
doi:10.1016/j.jacc.2006.05.052 

 2006;48;1111-1119; originally published online Aug 25, 2006;J. Am. Coll. Cardiol.
Rodriguez 

Ernst R. Schwarz, Saurabh Rastogi, Vishal Kapur, Nasir Sulemanjee, and Jennifer J.
 Erectile Dysfunction in Heart Failure Patients

This information is current as of August 9, 2008 

 http://content.onlinejacc.org/cgi/content/full/48/6/1111
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

 by on August 9, 2008 content.onlinejacc.orgDownloaded from 

http://content.onlinejacc.org/cgi/content/full/48/6/1111
http://content.onlinejacc.org


S

E
E
N
L

E
m
s
s
t
i
q
M
m
E
u
i

s
c
l
p
s
c
p
s
q
c
r
i
f
H
r
w
t
u

C
A
M

a

Journal of the American College of Cardiology Vol. 48, No. 6, 2006
© 2006 by the American College of Cardiology Foundation ISSN 0735-1097/06/$32.00
P

TATE-OF-THE-ART PAPERS

rectile Dysfunction in Heart Failure Patients
rnst R. Schwarz, MD, PHD, FACC, FESC,*† Saurabh Rastogi, MD,† Vishal Kapur, MD,†
asir Sulemanjee, MD,† Jennifer J. Rodriguez, MD†
os Angeles, California; and Galveston, Texas

Chronic heart failure (HF) and erectile dysfunction (ED) are 2 highly prevalent disorders that
frequently occur concomitantly. Coronary artery disease, HF, and ED share several common
risk factors, including diabetes mellitus, hypertension, smoking, and dyslipidemia. Addition-
ally, the distinct physiologic sequelae of HF create unique organic and psychologic factors
contributing to ED in this patient population. Standard HF therapy with beta-receptor
blockers, digoxin and thiazide diuretics may worsen sexual dysfunction owing to medication
side effects. This may, in turn, lead to noncompliance in misguided efforts to retain
satisfactory sexual activity, with secondary worsening of cardiac capacity. This review
describes the unique aspects of ED in the HF population. (J Am Coll Cardiol 2006;48:

ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.05.052
1111–9) © 2006 by the American College of Cardiology Foundation
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rectile dysfunction (ED) is the inability to achieve and/or
aintain a penile erection sufficient enough to participate in

atisfactory sexual activity (1). The 1998 FDA approval of
ildenafil citrate (Viagra) as oral therapy for ED brought
his once “private” disease into the public eye, with increas-
ng interest by patients and physicians alike. Although
uantifying the incidence of ED is inherently difficult, the
assachusetts Male Aging study demonstrated that among
en 40 to 70 years of age, 52% experience some degree of
D (2). As the links between ED and cardiac disease are
nveiled, clinicians are increasingly recognizing ED as an
mportant harbinger of cardiac disease.

Heart failure (HF), also a highly prevalent condition,
hares several risk factors with ED and frequently occurs
oncomitantly. Heart failure patients experience a decreased
ibido and frequency of coitus, negative changes in sexual
erformance, and a general dissatisfaction related to their
exual function (3). Although the coexistence of ED and
oronary atherosclerotic disease (CAD) is well described,
revalence in the HF population is less delineated. In one
mall cohort of 62 HF clinic patients, approximately three-
uarters reported compromised libido and ED (3). In a
ohort of more than 300 HF patients, more than 90%
eported reduced libido and erectile problems, which was
ndependent of the New York Heart Association (NYHA)
unctional class (our data, unpublished). In our own chronic

F population, at least 75% of patients admitted to expe-
iencing ED, regardless of the etiology of their HF (i.e.,
hether ischemic or nonischemic in origin). This suggests

hat HF itself, rather than simply atherosclerosis, contrib-
tes to the development of sexual dysfunction.

From the *Division of Cardiology, Department of Medicine, Cedars-Sinai Medical
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ngeles, California; and the †Division of Cardiology, Department of Internal
edicine, University of Texas Medical Branch, Galveston, Texas.
d
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Because atherosclerosis is a leading cause of HF, many
hared characteristics of these diseases have been linked to
D. Additionally, physiologic alterations specific to HF
ave been identified as important contributors to ED.
hysicians are increasingly faced with the challenge of
anaging CAD, HF, and ED simultaneously. As such, it is

mperative that we understand the common mechanisms of
hese disease processes and implications of their treatments.
he causes of ED in this population, as well as treatment
ptions, will be discussed in detail.

ATHOPHYSIOLOGY OF
RECTILE FUNCTION AND DYSFUNCTION

ormal sexual function occurs via a symphony of simulta-
eous interplay between psychologic, hormonal, vascular,
nd neurologic factors. Ultimately, erection is a vascular
henomenon, beginning with increased arterial flow into
he corpora cavernosa and spongiosum. Engorgement of
hese chambers eventually compresses venous outflow chan-
els, thereby enlarging and hardening the penis (1). Maxi-
al penile engorgement requires smooth muscle relaxation
ithin the vascular chambers (4). Nitric oxide (NO), pro-
uced by cavernosal nerves and vascular endothelium, is a
ey contributor to the decreased penile vascular tone essen-
ial to normal erectile function (4,5). Nitric oxide stimulates
denylate cyclase, which increases intracellular cyclic
uanosine monophosphate (cGMP) production (4). Cyclic
MP and cyclic adenosine monophosphate (cAMP) are the

rincipal mediators of erectile smooth muscle relaxation (6).
eurogenic NO results in acute vasodilation of the corpus

avernosum, and is therefore crucial to achieving erection,
hereas endothelially released NO plays a greater role in
aintaining an erection (7). Cyclic GMP metabolism,
ediated primarily by intracavernosal type 5 cGMP phos-

hodiesterase, revokes these vasodilatory effects, resulting in

etumescence (8).
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Alterations in any of the systems described can hinder the
bility to achieve and maintain an erection. Inadequate
ascular smooth muscle relaxation is the common final
athway leading to ED, and can be impaired by a number of
rganic and psychogenic conditions that alter the NO-
GMP pathway (7,9). Psychogenic factors such as stress, in
ddition to the treatment of certain psychologic conditions,
ay interfere with erectile function (10). Architectural

bnormalities such as a structural imbalance of trabecular
mooth muscle and connective tissue may hinder penile
ngorgement (11). An imbalance of vascular contractile
norepinephrine, endothelin, and prostanoids) and relax-
tion (vasointestinal polypeptide and NO) mediators can
lso disturb normal erectile function (12).

RECTILE DYSFUNCTION AS
MARKER OF CARDIAC DISEASE

therosclerosis is a systemic vascular disease and is the most
ommon cause of vasculogenic ED in older men (13,14).
rectile dysfunction shares several modifiable risk factors
ith cardiovascular disease, including atherosclerosis (15),
ypertension, hyperlipidemia, diabetes mellitus (16), smok-

ng (17), obesity, and sedentary lifestyle (18). Recent data
uggest that ED may be an indicator of underlying CAD,
nd vice versa.

Men with ED appear to be at higher risk of myocardial
nfarction and peripheral vascular disease (19,20). Among
atients with coronary artery disease, prevalence reports of
D have ranged from 42% to 75% (21–28). Montorsi et al.

eported the rate of ED in patients with CAD to be as high
s 42% to 57%. Conversely, the incidence of positive
xercise stress testing in patients with ED ranged from 5%
o 56% (14). Erectile function has also been correlated with
oronary plaque burden and number of diseased coronary
rteries (21,29).

