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 Erectile dysfunction is a common and diffi cult problem for men, their part-
ners, and families. The fi eld of erectile function study has progressed dramati-
cally in the past two decades. While the progress has been signifi cant, erectile 
dysfunction was described and treated for centuries with writings about 
“impotence” and folk remedies for cures described by writers and physicians 
since the ancient times. There was little progress in the diagnosis and treat-
ment until the second half of the twentieth century. Beginning in the 1940s and 
1950s, surgical approaches were developed, but, because of signifi cant mor-
bidity and poor function, were not widely accepted. At the same time, testos-
terone was developed as a clinical option for men with hypogonadism with 
only moderate success, as evaluation of the hypogonadal male was lacking. 
The beginnings of sexual counseling were reported by Kinsey and colleagues 
in the 1940s and popularized by Masters and Johnson in the 1970s. 

 The revolution in the study of erectile dysfunction began with a function-
ing and safe penile implant in 1973 and the introduction of effective medical 
treatment with the use of intracavernosal injection therapy in 1984. The most 
signifi cant step forward in treatment and investigation was from the identifi -
cation of nitric oxide and its vascular smooth muscle effects in the 1980s and 
subsequently the development and marketing of type 5 phosphodiesterase 
inhibitors in the late 1990s. The introduction of sildenafi l in 1997 and subse-
quent type 5 phosphodiesterase inhibitors accelerated the basic science and 
clinical investigation of erectile physiology and treatment of men with sig-
nifi cant, bothersome erectile dysfunction. 

 The second edition of  Contemporary Treatment of Erectile Dysfunction: 
A Clinical Guide  by two excellent contributors to the fi eld of erectile func-
tion and dysfunction is a well-organized and complete treatise updating the 
state of knowledge and future directions in the study and treatment of erectile 
dysfunction. The editors have organized the most well-known international 
contributors in each of the areas of male sexual dysfunction. This guide is an 
excellent resource for clinicians treating men with erectile and other sexual 
issues and provides the latest, most up-to-date information from authors who 
are well known in their areas of expertise. 

 The organization of the guide is logical and provides information on the 
basic sciences for the student of erectile dysfunction as well as thorough discus-
sions of the evaluation of the man with erectile dysfunction, hypogonadism, 
Peyronie’s disease, priapism, ejaculatory disorders, and psychological effects 
of male sexual dysfunction. These discussions of evaluation are followed by 

   Foreword   



viii

psychological, medical, and, fi nally, surgical treatment options for these 
patients. The discussion of alternative and complimentary medications is criti-
cal for providers who see men for sexual dysfunction, as there is widespread 
marketing of these products and as there are many patients using these agents. 

  Contemporary Treatment of Erectile Dysfunction: A Clinical Guide  by 
Drs. Tobias Köhler and Kevin McVary is an essential guide to health care 
providers treating men whether in a focused men’s health practice or as part 
of a more general medical or urology practice. This latest information about 
sexual problems in men is well organized, well written, and complete, and 
this book should be part of the library of all those interested in male sexual 
dysfunction.  

    University of North Carolina  Culley     C.     Carson     III 
Chapel Hill, NC, USA     
             

Foreword
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    Gladly I think of the days  
  When all my members were limber, all except one.  
  Those days are certainly gone.  
  Now all my members are stiff, all except one.  

 —Goethe 

   Erectile dysfunction (ED) is highly prevalent and adversely affects the qual-
ity of life of both men and women. The pathophysiology of ED remains 
incompletely understood despite centuries of snake oil cures and current day 
mass marketing of treatments. This book’s second edition builds on its prede-
cessor’s state-of-the art description of the evaluation of, pathophysiology of, 
hormonal evaluation of, oral and local therapies for, psychotherapy for, pros-
thetics for, and uncertainty in ED. The contributing authors represent some of 
the world’s fi nest physicians and researchers in their area. Several new chap-
ters are highlighted in this edition, including separate chapters on the pro-
found effects of lifestyle change on sexual function, alternative and internet 
drugs that affect sexual function, endovascular approaches to ED, penile 
length considerations, the effect of radiation on erectile function, and opti-
mizing ED research.  

  Springfi eld, IL     Tobias     S.     Köhler    
     Kevin     T.     McVary     

  Pref ace    
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          Prostatectomy Models 

   During prostatectomy surgery to treat prostate 
cancer,  the      cavernous nerve (CN), which is a 
peripheral nerve that innervates the penis, 
becomes injured due to physical proximity to the 
prostate gland being removed. In commonly used 
animal models, the pelvic plexus including the 
pelvic ganglia, cavernous nerve, hypogastric and 
pelvic nerve lie directly on top of the prostate 
capsule of the ventral lobe of the prostate. While 
removing the prostate, the cavernous nerve can 
undergo crush or resection injury and there is the 
additional potential for tension injury to the pel-
vic ganglion. Animal models attempt to mimic 
the human condition by crushing, resecting, cau-
terizing, or freezing the CN. 

 The Sprague Dawley rat and C57BL/6J mice 
are frequently used animal models in which to 
induce  cavernous nerve injury   (Table  1.1 ). It is 
proposed that crushing of the CN more closely 
parallels prostatectomy-induced ED than resec-
tion, since only ~10 % of prostatectomy surgeries 
performed in the USA are not nerve sparing. 
There are several ways in which the CN can be 
crushed that have been reported in the literature. 

The most common are by closing forceps around 
the CN for 30 s [ 1 ], repeated 15 s crushes [ 2 ], or 
a 2 min crush using a hemostat [ 3 ]. Bilateral 
crushing of the CN should be performed greater 
than 5 mm from the pelvic ganglia since postgan-
glionic neurons can be found a substantial dis-
tance from the ganglia. This is an error in the 
model that can be observed in the literature when 
crush injury is performed too close to the ganglia 
to impact all fi bers. Some level of CN regenera-
tion occurs within 10 weeks after injury [ 4 ]; 
however, erectile function does not fully recover 
due to downstream morphological changes in the 
penis induced by denervation [ 4 ].

   The  resection animal model   (Table  1.1 ) was 
more commonly used prior to the introduction of 
nerve sparing techniques. In this bilateral model a 
small (3–5 mm) section of the CN is removed 
greater than 5 mm from the pelvic ganglia, in either 
the rat or the mouse. This is a severe form of nerve 
injury in which the CN is unlikely to regenerate 
without intervention. It is unclear from the litera-
ture whether crushing and cutting the CN engender 
the same response in the CN and penis tissues. 

 Less frequently applied models are  electrocau-
tery and freezing models   (Table  1.1 ). It has been 
shown in clinical studies that cautery use when 
controlling the vascular pedicle and dissecting the 
neurovascular bundle during robotic laparoscopic 
radical prostatectomy [ 5 ] can cause CN damage. 
For the cautery animal model, monopolar electro-
cautery is performed for 1 s at 350 kHz and 15 W 

mailto:Cap325@uic.edu
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                           Table 1.1     Summary   of ED models   

 Condition  Model  Characteristics, advantages, disadvantages 

 Prostatectomy  Sprague-Dawley and C57BL/6 J CN 
crush 

 CN crush refl ects a majority of the injury that occurs 
with prostatectomy 
  CN crush performed too close to PG for complete 
denervation  

 Resection 

 Cauterizing 

 Freezing 

 Diabetic  Streptozotocin  Non-insulin dependent 
 Vascular disease and neuropathy 

 BB/WOR  Insulin dependent 
 Central and peripheral neuropathy 
 No vasculopathy 
 C an isolate neuronal changes  

 Db/db  Type 2 
 Hyperglycemia and elevated insulin 
 Cardiovascular disease and neuropathy 

 Zucker  Type 2 
 Obesity, hyperglycemia, hyperinsulinemia, 
hyperlipidemia, moderate hypertension 
 Vascular and neural complications 
  Applicability to human diabetes is a concern 
because patients do not generally show leptin 
receptor defi cit  

 Alloxan  Permanent glycosuria 
 Neuropathy and cardiovascular complications 
  High doses required which can damage other 
organs than the pancreas  

 Long-Evans Tokushima Otsuka (OLETF)  Non-insulin-dependent type 2 
 Insulin resistance precedes impaired pancreas 
function 
 Late onset hyperglycemia and mild obesity 
 Neuropathy and cardiomyopathy 

 Aging  Sprague Dawley  Spontaneously neuropathy and cardiomyopathy 
(23 %) 

 Fischer 344  Spontaneous cardiomyopathy 
  May not well refl ect human condition because of 
suppressed gonadotropin secretion and Leydig 
tumors  

 Wistar  Spontaneous cardiomyopathy and suggested 
neuropathy 

 Brown-Norway  Decreased smooth muscle/collagen 

 Metabolic 
syndrome 

 New Zealand white rabbits fed high fat 
diet 

 Cholesterol, triglycerides, blood glucose, mean 
arterial pressure, and visceral fat increase 

 Obese-diabetic Zucker  30 % decrease in ICP, hyperglycemia, 
hypercholesterolemia, hypertriglyceridemia, 
hyperinsulinemia 

 High fat diet fed C57BL/6  60 % calories from fat for 8 weeks 
 ATP synthase alterations contribute to ED 

 Phosphoenolpyruvate carboxykinase 
overexpressing rat 

 Obesity, hyperinsulinemia, dyslipidemia impaired 
glucose tolerance associated with peripheral insulin 
resistance 
 Impaired nitrergic nerve regeneration 

(continued)

C.A. Podlasek
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[ 6 ]. Functional analysis by intracavernosal pres-
sure (ICP) measurement decreases in a similar 
manner to that observed with the CN crush model. 
Cryo-ablation of the prostate can cause ED due to 
injury to the CN. There is moderate interest for 
the use of cryotechnology for the treatment of 
localized prostate cancer [ 7 ,  8 ]. Therefore an ani-
mal model of freezing injury has been developed 
[ 9 ] whereby fi nely ground dry ice is applied to the 
CN twice, in 2-min intervals. Freezing the CN 
resulted in decreased ICP at 1 month with some-
what recovery by 3 months and altered growth 
factor signaling in the CN [ 9 ,  10 ]. How well this 
model parallels morphological changes in the 
penis observed after crush and resection injury is 
unclear. 

 The  pelvic ganglia   regulate blood fl ow into 
the penis and thus regulate tumescence. Nerve 
impulses travel from the pelvic ganglia to the 
penis tissue via the CN, which is composed of 
both sympathetic and parasympathetic nerve 
fi bers [ 11 ]. Human and rat anatomy are not iden-
tical with regard to the CN, which is a discreet 
bundle in rodents but more closely resembles a 
network of fi bers in humans. While the anatomy 
is more diffuse in patients, the same general 
principles of innervation apply to both the 
human and rat.    

    Diabetic Models 

 ED is common in diabetic patients, which are 
three times more likely to develop ED than non-
diabetic men [ 12 ,  13 ]. Men with diabetes develop 
ED at an earlier age and the incidence of ED may 
be as high as 75 % in diabetic patients [ 14 ]. Oral 
therapy with  PDE5 inhibitors   is effective in only 
a minority of insulin-dependent diabetic cases 
[ 15 ]. Therefore several animal models of type 1 
and 2 diabetes, which display vascular and neu-
ronal changes associated with diabetes, have 
been developed. 

 Probably the most commonly used diabetic 
model is the Streptozotocin-induced rat or mouse 
(Table  1.1 ) [ 16 ]. This is a  non-insulin-dependent 
model   of diabetes that displays both vascular dis-
ease and neuropathy. Streptozotocin induces 
concentration- dependent necrosis of the pancre-
atic β-cells [ 16 ], resulting in a diabetic condition 
that resembles adult onset diabetes [ 17 ]. The 
β-cells become insensitive to glucose and do not 
secrete insulin in response to glucose stimulation 
within the range of 5.5–22 mM [ 18 ]. However, 
stimulation with glyceraldehyde does elicit insu-
lin release, suggesting a block in glucose metabo-
lism in the early steps of glycolysis [ 18 ], in 

Table 1.1 (continued)

 Condition  Model  Characteristics, advantages, disadvantages 

 Hypertension  Spontaneously hypertensive (SHR)  Spontaneous hypertension, ED 

 Sprague–Dawley Angiotensin II treated  4 weeks of treatment, ED and increased corpora 
cavernosal contractility, decreased nitrergic 
relaxation, increased ERK1/2 phosphorylation 

 Second hand smoke  8 weeks exposure, hypertension, reduced NOS 
activity, and nNOS content 

 High cholesterol  High fat diet fed rabbits and rats (1–2 % 
cholesterol) 

 3–6 months of feeding, ~53 % atherosclerosis 
induction and ED, ED, decreased nNOS and 
endothelial cells while smooth muscle increased 

 Apolipoprotein-E-knockout  Hypercholesterolemia, atherosclerotic lesions 
  Forms atherosclerotic lesions similar to patients  

 Arteriogenic  Bilateral ligation of the iliac arteries  Reduced erectile function, reduced nNOS staining 
fi bers, intracellular deposition of fat and collagen 

 Hypoxia  Sprague–Dawley CN crush, resection   It is not possible to determine the contribution of 
hypoxia alone in these models   High-cholesterol diet fed mice 

 Radiation  Radiation treated Sprague–Dawley rat  ED, decreased nNOS and smooth muscle, increased 
infl ammatory markers 
  Time course of decreased ICP development is 
much longer than CN crush or resection injury  
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response to  Streptozotocin treatment  . The lowest 
effective streptozotocin dose to induce a similar 
chemical state to diabetes in patients is 25 mg/kg 
[ 19 ]. However, concentrations as high as 100 mg/
kg have been reported [ 19 ], as well as multiple 
Streptozotocin injections. Axonal dwindling, 
decreased fi ber size, and ultrastructural lesions in 
Schwann cells have been demonstrated in this 
model, indicating neuropathy [ 20 – 22 ]. Long- 
term (6–12 months) exposure results in neurons 
of a smaller caliber being preferentially affected; 
neurons of this size are representative of sensory 
and autonomic innervation [ 17 ].  Vascular disease   
is also present in this model as shown by induc-
tion of cardiomyopathy including reduced aortic 
output, ventricular pressure, and cardiac work 
[ 23 ]. Early studies by Sachs et al. [ 24 ] suggested 
that measures of sexual motivation, and perfor-
mance, remained unchanged in this model, and 
therefore it may not be the best model of diabetic 
ED. However, deceased ICP was later well docu-
mented [ 25 ] along with decreased smooth muscle 
and endothelium [ 26 ], indicating ED. 

 The  BB/WOR rat model      is a naturally occur-
ring rat model of type 1 diabetes that closely 
mimics the characteristics of human diabetes 
(Table  1.1 ). The BB/WOR rat demonstrates both 
central and peripheral neuropathy, with severe 
impairment of spinal sexual refl exes and periph-
eral neuropathic changes in hypogastric and 
motor pudendal nerve fi bers [ 27 ]. Approximately 
50 % of BB/WOR diabetic rats have profoundly 
decreased erectile function [ 27 ,  28 ] and abundant 
remodeling of the corpora cavernosa including a 
~12-fold increase in apoptosis [ 28 ]. The onset of 
diabetes occurs between 60 and 120 days [ 28 ]. 
The advantage of this model is that it is character-
ized by neuropathy without the vasculopathy 
present in other diabetic models. This allows for 
the study of changes that occur due to neuropathy 
alone. Atherosclerosis and microangiopathy, key 
features of vasculopathy, are absent in the BB/
WOR rat [ 29 ]. The high cost of this animal model 
prohibits study and leads to underutilization of 
this model. 

 The  C57BL/KsJ-db/db (db/db) strain   is a 
genetically diabetic mouse strain that exhibits 
hyperglycemia and elevated insulin abundance 

(Table  1.1 ) [ 30 ]. This is a mouse model of type 2 
diabetes in which the proportion of beta cells is 
decreased, with irregular islet architecture and 
degenerative and hypertrophic changes apparent 
in individual beta cells [ 30 ]. Cardiovascular dis-
ease is apparent in this model including progres-
sive damage to the ventricular myocytes and 
intramural small arteries [ 31 ]. Neuropathy was 
also identifi ed, including degenerative changes in 
perivascular nerve endings [ 31 ], severely 
decreased motor nerve conduction velocity (early 
phase of diabetes), and absence of large, myelin-
ated fi bers with morphological features indica-
tive of axonal atrophy [ 32 ,  33 ]. Morphometric 
changes occurred after 20 weeks of diabetes in 
myelinated and unmyelinated fi bers [ 33 ]. Axonal 
degeneration, disruption of myelin, accumulation 
of electro-dense material in axons, satellite cells 
and Schwann cells, increased frequency of pi 
granules of Reich in Schwann cells, enlarged 
mitochondria, and proliferated and thickened 
Schwann cell basal laminae were observed [ 34 ]. 
Morphological indications of Schwann cell 
hyperplasia, hypertrophy, and axonal sprouting 
support the idea of a continuous cycle of axonal 
degeneration and regeneration [ 34 ] in this dia-
betic model. These neuropathic changes can be 
prevented by diet restriction preventing obesity 
in the db/db mouse [ 35 ]. The  db model   has been 
introduced to several different mouse strains and 
in combination with other mutations such as 
endothelial nitric oxide synthase, and obese 
spontaneous mutation, resulting in varying 
degrees of diabetes severity and obesity (Jackson 
Laboratories). This model has been used infre-
quently to study contractility, Rho/ROCK signal-
ing, and neuropathy in erectile function [ 36 – 39 ]. 

 The  Zucker rat model (ZDF)      is a spontane-
ously occurring rat model of type 2 diabetes 
(Table  1.1 ). This model is also characterized by 
obesity, hyperglycemia, hyperinsulinemia, 
hyperlipidemia, and moderate hypertension [ 40 ] 
and is commonly used to study obesity and meta-
bolic syndrome. Diabetes in this strain initially 
appears with modest hyperglycemia and pro-
found hyperinsulinemia, representing a state of 
considerable insulin resistance. Over time the 
pancreas becomes exhausted, with decreased 
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insulin secretion and increased plasma glucose. 
This model displays both vascular and neural 
complications. Cardiomyopathy presents as 
defects in both diastolic and systolic function 
[ 41 ]. Neuropathy accompanies hyperglycemia 
development [ 42 ]. Motor nerve conduction 
velocity is reduced, preceding impaired vascular 
relaxation of epineurial arterioles of the sciatic 
nerve [ 43 ,  44 ]. The applicability of this model to 
human diabetes is a concern because of the reces-
sive homozygous mutation in the leptin receptor 
that results in loss of function and severe hyper-
phagia [ 45 ,  46 ]. Leptin is believed to play a role 
in metabolic syndrome development [ 47 – 51 ]; 
however, since type 2 diabetic patients generally 
do not show a leptin receptor defi cit, this model 
does not well parallel the human condition [ 42 ]. 
This led to the development of the Zucker dia-
betic Sprague–Dawley rat (ZDSD)    [ 45 ,  46 ], 
which has a predisposition for obesity and devel-
ops diabetes between 15 and 21 weeks of age. 
The ZDSD rat has an intact leptin signaling sys-
tem [ 45 ] so is more comparable to diabetic 
patients. The  ZDSD rat model   is characterized by 
reduced conduction velocity in comparison to 
Sprague–Dawley rats in both motor and sensory 
fi bers at 34 weeks of age [ 42 ]. 

 Another chemical model of diabetes less com-
monly utilized in ED studies is the alloxan- 
injected rat or  rabbit      (Table  1.1 ). Alloxan is 
closely related to purines chemically and it is 
found in the body during normal metabolism 
[ 52 ]. Permanent glycosuria can be induced in rats 
by injection of alloxan, caused by necrosis of the 
pancreatic islet cells [ 52 ]. This model may be 
less frequently utilized because higher doses of 
alloxan are required in rabbits (100 mg/kg) and 
rats (140 mg/kg) [ 53 ] in order to induce diabetes, 
and at higher doses alloxan can damage other 
organs than the pancreas (such as the kidney) and 
can result in death within a few hours due to 
effects on circulation [ 52 ]. This model displays 
neuropathy as shown by a reduction of conduc-
tion velocity speed in the fastest fi bers, chronic 
focal Schwann cell damage with regeneration 
[ 54 ], and reduced axonal fl ow [ 55 ]. Cardiovascular 
complications were also identifi ed including 
morphological changes in the aorta [ 56 ], a 

decrease in cardiac performance 42 days after 
alloxan treatment [ 57 ], and structural manifesta-
tions of cardiomyopathy [ 58 ]. This model has 
been shown to display increased contractility of 
corpora cavernosal smooth muscle [ 59 ], 
decreased  endothelial nitric oxide synthase 
(eNOS)   [ 60 ], and eNOS inactivation by a glyco-
sylation mechanism at Ser-1177, which renders 
the enzyme unresponsive to fl uid sheer stress 
[ 53 ]. 

 Long-Evans Tokushima Otsuka rats (OLETF)    
are a model of spontaneous non-insulin- 
dependent type 2 diabetes, in which insulin resis-
tance precedes impaired pancreas function 
(Table  1.1 ) [ 61 ]. This model expresses late onset 
hyperglycemia (after 18 weeks), mild obesity, 
and diabetes which can be divided into three 
stages of pancreas dysfunction, an early stage 
(less than 9 weeks) which shows mild lympho-
cyte infi ltration, a hyperplastic stage (10–40 
weeks) which shows hyperplastic change and 
fi brosis in and around islets, and a fi nal stage 
(more than 40 weeks) which shows atrophy of 
islets [ 62 ].  OLETF   rats exhibit reduced motor 
nerve conduction velocity (tenth month), reduced 
sciatic nerve blood fl ow [ 63 ,  64 ], and decreased 
myelinated fi ber size [ 65 ]. This model also dis-
plays cardiomyopathy as shown by diastolic dys-
function developing after 17 weeks [ 66 ]. This 
model has been used infrequently to study testos-
terone replacement [ 67 ] and angiogenesis [ 68 ] 
effects on ED.  

    Aging Models 

  Aging is a signifi cant risk factor for developing 
ED.  The   combined prevalence of minimal, mod-
erate, and complete ED is 52 % in men aged 
40–70 years [ 69 ]. The proportion of sexually 
active males decreases from 83.7 % (57–64) to 
38.5 % (75–85) as men age [ 70 ] and in the 
 European Male Aging Study (EMAS),   the preva-
lence of ED increased with age, peaking at 70 
[ 71 ]. In the Massachusetts Male Aging Study, 
subject age was the variable most strongly asso-
ciated with ED [ 69 ]. Since ED has a high impact 
on men’s health, animal models are needed to 
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improve our understanding of how ED develops 
with age. Unfortunately, there appears to be no 
one particular model of aging-related ED that 
stands out as “the” model of choice. With each 
strain noted below, reduced ICP was noted, indi-
cating reduced erectile function. 

  Sprague–Dawley rats   are commonly used as 
an aging model to study ED (Table  1.1 ). This 
model displays spontaneous neuropathy that is 
age related in 23 % of male rats [ 72 ] and age- 
related spontaneous cardiomyopathy including 
myocardial degeneration and fi brosis [ 73 ]. In 
aging Sprague–Dawley rats (18 months) com-
pared to young (10 week) rats, an early study by 
Burchardt et al. [ 26 ] indicated that there was no 
difference in smooth muscle or endothelial con-
tent in young versus old rats. However, when 
three groups of aging Sprague–Dawley rats (9, 
14, and 62 weeks) were compared, it was found 
that the tunica albuginea became thinner with 
reduced elastic fi bers, the collagen fi bers 
increased while smooth muscle and elastic fi bers 
were decreased [ 74 ]. Sprague–Dawley rats aged 
6, 12, 18, 24, and 28 months showed progres-
sively decreasing ICP with age [ 75 ], unchanging 
Bak and Bax (pro-apoptotic), and decreasing 
Bcl-2 and Bcl-x (anti-apoptotic) indicating apop-
tosis [ 75 ]. NOS-I expression and activity were 
also reduced with age [ 76 ], suggesting potential 
for ED development. 

  Fischer 344 rats   have also been utilized in sev-
eral ED studies (Table  1.1 ). However, early work 
by Gurenewald indicates that this model may not 
well refl ect the human condition of reproductive 
aging because Fischer 344 rats secrete excessive 
progesterone and estradiol which suppress 
gonadotropin secretion [ 77 ]. This model also 
develops Leydig cell hyperplasia or tumors in 
100 % of aged rats [ 77 ,  78 ]. Spontaneous cardio-
myopathy has been observed in aging Fischer 
rats [ 73 ] as well as corporal veno-occlusive dys-
function at 24 months in comparison to 5 months 
[ 79 ]. Erectile function is reduced by ~30 % with 
aging, as demonstrated by reduced ICP [ 79 ]. 
Fischer 344 young (5 month) versus aged 
(20 month) rats have been used to study the 
effects of  L -arginine [ 80 ] and testosterone [ 81 ] on 
erectile function. Endothelial NOS phosphoryla-

tion was studied in Fischer 344 young (4 month) 
versus aged (19 month) rats. It was found that 
aging caused a decrease in phosphorylation of 
eNOS positive regulatory site (Ser-1177) and an 
increase in phosphorylation of its negative regu-
latory site (Thr-495) in the penis [ 53 ]. Fischer 
344 rats (20 months) were also treated with silde-
nafi l in the drinking water for 45 days, showing 
decreased fi brosis [ 82 ]. It is unclear if the com-
pounding factor of gonadal axis disruption had 
any signifi cant physiological impact on these 
studies. 

  Wistar rats   develop spontaneous aging-related 
cardiomyopathy as in the case with Sprague–
Dawley and Fischer 344 rat models (Table  1.1 ) 
[ 73 ]. This model also develops ultrastructural 
changes in the plantar and tibial nerves character-
istic of demyelination and remyelination [ 83 ], 
suggesting neuropathy. Regeneration after sciatic 
nerve injury is also delayed in aging Wistar rats, 
supporting the idea of neuropathy development 
[ 84 ]. Wistar rats (20, 40, and 80 weeks) show 
increased collagen 3 and 4 that is moderately 
associated with age [ 85 ] and decreased smooth 
muscle (2, 6, 12, 18, and 24 months) [ 86 ], which 
are characteristic morphological changes associ-
ated with ED development in prostatectomy and 
diabetic animal models. 

 Another rat model that has been used to study 
ED is the  Brown-Norway rat   (Table  1.1 ). This 
model does not display the androgen fl uctuations 
that are present in Fischer 344 rats. This model 
exhibits decreased smooth muscle/collagen ratio, 
increased ROS and iNOS, and increased smooth 
muscle apoptosis in the resistance arteries 
(abdominal aorta, femoral and brachial arteries) 
and in the penis [ 87 ] in old (23–28 months) ver-
sus young (6 months) rats.   

    Metabolic Syndrome Model 

   Metabolic  syndrome      comprises a combination of 
risk factors that contribute to cardiovascular dis-
ease and to ED, including obesity, hypertension, 
and diabetes. The mechanism of how these fac-
tors combine to contribute to ED development 
remains unclear. Therefore animal models are 
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needed for molecular, physiological, and histo-
logical studies. Most of the studies that have been 
performed in animal models focus on high fat 
diet treatment of rabbits or the Zucker obese and/
or diabetic rat. Mouse models and genetic manip-
ulation have rarely been incorporated into study 
of metabolic syndrome related ED. A few exam-
ples where these models were applied and their 
effect on ED are mentioned. 

 Male New Zealand white rabbits were fed a 
high fat diet consisting of 0.5 % cholesterol and 
4 % peanut oil for 12 weeks (Table  1.1 ). 
Cholesterol, triglycerides, blood glucose, mean 
arterial pressure, and visceral fat levels 
increased [ 88 ]. Serum testosterone decreased; 
however, there were no changes observed in 
testicular or epididymal histology [ 88 ]. Rabbits 
were fed the same diet, with or without testos-
terone supplement. High fat diet-induced penile 
alterations including acetylcholine and electri-
cal fi eld stimulation induced CC relaxation, 
hyper- responsiveness to the NO donor, SNP, 
and unresponsiveness to PDE5 inhibitors. 
Testosterone administration prevented almost 
all of the penile alterations observed in high fed 
diet rabbits. 

 A second animal model used to study meta-
bolic syndrome is the  obese-diabetic Zucker rat   
(Table  1.1 ). This animal model shows a ~30 % 
decrease in the erectile response [ 89 ]. Sixteen to 
20-week-old rats showed that protein kinase C 
and Rho-kinase contribute to enhanced vasocon-
striction of penile smooth muscle identifi ed in 
this model [ 90 ]. Short-term statin therapy may 
lower RhoA/Rho-kinase expression levels and 
improve the cavernosal blood pressure response 
to Rho-kinase inhibition and voltage stimulation, 
reversing augmented vasoconstriction associated 
with diabetes and/or hypertension in metabolic 
syndrome [ 89 ]. 

 The obese Zucker rat (nondiabetic) has also 
been used to study ED development in 17- to 
18-week-old rats. This model is characterized by 
hyperglycemia, hypercholesterolemia, hypertri-
glyceridemia, and hyperinsulinemia. It was 
found that insulin-induced relaxation was 
impaired in penile arteries of this model due to 
altered NO release through the PI3K pathway 

and unmasking of a MAPK-mediated vasocon-
striction, which contributes to the endothelial 
dysfunction [ 91 ]. 

  The C57BL/6 mice   fed a high fat diet have 
also been used as a model of metabolic syndrome 
(Table  1.1 ). In this model, mice are fed a diet with 
60 % of the calories derived from fat, for 8 weeks. 
ATP synthase and p-Akt signaling were studied 
in this model and it was found that ATP synthase 
may be a target of lipotoxicity in corpora caver-
nosal smooth muscle, thus contributing to ED 
development [ 92 ]. 

 The phosphoenolpyruvate carboxykinase 
overexpressing rat has also been proposed as a 
model of metabolic syndrome (Table  1.1 ). This 
model is characterized by obesity, hyperinsu-
linemia, dyslipidemia and has impaired glucose 
tolerance with associated peripheral insulin resis-
tance. Therefore this model displays many of the 
features that are characteristic of the metabolic 
syndrome. Impaired regeneration of nitrergic 
nerves after crush injury was identifi ed in this 
model despite the lack in reduction of the maxi-
mal response to NO donor sodium nitroprusside 
that was displayed in control rats   [ 93 ].  

    Hypertension Model 

   Hypertension   is a risk factor for ED and cardio-
vascular disease that has been studied as part of 
the metabolic syndrome and independently to 
determine contribution to ED development. Men 
with hypertension have a higher prevalence of 
ED [ 69 ,  94 ] and the incidence of ED is associated 
with duration and severity of hypertension [ 69 ]. 
Eight to 10 % of untreated hypertensive patients 
have ED at the time of hypertension diagnosis 
[ 95 ]. 

 There are several rat models that have been 
used to study hypertension. Probably the most 
commonly used model is the  spontaneously 
hypertensive rat (SHR)   and normotensive 
 Wistar- Kyoto (WKY) control rats   (Table  1.1 ). 
The model was developed at the Okamoto, 
Kyoto School of Medicine in 1963 from outbred 
Wistar-Kyoto rats with selection for spontaneous 
hypertension. Erectile function is signifi cantly 
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lower in this model as measured by ICP in SHR 
rats versus controls [ 96 ,  97 ]. mRNA expression 
levels of nNOS and eNOS in the penis are 
decreased in SHR rats [ 98 ]. Major modifi cations 
in the distribution of collagen I, III, and V occur 
in corpora cavernosa and aorta of SHR rats; 
however, the modifi cations are detectable sooner 
in erectile tissue compared with aorta [ 96 ]. There 
are confl icting reports of increased proliferation 
in the corpora cavernosa and vascular smooth 
muscle, and of fi brosis [ 99 ] and with decreased 
smooth muscle and increased collagen [ 100 ]. 
Most of the studies reported in the literature have 
used this model to test various hypertensive 
drugs [ 101 ,  102 ]. 

 Two less commonly used hypertension mod-
els are the  Sprague–Dawley rat   treated with 
Angiotensin II by mini-pump for 4 weeks and a 
second hand smoke model (Table  1.1 ). 
Angiotensin II treated rats display ED accompa-
nied by increased corpora cavernosal contractil-
ity, decreased nitrergic relaxation, and increased 
ERK1/2 phosphorylation [ 103 ]. In the second 
hand smoke model, adult (5 month) and old 
(20 month) Fischer 344 rats were exposed to sec-
ond hand smoke daily for 8 weeks. This led to 
induction of a moderate hypertension, reduced 
NOS activity, and nNOS content. However, erec-
tile function was not affected and neither was 
eNOS [ 104 ].   

    High Cholesterol Model 

  Hyperlipidemia is common in ED patients. The 
prevalence of hypercholesterolemia is 70.6 % in 
ED versus 52 % in non-ED patients [ 105 ]. For 
every mmol/l  increase   in total cholesterol there is 
associated a 1.32 times greater risk of developing 
ED [ 106 ]. The most commonly used animal mod-
els to study the effects of high cholesterol on 
erectile function are high fat diet fed rabbits and 
rats (Table  1.1 ). Typically 1–2 % cholesterol is 
added to standard animal chow and the animals 
are fed the modifi ed diet for 3–6 months, which 
results in raised cholesterol levels, lower HDL, 
and decreased ICP/BP, indicating ED. The rabbit 
model fed a 1.5 % cholesterol diet for 12 weeks 

showed a 52.9 % rate of atherosclerosis induction 
and ED [ 107 ]. New Zealand rabbits fed 1 % cho-
lesterol diet were used to study signaling changes 
in the corpora cavernosa, which showed decreased 
p-Akt/Akt, VEGF, eNOS, and nNOS [ 108 ]. For 
the rat model,  Sprague–Dawley rats   were fed a 
high fat diet for 6 months. This resulted in pros-
tatic enlargement, bladder overactivity, and ED 
[ 109 ]. Rats fed a high fat diet for 5 months 
resulted in lower ICP/BP, nNOS, and endothelial 
cells while smooth muscle increased [ 110 ]. 

 The  Apolipoprotein-E-knockout (Ap2 −/− ) 
mouse   is another model of hypercholesterolemia 
and atherosclerotic lesions throughout the arterial 
tree (Table  1.1 ) [ 111 ]. This model has more pro-
nounced hypercholesterolemia with high fat diet 
feeding [ 112 – 116 ]. The characteristics of  ApoE 
knockout mice   are similar to those observed in 
humans [ 112 ,  117 ]. Thirty- to 35-week-old ApoE 
mice also display endothelial dysfunction [ 118 , 
 119 ]. The advantage of this model is that it forms 
atherosclerotic lesions similar to those of patients, 
whereas high fat diet fed rats do not typically 
develop atherosclerotic plaques [ 120 ]. While the 
high fat diet fed rabbit does develop atheroscle-
rotic lesions, the cost of daily maintenance is pro-
hibitive. The ApoE knockout mouse displays 
reduced erectile responses at 26 weeks and beyond 
[ 121 ]. When the ApoE knockout mice are fed a 
1.25 % cholesterol diet for 2–12 weeks, they 
showed abnormalities in endothelium- dependent 
and endothelium-independent vasoreactivity, 
endothelial content, smooth muscle/collagen ratio, 
p-eNOS phosphorylation at Ser 1177, nNOS, and 
cGMP that are duration of diet dependent [ 122 ].   

    Arteriogenic ED Model 

 Penile arterial insuffi ciency is commonly associ-
ated with hypertension, dyslipidemia, diabetes, 
pelvic irradiation smoking, and ED [ 123 ]. It has 
been proposed that a progressive, mild intracor-
poral fi brosis, which also affects the media of the 
penile arteries, may contribute to vasculogenic 
ED [ 124 ]. An  arteriogenic model      used to study 
ED is a surgical model in which bilateral ligation 
of the iliac arteries is performed in the rat 

C.A. Podlasek



9

(Table  1.1 ). This leads to reduced erectile func-
tion [ 125 ,  126 ] and reduced nNOS staining fi bers 
in the dorsal and intracavernosal nerves [ 126 ]. 
Little change in smooth muscle was observed, as 
well as fi broblast and myofi broblast loss, intra-
cellular deposition of fat and collagen, and fatty 
degeneration [ 126 ]. This model was used to show 
that Vardenafi l treatment can improve the ED 
found in the ligation group, and can improve the 
smooth muscle/collagen ratio [ 127 ].  

    Hypoxia Model 

 It has been suggested that  hypoxic      conditions 
may contribute to the development of ED [ 128 –
 132 ]. The animal models that have been explored 
for study of hypoxia are the CN crush [ 131 ] or 
resection [ 128 ] rat models and the high- 
cholesterol diet-induced mouse model (Table  1.1 ) 
[ 133 ]. While  hypoxia      is present in all three of 
these models, it is not possible to determine the 
contribution from hypoxia alone on erectile func-
tion and penile morphology since there is the 
confounding factor of injury to the CN, which 
has been shown to cause the morphological 
changes identifi ed in these models. Whether 
hypoxia contributes to these processes can only 
be determined under conditions where hypoxia is 
present without other risk factors for ED. Perhaps 
an ischemic model would be better suited to 
determine contribution from hypoxia on erectile 
function and physiology.  

    Drug Induced 

 So far only one model of  drug-induced   ED has 
been probed in an animal model. That is the 
methamphetamine fed Sprague–Dawley rat in 
which acute administration of methamphetamine 
causes decreased ICP/BP, indicating ED develop-
ment (Table  1.1 ) [ 134 ]. Chronic administration 
results in 50 % reduction in ICP/BP [ 134 ]. The 
observed ED can be reversed with tadalafi l treat-
ment [ 134 ], suggesting that methamphetamine or 
amphetamine associated ED in patients may ben-
efi t from PDE5i treatment.  

    Radiation-Induced ED 

  Radiation   is commonly used as a treatment for 
prostate cancer, and this results in ED that devel-
ops progressively in 50 % of men 3–5 years after 
external beam radiotherapy [ 135 ,  136 ]. Clinical 
studies indicate reduced penile blood fl ow, sug-
gesting vascular injury as an underlying feature 
of ED development in patients [ 137 – 139 ]. 

 Efforts in the last few years have focused on 
developing a radiation induced ED animal model 
that refl ects the type of focused radiation treat-
ment that is utilized in patients [ 140 ]. The most 
recent model utilizes irradiated Sprague–Dawley 
rats that receive prostate-confi ned radiation in a 
single 20 Gy fraction (Table  1.1 ) [ 141 ]. In this 
model, radiation induced ED decreases nNOS in 
the penis and pelvic ganglia, decreases smooth 
muscle, and increases infl ammatory markers 
[ 141 – 143 ]. The time course of decreased ICP/BP 
development is much  longer   than that observed 
after CN crush or resection injury in which ED is 
observed within the fi rst 1–2 days after injury, in 
comparison to 4 weeks for the radiated model. A 
longer time line of decreased nNOS was also 
observed with radiation treatment [ 144 ] at 4 
weeks and beyond. Smooth muscle did not 
decrease until 9 weeks [ 144 ]. Since the time 
course of neuronal injury and penile morphology 
changes is signifi cantly longer than that observed 
in CN crush and resection models, it is unclear if 
the mechanism of injury is similar in these 
models.  

    Conclusion 

 There are a plethora of animal models that have 
been used to study the development of ED, with 
variable success and similarity to the human con-
dition. Careful selection of an appropriate model 
for study, keeping in mind potential neuropathic 
and vascular changes and gonadal dysfunction 
that may develop with age in a percentage of ani-
mals of each model type, is critical. It is also 
essential when selecting an appropriate model to 
study animals that are adult, and no longer under-
going developmental changes or growth that can 
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confound fi ndings. What is considered “adult” in 
rats is commonly misconstrued since penile 
weight is still increasing from 12 to 16 weeks 
(84–112 days) in the rat, androgen receptor has 
not reached its fi nal minimal level until between 
12 and 16 weeks (112 days), and genes important 
for penile development are still changing at 90 
days after birth and do not reach their adult levels 
until postnatal day 120 in Sprague–Dawley rats 
[ 145 ,  146 ]. This is disconcerting given the obser-
vation that many investigators utilize rats under 
100 days old for their studies, without consider-
ation of how developmental factors will impact 
their fi ndings. Further studies are needed to 
understand the contribution of specifi c risk fac-
tors to the pathogenesis and physiological altera-
tions that contribute to ED development.     
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          Anatomical Review 

    Gross Structure 

 The human penis is composed of the paired dor-
sal corpora cavernosa and the ventrally placed 
corpus spongiosum. The corpus spongiosum 
contains the urethra and is contiguous with the 
glans penis distally. Each corpus is surrounded 
by a fi brous sheath, the tunica albuginea. Between 
the two corpora cavernosa is an incomplete per-
forated septum allowing them to function  in   uni-
son [ 1 ]. Surrounding all three corpora is an 
additional fi brous layer, Buck’s fascia. Superfi cial 
to Buck’s fascia is Colles’ fascia extending from 

the base of the glans to the urogenital diaphragm 
where it is contiguous with Scarpa’s fascia. 
Superfi cial to Colles’ fascia is the skin (Fig.  2.1 ). 
Proximally, the corpora cavernosa form the 
penile crura, which are anchored to the pubic 
rami and are covered by the ischiocavernosus 
muscles [ 1 ]. The proximal corpus spongiosum 
forms the penile bulb, which is enveloped in the 
bulbospongiosus muscle. The suspensory liga-
ment of the penis arises from the linea alba and 
pubic symphysis. It inserts on the tunica albu-
ginea to support the pendulous portion of the 
penis [ 2 ].

       Corpora 

 The  corpora cavernosa   are two spongy cylinders 
composed primarily of arterial sinusoids and 
smooth muscle surrounded by the tunica albu-
ginea. The cavernosal tunica albuginea is 2–3 mm 
thick in the fl accid state and is composed mostly 
of collagen fi bers with a smaller portion being 
elastic fi bers [ 3 ]. The tunica of the cavernosa has 
an inner circular layer and an outer longitudinal 
layer of fi bers [ 1 ]. 

