (only favourable outcomes were reported in
the published reports). Most studies are retrospective and data could have been incompletely
reported or missing. The results could have been different, if the study design would have been
prospective. Such a bias could (at least partly) explain the overall high response rate to ICI
encountered in this review.
Individual clinical data were not detailed in all studies and consequently could not be pooled in
subgroup meta-analysis and individual data meta-analysis.
There was a lack of standardization in the literature in the description of included population. Most
series reported that patients were paraplegic or quadriplegic but few authors reported the exact level
of injury or the ASIA/Frankel score and fewer mentioned the persistence of a sacral reflex. The
level of the injury is insufficient to characterize if the lesion concerns the upper or the lower motor
neuron with interruption of the sacral somato-somatic reflex loop (58,59). Information concerning
the integrity of the sacral arc, the most important for the proerectile parasympathetic innervation of
the
erectile
tissue,
was
most
often
missing
(60).

There was neither study reporting urodynamic investigation nor neurophysiological testing as
somato-sensory evoked potentials (SSEP), bulbocavernous reflex latency recording (BCR), or
sympathetic skin response (SSR). Urodynamic investigation indirectly assesses the parasympathetic
innervation to the pelvis. Detrusor hyperreflexia is constantly associated with preserved reflex
erections as opposed to patients with detrusor areflexia. Rydin et al (61) showed that both reflex
erection and micturition are dependent on an intact conus medullaris and its reflex loops. BCR
evaluates the function of conus medullaris and sacral nerves roots by testing the sacral somatosomatic reflex loop. SSR assesses the sympathetic nervous system. Schmid et al (62) found a
positive association between the presence or not of psychogenic erection and perineal SSR.
Pudendal SSEP evaluate the afferent somatosensory spinal pathways from the genitals to the brain
areas related to sexual function. These complementary specifications may allow to allocate the
patients with neurogenic ED to specific sub-groups. Such sub-group analyses could improve our
understanding of the exact pathophysiology of ED based on segmental spinal cord lesions and
therapeutic efficacy.

Few authors have used a validated erectile grading scale such as Schrameck scale or the EF domain
of the IIEF questionnaire (questions 1-5 and question 15 focusing on erection) or the abridged
version IIEF-5 available only in the late 90’s, whereas the majority have used their own non
validated grading system (63-65). In assessing subjectively the response to ICI, the concept of full
rigidity has not been clearly defined in the literature and is therefore subject to variation between
data retrieved in medical environment and data self-reported by the patient. When objective erection
grading scale was missing, we chose to include different erection assessments focusing on a
satisfactory erection permitting sexual intercourse because patient's satisfaction is the primary
objective of ED treatment. We did not evaluate the duration of pharmacologically-induced erection
as this information was missing in most studies; this would have been interesting because SCI
patients often complain of unsustained erection.

Perspectives
Level of SCI and ICI efficacy
Bearing in mind these limitations, we did not find any evidence for the influence of the level of the
SCI on ICI response. We initially thought that a lower motor neuron injury could have a negative
impact on ICI response rate or might require higher doses of injected drugs, particularly when the
delay between SCI and the first injection was long. Lower motor neuron lesion injury is
characterized by Comarr (59) as the absence of bulbocavernous reflex and/or sphincter anal tone,
this means, that the lesion concerns either the sacral segments or sacral nerves. It has been reported
that lower motor neuron injured patients tend not to respond well to PDE5i (66) which require a
sexual stimulation to be effective, but can respond to ICI, which induce erection independent of
sexual desire. In a cohort of conus medullaris injured patients, Hadiji et al (48) reported that 82% of
them obtained erection equal or above 4/5 in Schrameck scale with ICI (PGE1 highest dose 40 µg
or papaverine 20 mg if PGE1 fails). This response rate was close to the overall response rate found
in the present meta-analysis. In Schmid series (62), the extent of the lesion, more than its level was

predictive for the loss of all types of erection. In this study, myelomalacia extending from T8 to S5
involving both the thoraco-lumbar as well as the sacral spinal centres commanding penile erection
was associated with loss of all types of erection. All SCI patients with ED responded to ICI-test
even if they have no reflexive, nor psychogenic nor nocturnal erection. No studies included in the
present review reported the extent of lesion so that we cannot conclude whether the extent of lesion
is a determinant for erectile response to ICI. Nevertheless, because ICI exerts a strictly local effect
on the mechanisms of penile erection i.e. direct relaxation of smooth muscle cells in the corpora
cavernosa and vasodilation of helicine arteries within the erectile tissue, it seems unlikely that the
extent of the spinal lesion can dramatically influence the response to ICI.

