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ABSTRACT

Background Erectile dysfunction in men is com-
mon. We evaluated a system by which alprostadil
(prostaglandin E,) is delivered transurethrally to treat
this disorder.

Methods Alprostadil was delivered transurethrally
in a double-blind, placebo-controlled study of 1511
men, 27 to 88 years of age, who had chronic erectile
dysfunction from various organic causes. The men
were first tested in the clinic with up to four doses of
the drug (125, 250, 500, and 1000 ng); those who had
sufficient responses were randomly assigned to treat-
ment with either the effective dose of alprostadil or
placebo for three months at home.

Results During in-clinic testing, 996 men (65.9 per-
cent) had erections sufficient for intercourse. Of these
men, 961 reported the results of at least one home
treatment; 299 of the 461 treated with alprostadil
(64.9 percent) had intercourse successfully at least
once, as compared with 93 of the 500 who received
placebo (18.6 percent, P<0.001). On average, 7 of 10
alprostadil administrations were followed by inter-
course in men responsive to treatment. The efficacy
of alprostadil was similar regardless of age or the
cause of erectile dysfunction, including vascular dis-
ease, diabetes, surgery, and trauma (P<0.001 for all
comparisons with placebo). The most common side
effect was mild penile pain, which occurred after
10.8 percent of alprostadil treatments, but the pain
rarely resulted in refusal to continue in the study. Hy-
potension occurred in the clinic in 3.3 percent of
men receiving alprostadil. Hypotension-related symp-
toms were uncommon at home. No men had pri-
apism or penile fibrosis.

Conclusions In men with erectile dysfunction,
transurethral alprostadil therapy resulted in erec-
tions in the clinic and in intercourse at home. (N Engl
J Med 1997;336:1-7.)
©1997, Massachusetts Medical Society.

RECTILE dysfunction (impotence) affects

approximately 10 million to 20 million men

in the United States.)? It becomes more

frequent with age,? but is not an inevitable
consequence of normal aging.* It is usually due to
organic factors or diseases, such as pelvic vascular
disease, diabetes mellitus, neurodegenerative disor-
ders, side effects of medication, pelvic surgery, and
trauma.3* Erectile dysfunction impairs sexual per-
formance, diminishes self-esteem,3 and disrupts per-
sonal relationships.!

Current treatments for erectile dysfunction in-
clude oral medications, vacuum pumps, vascular sur-
gery, penile prostheses, and intracavernosal injec-
tions. Oral medications, such as yohimbine, have
limited efficacy.>¢ Vacuum pumps may be difficult
for some men to use! and may cause penile trauma
if used improperly.68 The success rate of vascular
surgery ranges from 31 to 80 percent; revasculariza-
tion is more effective in younger men with discrete
lesions of the pudendal or common penile artery.2?
The implantation of a penile prosthesis is invasive,
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expensive, and irreversible and can cause penile de-
formity.19-12 Intracavernosal injections of vasoactive
drugs are satisfactory or effective in 30 to 90 per-
cent of men,!3! but they can be associated with
pain, priapism, penile hematomas, and fibrosis.}420
There is clearly a need for additional treatments.

We report the results of a randomized, prospec-
tive, double-blind, placebo-controlled trial of a nov-
el delivery system designed to administer alprostadil
(prostaglandin E|) to the urethral mucosa for ab-
sorption and transfer to the erectile bodies (the cor-
pora cavernosa and the corpus spongiosum). We
evaluated responses to alprostadil in the clinic among
men with chronic erectile dysfunction from various
organic causes and the subsequent occurrence of
sexual intercourse at home.

METHODS
Study Subjects

We evaluated 1511 men with chronic erectile dysfunction and
their partners at 58 investigational sites in the United States. To be
included in the study, each man had to be in a stable, monoga-
mous, heterosexual relationship and to have been unable to achieve
a spontancous erection sufficient for intercourse at any time within
the preceding three months. All the men were found to have erec-
tile dysfunction with a primarily organic cause on the basis of med-
ical history, physical examination, laboratory evaluation, penile bio-
thesiometry, determination of the penile brachial index, penile
duplex ultrasonography, or pharmacocavernosometry and pharma-
cocavernosography (not all tests were conducted in each man).