 The histologic  appearance   of corpus spongio-
sum is similar to the corpora cavernosa and it 
contains larger sinusoids. Additionally, the tunica 
albuginea surrounding this corpus is thinner, has 
only one circular fi ber layer, and contains more 
elastic fi bers [ 3 ].  
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    Glans 

 The  glans   forms the distal portion of the penis. It 
is contiguous with the corpus spongiosum. It is 
covered with very thin but fi rmly adherent skin. 
Additionally, the tunica on the glans [ 1 ] albu-
ginea is absent.  

    Arterial Supply 

 Classically, the internal pudendal artery,  which   is 
a branch of the internal iliac, serves as the main 
blood supply to the penis [ 1 ]. After the perineal 
artery branch, it becomes the penile artery. More 
recently, accessory pudendal arteries, arising 
from the external iliac, obturator, vesical, and 
femoral arteries, have been shown to contribute 
to the blood supply of the penile artery in many 
men [ 4 ]. The penile artery has four paired termi-
nal branches: the cavernous (deep penile), dorsal, 
urethral, and bulbar arteries [ 1 ,  5 ] (Fig.  2.2 ). Each 
cavernous artery pierces the ipsilateral caverno-
sal tunica albuginea at the hilum of the penis and 
enters the penile crura. It runs the length of the 
corpora cavernosa giving off many tortuous 
branches, which are known as the helicine arter-

ies. These helicine arteries open directly into the 
sinusoids of the erectile tissue. Each dorsal artery 
lies beneath Buck’s fascia and courses distally 
between the laterally placed paired dorsal nerves 
and the deep dorsal vein. They are responsible for 
the engorgement of the glans during erection. 
The urethral arteries run through the corpus spon-
giosum lateral to the urethra and supply blood to 
the corpus spongiosum, the urethra, and the 
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  Fig. 2.1    Penile cross section. 
 Penile cross section   showing 
paired dorsal corpora 
cavernosa and the ventral 
corpus spongiosum. Note the 
double-layered tunica 
albuginea surrounding the 
cavernosa (inner circular and 
outer longitudinal) and the 
incomplete septum allowing 
communication of the two 
cavernosa. Note urethra 
coursing within the corpus 
spongiosum and the single- 
layered tunica (one circular 
layer)       
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  Fig. 2.2     Arterial supply   to the penis. The internal puden-
dal artery forms the penile artery after giving off the peri-
neal artery. The penile artery has four terminal branches: 
the bulbar, urethral, cavernous, and dorsal artery. Penile 
blood supply is bilaterally symmetric; only one side of 
supply is portrayed in this diagram       
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glans. The bulbar arteries enter the bulb of the 
penis supplying the proximal urethra and 
Cowper’s gland.

       Veins 

 Within the three corpora, tiny post-cavernous 
venules coalesce to form emissary veins that con-
tinue further and ultimately pierce the tunica 
albuginea [ 6 ]. In the proximal penis, the emissary 
veins drain into the cavernous vein that goes on 
to join the periurethral veins of the urethral bulb 
to form the internal pudendal vein. The emissary 
 veins   from the distal and middle penis combine 
to form circumfl ex veins, which drain into the 
deep dorsal vein of the penis. The deep dorsal 
vein runs the length of the dorsal penis and drains 
into the periprostatic plexus. The venous drain-
age of the skin and subcutaneous penile tissue is 

via multiple superfi cial veins that go on to form 
the superfi cial dorsal vein. This vein drains into 
the external pudendal vein.  

    Peripheral Innervation 

 The penis receives innervation from parasympa-
thetic, sympathetic, and somatic efferent nerves 
(Fig.  2.3 ). The parasympathetic penile innerva-
tion  comprises   the major excitatory input to the 
penis responsible for vasodilation of the penile 
vasculature and erection. Preganglionic fi bers 
originate from the sacral parasympathetic nucleus 
[ 4 ,  7 ]. These fi bers travel to the pelvic plexus via 
the pelvic nerve, which also carries sympathetic 
nerve fi bers [ 7 ,  8 ]. After synapsing in the pelvic 
plexus, postganglionic parasympathetic fi bers 
emerge as a part of the cavernous nerve [ 9 ]. The 
cavernous nerve travels along the posterolateral 
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  Fig. 2.3    Innervation of the penis.  Presynaptic parasym-
pathetic fi bers   travel via pelvic nerve to synapse in pelvic 
plexus; postsynaptic fi bers emerge within cavernous nerve 
and travel to corporal bodies as well as urinary sphincter. 
Sympathetic fi bers travel via hypogastric and pelvic 
nerves to join cavernous nerve as it emerges from the pel-

vic plexus. Sympathetic fi bers also travel to penis via 
pudendal nerve. Somatic motor fi bers to the bulbocaver-
nosus and ischiocavernosus travel via pudendal nerve. 
Somatic sensory afferent signals travel from the penis via 
the dorsal nerve which goes on to join the pudendal nerve       

 

2 Normal Erectile Physiology



20

aspect of the prostate within the pelvic fascia that 
fuses with the prostatic capsule [ 10 ]. The cavern-
ous nerves then exit the pelvis as two groups of 
fi bers [ 10 ]. The fi rst group travels to the urethral 
sphincter to modify urinary function. The second 
group travels to the penis. This group branches 
further as it reaches the penis with a portion of 
the fi bers heading for the corpus spongiosum and 
the remaining fi bers entering the penile crura 
along with the deep penile artery and cavernous 
veins [ 10 ].

   Sympathetic pathways begin in  the   interme-
diolateral cell column and intercalated nucleus at 
spinal levels T9-L2 [ 8 ,  11 ]. Preganglionic fi bers 
emerge and travel to synapse on sacral and caudal 
lumbar ganglion cells within the sympathetic 
chain [ 12 ]. Postganglionic sympathetic nerve 
fi bers that innervate the penis exit the sympa-
thetic chain via three routes. The fi rst carries 
sympathetic fi bers via the hypogastric nerve to 
the pelvic plexus where they join the cavernous 
nerve for the remaining distance to the penis. In 
the second pathway, postsynaptic sympathetic 
outfl ow from paravertebral ganglia joins the pel-
vic nerve, which travels to the pelvic plexus to 
join the cavernous nerve to the penis. Finally, a 
portion of the sympathetic outfl ow  is   carried on a 
direct route to the penis from the sympathetic 
chain ganglia via the pudendal nerve [ 9 ]. The role 
of these sympathetic neurons appears to be pri-
marily one of antierectile function. They stimu-
late vasoconstriction and appear to have 
spontaneous activity that produces an antierectile 
tone [ 9 ,  13 ]. However, total eradication of sym-
pathetic input leads to diminished erectile func-
tion demonstrating that the sympathetic input is 
not entirely antierectile [ 9 ,  11 ,  14 ]. Opinions dif-
fer on the reason for this effect as some authors 
have suggested that due to the vital role of sym-
pathetic input for arterial tone and regulation of 
blood distribution, a sympathetic lesion may dis-
rupt routing of blood to the penis [ 14 ]. 

 Somatic motor efferents arise from the ventral 
sacral spinal cord (Onuf’s nucleus). They travel 
via the pudendal nerve to innervate the bulbos-
pongiosus and ischiocavernosus muscles [ 9 ]. 
Neural input to these muscles in the presence of 
an erect penis leads to increased penile rigidity 
[ 15 ]. Additionally, contraction of these muscles 

in a rhythmic manner assists in the expulsion of 
ejaculate [ 9 ]. 

 Somatosensory input from the penis arises 
primarily  at   free nerve endings and corpuscular 
receptors. The input is carried via C- and A-delta 
fi bers [ 16 ]. These fi bers coalesce to form the dor-
sal nerve of the penis, which extends into the pel-
vis to join the pudendal nerve. The pudendal 
nerve carries sensory signals to the spinal cord 
via spinal roots S2–S4 and terminates in the gray 
matter of the lumbosacral cord [ 17 ].   

    Hemodynamics of Erection 

    Flaccid State 

 The  fl accid state   of the penis is characterized 
by blood fl ow suffi cient to meet nutritional and 
other physiologic needs, but insuffi cient for 
penile erection. During this state, sustained 
partial  contraction   of smooth muscle cells in 
the walls of arteries, arterioles, and in the cor-
poral trabeculae is essential for the limitation 
of blood fl ow. The molecular mechanisms 
leading to this tonic smooth muscle contrac-
tion are discussed below.  

    Tumescence and Erection 

 With sexual stimulation and subsequent release 
of proerectile mediators onto corporal smooth 
muscle the erectile response is initiated. Within 
 the   corpora cavernosa, there is dilation of arteries 
and arterioles and thus increased infl owing blood. 
The trabecular smooth muscle additionally 
relaxes allowing corporal sinusoids to expand as 
they become engorged with blood. This caverno-
sal expansion begins to compress the subtunical 
venules decreasing venous outfl ow. With further 
engorgement, the tunica is stretched occluding 
the emissary veins between the two tunical layers 
leading to minimal venous outfl ow [ 18 ]. This 
leads to an increase in intracavernosal pressure to 
approximately 100 mmHg, which raises the penis 
to the fully erect position [ 18 ]. 

 During heightened sexual activity,  the   penis 
enters the rigid-erection phase. The ischiocaver-
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nosus muscles contract as a result of the bulbo-
cavernosus refl ex, compressing the base of the 
corpora cavernosa leading to temporary cessation 
of infl ow and outfl ow of blood and increasing 
intracavernous pressures up to several hundred 
mmHg [ 18 ]. 

 The corpus spongiosum and glans behave 
somewhat differently in tumescence and erec-
tion. Arterial fl ow increases in these locations 
just as in the cavernosa. Due to structural differ-
ences in the tunica albuginea, which is thin in the 
spongiosum and absent in the glans,  venous   
occlusion is less in these locations. This leads to 
pressures in the spongiosum only one third to 
one half of that of the cavernosa [ 19 ]. The glans 
and spongiosum thus act essentially as arteriove-
nous shunts during erection. Similar to the cor-
pora cavernosa, during the rigid-erection phase 
contraction of the ischiocavernosus and bulbo-
cavernosus muscles compresses out-fl owing 
veins leading to further pressure increase in the 
spongiosum and glans. The deep dorsal vein is 
compressed between the engorged cavernosa 
and Buck’s fascia contributing to rigidity of the 
glans [ 18 ].  

    Detumescence 

 With cessation of  sexual   stimulus and subsequent 
decrease in erection inducing neural activity, the 
erectile response ends. Antierectile neural input 
leads to vasoconstriction of penile arteries and 
contraction of the trabecular smooth muscle 
resulting in reduced arterial infl ow and collapse 
of the trabeculae [ 20 ]. With decreased arterial 
infl ow and subsequent corporal decompression, 
occlusion of venous drainage subsides, allowing 
effl ux of corporal blood and return to fl accid state 
physiology [ 21 ].   

    Local Mechanisms of Erection 

  As previously mentioned,  partial   contraction of 
trabecular, arterial, and arteriolar smooth muscle 
and subsequent limitation of blood fl ow are 
essential for maintaining penile fl accidity. 
Sympathetic adrenergic signaling and the activity 

of substances derived from vascular endothelium 
(endothelins and prostaglandin F 2α ) appear to 
play a crucial role in this process [ 22 ,  23 ]. 
These substances activate G-protein-coupled 
receptors that initiate a cascade leading to the 
increased production of inositol triphosphate and 
diacylglycerol. In turn, these substances lead to 
an increase in intracellular Ca 2+  via releasing 
intracellular stores or opening cell membrane 
channels to allow infl ux [ 19 ,  23 ,  24 ]. The resul-
tant elevated intracellular free Ca 2+  binds to 
calmodulin, changing its conformation to expose 
sites that bind and activate myosin light-chain 
kinase [ 19 ]. The activated myosin light-chain 
kinase phosphorylates myosin light chains, 
allowing them to initiate smooth muscle contrac-
tion [ 25 ]. 

 This rise in intracellular Ca 2+  is only a tran-
sient event, and further mechanisms, most nota-
bly calcium sensitization, appear to play a 
signifi cant role in maintaining contraction of 
smooth muscle during the fl accid state. The 
RhoA, Rho-kinase pathway is important to cal-
cium sensitization [ 26 ,  27 ]. G proteins expressed 
in penile smooth muscle activate RhoA which 
activates Rho-kinase. Rho-kinase, in turn, phos-
phorylates the regulatory subunit of smooth mus-
cle myosin phosphatase, inhibiting its activity. 
This inhibition prevents dephosphorylation of 
smooth muscle myofi laments allowing them to 
maintain their contractile tone [ 28 ,  29 ]. The sum 
total of this pathway is the maintenance of 
smooth muscle contraction during the fl accid 
state without a signifi cant change in intracellular 
Ca 2+  [ 29 ]. RhoA is expressed at a 17-fold higher 
concentration in rabbit cavernosal smooth mus-
cle when compared to other vascular smooth 
muscle sites supporting its important role in erec-
tile physiology [ 30 ]. 

 During the erectile response, a drop in intra-
cellular Ca 2+  is important for the relaxation of 
vascular and corporal smooth muscle. The release 
of nitric oxide (NO) from nonadrenergic, non-
cholinergic nerve terminals and the endothelium 
is a major mediator of this response [ 31 ,  32 ]. NO 
works in the smooth muscle cell to activate a 
soluble guanylyl cyclase. This enzyme leads to 
an increase in the production of the second mes-
senger  cyclic guanosine monophosphate (cGMP)  . 
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Increased cGMP concentration activates protein 
kinase G (PKG). The activated PKG phosphory-
lates multiple intracellular proteins to cause: 
sequestration of intracellular Ca 2+  in the endo-
plasmic reticulum, inhibition of cell membrane 
calcium infl ux channels, and opening of potas-
sium channels with resultant myocyte hyperpo-
larization [ 18 ]. The resultant decrease in 
intracellular calcium concentration and hyperpo-
larization leads to smooth muscle relaxation via 
what is essentially a reversal of the process for 
smooth muscle contraction described above. In 
brief, intracellular calcium levels fall, deactivat-
ing the calcium–calmodulin complex. This 
allows myosin light-chain kinase to become inac-
tive, facilitating resultant dephosphorylation of 
the myosin light chains deeming them unable to 
initiate muscle contraction (Fig.  2.4 ).

   During the return to fl accid state physiology, 
 phosphodiesterase type 5 (PDE-5  ) hydrolyzes 
cGMP to the inactive guanosine monophosphate. 
As cGMP concentration falls, intracellular [Ca 2+ ] 
rises and the vascular and corporal smooth mus-
cle cells again contract [ 31 ]. 

 These local vasodilatory mechanisms of erection 
represent one of the primary therapeutic targets of 

erectile dysfunction. The PDE-5 inhibitors block 
the degradation of cGMP, which leads to down-
stream smooth muscle relaxation. A variety of oral 
PDE-5 inhibitors are available for use. In general, 
they have similar effi cacy but vary in terms of phar-
macokinetics and side effect profi les.   

    Spinal Control of Erection 

 Erection can originate  from   both tactile stimu-
lation of the penis (refl exive erection) and 
supraspinal stimuli (psychogenic erection). The 
sacral spinal cord appears to integrate and coor-
dinate the excitatory and inhibitory neural 
inputs from both peripheral and supraspinal 
sources. Complete destruction of the sacral spi-
nal cord or its outfl ow eliminates erectile func-
tion [ 33 ,  34 ]. However, patients with suprasacral 
spinal cord transection have shown erectile 
function to be at least partially maintained in 
response to tactile stimulation of the penis [ 8 , 
 33 – 35 ]. This has led to postulation that sacral 
centers are essential for erection regardless 
of origin (i.e., refl exive or psychogenic) [ 12 ]. 
The sacral spinal refl ex, which can function in 
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the absence of suprasacral signals, coordinates 
sensory input from the dorsal nerve of the penis 
and proerectile output via sacral parasympa-
thetics facilitating erection in response to direct 
penile stimulation. Additionally, sacral centers 
are vital to the integration of psychogenic erec-
tile stimuli from supraspinal origins and the 
resultant erectile response, as evidenced by the 
absence of psychogenic erection in patients 
with sacral destruction.  

    Supraspinal Control of Erection 

  Supraspinal control   of erection is poorly under-
stood with almost all evidence from experimental 
animal models. Erections in response to imagina-
tive, visual, tactile, and olfactory stimuli are 
thought to originate from supraspinal centers. 
Hypothalamic and limbic pathways have been 
shown to play a key role [ 9 ]. 

    Paraventricular Nucleus 

 The hypothalamic paraventricular nucleus (PVN) 
contains  premotor neurons      that project from the 
parvocellular layer directly into the spinal cord 
[ 36 – 38 ]. These neurons have been shown to con-
tain a variety of neurotransmitters: oxytocin, 
vasopressin, enkephalins, and dopamine [ 39 ,  40 ]. 
In rat models injection of a variety of neurome-
diators (oxytocin, glutamate, nitric oxide, dopa-
mine agonists) into the PVN has been shown to 
elicit penile erection [ 39 ,  40 ]. Additionally, in 
both rats and monkeys, stimulation of the PVN 
elicits erection [ 41 ]. Lesions of the parvocellular 
layer of the PVN cause longer latencies and 
fewer noncontact erections in rats [ 42 ]. 
Parvocellular PVN neurons have been shown to 
respond to stimulation of the dorsal nerve of the 
penis in rats, suggesting that the PVN may be a 
supraspinal refl ex center for erections [ 43 ]. The 
PVN also receives input from the  medial preoptic 
area (MPOA)  , suggesting that the PVN serves to 
integrate  MPOA      input before sending it down-

stream via autonomic pathways selectively acti-
vated within the PVN [ 9 ,  44 ].  

    Medial Preoptic Area 

 Function of  the    MPOA      of the hypothalamus is 
imperative to normal sexual behavior [ 45 ,  46 ]. In 
rats and monkeys, MPOA stimulation elicits 
erection [ 41 ,  47 ]. In monkeys, increases in 
MPOA neuronal activity have been recorded dur-
ing erection [ 48 ]. Interestingly, MPOA lesions do 
not affect refl exive or noncontact erections [ 49 , 
 50 ]. All of this has led to debate as to the role of 
the MPOA in erectile function. The emerging 
theory is that the MPOA likely serves as an inte-
gration center of hormonal and sensory inputs for 
sexual behavior and redistributes these signals to 
the hypothalamic and brainstem structures 
thought to be more directly linked to erectile con-
trol, such as the PVN [ 17 ,  44 ,  51 ].  

    Other Supraspinal Centers 

 Many other  supraspinal areas      have been shown in 
animal studies to be related to erectile function. 
In monkeys, isolated stimulation of the medial 
dorsal nucleus of the thalamus, ventral tegmental 
area, precallosal cingulate gyrus, and subcallosal 
and caudal gyrus led to erections [ 41 ]. 
Hippocampal stimulation in anesthetized rats 
increased intracavernous pressures as did desyn-
chronization of the somatosensory cortex follow-
ing cocaine administration [ 52 ,  53 ]. A  center   for 
descending the inhibition of spinal  sexual   refl exes 
has been localized to a group of neurons in the 
paragigantocellular reticular nucleus of the ven-
tral medulla [ 54 ]. The exact role each supraspinal 
area plays in mediating erection is currently 
unclear. However, it is apparent that there are 
extensive interconnections between many supra-
spinal centers that contribute to descending path-
ways and exert powerful control, both inhibitory 
and excitatory, on the spinal responses driving 
erection [ 51 ].   
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    Central Neurotransmission 

    Oxytocin 

 Proerectile  projections   from the supraoptic area of 
the hypothalamus and the PVN travel to the spinal 
centers for erection and oxytocin has been shown 
to be  a   key neurotransmitter in these neurons [ 1 ,  55 , 
 56 ]. In lab animals, intracerebroventricular or intra-
thecal injection of oxytocin antagonists blocks the 
induction of erection that is seen with intrathecal 
oxytocin injection. Additionally, antagonist injec-
tion into the lateral ventricles leads to a dose-
dependant reduction in noncontact erections [ 57 ]. 
This has led to the belief that oxytocin plays a role 
in facilitating nonrefl exive erections.  

    Dopamine 

 Dopaminergic neurons  project   to the MPOA and 
PVN [ 58 ] and also have  been   discovered to travel 
from the caudal hypothalamus to the lumbosacral 
spinal cord [ 59 ].  Dopamine      is thought to partici-
pate in central regulation of the autonomic and 
somatic penile refl exes. The dopamine receptor 
agonist apomorphine induces penile erection in 
rats when administered systemically [ 60 ]. 
Additionally, apomorphine injection into the 
MPOA facilitated erections while dopaminergic 
antagonist injection into the MPOA decreased 
penile refl exes [ 60 – 62 ]. In the PVN, dopaminer-
gic neurons appear to stimulate oxytocinergic 
neurons, which more directly account for the 
erectile response. This is supported by the pre-
vention of apomorphine-induced erections in the 
presence of oxytocin receptor antagonists [ 63 ].  

    Serotonin 

 In experimental animal models, bulbospinal neu-
rons containing  serotonin (5-HT) project   to the 
lumbar spinal cord [ 22 ]. Serotonergic fi bers have 
been demonstrated in close proximity to retro-
gradely labeled sacral preganglionic neurons 
[ 64 ]. One study showed 5-HT in general had an 
inhibitory effect on male sexual behavior [ 65 ]. 

However, there have been confl icting reports 
with another study showing that the stimulation 
of 5-HT 2c  receptors mediated the erectile response 
[ 66 ]. Thus, the full function of 5-HT in erectile 
function has not been fully elucidated. It appears 
to serve various functions likely acting as a major 
modulator of the central control of erection [ 22 ].  

    Nitric Oxide 

 NO is emerging  as   an essential neurotransmitter 
within the CNS for erectile response. NO appears 
to act in several regions of the brain, including 
the MPOA and PVN [ 67 – 70 ]. Injection of 
NO-synthase (NOS) inhibitors into the PVN pre-
vents penile erection induced by dopamine ago-
nists and oxytocin [ 71 ]. NO production increased 
in the PVN of rats during noncontact erections, 
confi rming the role of NO production during 
erection [ 72 ].  

    ACTH and α-MSH 

  Adrenocorticotropic hormone (ACTH)   and its 
related peptide α(alpha)-melanocyte stimulating 
hormone (α- MSH  ) have been shown to elicit 
erectile responses in addition to increased groom-
ing, stretching, and yawning behaviors when 
given intracerebroventricularly to lab animals 
[ 73 ]. This proerectile effect appears to be due to 
the stimulation of melanocortin-3 (MC 3 ) recep-
tors, which are prevalent in the hypothalamus and 
limbic system [ 74 ]. The role of these peptides in 
erectile response is not entirely known, but they 
appear to induce erection by acting at sites dis-
tinct from those in the PVN stimulated by dopa-
mine and oxytocin [ 75 ]. Additionally, Melanotan 
II, an α-MSH synthetic analog, has been shown 
to have proerectile effects in humans with psy-
chogenic impotence [ 76 ].  

    Other Neurotransmitters 

 Excitatory amino acids, such as  L -glutamate, 
 N -methyl- D -aspartate ( NMDA  )   , amino-3- 
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hydroxy- 5-methyl-isoxazole-4-propionic acid 
( AMPA  )   , and trans-1-amino-1,3-cyclo- pentadicar-
boxylic acid (ACPD), have been shown to have 
proerectile effects when injected into the MPOA 
or PVN of lab animals [ 77 – 79 ]. Gamma- amino 
butyric acid ( GABA  )    appears to function as an 
inhibitor in the refl ex pathways for penile erec-
tion [ 80 ]. In fact, patients with neuropathic pain 
who took pregabalin, a structural  analog of 
GABA, have been shown to be at an increased 
risk of developing erectile dysfunction compared 
to untreated patients with neuropathic pain [ 81 ]. 

 Stimulation of  μ-opioid receptors   appears to 
centrally prevent penile erection and impair 
copulation likely through the prevention of the 
increased NO production in the PVN during 
sexual activity [ 82 ]. Conversely, sildenafi l has 
been shown to have anesthetic effects [ 83 – 85 ] 
and potentiate the effects of morphine [ 84 ,  85 ], 
most likely through the inhibition of cGMP 
degradation [ 85 ]. Clearly, further research is 
needed to examine the complexities of the vari-
ous molecular pathways leading to physiologic 
erectile function along with their full extent of 
interactions.      
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          Introduction 

 While penile erection is often thought of as being 
a primarily physical event, there are myriad psy-
chological factors that contribute to both attain-
ing and maintaining penile tumescence. A 
complete understanding of the processes of erec-
tile function and dysfunction requires not only an 
understanding of the physical and psychological 
factors that contribute to erection but how these 
factors interact and combine to produce the male 
erectile response. This chapter will focus on the 
psychological factors that often interfere with the 
ability to achieve and/or maintain penile erection 
suitable for a satisfactory sexual experience for 
both the man and his partner. While the mental 
health clinician may wish to consult the latest 
edition of the Diagnostic and Statistical Manual 
of Mental Disorders [ 1 ] for diagnostic criteria, 
this chapter is primarily focused on increasing 
the medical practitioner’s awareness of the 
psychosocial factors to be considered in order to 

provide a more successful and satisfying treat-
ment experience for the man and his partner suf-
fering with this sexual dysfunction.  

    The Psychological Assessment 

 Assessment begins with the recognition that men 
often want a discussion to take place with their 
physician about their sexual issues. Yet, it is often 
extraordinarily diffi cult for a man suffering from 
ED to initiate it [ 2 ]. Not only might a man be 
embarrassed about admitting to such diffi culty, 
he may fear a judgmental or dismissive reaction 
from his healthcare provider. In fact, these men 
may often feel quite “broken” and often report 
feeling as if they are not a “real man” [ 3 ]. Whether 
the cause of a man’s erectile problems is physical 
or psychological, their ED will have a psycho-
genic component, even if the ED was initially the 
result of constitution, illness, surgery, or other 
therapy. Minimally almost all of these men will 
experience some degree of secondary psycho-
logical distress [ 4 ]. Many of these men have lost 
confi dence in their ability to function sexually 
and have become sexually avoidant.  Sexual 
avoidance   often leads to avoidance of affection as 
well. This will likely have led to signifi cant rela-
tionship problems as partners often worry that 
they have become unattractive to the man, the 
man has fallen out of love with them or is inter-
ested in another partner, etc. Clearly, the man 
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 sitting in front of his physician has a complicated 
story to tell. As a result, the physician must real-
ize that taking the time to allow the man to com-
pletely tell his story is of the utmost importance. 
Yet, this can be quite challenging in this day and 
age of medical practice (at least in the United 
States) where offi ce visits have become more 
rushed and time limited, and medical/sexual his-
tory taking may suffer. 

 The psychological assessment of erectile dys-
function encompasses both individual and rela-
tionship factors. Mental health professionals will 
look at the  man’s sexual history  , as well as the 
presence of any comorbid psychiatric conditions. 
While the typical medical offi ce visit may not 
allow for a thorough discussion of the multiple 
factors involved in a complete assessment, there 
are some specifi c questions the medical practitio-
ner may fi nd particularly useful to ask [ 5 ,  6 ]. As 
with any other chief complaint, the physician will 
want to inquire as to the duration and the  circum-
stances   of the man’s erectile diffi culties. For 
example, it would be important to know if the ED 
was lifelong or acquired (i.e., when did the 
patient fi rst begin to notice his erectile diffi cul-
ties). Also important is whether the ED is gener-
alized or situational (i.e., does this occur in all 
situations, only with a particular partner, or only 
with intercourse but not other types of sexual 
activity, etc.). Perhaps one of the greatest indica-
tors of a predominantly psychologically based 
case of ED is the timing of the erectile loss. It is 
not uncommon for the man experiencing ED to 
describe a pattern of good erectile functioning 
until, or shortly after, the point of penetration. 
These men report ease of penile tumescence fol-
lowed by extended periods of foreplay. However, 
as  penetration looms  , the man’s erection begins 
to fade. This is a hallmark presentation of psy-
chological confl ict and may be a function of any 
combination of the following: performance anxi-
ety, concerns about the relationship, commit-
ment, loss of autonomy, or numerous other 
psychological concerns. Additionally, some 
questions about the timing of the onset of the dif-
fi culty can also be of great diagnostic value. 
Many men report good erectile functioning until 
the occurrence of some “ relationship-deepening 

event  .” These men often present with histories 
suggesting, “The sex was great until…”. “Until” 
may mean moving in together, getting engaged, 
getting married, the birth of the fi rst child, etc. 
All of these experiences could be considered a 
“ relationship-deepening event  .” The following is 
an overview of the most important areas for con-
sideration by the practicing physician. 

    Individual Factors 

 While it is diffi cult to isolate  a   singular causative 
agent in the assessment of ED, there are several 
areas of inquiry that may yield insight into the 
sexual psychology of the man the physician is 
evaluating. Sex researchers have determined that 
the following are frequently relevant psychologi-
cal issues independently or in combination: per-
formance anxiety (the level of anxiety experienced 
by the man regarding his ability, or lack thereof, 
to function sexually), past sexual trauma (i.e., 
sexual abuse), a history of negative sexual mes-
sages (i.e., as a result of familial or religious 
training that may induce guilt about sexual func-
tion/preferences), lack of adequate information 
of sexual skill, lack of adequate arousal to sexual 
stimuli, confl icts about gender identity/sexual 
orientation/or paraphilic interests, unrealistic 
expectations, other sexual dysfunctions (i.e., pre-
mature/delayed ejaculation), and/or other comor-
bid psychiatric disorders (i.e., depression, 
anxiety/panic disorder, bipolar illness, attention- 
defi cit disorder, autism spectrum disorders, etc.) 
[ 7 ,  8 ]. 

 While the abovementioned factors are often 
noted during a standard examination, equally 
often a psychologically based ED is  interper-
sonal rather  than  intrapersonal in its etiology.  
For most of the men who are treated for ED, it is 
not the sex they have on their own that is prob-
lematic (i.e., masturbation). Rather it is the sex 
they have with a partner that, when problematic, 
may spur the desire for medical/psychological 
consultation. While the man may initiate this 
consult himself, it is very often his distressed 
partner who has urged him to do so [ 9 ]. 
Interpersonal factors that may result in 
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 psychogenic ED include, but are not limited to, 
relationship confl ict (i.e., anger), fear or avoid-
ance of intimacy (i.e., fears of loss of autonomy 
and/or rejection), nonsexual relationship prob-
lems (i.e., problems with children and/or 
fi nances), and partner sexual dysfunction.  

    Impact of ED on the Man’s Sexual 
Partner 

 One of the most overlooked factors in the assess-
ment and treatment of ED is the impact that ED 
has on the man’s sexual  partner   and their rela-
tionship [ 10 ]. Whether we are discussing hetero-
sexual, homosexual, or bisexual relationships, 
healthcare professionals often neglect to include 
an adequate consideration of the man’s partner in 
the assessment/treatment process. 

 ED within the context of a relationship affects 
all involved parties, not just the man experiencing 
the ED. Partners often wonder/worry about their 
potential contribution to the problem. Am I not 
attractive enough? Am I not a good-enough sex 
partner?  Does   may partner no longer love/desire 
me? Is he interested in someone else? Is he hav-
ing an affair? Often, problems in the relationship 
occur because many men withdraw all affection 
from their partners when they are experiencing 
erectile diffi culties. Many men in our offi ces have 
often commented that they hold back on affec-
tionate gestures that might imply an interest in 
sexual activity for fear that they will be “unable 
to fi nish what I’ve started.” As a result, a pattern 
of sexual avoidance becomes a pattern of affec-
tionate avoidance as well. Regardless of the etiol-
ogy of the ED, restoration of a satisfying sexual 
life for men in relationships will require repair of 
any relationship damage resulting from the dis-
ruption in their sexual/affectionate life.   

    Psychological Treatments 

 While there is no single psychological treatment 
for ED, many approaches have proven to be quite 
helpful. Often, the greatest determining factor for 
treatment choice is ascertained by an identifi ca-

tion of the etiological factor(s) resulting in the 
erectile diffi culties. For example, if the sexual 
problem is the result of depression, or another 
mood disorder, that condition will need to be tar-
geted.  Cognitive behavioral therapy (CBT)  ,  often 
  combined with medication, is the treatment of 
choice for many. Similarly, if the ED is the result 
of anxiety (i.e., performance anxiety), relaxation 
exercises such as Masters and Johnson’s   Sensate 
Focus    may be of particular use [ 11 ], as well as a 
variety of mindfulness exercises [ 12 ]. For the 
deeper-rooted problems of fear of abandonment, 
loss of autonomy, ambivalence about relationship 
commitment, in-depth psychodynamically ori-
ented therapies may be most appropriate. When 
the primary issues appear to be a confl ict between 
the couple, couple’s therapy is often most indi-
cated. Of course, as alluded to earlier, couple’s 
therapy is likely to be indicated regardless of eti-
ology since the ED has impacted the couple and 
their relationship, and repair of the relational 
damage will need to be addressed. 

 At the current time, there is a great deal of 
emphasis on therapies that combine both medical 
and psychological interventions. Many sex thera-
pists today rely on a more “ biopsychosocial” 
approach      to treatment that recognizes the complex 
interaction of physiology, psychology, and rela-
tionship factors in the formation of both sexual 
health and dysfunction [ 12 ,  13 ]. Perelman [ 14 ] 
and Rosen [ 15 ] have both commented on the 
importance of combined therapies in which physi-
cians and mental health professionals work col-
laboratively in an effort to provide comprehensive 
and effi cient treatments. In fact, Perelman [ 16 ] has 
taken this a step further by advocating for a  trans-
disciplinary  perspective in the treatment of sexual 
diffi culties in which the focus expands from com-
bining the efforts of different practitioners, to one 
in which practitioners transcend the biases of their 
individual professions and integrate knowledge 
from other clinical and academic traditions. 

 While this chapter is focused on the psycho-
logical causes and treatments of ED, there is no 
reason to believe a single pathogenetic pathway 
to erectile dysfunction exists, and the benefi ts of 
the combination therapies mentioned are  obvious. 
Besides the common sense appeal of such 
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 models, there is as noted above an ever- expanding 
body of empirically based quantitative and quali-
tative evidence supporting a multidimensional 
conceptualization, especially in the areas of treat-
ment optimization, treatment adherence, and 
continuation of recommended therapies [ 17 – 33 ]. 

 The practicing physician may choose from a 
variety of biopsychosocial-behavioral and cul-
tural models when contemplating erectile dys-
function, but sexual medicine and sex therapy 
have recently been most infl uenced by various 
 “dual-control models”   [ 34 – 39 ]. Bancroft and 
colleagues [ 34 ] remain the best known and 
researched of the various dual-control models. 
Yet, from our perspective when contemplating 
the clinical need for understanding etiology, 
diagnosis, and treatment, we fi nd the Sexual 
Tipping Point  ®   (STP)    (Fig.  3.1 ) dual-control 
model particularly useful in  its   ability to illustrate 
both intra- and interindividual variability that 
characterizes erectile response and its impact on 
both men and their partners. 1  [ 30 ]

1   The Sexual Tipping Point model is the registered trade-
mark of the MAP Education & Research Fund, a (501)
(C3) public charity. 

   The Sexual Tipping Point  ®    model   easily illu-
minates the mind-body concept that mental fac-
tors can “turn you on” as well as “turn you off”; 
the same is true of the physical factors. The 
Sexual Tipping Point  ®   is the characteristic 
threshold for an expression of a given sexual 
response. Therefore, an individual’s Sexual 
Tipping Point  ®   represents the cumulative impact 
of the interaction of a constitutionally estab-
lished capacity to express a sexual response elic-
ited by different types of stimulation as 
dynamically impacted by various psychosocial-
behavioral and cultural factors. An individual’s 
threshold will vary  somewhat   from one sexual 
experience to another, based on the proportional 
effect of all the different factors that determine 
that tipping point at a particular moment in time. 
For instance, the cartoon in Fig.  3.2  illustrates an 
individual suffering from a diminished erectile 
response [ 30 ].

   Besides illustrating all etiological permuta-
tions,    including normal   sexual balance   , the 
Sexual Tipping Point  ®   concept is particularly 
useful for modeling treatment and can easily be 
used to explain risks and benefi ts for patients 
with erectile disorders. The STP model can be 
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distribution curve; a dynamic representation of their sexual response at any moment in time.
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  Fig. 3.1    How the STP explains  sexual   function and dysfunction: a sequential key to the STP model (Copyright © 2015 
MAP Educational Fund. Used with permission)       

 

M.A. Perelman and D.N. Watter



33

“HOT” Excite (+)
Faster & Greater Sexual Response

“NOT” Inhibit (-)
Slower & Less Sexual Response

SE
XU

AL

RESPONSE

SC
ALE

MENTAL PHYSICAL

MENTAL PHYSICAL

Th
e 

S
ex

ua
l T

ip
pi

ng
 P

oi
nt

* 

© 2015 MAP Educational Fund

  Fig. 3.2    STP illustrates diminished  erectile   response (Copyright ©2015 MAP Educational Fund. Used with 
permission)       

used to teach patients where different treatment 
targets should be focused,   depending on diagno-
sis of their etiological determinants. Typically 
expressed erroneous binary beliefs can be 
politely disabused, and the patient can be reas-
sured that “no it is not all in your head” nor “all 
a physical problem.” Reciprocally, their partner 
can be assured it is “not all their fault!” Teaching 
the STP model to the patient and partner can 
reduce patient and partner despair and anger, 
while providing hope through a simple explana-
tion of how the problem’s causes can be diag-
nosed, parsed, and “fi xed.” In fact, the Sexual 
Tipping Point  ®   also allows for modeling of a 
variety of future treatments, including medical 
or surgical interventions not yet discovered or 
proven such as novel pharmacotherapy, genetic 
engineering, or nanotechnology [ 38 ]. This is 
illustrated in Fig.  3.3 .

   For those interested, mapedfund.org provides 
 a   video explanation  of   the STP model as well as 
continuously updated images and other resources 

which are all available for free download by 
healthcare professionals.  

    Talking to Patients About Sexual 
Issues 

  While there is no one way to  best   address these 
issues in medical practice, it is clear that patients 
will be receptive to talking to their physicians 
about their sexual problems [ 40 ] particularly if 
the physician initiates the conversation [ 2 ]. 
Indeed, most mental health professionals will 
report that the majority of their sex therapy refer-
rals come directly from physicians. Consistent 
with current pharmaceutical advertising, many 
men consider their physician to be the primary 
source of assistance when confronting sexual 
problems such as erectile dysfunction [ 41 ]. This 
is especially so in the age of PDE-5 inhibitors 
since many men are hopeful that a simple pre-
scription will alleviate their sexual distress. Yet 
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many physicians are still uncomfortable discuss-
ing sexual matters with their patients and often 
do not spend the necessary time to either inquire 
or address sexual concerns. This is quite unfortu-
nate inasmuch as sex therapist Candace Risen 
[ 42 ] reminds us, “They [patients] dread being 
asked, but they long to be asked.” Despite having 
had little training in medical school in the partic-
ulars of how to discuss sex with patients, physi-
cians can still play a vital role in assisting ED 
patients to get the help they so desperately want. 
It is important to note that there are many possi-
ble levels of intervention for the practicing physi-
cian that do not require a large investment of time 
or specialized training in sexual medicine. 

 A physician might fi nd another popular and 
user- friendly model helpful that was developed 
by psychologist, Jack Annon [ 43 ]. Annon 
termed his model the  PLISSIT model   in which 
he described several levels of intervention at 
which physicians can choose to respond to 
patients’ sexual concerns. In this model, the let-
ter “P” stands for  permission ,  which  involves 
the physician giving the patient permission to 
speak and voice their concerns about sex. This 
level is especially important, as patients often 

are unsure of whether or not their physician will 
be receptive to their concerns and may fi nd dis-
cussing sexual diffi culties such as ED embar-
rassing. Simply opening the door for the patient 
to feel welcome asking for advice and assistance 
can be highly therapeutic. The second level of 
intervention in the  PLISSIT model   is “LI” or 
 limited information.  Limited information may 
be some brief education about the physiology of 
erectile response, the “normalizing” of occa-
sional erectile diffi culties for most men, or some 
brief information about treatment options. “SS” 
stands for  specifi c instructions  in which the phy-
sician may make a specifi c suggestion for treat-
ment such as oral medications, penile injections, 
penile prostheses, etc. These fi rst three levels of 
intervention can be easily communicated to 
patients using the STP framework. Finally, the 
“IT” refers to   intensive therapy    in which the 
physician may believe that either the medical 
options alone have not been successful or the 
patient requires treatment for a detected comor-
bid mental health issue and makes a referral to a 
sex therapist or other mental health specialist. 

 Oftentimes, physicians report discomfort 
bringing up sexual issues with their patients. This 
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  Fig. 3.3    Illustrating the elegant solution:  STP   depicts 
integrated treatment with a future medical therapy that is 
unknown today. For the metabolic syndrome patient. The 

ideal solution to balance risk/benefi t (Copyright © 2015 
MAP Educational Fund. Used with permission)       
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may be, in large part, because discussing sexual 
issues has historically been absent from the train-
ing of healthcare professionals [ 2 ]. However, as 
mentioned previously patients often want to dis-
cuss their sexual diffi culties with their physi-
cians; indeed that is the reason that many will 
seek out medical attention in the fi rst place. 
According to Carroll [ 8 ], assuming the patient 
does not bring up sexual diffi culties themselves, 
the physician can begin with an open-ended 
inquiry as to whether the patient has any sexual 
concerns. Something as simple as “How is your 
sexual life going?” or “Do you have any sexual 
concerns?” will go a long way in helping the 
patient to feel comfortable in bringing up their 
concerns. This type of question gives the patient 
permission to discuss such sensitive topics (recall 
the “P” from the  PLISSIT model  ) and frames the 
issue in a nonjudgmental manner. Presenting 
with a nonjudgmental attitude is essential in 
assisting the patient to feel comfortable in open-
ing up to his physician. Again, it is important to 
remember that patients want to discuss these mat-
ters with their physicians. When the physician is 
sensitive enough to this reality, the rest of the 
helping process will likely fl ow smoothly.   