The overlap between ED and CAD has developed some
nthusiasm for considering ED as penile angina, as well as
stimulus to initiate cardiac screening. Shamloul et al. (30)

eported penile peak systolic velocities less than 35 cm/s to
ave 100% specificity for predicting ischemic heart disease.
n patients with angiographically proven CAD and clinical
D, a study reported that 67% experienced symptoms of
D before coronary symptoms, with sexual symptoms

Abbreviations and Acronyms
ACE � angiotensin-converting enzyme
ARB � angiotensin-receptor blocker
CAD � coronary atherosclerotic disease
cGMP � cyclic guanosine monophosphate
ED � erectile dysfunction
HF � heart failure
NO � nitric oxide
NYHA � New York Heart Association
PDE-5 � phosphodiesterase-5
ccurring a mean of 38.8 months earlier. This incidence o
content.onlinejaDownloaded from 
ncreased to 100% in type I diabetes patients (22). More
ecently, analysis of generally healthy and active men com-
rising the placebo arm of the Prostate Cancer Prevention
rial found that the development of ED frequently pre-

eded development of coronary events, with an adjusted
azard ratio of 1.25 (confidence interval 1.02 to 1.53; p �
.04) for developing angina. Although atherosclerosis is a
ommon cause of HF, the development of ED did not
onfer similar predictive values for developing HF (31).

Endothelial dysfunction appears be a common link be-
ween ED and CAD. Because endothelial dysfunction is a
allmark of chronic HF, the overlap between ED and HF is
ot surprising. Whether endothelial dysfunction plays a role

n ED in nonischemic cardiomyopathy without atheroscle-
osis, however, is unknown. Alterations in the endothelial
-arginine–NO–mediated smooth muscle relaxation path-
ay have been demonstrated in atherosclerotic coronary

rteries of humans and animals (32–35). These findings are
imilar to those seen in the penile L-arginine–NO pathway
nd would support the concept that vasculogenic changes in
he penile vascular bed mirror those in the coronary arteries.
n fact, systemic endothelial-dependent vasodilation is de-
reased in men with ED (36,37). Because ED is associated
ith a high incidence of occult cardiovascular disease (28),

his might be even more pronounced in diabetic patients
ith coronary artery disease but without any cardiovascular

ymptoms.

ACTORS IN HEART FAILURE
ONTRIBUTING TO ERECTILE DYSFUNCTION

eart failure patients may experience ED for a variety of
easons, similarly to the general population. These include
nderlying atherosclerosis, traumatic injury, neurologic pa-
hology, hormonal deficiencies, medication side effects, and
sychogenic contributions. Additionally, HF is a disease
tate with unique social, psychologic, physiologic, and
rug-related consequences that may contribute to the high
ncidence of ED. The various causes and potential mecha-
isms of ED in this patient population have been summa-
ized in Table 1.
sychologic influences. Depression and anxiety are com-
on comorbid conditions in HF. In fact, cardiovascular

isease, ED, and depression have been described as a
utually reinforcing triad (38). It is unknown whether HF

nd/or ED causes depression or if these conditions develop
ndependently. Depressive symptoms may fluctuate with the
atural course of HF and may be due to the physical

imitations affecting daily activities as well as the poor
rognosis of many of these patients (39–41). Performance
nxiety and fear of death also play a role in sexual dysfunc-
ion (42). Further complicating matters, depression, and
nxiety are frequently treated with selective serotonin-
euptake inhibitors (SSRIs), which are well known to
dversely affect sexual function. Additionally, the condition

f ED may play a role in the genesis of depression and
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nxiety, and successful ED treatment may also improve
hese psychologic conditions.

ardiovascular exercise tolerance. Although difficult to
tandardize, the “average” coitus appears to expend approx-
mately 5 metabolic equivalents or is roughly comparable to
brisk walk up to two flights of stairs (43). Level of sexual

unction appears to have a significant link with the 6-min
alk test. Conversely, there is only a weak correlation with
YHA functional class and no relationship between sexual

erformance and ejection fraction (3). On the other hand,
atients in NYHA class IV may be unlikely to express sexual
esire owing to overwhelming symptoms of dyspnea. In
F, exercise capacity is limited by the inability to increase

eart rate and stroke volume beyond a submaximal stage of
xercise (44). Patients with chronic HF maintain increased
asoconstriction with decreased exercise-induced vasodila-
ion (45). Neurohormonal activation leads to lack of preload
esponse, impaired autonomic regulation, and increased
ascular resistance, all of which appear to contribute to the
lunted hemodynamic response to exercise seen in HF.
dditionally, severely reduced left ventricular function re-
uces cardiac capacity, which may further limit physical
xertion, including that required for satisfactory sexual
ntercourse.

therosclerosis. Atherosclerosis is a systemic disease, and
s the most common cause of cardiomyopathy in the U.S. It
lso accounts for approximately 40% of ED in men over 50
ears of age (15). Intimal hyperplasia and plaque deposition
an create focal stenosis of the common iliac, hypogastric, or
udendal arteries, thereby decreasing arterial inflow into the

able 1. Causes of Erectile Dysfunction in Patients With
eart Failure

Cause Mechanism

sychogenic
● Depression
● Performance Anxiety
● Treatment
● Fear

● Decreased libido
● Increased sympathetic tone
● Medications (i.e., SSRIs)

therosclerosis ● Decreased penile arterial inflow
● Endothelial dysfunction

mpaired cardiovascular
exercise tolerance

● Blunted heart rate response
● Blunted stroke volume

mpaired vasomotion ● Impaired endothelial-independent
vasodilation

● Endothelial dysfunction
● Increased endothelin 1
● Increased noradrenalin
● Decreased prostacyclin

edications
● Beta-adrenergic receptor

blockers (some)
● Digoxin

● Spironolactone
● Diuretics

● Unknown mechanism

● Corporal smooth muscle sodium-pump
inhibition

● Androgen suppression
● Unknown mechanism

SRIs � selective serotonin reuptake inhibitors.
enile corpora cavernosa (46). Additionally, atherosclerosis t
content.onlinejaDownloaded from 
s associated with endothelial dysfunction, which has also
een implicated in ED (as discussed in detail subsequently).
ltered vasomotion. Endothelial dysfunction has emerged

s a common link between coronary atherosclerosis and ED.
tudies evaluating whether or not NO production is altered

n HF are conflicting (46–52). It has been postulated that
ndothelial damage leads to decreased bioavailability of
ndothelium-derived NO, possibly via mRNA down-
egulation of endothelial NO synthase and cyclooxygenase.
uch a deficiency appears to be specific to the physiologic
tate of HF (53). Other theories link decreased NO bio-
vailability to underlying atherosclerosis, including alter-
tions in the L-arginine–NO pathway (32–35), conse-
uences of oxygen-derived free radicals (54), and cell surface
eceptor abnormalities at the G protein level (55).

Heart failure is also associated with an imbalance of
everal other circulating vasomodulators that work at the
ndothelial level. Increased levels of potent vasoconstrictors,
uch as endothelin, have been demonstrated in HF (56,57).
ndothelin 1 is thought to play a major role in maintaining

mooth muscle tone of the corpus cavernosa by inducing
ustained contractions in the corpus cavernosa and penile
essels (4,58). Endothelin may also modulate other contrac-
ile agents such as noradrenalin (59–61), cellular prolifera-
ion, and/or phenotypic expression (62). These changes are
ccompanied by a reduction in circulating vasodilators such
s prostacyclin (63). This imbalance of vasomodulators
avors vasoconstriction, thereby prohibiting the vascular
vents necessary to achieve and maintain adequate erection.

Heart failure patients also develop dysfunctional
ndothelium-independent vasodilatation (52,64). This may
esult from decreased arterial compliance, impaired respon-
iveness due to cGMP dysfunction, or altered NO diffusion
hrough the arterial wall (65–67). Coupled with endothelial
ysfunction, the effects of these changes may be amplified
linically.