Men were excluded from the study if they had a history of ure-
thral stricture or obstruction; an indwelling urethral catheter; anu-

ria; a penile implant or prior penile surgery; sickle cell disease;
paraplegia or quadriplegia; congestive heart failure, unstable an-
gina, or recent acute myocardial infarction; poorly controlled
diabetes mellitus; hypogonadism with inadequate testosterone-
replacement therapy; or markedly abnormal blood chemistry or
results of hematologic tests; or if they had received any investiga-
tional treatment within the preceding 30 days.

The men were required to discontinue any other treatment for
erectile dysfunction at least 30 days before entering the study.
The protocol was approved by the institutional review board at
each study site, and all the men and their partners gave informed
consent.

Study Design

Men who met the criteria for entry were tested in the clinic to
determine the appropriate doses of transurethral alprostadil. Each
man administered one dose of either 125 or 250 ug of alprostadil
to himself, with the dose selected at random in a double-blind
manner. On a subsequent visit, they administered the other dose
of the drug.

Alprostadil was administered to the distal urethra by a propri-
ctary drug-delivery system (MUSE, Vivus, Menlo Park, Calif.)
that consisted of a polypropylene applicator with a hollow stem
3.2 cm in length and 3.5 mm in diameter; the tip contained a
semisolid pellet of medication (Fig. 1). The stem of the applicator
was inserted fully into the urethra, a button was depressed to de-
posit the pellet, and the applicator was removed. The men were
instructed to urinate immediately before application; residual
urine facilitated the insertion of the applicator and the dispersion
of the drug.

The penile responses were evaluated with an Erection Assess-
ment Scale!® on which a score of 1 denoted no response;
2, some enlargement; 3, full enlargement (but insufficient rigidi-
ty); 4, erection sufficient for intercourse; and 5, full rigidity.
Scores were assigned by the men and confirmed by the investiga-
tors. The duration of the penile response was also recorded, and
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Figure 1. The Applicator Used for the Transurethral Administration of Alprostadil.
To use the applicator, each man was asked to urinate, insert the 3.2-cm stem gently into the urethra, and then depress

the button, releasing the medicated pellet.
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each man rated his overall level of comfort from “very comfort-
able” to “very uncomfortable.” These evaluations were made im-
mediately before the administration of each dose of alprostadil
and 15, 30, 45, and 60 minutes thereafter.

The 287 men who had maximal penile responses of 4 or 5 at
any time with either the 125-ug dose, the 250-ug dose, or both
were not given higher doses. In the second step of testing, men
whose maximal penile response was less than 4 returned for two
additional visits, at which time each man administered 500 ug or
1000 pg of alprostadil to himself (one dose per visit) in a ran-
dom, double-blind manner, as before; 709 men had responses of
4 or 5 with one or both of these doses. The remaining 515 men,
who did not have a response of 4 or 5 with any dose of alprostadil
or who did not tolerate the treatment, were discharged from the
study. For their home treatment, the men selected the dose they
found most comfortable that had produced a maximal penile re-
sponse of 4 or 5. No retesting of a dose in the clinic was allowed,
and the dose could not be changed at home.

In the three-month, double-blind study conducted at home,
the 996 men in whom alprostadil testing in the clinic was effec-
tive were randomly assigned in approximately equal numbers to
alprostadil at the selected dose or placebo. After each adminis-
tration of the study treatment, both the man and his sexual part-
ner made entries in a diary that documented the penile response,
the occurrence of sexual intercourse (vaginal penetration), whether
the man reached orgasm, the overall level of comfort associated
with the use of the medication, and any adverse effects noted by
the man or his partner. The men were evaluated monthly in the
clinic by an investigator who was unaware of the study-group as-
signments. On these visits the diaries were reviewed, and infor-
mation about compliance with the study protocol was obtained.