    Psychological Issues in the Post- 
Viagra Era 

 There is little doubt that the advent of oral medi-
cations for the treatment of ED has created a tre-
mendous paradigm shift in the way we think 
about the evaluation and treatment of this disor-
der. According to Rosen et al. [ 7 ], since the intro-
duction of  PDE-5 inhibitors   in 1998, well over 
100 million men worldwide have sought treat-
ment for ED, and these drugs have become a 
fi rst-line treatment. This has occurred for several 
reasons and has had both advantages and 
problems. 

 Sildenafi l, tadalafi l, and vardenafi l (Viagra, 
Cialis, and Levitra) have become the ED treat-
ment of choice for both physicians and patients 
for a variety of reasons. On the positive side, they 
have offered the hope and promise of effective 
treatment for ED that has encouraged more 

patients to seek treatment than ever before. 
Earlier medical treatments such as the  vacuum 
constriction device  ,  penile injections  , and  penile 
prostheses   all had signifi cant drawbacks in the 
eyes of many patients and their partners. The 
sheer simplicity of being able to quickly and eas-
ily “swallow a pill” has obvious appeal. And for 
many patients, these medications have been 
highly effective and easy to tolerate. The possi-
bility of an effective treatment that is easy to use 
and is relatively safe has allowed many men and 
their partners to resume having sexual intercourse 
for the fi rst time in many years. This has also 
made offi ce practice easier for many physicians 
as it has allowed them to offer treatment quickly 
and easily without the need for an extensive and 
expensive evaluation process. 

 However, despite these seeming advantages, 
the use of  oral medications   has not been without 
its problems and critics. Marino [ 44 ] reminds us 
that all progress paves over some bit of knowl-
edge or washes away some valuable aspect of 
practice. That is, with any new technological 
advance, a fi eld inevitably loses some of the art 
attached to its craft [ 45 ]. Indeed, many physi-
cians have lamented the fact that “quick and easy 
solutions” can easily overlook important medical 
and psychological factors that otherwise would 
have been attended to. For example, while time 
consuming and expensive, the work-ups patients 
used to receive would, on occasion, turn up evi-
dence of cardiovascular and other diseases that 
now go undetected until they become highly 
problematic. In addition, the ease of obtaining 
 oral medications   for ED has led some physicians, 
and many patients, to erroneously assume that 
the treatment of ED will be simple, yet this is 
often not the case. Despite the ease of availabil-
ity, the dropout rate for oral medication therapies 
for ED is still very high. This may be due to the 
price (these medications can be quite expensive 
and often not covered by health insurance, at 
least in the United States). While side effects and 
expense play a part, psychosocial, behavioral, 
and cultural obstacles can frequently be signifi -
cant barriers to successful treatment. 
Unfortunately, this is exacerbated by the fact that 
many physicians are spending less time discuss-
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ing sexual concerns with their patients and may 
dismiss them subsequent to a hastily obtained sex 
history and quickly written prescription. This 
may have the effect of making the man feel his 
physician has neither the time nor the interest to 
fully address his sexual concerns. While he may 
accept the suggestion of medication, if it does not 
adequately resolve his ED, the man will be much 
less likely to return for follow-up care than he 
would be if he left the offi ce visit with the feeling 
that he was being heard and well attended to. As 
a result, the underlying psychological issues are 
left unresolved (i.e., relationship problems as an 
example), and at times even when the man’s erec-
tions improve with medication, his sexual rela-
tionship may not [ 33 ]. 

 The availability of  oral medications   as a treat-
ment for ED has also led some sexuality profes-
sionals to express signifi cant apprehension that 
sexuality and sexual function that will come be 
increasingly seen as a purely mechanical process 
that is easily amenable to a simple, “quick-fi x” 
type of resolution [ 45 – 48 ]. This concern, which 
is also sometimes referred to as the  medicaliza-
tion  of sexuality, may lead many physicians and 
their patients to ignore the complexity of the sex-
ual/relational experience that is so central to the 
human condition. For many years, sex therapists 
have attempted to shift patients (especially their 
male patients) away from a limited one- 
dimensional view of sex as an exclusively goal- 
directed genital experience. All healthcare 
professionals and patients are best served when 
avoiding such an overly reductionist viewpoint. 

 It has been argued [ 45 ] that the recent excite-
ment about the possibility of successful restora-
tion of erectile dysfunction via the use oral 
medications has led to some unfortunately unre-
alistic expectations on the part of many male 
patients. It is well known among physicians that 
the  aging process   will lead to inevitable changes 
in male sexual response and function. Specifi cally, 
erectile diffi culties and inconsistencies will 
become increasingly common as a man ages. 
While some patients may have experienced dis-
appointment, when informed of this normal 
effect of aging, they had been generally accepting 
of this reality. However, in the post-Viagra age, 
many men now have the promise of not only 

restored erectile function but the illusion of a 
restored youth, as well. While some may not ini-
tially see the potential harm in a treatment that 
may allow a man to feel more youthful, physi-
cians and other healthcare professionals must 
consider the possibility that we are offering an 
unrealistic (and perhaps unfair) picture to patients 
that reinforces the notion that youth is “good” 
and aging is “bad.” Rather than supporting our 
patients in the acceptance of natural and healthy 
aging, we may inadvertently be doing them a dis-
service as they struggle to come to terms with 
normal bodily changes [ 49 ]. 

 A similar concern relates to our treatment of 
men with  prostate cancer  . Many men enter surgi-
cal treatment for prostate cancer with the high 
(perhaps unrealistic) expectation that their erec-
tile function will be completely restored. In this 
day and age of surgical advances and  “nerve- 
sparing”   prostatectomy, many men assume that 
following radical prostatectomy, they will be able 
to resume their sexual lives as before. 
Unfortunately, too few physicians do enough to 
correct this mistaken assumption. Even with 
advanced surgical technique, penile rehabilita-
tion protocols, and oral medications to treat ED, 
fewer men then one would hope regain complete 
erectile function, and controversy over the most 
effi cacious postsurgical protocols continues to 
this day [ 49 ]. Most prostate cancer surgical 
patients will experience a long healing process 
(perhaps years), weaker, or less rigid erections, 
and the loss of “erections on demand.” Many men 
feel unprepared for these changes, sometimes 
because they chose to be overly optimistic regard-
ing surgical outcome. However, it is also likely 
that many men feel unprepared because their 
physicians were unwilling, or unable, to have the 
conversation with these men that assist them in 
having a more realistic assessment of their post-
surgical sexual lives. As mentioned earlier, many 
physicians often feel uncomfortable discussing 
sexual matters with patients, and some may fear 
that having such a conversation may deter men 
from having a surgical treatment that might be 
medically in the patients’ best interests. Whatever 
the reason, many men enter mental health treat-
ment feeling angry, depressed, frustrated, and 
“broken.” Sometimes, these men feel that they 
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are no longer a “real man” [ 51 ]. Physicians tak-
ing more time to have these important conversa-
tions with these men and their partners prior to 
surgery would do so much good in minimizing 
the distress over this surgical sequela. 

 One of the strongest voices for a more realistic 
mental health model for men (especially aging 
men or physically compromised men) is Barry 
McCarthy, Ph.D., and his frequent collaborator, 
Michael Metz, Ph.D. McCarthy and Metz [ 52 ] 
were strong advocates for what they refer to as 
the  Good-Enough Sex model.  According to 
McCarthy and Metz, the focus of sexual activity 
should be less about performance and more about 
pleasure. Their  Good-Enough Sex model      has 12 
essential principles:

    1.    Sex is a good element in life, an invaluable 
part of the man’s and couple’s comfort, inti-
macy, pleasure, and confi dence.   

   2.    Relationship and sexual satisfaction are the 
ultimate developmental focus. The couple is 
an intimate team.   

   3.    Realistic age-appropriate sexual expecta-
tions are essential for couple sexual 
satisfaction.   

   4.    Good physical health and healthy behavioral 
habits are vital for sexual health. The man 
values his own and his partner’s sexual body.   

   5.    Relaxation is the foundation for pleasure and 
function.   

   6.    Pleasure is as important as function.   
   7.    Valuing variable, fl exible sexual experiences 

and abandoning the “need” for perfect per-
formance inoculate the man and couple 
against sexual dysfunction by overcoming 
performance pressure, fears of failure, and 
rejection.   

   8.    The fi ve purposes for sex are integrated into 
the couple’s sexual relationship (shared plea-
sure and enjoyment, a means to deepen and 
reinforce intimacy and satisfaction, a tension 
reducer to deal with the stresses of a shared 
life, a means to reinforce self-esteem and 
confi dence, and the traditional biological 
function of procreation).   

   9.    The couple integrates and fl exibly uses 
the three sexual arousal styles (partner 

 interaction, self-entrancement, and role 
enactment).   

   10.    Gender differences and similarities are 
respectfully valued and mutually accepted.   

   11.    Sex is integrated into the couple’s real life 
and real life is integrated into their sexual 
relationship. Sexuality is developing, grow-
ing, and evolving throughout life.   

   12.    Sexuality is personalized. Sex can be play-
ful, spiritual, and special.    

  While each of these points has great potential 
 utility      in improving the sex life of the man and 
his partner, numbers 3, 6, and 7 have particular 
relevance for the aging man and the prostate can-
cer surgical patients.  

    Some Thoughts on Sexual 
and Cultural Diversity 

 Hall and Graham [ 53 ] suggest that much of what 
we know about sexual problems and sexual med-
icine comes from Western societies (the United 
States, Canada, Britain, and Western Europe), 
where sex research was fi rst established. As a 
result, there is a dearth of research on sexual 
problems in  non-Western cultures  . They further 
remind us that the ED treatment dropout rate for 
ethnic minorities is extraordinarily high. It is 
important for the practicing physician to be mind-
ful of the fact what is regarded as “problematic” 
sexual functioning may be normative in a differ-
ent cultural context. It is extremely diffi cult to be 
aware of all of our cultural biases and assump-
tions. This, again, highlights the need for physi-
cians to take the time to actively listen to what 
their patient’s complaints are, as well as clearly 
ascertain the solution they are seeking. The  sex-
ual goal   of a Western physician may not be the 
same as the sexual goal of a non-Western patient 
and his partner. Oftentimes, treatment sugges-
tions we make may be seen as culturally or reli-
giously unacceptable to the man we are treating. 
Ensuring that we have the “buy-in” and coopera-
tion of our patients is essential to good treatment 
outcome, especially with regard to sexual prob-
lems such as ED. 
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 Sensitivity to psychological needs of  sexual 
minorities   is also necessary for physicians treat-
ing ED. Nichols [ 54 ] asserts that since the early 
days of the AIDS epidemic, research on the sexu-
ality of gay males has focused almost exclusively 
on HIV transmission and prevention. Male sexual 
dysfunction has received relatively little atten-
tion. Sandfort and de Keizer [ 55 ] actually found 
that reports of ED were higher for gay men than 
straight men, and Hart, Wolitski, and Purcell [ 56 ] 
also found high ED rates in gay men. Moser [ 57 ] 
reports that while medicine has recently begun to 
address the sexual concerns of gay and bisexual 
men, other sexual minorities (transgender, kink) 
have received little or no attention. According to 
Moser, many men suffering with ED are fearful 
of being judged negatively by their physicians 
due to their sexual lifestyles and thus are often 
likely to postpone seeking treatment for their ED, 
or may forego treatment altogether. Clearly, this 
is an unfortunate situation and one that future 
training of physicians needs to address. For the 
practicing physician, suffi ce to say that it is 
highly likely that you will come across members 
of cultural and sexual minorities who are suffer-
ing with ED and desirous of treatment. It is 
imperative that the practicing physician makes no 
assumptions about the sexuality of the man he or 
she is seeing for consultation. In order to ade-
quately address the medical and psychological 
sexual needs of such patients, a nonjudgmental 
attitude, a welcoming offi ce environment, and a 
willingness to take the time to truly listen to the 
patient’s story are essential. Below some case 
histories illustrate many of the principles 
described within this chapter.  

    Case Examples 

    Case #1: Bob: A Case 
of Misunderstanding 

  Bob was a 25-year-old  heterosexual   male who was 
referred for sex therapy by his urologist. Bob 
reported being unable to complete sexual inter-
course because he was unable to sustain penile 
erection until the point of orgasm/ejaculation. 

Bob’s physician briefl y listened to his complaints, 
did a cursory physical examination, and prescribed 
a trial of a PDE-5 inhibitor. Bob had seen another 
urologist about a year before and received the 
same treatment recommendation. After approxi-
mately 2 months, Bob returned to his urologist 
saying that the medication did not resolve his 
problem. As a result, Bob received a referral for 
sex therapy and called to arrange a consultation. 

 At Bob’s initial sex therapy visit, he gave a 
detailed description of his symptoms. It soon 
became clear that Bob’s dysfunction was not 
ED, but rather delayed ejaculation. What Bob 
was unable to successfully convey to his urolo-
gist was the fact that while he was unable to 
maintain his erection until the completion of 
sexual intercourse, he would routinely engage in 
intercourse for up to 60 min! He would eventu-
ally be unable to continue and would stop inter-
course before orgasm/ejaculation would occur. 
The recommendation of the PDE-5 inhibitor 
obviously was not going to effectively address 
Bob’s diffi culties. Sex therapy then proceeded to 
treat the DE condition, and Bob was eventually 
able to have sexual intercourse in a much more 
satisfying manner. 

  Comment:  This case highlights two very 
important factors in the assessment and treatment 
of male sexual dysfunction. The most obvious is 
the importance of carefully listening to the 
patient’s complaint and taking the time to obtain 
a detailed history and description of the problem. 
If Bob’s physician had done this, it would have 
likely led Bob to an effective course of treatment 
much sooner. Bob was fortunate that he did not 
give up his search for assistance. Many patients 
would have become frustrated with the process 
and lack of success and as a result, would con-
tinue to suffer needlessly. The second notable 
feature of this case is how diffi cult it is for many 
patients to accurately articulate their symptoms. 
Many patients lack the vocabulary to effectively 
convey the details of their situation. Bob had 
never heard of DE, and truly believed he suffered 
from ED. His lack of clinical sophistication 
 highlights even more so the need for physicians 
to take careful, comprehensive sex histories and 
to educate patients.   
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    Case #2: Jim: An Example 
of Combination Treatment 

  Jim was a 44-year-old, heterosexual,  married 
  man who was referred for sex therapy by his urol-
ogist. Jim had been experiencing intermittent 
erectile dysfunction for approximately 2 years, 
but the frequency of erectile diffi culties was 
increasing. Jim’s urologist did a history and 
examination and was unable to identify a medical 
explanation for his ED. However, he wisely rec-
ommended a course of sex therapy to see if that 
would improve Jim’s sexual diffi culties. 

 Jim reported being happily married for 15 
years. In describing his symptoms, he reported 
easily achieving penile erection, but would lose 
penile rigidity while attempting to begin sexual 
intercourse. This situation was distressing to both 
Jim and his wife, as she feared he no longer found 
her physically attractive and/or was no longer in 
love with her. Jim assured us both that this was 
far from the case. 

 By way of history, Jim’s parents had a diffi cult 
marriage. Jim’s mother left the family when he 
was 5 years old complaining that Jim’s father was 
a business failure and she wanted better for her-
self. In retrospect, Jim believes his mother was 
frustrated in her own life as she became pregnant, 
married very young, and had no opportunity to 
pursue the career of her dreams. Still, as a young 
boy, Jim deeply felt the pain of abandonment. 

 Jim reports his erectile diffi culties began dur-
ing a down period in his business. Both he and his 
wife were concerned about this, but Jim found 
himself especially agitated. He had assumed that 
his erectile diffi culties were the result of the 
stress of business complications, but even as 
business improved his erectile functioning 
remained problematic. During psychotherapy, 
Jim was able to see how his business setbacks 
and wife’s concerns triggered in him fears of 
abandonment, and he reported oftentimes feeling 
panicked that his wife would leave him. Of 
course, she had never expressed any such senti-
ments, but Jim recalled feeling that his mother’s 
abandonment seemed to come without notice and 
was fearful that his wife would one day simply 

not be home when he arrived. In psychotherapy 
we were able to work through the unresolved 
pain of Jim’s abandonment as a child, and much 
of his anxiety subsided. However, his sexual dif-
fi culties improved only slightly. Jim now had lost 
confi dence in his ability to function sexually and 
found himself experiencing high degrees of per-
formance anxiety. In addition, since Jim’s erec-
tile problems persisted, his wife felt more 
convinced than ever that he had lost her attraction 
to her. We began to engage in several sessions of 
couple’s therapy in an effort to repair the damage 
that had been done to the relationship and to alle-
viate some of Jim’s performance fears. In addi-
tion, we worked with Jim’s urologist who 
prescribed a PDE-5 inhibitor and Jim found that 
to be helpful with erections. As Jim’s confi dence 
returned, we gradually reduced the dosage of the 
PDE-5 inhibitor until Jim was able to function 
well without any medication. Individual and cou-
ple’s therapy continued for several more months 
until both Jim and his wife felt comfortable that 
the situation had been successfully resolved. 

  Comment:  This case is a good illustration of 
the importance of both combined therapy and 
couple’s therapy in the successful resolution of 
many cases of ED. In addition to working through 
Jim’s confl icts in individual therapy, this case 
demonstrates the benefi ts of the cooperative 
interaction between the urologist and the sex 
therapist. As mentioned earlier in this chapter, 
combined treatments often have the greatest effi -
cacy in addressing the needs of the man strug-
gling with ED. In addition, this case clearly 
illustrates the importance of considering the part-
ner in the treatment process. Jim and his wife 
were struggling to understand and repair the 
damage done to their relationship. Jim’s wife 
needed to discuss and resolve her fears and con-
cerns that she was no longer attractive to him. 
Beyond her concerns, the fractures that had 
occurred in their relationship due to the fi ghting 
and resultant distancing between them had to be 
therapeutically corrected. It is unlikely that this 
case would have had a successful outcome with-
out attention to these additional factors. It was to 
the physician’s credit that subsequent to careful 
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diagnosis, an appropriate referral sex therapy was 
both given which resulted in a successful 
treatment .  

    Case #3: Andrew: A Case of Kinky 
Desire 

   Andrew   was a 37-year-old single male who had 
never successfully completed sexual intercourse. 
He reported that his early attempts at sexual 
intercourse resulted in erectile loss, and as a 
result he had avoided sexual opportunities for the 
past several years. Recently, he had met a new 
woman with whom he believed he wanted to have 
an intimate relationship. He had been able to 
avoid sex for several months, but she eventually 
sensed something was amiss. He had told her he 
had ED and she was kind and sympathetic. She 
encouraged him to engage sexually with her, but 
he experienced the same sexual frustration with 
erectile insuffi ciency. He would achieve only a 
partial erection, and that erection would fade 
even further as sex progressed. His new girlfriend 
encouraged him to seek medical help, hoping that 
a PDE-5 inhibitor would be helpful to Andrew. 

 Andrew met with a urologist who did a history 
and examination. He found no evidence of 
organic dysfunction and suggested Andrew try a 
PDE-5 inhibitor. Andrew took some samples and 
a prescription, but he never used them saying he 
was not a “medication” type of person. As frus-
tration mounted for both Andrew and his girl-
friend, Andrew became increasingly distressed at 
the possibility she would leave him. Fortunately 
his urologist was able to elicit this information 
from him during the 1-month follow-up session 
that had been previously scheduled for Andrew, 
which allowed the urologist to make an oppor-
tune referral for sex therapy. 

 Andrew presented for therapy as a highly anx-
ious and agitated man. His distress was palpable. 
Careful questioning about his sexual history 
encouraged Andrew to fi nally reveal to his thera-
pist the details that he did not reveal to his urolo-
gist, namely, that his sexual interests did not 
include the more “vanilla” types of sex. Andrew 
was aroused by fantasies of bondage and disci-

pline. His sexuality was stirred by what is often 
referred to as BDSM (bondage and discipline, 
dominance and submission, sadomasochism). 
Unfortunately, Andrew was very confl icted about 
his sexual interests believing that others would 
see them as unacceptable; indeed he often felt 
they were unacceptable to him as well. Andrew 
was concerned that he was somehow a sexual 
“freak” and could never reveal his secret desires 
to anyone. Interestingly, when masturbating to 
BDSM fantasies, Andrew experienced good, 
solid erections and satisfying orgasms. 

 Much of Andrew’s psychotherapy focused on 
helping him to better accept himself and his sex-
ual interests. In addition, Andrew was helped to 
take some risks in revealing himself to his new 
girlfriend. Obviously, Andrew was quite tentative 
and initially resistant to moving in this direction, 
but as the relationship progressed, he began to 
gently introduce the topic of kinky sex into their 
discussions. Much to his surprise, his girlfriend 
was quite receptive to sexual experimentation, 
and they began to explore the type of sex Andrew 
found most erotic and arousing. This led to his 
fi rst successful sexual intercourse, and the couple 
was able to integrate some BDSM into their love-
making. Interestingly, this also allowed Andrew 
to learn to enjoy non-kinky sex as well, although 
his primary sexual interests remain of the kink 
variety. 

  Comment:  This case illustrates the diffi culty 
many patients experience in fully revealing their 
sexual interests to their physicians and the 
importance for the physician to identify when to 
refer. Andrew felt great shame and embarrass-
ment regarding his interest in kinky sex and 
feared he would be judged negatively for his pro-
clivities. As a result, he was unwilling to reveal 
himself to his urologist, who was naturally 
unable to effectively intervene as he was without 
adequate information. As mentioned previously, 
many patients with nonstandard sexual interests 
delay, or avoid, seeking medical assistance for 
their ED. Regrettably, there may have been little 
Andrew’s urologist could have done differently, 
yet Andrew’s case illuminates the importance of 
physicians being nonjudgmental and accepting 
of their patients’ sexuality. It also highlights the 
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value for physicians to provide follow-up care to 
patients following offi ce visits in an effort to 
verify if medical suggestions were taken, and if 
not, why they may have been resisted. Finally, 
when a patient is unwilling to disclose important 
information regarding their sexuality, often a 
referral to a sex therapist may unlock that seem-
ing conundrum.   

    Case #4: Stanley: A Case of ED 
Following Radical Prostatectomy 

  Stanley was a 66-year-old married  heterosexual 
  male who had undergone a radical prostatectomy 
3 years prior to sex therapy consultation. Stanley 
reported being happily married to his wife of 38 
years, and they had a mutually satisfying sex life 
prior to his treatment for prostate cancer. Despite 
a nerve-sparing procedure having been performed 
at a major medical center, 3-year postsurgery, 
Stanley’s erectile functioning was still problem-
atic and he was becoming increasingly frustrated 
and angry. He had been taking a PDE-5 inhibitor 
daily for over a year, with no improvement. In 
consultation with his urologist, both agreed that a 
referral for sex therapy might be overdue. 

 Stanley and his wife presented for sex therapy 
as a couple in distress. While Stanley was upset 
about his continued erectile diffi culties, his wife 
was more concerned about his level of anger and 
distancing from her. Stanley’s wife was focused 
on her relief that he was a cancer survivor, and 
said that she didn’t care if they were able to 
resume having a sexual relationship. She was 
thankful to still have Stanley alive and couldn’t 
understand why he was not similarly grateful. 
Stanley, on the other hand, felt betrayed by his 
urologist. Despite evidence to the contrary sug-
gested to him presurgically, Stanley believed that 
his postsurgical erectile functioning adjustment 
would be better than it was, and he now doubted 
his decision to having gone forward with surgery. 
Stanley reported feeling “broken” and like “half 
of a man.” Much of Stanley’s psychotherapy 
focused on dealing with his anger and coming to 
terms with the fact that his sexuality would likely 
be quite different than he had expected. 

 Both Stanley and his wife did well with cou-
ple’s therapy. Stanley’s anger eventually receded, 
and his wife was a willing participant in explor-
ing a new version of what their sexual life would 
be. Both eventually embraced McCarthy and 
Metz’ idea of a Good-Enough Sex model of sex-
ual functioning [ 52 ], and they began to reexperi-
ence the intimacy they had lost. After several 
months of psychotherapy, Stanley and his wife 
reported rediscovering the happiness they had 
feared was forever lost. 

  Comment:  This case highlights several impor-
tant concepts for the practicing physician. The 
psychological challenges that accompany ED 
following treatment for prostate cancer cannot be 
underestimated. So many men experience post-
surgical disillusionment and feel misled about 
the prospects for postsurgical erectile function-
ing. Even those men who are able to regain erec-
tile function that is suitable for sexual intercourse 
experience some distress over the fact that their 
erections, while perhaps suffi cient for penetra-
tion, are not of the same quality as they were in 
presurgery. This case exemplifi es the diffi culty 
and challenges surgeons experience when a 
patient facing a life-threatening disease does not 
fully absorb the educational messages imbedded 
in the standard informed consent that is typically 
provided presurgically. It is a sobering reminder 
of the importance for explicit discussion that sets 
appropriate sexual expectations for prostate can-
cer patients and their partners prior to their treat-
ment making decision. In addition, increased 
sensitivity to the psychological sequelae that 
often accompany even “successful” surgical out-
comes is warranted .   

    Conclusions 

 Clearly, men experiencing ED will often present 
with myriad psychological concerns and issues. 
When these issues are properly explored by the 
practicing physician, greater treatment success 
and satisfaction will result for the patient, his 
partner, and the physician. The biopsychosocial- 
behavioral and cultural models of sexual dys-
function provide a compelling argument for 
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sexual medicine treatments that integrate sex 
counseling and medical and/or surgical treat-
ments [ 13 ,  14 ]. The goal is not just to alleviate 
our patient’s ED, but when possible to improve 
intimacy and relationships. This chapter has 
attempted to highlight the need for physicians to 
be on the alert for psychological causation, psy-
chological complication, and an increased sensi-
tivity to the importance of including the partner 
in treatment (when possible) in order to make 
treatment outcomes more positive for these 
patients. We hope this chapter has helped to make 
clear that whether ED is caused by psychological 
factors or not, most every man experiencing ED 
will have psychological issues that require atten-
tion. The healthcare professional who provides 
an integrated treatment will offer the most opti-
mized approach and the most elegant solution 
[ 16 ]. We hope such a transdisciplinary perspec-
tive becomes the prevalent teaching model for all 
healthcare practitioners early in their training. 
Optimally, all healthcare practitioners will utilize 
a patient-centered holistic view of healing that 
integrates a variety of treatment approaches as 
needed for ED or other sexual dysfunction.     
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          Background and Overview 

 Erectile dysfunction is a signifi cant and common 
medical problem. Epidemiologic surveys in the 
past 20 years suggest that approximately 30–40 % 
of men over 40 have ED to one degree or another. 
Data from the Massachusetts Male Aging Study 
(MMAS) have shown that ED is a common 
occurrence among aging men with a prevalence 
rate of 34.8 % of moderate to complete ED [ 1 ]. 
The disorder is highly age dependent, as the 
prevalence rises from 2 % for men aged 40–49, 
6 % for men aged 50–59, 17 % for men aged 
60–69, and 39 % for men aged 70 and older [ 2 ]. 
Recent reports from the National Health and 
Nutrition Examination Survey ( NHANES III  )    
and the  Males Attitude Regarding Sexual Health 
Survey (MARSH)   show similar prevalence esti-
mates [ 3 ,  4 ]. NHANES data suggest that 
Hispanics are more likely to report ED especially 
at younger ages (<50 years) [ 3 ], a pattern not 
observed in the  MARSH study   [ 4 ]. 

 The role of aging in ED has been investigated 
in several studies. In a large national sample of 
men ( N  = 1455) between the ages of 57 and 85 
years of age [ 5 ], 37 % of men in the overall sam-
ple had problems with ED, increasing to 44 % in 
the 75–85-year age group. Men were asked 
whether or not they had “diffi culty achieving or 
maintaining an erection for several months or 
more during the past year.” Of note, 90 % of men 
with ED reported being bothered by the problem. 
Fourteen percent of men in the sample reported 
the use of medications to improve sexual func-
tion. As in previous studies, age and diabetes 
were signifi cant independent risk factors for ED 
in this study [ 5 ], in addition to overall health and 
well-being. Previously, Laumann et al. [ 6 ] had 
shown that ED increases from 7 % in men under 
30–18 % in men aged 50–59. Taken together with 
the recent fi ndings from the Lindau et al. [ 5 ] 
study, it appears that ED increases about 400-fold 
from less than 10 % of men under age 30 to 
almost 50 % of men aged 50 and above. However, 
we should note that almost 50 % of men aged 50 
and above  do not  develop ED, and thus it should 
not be viewed as a natural or inevitable conse-
quence of aging. The role of medical comorbidi-
ties and risk factors has been shown to be 
increasingly important. 

 Findings from multiple epidemiological stud-
ies have also shown convincingly that ED 
impacts mood state, interpersonal functioning, 
and overall quality of life (2–8). ED is associated 
with a wide range of psychosocial consequences 
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and risk factors, such as decreased  quality of life 
(QoL)  , poor self-esteem, and increased incidence 
of depression and interpersonal relationship 
problems [ 7 – 10 ]. Numerous studies have demon-
strated that ED can undermine a  man’s QoL  ; for 
example, Jønler et al. [ 11 ] have shown that 
patients with the loss of erectile function within 
the past year had signifi cantly lower QoL than 
men without ED. Similarly, in other recent stud-
ies, men with a complaint of ED had poorer QoL 
than age-matched men from the general popula-
tion [ 12 ,  13 ]. QoL was also shown to be impaired 
in men with ED and diabetes [ 14 ] who showed 
signifi cantly higher levels of diabetes-specifi c 
health distress, worse psychological adaptation 
to and acceptance of diabetes, and a less satisfac-
tory sexual life. Moreover, these men were more 
easily frustrated and discouraged by their diabe-
tes, which translated into worse metabolic con-
trol and higher levels of depressive symptoms. 
Although not a life-threatening condition, ED is 
thought to have a profound effect on the quality 
of life of aging men [ 15 ]. Moreover, ED is viewed 
increasingly as a harbinger or signal of future 
cardiovascular events. 

 The role of  comorbidities      has been recognized 
since the MMAS and other early epidemiologic 
fi ndings [ 1 ]. Among the major comorbidities and 
risk factors for ED are diabetes, depression, and 
cardiovascular disease [ 8 ,  16 – 20 ]. This classic 
trio of risk factors has been implicated in multi-
ple epidemiologic studies, across multiple popu-
lations and research settings. Medications for 
diabetes, hypertension, cardiovascular disease, 
and depression may also cause erectile diffi cul-
ties [ 21 ]. In addition, there is a substantially 
higher prevalence of erectile dysfunction among 
men who have undergone radiation or surgery for 
prostate cancer or who have a lower spinal cord 
injury or other neurological diseases (e.g., 
Parkinson’s disease, multiple sclerosis). Lifestyle 
factors, including smoking, alcohol consump-
tion, and sedentary behavior, are additional risk 
factors [ 20 ]. Despite its increasing prevalence 
among older men, erectile dysfunction is not con-
sidered a normal or inevitable part of the aging 
process. It is rarely (in fewer than 5 % of cases) 
due to aging-related hypogonadism, although the 

relationship between erectile dysfunction and 
age-related declines in androgen remains 
controversial. 

 One recent review [ 22 ] highlighted four 
major areas of epidemiologic contribution: (1) 
ED is highly prevalent in aging men, affecting 
approximately 50 % of all men older than 60. 
For many men, ED manifests in their 40s and 
50s, increasing in frequency and severity after 
age 60 [ 1 ,  23 – 25 ]. (2) The degree of bother asso-
ciated with ED is inversely related to aging, as 
men older than 70 typically report a somewhat 
lower degree of bother than their younger coun-
terparts. The level of bother and treatment seek-
ing is typically higher in younger and middle 
aged, compared to older men [ 14 ,  19 ,  26 ]. (3) 
The prevalence and incidence of ED are highly 
correlated with the presence of known risk fac-
tors and comorbidities, which have a linearly 
increasing effect on ED. Specifi cally, cardiovas-
cular comorbidities (e.g., hypertension, hyper-
cholesterolemia), diabetes mellitus, and the 
metabolic syndrome have all been associated 
with the increasing prevalence of ED in multiple 
cross-sectional and longitudinal studies [ 10 ,  14 , 
 27 ,  28 ]. Additionally, depression and lower uri-
nary tract symptoms (LUTS) have been associ-
ated with ED in a number of recent studies [ 13 , 
 29 – 31 ]. (4) Lifestyle factors, including smoking, 
obesity, and exercise, are also signifi cant predic-
tors of ED [ 10 ,  32 ,  33 ]. 

 Is ED predictive of cardiovascular disease 
(i.e., a sentinel or harbinger of future cardiovas-
cular events)? Accumulating evidence of a patho-
physiologic and epidemiologic association 
between ED and cardiovascular risk factors and 
disease has led to the hypothesis of ED as a pos-
sible marker for CVD [ 17 ,  34 – 38 ]. The associa-
tion between  cardiovascular risk factors   and ED 
was fi rst demonstrated longitudinally in the 
MMAS [ 28 ] and has been subsequently con-
fi rmed in other large epidemiologic studies [ 10 , 
 39 ,  40 ]. The hypothesized pathophysiological 
link between ED and CVD is fi rmly based in a 
growing body of epidemiological data and could 
have profound public health signifi cance. The 
onset of ED (to the degree that it refl ects systemic 
arterial compromise, as has been repeatedly 
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 demonstrated) may be interpreted as a sentinel of 
subclinical cardiovascular disease. 

 Several studies have documented a strong 
cross-sectional association between ED and 
clinical manifestations of CVD.  Smoking  ,  phys-
ical activity  ,  hypertension  ,  hypercholesterol-
emia  , and  diabetes  , which are all related to 
endothelial injury leading to atherosclerosis, are 
important risk factors for both ED and CVD [ 3 , 
 4 ,  18 ,  32 ,  41 – 51 ]. In the MMAS study, cigarette 
smoking (both active and passive) and unfavor-
able lipid levels were associated with ED [ 1 ]. 
Additional studies have shown a dose–response 
relationship between pack-years of smoking and 
risk of ED [ 41 ,  49 ]. Obesity and physical activ-
ity have also been related to ED. Esposito et al. 
have shown that weight loss and increased phys-
ical activity were associated with improved sex-
ual function in about one third of obese men 
with ED at baseline [ 52 ]. 

 Longitudinal data, from a historical cohort 
study based on medical records data [ 53 ] and 
from the Prostate Cancer Prevention Trial [ 54 ], 
provide the strongest evidence to date of ED as 
an  independent    predictor     of CVD , with an associ-
ated increased risk of CVD similar to the effect of 
smoking or family history of myocardial infarc-
tion. The clinical importance of ED as a marker 
of CVD has been underscored by the most recent 
Princeton III Consensus Conference [ 55 ] and the 
International Consultation in Sexual Medicine 
[ 56 ]. Strong recommendations were made by 
both of these guideline committees for the proac-
tive cardiovascular assessment and specifi c 
assessment of cardiovascular risk in  all  men pre-
senting clinically with ED. 

 While recent data from the Massachusetts 
Male Aging Study show that addition of ED to 
the Framingham Risk Score did not result in sig-
nifi cant improvement in CV risk prediction in 
men 40–70 years of age (11 % of men who devel-
oped CVD within 10 years were reclassifi ed into 
a higher risk category, while 6.2 % of men who 
did not develop CVD were reclassifi ed into 
higher risk category and ED), ED remained a 
marker of increased CVD risk independent of the 
FRS and established  CVD risk factors   [ 57 ]. 
However, change in CV risk prediction with 

addition of ED could not be assessed in men 
younger than 40 years or age. Data from the 
Olmsted County Study from January, 1996 to 
December, 2005 consisting of a sample of 1400 
community-dwelling men with regular sexual 
partners showed a highly signifi cant three-way 
interaction between age, ED, and new-incident 
coronary artery disease (Inman et al. [ 2 ]). 
Specifi cally, the rate of new-incident coronary 
artery disease nearly doubled in the men with ED 
compared to the men without ED, controlling in 
the model for age and effects of other comorbidi-
ties. Controlling for the effects of other comor-
bidities only slightly decreased the strength of 
this relationship (OR = 1.8; 1.2–2.6). In the 70 
and older age group, the unadjusted odds ratio 
was 5.5 (3.4–9.7). Similarly, ED was strongly 
predictive of subsequent cardiovascular events 
among younger men in a study from Western 
Australia comparing incidence of CV events in a 
cohort of 1660 men with incidence in the general 
male population [ 58 ]. While recent data from the 
Massachusetts Male Aging Study show that addi-
tion of ED to the  Framingham Risk Score   resulted 
only in a slight improvement in CV risk predic-
tion in men 40–70 years of age, this latest study 
provides additional, independent confi rmation in 
a well-characterized longitudinal sample of men 
of the strong association between ED and clini-
cally relevant aspects of cardiovascular health, 
including new-incident coronary artery disease. 
Undoubtedly, clinicians should routinely enquire 
about sexual function and ED in all men over 40, 
including the severity of ED, as severity is associ-
ated with greater risk of CVD [ 59 ,  60 ], and symp-
tomatic men should be proactively investigated 
for their overall cardiovascular health, including 
any symptoms of angina or coronary artery 
disease. 

 In reviewing results from multiple epidemio-
logical studies, we can conclude for the impor-
tance of medical comorbidities (e.g., 
hypertension, diabetes, lower urinary tract symp-
toms) and lifestyle factors (e.g., obesity, seden-
tary lifestyle) as key determinants of ED. By 
assessing the impact of specifi c risk factors and 
 comorbidities  , we aim to identify suitable targets 
for future treatment and prevention. Current 
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medical or surgical therapies for ED may be 
viewed as symptomatic or palliative treatments 
[ 26 ], which fail to address the underlying patho-
physiological mechanisms involved [ 61 ,  62 ]. 
Findings from population-based studies should 
be used to guide clinical prevention or education 
efforts. These should be directed to those patient 
groups or individuals most likely to benefi t from 
early intervention (e.g., men without major ill-
nesses or comorbidities) [ 33 ].  

    ED Progression and Remission 

  What factors account for  early   onset and progres-
sion of ED in some men, but not others? Despite 
the overall association with aging, a number of 
older men in their eighth and ninth decades con-
tinue to enjoy sexual activity and adequate penile 
erections [ 20 ,  63 ,  64 ]. 

 The increased incidence of ED and progres-
sive decline in testosterone levels in aging men is 
well documented [ 7 ,  8 ,  23 ,  65 ]. Recent fi ndings, 
in particular, from the MMAS study have demon-
strated the remission of ED in a signifi cant pro-
portion of men over time, even without specifi c 
intervention or the use of oral medications or 
other ED treatments [ 66 ]. In analyzed data from 
the MMAS to investigate the natural history of 
ED, including both progression and remission, 
401 men of the original MMAS sample were fol-
lowed who reported minimal, moderate, or com-
plete ED at T1 (1988–1992) [ 66 ]. These men 
were eligible for remission, defi ned as a lessen-
ing of severity by at least one category of ED 
from T1 to T2 (1996–1998). Of the 401 men 
included in this analysis (Fig.  4.1 ), 141 subjects 
(35 %) exhibited ED remission by T2 (95 % CI: 
30 %, 40 %). Of 323 subjects with minimal or 
moderate ED at T1, 107 (33 %) exhibited ED 
progression (95 % CI: 28 %, 38 %). The propor-
tion of men with ED experiencing progression, 
remission, and remaining stable is roughly equiv-
alent (Fig.  4.1 ) [ 9 ,  66 ]. Age and BMI were asso-
ciated in this analysis with both progression and 
remission, while smoking and self-assessed 
health status were associated with progression 
only. These observations (which predate devel-

opment of PDE-5s) suggest that the likelihood of 
natural remission of ED and its symptoms is 
more common than previously believed. 
Furthermore, it provides positive support for the 
use of lifestyle modifi cation or other nonpharma-
cological treatments for ED. These new fi ndings 
have important clinical implications, particularly 
given the fact that increasing numbers of patients 
prefer nonpharmacological means of treatment. 

        ED Findings from the Boston Area 
Community Health Survey (Fig.  4.2 ) 

    Recent fi ndings from the Boston Area Community 
Health (BACH) Survey have provided further 
evidence of the association of ED with prevalent 
comorbid conditions and modifi able risk factors 
in a large population-based epidemiologic study, 
as well as new insights on the role of socioeco-
nomic status (SES) and  race/ethnic disparities   in 
ED, as well as the complex interaction between 
ED, chronic illnesses, and prescription medica-
tion use. 

  BACH   is a community-based epidemiologic 
study of a broad range of  urologic symptoms   in a 
random sample of over 5500 adults, including 
2301 men age 30–79 years. The BACH study 
used a multistage-stratifi ed design to recruit 
approximately equal numbers by age decade, 
gender, and race/ethnicity, resulting in a popula-
tion representative, diverse sample. 
Multidisciplinary data collected through an 
extensive in-home interview include a wide range 
of covariates, including anthropometric and 
blood pressure measurements, venous blood 
sample collection, self-reported medical history, 
sociodemographic characteristics, and lifestyle 
and psychosocial factors as well as administra-
tion of an extensive sexual questionnaire, includ-
ing the International Index of Erectile Function 
(IIEF-5). Medication use was collected using a 
combination of drug inventory and self-report 
with a prompt by indication [ 67 ]. 