RUG THERAPY IN HEART
AILURE AND ERECTILE DYSFUNCTION

everal of the medications used as cornerstone HF therapy
ave been implicated in causing or worsening ED. In
eneral, most of the studies are small and limited by the
nability to excise medication effects from the consequences
f underlying diseases such as HF, hypertension, and
therosclerosis. Treating HF may attenuate some of these
dverse physiologic adaptations, and it is expected that
mproving cardiac function would improve cardiac capacity.

owever, there are no data establishing whether or not
ffective HF treatment has beneficial, deleterious, or any net
ffect on sexual function.

igoxin. In an analysis of multiple cardiovascular medica-
ions, digoxin has had the highest association with complete
D (68), although the mechanism is not understood. Early

tudies described high serum estrogen, as well as lower

estosterone and luteinizing hormone with digoxin use
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69,70). More recent studies did not confirm these results
71–73). Other studies point to digoxin-associated corpo-
eal smooth muscle sodium-pump inhibition, which leads to
orporeal contraction and impaired NO-induced relaxation
68,74).

iuretics. Several diuretics have been associated with sex-
al dysfunction, although the mechanism again remains ill
efined (75). Specifically, the thiazides chlorthalidone and
ydrochlorothiazide have been associated with impaired
exual function (76,77). In one study, 10% to 20% of
atients taking thiazide diuretics experienced decreased
exual function (78). In another study, total sexual symptom
istress score worsened when hydrochlorothiazide was
dded to propranolol therapy. Conversely, patients taking
aptopril did not experience a change in sexual symptoms
ith the addition of hydrochlorothiazide (79). Spironolac-

one, the aldosterone antagonist currently used as standard
F therapy, has antiandrogen effects and thereby may cause

rectile failure, gynecomastia, and decreased libido (1).
hether or not these effects will be seen with the newer
ore selective mineralocorticoid receptor eplerenone re-
ains to be seen (80).
eta-adrenergic receptor blockers. Historically, beta-
lockers have been linked to depressed erectile function
75). Initial theories blamed decreased perfusion pressure
nd/or direct effects on smooth muscle, although the same
dverse sexual effects are not seen with alpha-adrenergic
eceptor blockers. In fact, alpha-blockers may actually im-
rove sexual dysfunction (81). Beta-blockers may also po-
entiate alpha-1 adrenoreceptor–mediated corporal smooth
uscle contraction, thereby interfering with erectile func-

ion (1). Propranolol use appears to be associated with
ignificant sexual dysfunction (79). More recently, carve-
ilol, the now preferred agent for beta-blocker therapy in
F patients, has also been implicated in sexual dysfunction.
recent study comparing carvedilol with the angiotensin-

eceptor blocker (ARB) valsartan demonstrated a decline in
exual activity within the carvedilol-treated group. How-
ver, this was in a hypertensive (not HF) population, and
atients with comorbidities such as diabetes mellitus and
oronary atherosclerosis were excluded. Additionally, it is
nknown if these data represent deleterious effects of
arvedilol or beneficial effects of valsartan (82).

Curiously, sexual side effects are not experienced by the
ajority of patients taking beta-blockers. Studies with both
etoprolol and atenolol have demonstrated neutral effects

n sexual function (76,83). In a study of 96 cardiovascular
atients, 31% reported ED after beginning atenolol and
eing informed of its possible adverse sexual side effects.
owever, only 3% of men who were similarly treated

eported ED when they were blinded to the study drug,
uggesting that ED with beta-blockers is related to patient
nowledge of these potential side effects (84). The disparate
esults of these varied beta-blockers and dosages may be
elated, at least in part, to separate actions on peripheral

tructures and the central nervous system (85). i

content.onlinejaDownloaded from 
In our own experience, however, several HF patients who
xperienced reduced libido, ED, and even depression while
eing treated with metoprolol (as, in the past, with atenolol)
howed improved erections after being switched to carve-
ilol. This may be due to improved contractile function in
ddition to the alpha-blocking properties and the resultant
mproved perfusion.

ngiotensin-converting enzyme inhibitors and angiotensin-
eceptor blockers. The impact of angiotensin-converting
nzyme (ACE) inhibitors and ARBs on ED is equally
lusive. Angiotensin-converting enzyme inhibitors, particu-
arly captopril, have been associated with improved sexual
unction (86,87). Although some supporters attribute these
enefits to improved cardiac function, there are insufficient
ata to support this. There is an even greater paucity of data
egarding the effects of the newer ARBs on sexual function.

Japanese study reported that hypertensive patients �65
ears of age experienced improved sexual function when
witched from a calcium-channel blocker to candesartan
88). When the ARB valsartan was compared with the
eta-blocker carvedilol, long-term therapy with valsartan
as associated with improved sexual activity (82). Dusing

89) confirmed these results when he reported improved
rgasmic function, intercourse, and overall sexual satisfac-
ion in hypertensive patients treated for 6 months with
alsartan. Once again, data specific to the HF population
re lacking. In our own patients, we have frequently replaced
CE inhibitors with ARBs and have achieved mixed

esults.

REATING ERECTILE DYSFUNCTION
N THE HEART FAILURE PATIENT

afe sex in heart failure. In general, the metabolic de-
ands of sexual activity are modest. The safety of engaging

n sex, similarly to other physical activities, depends on the
ardiovascular reserve of the patient. The Second Princeton
onsensus Conference offers guidelines to assessing the risk
f sexual activity in all cardiac patients, including the HF
atient. Patients whose symptoms are NYHA class I are not
onsidered to be at increased risk of coitus-induced cardio-
ascular events. Those patients with NYHA class II symp-
oms are classified as “intermediate/indeterminate” risk of
xacerbating symptoms during sexual activity and should be
roperly assessed and rehabilitated so that they can be
estratified into the “low- or high-risk” category before
exual activity. Although the exact risk is not known, HF
atients with NYHA class III or IV symptoms are consid-
red to be at “high-risk” for further decompensation with
exual activity. Under these guidelines, high-risk patients
hould be treated and stabilized before engaging in coitus
90). Even more in diabetic patients with HF and CAD, it
s recommended not only to stabilize the cardiac condition
ut also to exclude silent myocardial ischemia before resum-

ng sexual activity or starting treatment for ED.
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Importantly, the aforementioned guidelines are based
n current knowledge of pathophysiologic demands of
exual activity and physiologic alterations of HF but not
n randomized controlled trials. In our own experience
ith patients with stable NYHA class III symptoms, we
ave recommended ED therapy, if warranted, and have seen
atisfactory results, whether patients were treated with
hosphodiesterase-5 (PDE-5) inhibitors or even with im-
lantable devices (as described subsequently).