Severity, time elapsed since injury and response to ICI treatment
The time elapsed between SCI and the initiation of ICI treatment might have a negative impact on
the response rate. In ED patients after radical prostatectomy for localized prostate cancer, it is
recommended to start as early as possible post-prostatectomy ICI treatment (67). Postprostatectomy ED is due at least partly to damage to cavernous nerves which convey proerectile
parasympathetic innervation to the erectile tissue. This condition is thus somewhat similar to other
types of lower motor neuron injuries such as lesions of the cauda equina or conus medullaris. Upper
motor neuron lesions are frequently associated with the persistence of reflex erections and nocturnal
penile tumescence with improved tissue oxygenation which might reduce the risk of fibrosis of
corpora cavernosa (62).
Unfortunately most series included in the present meta-analysis did not report individual data but
only the overall mean duration since SCI so that the impact of this variable on ICI response could
not be analysed.
The severity of the injury might also influence ICI efficacy. Incomplete lesions could be a positive
predictive factor of ICI efficacy: Conejero et al (36) carried out a subgroup-analysis comparing
complete to incomplete injuries but without a proper statistical analysis and no adjustment for
potential confounders such as the level of injury or patient's age. Most series (37,42,47) did not
report a better response to ICI in incomplete SCI, but the studies were not specifically designed to
evaluate this variable.
Due to all these limitations we could not confirm that a lower motor neuron lesion and/or a
prolonged delay between injury and ED treatment impact ICI response rate. Therefore we do not
have a rationale to propose an early treatment with ICI after lower motor neuron lesion in case of
PDE5i failure in SCI patients.

Age and ICI efficacy
Ageing is a well known risk factor for ED in the general population (2). The aged-related
endothelial dysfunction can be the most significant factor. Chung et al (68) studied the age-related
penile arterial flow change during pharmacologically-induced erection by ICI. Maximum peak
systolic velocity was reached later following ICI in patients aged 50 and above, but the resistance
index did not differ compared to younger patients. Although ageing impacts peak systolic velocity,

all patients responded to ICI (10 µg of PGE1). In the present meta-analysis, we did not find any
relationship between age and response to ICI in SCI patients.
More than age itself, pathological ageing seems to have an impact on ED. Cardiovascular risk
factors or conditions including arterial hypertension, dyslipidemia and diabetes mellitus are more
frequent in older patients (59) and may cause the build up of atherosclerotic plaques in the pudendal
and penile arteries, impairing the cavernosal inflow necessary to normal erectile function (69).
Endothelial dysfunction is another well identified pathophysiological mechanism for ED in patients
with cardiovascular risk factors and/or conditions. In a series by Zaslau et al (70) 8 out of the 9 SCI
patients who did not respond to ICI had either diabetes mellitus or hypertension or both. The impact
of comorbidity(ies) and ageing on the response to ICI could not be evaluated in this meta-analysis
because of lack of data in the included series.
Recommendations
Based on the present review we can provide with the following recommendations:
The efficacy of ICI in SCI patients is 88% (level of evidence: 4, recommendation: C). In terms of
tolerability in SCI patients, PGE1 appears better when compared to papaverine or phentolamine
(level of evidence: 4, grade of recommendation: C).

Conclusion
ICI undoubtedly represents an effective treatment for ED in SCI patients with a high response rate
near to 90% in this population. This systematic review could not identify any specific predictive
factor of a successful outcome because of the lack of individual data reporting, and the absence of a
standardization in the results obtained in the published series.
Cohort studies will be required to evaluate the individual impact of different factors such as the
level of injury, the extent of the lesion and whether its completeness, the time elapsed since SCI or
the patient’s age could impact ICI’s response rate. A separate evaluation of response in upper and
lower motor neuron lesions could also help to better understand the few failures of ICI.
A better understanding of the impact of individual factors on ICI response will help to further
improve the management of ED in SCI patients non responders to PDE5i.
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Figure 1. Search strategy flowchart. ICI ¼ intracavernous injection; PGE1 ¼ prostaglandin E1; SCI ¼ spinal cord injury

Figure 2. Meta-analysis of overall efficacy of intracavernous injection (all drugs).

Table 1: Characteristics of the included studies
First Author
(year)

Study design

Drug intracavernosally delivered

Dose

Number of
treated
patients

Percentage of
responders (%)

Number of
responders

Age (mean),
[min-max]

Assessment of the
erectile response

Quality
score

Beretta (1986)

retrospective case-series

papaverine

20-30 mg

22

90,1

20

unk [18-52]

Full erection allowing
intromission

5/18IHE

Wyndaele
(1986)

retrospective case-series

papaverine + phentolamine

10 – 80 mg/ 2 – 10 mg
(titration)

12

75

9

27 [unk]

Full erection

5/18IHE

Bodner (1987)

NR clinical trial

papaverine + phentolamine

5-60 mg/ 02mg(titration)

20

95

19

33 [22-50]

Erection allowing
intromission

10/18IHE

Sidi (1987)

retrospective case-series

papaverine + phentolamine

9,25-12,09 mg / 0,204 –
0,307 mg (titration)

52

100

52

35,8 [18-61]