 Consistent with fi ndings from previous stud-
ies, results of the BACH study show a strong 
association between ED and major  chronic ill-
nesses  , such as heart disease, diabetes, and 
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depression with an approximately twofold 
increase in risk of ED [ 68 ,  69 ]. A comparable 
association between hypertension and ED disap-
peared only after adjusting for heart disease and 
diabetes. While the association between overall 

obesity, assessed by BMI and ED, was weak, a 
much stronger association was observed when 
considering abdominal obesity measured by 
waist-to-hip ratio. Similar to the association of 
ED and  hypertension  , the effect of abdominal 

Baseline
(T1: 1987-1989)

Follow-up
(T2: 1995-1997)

Follow-up
(T2: 1995-1997)

Baseline
(T1: 1987-1989)

35% Remission 33% Progression

(30%, 40%) (28%, 38%)

Complete
N = 78

Moderate
N = 77

Minimal
N = 246

  Fig. 4.1    MMAS:  Progression and remission   of ED with 
time (1987–1997); proportion (%) and (95 % confi dence 
intervals) (Used with permission from Travison TG, 
Shabsigh R, Araujo AB, Kupelian V, O’Donnell AB, 

McKinlay JB. The natural progression and remission of 
erectile dysfunction: Results from the Massachusetts 
Male Aging Study. Journal of Urology 2007; 177(1), 241–
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  Fig. 4.2     Prevalence of erectile dysfunction   by age. Boston Area Community Health (BACH) Study 2002–2005       

 

 

4 Epidemiology of Erectile Dysfunction and Key Risk Factors



50

obesity was nonsignifi cant only after controlling 
diabetes and heart disease. Overall, these results 
were consistent across race/ethnic groups, with 
only minor observed differences between groups. 

 Recent longitudinal analyses of the BACH 
Survey, using data from two follow-up assess-
ments approximately 5 and 10 years following 
baseline, investigated the association between 
change in ED status and cardiovascular risk 
assessed by the  Framingham Risk Score   [ 70 ]. 
Results suggest that both transient and persis-
tent ED are associated with an increase CVD 
risk and also with an increase in the FRS score, 
particularly in men <50 years of age. As  endo-
thelial dysfunction   has been hypothesized as a 
plausible mechanism linking ED and cardiovas-
cular disease, the association of ED with  macro-
vascular and microvascular endothelial 
dysfunction   assessed by ultrasound studies was 
investigated in a subset of 389 men from the 
BACH Survey. Results show a nonsignifi cant 
difference in fl ow- mediated dilation, a measure 
of macrovascular disease, between men and 
without ED. However, hyperemic velocity was 
lower in men with ED compared to men without 
ED (mean of 97.1 (SE = 2.5) cm/s vs. 106.0 
(SE = 1.6) cm/s,  p  = 0.003). This association 
remained statistically signifi cant after adjusting 
for traditional cardiovascular risk factors, sug-
gesting that microvascular endothelial dysfunc-
tion is a potential independent contributor to ED 
and an underlying mechanism linking ED and 
CVD [ 71 ]. 

 Results from the BACH study also contribute 
to the growing body of epidemiologic and basic 
science support for an association between ED 
and LUTS. This association was fi rst reported 
by the author in a large, multinational study of 
more than 11,000 men in seven countries 
(MSAM-7) [ 29 ]. In this study, age, LUTS, and 
male sexual function, including erectile func-
tion, orgasmic ability, and sexual desire, were 
strongly associated, after controlling for rele-
vant covariates to LUTS prevalence and sever-
ity [ 29 ]. See Fig.  4.3 .

   Most recently, Egan [ 72 ] reported that ED and 
BPH overlap signifi cantly in a large nationally 
representative sample of men in the NHANES 

2001–2004 Surveys. Of 393 men with defi ned 
BPH in this sample, more than half (57.8 %) had 
coexistent ED, confi rming the moderately strong 
co-occurrence of the conditions across a broad 
spectrum of men ( p  < 0.0001). Coexisting ED/
BPH occurred in 10.6 % of the NHANES male 
cohort, while 24.4 and 7.7 % reported ED and 
BPH alone. After age 60, the odds of reporting 
ED, BPH, or ED/BPH compared to men who had 
neither condition almost tripled per decade of 
increasing age, corresponding to marked preva-
lence increases with increasing age. Notably, 
PSA was a signifi cant predictor also, as unad-
justed odds of ED/BPH vs. no disease increased 
1.3 times per PSA unit (ng/mL) increase. Other 
correlated factors for ED/BPH included BMI 
(OR = 2.5), increased use of antidiabetic medica-
tions (OR = 2.9), and four or more healthcare vis-
its per year (OR = 3.5) compared to men without 
either condition [ 72 ]. 

 Using data from the BACH study, we further 
investigated the contribution of urinary inconti-
nence and prostatitis which are common voiding 
symptoms not included in the  AUA symptom 
index  . The observed association in BACH 
between ED and LUTS, both conditions with 
increasing prevalence in aging men, is consistent 
with fi ndings from previous studies [ 29 ]. BACH 
data show that this association is largely due to 
the association with nocturia, among common 
symptoms of LUTS, and also with symptoms of 
urinary incontinence and prostatitis, with results 
again consistent across race/ethnic groups [ 73 ]. 
Similar results were recently observed when 
investigating the association between urinary 
symptoms and low sexual desire and sexual inac-
tivity [ 74 ]. 

 In addition to the role of comorbid medical 
conditions, BACH fi ndings also provide support 
for the contribution of potentially modifi able 
 behavioral risk factors  , such as physical activity, 
smoking, and alcohol consumption in their 
effects on ED. Results show a weak association 
between alcohol consumption and ED, in particu-
lar, with no evidence for a linear trend, as moder-
ate alcohol consumption was associated with a 
slight decreased in risk, while increased amounts 
were associated with very slightly higher risk of 
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ED. On the other hand, a  clear trend  in decreased 
risk of ED was observed with increased physical 
activity [ 69 ]. BACH data also provide further 
evidence of the increased risk of ED associated 
with smoking with a strong dose–response pat-
tern in between duration and  intensity of smok-
ing   and increased risk of ED with a signifi cant 
increase in ED risk with exposure to 20 pack- 
years or more. BACH data also permit the assess-
ment of the impact of exposure to second-hand 
smoke (passive smoking) and show a moderate, 
statistically nonsignifi cant, increase in the risk of 
ED comparable to the effect observed for 10–19 
years of smoking [ 41 ]. These results highlight the 
importance and opportunity for the intervention 
on modifi able behavioral factors, such as  smok-
ing cessation  and increased  physical activity  in 
prevention or improvement in erectile function as 
well as the possibility of adverse effects of long- 
term chronic exposure to passive smoking [ 41 ]. 

 Although differences in prevalence and risk of 
ED by race/ethnicity have been reported previ-
ously, fi ndings have not been consistent and have 
seldom taken into account the separate contribu-
tions of SES and other background variables to 
apparent race/ethnic disparities [ 3 ,  6 ,  75 ]. The 
strength of the BACH study is the  race/ethnic and 

socioeconomic diversity   of the sample and bal-
ance, with the  SES index   calculated as weighted 
sum education and income and categorized as 
low, middle, and high SES based on the 25th and 
75th percentiles of the distribution of the SES 
index. Prevalence estimates of ED by race/eth-
nicity show that ED is more common among 
Black and Hispanic men with a prevalence rate of 
25 % compared to a prevalence rate of 18 % 
among White men. These differences persisted 
after adjusting for age, comorbid conditions, and 
lifestyle factors. However, there were signifi cant 
differences in the SES composition of the three 
race/ethnic groups, and differences in ED preva-
lence were even larger across SES categories, 
with a prevalence rate of 36 % for the low SES 
category, in particular. Once we controlled SES 
in the subsequent multivariate analyses, the dif-
ferences between the race/ethnic groups were 
lost (Fig.  4.4 ), while the low SES group remained 
at more than twofold increased risk of ED, inde-
pendent of the effects of age, comorbid medical 
conditions (heart disease, diabetes, depression), 
and lifestyle risk factors (smoking, physical 
activity). These fi ndings point to a need for fur-
ther research to understand the potential role of 
SES-dependent factors and variables—such as 
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Lukacs B, Meuleman E, O’Leary MP, Puppo P, Robertson 
C, Giuliano F, et al. Lower urinary tract symptoms and 
male sexual dysfunction: the multinational survey of the 
aging male (MSAM-7). Eur Urol 2003; 44:637–649)       
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occupational health, nutrition, and access to 
healthcare—that may contribute to the increased 
risk of ED in our low SES group.

   Inventory-based medications data collected in 
the BACH study also present the opportunity to 
investigate effects of common medications on 
ED. An analysis of  lipid-lowering medications  , 
including statins and nonstatin antilipemics, 
shows a complex interaction between the use of 
medications and the presence of comorbid chronic 
illnesses and age. An association between statin 
use and increased risk of ED was observed only 
among younger men (age <55 years) who had dia-
betes or cardiovascular disease, while the associa-
tion essentially disappeared or was obscured in 
older men in the BACH sample. Additionally, no 
association was seen in our cohort between 
untreated hyperlipidemia and ED in multivariate 
analyses. These fi ndings suggest that lipid-lower-
ing agents may be associated with some increased 
risk of ED in some men. However, this potential 
adverse effect of statins and other antilipemic 
medications should be weighed against the well-
established benefi ts of lipid- lowering therapy in 
the reduction of major coronary events and mor-
tality. Further research is needed to determine 
whether other classes of medication contribute to 
interaction with lipids and resulting changes in 
prevalence rates of ED across samples [ 21 ].  

    Discussion 

 Conceptual and methodological issues need to be 
addressed. First, the defi nition and measurement 
of ED vary from study to study. All defi nitions of 
ED, however, are based on patients’ self-report, 
which is typically assessed by single-item scales 
or questionnaire measures [ 76 – 80 ]. Some differ-
ences are evident among these scales, although 
studies show overall concordance in the preva-
lence rates and association with well-known 
comorbidities and risk factors. Early landmark 
studies, such as MMAS and  National Health and 
Social Life Survey (NHSLS)   used  single-item 
scales  , which assessed erection diffi culties over 
several months or in the past year [ 76 ,  77 ]. 
Subsequent studies used 5- or 15-item versions of 
the IIEF, a multidimensional, self-report scale that 
assesses male sexual function over a 4-week 
period [ 80 ]. Single-item instruments have the 
advantage of high completion rates and low patient 
burden. On the other hand, multidimensional 
scales provide broader and more complete assess-
ment of disease severity. Despite such differences, 
largely similar results have been obtained across 
studies using these different measures. 

 A second and potentially more challenging 
issue concerns the complex and often bidirec-
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tional interactions between variables. For 
 example, depression may be a cause or a conse-
quence of ED in many studies [ 8 ,  9 ,  31 ,  81 ]. 
These studies support a direct association between 
ED and mood. In other studies, the causal rela-
tionships among the major risk factors for ED are 
less evident.  Biomedical, psychosocial, and life-
style factors   may interact in complex ways. 
Separating the effects of one risk factor or comor-
bidity from another and determining the direction 
of causality among these factors can be diffi cult if 
not impossible to ascertain in cross-sectional 
studies alone [ 20 ,  63 ,  79 ,  82 ]. More research is 
needed to elucidate these associations. 

 The increased evidence of a link between ED 
and CVD with the potential for ED to serve as a 
sentinel marker of subclinical vascular disease 
has led to an increased awareness of ED as a 
“barometer” of vascular health and the early 
opportunity for primary prevention in at-risk 
men. The second Princeton Consensus 
Conference has called for the routine assessment 
of cardiovascular  risk   in all ED patients and sub-
sequent classifi cation of ED patients into low, 
moderate, or high risk of CVD and recommenda-
tion for aggressive lifestyle modifi cation in 
patients with ED and CV risk factors [ 77 ]. 
However, further understanding is needed of the 
link between endothelial dysfunction and ED and 
the specifi c role of endothelial dysfunction in the 
progression and remission of ED to (1) refi ne our 
understanding of pathophysiological processes 
of ED in human subjects; (2) improve the identi-
fi cation of ED patients at higher risk of CVD who 
would benefi t most from preventive interven-
tions, such as statin therapy, perioperative beta 
blocker therapy, etc.; and (3) establish the pri-
macy of endothelial dysfunction in ED incidence 
and progression and relationship to other 
predictors.     

   References 

       1.    Feldman HA, Goldstein I, Hatzichristou DG, Krane 
RJ, McKinlay JB. Impotence and its medical and psy-
chosocial correlates: results of the Massachusetts 
Male Aging Study. J Urol. 1994;151(1):54–61.  

     2.    Inman BA, Sauver JL, Jacobson DJ, et al. A 
population- based, longitudinal study of erectile dys-
function and future coronary artery disease. Mayo 
Clin Proc. 2009;84(2):108–13.  

       3.    Saigal CS, Wessells H, Pace J, Schonlau M, Wilt 
TJ. Predictors and prevalence of erectile dysfunction 
in a racially diverse population. Arch Intern Med. 
2006;166(2):207–12.  

      4.    Laumann EO, Paik A, Glasser DB, et al. A cross- 
national study of subjective sexual well-being among 
older women and men: fi ndings from the global study 
of sexual attitudes and behaviors. Arch Sex Behav. 
2006;35(2):145–61.  

      5.    Lindau ST, Schumm LP, Laumann EO, Levinson W, 
O’Muircheartaigh CA, Waite LJ. A study of sexuality 
and health among older adults in the United States. N 
Engl J Med. 2007;357(8):762–74.  

     6.    Laumann EO, Paik A, Rosen RC. Sexual dysfunction 
in the United States: prevalence and predictors. 
JAMA. 1999;281(6):537–44.  

     7.    Andersson KE, Wagner G. Physiology of penile erec-
tion. Physiol Rev. 1995;75:191–236.  

      8.    Araujo AB, Durante R, Feldman HA, Goldstein I, 
McKinlay JB. The relationship between depressive 
symptoms and male erectile dysfunction: cross- 
sectional results from the Massachusetts Male Aging 
Study. Psychosom Med. 1998;60(4):458–65.  

     9.    Araujo AB, Johannes CB, Feldman HA, Derby CA, 
McKinlay JB. Relation between psychosocial risk 
factors and incident erectile dysfunction: prospective 
results from the Massachusetts Male Aging Study. 
Am J Epidemiol. 2000;152(6):533–41.  

       10.    Bacon CG, Mittleman MA, Kawachi I, Giovannucci 
E, Glasser DB, Rimm EB. Sexual function in men 
older than 50 years of age: results from the health pro-
fessionals follow-up study. Ann Intern Med. 
2003;139(3):161–8.  

    11.    Barrett-Connor E. Heart disease factors predict erec-
tile dysfunction 25 years later: the Rancho Bernardo 
Study. Am J Cardiol. 2009;57(6):1041–4.  

    12.    Blanker MH, Bosch JL, Groeneveld FP, et al. Erectile 
and ejaculatory dysfunction in a community-based 
sample of men 50 to 78 years old: prevalence, con-
cern, and relation to sexual activity. Urology. 
2001;57(4):763–8.  

     13.    Blanker MH, Bohnen AM, Groeneveld FP, et al. 
Correlates for erectile and ejaculatory dysfunction in 
older Dutch men: a community-based study. J Am 
Geriatr Soc. 2001;49(4):436–42.  

      14.    Braun M, Wassmer G, Klotz T, Reifenrath B, Mathers 
M, Engelmann U. Epidemiology of erectile dysfunc-
tion: results of the ‘Cologne Male Survey’. Int J Impot 
Res. 2000;12(6):305–11.  

    15.    Krane RJ, Goldstein I, Saenz de Tejada I. Impotence. 
N Engl J Med. 1989;321(24):1648–59.  

    16.    Giuliano FA, Leriche A, Jaudinot EO, de Gendre 
AS. Prevalence of erectile dysfunction among 7689 
patients with diabetes or hypertension, or both. 
Urology. 2004;64(6):1196–201.  

4 Epidemiology of Erectile Dysfunction and Key Risk Factors



54

    17.    Montorsi P, Ravagnani PM, Galli M, et al. Association 
between erectile dysfunction and coronary artery dis-
ease. Role of coronary clinical presentation and extent 
of coronary vessels involvement: the COBRA trial. 
Eur Heart J. 2006;27(22):2632–9.  

    18.    Ponholzer A, Temml C, Mock K, Marszalek M, 
Obermayr R, Madersbacher S. Prevalence and risk 
factors for erectile dysfunction in 2869 men using a 
validated questionnaire. Eur Urol. 2005;47(1):80–5. 
Discussion 85–86.  

    19.    Holden CA, McLachlan RI, Pitts M, et al. Men in 
Australia Telephone Survey (MATeS): a national sur-
vey of the reproductive health and concerns of middle- 
aged and older Australian men. Lancet. 2005;
366(9481):218–24.  

       20.    Rosen RC, Fisher WA, Eardley I, Niederberger C, 
Nadel A, Sand M. The multinational Men’s Attitudes 
to Life Events and Sexuality (MALES) study: 
I. Prevalence of erectile dysfunction and related health 
concerns in the general population. Curr Med Res 
Opin. 2004;20(5):607–17.  

     21.    Hall SA, Kupelian V, Rosen RC, et al. Is hyperlipid-
emia or its treatment associated with erectile dysfunc-
tion? Results from the Boston Area Community 
Health (BACH) Survey. J Sex Med. 2009;
6(5):1402–13.  

    22.    Rosen RC, Wing R, Schneider S, Gendrano III 
N. Epidemiology of erectile dysfunction: the role of 
medical comorbidities and lifestyle factors. Urol Clin 
North Am. 2005;32(4):403–17.  

     23.    Johannes CB, Araujo AB, Feldman HA, Derby CA, 
Kleinman KP, McKinlay JB. Incidence of erectile 
dysfunction in men 40 to 69 years old: longitudinal 
results from the Massachusetts male aging study. 
J Urol. 2000;163(2):460–3.  

   24.    Martin-Morales A, Sanchez-Cruz JJ, Saenz de Tejada 
I, Rodriguez-Vela L, Jimenez-Cruz JF, Burgos- 
Rodriguez R. Prevalence and independent risk factors 
for erectile dysfunction in Spain: results of the 
Epidemiologia de la Disfuncion Erectil Masculina 
Study. J Urol. 2001;166(2):569–74. Discussion 
574–565.  

    25.    Pinnock CB, Stapleton AM, Marshall VR. Erectile 
dysfunction in the community: a prevalence study. 
Med J Aust. 1999;171(7):353–7.  

     26.    Fisher WA, Rosen RC, Eardley I, et al. The multina-
tional Men’s Attitudes to Life Events and Sexuality 
(MALES) study phase II: understanding PDE5 inhibi-
tor treatment seeking patterns, among men with erec-
tile dysfunction. J Sex Med. 2004;1(2):150–60.  

    27.    Esposito K, Giugliano D. Obesity, the metabolic syn-
drome, and sexual dysfunction. Int J Impot Res. 
2005;17(5):391–8.  

     28.    Feldman HA, Johannes CB, Derby CA, et al. Erectile 
dysfunction and coronary risk factors: Prospective 
results from the Massachusetts male aging study. Prev 
Med. 2000;30(4):328–38.  

       29.    Rosen R, Altwein J, Boyle P, et al. Lower urinary tract 
symptoms and male sexual dysfunction: the multina-

tional survey of the aging male (MSAM-7). Eur Urol. 
2003;44(6):637–49.  

   30.    Rosen RC, Giuliano F, Carson CC. Sexual dysfunc-
tion and lower urinary tract symptoms (LUTS) associ-
ated with benign prostatic hyperplasia (BPH). Eur 
Urol. 2005;47(6):824–37.  

     31.    Rosen RC, Seidman SN, Menza MA, et al. Quality of 
life, mood, and sexual function: a path analytic model 
of treatment effects in men with erectile dysfunction 
and depressive symptoms. Int J Impot Res. 2004;
16(4):334–40.  

     32.    Derby CA, Mohr BA, Goldstein I, Feldman HA, 
Johannes CB, McKinlay JB. Modifi able risk factors 
and erectile dysfunction: can lifestyle changes modify 
risk? Urology. 2000;56(2):302–6.  

     33.    Nicolosi A, Glasser DB, Moreira ED, Villa 
M. Prevalence of erectile dysfunction and associated 
factors among men without concomitant diseases: a 
population study. Int J Impot Res. 2003;15(4):253–7.  

    34.    Kostis JB, Jackson G, Rosen R, et al. Sexual dysfunc-
tion and cardiac risk (the second Princeton consensus 
conference). Am J Cardiol. 2005;96(2):313–21.  

   35.    Russell ST, Khandheria BK, Nehra A. Erectile dys-
function and cardiovascular disease. Mayo Clin Proc. 
2004;79(6):782–94.  

   36.    Solomon H, DeBusk RF, Jackson G. Erectile dysfunc-
tion: the need to be evaluated, the right to be treated. 
Am Heart J. 2005;150(4):620–6.  

   37.    Montorsi P, Montorsi F, Schulman C. Is erectile dys-
function the “tip of the iceberg” of a systemic vascular 
disorder? Eur Urol. 2003;44(3):352–4.  

    38.    Billups KL. Sexual dysfunction and cardiovascular 
disease: integrative concepts and strategies. Am 
J Cardiol. 2005;96(12B):57M–61.  

    39.    Fung MM, Bettencourt R, Barrett-Connor E. Heart 
disease risk factors predict erectile dysfunction 25 
years later: the Rancho Bernardo Study. J Am Coll 
Cardiol. 2004;43(8):1405–11.  

    40.    Barrett-Connor E. Heart disease risk factors predict 
erectile dysfunction 25 years later (the Rancho 
Bernardo Study). Am J Cardiol. 2005;96(12B):
3M–7.  

       41.    Kupelian V, Link CL, McKinlay JB. Association 
between smoking, passive smoking, and erectile dys-
function: results from the Boston Area Community 
Health (BACH) Survey. Eur Urol. 2007;52(2):
416–22.  

   42.    Klein R, Klein BE, Lee KE, Moss SE, Cruickshanks 
KJ. Prevalence of self-reported erectile dysfunction in 
people with long-term IDDM. Diabetes Care. 
1996;19(2):135–41.  

   43.    Mannino DM, Klevens RM, Flanders WD. Cigarette 
smoking: an independent risk factor for impotence? 
Am J Epidemiol. 1994;140(11):1003–8.  

   44.    Muller SC, el-Damanhoury H, Ruth J, Lue 
TF. Hypertension and impotence. Eur Urol. 1991;
19(1):29–34.  

   45.    Rosen MP, Greenfi eld AJ, Walker TG, et al. Cigarette 
smoking: an independent risk factor for  atherosclerosis 

R.C. Rosen and V. Kupelian



55

in the hypogastric-cavernous arterial bed of men with 
arteriogenic impotence. J Urol. 1991;145(4):759–63.  

   46.    Shabsigh R, Fishman IJ, Schum C, Dunn JK. Cigarette 
smoking and other vascular risk factors in vasculo-
genic impotence. Urology. 1991;38(3):227–31.  

   47.    Wei M, Macera CA, Davis DR, Hornung CA, Nankin 
HR, Blair SN. Total cholesterol and high density lipo-
protein cholesterol as important predictors of erectile 
dysfunction. Am J Epidemiol. 1994;140(10):930–7.  

   48.    Virag R, Bouilly P, Frydman D. Is impotence an arte-
rial disorder? A study of arterial risk factors in 440 
impotent men. Lancet. 1985;1(8422):181–4.  

    49.    Gades NM, Nehra A, Jacobson DJ, et al. Association 
between smoking and erectile dysfunction: a 
population- based study. Am J Epidemiol. 2005;
161(4):346–51.  

   50.    Jeremy JY, Mikhailidis DP. Cigarette smoking and 
erectile dysfunction. J R Soc Promot Health. 
1998;118(3):151–5.  

    51.    Hatzichristou DG, Goldstein I, Quist WC. Preexisting 
vascular pathology in donor and recipient vessels dur-
ing penile microvascular arterial bypass surgery. 
J Urol. 1994;151(5):1217–24.  

    52.    Esposito K, Giugliano F, Di Palo C, et al. Effect of 
lifestyle changes on erectile dysfunction in obese 
men: a randomized controlled trial. JAMA. 2004;
291(24):2978–84.  

    53.    Frantzen J, Speel TG, Kiemeney LA, Meuleman 
EJ. Cardiovascular risk among men seeking help for 
erectile dysfunction. Ann Epidemiol. 2006;16(2):85–90.  

    54.    Thompson IM, Tangen CM, Goodman PJ, Probstfi eld 
JL, Moinpour CM, Coltman CA. Erectile dysfunction 
and subsequent cardiovascular disease. JAMA. 
2005;294(23):2996–3002.  

    55.    Nehra A, Jackson G, Miner M, Billups KL, Burnett 
AL, Buvat J, Carson CC, Cunningham GR, Ganz P, 
Goldstein I, Guay AT, Hackett G, Kloner RA, Kostis 
J, Montorsi P, Ramsey M, Rosen R, Sadovsky R, 
Seftel AD, Shabsigh R, Vlachopoulos C, Wu FC. The 
Princeton III consensus recommendations for the 
management of erectile dysfunction and cardiovascu-
lar disease. Mayo Clin Proc. 2012;87(8):766–78.  

    56.    Lue TF, Giuliano F, Montorsi F, et al. Summary of the 
recommendations on sexual dysfunctions in men. 
J Sex Med. 2004;1(1):6–23.  

    57.    Araujo A, Hall SA, Ganz P, et al. Does erectile dys-
function contribute to cardiovascular disease risk pre-
diction beyond the Framingham risk score? J Am Coll 
Cardiol. 2010;55:350–6.  

    58.    Chew K, Finn J, Stuckey B, et al. Erectile dysfunction 
as a predictor for subsequent atherosclerotic cardio-
vascular events: fi ndings from a linked-data study. 
J Sex Med. 2010;7:192–202.  

    59.    Hall SA, Shackelton R, Rosen RC, et al. Sexual activ-
ity, erectile dysfunction, and incident cardiovascular 
events. Am J Cardiol. 2010;105:192–7.  

    60.    Salem S, Abdi S, Abdolrasoul A, et al. Erectile dys-
function severity as a risk predictor for coronary 
artery disease. J Sex Med. 2009;6:3425–32.  

    61.    Ganz P. Erectile dysfunction: pathophysiological 
mechanisms pointing to underlying cardiovascular 
disease. Am J Cardiol. 2005;96(12B):8M–12.  

    62.    Jackson G. Erectile dysfunction and cardiovascular 
disease. Int J Clin Pract. 1999;53(5):363–8.  

     63.    Laumann EO, Nicolosi A, Glasser DB, et al. Sexual 
problems among women and men aged 40–80 y: 
Prevalence and correlates identifi ed in the global 
study of sexual attitudes and behaviors. Int J Impot 
Res. 2005;17(1):39–57.  

    64.    Nicolosi A, Glasser DB, Kim SC, Marumo K, 
Laumann EO. Sexual behavior and dysfunction and 
help-seeking patterns in adults aged 40–80 years in 
the urban population of Asian countries. Br J Urol Int. 
2005;15:253–7.  

    65.    Feldman HA, Longcope C, Derby CA, et al. Age 
trends in the level of serum testosterone and other hor-
mones in middle-aged men: longitudinal results from 
the Massachusetts male aging study. J Clin Endocrinol 
Metab. 2002;87(2):589–98.  

      66.    Travison TG, Shabsigh R, Araujo AB, Kupelian V, 
O’Donnell AB, McKinlay JB. The natural progres-
sion and remission of erectile dysfunction: results 
from the Massachusetts Male Aging Study. J Urol. 
2007;177(1):241–6. Discussion 246.  

    67.    McKinlay JB, Link CL. Measuring the urologic ice-
berg: design and implementation of the Boston Area 
Community Health (BACH) Survey. Eur Urol. 
2007;52(2):389–96.  

    68.    Fitzgerald MP, Link CL, Litman HJ, Travison TG, 
McKinlay JB. Beyond the lower urinary tract: the 
association of urologic and sexual symptoms with 
common illnesses. Eur Urol. 2007;52(2):407–15.  

     69.    Kupelian V, Link CL, Rosen RC, McKinlay 
JB. Socioeconomic status, not race/ethnicity, contrib-
utes to variation in the prevalence of erectile dysfunc-
tion: results from the Boston Area Community Health 
(BACH) Survey. J Sex Med. 2008;5(6):1325–33.  

    70.    Fang SC, Rosen RC, Vita JA, Ganz P, Kupelian 
V. Changes in erectile dysfunction over time in rela-
tion to Framingham cardiovascular risk in the Boston 
Area Community Health (BACH) Survey. J Sex Med. 
2015;12(1):100–8.  

    71.    Gerber RE, Vita JA, Ganz P, et al. Peripheral micro-
vascular dysfunction and erectile dysfunction. J Urol. 
2015;193:612–7.  

     72.    Egan KB, Burnett AL, McVary KT, Ni X, Suh M, 
Wong DG, Rosen RC. The co-occurring syndrome – 
co-existing ED and BPH and their clinical correlates 
in aging men: results from the National Health and 
Nutrition Examination Survey. Urology. 
2015;86(3):570–80.  

    73.    Brookes ST, Link CL, Donovan JL, McKinlay 
JB. Relationship between lower urinary tract symp-
toms and erectile dysfunction: results from the Boston 
Area Community Health Survey. J Urol. 
2008;179(1):250–5. Discussion 255.  

    74.    Rosen RC, Link CL, O’Leary MP, Giuliano F, Aiyer 
LP, Mollon P. Lower urinary tract symptoms and sex-

4 Epidemiology of Erectile Dysfunction and Key Risk Factors



56

ual health: the role of gender, lifestyle and medical 
comorbidities. BJU Int. 2009;103 Suppl 3:42–7.  

    75.    Laumann EO, West S, Glasser D, Carson C, Rosen R, 
Kang JH. Prevalence and correlates of erectile dys-
function by race and ethnicity among men aged 40 or 
older in the United States: from the male attitudes 
regarding sexual health survey. J Sex Med. 
2007;4(1):57–65.  

     76.    Derby CA, Araujo AB, Johannes CB, Feldman HA, 
McKinlay JB. Measurement of erectile dysfunction in 
population-based studies: the use of a single question 
self-assessment in the Massachusetts Male Aging 
Study. Int J Impot Res. 2000;12(4):197–204.  

     77.    Feldman HA, Goldstein I, Hatzichristou DG, Krane 
RJ, McKinlay JB. Construction of a surrogate vari-
able for impotence in the Massachusetts Male Aging 
Study. J Clin Epidemiol. 1994;47(5):457–67.  

   78.    Laumann EO, Paik A, Rosen RC. The epidemiology 
of erectile dysfunction: results from the National 

Health and Social Life Survey. Int J Impot Res. 
1999;11 Suppl 1:S60–4.  

    79.    Prins J, Blanker MH, Bohnen AM, Thomas S, Bosch 
JL. Prevalence of erectile dysfunction: a systematic 
review of population-based studies. Int J Impot Res. 
2002;14(6):422–32.  

     80.    Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick 
J, Mishra A. The international index of erectile function 
(IIEF): a multidimensional scale for assessment of erec-
tile dysfunction. Urology. 1997;49(6):822–30.  

    81.    Shabsigh R, Klein LT, Seidman S, Kaplan SA, 
Lehrhoff BJ, Ritter JS. Increased incidence of depres-
sive symptoms in men with erectile dysfunction. 
Urology. 1998;52(5):848–52.  

    82.    Nicolosi A, Moreira ED, Jr Shirai M, Bin Mohd 
Tambi MI, Glasser DB. Epidemiology of erectile dys-
function in four countries: cross-national study of the 
prevalence and correlates of erectile dysfunction. 
Urology. 2003;61(1):201–6.      

R.C. Rosen and V. Kupelian



57© Springer International Publishing Switzerland 2016 
T.S. Köhler, K.T. McVary (eds.), Contemporary Treatment of Erectile Dysfunction, 
Contemporary Endocrinology, DOI 10.1007/978-3-319-31587-4_5

      Erectile Dysfunction: Etiology 
and Risk Factors                     

     Alexander     W.     Pastuszak       and     Mohit     Khera     

        A.  W.   Pastuszak ,  MD, PhD      (*) 
   M.   Khera ,  MD, MBA, MPH      
  Scott Department of Urology ,  Baylor College 
of Medicine ,   6624 Fannin St, Suite 1700 ,  Houston , 
 TX   77030 ,  USA   
 e-mail: pastusza@bcm.edu; mkhera@bcm.edu  

  5

          Introduction 

 Recent studies have shown that sex is a signifi -
cant part of life for aging men and women, with 
up to 90 % of men and women 70–90 years old 
engaging in some form of sexual activity [ 1 ,  2 ]. 
In the USA, the most common male sexual diffi -
culty is erectile dysfunction (ED), occurring in 
up to 43 % of men [ 2 ]. ED is defi ned as the per-
sistent inability to achieve or maintain penile 
erection satisfactory for sexual performance [ 3 ]. 
Male sexual function begins to decline during the 
fi fth decade of life, and this decline affects desire, 
arousal, erectile function, and ejaculation/orgasm 
[ 4 – 6 ]. Having ED also negatively affects a man’s 
relationships [ 7 ] and emotional and psychologi-
cal well-being [ 8 ,  9 ]. Given the desire to continue 
having sex throughout life and the ramifi cations 
of ED on physical and psychological health, an 
understanding of the causes of and risk factors 
predisposing to ED is essential in the approach to 
the patient with ED. 

 The prevalence of ED varies geographically; 
estimates also fl uctuate due to varying study 

methodologies, questionnaires, and survey tools. 
The worldwide  prevalence of ED   is expected to 
reach 322 million cases by 2025 [ 10 ]. In the 
United States, an estimated 20 million men are 
currently affected by ED [ 11 ]. The majority of 
affected men are over 40 years old, with only 
1–10 % of men under 40 affected by ED [ 12 ]. 
Approximately 2–9 % of men 40–49 years old 
and 20–40 % of men 60–69 years old are affected. 
 The Massachusetts Male Aging Study (MMAS)   
was one of the fi rst studies to report on the preva-
lence of ED, observing ED of any severity in 
52 % of men over 40 years old [ 13 ]. The rate of 
moderate to severe ED was observed to increase 
from 22 to 49 % of men between 40 and 70 years 
old, suggesting a progressive lesion associated 
with age. More recently, the  National Social Life, 
Health, and Aging Project (NSHAP)   surveyed 
over 1450 American men to evaluate sexual 
issues in older adults and reported ED in 31 % of 
men 57–64 years old and 45 % of men 65–74 
years old, with an increased risk of having ED as 
a function of age (odds ratio (OR) of 1.83 com-
paring the above age groups) [ 2 ]. In men less 
than 40 years old, ~5 % endorse ED [ 14 ]. When 
comparing ethnic groups, the prevalence of ED is 
similar, with one study reporting a 22 % ED prev-
alence in white men, 24 % in black men, and 
20 % in Hispanic men over 40 years old [ 15 ]. 

 ED has been linked to numerous conditions 
that can impact  morbidity and longevity  , includ-
ing cardiovascular risk factors, diabetes, the 
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 metabolic syndrome, hypogonadism, benign 
prostatic hyperplasia, and others, all tied together 
by a common impact on the vasculature. 
Numerous other medical conditions, including 
 Peyronie’s disease (PD  ), hypogonadism,  lower 
urinary tract symptoms (LUTS)  , and others, are 
also associated with ED. Clinicians are well 
served to remember that a psychogenic compo-
nent is integral to virtually all cases of ED and 
may result from situational or other psychosocial 
factors. Thus, understanding not only the physi-
ology of normal erectile function, as well as the 
organic and psychologic factors that impact male 
erectile function, can result in an optimal 
approach to men affected by ED.  

    Physiology of Penile Erection 
and Detumescence 

  To better understand the etiology of erectile  dys-
function,  a brief review of the physiology of gov-
erning erectile  function  is prudent. Erection is a 
 complex   process involving hormonal, vascular, 
and neural systems. The four stages of normal 
sexual function in the male include (1) desire, (2) 
erection, (3) ejaculation, and (4) detumescence, 
with both the erect and fl accid penile states pro-
gressing through initiation and maintenance 
phases [ 16 ]. The pathways and hormones gov-
erning penile function are important for both 
erection and fl accidity, as well as maintenance of 
penile cavernosal integrity [ 17 ,  18 ]. 

 External stimuli acting through somatic and 
autonomic pathways initiate erection (reviewed 
in [ 11 ]). Stimuli are sensed by receptors in the 
penile skin, glans, urethra, and corpus caverno-
sum, which coalesce into the dorsal nerves of the 
penis and the pudendal nerve. The pudendal 
nerve enters the spinal cord at the S2–S4 nerve 
roots and interfaces with the thalamus and sen-
sory cortex. The process of erection begins with 
parasympathetic pathway activation resulting in 
nitric oxide (NO) release from endothelial cells 
and cavernous nerves. The release of NO causes 
corporal cavernosal smooth muscle relaxation, 
reducing peripheral arteriolar resistance and 
resulting in the infl ow of blood [ 18 ]. On a molec-

ular level, NO release activates guanylyl cyclase, 
catalyzing the formation of cyclic guanosine 
monophosphate (cGMP), which then activates 
protein kinase G and results in potassium and cal-
cium channel phosphorylation. Phosphorylation 
of these ion channels results in cellular hyperpo-
larization, decreasing intracellular calcium levels 
and causing dissociation of myosin from actin, 
with the end result being smooth muscle relax-
ation (reviewed in [ 19 ]). Similarly, cyclic ade-
nosine monophosphate (cAMP) also mediates 
smooth muscle relaxation, but is activated by 
adenosine, calcitonin gene-related peptides, and 
prostaglandins rather than by NO [ 18 ]. 

 Just as important as penile tumescence is its 
detumescence, to which several hormonal factors 
and neurotransmitters contribute. Norepinephrine, 
phenylephrine, and endothelin are secreted as a 
result of sympathetic discharge soon after ejacu-
lation and activate phospholipase C, which cata-
lyzes the formation of inositol triphosphate and 
diacylglycerol [ 11 ]. These molecular mediators 
cause an increase in intracytoplasmic calcium, 
resulting in smooth muscle contraction. 
Phosphodiesterase-mediated degradation of 
cGMP to GMP (PDE5) and cAMP to AMP 
(PDE4) can also result in detumescence, and an 
alternate pathway resulting in activation of Rho 
kinase phosphorylates and inhibits smooth mus-
cle myosin phosphatase, preventing myofi lament 
dephosphorylation and maintaining contraction 
and the fl accid state  [ 20 ].  

    Classifi cation and Etiologic Factors 
in Erectile Dysfunction 

  There are two major subtypes of ED— lifelong , in 
which  erection   is not achieved from the outset of 
sexual desire, and  acquired , in which initially 
normal erectile function and sexual ability are 
present, which then give way to the onset of 
ED. Each of these subtypes can have either psy-
chogenic or organic contributors, and both types 
may require intervention, particularly if lasting 
more than 3–6 months in light of the link between 
ED and other conditions that can both worsen ED 
as well as a man’s overall health. 
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 Although often resulting from multiple fac-
tors, ED is classifi ed according to its origin: psy-
chogenic; neurologic; vasculogenic, due to other 
medical or urologic disorders and penile factors; 
endocrinologic; and drug induced (Table  5.1 ). 
We briefl y address the various major causes of 
ED below, subsequently segueing into a deeper 
discussion of etiologic factors and how they pre-
dispose men to developing ED.

   Psychogenic ED relates to psychological or 
interpersonal factors and is mediated by adrener-
gic inputs [ 21 ]. Psychogenic factors that can con-
tribute to ED are often partner related, 
performance related, or associated with psycho-
logical distress [ 22 ]. A key psychogenic factor 
relating to ED is performance anxiety, with the 
fear of failure during sexual intercourse driving 
poor erectile function. In contrast with organic 
etiologies of ED, psychogenic ED is a diagnosis 
of exclusion, made once organic factors have 
been ruled out. Clinical clues alerting the physi-
cian to the presence of psychogenic ED as a pri-
mary etiology of ED include a sudden onset of 
ED, with intermittency of erectile function suffi -
cient for sexual intercourse, or a situational 
nature to the erectile problems. Men with psy-
chogenic ED also report good nocturnal erec-
tions and diffi culty with achieving orgasm, 
although many are able to achieve orgasm with 
masturbation [ 23 ]. 

 Neurogenic causes of ED relate to neurologic 
impairment in either the central nervous system 
or peripheral nerves and in aggregate affect rela-
tively few men. Neurologic disorders frequently 
related to ED include strokes, dementia, 
Parkinson’s disease, Alzheimer’s disease, cen-
tral nervous system tumors, and spinal cord 
injury [ 24 ]. In addition, lower motor neuron 
lesions resulting from trauma, pelvic pathology, 
and pelvic surgery, including radical prostatec-
tomy and cystoprostatectomy, may also result in 
ED, though recent advances in surgical tech-
nique have lowered the incidence of postsurgical 
ED [ 25 ]. 