anaging heart failure. Intuitively, the first goal for
reating patients with HF and ED is to optimize HF
herapy, as endorsed by the newly updated American
ollege of Cardiology/American Heart Association guide-

ines (91). Improved cardiac status may reduce symptoms,
mprove exercise capacity, and decrease depression, thereby
econdarily improving sexual activity. Several studies have
emonstrated improved endothelial function in HF patients
eceiving various medical therapies, including ACE inhib-
tors, ARBs, statins, and dobutamine therapy (92–96). This

ay be due to the medications themselves and/or physio-
ogic shifts from cardiac compensation. One would expect
hat improvement in such endothelial function would im-
rove erectile function.
Next, cardiologists should inquire about sexual function

nd its role in the individual patient’s life, because this is
nfortunately not standard care in the primary care (or most
ardiologists’) practice. If clinically feasible, drugs with
otential adverse sexual side effects should be discontinued
r replaced. The practices we have included in our own
ultidisciplinary sexual health clinic (for high-risk cardiac

atients) include avoiding digoxin and thiazide diuretics as
ell as replacing beta-blockers such as propranolol with

arvedilol (owing to its additional alpha-blocking effects).
dditionally, we would recommend replacing spironolac-

one with eplerenone, because one would expect the more
elective agent to have less antiandrogen effects. After the
receding adjustments have been made, we would then
ecommend a more specific approach to ED.
hosphodiesterase-5 inhibitors in heart failure. Silde-
afil citrate (Viagra) was the first oral drug approved for ED

n the U.S. The newer PDE-5 inhibitors vardenafil (Lev-
tra) and tadalafil (Cialis) appear to be as effective as
ildenafil (65–69). By inhibiting type 5 phosphodiesterase,
he PDE-5 inhibitors enhance cGMP-NO–mediated vaso-
ilatation by preventing PDE-5 catabolism of cGMP and
hereby delaying detumescence. The PDE-5 inhibitors
ncrease the number and duration of erections as well as the
ercentage of successful sexual intercourse (97,98).
The American College of Cardiology and the American
eart Association expressed concerns in their 1999 consen-

us document regarding the lack of cardiovascular safety
ata from controlled clinical trials of sildenafil in men who
ad ED and congestive HF. Initially, HF was listed as a
elative contraindication for the use of sildenafil, owing to
oncerns of concomitant use of other vasodilators that could

esult in significant hypotension, but perhaps more owing d

content.onlinejaDownloaded from 
o lack of data in the HF population (99). Subsequently,
multicenter, prospective, randomized, double-blind, placebo-
ontrolled, flexible-dose trial demonstrated that flexible dos-
ng of sildenafil from 25 to 100 mg was well tolerated,
mproved erectile function, and increased sexual satisfaction
n ambulatory subjects with mild to moderate (congestive)

F (100). These findings echoed the results of 2 earlier
maller investigations (101,102).

Also of interest are potential hemodynamic benefits of
ildenafil in the HF patient. Despite initial concerns that
ildenafil-induced vasodilation may provoke a reflex tachy-
ardia, this has not been substantiated in clinical trials.
occhi et al. (101) studied several hemodynamic parameters

n HF patients treated with sildenafil during the 6-min walk
est and maximal exercise testing. Sildenafil decreased heart
ate response throughout the 6-min walk test and increased
he total exercise time. Basal blood pressure was slightly
ower before either test, but there was no difference during
xercise. In their study of sildenafil use in HF patients,

ebster et al. (102) found no significant change in blood
ressure or heart rate from baseline. More recently, a small
tudy by Hirata et al. (103) further confirmed that sildenafil
se decreased heart rate acutely. Additionally, they reported
significant increase in cardiac index (by 0.37 l/min � m2),
hich is likely due to the observed reduction in total

ystemic resistance. Another potential hemodynamic benefit
f sildenafil in HF is that at low doses, it has been shown to
ncrease endothelium-dependent flow-mediated vasodila-
ion (104).

There are, however, some remaining concerns that have
een raised regarding the long-term effects of sildenafil use
n HF. Chronic use of milrinone, a PDE-3 inhibitor, has
een associated with increased mortality in patients with
oderate to severe CHF (105). There is a theoretical risk

hat long-term use of PDE-5 inhibitors, because they cause
ome degree of PDE-3 inhibition as well, also may prove to
e harmful. However, because sildenafil is highly selective
or PDE-5 inhibition, it would seem unlikely to signifi-
antly alter myocellular cAMP levels as is seen with long-
erm milrinone use. Previous experiments evaluating the
ffects of PDE-5 inhibition on levels of cyclic nucleotides
nd cardiac contractility have been inconsistent, likely ow-
ng to differing species, pharmacologic agents, and doses.
vailable clinical data in patients with ischemic heart
isease, HF, and primary pulmonary hypertension demon-
trate systemic vasodilation without clear chronotropic and
notropic effects (106).

Although the newer PDE inhibitors vardenafil and
adalfil may not pose additional cardiac risks, no clinical
afety data on their use is available in the HF patient
opulation. As of now, we preferably recommend sildenafil,
nd sometimes vardenafil, for safe use in chronic stable HF
atients. In general, tadalafil should be avoided owing to its

onger half-life. We usually start low-dose sildenafil at 25 to
0 mg, with repeated use on separate days, and eventual

ose increments up to 100 mg. All of the PDE-5 inhibitors
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otentiate the hypotensive effects of nitrates and are con-
raindicated with concomitant nitrate or other NO donator
se (nitroprusside, molsidomine) (6).
In general, most HF patients are initially successfully

reated with PDE-5 inhibitors, whereby success in clinical
tudies is measured as improvement of erections or other
arkers, such as the International Index of Erectile Func-

ion score. In follow-up of our own patients, however, only
0% to 40% of patients remain on PDE-5 inhibitors long
erm and might seek further ED treatment (such as surgical
lternatives) in the future.

ther oral therapy. Currently, there are no data support-
ng the efficacy of nutritional supplements, herbal therapy,
r vitamins in the treatment of ED in the general or HF
opulation (107). Other commonly seen oral drugs for the
reatment of ED are apomorphine (Apokyn, Uprima) and
ohimbine (Yocon). Apomorphine is centrally acting and
as shown mild clinical efficacy in treatment of ED (108);
owever, it is currently unavailable in the U.S. Yohimbine is
n alpha-2 receptor blocker with limited efficacy in the
reatment of ED (109). Its use is not recommended in the

F patient owing to its cardiovascular side effects, including
achycardia and hypertension.

ther traditional ED therapy. In the HF population, there
re currently no known adverse cardiovascular effects to andro-
en replacement therapy when indicated, intraurethral sup-
ositories, penile prosthesis, or vacuum-assist erection de-
ices. However, penile injection therapies (and sometimes
acuum device therapy) have some risks in HF patients who
re on chronic anticoagulation. Although no large-scale
ata have reported severe bleeding episodes in patients
aking aspirin and clopidogrel, patients treated with warfa-
in would not be ideal candidates for these therapies owing
o increased bleeding risks. In general, these therapies are
est guided by the expertise of a urologist in close collabo-
ation with the patient’s cardiologist (110).
urgical management of ED. Penile revascularization sur-
ery is another treatment alternative for ED resulting from
iscrete localized arterial lesions. However, only a minority
f ED patients have suitable vascular anatomy, and finding
vascular surgeon experienced in this uncommon procedure

an prove to be difficult. Unfortunately, many urologists are
eluctant to perform such elective surgeries in the HF
atient, and long-term results are not very convincing.
urgical implants of penile prostheses are usually a last
esort for men who have failed all other medical and
emi-invasive treatments (111,112). These may, however,
epresent a viable alternative in otherwise untreatable ED in
he HF population, as long as these patients are in opti-
ized and stable cardiac condition. In our own HF patients,
e are referring increasing number of patients for device

mplantation with good and satisfactory success rates. Even
hough it is an invasive surgical procedure, penile implant
herapy as a last resort of ED treatment has been shown to
ave the highest success and satisfaction rates (113), even in

ur own HF population. p

content.onlinejaDownloaded from 
Finally, percutaneous transluminal angioplasty (PTA), is
merging as a potential treatment modality for patients with
ocal atherosclerotic lesions of the hypogastric (internal
liac), common iliac, or pudendal arteries. Few and small
tudies have reported success rates of 57% to 84% with
esolution of ED after PTA of the common and external/
nternal iliac arteries as well as of the internal pudendal
rteries (114–116). Randomized controlled studies are re-
uired to establish the definitive role of PTA in the
reatment of arteriogenic impotence. At this time, it is a
otential future treatment option for a select group of
atients. This may become a suitable alternative for HF
atients, because it would avoid the cardiovascular risks of
eneral anesthesia.