Erection allowing
intromission

10/18IHE

Lloyd (1989)

retrospective case-series

papaverine + phentolamine

15 mg / 0, 25 mg

40

100

40

34,7 [unk]

Self assessment
questionnaire / 10:
Satisfactory erection

10/18IHE

PGE1/ Papaverine

10-20 µg/8-30 mg

10

77,6

7

38,7 [21-51]

Erection allowing
intromission

9/18IHE

58

77,6

45

37,7 [19-68]

Erection allowing
intromission

10/18IHE

22

86,4

19

35,2 [20-45]

Full erection

8/18IHE

30 mg

6

100

6

31,2 [24-39]

Full erection

10/22STR

Schurch (1990) retrospective case-series

(papaverine : titration)
Bodner (1992

retrospective case-series

papaverine +/- phentolamine

5 – 60 mg/0,5 – 2 mg
(titration)

Earle (1992)

retrospective case-series

papaverine/papaverine+phentolamine/PGE1 2 – 80 mg/ 0,5 mg /
1 – 20 µg (titration)

Costa (1992)

NR clinical trial

moxisylyte

Costa
(1993/EU)

double blind randomized moxisylyte
controlled clinical trial

10 – 20-30 mg (crossover)

12

75

9

35 [20-50]

Erection allowing
intromission (scale /3)

16/22STR

Costa (1993)

NR Clinical trial

20 mg

12

100

12

34 [25-43]

Erection allowing
intromission (scale /3)

11/22STR

moxisylyte

First Author
(year)

Study design

Drug intracavernosally delivered

Dose

Number of
treated
patients

Percentage of
responders (%)

Number of
responders

Age (mean),
[min-max]

Assessment of the
erectile response

Quality
score

Kapoor (1993)

retrospective case-series

papaverine

7,5 – 60 mg (titration)

101

97

98

unk [20-51]

Erection allowing
intromission

8/18IHE

Chao (1994)

retrospective case-series

trimix1

1,5 µg /4 mg/0,02 mg/
(average, titration)

30

100

30

36,3 [22-59]

Erection allowing
intromission

8/18IHE

Hirsch (1994)

retrospective case-series

PGE1

6,2 µg (average,
titration)

14

100

14

31,5 [22-39]

Self assessment
questionnaire :
Satisfactory erection

9/18IHE

Tang (1995)

retrospective case-series

PGE1

15 – 20 µg (titration)

15

100

15

38,5 [25-50]

Schrameck scale

12/18IHE

Yarkony
(1995)

retrospective case-series

papaverine

3 – 90 mg (titration)

50

100

50

unk

Full erection

7/18IHE

Renganthan
(1997)

open randomized cross
over clinical trial

papaverine

10 – 60 mg (titration)

28

92,9

26

unk

Full erection

16/22STR

Zaslau (1999)

retrospective case-series

PGE1 + papaverine

5-10 µg / 15-30 mg
(titration)

37

75,7

28

43,7 [24-72]

Schrameck scale

11/18IHE

Lebib Ben
Achour (2001)

prospective case-series

papaverine/ PGE1/ moxisylyte

20 mg/ 5-20 µg / 10 – 20 36
mg/ml

75

27

31 [18-54]

Schrameck scale

8/18IHE

Conejero
(2002)

NR clinical trial

PGE1

2 – 20 µg (titration)

36

75

27

38,5 [22-55]

Erection allowing
intromission

7,5/22STR

Moemen
(2008)

cross over randomized
clinical trial

PGE1/trimix1

unk

20

90

18

32,7 [24-52]

Erection allowing
intromission

15/22STR

Yildiz (2011)

cross over randomized
clinical trial

papaverine

25 mg

31

96,8

30

30,7 [19-46]

Scale /4 : Full erection

16/22STR

Hadiji (2013)

retrospective case series

PGE1

10-40 µg (titration)

49

81,6

40

37 [17-66]

Schrameck scale

12/18IHE

1trimix=PGE1+papaverine+phentolamine
NR: non randomized

unk: unknown
Quality assessment:

IIEF-EF : International Index of Erectile Function: Erectile Function domain score
IHE

: IHE check-list and STR: STROBE check-list

Table 2: Distribution of the injected drugs
Drug

Number of patients

Minimal
injected dose

Maximal
injected dose

Average dose
(calculated on n
patients)

papaverine

274

2 mg

90 mg

16.6 mg (n=151)

PGE 1

119

1 µg

40 µg

11.7 µg (n=34)

Papaverine +
phentolamine

100

10 mg + 0.25 mg

80 mg + 10 mg

14.9 mg and 0,4 mg
(n=88)

moxisylyte

30

10 mg

30 mg

22 mg (n=30)

trimix (papaverine+
phentolamine + PGE 1)

50

1 mg /0.01mg/0,4 µg

13 mg/0.05 mg/ 5 µg

4 mg/0.02 mg/ 1.5 µg
(n=50)