 ED often results from vascular causes, com-
monly grouped as arterial insuffi ciency or venous 
leak, which together represent the most common 
organic etiologies of ED. Venous leak ED results 

   Table 5.1    Etiologies of ED   

  Psychogenic  

 Physical and mental health problems 

  Psychological   trauma 

 Relationship problems/partner dissatisfaction 

 Family/social pressures 

 Depression 

  Organic  

  Neurologic  

 Central nervous system—spinal cord injury, multiple 
sclerosis, stroke 

 Peripheral nervous system—neuropathy 

  Vasculogenic  

 Arterial insuffi ciency/ peripheral   arterial disease 

 Veno-occlusive disease 

 Hypertension 

 Trauma 

  Medical disorders  

 Hepatic insuffi ciency 

 Dyslipidemia 

 Renal insuffi ciency 

 Chronic obstructive pulmonary disease 

 Sleep apnea 

  Penile factors  

 Cavernous fi brosis 

 Peyronie’s disease 

 Penile fracture 

  Endocrine  

  Hypogonadi  sm 

 Hyperprolactinemia 

 Diabetes mellitus 

 Thyroid disorders 

  Urologic disorders  

 Benign prostatic hypertrophy 

 Lower urinary  tract   symptoms 

  Drug induced  

 Antihypertensives 

 Antidepressants 

 Antiandrogens 

 Marijuana 

 Heroin 

 Nicotine 

 Alcohol 

  Opia  tes 

 Cocaine 

  Iatrogenic  

 Drug induced 

 Postoperative 

 Post-radiation 
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from increased venous outfl ow during erection, 
can inhibit penile tumescence, and is associated 
with Peyronie’s disease, which may limit blood 
fl ow due to corporal cavernosal fi brosis. Diabetes 
mellitus and neurogenic causes of ED may also 
cause venous leak ED. Arterial insuffi ciency is 
often predisposed to by atherosclerosis, hyperlip-
idemia, hypertension, smoking, diabetes melli-
tus, and pelvic radiation [ 26 ]. Fundamentally, 
endothelial cell dysfunction is the common factor 
predisposing to arteriogenic ED, as normal endo-
thelial cell function is protective against arterial 
cellular dysfunction [ 27 ]. ED and cardiovascular 
disease (CVD) share common risk factors, lead-
ing to the concept that vasculogenic ED is a man-
ifestation of vascular disease, and may be the fi rst 
manifestation of cardiovascular disease [ 28 ,  29 ]. 
One survey study of over 7500 patients with 
hypertension and/or diabetes observed ED in 
nearly 70 % of men with either hypertension or 
diabetes alone and in 78 % of men with both con-
ditions [ 30 ]. A subsequent report evaluating over 
2400 men demonstrated that diabetes and hyper-
tension are independently associated with ED, 
with an age-adjusted odds ratio (OR) of 4.0 in 
diabetics and 1.58 in hypertensives [ 31 ]. 
Associations between men with high cholesterol 
(OR 1.63), peripheral vascular disease (OR 2.63), 
and smoking (OR 2.5) were also observed. The 
relationship between ED and cardiovascular 
health is further underscored by improvement in 
ED symptoms when total and low-density lipo-
protein (LDL) cholesterol were lowered using 
either diet or statin interventions [ 32 ]. 

 Androgens play an essential role in maintain-
ing sexual function in both men and women. In 
men, androgens enhance sexual desire and help 
to maintain sleep-related erections. Testosterone 
in particular is important in regulation of NO 
synthase (NOS) and phosphodiesterase 5 
(PDE5) expression in the penis [ 33 ]. Testosterone 
also plays a role in overall erectile function and 
helps to maintain the fi broelastic properties of 
penile tissue [ 34 ,  35 ]. Hypogonadism has been 
linked to cardiovascular morbidity and mortal-
ity, with studies fi nding either an increased or 
decreased risk of cardiovascular events in men 
with low testosterone levels, although a consen-

sus on the topic has yet to be reached (reviewed 
in [ 36 ]). Although low serum testosterone levels 
have not been defi nitively linked to the presence 
or severity of ED [ 37 – 39 ], testosterone therapy 
in men with ED has shown improvement in 
erectile function in 39 % of men in one study 
[ 39 ], as well as improvements in sexual perfor-
mance, desire, and motivation in some men 
[ 40 ]. Hyperprolactinemia, often caused by pitu-
itary adenoma, is also associated with low libido 
and erectile dysfunction, possibly as a result of 
low testosterone levels that occur with hyperp-
rolactinemia [ 12 ,  41 ]. Diabetes mellitus may 
also result in ED and is discussed in more detail 
below. 

 Drug-induced ED may occur with the use of 
several drug classes, including antihypertensives, 
psychotropics, antiandrogens, 5α reductase 
inhibitors, and digoxin. In addition, marijuana, 
heroin, cocaine, opiates, nicotine, and alcohol all 
have negative effects on erectile function as well. 
Psychotropic drugs and antihypertensives are 
among the most common drug classes that can 
lead to ED [ 42 ]. Antihypertensive medications 
that most often result in ED include thiazides and 
β-blockers, whereas α-blockers,  angiotensin- 
converting enzyme inhibitors (ACEIs)  , and 
 angiotensin receptor blockers (ARBs)   are the 
least likely to cause ED [ 43 ,  44 ]. Of psychotropic 
drugs, the antipsychotics risperidone and olan-
zapine have the highest likelihood of causing ED 
[ 45 ]. However, antidepressants, including  selec-
tive serotonin reuptake inhibitors (SSRIs)   and 
venlafaxine, are the most common psychotropic 
drugs associated with ED .  

    Risk Factors for Erectile Dysfunction 

 Risk factors for ED are numerous (Table  5.2 ), 
although age is the primary risk factor for 
ED. The prevalence and severity of ED increase 
with age, with 39 % of men 50 years old having 
some form of ED, with the rate increasing to 
67 % in men by age 70 in the MMAS [ 12 ]. These 
data are substantiated by two other independent, 
large studies including 2476 Spanish and 1464 
Middle Eastern men [ 31 ,  46 ].
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      Cardiovascular Disease and ED 

 A growing body of evidence has linked ED with 
 cardiovascular disease (CVD)   over the past two 
decades. Signifi cant associations between ED 
and cardiovascular risk factors including hyper-
tension, dyslipidemia, diabetes mellitus,     coro-
nary artery disease (CAD)  , and the metabolic 
syndrome have been identifi ed. In a study of 300 
men with angiographically documented CAD, 
49 % were found to have ED using the 
 International Index of Erectile Function (IIEF)  , a 
validated questionnaire for assessment of erectile 
function [ 47 ]. Of the 147 men with both ED and 
CAD, 67 % reported ED symptoms for 39 months 
prior to the onset of CAD symptoms. Other stud-
ies have corroborated these fi ndings, observing a 
2–5-year interval between the onset of ED symp-
toms and the subsequent onset of cardiovascular 
symptoms and events [ 48 ,  49 ]. A subsequent pro-
spective study found angiographic, but not clini-
cal, evidence of CAD in nine of 47 (19 %) men 
with vasculogenic ED [ 50 ]. In a landmark study, 
Inman et al. screened 1400 community men with 
no evidence of CAD for ED over a 10-year period 
[ 51 ]. The authors found that new CAD developed 
in 11 % of men during follow-up as a function of 
age with CAD incidence densities per 1000 per-
son years in men without ED of 0.94 (age 40–49 

years), 5.09 (age 50–59 years), 10.72 (age 60–69 
years), and 23.30 (age 70 years and older). In 
contrast,  in   men with ED, the CAD incidence 
densities per 1000 person years were 48.52 (age 
40–49 years), 27.15 (age 50–59 years), 23.97 
(age 60–69 years), and 29.63 (age 70 years and 
older). Importantly, when ED was found in men 
<60 years old, it was associated with a signifi -
cantly higher risk of future cardiac events in com-
parison with men without ED. 

 Several meta-analyses have also shown an 
increased risk of CVD in men with ED, solidify-
ing ED as an independent risk factor for 
CVD. Vlachopoulos et al. performed a meta- 
analysis of 14 studies evaluating 92,757 patients 
with a mean follow-up of 6.1 years, fi nding that 
men with ED had a 44 % increased risk for car-
diovascular events, a 62 % increased risk for 
myocardial infarction (MI), a 39 % increased risk 
for cerebrovascular events, and a 25 % increased 
risk for all- cause   mortality [ 52 ]. Dong et al. con-
ducted a smaller meta-analysis of 12 prospective 
cohort studies encompassing 36,744 men, fi nding 
a 48 % increased risk of CVD, a 46 % increased 
risk of CAD, a 35 % increased risk of stroke, and 
a 19 % increased risk of all-cause mortality [ 53 ]. 
A third meta-analysis by Guo et al. of 45,558 par-
ticipants from seven cohort studies calculated an 
RR of 1.47 for coronary events in men with ED 
[ 54 ]. More importantly, the RR of all-cause mor-
tality in men with ED was determined to be 1.23, 
correlating ED with future morbidity and death. 
A  study   stemming from the Prostate Cancer 
Prevention Trial (PCPT) demonstrated that ED 
may be a harbinger of cardiovascular events, 
with 0.024 cardiovascular events per person year 
occurring in men with ED compared with 0.015 
events in men without ED [ 55 ]. Not surprisingly, 
ED may also be a risk factor for peripheral arte-
rial disease and stroke [ 56 ,  57 ]. Thus, all men 
with ED should be screened for CAD, with eval-
uation for related comorbidities where appropri-
ate. In fact, the Princeton III consensus guidelines, 
an expert opinion report, recognize ED as a 
strong predictor of CVD and CAD and recom-
mend screening of men presenting with ED for 
CVD risk factors [ 58 ]. A recent economic analy-
sis found that screening of men with ED for CVD 

   Table 5.2    ED risk factors   

 Age 

 Coronary artery or peripheral  va  scular disease 

 Hypertension 

 Obesity/sedentary lifestyle 

 Hyperlipidemia 

 Trauma or surgery to the pelvis or spine 

 Diabetes mellitus 

 Benign prostatic hypertrophy 

 Lower urinary tract symptoms 

 Hypogonadism 

 Peyronie’s disease 

 Endocrine disorders/hypogonadism 

 Smoking 

  Depres  sion 

 Alcohol and drug use 

 Medications 
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risk factors and treating these at-risk men can 
result in an approximately tenfold cost savings 
when compared with treatment of ED and CVD- 
related sequelae [ 59 ]. 

 The association between ED and CVD is 
predicated on the similarities between the patho-
physiologies of the two conditions. Penile erec-
tion depends on healthy vascular endothelium 
and the release of NO and other factors that pro-
mote corporal smooth muscle relaxation, an 
increase in arterial infl ow, and a decrease in 
venous outfl ow. Disruptions in normal endothe-
lial function can impair penile blood fl ow. 
Similarly, the pathophysiology of CVD is related 
to endothelial cell dysfunction, resulting in 
decreased NO release and predisposing to athero-
sclerosis and decreased  blood   fl ow. Other mecha-
nisms that may contribute to endothelial 
dysfunction include increased peripheral sympa-
thetic activity, alterations in vascular structure 
that limit vascular dilation and blood fl ow, and 
higher levels of infl ammatory mediators [ 26 ,  27 , 
 32 ,  60 ,  61 ]. ED may be the fi rst sign of CVD, in 
part due to the differences in caliber between 
penile and coronary arteries. Penile arteries are 
1–2 mm in diameter, in contrast with the left 
anterior descending coronary artery, which is 
3–4 mm. Thus, an atherosclerotic plaque of equal 
size in either vessel will more likely compromise 
fl ow in the penile artery, leading to ED symptoms 
prior to CAD symptoms [ 62 ].  

    Diabetes and ED 

  Diabetes mellitus  is   a common risk factor for 
ED, with ED present in 35–90 % of diabetic 
men [ 63 ] and occurring three times more fre-
quently in diabetics than nondiabetics (49.3 % 
vs. 15.6 %, respectively) [ 64 ]. Both Type 1 and 
Type 2 diabetics are at increased risk of devel-
oping ED, with a relative risk (RR) of 3.0 for 
Type 1 and RR of 1.3 for Type 2 diabetics when 
compared with nondiabetic men (Table  5.3 ) 
[ 65 ]. The risk of ED in Type 2 diabetics 
increases with duration of diabetes, with an RR 
of 1.7 in men having diabetes for more than 20 
years [ 65 ,  66 ].

   While no published trials comparing the 
impact of glycemic control on ED are available, 
several studies support good glycemic control 
leading to improvement in ED symptoms. 
Glycosylated hemoglobin (hemoglobin A1c) is 
strongly associated with ED (OR 3.70) and pro-
vides a good long-term indicator of glycemic 
control [ 67 ]. In the Diabetes Control and 
Complications Trial, 761 Type 1 diabetic men 
were randomized to either intensive or conven-
tional glycemic control. The study evaluated two 
cohorts: a primary prevention cohort, consisting 
of 366 men with diabetes of 1–5-year duration 
and without evidence of microvascular complica-
tions, and the secondary intervention cohort, con-
sisting of 395 men with diabetes of 1–15-year 
duration and evidence of nonproliferative reti-
nopathy and/or microalbuminuria. An ancillary 
study to the trial evaluated ED in 571 men (295 

   Table 5.3     Risk factors and   risk of developing ED   

 ED risk factor 
 Relative risk (RR) or odds ratio 
(OR) (95 % confi dence interval) 

 Diabetes mellitus (DM) [ 65 ] 

   Type 1 DM  RR 3.0 (1.5–5.9) 

   Type 2 DM 
<20-year duration 

 RR 1.3 (1.1–1.5) 

   Type 2 DM 
>20-year duration 

 RR 1.7 (1.1–2.7) 

 Hemoglobin A1c (Hgb A1c) [ 67 ] 

   Hgb A1c 
>5.7–6.4 % 

 OR 1.7 (1.1–2.8) 

   Hgb A1c ≥6.5 %  OR 3.7 (2.2–6.3) 

 Smoking [ 75 ] 

   Current smokers  OR 1.5 (1.3–1.7) 

   Former smokers  OR 1.3 (1.1–1.5) 

   Obesity (overall) 
[ 82 ] 

 RR 1.9 (1.6–2.2) 

 Body Mass Index (BMI) (kg/m 2 ) [ 82 ] 

   BMI 25.0–26.9  RR 1.2 (1.1–1.3) 

   BMI 27.0–29.9  RR 1.3 (1.1–1.4) 

   BMI ≥30    RR 1.7 (1.5–2.0) 

 Physical activity [ 85 ] 

   Low physical 
 ac  tivity 

 OR 1.0 (reference) 

   Moderate physical 
activity 

 OR 0.6 (0.4–0.9) 

   High physical 
activity 

 OR 0.4 (0.2–0.8) 
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from the primary prevention and 280 from the 
secondary intervention cohorts) and found a 
lower ED rate in the intensive glycemic control 
group compared to the conventional glycemic 
control group for the secondary intervention 
cohort (12.8 % vs. 30.8 %) [ 68 ]. Importantly, the 
risk of developing ED was associated with base-
line mean hemoglobin A1c (HbA1c), with every 
10 % increase in mean HbA1c resulting in a 55 % 
increased odds of ED symptoms in the secondary 
cohort and 21.5 % in the primary cohort. 

 The pathophysiology of ED in diabetes is 
likely multifactorial. Glycemic dysregulation 
contributes to macrovascular atherosclerotic dis-
ease via endothelial dysfunction and other mech-
anisms and also leads to microvascular 
complications, resulting in nerve ischemia and 
subsequent damage, which manifests as auto-
nomic and peripheral neuropathy. Penile innerva-
tion via the dorsal and perineal nerves includes 
sympathetic and parasympathetic fi bers, as well 
as motor and sensory somatic nerves. ED can 
result from impaired parasympathetic stimula-
tion resulting from autonomic neuropathy that 
impedes corporal cavernosal smooth muscle 
relaxation [ 63 ]. Diabetic peripheral neuropathy 
can also predispose to venous leak by impairing 
sensory impulse transmission from the penile 
shaft and glans to the refl exogenic erectile center, 
as well as transmission of motor impulses to the 
bulbocavernosus and ischiocavernosus muscles 
responsible for preventing venous outfl ow from 
the cavernous bodies [ 43 ]. Diabetes is often asso-
ciated with concurrent hypogonadism, with 20 % 
of diabetic men having hypogonadal serum tes-
tosterone levels and 31 % of diabetic men having 
borderline low testosterone levels  [ 69 ].  

    Hypertension and ED 

   Hypertension   is a risk factor for CVD and 
contributes to systemic endothelial dysfunction, 
thus linking it to ED. In the  National Health and 
Nutrition Examination Survey (NHANES)   of 
2126 American men, the age-adjusted prevalence 
of ED was 27.7 % in men with treated hyperten-
sion and 15.1 % in men with untreated hyperten-

sion [ 14 ]. The higher prevalence of ED in men 
with treated hypertension underscores the contri-
bution of antihypertensive medications in the 
development of ED. Many antihypertensives, 
including diuretics, nonselective beta-blockers, 
and alpha-2 blockers, can cause ED, while angio-
tensin-converting enzyme inhibitors and calcium 
channel blockers typically do not have adverse 
effect on erectile function. Other studies have 
also demonstrated an association between hyper-
tension and ED.  The Massachusetts Male Aging 
Study (MMAS)  , a cross-sectional survey of over 
1700 men aged 40–69 from Massachusetts, found 
a direct association between hypertension and 
ED [ 13 ]. In contrast, a cross-sectional observa-
tional study of 1242 hypertensive men evaluating 
the impact of treating hypertension on ED found 
that 6 months or more of treatment using beta-
blockade resulted in a lower ED prevalence inde-
pendent of age, CVD, or medical treatment [ 70 ]. 
Another study evaluating 1007 patients also 
found that antihypertensive therapy using nebivo-
lol, the same beta-blocker found to be effective in 
the prior study, resulted in a lower prevalence of 
ED [ 71 ]. The benefi cial effects of nebivolol may 
be related to the drug’s unique ability to act as a 
vasodilator by potentiating NO release. Thus, 
while antihypertensive medications can be causal 
in the development of ED, hypertension alone, as 
a CVD risk factor, can increase the risk of ED in 
affected men .  

    ED and Smoking 

 A relationship between ED and smoking has 
been identifi ed and is likely linked to the negative 
effects of smoking on the vasculature that result 
in increased cardiovascular complications in 
smokers. While incompletely understood, the eti-
ology of smoking’s deleterious effects on erectile 
function likely results from endothelial dysfunc-
tion.  Smoking   causes increased levels of reactive 
oxygen species (ROS) that can negatively affect 
endothelial cells, leading to increased oxidative 
stress and decreased bioavailability of the NO 
required for smooth muscle relaxation in the cor-
pora cavernosa [ 72 ]. 
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 Several clinical and epidemiological studies 
have demonstrated a clear association between 
ED and smoking. After adjusting for age and 
other covariates, data from the MMAS showed 
that cigarette smokers had a higher risk of moder-
ate or severe ED (24 % vs. 14 %) when compared 
to nonsmokers [ 73 ], a fi nding supported by a 
cross-sectional survey of 4462 Vietnam War vet-
erans, which also found an increased risk of ED 
(adjusted OR 1.5) in smokers [ 74 ]. A recent 
meta-analysis of eight studies encompassing 
28,856 patients  found   an odds ratio (OR) of 
1.51 in current smokers and 1.29 in former smok-
ers with ED, further supporting an increased risk 
of ED in smokers [ 75 ]. A prospective clinical 
trial evaluating the impact of smoking cessation 
on ED found an improvement in ED symptoms in 
25 % of men who stopped smoking when com-
pared with men who continued smoking [ 76 ]. 
Importantly, a signifi cant correlation between the 
severity of ED and amount of smoking was also 
observed, further suggesting that a direct impact 
of smoking on the vasculature may contribute to 
the development of ED in these men. A more 
recent study compared penile tumescence, 
assessed using plethysmography, in men who 
stopped smoking during an 8-week smoking ces-
sation program with those who relapsed [ 77 ]. In 
men who successfully quit smoking, improve-
ments in both penile tumescence response and in 
the time it took to reach maximum sexual arousal 
were observed.  

    Obesity and Sedentary Lifestyle 
in Men with ED 

  Obesity and sedentary lifestyle   are also signifi -
cant risk factors for ED. Even in the absence of 
other ED risk factors, the presence of obesity can 
increase the risk of ED. In two large, cross- 
sectional population studies, elevated body mass 
index (BMI) was a predictor of ED [ 78 ,  79 ]. 
Other studies have identifi ed obesity, a lack of 
exercise, insulin resistance, and the metabolic 
syndrome as independent risk factors for ED [ 73 , 
 80 ]. The MMAS observed a higher incidence of 
ED in obese men with sedentary lifestyles [ 81 ]. 

In a multivariate analysis as part of the Health 
Professionals Follow-Up Study, a cohort study of 
22,086 American men 40–75 years old, obesity 
increased the risk of ED as a function of BMI 
[ 82 ]. Compared to men with normal BMI 
(<25 kg/m 2 ), those with BMI 25–26.9 kg/m 2  had 
a 19 % increased risk of developing ED, while 
those with a BMI 27–29.9 kg/m 2  had a 33 % 
increased risk of developing ED. 

 Perhaps more importantly, treatment of obe-
sity and increased activity can improve ED 
symptoms. A randomized, single-blind trial of 
110 men with a mean BMI of 36 kg/m 2  and 
mean IIEF score 13.7 evaluated the effects of 
weight loss on ED. The intervention group was 
advised on how to lose at least 10 % of their 
body weight through physical activity and 
 reduced   caloric intake, whereas the control 
group was only given general information about 
healthy food choices and exercise. After 2 years, 
the intervention group had a signifi cant decrease 
in BMI and a statistically signifi cant increase in 
IIEF scores when compared with controls [ 83 ]. 
Multivariate analysis revealed that changes in 
body mass and physical activity were indepen-
dently associated with changes in IIEF scores. 
More recently, a prospective cohort study evalu-
ated the effects of physical activity on ED in 
hypertensive men with ED aged 50–70 years 
[ 84 ]. An experimental group of 22 hypertensive 
men with ED was assigned an 8-week exercise 
program and compared to age-matched controls, 
and signifi cant improvements in IIEF scores 
were observed in the exercise group when com-
pared with controls. These fi ndings are sup-
ported by at least one other prospective study, 
which also demonstrated an inverse relationship 
between physical activity and ED [ 82 ]. A meta-
analysis evaluating seven cross-sectional stud-
ies identifi ed a negative correlation between 
physical activity and ED (OR 0.53) as well as a 
dose-response relationship between physical 
activity and ED, with OR = 1 for low activity, 
OR = 0.63 for moderate activity, and OR = 0.42 
for high activity [ 85 ]. 

 Similar to other cardiovascular risk factors, 
the impact of obesity on ED is likely related to 
the detrimental effects of infl ammation on endo-
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thelial function. Chronic infl ammation can result 
from excessive calorie intake and physical inac-
tivity, which may lead  to   overproduction of pro- 
infl ammatory cytokines including C-reactive 
protein (CRP), tumor necrosis factor-alpha 
(TNF-α), and interleukin-6 (IL-6) [ 86 ]. 
Upregulation of these cytokines leads to low- 
grade infl ammation that impairs endothelial 
function, primarily by decreasing NO bioavail-
ability, which can also predispose to atheroscle-
rosis [ 87 ]. Clinically, men with ED have higher 
serum CRP levels when compared with age- and 
comorbidity-matched controls [ 88 ], which are 
lower in men with ED after exercise, coinciding 
with improvement in IIEF scores [ 84 ]. Elevated 
CRP levels have also been associated with 
greater severity of penile arterial disease as mea-
sured using penile Doppler ultrasound in men 
with ED [ 89 ].  

    ED and Lower Urinary Tract 
Symptoms 

  Benign prostatic hypertrophy (BPH)   and  lower 
urinary tract symptoms (LUTS)   have also been 
linked to ED, and the pathophysiologies of BPH/
LUTS and ED may be related [ 90 ]. Men with 
LUTS manifest a higher prevalence of ED, which 
increases with  LUTS   severity [ 1 ,  91 ,  92 ]. Bladder 
neck obstruction in animal models results in 
increased cavernosal smooth muscle tone and 
worse erectile function [ 93 ,  94 ]. Importantly, 
PDE5 is highly expressed in genital tissues, and 
PDE5is decrease genital muscle contraction in a 
dose-dependent manner [ 95 ]. Clinical studies 
have shown improvement in IIEF and 
International Prostate Symptom Scores (IPSS) in 
men treated with PDE5is, with a signifi cant 
improvement in urinary fl ow in men taking silde-
nafi l [ 96 ,  97 ]. A recent meta-analysis evaluating 
PDE5i and alpha-blocker therapy, alone or in 
combination, in men with ED and LUTS associ-
ated with  BPH   encompassing 515 men demon-
strated signifi cant improvements in IIEF, IPSS, 
and maximal urinary fl ow values in men on com-
bination therapy when compared with PDE5i 
therapy alone [ 98 ]. 

    Hypogonadism and ED 
  A link between  hypogonadism   and ED has been 
forged in recent years, with approximately 12 % 
of men with ED having coincident hypogonad-
ism [ 99 ]. The third Princeton Consensus 
Conference recommends the use of testosterone 
therapy in men with ED who are also hypogo-
nadal [ 58 ]. Testosterone therapy may ameliorate 
both ED symptoms as well as cardiovascular risk, 
with a meta-analysis showing overall improve-
ment in 57 % of men with ED [ 100 ], with 
improvements in ED symptoms in 39 % [ 39 ], and 
improvements in sexual performance, desire, and 
motivation as well [ 40 ]. To further support a link 
between testosterone and erectile function, serum 
testosterone levels correlate with onset of sexual 
symptoms, with decrements in libido at serum 
levels of 430 ng/dL and onset of ED symptoms at 
serum testosterone levels of 230–300 ng/dL 
[ 101 ]. However, it is important to counsel patients 
starting on testosterone therapy that symptomatic 
improvement may only become evident after 
4–12 weeks of therapy. In addition, approxi-
mately 30 % of men with ED treated with PDE5is 
alone do not respond [ 102 ], whereas concomitant 
administration of testosterone with PDE5is in 
hypogonadal men results in greater improvement 
in erectile function when compared with men 
receiving placebo and PDE5i [ 17 ]. 

 To further support a role for hypogonadism 
and hormonal alterations in male sexual func-
tion, several studies have explored the role of 
human chorionic gonadotropin (hCG) and clo-
miphene citrate on sexual function in hypogo-
nadal men. Both hCG and Clomid can raise 
serum testosterone levels via direct and indirect 
testicular stimulation, respectively. Unlike the 
use of exogenous testosterone, which can result 
in infertility by suppressing sperm production, 
stimulation of testicular testosterone production 
is benefi cial in hypogonadal men with ED who 
wish to achieve fatherhood. The use of hCG to 
raise testosterone levels increases sexual activity 
in 50 % of men with normal testosterone levels 
[ 103 ]. Similarly, when clomiphene citrate was 
used to normalize testosterone levels, improve-
ment in sexual function was observed in 39 % of 
treated men [ 104 ]. 
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 Hypogonadism and ED are often linked to 
obesity. While the precise mechanism of obesity- 
related hypogonadism is unknown, it is likely 
linked to hormonal alterations given the essential 
contribution of testosterone to normal erectile 
function and the high incidence of hypogonadism 
and ED in obese men [ 39 ,  105 ]. Testosterone is 
involved in many aspects of male sexual arousal 
and function, and suppression of testosterone in 
men may result in ED and sexual dysfunction 
[ 106 – 108 ]. In animal models, androgens are 
essential in the regulation of nitric oxide synthase 
(NOS), PDE5 activity, and penile muscle cells, 
supporting the clinical fi nding that PDE5i effi -
cacy is increased after correction of hypogonad-
ism [ 17 ,  109 ].    

    ED and Depression 

  Much work has focused on organic risk factors 
for ED, but ED is also linked to psychological 
parameters. While psychogenic ED can result 
 from   anxiety and the resultant adrenergic stim-
ulation, depressive symptoms also play a sig-
nifi cant role in the predisposition to ED. The 
MMAS found an increased risk of ED in men 
with depressive symptoms (OR 1.82) [ 110 ]. In 
a study of 2173 men in the Male Attitudes 
Regarding Sexual Health Study, men with 
depressive symptoms had a higher likelihood 
of LUTS (OR 2.68) and ED (OR 1.73) than 
men without depressive symptoms [ 111 ]. The 
study also identifi ed a racial proclivity for 
depressive symptoms, observing that Hispanic 
and black men with ED were signifi cantly more 
likely to report depressive symptoms than 
white men. Other studies have also identifi ed a 
relationship between ED and depression [ 112 ]. 
When considering psychogenic ED, the link 
with sexual confi dence and performance anxi-
ety should not be overlooked. Numerous stud-
ies have identifi ed a link between ED and 
sexual confi dence or performance anxiety [ 113 , 
 114 ], relationship concerns, loss of self- esteem 
[ 113 ], and other psychosocial stresses [ 21 ], all 
of which should be considered in men present-
ing with ED.    

    The Role of Lifestyle Modifi cation 
in Mitigating the Risk of ED 

 The third Princeton Consensus Conference rec-
ommends lifestyle adjustment in men with ED to 
not only reduce cardiovascular risk but also 
improve ED symptoms [ 58 ]. Recommended life-
style  alterations   include smoking cessation, regu-
lar exercise, dietary intervention with emphasis 
on the Mediterranean diet, and moderate alcohol 
consumption. The incorporation of lifestyle mod-
ifi cations to decrease or reverse the impact of ED 
and cardiovascular risk factors is described above 
for many individual risk factors. More generally, 
however, several other studies support the use of 
lifestyle modifi cation for symptomatic improve-
ment in ED. A 2011 meta-analysis encompassing 
740 participants demonstrated improvements in 
the Sexual Health in Men (SHIM) scores after 
≥6 weeks of lifestyle alteration [ 115 ]. While life-
style modifi cations benefi t ED symptoms, these 
changes are most benefi cial for primary preven-
tion, with smoking cessation reducing cardiovas-
cular mortality by 36 % [ 116 ], physical activity 
reducing the risk of DM and CAD by 30–50 % 
[ 117 ], and diet reducing CAD-related death by 
36 % [ 118 ].  

    Conclusions 

 ED is the most common male sexual dysfunction, 
with a rising prevalence in part due to an aging 
population, but also due to increased incidence in 
obesity and other associated risk factors. ED can 
signifi cantly limit the quality of life of affected 
men and can be a harbinger of systemic condi-
tions, namely, cardiovascular disease, which can 
signifi cantly impact morbidity and mortality in 
affected men. The etiology of ED is complex and 
often multifactorial, involving one or more organic 
factors, as well as psychogenic contributors in 
most cases; few men have completely isolated 
organic ED, whereas isolated psychogenic ED 
may occur in a minority of men. The risk factors 
for developing ED are numerous, with age at the 
top of the list, but also including factors that paral-
lel the etiologic underpinnings of ED. Diabetes 
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mellitus, cardiovascular disease, and risk factors 
that predispose to these conditions, including obe-
sity, smoking, and hypertension, detrimentally 
impact the vasculature and can result in ED as an 
initial or early presentation of the above condi-
tions, particularly cardiovascular disease. Many of 
the risk factors and etiologies for ED are inextrica-
bly intertwined, and the commonalities between 
the pathogenic mechanisms that result in vascular 
compromise are important to keep in mind. 

 Address of ED risk factors using lifestyle 
modifi cation, together with medical and surgical 
therapy where appropriate, can mitigate the 
impact of ED. Given the relationship between ED 
and its associated comorbidities, the role of spe-
cialty physicians treating men with ED is 
expanded to include screening for comorbid con-
ditions that can shorten life with appropriate 
referral to appropriate treating physicians. 
Continued investigation of the molecular mecha-
nisms of ED and the growing list of related con-
ditions, which often distill down to a common 
pathogenic mechanism, will continue to expand 
our understanding of ED and possible targets for 
intervention.     
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          Introduction 

 Erectile dysfunction is defi ned as the consistent 
inability to both attain and maintain an erection 
of the penis suffi cient to permit satisfactory sex-
ual intercourse.  The   original NIH defi nition in 
1992 did not defi ne a specifi c interval of symp-
toms; however, subsequent defi nitions include a 
3-month minimum duration, not including unique 
trauma-related or postsurgical cases [ 1 ,  2 ]. Both 
physician and patient factors impact the low 
screening and consultation rate of ED in relation 
to its high prevalence. Factors from the physician 
perspective include busy clinic schedules, per-
ceived insignifi cance of ED in relation to other 

urologic conditions, and bias toward patient age. 
From a patient perspective, embarrassment is the 
most common barrier; however, lack of sexual 
interest or acceptance of the condition is another 
potential obstacle to seeking treatment [ 3 ]. 

 It is important for physicians to be not only 
receptive to those patients presenting with ED, 
but to specifi cally ask if patients have concerns 
regarding their sexual function. From the epide-
miologic point of view, ED can be related to sev-
eral major diseases, including hypertension, 
cardiovascular disease, dyslipidemia, diabetes, 
and depression [ 4 ]. Though ED is not commonly 
thought of as a presenting symptom of these 
prevalent conditions, the concept of screening 
for ED in these high-risk populations should be 
encouraged.  

    Diagnosis of ED: Basic Diagnostic 
Tools 

    Sexual History 

 The fi rst step in diagnosing ED is confi rming it, 
as patients frequently confuse ED with other 
sexual dysfunctions including premature ejacu-
lation  and   inability to reach orgasm. Privacy and 
confi dentiality are essential when addressing 
ED, as well as the demonstration of trust and 
empathy in order to allow the patient to feel 
comfortable discussing sensitive, personal, and 
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traditionally taboo issues. Assumptions should 
never be made about sexual orientation or num-
ber of partners, and the practitioner should use 
clear, simple, and straightforward language in 
order to help the patient feel at ease. With the 
patient’s approval, the partner can also be 
involved in the interview process in order to 
expand on aspects of the history and identify 
goals of treatment. Circumstances surrounding 
specifi c partners and overall relationship health 
should be elucidated to help identify precipitat-
ing factors. Other key questions include type of 
stimuli used during sexual encounters, the pres-
ence of nocturnal erections, and the ability to 
self-stimulate. As with other medical problems, 
it is important to establish the onset of the symp-
tom (duration), as well as severity (mild, moder-
ate, severe) and timing (once, always, situational) 
to help confi rm the dysfunction and identify the 
diagnosis.  

    Questionnaires 

  Questionnaires   can be helpful and simple tools 
used to assess the presence or severity of ED, 
especially in those settings where the interviewer 
is not familiar with the condition and when a 
measurable clinical response is needed. Although 
questionnaires are a subjective tool with informa-
tion from the patient’s interpretation and self- 
response, they can serve as objective data to 
assess treatment response or disease progression. 
One of the most widely used questionnaires is the 
International Index of Erectile Function (IIEF) [ 5 ], 
a 15-item questionnaire covering fi ve domains 
including desire, erection, orgasm, ejaculation, 
and satisfaction, with scores ranging from 1 to 5 
per question. A lengthy questionnaire at 15 
questions with 1–5 ratings each is often used in 
clinical trials, but may be a tedious task for con-
sultation. An abbreviated version of this ques-
tionnaire is the IIEF erectile function domain, 
comprised of fi ve questions focused on the erec-
tion domain and sexual satisfaction with a maxi-
mum score of 30. Men with a normal erectile 
function will have a score of ≥25. It is important 

to note that a “0” score is possible if the patient 
has not attempted intercourse. This may make 
interpretation of results  chal  lenging, but further 
discussion with the patient can clarify true 
erectile function. 

 A simplifi ed questionnaire derived from the 
IIEF is the Sexual Health Inventory for Men 
(SHIM)    and includes fi ve questions on erectile 
function during the prior 6 months. Here, a total 
score ranges from 5 to 25 (Fig.  6.1 ): a score of 
22–25 conveys normal erectile function, 17–21 
mild ED, 12–16 mild to moderate ED, 8–11 mod-
erate ED, and <7 severe ED [ 6 ].

       Medical History 

 The primary goal of the  medical history   is to 
identify possible underlying causes and risk fac-
tors for ED. The association between ED and 
multiple medical conditions is well demonstrated 
[ 4 ], and a detailed history may uncover specifi c 
reversible causes of ED (smoking, alcoholism, 
obesity, lack of exercise, medications) or treat-
able factors (vascular disease, diabetes mellitus, 
hypertension, depression/anxiety, hyperlipid-
emia). Other conditions such as spinal cord 
injury, neurologic dysfunction, history of pelvic 
radiation, and history of trauma are also highly 
associated with ED. These often dictate special-
ized management and are important to elicit in 
the history. Additionally, a focused urologic his-
tory should be obtained, specifi cally asking about 
history of genital trauma, Peyronie’s disease, 
priapism, and GU cancers. Identifi cation of any 
prior abdominal or GU surgeries is also impor-
tant, especially prostatectomy and pelvic or spi-
nal surgery that have the potential to disrupt 
nerve pathways. Finally, a thorough review of the 
patient’s current medications is mandatory to rule 
out possible contributors to ED and avoid poten-
tial treatment contraindications. 

 History taking should follow a template that 
allows the interviewer to identify the different 
risks and predisposing factors, with the intention 
to act on each of them with a clear therapeutic 
purpose (Fig.  6.2 ). Ultimately, the goal of the 
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history is to differentiate  between   organic and 
 psychogenic ED, with the classic differentiation 
being the presence of waking erections in psy-
chogenic cases. However, patients cannot always 
be cleanly dichotomized into one category, and 

ED often falls along a spectrum from physio-
logic to psychological [ 7 ]. Additionally, ED may 
initially be organic in nature, but develop into 
psychogenic ED as a man loses confi dence and 
develops performance anxiety.

Over the past 6 months:

1. How do you rate your confidence that you could get and keep an erection?

2. When you had erections with sexual stimulation, howoften were your
    erections hard enough for penetration?

3. During sexual intercourse, how often were you able to maintain your
    erection after you had penetrated (entered) your partner?

4. During sexual intercourse, how difficult was it to maintain your erection to
    completion of intercourse?

5. When you attempted sexual intercourse, how often
    was it satisfactory for you?

  Fig. 6.1    Sexual Health  Inventory   for Men (SHIM) questions       

  Fig. 6.2    Risk factors for erectile  dys  function. (Used with 
permission from Hackett G, Kell P, Ralph D, Dean J, Price 
D, Speakman M et al. British Society for Sexual Medicine 

guidelines on the management of erectile dysfunction. 
The Journal of Sexual Medicine 2008; 5:1841–1865)       
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       Sexual Function and Aging 

 Another important aspect of the interview is the 
patient and partner’s degree of knowledge regard-
ing normal changes in sexual function with aging, 
 including   anticipated decrease in testosterone 
levels. This decrease may be secondary to a 
decline in Leydig cells, a reduction of LH peaks, 
impaired tissue perfusion, and/or an increase of 
the serum sex hormone-binding globulin [ 8 ,  9 ]. 

 The concept that ED is a normal part of aging 
is a common myth. It is important to explain to 
both patient and partner that though sexual 
response may change with aging, including lon-
ger time for arousal and orgasm and increased 
refractory period, erectile dysfunction is not a 
sequela of aging alone [ 8 ]. However, the 
Massachusetts Male Aging Study showed a  clear 
  relationship of ED with age and reported a preva-
lence of ED as high as 52 % in men over 40 years 
of age [ 10 ]. This is likely secondary to an increase 
in prevalence in common diseases that lead to 
ED, such as cardiovascular disease and diabetes. 
An adrenergic over-sensibility or hyperactivity 
and a decrease of penile smooth muscle may also 
contribute to decreased function. Also, it is 
important to remember that everyone ages differ-
ently, and “average” sexual function will differ 
for each individual man. 

 These changes need to be discussed with 
patients as they often result in a lower sexual fre-
quency, a longer time needed to achieve a rigid 
erection, a need for a greater stimulus to obtain a 
similar response, lower penetration rigidity, 
lower ejaculatory volume, and  faster   detumes-
cence. It is also valuable to discuss the normal 
physiologic changes that occur in the female 
partner, such as the physical and psychological 
changes that occur during menopause and female 
sexual dysfunction.  

    Physical Examination 

 A focused  physical examination   is mandatory in 
assessing the patient complaining of ED. Though 
unlikely to reveal an exact etiology, the exam 

may reveal underlying risk factors. Height, 
weight, BMI, and vital signs should always be 
obtained. The presence of hypertension, weak or 
absent femoral and distal pulses, and obesity may 
suggest a vascular causation. A thorough genital 
exam should be performed, observing for penile 
plaques, foreskin retraction, prepubic fat, testis 
size, and presence of masses or cysts. A brief 
 neurologic   exam should also be performed to 
identify any alterations in sensation that may 
inhibit arousal or suggest an underlying neuro-
logic disorder. Appearance of body habitus and 
degree of secondary sex characteristics can be 
important in identifying an underlying endocrine 
etiology. Any discomfort or pain with exam 
should also be noted. Finally, a rectal exam is 
important to assess rectal tone and refl exes, as 
well as for routine evaluation of prostate cancer 
in men over 50 [ 11 ].  

    Laboratory Tests 

 As discussed previously, many medical condi-
tions can contribute to ED, and it is important to 
obtain labs that may uncover previously undiag-
nosed conditions. A panel including basic chem-
istries, complete blood count, fasting glucose, 
lipid profi le, and serum total testosterone makes 
up the initial lab evaluation for most patients pre-
senting with ED. The total testosterone should be 
sent from  a   morning blood draw and if low should 
trigger further investigation with free testoster-
one and luteinizing hormone. This helps to delin-
eate the location of the defi ciency along the 
hypothalamic-pituitary-gonadal axis (Fig.  6.3 ). 
Thyroid hormones may also be considered in 
patients with symptoms of either hypo- or hyper-
thyroidism. Further specialized laboratory testing 
can be determined on a case-by-case basis.

       Establishing Cardiovascular Risk 

 It is not uncommon to uncover risk factors previ-
ously unknown to the patient, most frequently 
diabetes, dyslipidemia, or hypertension [ 12 ,  13 ]. 
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General risk factors for  cardiovascular   disease 
include increased age, male sex, family history, 
smoking, hypertension, hypercholesterolemia, 
diabetes, obesity, and physical inactivity. In 
1999, a panel of experts expanded on the guide-
lines for cardiovascular evaluation in patients 
with ED [ 14 ] and established three levels of car-
diovascular risk with corresponding manage-
ment recommendations [ 15 ]. 