REATING DEPRESSION

sychologic counseling aids symptoms of depression and
ay thereby improve sexual function. However, as men-

ioned, many of the newer and more effective antidepres-
ants, such as the selective serotonin reuptake inhibitors, can
ecrease libido and/or worsen erectile function (117). Con-
ersely, trazodone, clomipramine, and other tricyclic anti-
epressants may cause delayed or retarded ejaculation,
hich would benefit men suffering from premature ejacu-

ation (41,118). A small study demonstrated that HF
atients with ED who were treated with sildenafil had
mprovement in depression scores during the treatment
eriod (102). This finding further emphasizes the impor-
ance of the HF-ED-depression triad. The net effect of
reating depression with potentially sexually deleterious
edications remains unknown. An ethically reasonable

pproach is to adequately treat depression and then to
ounteract medication side effects with the use of PDE-5
nhibitors if necessary.

EXUAL COUNSELING

atients may become noncompliant with their HF medical
egimen, fearing that such medications cause or worsen
exual function. Many cardiac patients are uncomfortable
iscussing sexual function (119), despite their informational
eeds and desire to discuss their sexual health (119,120). To
ispel fear and anxiety, couples should receive information
bout the physiologic requirements of sexual activity, the
athophysiology of HF (including its treatment) relative to
exual function, and the psychologic sequelae of HF. Al-
hough the literature describes HF patients as reluctant to
iscuss sexual function, it has been our own experience that
hen approached by their physician, patients are welcoming

nd appreciative of the opportunity to discuss this topic and
xplore treatment options.

UTURE TREATMENTS

he Rho A/Rho kinase pathway is emerging as a novel

layer in the regulation of penile erection, and future
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nvestigations may further define its role in ED and HF
121). Neovascularization is another emerging therapy for
he treatment of arteriogenic ED. Intracavernosal injection
f vascular growth factors has been demonstrated in animal
odels and may eventually become another therapeutic

ption (122). Further clinical studies with selective endo-
helin antagonists should be considered, given their estab-
ished elevation in HF and causative role in ED. Gene
herapy may also play a future role; studies are currently
eing conducted in animals with gene transfer of endothelial
O synthase to the penises of aged rats (123).

ONCLUSIONS

rectile dysfunction is highly prevalent among HF patients,
nd can significantly and adversely affect quality of life.
rectile dysfunction, CAD, and HF share risk factors as
ell as underlying disease mechanisms, such as atheroscle-

osis and endothelial dysfunction. Additionally, there are
nique sequelae to HF that may also contribute to ED,
ncluding depression, neurohormonal changes, an imbal-
nce of circulating vasomodulators, reduced cardiac capac-
ty, and potential adverse effects of HF medical therapy.
reatment with sildenafil is a safe option, but safety data on

he newer PDE-5 inhibitors are lacking in the HF popula-
ion. Despite the unique issues of sexual dysfunction in the
etting of HF, most patients are not receiving adequate
ounseling in this matter. By raising physician and patient
wareness of this common and important issue, we create
he opportunity to further impact our patients’ lives in a
eaningful and positive way.

eprint requests and correspondence: Dr. Ernst R. Schwarz,
epartment of Medicine, Division of Cardiology, Cedars-Sinai
edical Center, 8700 Beverly Blvd., Suite 6215, Los Angeles,
alifornia 90048. E-mail: ernst.schwarz@cshs.org.

EFERENCES

1. Lue TF. Erectile dysfunction. N Engl J Med 2000;342:1802–13.
2. Araujo AB, Mohr BA, McKinlay JB. Changes in sexual function in

middle-aged and older men: longitudinal data from the Massachu-
setts Male Aging Study. J Am Geriatr Soc 2004;42:1502–9.

3. Jaarsma T, Dracup K, Walden J, Stevenson LW. Sexual function in
patients with advanced heart failure. Heart Lung 1996;25:262–70.

4. Andersson KE, Wagner G. Physiology of penile erection. Physiol
Rev 1995;75:191–236.

5. Burnett AL, Lowenstein CJ, Bredt DS, Chang TS, Snyder SH.
Nitric oxide: a physiologic mediator of penile erection. Science
1992;257:401–3.

6. Kloner RA. Cardiovascular effects of the 3 phosphodiesterase-5
inhibitors approved for the treatment of erectile dysfunction. Circu-
lation 2004;110:3149–55.

7. Melman A, Gingell JC. The epidemiology and pathophysiology of
erectile dysfunction. J Urol 1999;161:5–11.

8. Jeremy JY, Ballard SA, Naylor AM, et al. Effects of sildenafil, a
type-5 cGMP phosphodiesterase inhibitor, and papaverine on cGMP
and cAMP levels in the rabbit corpus cavernosum in vitro. Br J Urol
1997;79:958–63.

9. Gillon G, Barnea O. Erection mechanism of the penis: a model based
analysis. J Urol 2002;168:2711–5.
10. Rosen RC. Psychogenic erectile dysfunction. Classification and
management. Urol Clin North Am 2001;28:269–78.

content.onlinejaDownloaded from 
11. Shabsigh R, Anastasiadis AG. Erectile dysfunction. Annu Rev Med
2003;54:153–68.

12. Maas R, Schwedhelm E, Albsmeier J, Boger RH. The pathophysi-
ology of erectile dysfunction related to endothelial dysfunction and
mediators of vascular function. Vasc Med 2002;7:213–25.

13. Russell S, Nehra A. The physiology of erectile dysfunction. Herz
2003;28:277–83.

14. Montorsi P, Ravagnani PM, Galli S, et al. Common grounds for
erectile dysfunction and coronary artery disease. Curr Opin Urol
2004;14:361–5.

15. Kaiser FE, Viosca SP, Morley JE, Mooradian AD, Davis SS,
Korenman SG. Impotence and aging: clinical and hormonal factors.
J Am Geriatr Soc 1988;36:511–9.

16. Seftel AD, Sun P, Swindle R. The prevalence of hypertension,
hyperlipidemia, diabetes mellitus and depression in men with erectile
dysfunction. J Urol 2004;171:2341–5.

17. Shabsigh R, Fishman IJ, Schum C, Dunn JK. Cigarette smoking and
other vascular risk factors in vasculogenic impotence. Urology 1991;
38:227–31.

18. Derby CA, Mohr BA, Goldstein I, Feldman HA, Johannes CB,
Mckinlay JB. Modifiable risk factors and erectile dysfunction: can
lifestyle changes modify risk? Urology 2000;56:302–6.

19. Blumentals WA, Gomez-Caminero A, Joo S, Vannappagari V. Is
erectile dysfunction predictive of peripheral vascular disease? Aging
Male 2003;6:217–21.

20. Blumentals WA, Gomez-Caminero A, Joo S, Vannappagari V.
Should erectile dysfunction be considered as a marker for acute
myocardial infarction? Results of a retrospective cohort study. Int J
Impot Res 2004;16:350–3.

21. Solomon H, Man JW, Wierzbicki AS, Jackson G. Relation of erectile
dysfunction to angiographic coronary artery disease. Am J Cardiol
2003;91:230–1.

22. Montorsi F, Briganti A, Salonia A, et al. Erectile dysfunction
prevalence, time of onset and association with risk factors in 300
consecutive patients with acute chest pain and angiographically
documented coronary artery disease. Eur Urol 2003;44:360–4.

23. Wabrek AJ, Burchell RC. Male sexual dysfunction associated with
coronary artery disease. Arch Sex Behav 1980;9:69–75.