Statistical Analysis

The base-line demographic characteristics of the men in the al-
prostadil group and the placebo group were assessed by Fisher’s
exact test in the case of categorical data or by analysis of variance
with F tests in the case of continuous data. In the study of effi-
cacy, the groups were compared by the Cochran-Mantel-Haen-
szel chi-square test (for categorical data) and by the van Elteren
test (for continuous data). The van Elteren test is based on the
optimal linear combination of the within-strata Wilcoxon statis-
tics.2! In comparing percentages of successful treatments, we used
the bootstrap method in such a manner that each man’s entire
history was resampled as a unit.22 The effect of the cause of erec-
tile dysfunction, the subject’s age, the dose of alprostadil selected
for use in the study, and other characteristics on rates of sexual
intercourse was evaluated by chi-square tests of the homogeneity
of the odds ratio among subgroups.??

SAS software (version 6.10, SAS Institute, Cary, N.C.) was used
in all the statistical analyses. The analysis of the efficacy of in-clinic
testing included all men who received at least one dose in the
clinic; the analysis of efficacy at home included all men who re-
ported at least one home administration of alprostadil or placebo;
and the analysis of safety included all men enrolled in the study.

RESULTS

The demographic characteristics of the men stud-
ied are shown in Table 1. The characteristics of the
1511 men who underwent testing in the clinic were
similar to those of the 996 men who began home
treatment, and the characteristics of the men in the
two study groups using home treatment were also
similar.

Responses in the Clinic

In the clinic, 996 of the 1511 men (65.9 percent)
had maximal penile responses of 4 or 5 on the Erec-

TABLE 1. BASE-LINE CHARACTERISTICS OF THE MEN
WITH ERECTILE DYSFUNCTION.

MEN STUDIED P VALUE,
IN THE CLinic MEN USING TREATMENT ~ ALPROSTADIL
CHARACTERISTIC (N=1511) AT HomE vs. PLACEBO
ALPROSTADIL ~ PLACEBO
(N=485)  (N=511)
Age (yr)
Mean 61 62 61 0.71
Range 27-88 38-84 30-83
Partner’s age (yr)
Mean 56 56 57 0.64
Range 22-84 22-79 26-81
Cause of dysfunction
(% of men)*
Vascular disease 28.7 289 28.4 0.86
Diabetes 20.6 18.8 19.2 0.87
Surgery or trauma 29.6 31.8 31.1 0.83
Other 21.0 20.6 21.3 0.78
Duration of dysfunc-
tion (mo)
Mean 51 48 49 0.55
Range 3-528 3-528 3-360
Capable of partial 61.1 63.3 60.9 0.43
erection (% of
men)t
Previous therapy 55.3 52.4 56.9 0.15

(% of men)f

*Because of rounding, percentages shown do not all total 100 percent.
“Other causes” of dysfunction included abuse of alcohol or tobacco, neu-
rologic disease, and side effects of drugs.

tPartial erections refer to erections occurring naturally that are not suf-
ficient for intercourse.

tPrevious therapies included constriction-band therapy, counseling, hor-
mones, intracavernosal injections, and vacuum pumps.

tion Assessment Scale, without substantial adverse ef-
fects, with at least one of the doses of alprostadil.
The 125-pg dose was selected for home use by 116
men (12 percent), the 250-ug dose by 171 men (17
percent), the 500-ug dose by 302 men (30 percent),
and the 1000-ug dose by 407 men (41 percent).
The proportion of men who had maximal re-
sponses of 4 or 5 increased as the dose of alprostadil
increased (Table 2). The mean duration of the re-
sponse also correlated positively with the dose. The
mean times from the administration of alprostadil to
the onset of erection and to the maximal response
were similar with each of the various doses. At least
88 percent of the men receiving each dose rated the
transurethral application of alprostadil at that dose
as “neutral,” “comfortable,” or “very comfortable.”

Responses at Home

Of the 996 men who had treatment at home, 961
reported the results of at least one administration
(and were therefore included in the analysis of effi-
cacy), and 873 (87.7 percent) completed the entire
three-month treatment period. Among the men who
did not complete the study, 27 did not comply with
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