    Low-Risk Category 
 Asymptomatic; <3 risk factors for coronary 
artery disease ([CAD]    excluding gender); uncom-
plicated past  myocardial   infarction (MI); left 
ventricular dysfunction (LVD)/congestive heart 
failure (CHF) (New York Heart Association 
[NYHA]    class I); mild, stable angina (evaluated 

and/or being treated); post-successful coronary 
revascularization; controlled hypertension; and 
mild valvular disease. The management of low- 
risk patients is as follows: primary care manage-
ment, consider all fi rst-line therapies, and reassess 
at regular intervals (6–12 months).  

    Intermediate-Risk Category 
 >3 risk factors for CAD (excluding gender); recent 
MI (>2, <6 weeks); moderate, stable angina; LVD/
CHF (NYHA class II); and noncardiac  sequelae 
  of atherosclerotic disease (e.g., stroke, peripheral 
vascular disease). The management of intermedi-
ate-risk patients is as follows: specialized CV test-
ing (e.g., exercise treadmill test [ETT]   , Echo) and 
re-stratifi cation into high risk or low risk based on 
the results of CV assessment.  

    High-Risk Category 
  High-risk arrhythmias  ; unstable or refractory 
angina; recent MI (<2 weeks); LVD/CHF 
(NYHA class III/IV); uncontrolled hyperten-
sion; moderate- to-severe valvular disease; 
hypertrophic obstructive; and other cardiomy-
opathies. The management of high-risk patients 
is as follows: priority referral for specialized 
CV management and treatment for sexual dys-
function to be deferred until cardiac condition 
is stabilized and dependent on specialist 
recommendations.    

    First Consultation for ED: What Are 
Our Goals? 

 An integrated approach that includes a sexual 
and medical history, physical exam, and basic 
laboratory testing will help the clinician narrow 
focus on the primary etiology of a man’s ED 
along the spectrum of organic to psychogenic 
causation. Other medical conditions that may be 
underlying contributors are commonly identi-
fi ed, including  diabetes  ,  dyslipidemia  ,  hyperten-
sion  ,  cardiovascular disease  , and  depression  . 
The initial consultation may also be the fi rst 
opportunity to educate the patient and partner on 
the expected changes of sexual function in the 

  Fig. 6.3    The  hypothalamic  -pituitary-gonadal axis       
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aging male. It also provides a unique opportunity 
to counsel lifestyle changes as an effective ful-
crum for behavior change. In many cases, 
improved sexual function may be a greater moti-
vator for smoking cessation than the intangible 
decrease in cardiac risk. This approach facili-
tates effi cient treatment of ED and can poten-
tially detect previously undiagnosed serious 
medical problems.  

    Additional Diagnostic Tools 

 In most cases, the treatment plan for ED can be 
devised without invasive or specialized diag-
nostic testing. However, some unique cases will 
require extensive investigation, and this section 
reviews those tests performed to further delin-
eate between the vasculogenic, neurogenic, 
endocrine, and psychogenic causes of ED. The 
broader appreciation of the physiology and 
pathophysiology of erectile function, variable 
specifi city and sensitivity of specialized diag-
nostic tests, the availability of effective oral 
treatment, and the efforts to evaluate and treat 
patients while maximizing patient comfort and 
quality of life have minimized the importance 
of precisely identifying the exact cause of 
ED. As such, a more goal- oriented approach to 
diagnosing ED is currently used, without the 
use of historical testing and invasive diagnostic 
studies [ 16 ,  17 ]. 

 A thorough evaluation for a specifi c cause of 
ED is limited to certain situations in which a con-
fi rmed diagnosis or modifi ed therapeutic treat-
ment plan is needed. In general, candidates 
needing a more specifi c  evaluation   are:

    1.    Nonresponders to oral medication   
   2.    Post-traumatic ED   
   3.    Candidates for penile implant   
   4.    Peyronie’s  disease     
   5.    Post-priapism ED   
   6.    Lifelong (primary) ED   
   7.    Medicolegal situations   
   8.    At patient request    

     Nocturnal Penile Tumescence 
and Rigidity Test 

 Nocturnal and morning erections are physiologic 
events occurring during rapid eye movement 
(REM) sleep. Nocturnal erections provide oxy-
genation of  the   penile tissues,    an event necessary 
to preserve function and tissue tropism. A normal 
man will have between four and six erections 
during sleep. Evaluation of nocturnal erections 
has been performed since the early 1970s [ 18 ]. 
This evaluation can be done in conjunction with a 
full sleep lab (rarely indicated) or as a stand- alone 
ambulatory test using the  RigiScan ®    (GOTOP 
Medical, St. Paul, MN) device (Fig.  6.4a–d ). The 
RigiScan assessment should take place over the 
course of two nights, with the goal of an erectile 
event of at least 60 % rigidity recorded on the tip 
of the penis lasting for 10 min or more; this out-
come is considered indicative of a functional 
erectile mechanism [ 19 ]. In theory, a man who 
has normal erectile episodes during sleep and 
complains of ED could potentially be experienc-
ing psychogenic ED; therefore the confi rmation 
of nocturnal erections typically distinguishes 
organic from psychogenic ED [ 11 ]. Though the 
RigiScan device is both a sensitive and specifi c 
testing method, inquiring about the presence and 
strength of nocturnal erections is a more cost 
effective and minimally invasive strategy. Though 
outdated, the “stamp test” was historically used 
as a simple technique to evaluate presence of 
nocturnal erections. This involved wrapping a 
roll of four to six stamps around the fl accid 
penis and noting if the roll of stamps was broken 
in the morning. Performed for three straight 
nights, a consistent morning disruption of stamps 
likely indicated the presence of normal nocturnal 
erections.

       Pharmacological Erection Test 

 The  pharmacological erection test   involves  the 
  intracavernosal injection of vasoactive agents. 
The test should be performed with the patient in 
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a comfortable, private room, with or without 
visual and/or self-stimulation. It is a practical and 
simple offi ce-based diagnostic tool, with normal 
response resulting in an erection lasting 30 min 
and rigid enough for penetration (Fig.  6.5a, b ).

   Although it does not provide a direct vascular 
evaluation, it is useful in the following settings:

•    Indirect evaluation of the corporo-occlusive 
mechanism. A normal response (rigid erection) 
may still be obtained in the presence of arterial 
insuffi ciency; however, a normal response 
demonstrates the integrity of veno- occlusive 
function [ 20 – 22 ].

•    Evaluation of penile curvatures either congeni-
tal or due to Peyronie’s disease. It allows the 

clinician to assess the degree of the curvature 
and plan a surgical correction if necessary.

•    Evaluation of the erectile response and dem-
onstration of a self-injection program. The 
titration phase will help determine the right 
dose and drug choice.          

 The most widely used  drugs   for intracaverno-
sal injections are papaverine,    phentolamine, and 
alprostadil (semisynthetic prostaglandin E1); the 
latter is the most commonly used as a single drug, 
but mixtures of papaverine and phentolamine, or 
the three drugs together (known as  trimix ), are 
being used globally [ 23 ,  24 ]. There is no consen-
sus on the standard drug or dose to use, although 
20 μg of alprostadil or 0.25 mL of trimix is most 
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  Fig. 6.4     a – d ) The  RigiScan ®    test: ( a ) RigiScan ®  patient unit. (Used with permission of GOTOP Medical, Inc, St. Paul, 
MN.) ( b ) Device on the patient. ( c ) Normal tracing. ( d ) Abnormal tracing       
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frequently used [ 25 ]. It is extremely important to 
counsel patients on the need to seek medical care 
for erections lasting longer than 4 h. These cases 
may require injection of phenylephrine into one 
side of the corpora cavernosum. Classically, 
phenylephrine is diluted with normal saline to 
create a fi nal concentration of 100–500 μg/mL, 
and 1 mL is administered every 3–5 min until 
detumescence is achieved [ 26 ].  

    Duplex/Doppler Penile Ultrasound 

 This test involves the hemodynamic evaluation 
of the cavernous arteries and penile structures 
through a color  duplex/Doppler (DDPU) ultra-
sound      using a high-frequency linear probe 
(7.5–10 MHz). This gives the investigator 
insight into the arterial blood supply of the 
penis, the veno- occlusive mechanism, corporal 
and tunica fi brosis or plaques, and an evalua-
tion of penile deformities. The examination is 
performed after an intracavernosal injection of 
a vasoactive drug as a pharmacologic erection 
test and followed by self-stimulation and/or re-
dosing with multiple injections until an erec-
tion similar to the best at- home erection is 
achieved. Of note, a prospective study examin-
ing repeat Doppler ultrasounds demonstrated 
that nearly 50 % of patients were misdiagnosed 
with a venous leak and actually had entirely 
normal hemodynamics. These false- positive 
errors can be decreased by performing adequate 

re-dosing to achieve optimal erections, in turn 
improving the accuracy of Doppler penile ultra-
sound [ 27 ]. 

 Common indications for duplex/Doppler 
penile ultrasound (DDPU) include:

•    Patients nonresponsive to oral or intracaverno-
sal vasoactive agents

•    Patients considered candidates for revascular-
ization surgery

•    Priapism
•    Peyronie’s disease patients considered candi-

dates for reconstructive surgery
•    Patient request for in-depth investigation                

 The original technique was  introduced      by Lue 
and Hricak in 1985 [ 28 ], and the following 
parameters are evaluated during DDPU at 5 and 
20 min postinjection of the vasoactive agent 
[ 29 – 31 ] (Fig.  6.6a, b ):

•     Peak systolic velocity − normal values: ≥30 cm/s
•    End-diastolic velocity − normal values: ≤5 cm/s
•    Resistance index − normal values: ≥0.85–0.9           

    Dynamic Infusion Cavernosometry 
and Cavernosography 

 This test was widely used up until the late 1990s 
when a goal-directed approach was adopted and 
PDE5 inhibitors became available. However,  its 
     indication is now restricted to specifi c situations 

  Fig. 6.5    ( a ,  b )  Pharmacological    erection   test. ( a ) Vasoactive drugs are injected intracavernosally. ( b ) Full response at 
10 min postinjection       
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where revascularization or, more rarely, venous 
surgery is considered. 

 This is a dynamic test performed under high 
doses of intracavernosal vasoactive agents to 
maximize smooth muscle relaxation. This mini-
mally invasive test involves the insertion of two 
intracavernosal butterfl y needles (one for pump 
infusion and one for pressure monitoring), with 
three phases recorded:

•     Phase  1: recording of intracavernosal pressure 
curve after injection

•     Phase  2: recording of the cavernosal pressure 
decay curve from 150 mmHg in 30 s and/or 

fl ow to maintain a rigid erection with a pres-
sure of 90–100 mmHg

•     Phase  3: evaluation of the arterial Doppler 
signal when exposed to a suprasystolic intra-
cavernosal pressure [ 11 ,  29 ,  32 ]          

 The last phase of the study is  the      caver-
nosography, which is performed under fl uoro-
scopic monitoring using nonionic contrast that 
fi lls both corpora and assesses the venous drain-
age systems (dorsal, cavernosal, and crural 
veins). Radiographs are then obtained in ante-
rior/posterior and oblique/lateral projections 
(Fig.  6.7a, b ).

  Fig. 6.6    ( a ,  b ) Duplex/ Doppler      penile ultrasound. ( a ) High-frequency probe on the dorsal aspect of the penis. ( b ) 
Cavernosal artery tracing showing peak systolic velocity (PSV) and end-diastolic velocity (EDV)       

  Fig. 6.7    ( a ,  b )  Dynamic cavernosography  . ( a ) Normal, no venous leak. ( b ) Abnormal venous leak.  1  dorsal vein,  2  
cavernosal veins,  3  crural veins       
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       Phalloarteriography 

 The use of DDPU has replaced penile  angiogra-
phy   as the standard vascular evaluation in men 
with ED. This technique was widely used in the 
early 1980s, but is now only indicated in young 
men with suspicion of a single vascular lesion in 
the absence of general vascular risk factors and 
those men with a high-fl ow priapism. These 
patients may be considered candidates for a revas-
cularization or  embolization   procedure, respec-
tively [ 11 ,  17 ,  33 ] (Figs.  6.7a, b  and  6.8a, b ).

        Summary: Working 
Toward a Diagnostic Algorithm 

 It the ideal world, the management of ED would 
be standardized into a simple algorithm for diag-
nosis and treatment. However, each patient presents 
with a different and unique set of situations and 
expectations. Below, we summarize the basic 
approach to diagnosing ED and present an algo-
rithm to provide a framework for workup and 
treatment. 

 The fi rst step is to compose a focused history 
and identify the chief complaint, as frequently 

the patient may confuse ED with other disorders 
 of   sexual dysfunction. Once the presence of ED 
is established, the interviewer should appreciate 
how, when, where, and with whom he has dys-
function. The patient and partner’s expectations 
should also be explored, as sexual function 
changes in both men and women with aging. 
Most importantly, privacy and sensitivity are of 
the utmost importance, allowing the patient to 
express his concerns in a confi dential fashion 
while providing basic education on sexual 
function. 

 Physical examination will include basic uro-
logic (genitalia and rectal exam), vascular (blood 
pressure and peripheral pulses), endocrine (sec-
ondary sexual characteristics, fat and hair distri-
bution), and neurological assessment 
(bulbocavernosus refl ex and genital sensation). 
Routine laboratory tests are ordered with the 
intention of detecting diabetes, dyslipidemia, or 
kidney function or evaluating for an endocrinop-
athy. Prostate cancer screening is discussed and 
offered when indicated. 

 The  algorithm   below presents a structure for 
integrating the evaluation of ED and identifi es 
unique situations where further specialized and 
diagnostic tests may be warranted (Fig.  6.9 ).

  Fig. 6.8    ( a ,  b )  Penile angiography  . ( a ) Patient with a high-fl ow priapism,  arrow  shows cavernous artery fi stula. ( b ) 
Post-fi stula embolization       
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  Fig. 6.9    Proposed  diagnost  ic algorithm for ED       
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          Introduction 

 Signifi cant controversy currently exists regard-
ing the evaluation of hypogonadism and its treat-
ment. The controversy, in part, is heightened by 
dramatic recent increases in  testosterone (T) 
replacement therapy (TRT)   prescriptions. In the 
USA between 2001 and 2011, TRT prescriptions 
increased more than threefold from 0.81 to 
2.91 % in men over 40 years old [ 1 ]. Over that 
same time period,  TRT pharmaceutical sales   
worldwide increased 12-fold alongside heavy 
marketing of new transdermal applications with 
resultant global costs increasing from $150 mil-
lion to $1.8 billion [ 2 ]. 

 Research supports widespread misuse and 
overuse of TRT. Of concern, about 25 % men 
received a TRT prescription without a T level 
assessed in the 12 months prior [ 1 ]. An analysis 

of insurance claims data revealed that over 60 % 
of men received a TRT prescription directly from 
their primary care doctors without evaluation by 
either endocrinologists or urologists [ 3 ]. TRT 
misuse extends even to urologists as evidenced 
by a survey of  American Urological Association 
(AUA)   members with 25 % of respondents incor-
rectly employing TRT to treat a young infertile 
man attempting pregnancy [ 4 ]. Additionally, the 
overuse of TRT encompasses the treatment of 
erectile dysfunction (ED) in eugonadal men. In 
2013, the fi rst inaugural publication of the 
“Choosing Wisely” program compiled the fi ve 
most overused tests or procedures submitted by 
each medical specialty and included the follow-
ing admonishment on the list offered by the 
AUA: Do not prescribe T to men with ED who 
have normal T levels [ 5 ]. 

 Recent evidence suggesting a possible associ-
ation between TRT and increased cardiovascular 
risk, coupled with the exploding costs and misuse 
of TRT, has elevated the controversy to a fever 
pitch that lay media attention has extended to the 
general public. In January 2014, the  US Food and 
Drug Administration (FDA)   announced an inves-
tigation into the risks of stroke, heart attack, and 
death in men on TRT following studies that docu-
mented increased risk [ 6 – 8 ]. As covered in The 
New York Times, an FDA expert panel voted in 
September 2014 to impose stricter regulations for 
packaging language regarding TRT indications 
and to require clinical trials assessing TRT safety 
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[ 9 ]. However, the statistical validity of these 
 studies documenting increased risk has been 
extensively questioned [ 10 ]. Furthermore, a large 
body of literature supports a possible protective 
effect of TRT with regard to reducing one’s risk 
of obesity [ 11 ], insulin resistance [ 12 ], heart 
attacks [ 13 ], and overall mortality [ 14 ]. The true 
relationship between T and cardiovascular risk 
remains to be fully elucidated. 

 A complex interplay exists between hypogo-
nadism, cardiovascular risk factors, and ED. ED 
is associated with many cardiovascular risk fac-
tors, such as aging, the metabolic syndrome, and 
smoking, and consequently serves as an impor-
tant marker of decreased cardiovascular health. 
ED precedes coronary artery disease in one half 
of patients [ 15 ]. Men presenting with ED have a 
1.48 relative risk of cardiovascular event occur-
ring within 2–5 years of ED onset [ 16 ]. 
Hypogonadism is associated with similar  cardio-
vascular risk factors   as with ED [ 17 ]. Indeed, 
sexual dysfunction is the most specifi c symptom 
of late-onset hypogonadism and about one third 
of men presenting with sexual dysfunction are 
hypogonadal [ 18 ]. 

 Evidence suggests that T infl uences the physi-
ology of erections in several ways through its 
effects on the nervous system as well as penile 
vasculature and tissues [ 19 ]. TRT clearly 
improves  libido   but research supporting its role 
for improving ED is less clear [ 20 ]. Despite the 
controversy and limitations in the literature, there 
is a role for hormonal evaluation in patients with 
sexual dysfunction and hormone replacement in 
selected patients with hypogonadism. This chap-
ter will discuss the nuances in diagnosis and 
management of hormone abnormalities in ED 
with a focus on T and brief description of other 
hormone imbalances.  

    Prevalence of Hypogonadism 

  The actual  prevalence of   hypogonadism in the 
population is diffi cult to assess due to several fac-
tors including a lack of consensus regarding its 
defi nition. The intraday variability of T and spo-
radic application of age-reference standards to 

adjust for T declines with aging constitute further 
methodological challenges. The Hypogonadism 
in Males study found that 39 % of men over 45 
years old presenting to a primary care doctor 
were hypogonadal based on laboratory assess-
ment [ 21 ]. Approximately 6 % of middle-aged to 
older men were found to experience symptomatic 
hypogonadism in a population-based survey [ 22 ].  

    Prevalence of Hypogonadism 
Among Patients with Sexual 
Dysfunction 

 The prevalence of both hypogonadism and sexual 
dysfunction increases with age and with comor-
bid conditions, such as coronary artery disease 
and obesity [ 22 ,  23 ]. Although the European 
Male Aging Study demonstrated a correlation 
between hypogonadism and sexual dysfunction 
including decreased libido and erections [ 18 ], 
insuffi cient literature exists to clearly show a 
higher prevalence of hypogonadism in ED 
patients relative to age-matched controls [ 24 ]. 
Estimates of the prevalence of hypogonadism 
among patients presenting with ED range from 7 
to 47 % varying with T level cutoffs from less 
than 200 ng/dl to less than 400 ng/dl [ 25 ]. Pooled 
data from over 7000 ED patients revealed that 
4 % of men less than 50 years old were hypogo-
nadal compared to about 15 % of men over 50 
years old [ 20 ]. A rigorous trial including serial T 
testing found only a 6.6 % prevalence of hypogo-
nadism among ED patients  [ 26 ].  

    Defi nition of Hypogonadism 

 No precise, universally agreed upon defi nition of 
hypogonadism exists. In general, the term hypo-
gonadism refers to insuffi cient testicular function 
both to produce a normal quantity of sperm and 
physiologic amounts of T. In the context of this 
chapter, hypogonadism will refer specifi cally to 
androgen defi ciency. Hypogonadism may result 
from primary testicular failure, secondary testicu-
lar failure due to low gonadotropin and abnor-
malities of the hypothalamic–pituitary–gonadal 
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axis, a combination of both primary and  secondary 
testicular failure, or androgen receptor mutations. 
T also declines naturally with age and decreases 
about 1–2 % per year [ 27 ]. 

 Hypogonadism represents a  clinical   syndrome 
and should only be diagnosed in men with consis-
tent signs and symptoms of androgen defi ciency 
in addition to unequivocally low serum T levels 
[ 28 ]. Features suggestive of hypogonadism may 
be nonspecifi c. According to the Endocrine 
Society guidelines, more specifi c features include 
delayed sexual development, reduced libido, 
decreased spontaneous erections, delayed orgasm, 
breast discomfort or enlargement, loss of body 
hair, small or shrinking testes, low bone mineral 
density, or hot fl ashes. Less specifi c features 
include decreased energy or motivation, depressed 
mood, poor concentration, irritability, sleep dis-
turbance, reduced muscle mass, increased body 
fat, or diminished physical performance [ 28 ]. 
Validated questionnaires, such as the Androgen 
Defi ciency of the Aging Male questionnaire, may 
assist in the assessment of these signs and symp-
toms but all suffer from low specifi city because 
these features may be easily infl uenced by age or 
other comorbidities [ 29 ]. Table  7.1  displays the 
Androgen Defi ciency of the Aging Male ques-
tionnaire as adapted from Morley et al. [ 30 ]. The 
typical range of circulating total T in middle-aged 
men is between 300 and 1000 ng/dl for most labo-
ratory tests [ 31 ]. Although symptom onset and 
severity varies according to the individual, most 
symptoms present below a  threshold   of approxi-
mately 300 ng/dl [ 32 ]. An initial evaluation of a 
man with suspected hypogonadism should begin 
with a detailed history and physical examination 
to assess for these symptoms and signs before 
proceeding to a laboratory evaluation. 
 Testosterone screening   in asymptomatic men is 
not currently indicated.

       Laboratory Evaluation 
of Hypogonadism 

  The  laboratory evaluation   of hypogonadism can 
be complex and defi es standardization and univer-
sal agreement. In addition to existing in several 

forms, T levels also fl uctuate with time and other 
processes. Normal T ranges vary between indi-
viduals. Furthermore, T is diffi cult to measure; 
several assays are currently utilized and each has 
its own inherent variability. 

 Several different types of T exist in serum due 
to its lipophilic nature and poor solubility in 
water. Consequently, most T is bound to circulat-
ing proteins with about 60 % of total T tightly 
bound to sex hormone binding globulin and about 
38 % loosely bound to albumin. About 2 % of 
total T is unbound and called free T. Bioavailable 
T refers to the T available to interact with andro-
gen receptors and constitutes free T as well as 
most T bound to albumin [ 20 ]. 

 Theoretically, low levels of free or  bioavail-
able T   should correspond to clinical hypogonad-
ism whereas total T may be less relevant. 
Equilibrium dialysis is the gold standard assay 
for determination of free T, but this method is 
rarely used and only possible in specialized labo-
ratories. Other methods to assess free T are also 
technically challenging with questionable accu-
racy and include a direct assay measuring a T 
analogue and quantifi cation of sex hormone bind-
ing globulin by precipitation with  ammonium. 

   Table 7.1     Androgen defi ciency   in the aging male screen-
ing questionnaire   

 Question 

 1. Do you have a decrease in libido (sex drive)? 

 2. Do you have a lack of energy? 

 3. Do you have a decrease in strength and/or 
endurance? 

 4. Have you lost height? 

 5. Have you noticed a decrease in “enjoyment of life”? 

 6. Are you sad and/or grumpy? 

 7. Are your erections less strong? 

 8. Have you noted a recent deterioration in your ability 
to play sports? 

 9. Are you falling asleep after dinner? 

 10. Has there been a recent deterioration in your work 
performance? 

  Adapted with permission from Morley JE, Charlton E, 
Patrick P, et al. Validation of a screening questionnaire for 
androgen defi ciency in aging males. Metabolism. 
2000;49:1239–42 
 A positive questionnaire result is defi ned as a “yes” 
answer to questions 1 or 7 or any three other questions  
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The current most widely accepted method of 
measuring free T relies on calculating the level 
from a formula based on total T and sex hormone 
binding globulin [ 33 ]. This calculated free T is 
not routinely computed by laboratories and, given 
the diffi culties of assessing free and bioavailable 
T, most practitioners rely on total T levels. 
Commercially available assays for total T are 
relatively cheap and have been demonstrated by 
mass spectrometry to be reliable [ 34 ]. 

 Several vagaries also impede the precise 
determination of total T levels, however. Assay 
outcomes are often specifi c to reagents and exe-
cution of the tests within given laboratories. 
Therefore, laboratories must develop individual 
reference ranges. Additionally, debate continues 
regarding the appropriate reference range for a 
given patient as to whether the reference should 
be a range for a typical young man or a range 
adjusted for age based on the natural decrease of 
T with time [ 35 ]. T also demonstrates a diurnal 
circadian rhythm of secretion with higher levels 
in the morning and thus obtaining blood in the 
afternoon may lead to a false appearance of 
abnormally low levels, though this circadian 
effect is blunted in older patients. Indeed, about 
29 % of men with ED and an initial low total T 
were found to have normal T levels on subse-
quent testing [ 36 ]. 

 Several conditions may alter T levels. T may 
be decreased by illness or certain medications, 
such as glucocorticoids or opiates.  Sex hormone 
binding globulin   may be decreased in patients 
with obesity, hypothyroidism, glucocorticoids, 
diabetes and nephrotic syndrome. Sex hormone 
binding globulin may be increased in aging, 
hyperthyroidism, liver disease, use of anticonvul-
sants or estrogens, human immunodefi ciency 
virus infection, and porphyria [ 37 ]. 

 T levels are alternatively described with sev-
eral different units. Various publications and lab-
oratories may express T concentrations either in 
pmol or nmol/l or in pg or ng/ml in the interna-
tional community. A conversion factor of 0.2884 
converts pmol or nmol/l into pg or ng/ml, respec-
tively, and 3.467 converts pg or ng/ml into pmol 

or nmol/l [ 20 ]. The most common unit for T lev-
els in the USA is ng/dl. A conversation factor of 
100 converts ng/ml into ng/dl. 

 In 2005, the  International Society for the 
Aging Male  , the  International Society of 
Andrology   and the  European Association of 
Urology   established consensus recommendations 
to guide clinical practice regarding normal and 
abnormal T levels. Allowing for appropriate 
adjustments given specifi c laboratory references, 
total T above 346 ng/dl is normal and does not 
require supplementation, total T below 231 ng/dl 
is abnormal and often requires supplementation, 
and patients with intermediate levels may benefi t 
from a trial of supplementation [ 33 ]. A common 
threshold for defi ning low T is 300 ng/dl because 
several studies have demonstrated that symptoms 
of hypogonadism are more likely to present 
below this threshold [ 22 ,  38 ]. 

 The Endocrine Society provided a clinical 
practice guideline for the laboratory evaluation 
of hypogonadism in 2010 [ 28 ]. Blood samples 
for the evaluation of low total T should be 
obtained in the morning, preferably prior to 
11 a.m., when patients are not experiencing con-
current illness. Obtaining a sample in the morn-
ing may be less important in older men, who 
have a blunted diurnal T variation [ 39 ]. A result 
of low total T should be confi rmed with repeat 
test because up to 30 % of men have normal val-
ues on repeat analysis [ 40 ]. Free or bioavailable 
T levels should be calculated if total T is close to 
the lower limit of the reference range or if abnor-
malities are suspected in sex hormone binding 
globulin levels. Determination of  luteinizing 
hormone (LH)   may be further employed in the 
setting of low T to distinguish between primary 
and secondary hypogonadism. High LH indi-
cates primary hypogonadism with testicular fail-
ure, and a karyotype to assess for a genetic 
condition such as Klinefelter syndrome may be 
warranted. Low or low-normal LH indicates sec-
ondary hypogonadism with an abnormality of 
the hypothalamic–pituitary–gonadal axis, and a 
prolactin level with or without cranial imaging 
may be warranted .  
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    Role of Testosterone 
in the Physiology of Erections 

  An erection is a  complex   neurovascular event 
that is highly infl uenced by hormonal factors. 
The erectile pathway begins with parasympa-
thetic signaling triggered by refl exogenic or psy-
chogenic signals that lead to nitric oxide (NO) 
release causing vasodilation and engorgement, 
which in turn compresses penile venules and 
maintains tumescence [ 41 ]. 

 T affects multiple points of the erectile path-
way, as displayed in Fig.  7.1 , including the cen-
tral and peripheral nervous system as well as the 
penile vasculature and architecture as demon-
strated in multiple rat and rabbit animal studies.

   Within the central nervous system, T acts on the 
hypothalamic pre-optic area and arcuate nucleus in 
addition to the amygdala [ 42 ]. These centers are 
involved in sexual desire and libido [ 43 ]. 

 Within the  peripheral nervous system  , T leads 
to increases in postganglionic neurons in the 
penis. Further neuron density facilitates corporal 
vascular relaxation through increases in NO dur-
ing an erectile response. Following castration, T 
replacement has been shown to increase NO syn-
thase containing nerve fi bers in the rat penis [ 44 ]. 

 Within the penis, T causes an increase in the 
NO synthase activity of the trabecular artery 
endothelium [ 45 ]. T depletion led to a reduction 
in NO synthase activity by 45 %, which was nor-
malized by T replacement [ 46 ]. Enhanced NO 
synthesis leads higher NO levels and more effi -
cient smooth muscle relaxation to help generate 

erections. Of note, however, some evidence sup-
ports an anti-erectile role for T through up- 
regulation of phosphodiesterase 5 (PDE5) 
expression and increase in  cyclic guanosine 
monophosphate degradation (cGMP)   [ 47 ]. These 
results have been contested and thought to possi-
bly result from decreased smooth muscle content 
in the setting of low T [ 48 ]. Decreases in T pro-
mote subtunical architectural changes from 
smooth muscle apoptosis and collagen deposition 
[ 49 ]. These processes cause fi brosis that limits 
distensibility and contributes to venous leak, 
which impairs erection turgidity. 

 Human studies, though indirect and more lim-
ited, also support a role for T in the erection 
mechanism. The cutaneous vasodilatory effects 
of T were fi rst demonstrated in 1939 [ 50 ]. More 
recently, T has been shown to acutely increase 
coronary artery blood fl ow in patients with coro-
nary artery disease [ 51 ] and, in a placebo- 
controlled trial, to increase brachial artery 
vasodilation in eugonadal men with atherosclero-
sis [ 52 ]. Androgen receptors have been identifi ed 
in the human corpus cavernosum [ 53 ]. Another 
study found a direct relationship between free T 
and cavernosal vasodilation on color Doppler 
ultrasonography in 52 eugonadal men [ 54 ]. 
Forays into the investigation of T’s role in the 
brain centers of sexual function are quite prelimi-
nary. However, one study demonstrates activation 
of the hypothalamic sexual function centers dur-
ing arousal on positron emission tomography that 
temporally correlate with increases in serum T 
levels [ 55 ].   

Central Nervous System VasculatureTESTOSTERONE

Peripheral Nervous System

Penis
Vascular endothelium
Trabecular smooth muscle
Connective tissue
Tunica albuginea

  Fig. 7.1     Testosterone target  s 
in erectile function       
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    Association Between  Testosterone 
and Sexual Function   in Human 
Studies 

  T is required for pubertal virilization of the geni-
tals and acquisition of adult sexual behaviors. 
Suffi cient T is clearly important for normal 
libido. Placebo-controlled trials have demon-
strated that both sexual desires and arousal are 
dependent on T [ 56 ,  57 ]. Large population stud-
ies have confi rmed these fi ndings. The Mas-
sachusetts Male Aging Study found a signifi cant 
inverse association between low T and sexual 
desire with hypoactive sexual desire noted in 50 
and 37 % of men with total T less than 200 ng/dL 
and less than 300 ng/dL, respectively [ 58 ]. It 
does appear that the blunting of libido is the prin-
cipal sexual impact of hypogonadism. However, 
some data suggest at least a partial T-dependence 
on other aspects of male sexual function includ-
ing erections. 

 The strongest evidence for the association 
between T and erections in humans comes from 
castration studies despite small study populations 
and the artifi ciality of acute androgen withdrawal. 
In populations of 38 and 16 patients respectively, 
between 58 % [ 59 ] and 75 % [ 60 ] of older men 
with prostate cancer treated with surgical or med-
ical castration reported new onset complete ED 
following therapy despite prior normal erections. 
To eliminate the confounding of comorbidities, 
several studies have subjected young healthy par-
ticipants to medical castration. Nine young men 
reported decreased libido and frequency of spon-
taneous erections with 6 weeks of medical castra-
tion that reversed with restoration of T levels 
[ 61 ]. A more recent study of 400 medically cas-
trated men between the ages of 20 and 50 years 
demonstrate improvement in both sexual desire 
and erections with TRT [ 62 ]. The European Male 
Aging Study of men between the ages of 40 and 
79 years represents one of the largest studies to 
demonstrate an association between low T and 
poor erections. The study found that low total T 
was associated with poor overall sexual function 
and that low free T was associated with ED. These 
associations were only demonstrated with T lev-
els below 230 ng/dl [ 63 ]. 

 This fi nding and other data indicate that a crit-
ical T threshold may exist which is below normal 
levels though still adequate for sexual function. T 
supplementation above this theoretical threshold 
would not further improve sexual function. The 
threshold likely varies between individuals. Men 
on TRT seem to request additional depot injec-
tion or pellet implantation due to bothersome 
symptoms around 260 ng/dl though levels 
between individuals ranged from 100 to 450 ng/
dl [ 32 ,  64 ]. It seems that most sexual dysfunction 
occurs below 200 ng/dl and decreased frequency 
of nocturnal erections presents below 140–
200 ng/dl whereas T levels above 450–600 ng/dl 
do not appear to further improve sexual function 
[ 65 ].   

    Testosterone Replacement Alone 
as Therapy for ED 

  The use of  T supplementation   in eugonadal men 
does not increase sexual interest or erectile func-
tion and should therefore not be used in the treat-
ment of sexual dysfunction in general or ED in 
particular [ 66 ]. In a recent review of all random-
ized controlled trials, Isidori et al. found no sex-
ual benefi t to T supplementation in patients with 
T levels above 346 ng/dl [ 19 ]. Conclusions 
regarding the use of TRT in hypogonadal men 
for the purposes of treating ED are diffi cult to 
draw due to mixed results, lack of controls, small 
population sizes, and poor reporting of baseline 
T levels. 

 Several meta-analyses have examined the ran-
domized controlled trials evaluating the use of 
TRT to treat ED. Due to the variability in the 
technique used to measure erectile function, the 
meta-analyses express overall treatment effect as 
 standardized mean difference (SMD)  , which nor-
malizes each study’s outcome by the standard 
deviation of results. The earliest meta-analysis of 
17 trials (656 patients) found a statistically sig-
nifi cant positive effect of TRT in men with T lev-
els below 288 ng/dl with a 1.8 SMD [ 67 ]. Another 
meta-analysis of 17 trials (862 patients) found a 
small benefi t to TRT in the erectile function of 
hypogonadal men that was not statistically 
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 signifi cant overall but did show a signifi cant ben-
efi t in younger hypogonadal men with a 1.8 SMD 
[ 68 ]. A fi nal meta-analysis of 15 trials failed to 
show any statistically signifi cant difference in 
erectile function in hypogonadal men treated 
with TRT [ 69 ]. 

 In 2014, Isidori et al. compiled 20 random-
ized controlled trials investigating the use of 
TRT as therapy for erectile dysfunction and 14 of 
those trials assessed its effect in hypogonadal 
men specifi cally. A benefi cial effect of TRT on 
erectile function was found in ten of the 14 trials. 
Five of these trials in hypogonadal men provided 
data on  International Index of Erectile Function 
(IIEF)  , and in these studies, the mean improve-
ment from baseline IIEF was 39 % and additional 
4.3 points [ 19 ]. 

 Trials investigating the benefi t of T supple-
mentation on ED have varied widely in terms of 
duration of treatment. Some studies have indi-
cated that short-term TRT produces benefi cial 
effects on libido; however, longer-term TRT may 
be necessary to achieve benefi ts in terms of erec-
tile function. One study found that 6 months or 
up to 1 year of TRT may be required for improve-
ments in ED [ 70 ]. 

 Some investigations have examined increas-
ing endogenous T as opposed to treatment of 
hypogonadism with exogenous T. Medications 
such as clomiphene citrate, a selective estrogen 
receptor modulator, and anastrozole, an aroma-
tase inhibitor, increase endogenous T levels 
without reducing gonadotropin levels. Use of 
these medications for treatment of hypogonad-
ism is particularly important in men considering 
fatherhood because administration of exoge-
nous T inhibits spermatogenesis through reduc-
ing gonadotropin secretion. A double-blinded 
placebo- controlled study by Guay et al. utilized 
a 2-month course of clomiphene citrate in hypo-
gonadal men with ED and found a signifi cant 
increase in nocturnal tumescence by 36 % 
among younger men specifi cally [ 71 ]. Several 
recent case series have demonstrated that the 
use of clomiphene citrate can lead to an 
improvement in many hypogonadal symptoms 
as well, though its effect on erections are vari-
able [ 72 – 74 ].   

    Testosterone Replacement 
as Therapy for ED in Combination 
with PDE5 Inhibitors 

  Phosphodiesterase type-5 (PDE5) inhibitors   
(sildenafi l, tadalafi l, vardenafi l, avanafi l) have 
been conclusively demonstrated to improve erec-
tile function in men with ED [ 75 ]. Given the fre-
quent overlap between hypogonadism and ED, 
the use of TRT in combination with PDE5 inhibi-
tors has naturally been explored. Interestingly, 
administration of  PDE5 inhibitors   without TRT 
in hypogonadal men leads to a small increase in 
T levels through an unclear mechanism. One ran-
domized trial demonstrated an increase of 115 ng/
dl in total T following 1 month of PDE5 inhibitor 
alone [ 76 ]. Spitzer et al. demonstrated no addi-
tional benefi t in terms of erection quality to those 
men who responded to treatment with PDE5 
inhibitors [ 76 ]. Proponents of combination argue, 
however, that TRT could improve the other ele-
ments of sexual function, such as libido, not sig-
nifi cantly impacted by PDE5 inhibitors in 
hypogonadal men. The use of TRT in this context 
is controversial. Some evidence does support 
adding TRT to hypogonadal men who fail to ade-
quately respond to PDE5 inhibitors. Shabsigh 
et al. found a statistically signifi cant increase in 
IIEF scores among nonresponders  to   PDE5 
inhibitors among hypogonadal men treated with 
TRT for 1 month, whose IIEF scores increased 
2.3 points more than with placebo [ 77 ]. In a study 
of 173 hypogonadal men who failed to respond to 
tadalafi l, Buvat et al. demonstrated a statistically 
signifi cant increase in erectile function based on 
IIEF scores for PDE5 inhibitor nonresponders 
with a baseline T level less than 300 ng/dl [ 78 ].  

     Society Recommendations   
for Hypogonadism Screening in All 
ED Patients 

  Debate persists among specialty societies regard-
ing screening for hypogonadism in patients that 
present with ED given the occasionally unreliable 
laboratory evaluation of hypogonadism and the 
lack of studies demonstrating defi nitive  benefi t to 
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TRT in this patient population. A meta- analysis of 
the cost-effectiveness of screening men with ED 
for hypogonadism was inconclusive [ 69 ]. 

 Several organizations recommend universal 
screening in ED patients. The Princeton III 
Consensus for the management of ED and cardio-
vascular disease from 2012 recommends a total T 
level drawn prior to 11 a.m. in all men presenting 
with organic ED and especially in those men who 
have failed to respond to PDE5 inhibitors [ 16 ]. 
The  European Association of Urology Guidelines 
on Male Sexual Dysfunction   from 2014 recom-
mend a morning total T level with follow-up 
assessment of bioavailable T, prolactin and lutein-
izing hormone if total T is low [ 79 ]. 

 Other societies simply recommend selective 
screening.  The American Urological Association 
Erectile Dysfunction Guideline   from 2011 states 
that in the laboratory evaluation of ED including 
“testosterone level measurement…may be indi-
cated in select patients” without further description 
[ 80 ]. The American College of Physicians Practice 
Guideline for the hormonal testing and pharmaco-
logic treatment of ED from 2009 recommends 
measuring T only in ED patients with symptoms 
and physical fi ndings of hypogonadism, such as 
decreased libido or testicular atrophy [ 81 ]. 

 Potential benefi ts of universal screening and 
treatment of hypogonadal men with ED include 
determining treatable causes of hypogonadism, 
such as a pituitary tumor; detecting hypogonad-
ism only presenting with subtle clinical manifes-
tations; a clear effect on libido; possible 
improvement in erections especially in younger 
men and those patients who failed to respond to 
PDE5 inhibitors; and positive effects of TRT like 
decreases in obesity and insulin resistance as well 
as increases in bone density [ 24 ]. Potential risks 
of universal screening include over- diagnosis and 
treatment with additional fi nancial costs and 
unclear clinical benefi t to improve erections.   

    Therapy for Hypogonadism 

 Following the diagnosis of  hypogonadism  , con-
ventional treatment typically relies on using 
exogenous T as replacement or supplementation. 

It is important to confi rm that these patients are 
not actively trying to achieve a pregnancy or 
interested in immediate future fertility, as they 
may benefi t from other agents to boost endoge-
nous testosterone production while preserving 
spermatogenesis. Many different formulations of 
conventional  TRT   exist. These formulations 
include topical gels, transdermal patches, injec-
tions, implantable pellets, and buccal adhesives. 
Oral formulations of T are not approved in the 
USA. The pharmacokinetic profi les in addition to 
unique advantages and disadvantages of each for-
mulation are illustrated in Table  7.2 . According 
to the  Endocrine Society Clinical Guideline   from 
2010, there are several common initial treatment 
regimens: 150–200 mg intramuscular injection 
once every 2 weeks, one to two 5 mg patches 
applied nightly, or 5–10 mg gel applied daily 
[ 28 ]. The goal of replacement therapy is to ele-
vated total T into the mid-normal range.