24. Diokno AC, Brown MB. Herzog AR. Sexual function in elderly.
Arch Intern Med 1990;150:197–200.

25. Dhabuwala CB, Kumar A, Pierce JM. Myocardial infarction and its
influence on male sexual dysfunction. Arch Sex Behav 1986;15:499–
504.

26. Kloner RA, Mullin SH, Shook T, et al. Erectile dysfunction in the
cardiac patient: how common and how should we treat? J Urol
2003;170:S46–50.

27. Pritzker MR. The penile stress test: a window to the hearts of man
(abstr)? Circulation 1999;100 Supp 1:1–711.

28. Solomon H, Man J, Wierzbicki AS, O’Brien T, Jackson G. Erectile
dysfunction: cardiovascular risk and the role of cardiologist. Int J Clin
Pract 2003;57:96–9.

29. Greenstein A, Chen J, Matzkin H, Villa Y, Braf Z. Does severity of
ischemic coronary disease correlate with erectile dysfunction? Int J
Impot Res 1997;9:123–6.

30. Shamloul R, Ghanem HM, Salem A, et al. Correlation between
penile duplex findings and stress electrocardiography in men with
erectile dysfunction. Int J Impot Res 2004;16:235–7.

31. Thompson IM, Tangen CM, Goodman PJ, Probstfield JL, Moin-
pour CM, Coltman CA. Erectile dysfunction and subsequent car-
diovascular disease. JAMA 2005;294:2996–3002.

32. Ludmer P, Selwyn A, Shook TL, et al. Paradoxical vasoconstriction
induced by acetylcholine in atherosclerotic coronary arteries. N Eng
J Med 1986;315:1046–51.

33. Bossaller C, Habib GB, Yamamoto H, Williams C, Wells S, Henry
PD. Impaired muscarinic endothelium-dependent relaxation and
cyclic guanosine-5=-monophosphate formation in atherosclerotic hu-
man coronary artery and rabbit aorta. J Clin Invest 1987;79:170–4.

34. Chester AH, O’Neil GS, Moncada S, Tadjkarimi S, Yacoub MH.
Low basal and stimulated release of nitric oxide in atherosclerotic
epicardial coronary arteries. Lancet 1990;336:897–900.

35. Nabel EG, Selwyn AP, Ganz P. Large coronary arteries in humans
are responsive to changing blood flow: an endothelium-dependent
mechanism that fails in patients with atherosclerosis. J Am Coll

Cardiol 1990;16:349–56.

 by on August 9, 2008 cc.org

http://content.onlinejacc.org


1118 Schwarz et al. JACC Vol. 48, No. 6, 2006
Heart Failure and ED September 19, 2006:1111–9
36. Yavuzgil O, Altay B, Zoghi M, Gurgun C, Kayikcioglu M, Kultursay
H. Endothelial function in patients with vasculogenic erectile dys-
function. Int J Cardiol 2005:103:19–26.

37. Kaiser DR, Billups K, Mason C, Wetterling R, Lundberg JL, Bank AJ.
Impaired brachial artery endothelium-dependent and -independent va-
sodilation in men with erectile dysfunction and no other clinical
cardiovascular disease. J Am Coll Cardiol 2004;43:179–84.

38. Goldstein I. The mutually reinforcing triad of depressive symptoms,
cardiovascular disease, and erectile dysfunction. Am J Cardiol 2000;
86:41F–5F.

39. Seidman SN, Roose SP. The relationship between depression and
erectile dysfunction. Curr Psychiatry Rep 2000;2:201–5.

40. Cleland JG, Wang M. Depression and heart failure: not yet a target
for therapy? Eur Heart J 1999;20:1529–31.

41. Majani G, Pierobon A, Giardini A, et al. Relationship between
physiological profile and cardiological variables in chronic heart
failure: the role of patient subjectivity. Eur Heart J 1999;20:1579–86.

42. Friedman S. Cardiac disease, anxiety and sexual functioning. Am J
Cardiol 2000;86:46F–50F.

43. Larson JL, McNaughton MW, Kennedy JW, Mansfield LW. Heart
rate and blood pressure responses to sexual activity and a stairclimb-
ing test. Heart Lung 1980;9:1025–30.

44. Meiler SE, Ashton JJ, Moeschberger ML, Unverferth DV, Leier CV.
An analysis of the determinants of exercise performance in congestive
heart failure. Am Heart J 1987;113:1207–17.

45. Zelis R, Mason DT, Braunwald E. A comparison of the effects of
vasodilator stimuli on peripheral resistance vessels in normal subjects
and in patients with congestive heart failure. J Clin Invest 1968;47:
960–70.

46. Virag R, Bouilly P, Frydman D. Is impotence an arterial disorder? A
study of arterial risk factors in 440 impotent men. Lancet 1985;1:
181–4.

47. Drexler H, Hayoz D, Munzel T, et al. Endothelial function in
chronic congestive heart failure. Am J Cardiol 1992;69:1596–601.

48. Elsner D, Muntze A, Kromer EP, Riegger GA. Systemic vaso-
constriction induced by inhibition of nitric oxide synthesis is
attenuated in conscious dogs with heart failure. Cardiovasc Res
1991;25:438 – 40.

49. Kubo SH, Rector TS, Bank AJ, et al. Lack of contribution of nitric
oxide to basal vasomotor tone in heart failure. Am J Cardiol 1994;
74:1133–6.

50. Habib F, Dutka D, Crossman D, Oakley CM, Cleland JG. En-
hanced basal nitric oxide production in heart failure: another failed
counterregulatory vasodilator mechanism? Lancet 1994;344:371–3.

51. Winlaw DS, Smythe GA, Keogh AM, Schyvens CG, Spratt PM,
Macdonald PS. Increased nitric oxide production in heart failure.
Lancet 1994;344:373–4.

52. Maguire SM, Nugent AG, McGurk C, Johnston GD, Nicholls DP.
Abnormal vascular responses in human chronic cardiac failure are
both endothelium dependent and endothelium independent. Heart
1998;80:141–5.

53. Smith CJ, Sun D, Hoegler C, et al. Reduced gene expression in
vascular endothelium NO synthase and cyclooxygenase-1 in heart
failure. Circ Res 1996;78:58–64.

54. Stewart DJ, Pohl U, Bassenge E. Free radicals inhibits endothelium-
dependent dilation in the coronary resistance bed. Am J Physiol
1988;255:H765–9.

55. Boger RH, Bode-Boger SM, Frolich JC. The L-arginine–nitric oxide
pathway: role in atherosclerosis and therapeutic implications. Ath-
erosclerosis 1996;127:1–11.

56. McMurray JJ, Ray SG, Abdullah I, Dargie HJ, Morton JJ. Plasma
endothelin in chronic heart failure. Circulation 1992;85:1374–9.

57. Wei CM, Lerman A, Rodeheffer RJ, et al. Endothelin in human
congestive heart failure. Circulation 1994;89:1580–6.

58. Becker AJ, Uckert S, Steif CG, Truss MC, Hartmann U, Jonas U.
Systemic and cavernosal plasma levels of endothelin (1–21) during
different penile conditions in healthy males and patients with erectile
dysfunction. World J Urol 2001;19:371–6.

59. Holmquist F, Andersson KE, Hedlund H. Actions of endothelin on
isolated corpus cavernosum from rabbit and man. Acta Physiol Scand
1990;139:113–22.

60. Christ GJ, Lerner SE, Kim DC, Melman A. Endothelin-1 as a

putative modulator of erectile dysfunction I: characteristics of con-
traction of isolated corporal tissue strips. J Urol 1995;153:1998–2003.

content.onlinejaDownloaded from 
61. Kim DC, Gondre CM, Christ GJ. Endothelin-1-induced modula-
tion of contractile responses elicited by an alpha 1-adrenergic agonist
on human corpus cavernosum smooth cells. Int J Impot Res 1996;8:
17–24.

62. Zhao W, Christ GJ. Endothelin-1 as putative modulator of erectile
dysfunction II: calcium mobilization in cultured human corporal
smooth muscle cells. J Urol 1995;154:1571–9.

63. Busse R, Hecker M, Fleming I. Control of nitric oxide and
prostacyclin synthesis in endothelial cells. Arzneimittelforschung
1994;44:392–6.

64. Nakamura M, Yoshida H, Arakawa N, Mizunuma Y, Makita S,
Hiramori K. Endothelium-dependent vasodilation is not selectively
impaired in patients with chronic heart failure secondary to valvular
heart disease and congenital heart disease. Eur Heart J 1996;17:
1875–81.

65. Longhurst J, Capone RJ, Zelis R. Evaluation of skeletal muscle
capillary basement membrane thickness in congestive heart failure.
Chest 1975;67:195–8.

66. Wroblewski H, Kastrup J, Nogaard T, Mortensen SA, Haunso S.
Evidence of increased microvascular resistance and arteriolar hyali-
nosis in skin in congestive heart failure secondary to dilated cardio-
myopathy. Am J Cardiol 1992;69:769–74.

67. Tsutamoto T, Kanamori T, Morigami N, Sugimoto Y, Yamaoka O,
Kinoshita M. Possibility of down regulation of atrial natriuretic factor
receptor coupled to guanylate cyclase in peripheral vascular beds of
patients with chronic severe heart failure. Circulation 1993;87:70–5.

68. Gupta S, Salimpour P, Saenz de Tejada I, et al. A possible
mechanism for alteration of human erectile function by digoxin:
inhibition of corpus cavernosum sodium/potassium adenosine
triphosphate activity. J Urol 1998;159:1529–36.

69. Stoffer SS, Hynes KM, Jiang NS, Ryan RJ. Digoxin and abnormal
serum hormone levels. JAMA 1973;225:1643–4.

70. Neri A, Zukerman Z, Aygen M, Lidor Y, Kaufman H. The effect of
longterm administration of digoxin on plasma androgens and sexual
dysfunction. J Sex Mar Ther 1987;13:58–63.

71. Kley HK, Muller A, Peerenboom H, Kruskemper H. Digoxin does
not alter plasma steroid level in healthy men. Clin Pharmacol Ther
1982;32:12–7.

72. Kley HK, Abendroth H, Hehrmann R, Muller A, Keck E, Schneitler
H. No effect of digitalis on sex and adrenal hormones in healthy
subjects and in patients with congestive heart failure. Klin Wochen-
schr 1984;62:65–73.

73. Bellmann O, Ochs HR, Knuchel M, Greenblatt DJ. Evaluation of
hypothalamus-pituitary effects of digoxin. J Clin Pharmacol 1984;24:
474–9.

74. Gupta S, Moreland RB, Munarriz R, Daley J, Goldstein I, Saenz de
Tejada I. Possible role of Na-K-ATPase in the regulation of human
corpus cavernosum smooth muscle contractility by nitric oxide. Br J
Pharmacol 1995;116:2201–6.

75. Dusing R. Sexual dysfunction in male patients with hypertension:
influence of antihypertensive drugs. Drugs 2005;65:773–86.

76. Wassertheil-Smoller S, Blaufox MD, Oberman A, et al. Effect of
antihypertensives on sexual function and quality of life: the TAMI
study. Ann Intern Med 1991;114:613–20.

77. Scharf M, Mayleben DW. Comparative effects of prazosin and
hydrochlorothiazide on sexual function in hypertensive men. Am J
Med 1989;86:110–2.

78. Buffum J. Pharmosexology update: prescription drugs and sexual
function. J Psychoactive Drugs 1986;18:97–106.

79. Croog SH, Levine S, Sudilovsky A, Baume R, Clive J. Sexual
symptoms in hypertensive patients. Arch Intern Med 1988;148:
788 –94.

80. Menard J. The 45 year story of the development of an antialdosterone
more specific than spironolactone. Mol Cell Endocrinol 2004;217:
45–52.

81. Grimm HR, Grandits GA, Svendsen K. TOMHS Research Group.
Incidence and disappearance of erectile problems in men treated with
for stage I hypertension: the Treatment of Mild Hypertension Study
(TOMHS) (abstr). Eur Urol 1996;30 Suppl 2:26.

82. Fogari R, Zoppi A, Poletti L, Marasi G, Mugellini A, Corradi L.
Sexual activity in hypertensive men treated with valsartan or carve-
dilol: a crossover study. Am J Hypertens 2001;14:27–31.

83. Franzen D, Metha A, Seifert N, Braun M, Hopp HW. Effects of

beta-blockers on sexual performance in men with coronary heart

 by on August 9, 2008 cc.org

http://content.onlinejacc.org


1

1

1

1

1

1

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1119JACC Vol. 48, No. 6, 2006 Schwarz et al.
September 19, 2006:1111–9 Heart Failure and ED
disease. A prospective randomized and double blinded study. Int J
Impot Res 2001;13:348–51.

84. Silvestri A, Galleta P, Cerquetani E, et al. Report of erectile
dysfunction after therapy with beta blockers is related to patient
knowledge of the side effects and is reversed by placebo. Eur Heart J
2003;24:1928–32.

85. Neil-Dwyer G, Bartlett J, Mcainsh J, Cruickshank JM. Beta
blockers and the blood brain brain barrier. Br J Clin Pharmacol
1981;11:549 –53.

86. Croog SH, Levine S, Testa MA, et al. The effects on antihyperten-
sive therapy on quality of life. N Engl J Med 1986;314:1657–64.

87. DiBianco R. A large scale trial of captopril for mild to moderate heart
failure in the primary care setting. Clin Cardiol 1991;14:676–82.

88. Yamamoto S, Kawashima T, Kunitake T, Koide S, Fujimoto H. The
effects of replacing dihydropyridine calcium-channel blockers with
angiotensin II receptor blocker on the quality of life in hypertensive
patients. Blood Press Suppl 2003;2:22–8.

89. Dusing R. Effect of the angiotensin II antagonist valsartan on sexual
function in hypertensive men. Blood Press Suppl 2003;2:29–34.

90. Kostis JB, Jackson G, Rosen R, et al. Sexual dysfunction and cardiac
risk (the Second Princeton Consensus Conference). Am J Cardiol
2005;96:313–21.

91. Holmquist F, Andersson KE, Hedlund H. Actions of endothelin on
isolated corpus cavernosum from rabbit and man. Acta Physiol Scand
1990;139:113–22.

92. Hornig B, Arakawa N, Haussmann D, Drexler H. Differential effects
of quinaprilat and enalaprilat on endothelial function of conduit
arteries in patients with chronic heart failure. Circulation 1998;98:
2842–8.

93. Anderson TJ, Elstein E, Haber H, Charbonneau F. Comparative
study of ACE-inhibition, angiotensin II antagonism, and calcium
channel blockade on flow-mediated vasodilation in patients with
coronary disease. J Am Coll Cardiol 2000;35:60–6.

94. Joannides R, Bizet-Nafeh C, Constentin A, et al. Chronic ACE
inhibition enhances the endothelial control of arterial mechanics and
flow-dependent vasodilation in heart failure. Hypertension 2001;38:
1446–50.

95. Trochu JN, Mital S, Zhang X, et al. Preservation of NO production
by statins in the treatment of heart failure. Cardiovasc Res 2003;60:
250–8.