   TRT is contraindicated in certain patients. 
TRT should be avoided in patients with active 
breast or prostate cancer and prostate-specifi c 
antigen (PSA) level greater than 4 ng/ml or 
greater than 3 ng/ml in men with risk factors 
such as African-American race or family history 
because exogenous T may stimulate cancer 
growth [ 82 ]. T may also worsen sleep apnea and 
heart failure, and therefore it is contraindicated 
in patients with severe obstructive sleep apnea 
and uncontrolled congestive heart failure [ 28 ]. 
Furthermore, TRT has been shown to increase 
hematocrit, particularly when using parental for-
mulations, and for that reason, patients undergo-
ing TRT should have a  complete blood count 
(CBC)   as part of their monitoring protocol. 
Additionally, as expressed earlier, the use of 
exogenous testosterone is contraindicated in 
anyone interested in achieving a pregnancy in 
the short-term as it has been shown to suppress 
spermatogenesis. In a study by the World Health 
Organization, 271 normal men received T enan-
thate 200 mg weekly; after a period of 6 months, 
75 % of these men were azoospermic. Even 
though 86 % of these men were able to return to 
have a normal sperm concentration after 
3.7 months of cessation, only 46 % returned to 
their baseline sperm concentration at that time 
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[ 83 ]. Lastly, some studies suggest that TRT 
worsens lower urinary tract symptoms so it is 
also contraindicated in patients with severe 
voiding dysfunction (International Prostate 
Symptom Score greater than 19). This assertion 
has been challenged by Pearl and colleagues; no 
increase in voiding bother was demonstrated in a 
retrospective case series following TRT initia-
tion [ 84 ]. 

 Theoretical safety concerns regarding the use 
TRT involve stimulating the incidence or pro-
gression of prostate cancer and contributing to 
cardiovascular events. In terms of  prostate cancer 
risk  , although castration levels of androgen 

deprivation have been clearly shown to impede 
prostate cancer growth, the converse of T replace-
ment leading to prostate cancer development has 
not been shown. In a large comparison of men 
with incidentally discovered prostate cancer with 
matched controls, endogenous T concentrations 
had no effect on prostate cancer risk [ 85 ]. The 
saturation model proposed by Morgentaler and 
Traish hypothesizes that prostatic growth requires 
a sub-physiologic level of T above which further 
increases in T do not contribute to growth [ 86 ]. 
Indeed, the  International Society for Sexual 
Medicine (ISSM)   reported in 2013 that, based on 
meta-analysis of randomized controlled trials, no 

   Table 7.2    Options for  testosterone replacement therapy     

 Name  Route  Starting dose  Frequency  Comments 

 Androgel, 1.62 % 
Gel 

 Topically to each 
shoulder/upper arm 

 2 pumps (1 to 
each shoulder) 

 Daily  Mimics physiologic 
dosing 
 Transfer risk if gel not 
completely dry 

 Axiron  Topically to underarms  2 pumps (1 to 
each underarm) 

 Daily  Mimics physiologic 
dosing 
 Transfer risk if gel not 
completely dry 

 Fortesta  Topically to inner thighs  4 pumps (2 to 
each thigh) 

 Daily  Mimics physiologic 
dosing 
 Transfer risk if gel not 
completely dry 

 Testim 1 %  Topically to each 
shoulder/upper arm 

 1 tube (divide 
among shoulders) 

 Daily  Mimics physiologic 
dosing 
 Transfer risk if gel not 
completely dry 

 Androderm, 4 g 
patch 

 Topical patch  1 patch  Daily  Mimics physiologic 
dosing 
 May cause contact 
dermatitis 

 Testopel  Subdermally placed in fat 
(usually in buttocks) 

 10–12 pellets  Every 3.5–6 
months 

 Sustained release, 
long-acting 
 Small local procedure 
 May cause mild site 
discomfort 

 Testosterone 
injections 
(standard) 

 Intramuscular injections  300 mg  300 mg every 3 
weeks (or 200 mg 
every 2 weeks, 
100 mg every 
week, or 60 mg 
twice weekly) 

 Long-acting 
 Does not mimic 
physiologic levels, 
creates peaks and 
troughs 

 Aveed (testosterone 
long-acting 
injection) 

 Intramuscular injections  750 mg  750 mg, 5 
injections per 
year 

 Long-acting 
 Does not mimic 
physiologic levels, 
fewer peaks and 
troughs 
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evidence exists to support an association between 
TRT and prostate cancer risk [ 87 ]. However, the 
ISSM guidelines also state that appropriate 
screening prior to the initiation of TRT is impor-
tant based on expert opinion due to the risk of 
supporting untreated prostate cancer growth [ 87 ]. 
For men who have been successfully treated for 
localized prostate cancer, most guidelines sup-
port the safety of TRT after a reasonable interval 
following treatment. The 2012  European 
Association of Urology guidelines   recommend 
waiting 1 year following treatment to initiate 
TRT in the absence of biochemical recurrence 
and history of Gleason score over 7 [ 88 ]. Few 
studies have examined the effects of TRT in men 
previously treated for prostate cancer though. 
Isidori et al. performed a systematic analysis of 
fi ve case series of men on TRT following radical 
prostatectomy and found that only four out of 
179 men developed biochemical recurrence 
(2.2 %) within 2 years on TRT [ 19 ]. 

 More recently, three studies have found an 
association between TRT and  cardiovascular 
events  , including stroke, heart attack, and death, 
which has caused the FDA to initiate an investi-
gation into the cardiovascular safety of TRT [ 6 –
 8 ]. In a post hoc analysis, Basaria et al. found 23 
cardiovascular-related events in elderly men 
receiving TRT to increase muscle strength com-
pared with four events in a control arm for an 
adjusted odds ratio of 5.8 [ 6 ]. Vigen et al. per-
formed a retrospective review of veterans and 
found that the rate of heart attack, stroke or death 
was 25.7 % in men on TRT compared with 19.9 % 
in control men through highly complex statistical 
adjustment [ 7 ]. Finally, Finkle et al. demon-
strated that men receiving a T prescription were 
1.36 times more likely to have a heart attack 
within 90 days of the prescription compared to 
those men receiving a sildenafi l prescription [ 8 ]. 
The statistical validity of these studies document-
ing increased risk has been extensively ques-
tioned, however [ 10 ]. Some research has led to 
theories to explain a possible harmful mechanism 
in TRT. T may increase thromboxane A2 density 
and platelet aggregation [ 89 ]. TRT may increase 
blood viscosity with an associated mean hemo-
globin increase of 0.8 g/dl [ 90 ]. 

 Many studies have actually demonstrated a 
detrimental effect of low T with increases in obe-
sity, insulin resistance, and dyslipidemia [ 91 ]. 
Low T has also been associated with higher mor-
tality.  Androgen deprivation therapy      for men 
with prostate cancer increases the risk of heart 
attack, stroke, and sudden cardiac death with a 
hazard ratio around 1.3 [ 92 ]. Another meta- 
analysis of 12 studies revealed a 35 % increase in 
all-cause mortality for a decrease in two standard 
deviations of total T relative to the general popu-
lation [ 93 ]. Furthermore, a large body of litera-
ture supports a possible protective effect of TRT 
including decreasing weight [ 11 ], insulin resis-
tance [ 12 ], and heart attacks [ 13 ]. Shores et al. 
found that TRT decreased overall mortality with 
a hazard ratio of 0.61 among a population of vet-
erans taking T supplementation as part of routine 
care compared with control patients [ 14 ]. 

 No study has yet examined the possible car-
diovascular risks of TRT within the context of a 
randomized placebo-controlled trial. In the 
absence of a randomized  placebo-controlled trial   
and given the competing fi ndings in the available 
literature, the exact nature of the cardiovascular 
effects of TRT remains to be fully elucidated. 
Seftel et al. proposed a conservative approach to 
the management of patients considering TRT ini-
tiation in the setting of elevated baseline cardio-
vascular risk [ 94 ]. The Princeton III Consensus 
Recommendations [ 16 ] may be used to stratify 
patients according to baseline cardiovascular 
risk to determine if further cardiac clearance or 
referral to a cardiologist is necessary before 
starting TRT. 

 Close follow-up is required after initiating 
TRT to ensure appropriate response, adjust dos-
ing requirements, and monitor for negative 
effects. According to the Endocrine Society 
guidelines, men should return to the offi ce about 
3–6 months after starting TRT and annually 
thereafter to assess for symptom response and 
any adverse reactions [ 28 ]. Total T should be 
checked at the initial return visit, with the goal to 
increase the T level to mid-normal range, and 
annually thereafter. Hematocrit should be 
checked at baseline, initial return visit, and 
annually thereafter with hematocrit above 54 % 
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as an indication to cease therapy and perform 
therapeutic phlebotomy.  Bone densitometry 
scan   should be obtained at baseline in hypogo-
nadal men due to fracture risk and about once 
every 2 years thereafter. Blood glucose and lipid 
profi le should be assessed at baseline and annu-
ally thereafter. PSA should be obtained and digi-
tal rectal examination should be performed at 
baseline, initial return visit, and annually there-
after in men over 40 years old or men with a 
baseline PSA over 0.6 ng/ml. PSA velocity over 
1.4 ng/ml in 12 months or changes in digital rec-
tal examination should prompt further evalua-
tion with a prostate needle biopsy in men under 
75 years of age.  

     Algorithm  s for Testosterone 
Replacement in Hypogonadal Men 
with ED 

  Men complaining of ED and symptoms of hypo-
gonadism should be evaluated with a morning 
total T level and a confi rmatory test if initial eval-
uation reveals low T. If found to be eugonadal 
with total T above 300 ng/dl, then ED treatment 
should proceed in standard fashion with PDE5 
inhibitors and other methodologies without the 
incorporation of TRT. For men with severe hypo-
gonadism with total T below 200 ng/dl, treatment 
should begin with TRT in the absence of contra-
indications to T supplementation. Response to 
TRT should be assessed in 3–6 months and inclu-
sion of a PDE5 inhibitor should be considered in 
the setting of inadequate response. Men planning 
on fatherhood within the upcoming 12 months 
should utilize a regimen of clomiphene citrate or 
a combination of TRT with human chorionic 
gonadotropin (HCG) to ensure continued sper-
matogenesis during therapy. For men with bor-
derline hypogonadism with total T between 200 
and 300 ng/dl, treatment should be stratifi ed 
based on age. Younger men should be started on 
TRT after a thorough discussion regarding the 
effects of conventional TRT and their fertility 
potential. These men considering fatherhood 
should avoid simple traditional exogenous T sup-
plementation and consider an agent to boost 

endogenous testosterone production. Older men 
and those with potential cardiovascular comor-
bidities should be started on a PDE5 inhibitor. 
Failure to improve symptoms after 3–6 months of 
therapy should prompt the addition of a PDE5 
inhibitor to the younger group and TRT to the 
older group.   

    Other Hormones and ED 

    Luteinizing Hormone (LH) 

 LH  is   critical to the endogenous production of T 
and a fundamental part of the hypothalamic–pitu-
itary–gonadal axis. LH is released from the pitu-
itary gland in response to gonadotropin releasing 
hormone from the hypothalamus. LH directly 
stimulates Leydig cells in the testicles to produce 
T. LH helps to distinguish between primary and 
secondary causes of hypogonadism. Elevated  LH   
indicates a primary failure of the testicles to pro-
duce T while a low or low-normal LH corre-
sponds to insuffi ciencies localized to the pituitary 
or hypothalamus.  

    Prolactin 

 Prolactin is secreted by the pituitary gland. 
Hyperprolactinemia can be caused by tumors 
within the pituitary. In men, the most common 
presenting symptoms of hyperprolactinemia 
are decreased libido and ED [ 95 ]. 
Hyperprolactinemia is a rare cause of ED over-
all, however, and only accounts for about 1 % 
of ED [ 96 ]. Serum  prolactin      should be obtained 
in younger men with hypogonadism and ED 
and especially in those with visual disturbances 
or gynecomastia. Head MRI should be ordered 
to assess for pituitary masses in those patients 
with hyperprolactinemia. Hyperprolactinemia 
is treated with cabergoline, a dopamine agonist, 
with surgical resection rarely performed. 
Cabergoline therapy for hyperprolactinemia 
resulted in improvement of erectile function in 
97 % of men compared with 13 % of controls 
after 6 months [ 97 ].  
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    Estradiol 

  Estradiol,   an estrogen, can result from the periph-
eral conversion of T by aromatase especially in 
adipose tissue. Elevated  estradiol   levels contrib-
ute to decreases in LH and T as well as increases 
in sex hormone binding globulin, which may fur-
ther hypogonadal symptoms [ 98 ]. TRT may lead 
to higher estradiol levels due to increased T and 
aromatase-mediated conversion. In practice, ele-
vated estradiol levels can lead to gynecomastia 
and breast tenderness but additional negative 
sexual side effects are not well supported [ 99 ]. 
Bothersome breast enlargement and pain may be 
treated with an aromatase inhibitor, such as 
anastrozole.  

    Thyroid Hormone 

 Sexual dysfunction is  commonly   found  i  n 
patients with signifi cant hyperthyroidism or 
hypothyroidism though ED is rarely the present-
ing symptom. Hyperthyroidism may lead to 
increased adrenergic tone that inhibits cavernosal 
smooth muscle relaxation as well as elevations in 
estrogen and sex hormone binding globulin. 
Hypothyroidism may contribute to hyperprolac-
tinemia. ED resolves with treatment of the under-
lying thyroid disorder. Screening tests with 
thyroid stimulating hormone for patients with ED 
are unnecessary in the absence of classic mani-
festations of thyroid disorders [ 100 ].   

    Future Directions 

 A set of ongoing randomized trials sponsored by 
the National Institutes of Health will provide 
more data to address current controversies 
regarding TRT including its impact on erectile 
function and cardiovascular risk. The Testosterone 
Trial in Older Men is comprised of seven sepa-
rate randomized, placebo-controlled, double- 
blinded trials. The trials will obtain information 
on the impact of TRT on sexual function, physi-
cal function, vitality, cognition, anemia, cardio-

vascular health, and bone density. About 800 
men over 65 years old with low T were random-
ized to transdermal TRT or placebo gel for 1 year. 
Changes in sexual function will be assessed 
through patient responses to validated sexual 
function questionnaires. Changes in cardiovascu-
lar health will be assessed with alterations in 
plaque burden visualized on computerized tomo-
graphic angiography. These trials were initiated 
in November 2009 and have an estimated com-
pletion date of July 2015 [ 101 ].  

    Conclusions 

 Most recommendations support screening men 
with ED for hypogonadism, particularly among 
those men presenting with any additional hypo-
gonadal symptoms. T clearly has a substantial 
infl uence on libido and energy but may have only 
a mild effect on erections. Men with very low T 
or younger men should be initially treated with 
TRT in effort to improve erectile function. Older 
men and those with borderline hypogonadism or 
comorbidities should be started on a PDE5 inhib-
itor with later addition of TRT in the setting of an 
insuffi cient response. Eugonadal men with ED 
should not be treated with TRT.     
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  “Man survives earthquakes and all the tortures of the 
soul, but the most tormenting tragedy is the tragedy of the 
bedroom.” Tolstoy  

           Introduction 

 Sexual function is an integral part of overall 
health and has critical and important implications 
for an individual’s quality of life and well-being. 
 Erectile function (EF)   is a complex neurovascular 
process modulating physiological and biochemi-
cal pathways, requiring an intact and functional 
central and peripheral nervous systems, as well as 
a healthy vascular system. In this chapter, we dis-
cuss the impact of lifestyle and behavioral 
changes, such as physical activity, exercise and 
diet, reduction in alcohol consumption, and smok-
ing cessation on EF. We also address issues per-
taining to lifestyle changes and its relationship to 
obesity, diabetes, cardiovascular disease (CVD), 
hypogonadism, and how such comorbidities 
infl uence EF. Since testosterone defi ciency (hypo-
gonadism; TD) contributes to fatigue, reduced 

vigor and vitality, reduced motivation and energy, 
and contributes to vascular risk factors, we also 
discuss the effects of testosterone therapy on 
improving the function of the vascular system, 
weight loss (WL), improving mood, increasing 
energy and vigor, and ameliorating metabolic 
syndrome (MetS) components and improving 
overall sexual function and erectile physiology.  

    Physiology of Erectile Function (EF) 
and  Pathophysiology   of Erectile 
Dysfunction (ED) 

 EF is a complex  neurovascular   physiological 
process, which involves interplay among neural, 
vascular, hormonal, and psychological factors, as 
well as the integrity of the vascular bed of the 
penis [ 1 ]. Disruption of such mechanisms con-
tributes to ED [ 2 ]. EF requires intact, functioning 
penile vascular tissues and perineal and ischio- 
cavernous muscles that support the proximal 
penis. Suffi cient arterial infl ow and trapping of 
blood within the cavernosal bodies is critical for 
the development of increasing pressure and vol-
ume expansion ( veno-occlusion ). In addition to 
arterial blood pressure, contraction of the peri-
neal and ischio-cavernous muscles enhances 
penile rigidity. The veno-occlusive mechanism 
depends on the integrity of neural, vascular, and 
endocrine systems, as well as on the fi broelastic 
properties of the cavernosal tissue [ 1 ,  2 ]. 

mailto:atraish@bu.edu
mailto:trussler@bu.edu


102

 Following sexual stimulation, release of nitric 
oxide (NO) from penile non-adrenergic-non-
cholinergic (NANC) nerves and the endothelium 
activates guanylyl cyclase  and   induces synthesis 
of intracellular cGMP synthesis in erectile tissue 
trabecular smooth muscle cells. Increased cGMP 
levels reduce intracellular Ca 2+  concentrations, 
inhibiting smooth muscle contractility and thereby 
initiating erection. Phosphodiesterase type 5 (PDE 
type 5) is the predominant enzyme in the corpus 
cavernosum responsible for cGMP hydrolysis 
 in   trabecular smooth muscle. Activation of PDE 
type 5 terminates NO-induced, cGMP-mediated 
smooth muscle relaxation, resulting ultimately in 
restoration of basal smooth muscle contractility 
and penile fl accidity. Several other mechanisms 
are also involved in penile smooth muscle con-
tractility and play a role in erectile physiology [ 3 , 
 4 ]. For brevity sake, these mechanisms will not be 
discussed further in this chapter. 

 During erection, the penis acts as a capacitor, 
accumulating blood under pressure [ 1 ,  2 ,  5 ]. This 
hemodynamic process, known as veno-occlusive 
function, depends on several distinct physiologi-
cal mechanisms. These include (1) sexual stimu-
lation, which activates the parasympathetic 
 non-adrenergic, non-cholinergic (NANC) nerves  , 
releasing nitric oxide (NO); (2) dilation of caver-
nosal arteries and the helicine arterioles of the 

penis, providing fl ow and pressure to the corpora; 
(3) the relaxation of the trabecular smooth mus-
cle, allowing expansion of the lacunar spaces and 
trapping of blood by compression of the draining 
venules; and (4) compliance of the  tunica   albu-
ginea and the connective tissue matrix, permit-
ting adequate compression of the subtunical 
venules and reducing blood outfl ow [ 1 ,  6 – 9 ]. 
When the trabecular smooth muscle is fully 
relaxed, the intracavernosal pressure is depen-
dent on the  cavernosal   arterial pressure and the 
tissue fi broelastic properties. Thus, tissue archi-
tecture plays an important role in veno-occlusive 
function, and any pathology that contributes to 
altering tissue architecture will result in veno- 
occlusive dysfunction [ 1 – 9 ]. 

 As depicted in Fig.  8.1 , the pathophysiology 
of erection is a result of host of factors that 
alters the neurogenic and vascular endothelium 
function as, well as the health and function of 
the trabecular smooth muscle of the cavernosal 
bodies. Diabetes, metabolic syndrome (MetS), 
obesity, hypertension, vascular disease, athero-
sclerosis, among others alter the function of the 
neurogenic signaling and endothelial function 
resulting in arterial insuffi ciency, reduced vaso-
dilation, increased fi brosis, and impaired smooth 
muscle contractility with concomitant veno-
occlusive dysfunction and ED [ 2 ,  5 ].

  Fig. 8.1     Pathophysiology   of erectile dysfunction       
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    Corporeal veno-occlusive dysfunction   is an 
important cause of organic ED and is characterized 
by the need for increased fl ow rates to maintain 
erection during clinical evaluation of ED [ 8 – 12 ]. 
Corporeal veno-occlusive dysfunction alone or 
combined with arterial disease is the  hemodynamic   
abnormality resulting in no response  to   intracav-
ernous pharmacotherapy [ 13 – 17 ]. The existence of 
concomitant arterial and sinus smooth muscle dis-
ease makes veno- occlusive dysfunction often dif-
fi cult to diagnose and treat.  

    Risk Factors Contributing to ED 

 Cavernosal tissue from men with ED often exhib-
ited reduced smooth muscle content and concom-
itant increase in connective tissue deposition. 
This may contribute to penile tissue fi brosis and 
decreasing tissue compliance, leading to veno- 
occlusive dysfunction [ 2 ].  Vascular disease   is a 
common risk factor for organic ED attributed to 
impairment of arterial infl ow, increased caverno-
sal fi brosis, and reduced cavernosal smooth- 
muscle relaxation [ 2 ,  18 ]. Vascular disease also 
contributes to endothelial dysfunction, which is 

closely linked to vascular ED [ 7 ]. A link between 
diabetes and ED has been suggested based on 
epidemiological evidence [ 19 ]. The prevalence of 
ED is approximately three times higher in dia-
betic men [ 20 – 22 ]. 

 As depicted in Fig.  8.2 , several risk factors 
contribute to ED.  Physical inactivity  , and  poor 
diet   are thought to contribute to ED via excessive 
weight gain and adiposity. Further, excessive 
alcohol consumption and/or smoking also con-
tribute to ED via a host of mechanisms, yet to be 
explored fully. Obesity (Table  8.1 ) [ 23 – 35 ] dia-
betes, MetS, dyslipidemia (Table  8.2 ) [ 36 – 48 ] 
and cardiovascular disease are also risk factors 
for ED by contributing to insulin resistance, dys-
lipidemia, infl ammation hyperglycemia and ath-
erosclerosis [ 49 – 51 ].

     An inverse association between physical 
activity and ED has been reported [ 25 ,  52 ,  53 ]. 
Frequent vigorous exercise was associated with 
30 % lower risk for ED [ 25 ]. Recently, 
Charansonney et al. [ 54 ] suggested that  sedentary 
lifestyle   (lack of physical fi tness, reduced level of 
physical activity, and a perpetual level of 
 sedentary behavior) represents independent fac-
tors that need be addressed simultaneously when 
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Lifestyle

Western
Diet

[High in
Fats,

Sugars,
Salt]

Excessive
Alcohol

Consumption
Smoking

Dyslipidemia
Insulin

Resistance
Hyper-

glycemia
Inflammation

Increased Risk of Cardiovascular Disease & Atherosclerosis

Increased Risk of Artery Disease & Erectile Dysfunction

Vascular Endothelial and
Smooth Muscle

Dysfunction

Overweight, Obesity, Type
2 Diabetes, Risk for
Metabolic Syndrome

  Fig. 8.2     Risk factors   associated with erectile dysfunction       

 

8 Effects of Lifestyle Changes and Testosterone Therapy on Erectile Function



104

     Table 8.1    Relationship between obesity and erectile  dysfunction     

 Study 
 Number of subjects in the 
study  Major fi ndings  Comments 

 Feldman et al. [ 23 ]  Five hundred thirteen 
men from MMAS, aged 
40–70 years with no ED, 
diabetes, heart disease, or 
related medications 

 Men with BMI ≥28 
predicted incident 
ED. Adjusted 8-year 
cumulative incidence of ED 
in overweight/obese men 
22 % vs. 13 % 

 An adjusted odds ratio for 
overweight/obesity and ED (1.96) 
was noted suggesting obesity is a 
risk for ED 

 Esposito et al. [ 24 ]  This study investigated 
110 subjects 

 Reduced BMI was 
associated with increased 
IIEF score 

 The fi ndings suggest a 
relationship between obesity and 
ED 

 Bacon et al. [ 25 ]  This epidemiological 
study involved 31,742 
men aged 53–90 years 

 Obesity is associated with 
higher risk of ED 

 The results of this study point to 
obesity as a risk factor for ED 

 Blanker et al. [ 26 ]  A community-based 
study of 1688 men aged 
50 to 78 years 

 Obesity is associated with 
ED 

 Obesity, is an important correlates 
of signifi cant ED in the 
population 

 Fung et al. [ 27 ]  Five hundred seventy 
men from the Rancho 
Bernardo Study evaluated 
25 years earlier 

 Obesity is a strong 
predictor of ED, with 
age-adjusted BMI 
signifi cantly higher in men 
with severe complete ED 

 The fi ndings suggest that odds 
ratio for obesity predicting 
ED = 2.02, which was greater than 
age (1.12) and 
hypercholesterolemia (1.76) 

 Moreira et al. [ 28 ]  A population-based 
sample of 342 men, aged 
40–70 years (mean age 
49.1) 

 Obesity is associated with 
increased prevalence of 
ED, decreased sexual 
activity and sexual 
satisfaction 

 Age-adjusted odds ratio for 
moderate or complete ED is 3.0 
for obesity, compared to 3.1 for 
heavy smoking and 12.3 for 
diabetes 

 Derby et al. [ 29 ]  Analyses included 593 
men without erectile 
dysfunction at baseline 

 Obesity was associated 
with ED with baseline 
obesity predicting a higher 
risk irrespective of 
follow-up weight loss 

 Early adoption of healthy 
lifestyles may be the best 
approach to reducing the burden 
of ED on the health and 
well-being of older men 

 Chung et al. [ 30 ]  Three hundred and 
twenty-fi ve consecutive 
patients with ED were 
evaluated 

 There was a statistically 
signifi cant decrease in the 
quality of residual erectile 
function in patients with 
obesity 

 Obesity does not seem to be an 
underlying factor, but does 
impose a risk to vasculogenic ED 
by developing chronic vascular 
disease 

 Han et al. [ 31 ]  Men ( n  = 3369) aged 
40–79 years (mean age 
60) from European Male 
Aging Study 

 Obese men and men with 
high waist circumference 
(WC) exhibited more ED 
than lean men 

 Both high BMI and high WC are 
associated with impaired sexual 
functioning in men 

 Janiszewski et al. 
[ 32 ] 

 Men ( n  = 3941) aged 20 
years and older (mean 
age 44.9) were included 
in the study 

 Men with ED are more 
likely to have high BMI, 
large WC, and low level of 
physical activity 

 Obesity, large WC, and low 
physical activity are associated 
with ED 

 Cheng and Ng [ 33 ]  Men ( n  = 923) aged 
26–70 years were 
included in the study 

 The relationship between 
BMI and ED risk appears 
to be U-shaped 

 In physically inactive men a 
relationship between high BMI 
and ED was noted 

 Corona et al. [ 34 ]  Men ( n  = 3369) aged 
40–79 years (mean 60) 
from European Male 
Aging Study were 
included 

 ED was identifi ed in 30 % 
of men, with adjusted odds 
ratios greater than 1.0. for 
obese men 

 The adjusted odds ratios for ED 
appear similar for obesity, 
cardiovascular disease, and 
diabetes 

 Bajos et al. [ 35 ]  Random sample of 4635 
men 

 Obese men are more likely 
to report ED 

 Obesity related to sexual 
dysfunction in men 

A.M. Traish and J.T. Trussler



105

    Table 8.2    Effects of  hyperlipidemia and statins treatment   on erectile function   

 Study  Number of subjects in the study  Major fi ndings  Comments 

 Nikoobakht et al. 
[ 36 ] 

 One hundred subjects with 
organic ED, were compared 
with those in 100 healthy 
individuals 

 IIEF score were −0.036 
and −0.035, (95 % 
confi dence interval: 
0.98–2.5 for cholesterol 
and 1.13–2.81 for LDL), 
respectively 

 High cholesterol and LDL may 
contribute to ED and this 
should be considered a risk 
factor in treatment in 
prevention of ED 

 Roumeguere et al. 
[ 37 ] 

 Two hundred and fi fteen 
subjects had ED and 100 
without ED 

 HDL-C and total 
cholesterol/HDL-C ratio 
as signifi cant predictors 
of ED ( p  = 0.011 and 
0.000 respectively) 

 HDL-C and TC/HDL-C ratio 
are predictors of ED 
 ED might serve as sentinel 
event for coronary heart 
disease 

 Solomon et al. 
[ 38 ] 

 IIEF scores were measured in 
93 men attending 
cardiovascular risk clinics 

 After statin therapy, IIEF 
scores were reduced to 
6.5 (range 0–25) 
( p  < 0.001), and 22 % 
experienced new onset 
ED 

 ED is more likely in patients 
with severe endothelial 
dysfunction due to established 
cardiovascular risk factors 
including dyslipidemia 

 Bank et al. [ 39 ]  Sixty three men were treated 
for 3 months with atorvastatin 
40 mg ( n  = 12), quinapril 10 mg 
( n  = 10), or placebo ( n  = 13) 

 There was a trend toward 
a signifi cant improvement 
in IIEF-5 with 
atorvastatin. Similarly, 
quinapril signifi cantly 
improved the IIEF ED 
Domain ( p  < 0.05) 

 Treatment with quinapril, in 
combination with sildenafi l, 
improved ED. Atorvastatin 
demonstrated a trend toward 
improved ED in this group 

 Dadkhah et al. 
[ 40 ] 

 Men with ED were randomized 
either to 40 mg atorvastatin 
daily ( n  = 66, group 1) plus 
sildenafi l or matching placebo 
( n  = 65, group 2) plus sildenafi l 
for 12 weeks 

 The atorvastatin group 
had signifi cantly greater 
improvements in all 
IIEF-5 questions 
( p  = 0.01) and GEQ 
( p  = 0.001 compared to 
the control group 

 Patients with moderate and 
severe ED had better positive 
response rates to adjunctive 
atorvastatin than patients with 
mild to moderate ED 

 El-Sisi et al. [ 41 ]  Sixty patients were randomly 
divided into three groups: (1) 
atorvastatin, (2) vitamin E and 
(3) a control group 

 Atorvastatin showed a 
statistically signifi cant 
increase IIEF-5 score 
(53.1 %,  p  < 0.001) and 
Rigiscan rigidity 
parameters ( p  < 0.01) 

 Atorvastatin, but not vitamin E, 
is a promising drug for 
sildenafi l nonresponders 

 Gokce et al. [ 42 ]  One hundred and twenty 
subjects with a minimum 
3-month history of moderate- 
to- severe ED were studied 

 Mean improvement of 
IIEF score was 
signifi cantly higher in 
tadalafi l group compared 
to atorvastatin ( p  = 0.01) 
and control group 
( p  = 0.0001) 

 Atorvastatin alone seems to 
improve EF compared to not 
using any medication, and this 
signifi cance is more prominent 
in patients with supranormal 
serum lipid levels 

 Herrmann et al. 
[ 43 ] 

 Twelve men with a mean 
domain score of 8.2 ± 6.9 and a 
mean duration of ED of 
3.7 years were enrolled in the 
study 

 Improvement with 
sildenafi l in domain score 
of 7.8 ( p  = 0.036); an 
effect was apparent by 6 
weeks. The increase in 
domain score in placebo 
patients was not 
statistically signifi cant 

 Treatment with atorvastatin 
improved sexual function and 
the response to oral sildenafi l 
in men who did not initially 
respond to treatment with 
sildenafi l 

(continued)
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developing a comprehensive plan to manage life-
style and behaviorial changes. Risk factors asso-
ciated with ED include sedentary lifestyle and 
physical inactivity, poor nutritional diets, MetS, 
excess weight or obesity, cigarette smoking, and 
excessive alcohol consumption. These risk fac-
tors also contribute to endothelial dysfunction 
and reducing synthesis and release of nitric oxide 
(NO), thus reducing genital blood fl ow during 
sexual stimulation and increasing ED [ 55 ]. An 
association between ED and CVD has been 
reported in a number of studies. Although the 
exact link is not fully established, it is believed 
that the link encompasses a host of pathophysio-
logical mechanisms including chronic infl amma-
tion, dyslipidemia, endothelial dysfunction, TD, 
and atherosclerosis [ 56 ,  57 ]. ED is thought to be 
an early warning indicator of  systemic endothe-
lial dysfunction   and CVD risk. Since ED often 
precedes  CVD  , clinically ED should serve as an 
early warning sign for identifying men at higher 
risk of CVD events [ 56 ]. 

  Diabetes   contributes to risk of ED via several 
pathophysiological mechanisms including 
reduced circulating testosterone (T) levels, 
peripheral nerve neuropathy, endothelial dys-
function, and impaired smooth muscle contractil-
ity [ 58 ]. Other mechanisms include reduced 
 nitric oxide synthase (NOS)   activity and 
increased  reactive oxygen species (ROS)  .  Insulin 
resistance (IR),   poor glycemic control (increased 
levels of glucose and glycosylated hemoglobin 
A1c (HbA1c) and complications of  Type 2 diabe-
tes mellitus (T2DM)   are thought to link the 
increased prevalence rates of ED in patients with 
diabetes [ 59 ,  60 ]. 

 As shown in Table  8.1 ,  obesity   is a risk factor 
for ED [ 23 – 35 ] and  weight loss   (WL) via life-
style changes, pharmacotherapy or bariatric sur-
gery has been shown to improve EF. Lifestyle 
and behavioral changes, resulting in reduced fat 
mass (FM) and increased lean body mass 
(LBM), were associated with maintenance of 
EF [ 25 ]. Men with a BMI > 28.7 are at 30 % 

Table 8.2 (continued)

 Study  Number of subjects in the study  Major fi ndings  Comments 

 Mastalir et al. [ 44 ]  Twenty one subjects received 
20 mg simvastatin and twenty 
received placebo daily for 
6 months 

 After 7 months, all 
patients on simvastatin 
group progressed to mild 
ED, compared with only 
83 % in the placebo group 

 This study does not support the 
use of simvastatin as 
erectogenic medication 

 Trivedi et al. [ 45 ]  Men with untreated ED 
( n  = 173) were randomized to 
double-blind treatment with 
40 mg of simvastatin or 
placebo once daily for 6 
months 

 No signifi cant difference 
in erectile function 
between the simvastatin 
and placebo groups was 
noted 

 Identifying men with ED 
provides an opportunity to 
modify future cardiovascular 
risk and to improve quality of 
life by treating them with 
simvastatin 

 Nurkalem et al. 
[ 46 ] 

 Ninety consecutive male 
hypercholesterolemic patients 
who were otherwise healthy 
were included into the study 
prospectively 

 No statistical differences 
in mean IIEF score in 
both groups at the 
beginning. After 6 
months 

 Rosuvastatin showed no effect 
on ED while we observed 
increased ED with atorvastatin. 
Different statins may exhibit 
different effects on ED 

 Gokkaya et al. 
[ 47 ] 

 Twenty-fi ve patients with a 
single risk factor dyslipidemia 
were included in the study 

 The IIEF score after 
combined treatment was 
signifi cantly higher than 
in the sildenafi l and 
atorvastatin treatment 
groups 

 Reducing serum cholesterol 
levels with atorvastatin could 
improve erectile function in 
patients who have only 
hypercholesterolemia as a risk 
factor for ED 

 Saltzman et al. 
[ 48 ] 

 Nine men with increased 
cholesterol and organic ED 
were included in the study 

 Clinically eight of the 
nine men had improved 
erection adequate for 
penetration during sexual 
intercourse 

 EF improves in men with 
hypercholesterolemia as the 
only risk factor for ED when 
treated with atorvastatin 

A.M. Traish and J.T. Trussler



107

higher risk for ED than those with a normal 
BMI (≤25) [ 30 ,  61 ]. The Massachusetts Male 
Aging Study (MMAS) and the Rancho Bernardo 
Study reported that body weight was an inde-
pendent risk factor for ED [ 23 ,  27 ]. Central adi-
posity is associated with a state of infl ammation 
and this contributes to endothelial dysfunction 
[ 62 ]. Furthermore, obesity contributes to insulin 
resistance (IR), MetS, endothelial dysfunction 
and subclinical infl ammation, which in turn 
contribute to ED [ 63 ]. Traish et al. have 
reviewed the effects of MetS on vascular dis-
ease, IR and ED and suggested a common link 
between vascular disease and ED in men with 
MetS, T2DM, or CVD [ 49 – 51 ]. Finally, MetS 
and obesity contribute to hypogonadism. Thus, 
reduced T levels further contribute to the inci-
dence and pathology of ED [ 64 ].  

    Lifestyle Modifi cation and EF 

 The effects of lifestyle changes on erectile func-
tion are summarized in Table  8.3  [ 25 ,  29 ,  65 – 74 ]. 
A number of studies have demonstrated some 
improvement in EF with lifestyle changes, albeit 
modest in nature. Clearly, lifestyle coupled with 
other interventions should be integrated in the 
management of ED. Below we summarize the 
impact of diet, exercise, and pharmacotherapy 
on ED.

      Diet 

  The  diet   of Western culture has signifi cant implica-
tions on health. The impact of diet on EF is com-
plex and not easily evaluated. Limited data are 

   Table 8.3    Relationship between changes in  lifestyle and ED     

 Study  Number of subjects  Major fi ndings 

 Kalka et al. [ 65 ]  150 men being treated for ischemic 
heart disease randomized to undergo 
cardiac rehabilitation for 6 months 

 IIEF score signifi cantly increased in men undergoing 
cardiac rehabilitation exercise program, and surrogate 
measures of cardiovascular risk factors decreased 
signifi cantly 

 Khoo, et al. [ 66 ]  90 men w/BMI > 27.5 randomized 
to high or low volume exercise 

 Activity levels increased in both groups, and IIEF 
score was signifi cantly increased in both groups. 
Serum T levels increased in the high volume exercise 
group 

 Hsiao et al. [ 67 ]  Observational study of 78 men 
examining association of activity 
level w/ED 

 Sedentary men showed signifi cantly higher rates of 
ED compared with active men. They also had lower 
scores on measures of sexual function and satisfaction 

 Bacon et al. [ 25 ]  Cross-sectional analysis of 31,742 
men over age 50 

 Physical activity associated with lower risk of 
ED. Obesity, smoking, and TV viewing time were also 
associated with increased risk of ED 

 White et al. [ 68 ]  78 sedentary men undertook 60 min 
of moderate exercise 3.5 times a 
week were compared to 17 men 
who walked 60 min four times a 
week 

 Men who undertook signifi cant exercise experienced 
lower rates of sexual problems than controls by 
self-report diaries. Increasing fi tness was associated 
with increasing sexual function 

 Hannan et al. [ 69 ]  A review of current literature on ED 
and CVD risk factors 

 Physical inactivity decreases erectile function. 
Exercise interventions are able to reverse some 
erectile dysfunction 

 Ettala et al. [ 70 ]  Cross-sectional analysis of 1000 
men with cardiovascular risk factors 

 Age (OR 9.16 [5.00–16.79]), smoking (OR 1.41 
[1.04–1.91]), and high intensity physical activity (OR 
0.5 [0.29–0.86]) were associated with ED by IIEF 
score 

 Derby et al. [ 29 ]  A prospective cohort of 593 men 
aged 40–70 without ED at baseline 
were followed (mean 8.8 years) by 
survey for ED incidence 

 Obesity and low physical activity levels were 
associated with increased incidence of ED 

(continued)
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Table 8.3 (continued)

 Study  Number of subjects  Major fi ndings 

 Johannes et al. 
[ 71 ] 

 1709 men form the Massachusetts 
Male Aging Study were surveyed 
over a 6–10-year period 

 Incidence of ED increased with each decade of age, 
and diabetes (RR 1.83), treated CVD (RR 1.96), and 
treated hypertension (RR 1.52) were correlated with 
increased incidence of ED 

 Cheng et al. [ 72 ]  Meta-analysis of 11 studies 
assessing the link between physical 
activity and ED 

 Pooled, adjusted odds ratios showed an increased risk 
of ED among low physical activity men (OR 0.53). 
Furthermore, high and moderate intensity exercise led 
to a decreased incidence of ED (OR 0.62) 

 Esposito et al. [ 24 ]  110 men were randomized to 
receive intensive education on 
achieving 10 % weight loss through 
caloric restriction and exercise or 
generalized information on healthy 
behaviors 

 Men in the intervention group lost signifi cantly more 
weight than the controls and demonstrated a 
signifi cantly increased IIEF score (13.9–17 vs. 
13.5–13.6) 

 Lamina et al. [ 73 ]  22 men with ED and hypertension 
underwent an exercise program 
(45-60 min/day) for 8 weeks and 
were compared to sedentary, 
age-matched controls 

 Exercise training in hypertensive men led to a 
signifi cantly increased IIEF score compared to 
controls (15.14 vs. 8.95) 

 Korhonen et al. 
[ 74 ] 

 924 men at risk for CVD or diabetes 
were assessed for IIEF scores and 
hypertension 

 In an adjusted model, hypertension and ED were not 
signifi cantly associated. However, depressive 
symptoms modifi ed this association, with the presence 
of these symptoms increasing the risk of ED in 
hypertensive men more than their hypertensive 
counterparts (OR 2.44 vs. 7.62) 

available suggesting that dietary changes may 
improve EF. The  Western diet   tends to be high in 
saturated fats, sugars, and sodium, while simulta-
neously being low in fi ber and protein. This type of 
diet promotes hypercholesterolemia, hyperglyce-
mia, increased BMI and adiposity, and hyperten-
sion, among others [ 75 ]. The Western diet is 
thought to be signifi cantly associated with ED 
development [ 55 ]. Several studies suggested that 
modifi cation of diet can improve symptoms of 
existing ED and prevent ED development [ 76 ,  77 ]. 