96. Patel MB, Kaplan IV, Patni RN, et al. Sustained improvement in
flow-mediated vasodilation after short-term administration of dobut-
amine in patients with severe congestive heart failure. Circulation
1999;99:60–4.

97. Boolell M, Gepi-Attee S, Gingell JC, Allen MJ. Sildenafil, a novel
effective oral therapy for male erectile dysfunction. Br J Urol 1996;
78:257–61.

98. Fink HA, MacDonald R, Ruths IR, Nelson DB, Wilt TJ. Sildenafil
for male erectile dysfunction. A systematic review and meta-analysis.
Arch Intern Med 2002;162:1349–60.

99. Cheitlin MD, Hutter AM Jr., Brindis RG, et al. ACC/AHA expert
consensus document: use of sildenafil (Viagra) in patients with
cardiovascular disease. J Am Coll Cardiol 1999;33:273–82.

00. Katz SD, Parker JD, Glasser DB, et al. Efficacy and safety of
sildenafil citrate in men with erectile dysfunction and chronic heart
failure. Am J Cardiol 2005;95:36–42.

01. Bocchi EA, Guimaraes G, Mocelin A, Bacal F, Bellotti G, Ramires
JF. Sildenafil effects on exercise, neurohormonal activation, and
erectile dysfunction in congestive heart failure. Circulation 2002;106:
1097–103.

02. Webster LJ, Michelakis ED, Davis T, Archer SL. Use of sildenafil
for safe improvement of erectile dysfunction and quality of life in men
with New York Heart Association classes II and III congestive heart

failure: a prospective, placebo-controlled, double-blind crossover
trial. Arch Intern Med 2004;164:514–20.

content.onlinejaDownloaded from 
03. Hirata K, Adji A, Vlachopoulos C, O’Rourke MF. Effect of sildenafil
on cardiac performance in patients with heart failure. Am J Cardiol
2005;96:1436–40.

04. Katz SD, Balidemaj K, Homma S, Wu H, Wang J, Maybaum S.
Acute type 5 phosphodiesterase inhibition with sildenafil enhances
flow-mediated vasodilation in patients with chronic heart failure.
J Am Coll Cardiol 2000;36:845–51.

05. Packer M, Carver JR, Rodeheffer RJ, et al., PROMISE Study
Research Group. Effect of oral milrinone on mortality in severe
chronic heart failure. N Engl J Med 1991;325:1468–75.

06. Patel MD, Katz SD. Phosphodiesterase 5 inhibition in chronic heart
failure and pulmonary hypertension. Am J Cardiol 2005;96:47M–
51M.

07. Morgentaler A. Male impotence. Lancet 1999;354:1713–8.
08. Dula E, Bukofzer S, Perdok R, George M. Double-blind, crossover

comparison on 3 mg apomorphine SL with placebo and with 4 mg
apomorphine SL in male erectile dysfunction. Eur Urol 2001;39:
558–63.

09. Guay AT, Spark RF, Jacobson J, Murray FT, Geisser ME. Yohim-
bine treatment of organic erectile dysfunction in a dose-escalation
trial. Int J Impot Res 2002;14:25–31.

10. Schwarz ER, Rastogi S, Rodriguez JJ, et al. A multidisciplinary
approach to assess erectile dysfunction in high risk cardiovascular
patients. Int J Impot Res 2005;17 Suppl 1:S37–43.

11. Levine LA, Estrada CR, Morgentaler A. Mechanical reliability and
safety of and patient satisfaction with the ambicor inflatable penile
prosthesis: results of a 2 center study. J Urol 2001;166:932–7.

12. Carson CC, Mulcahy JJ, Govier FE, AMS 700CX Study Group.
Efficacy, safety and patient satisfaction outcomes of the AMS 700CX
inflatable penile prosthesis: results of a long term multicenter study.
J Urol 2000;164:376–80.

13. Rajpurkar A, Dhabumalar B. Comparison of satisfaction rates and
erectile function in patients treated with sildenafil, intracavernous
prostaglandin E1 and penile implant surgery for erectile dysfunction
in urology practice. J Urol 2003;170:159–63.

14. Urigo F, Pischedda A, Maiore M, et al. Role of arteriography and
percutaneous transluminal angioplasty in the diagnosis and treatment
of arterilal vasculogenic impotence. Radiol Med (Torino) 1994;88:
86–92.

15. Angelini P, Fighali S. Early experience with balloon angioplasty of
internal iliac arteries for vasculogenic impotence. Cath Cardiovasc
Diagn 1987;13:107–10.

16. Mielecki T, Marciniak R, Drelichowski S, Kukula. Results of the
treatment of vascular-induced impotence using PTA. Rontgenblatter
1990;43:435–8.

17. Herman JB, Brotman AW, Pollack WE, Falk MH, Biedeman J,
Rosenbaum JF. Fluoxetine induced sexual dysfunction. J Clin Psy-
chiatry 1990;51:25–7.

18. Kim SC, Seo KK. Efficacy and safety of fluoxetine, sertraline and
clomipramine in patients with premature ejaculation: a double blind,
placebo controlled study. J Urol 1998;159:425–7.

19. Johnston BL, Cantwell JD, Watt EW, Fletcher GF. Sexual activity
in exercising patients after myocardial infarction and revasculariza-
tion. Heart Lung 1978;7:1026–31.

20. Westlake C, Dracup K, Walden J, Fonarow G. Sexuality of patients
with advanced heart failure and their spouses or partners. J Heart
Lung Transplant 1999;18:1133–8.

21. Chitaley K, Webb RC, Mills T. Rho A/Rho-kinase: a novel player in
the regulation of penile erection. Int J Impot Res 2001;13:67–72.

22. Lin CS, Ho HC, Chen KC, Lin G, Nunes L, Lue TF. Intracaver-
nosal injection of vascular endothelial growth factor induces nitric
oxide synthase isoforms. BJU Int 2002;89:955–60.

23. Bivalacqua TJ, Deng W, Champion HC, Hellstrom WJ, Kadowitz
PJ. Gene therapy techniques for the delivery of endothelial nitric
oxide synthase to the corpora cavernosa for erectile dysfunction.

Methods Mol Biol 2004;279:173–85.

 by on August 9, 2008 cc.org

http://content.onlinejacc.org


http://content.onlinejacc.org/cgi/content/full/48/6/1111
http://content.onlinejacc.org/cgi/content/full/48/6/1111#BIBL
http://content.onlinejacc.org/cgi/content/full/48/6/1111#otherarticles
http://content.onlinejacc.org/misc/permissions.dtl
http://content.onlinejacc.org/misc/reprints.dtl
http://content.onlinejacc.org

	Erectile Dysfunction in Heart Failure Patients
	PATHOPHYSIOLOGY OF ERECTILE FUNCTION AND DYSFUNCTION
	ERECTILE DYSFUNCTION AS A MARKER OF CARDIAC DISEASE
	FACTORS IN HEART FAILURE CONTRIBUTING TO ERECTILE DYSFUNCTION
	Psychologic influences
	Cardiovascular exercise tolerance
	Atherosclerosis
	Altered vasomotion

	DRUG THERAPY IN HEART FAILURE AND ERECTILE DYSFUNCTION
	Digoxin
	Diuretics
	Beta-adrenergic receptor blockers
	Angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers

	TREATING ERECTILE DYSFUNCTION IN THE HEART FAILURE PATIENT
	Safe sex in heart failure
	Managing heart failure
	Phosphodiesterase-5 inhibitors in heart failure
	Other oral therapy
	Other traditional ED therapy
	Surgical management of ED

	TREATING DEPRESSION
	SEXUAL COUNSELING
	FUTURE TREATMENTS
	CONCLUSIONS
	REFERENCES