 The likely mechanism by which diet may 
infl uence ED is thought to be related to increased 
hypercholesterolemia [ 78 ]. Hypercholesterolemia 
upregulates activity of the enzyme arginase, 
which competes with NOS for the substrate 
 L -arginine. Upregulation of arginase attenuates 
NO synthesis, and the ability to achieve and 
maintain erection is impaired. Furthermore, dys-
lipidemia contributes to endothelial dysfunction 
and reduction of endothelial NOS activity. In 
fact, rats fed a Western diet were shown to have a 

signifi cant decline in EF [ 79 ,  80 ]. 
 Hypercholesterolemia   also results in decreasing 
activity of vascular endothelial growth factor 
(VEGF) and other vasculogenic factors involved 
in vascular endothelial maintenance of function 
[ 81 ]. Findings in animals fed high-fat diets 
include elevated oxidized LDL and reduced 
eNOS activity, coincident with an increased risk 
for coronary artery disease and endothelial dam-
age [ 79 ,  80 ,  82 ]. Moreover, a low fat and low 
sugar diet has been shown to reduce systemic 
infl ammatory markers [ 55 ]. This mechanism is 
thought to contribute to improved endothelial 
function, leading to increased eNOS activity and 
improved NO production. 

 Reduction of  hypercholesterolemia   and 
achieving glycemic control are proposed thera-
peutic strategies to prevent ED by reducing 
infl ammation, restoring endothelial function, and 
increasing the availability of  L -arginine [ 83 ]. 
Relatively large amounts of  L -arginine are found 
in legumes and whole grains—since this is the 
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primary precursor to NO, it stands to reason that 
increased consumption of these foods may 
improve maintenance of EF [ 84 ,  85 ]. This is part 
of the reason why the Mediterranean diet is the 
most investigated dietary intervention for ED 
[ 69 ,  86 – 88 ]. 

 Other diets and nutritional supplements have 
been investigated within this realm, but most 
have failed to show positive results or have not 
been rigorously investigated [ 84 ,  85 ]. For this 
reason, transition from the Western diet to 
Mediterranean diet should be considered in men 
suffering from ED. Esposito and colleagues [ 86 , 
 87 ] have described a small but signifi cant section 
of research demonstrating benefi t to the 
Mediterranean diet in ameliorating ED. Esposito 
et al. [ 86 ] reported on the effects of a 
 Mediterranean diet   (fruits, vegetables, grains, 
and olive oil) on EF in 65 men with metabolic 
syndrome and ED. In this study, 35 men were 
placed on the Mediterranean diet and 30 men 
maintained on a normal diet served as control. 
After 2 years of follow-up, an improvement in EF 
(IIEF-5 > 22) in 13 men in the intervention group 
and only two in the control group was reported 
[ 86 ]. In men with T2DM, who adhered to the 
Mediterranean diet showed lowest presence of 
ED. Also, Mediterranean diet was more effective 
than the control diet in ameliorating ED or restor-
ing EF in men with obesity and metabolic syn-
drome [ 87 ,  89 – 91 ]. In fact, fruit and vegetable 
intake alone has been negatively correlated with 
ED rates in men [ 92 ]. Additionally, low fat diets, 
along with low-fat/high-protein diets, are shown 
to reduced symptoms of ED [ 93 ,  94 ]. Overall, 
dietary changes have been shown to have a posi-
tive impact on EF [ 86 ,  87 ,  89 – 91 ]. The most 
striking element of this intervention is its positive 
impact on multiple CVD risk factors that are 
commonly linked to ED. The low fat diet coupled 
with high-protein diet is shown in clinical trials 
to reduce  waist-hip ratio (WHR)  , serum lipid lev-
els, and systemic infl ammatory markers, with the 
impact on these surrogates increasing with 
increased adherence [ 88 ,  95 ]. 

 The  Western diet   contributes signifi cantly to 
negative health outcomes including 
ED. Promoting healthier eating, including reduc-

tion of saturated fats and sugars, contributes to 
improving EF in men suffering from clinical 
symptoms. It is likely that most men would ben-
efi t from caloric restriction and increased physi-
cal activity, and therefore dietary changes should 
be considered as an adjunct to exercise and WL 
programs, in conjunction with standard pharma-
cotherapeutic interventions. It is possible that ED 
could be a sentinel event for CAD [ 79 ,  96 ]. 
Although this is still somewhat controversial, 
improved diet is widely considered to have a ben-
efi cial impact on cardiovascular health. In combi-
nation with the evidence favoring improved diet 
in ameliorating ED, the modifi cation of this risk 
factor should be encouraged in all patients. There 
have been few clinical trials examining other 
diets such as the  Mediterranean diet  , but the 
reported results are encouraging and support the 
use of this diet in ameliorating ED. Additionally, 
some of the individual aspects of the Western diet 
are supported as an independent element by 
research cited above [ 92 – 94 ]. 

 In summary, while the evidence for dietary 
intervention in improving EF and reducing ED is 
limited, we feel that both common sense and the 
presented evidence support a role for dietary 
changes in the non-pharmacological treatment of 
ED. A focus on reduction in saturated fat and 
cholesterol content, increased fruit and vegetable 
consumption, and moderately increased protein 
should serve the purposes of most interventions. 
The  Mediterranean diet   could easily be used to 
guide these interventions.   

    Exercise 

 Cardiovascular health is  inextricably   linked to 
overall health, and ED is no exception. Many 
cardiovascular (CVD) risk  factors   are therefore 
signifi cantly associated with ED in men with a 
range of health conditions, including both 
patients with and without clinical CVD [ 52 ,  70 , 
 84 ,  85 ]. Since erectile physiology shares many 
common risk factors with CVD, this prompted a 
host of studies to determine if physical activity 
contributes to prevention of ED and/or produce 
signifi cant clinical improvement in EF [ 83 ]. 
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Both WL and increased physical activity are cor-
related with increased IIEF scores [ 67 ], while 
sedentary lifestyle is associated with decreased 
IIEF scores [ 29 ]. Therefore, exercise is exam-
ined as a potential primary intervention for men 
suffering from ED. 

 Risk factors such as  obesity   (Table  8.1 ) [ 23 –
 35 ], increased BMI, increased blood pressure 
(BP), increased hypercholesterolemia (Table  8.2 ) 
[ 36 – 48 ], and reduced physical activity are linked 
with incidence and prevalence of ED [ 67 ,  69 , 
 70 ]. All of these risk factors contribute to 
increased infl ammatory cytokines, such as IL-6 
and TNF-a, which are implicated in IR. Therefore, 
these risk factors perturb vascular endothelial 
structure and function and result in reduced NO 
production and attenuate NO signaling. 
Furthermore, upregulation of arginase by hyper-
cholesterolemia further contributes to reduction 
in NO by limiting the availability of  L -arginine as 
a substrate for NOS [ 76 ].

   Extended periods of bed- rest  , as an extreme 
model of a sedentary lifestyle, are shown to mod-
ify blood vessel structure [ 97 ,  98 ].  Hypertension   
also modulates the function of the vascular endo-
thelium, further contributing to the structural and 
functional changes associated with CVD risk 
described above [ 69 ]. Moreover, it is likely that 
sedentary lifestyle is associated with a state of 
hypogonadism (TD) and reduced total testose-
rone (TT) levels and contributing to poor cardio-
vascular health and ED [ 99 – 102 ]. In the model of 
bed-rest, however, an exercise regimen was 
insuffi cient to restore the structural and biochem-
ical changes already produced by the sedentary 
period. Therefore, cases of ED induced by severe 
inactivity may not benefi t from exercise interven-
tion alone. Finally, a direct link between the 
development of atherosclerosis and ED has been 
proposed but it is exceedingly diffi cult to assess 
the link between these variables independently in 
the models discussed [ 103 ]. The goal of cardio-
vascular and exercise interventions is primarily 
to improve the endothelial function, which has 
been dysregulated by an infl ammatory state. 
Exercise is postulated to act on the endothelium 
by reducing infl ammatory factors, reducing 
blood pressure, and restoring normal lipid pro-

fi les from the acquired state of dyslipidemia. 
Furthermore, exercise is known to reduce BP, 
which modulates the function of the vascular 
endothelium in a manner benefi cial to EF.    

 In a  preclinical animal model   of exercise 
intervention, it was shown that exercise duration 
and intensity were positively correlated with EF 
[ 79 ,  80 ]. In this model, ED was induced by a 
western diet known to contribute to the risk fac-
tors of ED. The possibility of altering this risk 
factor through exercise was experimentally dem-
onstrated in this preclinical animal model study 
[ 79 ,  80 ]. 

 Several studies showed that signifi cant 
changes in EF are induced by exercise. In the 
 Massachusetts Male Aging Study (MMAS)   it 
was reported that a 30 % lower risk in developing 
 ED   was observed in physically active men com-
pared to sedentary men and increased physical 
activity was independently associated with a 
reduced risk of incident ED [ 29 ,  71 ]. Men who 
remained sedentary exhibited the highest risk of 
developing ED and the lowest risk was noted 
among those who remained active or initiated 
physical activity during this time period [ 29 ,  71 ]. 
A meta-analysis of 11 studies suggested that 
physical activity exerts a protective effect on 
maintaining EF, and ED was negatively corre-
lated with physical activity [ 72 ]. Esposito 
reported that EF improved signifi cantly in men 
placed on regiment of diet and exercise (IIEF-EF 
score 13.9–17.0) but did not change in the control 
group (mean score 13.5–13.6) [ 24 ,  91 ]. Lamina 
et al. reported a signifi cant benefi t of the exercise- 
training program on improving EF in hyperten-
sive men with ED after 8 weeks [ 73 ]. 

 In a meta-analysis Gupta et al. [ 104 ] showed a 
signifi cant benefi t to cardiovascular intervention 
as a treatment for ED. Treatments aimed at reduc-
ing CVD risk factors among patients with ED 
include exercise programs, dietary changes, WL, 
and statin therapy. All of these interventions were 
shown to improve the IIEF score of patients con-
comitant with a reduction of CVD risk factors 
[ 48 ]. Most importantly, these interventions were 
effective in men nonresponsive to PDE-5 inhibi-
tors therapy of ED. This suggests that the benefi ts 
of cardiovascular interventions may go beyond 
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simply improving endothelial function and 
increasing NO production. 

 Simply, increasing exercise levels in men with 
symptomatic ED may restore their EF [ 68 ]. White 
and colleagues assessed the effect of exercise 
alone on sexual function in men [ 68 ] and reported 
that a 9-month exercise intervention (60 min/day, 
~3.5 days/week at 75–80 %  maximum aerobic 
capacity) signifi cantly enhanced the frequency of 
intercourse, orgasms, and maintained erections as 
recorded in sexuality diaries of the exercising 
group compared with the control group that were 
prescribed a low-intensity walking program. A 
comprehensive literature review by Hannan et al. 
[ 69 ] further supported the data reported by White 
et al. [ 86 ]. In fact, increasing duration and inten-
sity of exercise further improves EF with a con-
comitant reduction in  CVD risk factors   including 
reduced BMI and adiposity. Intensive cardiac 
rehabilitation programs signifi cantly improve the 
IIEF scores of men with ED [ 69 ]. This holds true 
among various risk stratifi cations including other-
wise healthy men with severe ED, men with age-
related ED, obese men, and men treated for 
ischemic heart disease [ 65 ,  66 ,  97 ,  98 ]. These 
interventions show a benefi t in CVD risk factors 
including reduced BMI and  low density lipopro-
tein (LDL)   and increased levels of  high density 
lipoprotein (HDL)  . 

 The interactions between cardiovascular 
health and ED are complex and involve a multi-
tude of factors. However, two major aspects are 
clear: the proactive treatment of  CVD risk factors   
in men with ED is benefi cial, and increasing 
physical activity levels is effective for improving 
sexual function [ 83 ]. There is some controversy 
over the association of ED with hypertension 
[ 74 ]. While targeting blood pressure alone may 
not be fully effective, the data strongly suggest 
that exercise has a signifi cant benefi t on EF inde-
pendent of blood pressure, and therefore a reduc-
tion in hypertension can be considered a fringe 
benefi t to this intervention. Because exercise is 
associated with increased IIEF scores in men 
resistant to PDE-5 inhibitors, increasing activity 
levels should be considered as a primary inter-
vention for men with ED. The benefi ts of exer-
cise in overall health are innumerable, and 

therefore should be encouraged in all eligible 
men complaining of ED. 

 In summary, humans are not programmed to 
be inactive [ 105 ]. The combination of sedentary 
lifestyle and food availability disrupts metabolic 
processes leading to excessive energy storage, 
dyslipidemia and insulin resistance. As a conse-
quence, the prevalence of T2DM, obesity and the 
MetS has increased signifi cantly over the last 30 
years. Physical inactivity leads to the accumula-
tion of visceral fat and consequently the activa-
tion of the oxidative stress/infl ammation cascade, 
which promotes the development of atheroscle-
rosis. Exercise promotes  atheroprotection   likely 
by reducing or preventing oxidative stress and 
infl ammation through at least two distinct path-
ways. Exercise, through laminar shear stress acti-
vation, downregulates endothelial angiotensin II 
type 1 receptor expression, leading to decreases 
in NADPH oxidase activity and superoxide anion 
production, which in turn decreases ROS (reac-
tive oxygen species) generation, and preserves 
endothelial NO bioavailability and its protective 
antiatherogenic effects. Contracting skeletal 
muscle releases anti-infl ammatory cytokines, 
which inhibits TNF- α  (tumour necrosis factor- α ) 
production in adipose tissue and macrophages. 
The downregulation of TNF- α  induced by skele-
tal muscle-derived ctyokines may also participate 
in mediating the atheroprotective effect of physi-
cal activity [ 105 ]. 

 As discussed by several investigators [ 106 –
 108 ], exercise exerts direct effects on the vascular 
wall of arteries, a concept recently referred to as 
vascular conditioning. The  vascular effects   of 
exercise may include structural (angiogenesis 
and remodeling) and functional adaptations, the 
latter involving phenotypic alterations of vascu-
lar smooth muscle and endothelial cells. The 
effects of exercise on the endothelium may 
explain, at least in part, the well-established asso-
ciation between physical activity and reduced 
cardiovascular events and mortality [ 109 ]. In 
addition, the immune system and infl ammation 
play a central role in the development of numer-
ous chronic metabolic diseases including insulin 
resistance (IR), type 2 diabetes (T2DM), athero-
sclerosis, nonalcoholic fatty liver disease, and 
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specifi c types of cancer [ 110 ]. Exercise is anti-
infl ammatory in nature. The  cytokine profi le   
induced by exercise is classically anti-infl amma-
tory, comprising marked increases in the levels of 
several potent anti-infl ammatory cytokines such 
as IL-10, IL-1 receptor antagonist (IL-1ra), and 
IL-6. Although exercise can be pro- infl ammatory 
and has, in some instances, been associated with 
increased production of pro- infl ammatory medi-
ators such as tumor necrosis factor- α  (TNF- α ), 
interleukin-1beta (IL-1β), and C-reactive protein, 
this is typically only the case after extreme forms 
of exercise such as marathon running or Ironman 
triathlon, which are associated with muscle dam-
age and even systemic endotoxemia. The adipose 
tissue immune cell profi le changes dramatically 
in the transition from the lean to the obese state. 
Numerous immune cell types have been shown to 
contribute to adipose tissue infl ammation and 
systemic IR in the obese state or, by contrast, 
contribute to the maintenance of insulin sensitiv-
ity in the lean, healthy state [ 110 ].  

    Weight Loss 

    Weight Loss with Diet and Exercise 
 Obesity is a signifi cant independent risk factor 
for development of ED [ 23 – 35 ,  90 ]. The relation-
ship between  WL   and ED is summarized in 
Table  8.4  [ 24 ,  75 ,  77 ,  95 ,  111 – 119 ]. Decreasing 
the burden of increased fat mass ( FM) and body 
mass index (BMI)   is important for overall health 
and also represents a potential therapeutic target 
in the management of ED. There is a signifi cant 
burden of ED among overweight men, with an 
increased prevalence of ED in men with increased 
BMI and/or increased abdominal FM [ 29 ,  75 ,  95 , 
 111 ]. Men with BMI of 25–30 kg/m 2  had 
increased risk of ED, being as high as 30 % [ 90 ]. 
This risk increases even higher in men with a 
BMI > 30 kg/m 2  [ 120 ]. Strikingly, weight not 
only predicts ED incidence but also the chances 
of remission [ 111 ]. It has further been shown that 
bariatric surgery-induced WL increased EF, as 
assessed by IIEF-5 questionnaire. This also 
resulted in increased total testosterone (TT) and 
free (FT) levels. It was suggested that the hor-

monal changes may have contributed to the 
improvement in EF. Therefore, while the modifi -
cation of lifestyle alone had had an effect on 
BMI, hormonal changes were integral to the sig-
nifi cant improvement observed [ 112 ].

   Increased BMI is associated with increased 
 infl ammatory cytokines   such as TNF- α , IL-6, 
and C-reactive protein (CRP) [ 76 ]. Increased 
weight and FM are also associated with increased 
IR and reduced insulin sensitivity and reduced 
NO production and function [ 121 – 123 ]. The con-
tribution to the pathophysiology of ED by these 
infl ammatory factors is most likely through a 
generalized endothelium dysfunction, induced by 
the infl ammatory state [ 124 ,  125 ]. Finally, obese 
men are prone to hypogonadism [ 126 ,  127 ]. The 
potential mechanism by which WL would reverse 
ED is via improvements in endothelial function 
and NO production and improvement in insulin 
sensitivity. Also, increased TT levels via WL 
may act to attenuate the infl ammatory state expe-
rienced by obese men [ 127 ]. 

 It is diffi cult to clinically separate the effects 
of WL and increased exercise on ED due to their 
covariation with one another. Maio and col-
leagues [ 77 ] conducted a study in animals to 
assess the effects of a  calorie restricted diet   on the 
development of ED. In animals that were fed a 
restricted calorie diet there was no ED, whereas 
animals fed high fat diet ad libitum demonstrated 
increased rates of ED. Further, a study conducted 
by Reis and colleagues [ 112 ] demonstrated the 
effects of surgical WL on EF and other associated 
factors. When morbidly obese men were sub-
jected to an intensive WL regimen, they showed 
a signifi cantly reduced BMI compared with their 
control counterparts, but were equivalent on 
international index of erectile function (IIEF) and 
hormonal measures. However, when these men 
underwent gastric bypass surgeries, WL corre-
lated with improved EF and measures of circulat-
ing TT. These studies support the notion that WL 
intervention could signifi cantly affect ED out-
comes. Therefore, irrespective of the potential 
mechanisms of WL, improvement in EF is noted 
with WL (Table  8.4 ) [ 24 ,  75 ,  77 ,  95 ,  111 – 119 ]. 

 WL has been shown to improve EF [ 24 ,  62 , 
 91 ].  Regular follow-up and counseling   are effec-
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    Table 8.4    Relationship between  weight Loss and ED     

 Study  Number of subjects  Major fi ndings 

 Capogrosso et al. [ 75 ]  A cross section of 439 men was 
analyzed by age group (±40 years) 
for socio-demographic and 
clinical differences relating to ED 

 Approximately 26 % of incident ED cases 
were found in men under 40 years. Smoking 
and drug use was more frequent among 
younger patients, while BMI, hypertension, 
and hypercholesterolemia were more 
frequent in older ED patients 

 Martin et al. [ 111 ]  An observational study of 810 
men over a 5-year period 

 Predictors of incident ED in the follow-up 
period included increasing age, low income, 
increased abdominal fat mass, depression, 
and diabetes 

 Giugliano et al. [ 95 ]  A cross section of 555 men with 
type 2 diabetes was analyzed for 
factors associated with ED 

 Increasing age, HbA1c, dyslipidemia, 
metabolic syndrome, and BMI were 
associated with ED 

 Maio et al. [ 77 ]  A study in rats was conducted to 
assess the impact of mild and 
moderate caloric restriction on 
erectile function 

 While body weight was negatively 
correlated with erectile function, visceral 
adipose tissue (VAT) was the strongest 
predictor of decreased erectile function 
( R  2  = 0.74). Caloric restriction successfully 
maintained erectile function and decreased 
VAT 

 Reis et al. [ 112 ]  An RCT was conducted 
comparing 4 weeks of lifestyle 
modifi cation followed by gastric 
bypass surgery to simple 
follow-up alone in 20 morbidly 
obese men 

 Lifestyle intervention achieved a signifi cant 
BMI reduction compared to control, and 
there was a further BMI reduction following 
surgery. IIEF score, FSH, and TT increased 
signifi cantly in the intervention group 
compared to control, only following surgery 

 Kun et al. [ 113 ]  A retrospective cohort assessed 39 
obese men with ED undergoing 
gastric bypass surgery 

 IIEF score was signifi cantly increased 
following surgery. Interestingly, decreased 
BMI was not associated with increased IIEF 

 Mora et al. [ 114 ]  A case series of 39 obese men 
undergoing bariatric surgery 

 Bariatric surgery was associated with 
signifi cantly reduced BMI, increased IIEF 
score, and increased TT. Interestingly, the 
improvements seen following surgery were 
predicted by both the change in BMI and the 
baseline IIEF score 

 Rosenblatt et al. [ 115 ]  23 obese patients, matched with 
14 controls, underwent bariatric 
surgery 

 At long-term follow-up, there was 
signifi cant weight loss, increased TT, and 
decreased erectile dysfunction compared to 
controls 

 Wing et al. [ 116 ]  Obese type 2 diabetics in the 
Look AHEAD trial completed 
IIEF questionnaires at baseline 
( n  = 372) and 1-year follow-up 
( n  = 306) of a weight loss 
intervention 

 Compared to baseline, participants at 
follow-up had lost signifi cantly more 
weight, showed increased fi tness, and 
increased erectile function 

 Dallal et al. [ 117 ]  97 obese men underwent gastric 
bypass surgery matched to 
reference controls 

 In an average 19 months follow-up, men 
who underwent surgery showed a signifi cant 
improvement in sexual function on the Male 
Brief Sexual Function Inventory (BSFI) 

 Esposito et al. [ 24 ]  110 men were randomized to 
receive intensive education on 
achieving 10 % weight loss 
through caloric restriction and 
exercise or generalized 
information on healthy behaviors 

 Men in the intervention group lost 
signifi cantly more weight than the controls 
and demonstrated a signifi cantly increased 
IIEF score (13.9–17 vs. 13.5–13.6) 

(continued)
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tive behavioral methods for promoting WL, and 
several studies in this realm reported data on 
EF. The SHED-IT trial tested gender specifi c WL 
guidance, and demonstrated a signifi cant 
improvement in EF at 6 month follow-up in the 
intervention group [ 128 ]. Esposito and col-
leagues [ 119 ] investigated a specifi c program of 
increased activity, caloric restriction, and dietary 
changes in men with, or at high risk for ED. With 
a goal of 5 % weight reduction they demonstrated 
that men partaking in this program had signifi -
cantly lower rates of ED compared to controls, 
and reversal of ED symptoms in some patients. 

  T2DM   is not only correlated with increased 
weight, but also ED. WL interventions in the 
PULSE trial [ 129 ] and the Look AHEAD trial 
[ 116 ] assessed EF in their participants. Both 
studies consist of education, caloric restriction, 
and increased exercise. Data from Wing and col-
leagues [ 116 ] show that EF in men from the inter-
vention group improved signifi cantly with a 
concomitant WL, lower BP and reduction in 
HbA1c at 1-year follow-up. The PULSE trial has 
not yet released data, but because the focus is on 
reducing the costs associated with signifi cant 
weight-loss the results promise to be exciting. 

 The  deliberate action   to produce WL in men 
suffering from ED is an important treatment 
strategy. While increased exercise is important 
fi rst step, caloric restriction must also be imple-
mented to achieve the desired WL which is sig-
nifi cant enough to impact EF [ 130 ]. It is known 
that weight regain is a signifi cant problem in 
most WL strategies. It is likely that increasing 
weight following intervention could reverse the 

positive effects of WL on EF, but the data on this 
topic remain in hot debate. The physician’s big-
gest challenge may lie in WL maintenance, and 
therefore special efforts should be made to ensure 
this maintenance in patients who undertake such 
interventions. Strategies for WL in conjunction 
with lifestyle changes including pharmacother-
apy and bariatric surgery are discussed below.  

    Weight Loss via Pharmacotherapy 
 Obesity is a chronic disease,    necessitating medi-
cal intervention. For example, treatment with the 
drug “Liraglutide” coupled with a diet and exer-
cise was recently introduced as a treatment for 
obesity. This approach resulted in sustained and 
signifi cant WL and reduced CVD risk in obese 
nondiabetic adults [ 131 ]. Furthermore, this treat-
ment resulted in reduction in systolic blood pres-
sure, fasting blood glucose, HbA 1c  and C-reactive 
protein concentrations. One key concern regard-
ing pharmacological therapy of obesity and WL 
is the potential serious adverse side effects and 
safety concerns, which in many cases have con-
tributed to the withdrawal of a number of drugs 
that have been previously approved and marketed 
for treatment of obesity [ 132 ]. In a review of 20 
studies with a total of 27 intervention arms and 
3017 participants, antiobesity drugs, meal 
replacements, and high-protein diets were associ-
ated with improved WL maintenance, but no sig-
nifi cant improvements were noted with dietary 
supplements and exercise alone [ 133 ]. It appears 
that long-term therapy of obesity with pharmaco-
therapeutic agents offers modest yet variable 
benefi ts in most patients [ 134 ]. Another concern 

Table 8.4 (continued)

 Study  Number of subjects  Major fi ndings 

 Collins et al. [ 118 ]  145 obese men were randomized 
to receive intensive weight-loss 
advice via the Internet or control 

 Men who participated in the weight-loss 
program demonstrated signifi cantly 
increased IIEF scores as compared to 
controls 

 Esposito et al. [ 119 ]  209 men were randomized to 
receive either intensive advice on 
weight-loss, exercise, and healthy 
lifestyle choices or general advice 
on weight-loss 

 Men in the intervention group demonstrated 
signifi cantly increased IIEF scores. When 
men were assigned a “success score” based 
on how many goals they met, this score was 
positively correlated with increased IIEF 
score 
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is the adherence to therapy. In 2-year trials of 
liraglutide, approximately 50 % of patients did 
not complete the studies [ 131 ,  135 ].  

    Weight Loss via Bariatric Surgery 
 Bariatric surgery results in a substantial and sus-
tained WL and ameliorates several obesity- 
related comorbidities [ 136 ]. In addition, one of 
 the   noted benefi ts of this approach is improve-
ments in the CVD risk profi le, such as MetS; a 
lower risk of ischemic heart disease and mortal-
ity. Bariatric surgery increases levels of total T 
and free T, suggesting that weight reduction via 
bariatric surgery is associated with normalization 
of hormonal profi les in obese men [ 137 ].  Bariatric 
surgery   increased EF, as assessed by IIEF-5 ques-
tionnaire. This was attributed in part to the resto-
ration of the hormonal milieu. It should be 
emphasized that only carefully selected patients 
can be subjected to bariatric surgery because of 
inherent risks and complications. It should be 
recognized that patients who undergo bariatric 
surgery must be followed up very closely and 
carefully. This surgical approach is often associ-
ated with medical complications requiring long 
term monitoring. Most patients will require addi-
tional plastic surgery to provide relief from 
excessive skin tissue. Finally, this approach is 
costly and may not be affordable for many 
patients, in light of the potential new additional 
complications.  

    Weight Loss via T therapy 
    T therapy      in men with TD improves body compo-
sition, with concomitant reduction in FM and 
increased lean body mass (LBM) [reviewed in 
ref. [ 127 ] and produces signifi cant weight loss 
(WL), waist circumference (WC), and BMI 
(Fig.  8.3 ) [ 138 – 144 ]. More importantly, long- 
term studies in obese men or men with MetS, T 
therapy resulted in signifi cant WL, reduction in 
WC, BMI, HbA 1c , insulin resistance (HOMA-IR), 
total cholesterol, LDL cholesterol, triglycerides, 
hsCRP, systolic and diastolic blood pressure, and 
an increase in HDL [ 142 ,  144 ].

   Long-term T therapy in men with TD pro-
duced signifi cant reduction in total cholesterol, 
low density lipoprotein-cholesterol (LDL) cho-

lesterol, triglycerides, and increased HDL 
(Fig.  8.4 ) [ 138 – 145 ]. Furthermore, T therapy 
reduced both systolic and diastolic blood pres-
sures (Fig.  8.5 ) [ 138 – 145 ] and reduced levels of 
HbA1c (Fig.  8.6 ) [ 138 – 145 ] and also reduced 
hs- CRP (Fig.  8.7 ) [ 138 – 145 ]. Long-term T ther-
apy has been shown to improve EF as assessed 
by IIEF-5 score in several studies [ 140 ,  143 ,  146 , 
 147 ]. We suggest that T therapy represents a 
novel pharmacotherapeutic approach in the 
treatment of obesity and MetS. We believe that T 
therapy reduces infl ammation, improves EF and 
increases vigor and reduces fatigue. An improved 
quality of life can therefore be expected in these 
men concomitant with appropriate changes in 
lifestyle and physical activity levels. In sum-
mary, long-term T therapy in men with TD 
improves body composition and quality of life in 
obese men with TD. Furthermore, this form of 
therapy ameliorates MetS components and 
appears to be effective and useful in the manage-
ment of WL and has been shown to improve 
erectile function [   143 ,  146 ,  147 ].

           Smoking 

 Because  smoking   affects vascular function, 
it is believed that smoking is a risk factor for 
ED. Some studies did not fi nd a signifi cant link 
between smoking and ED, and therefore this topic 
remains controversial [ 23 ,  148 – 153 ]. However, 
a host of studies presented data to suggest that 
smoking contributes to the pathophysiology of 
ED (Table  8.5 ) [ 55 ,  148 ,  154 ,  155 ]. A compre-
hensive literature review suggested deleterious 
effect of smoking on erectile physiology [ 156 ]. 
The authors’ fi ndings suggested that smokers 
were more likely to experience higher incidence 
of ED when compared with nonsmokers. These 
fi ndings are supported by the work of Feldman 
et al. [ 23 ] who reported that smokers were more 
likely to suffer from ED than nonsmokers (24 % 
vs. 14 %). More recent studies by Kupelian et al. 
[ 149 ] in The Boston Area Community Heath sur-
vey found an association between smoking and 
ED. The authors noted that a signifi cant trend of 
increased risk of developing ED with cumulative 

8 Effects of Lifestyle Changes and Testosterone Therapy on Erectile Function



116

  Fig. 8.3    Effects of  long-term T therapy   on weight loss, 
waist circumference and body mass index in men with tes-
tosterone defi ciency. Long-term testosterone therapy in 

men with TD produced marked and sustained WL ( upper 
panel ), signifi cant reduction in WC ( middle panel ) and 
BMI ( lower panel ). The data were reported [ 138 – 144 ]         
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pack years of smoking. In men who quit smok-
ing an improvement in EF was noted, albeit small 
[ 150 ]. Further, the authors reported that sever-
ity of ED was signifi cantly correlated with the 
amount of exposure to smoking.

   It is proposed that cigarette smoking disrupts 
normal EF through two primary mechanisms—
endothelial damage and ROS production. Both 
cigarette smoke and ROS have been shown to 
interrupt the activity of NOS in the endothelium, 
and inhibiting the binding of NO to guanylyl 
cyclase [ 157 ].  Smoking   cessation can reverse the 
changes caused by ROS in the endothelium and 
cause signifi cant vasoconstriction [ 76 ,  158 ]. For 
these reasons, cessation of cigarette smoking 
could be an appropriate target for treatment in 
men who present with symptoms of ED, while 
currently smoking. This presumption is partially 
supported by an observation that current smokers 
have lower rates of remission from ED than those 
who have quit [ 111 ]. 

 Few studies have examined the effect of  smok-
ing   cessation on ED. A prospective study pub-

lished in 2004 showed that among smokers with 
clinical ED, 25 % showed improvement in symp-
toms following successful smoking cessation, 
compared with only 2.5 % of those who did not 
quit [ 150 ]. In a study conducted by Chan and col-
leagues [ 151 ], 719 smokers were divided among 
groups to receive nicotine replacement therapy 
(NRT), counseling, or simple advice on smoking 
cessation, while their EF was assessed by IIEF at 
6 months. Approximately, 55 % of men in this 
study who successfully ceased smoking demon-
strated an improvement in EF compared to only 
28 % of those who quit unsuccessfully. Finally, 
Harte and colleagues [ 152 ] assessed the impact 
of smoking cessation on erectile function. It was 
found that physiological indicators of EF 
improved signifi cantly among men who success-
fully quit, and a faster increase in sexual satisfac-
tion among those men. 

 The interrelationship of  smoking   with ED 
remains controversial. However, we believe that 
the evidence supports not only a link between 
smoking and ED but that smoking cessation is a 
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  Fig. 8.4    Effects of  long-term T therapy   on lipid profi les 
in men with testosterone defi ciency. Long-term testoster-
one therapy in men with TD produced marked and sus-
tained reduction in total cholesterol (upper panel), LDL 

cholesterol (second panel), and triglycerides (third panel) 
and increased HDL cholesterol (lower panel). The data 
have been reported previously [ 138 – 144 ]         
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  Fig. 8.5    Effects of  long-term T therapy   on systolic and 
diastolic blood pressure in men with testosterone defi -
ciency. Long-term testosterone therapy in men with TD 

produced signifi cant reduction in systolic ( upper panel ) 
and diastolic blood pressure ( lower panel ). The data have 
been reported previously [ 138 – 144 ]       
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valid therapeutic target in the treatment this con-
dition [ 159 ]. Although the evidence is limited, 
the data and the underlying science support this 
conclusion [ 158 – 163 ]. We should caution, how-
ever, that premanent vascular damage and fi bro-
ris may be irreversible and limited recovery may 
be observed by cessation of smoking.  

    Diabetes Control 

 It is well recognized that T2DM is a risk factor 
for developing ED [ 7 ,  18 ,  19 ].  Diabetes  -induced 
peripheral neuropathy contributes to the etiology 
of ED. Diabetes control is important for reducing 
the severity and prevalence of ED. Poor glycemic 
control contributes to greater risk of ED [ 164 ]. 
Wessells et al. showed that the prevalence of ED 

was signifi cantly lower in the intensive glucose 
lowering therapy vs. conventional treatment 
(12.8 % vs. 30.8 %). The authors concluded that 
the risk of ED was directly associated with mean 
HbA1c [ 165 ].  

    Prescription Medications and ED 

 Several medications affect erectile function [ 2 ]. 
These include antihypertensive agents such thia-
zide, b-adrenergic receptor blockers, such as pro-
pranolol, and alpha 2 receptor agonists such as 
clonidine do result in diminished erectile func-
tion. In addition,  psychotropic medication      such 
as antipsychotics also contributes to erectile dys-
function. Agents such as haloperidol and fl upen-
thixol reduce apomorphine-induced erections in 

   Table 8.5    Relationship between smoking and ED   

 Study  Number of subjects  Major fi ndings 

 Polsky et al. [ 148 ]  101 men with ED were compared to 234 
controls with benign urological 
conditions 

 Men with ED were more likely to have 
been smokers, and a dose–response 
relationship of cumulative pack years to 
ED was found 

 Feldman et al. [ 23 ]  513 from the Massachusetts Male Aging 
Study with no evidence of ED at 
baseline were surveyed at baseline and 
6–10-year follow-up 

 Cigarette smoking at baseline indicated a 
signifi cantly increased risk of incident ED 
during the follow-up period compared to 
nonsmokers. Passive cigarette exposure 
also increased the risk of ED 

 Kupelian et al. [ 149 ]  2301 men in the Boston Area 
Community Health Survey were 
assessed for smoking exposure by 
survey 

 A 20 pack-year or greater history indicated 
increased rate of ED. Men exposed to 
passive smoking also had an increased rate 
of ED 

 Pourmand et al. [ 150 ]  281 men who requested nicotine 
replacement therapy were surveyed for 
smoking habits and ED history at 
baseline and at 1-year follow-up 

 Men who successfully quit smoking did 
not have a signifi cantly different rate of 
ED compared to men who continued to 
smoke. However, IIEF scores improved in 
more than 25 % of patients who quit 
smoking, compared to 0 % of those who 
continued to smoke 

 Chan et al. [ 151 ]  719 men with ED who were current 
smokers were randomized to receive 
either nicotine replacement therapy 
(NRT) with counseling, NRT alone, or 
10 min of advice 

 Smokers who reported quitting at 6 month 
follow-up had signifi cantly increased IIEF 
scores. The type of intervention 
undertaken did not have an effect of ED 
outcomes 

 Harte et al. [ 152 ]  65 men who were motivated to quit 
smoking were enrolled in a smoking 
cessation program with NRT and 
assessed physiologically and by 
self-report on their sexual function at 
baseline, 8 weeks, and 12 weeks 

 Men who quit successfully showed 
signifi cantly increased sexual function and 
performed better on physiological 
measures of ability to achieve an erection 
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experimental animals. Antidepressants such as 
Selective Serotonin Reuptake Inhibitors (SSRIs), 
which are commonly used to treat depression, 
also contribute to ED. Furthermore, anxiolytics 
such as benzodiazepines may also interfere with 
erectile function. In addition, antiandrogens 
treatment with fl utamide or cyproterone resulted 
in erectile dysfunction [ 2 ]. Another class of 
drugs, the 5 alpha reductase inhibitors (fi naste-
ride and dutasteride) used to treat symptoms of 
benign prostatic hyperplasia and male pattern 
hair loss (alopecia) were also shown to be associ-
ated with increased severity of ED [ 166 ].   

    Summary 

 As depicted in Fig.  8.8 , well-planned and exe-
cuted changes in lifestyle including increased 
physical activity and fi tness, adopting a healthier 
diet, reduced alcohol consumption, and cessation 
of smoking may lead to a reduction in risk fac-
tors. This includes improvements in lipid pro-
fi les, glycemic control, attenuated infl ammation, 
and increased insulin sensitivity. Such improve-
ments in lifestyle are expected to restore endothe-
lial function, reduce the risk of vascular disease 

and atherosclerosis, and reduce the risk of CAD 
resulting in improvement in erectile function. 
Other approaches that necessitate intervention 
with pharmacotherapy and/or bariatric surgery 
have also shown benefi ts in WL and improve-
ments in overall health and EF. Approaches that 
require medical intervention need be monitored 
carefully.

        Recommendations   and Future 
Developments 

 Lifestyle modifi cations are considered a corner-
stone in combating overweight and obesity. 
However, such an approach is often diffi cult to 
maintain over the long term. The ability to 
achieve modest WL with lifestyle modifi cation is 
thought to be very limited, at best [ 167 ]. An alter-
native approach is to combine lifestyle changes 
with pharmacotherapy. This approach provides 
an alternative to combating overweight and obe-
sity to that of lifestyle changes alone. We propose 
that lifestyle changes should be coupled with T 
therapy in obese men with testosterone defi ciency 
and ED. This novel approach offers a safe and 
effective therapy that produces sustained and sig-
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  Fig. 8.8    Lifestyle changes may contribute to improvements in erectile function       
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nifi cant WL, and ameliorates components of the 
metabolic syndrome, reducing lipids and improv-
ing insulin sensitivity. We believe this approach 
is effective because T therapy improves mood, 
increases vigor and energy, and reduces fatigue, 
leading to increased physical activity. The 
increased level of physical activity as a result of 
T therapy would result in increased LBM, 
reduced FM and sustained and signifi cant WL, 
and reduction in WC and BMI. Such improve-
ments in body composition would  contribute to 
reducing infl ammation and a host of risk factors, 
leading to improvements in erectile function, 
thus ameliorating ED. T therapy in obese men 
with TD is a unique and effective therapeutic 
approach to management of obesity. The fact that 
this therapy has been used over the past 7 decades 
to treat hypogonadism (TD) and is proven to be 
safe and effective [ 168 ,  169 ] should be an added 
tool to the armament for combating overweight 
and obesity and improving overall health and 
sexual function.     
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          Introduction 

 Erectile dysfunction (ED) is common as is car-
diovascular disease (CVD). As both affect simi-
lar age groups, it is not surprising that the two 
conditions frequently coexist [ 1 ,  2 ]. Both a high 
incidence and prevalence of ED worldwide are 
currently estimated to affect up to 150 million 
men, and as the population is aging, by 2025 the 
prevalence is expected to increase to 300 million 
men [ 3 ]. 

 Importantly, ED is now recognised for most 
men to be of  vascular aetiology   with endothelial 
dysfunction the common denominator. ED often 
precedes CVD and is also present in men with 
known CVD, leading to the concept that a man 
with ED and no CVD symptoms is a cardiac or 
vascular patient until proved otherwise, and a 

man with known CVD should be routinely asked 
about his erectile function [ 4 ]. As ED is known to 
predict vascular disease and  mortality , it empha-
sises the need to address ED as early as possible 
to not only treat the ED but to deal with the coro-
nary risk [ 5 ,  6 ].  

    Risk Factors 

  In the previous chapter, lifestyle changes are very 
extensively covered. The modifi able  risk factors   
for CVD are shared with ED. They include 
hypertension, hyperlipidaemia, diabetes, obesity, 
lack of physical exercise, cigarette smoking, poor 
diet, excess alcohol consumption and psycholog-
ical stress, including depression [ 4 ]. Of clinical 
importance is the recognition that ED is an inde-
pendent marker in addition to these conventional 
risk factors [ 4 ]. In a systemic review and meta- 
analysis including six clinical trials and 740 par-
ticipants from four countries, lifestyle 
modifi cation and pharmacological therapy dem-
onstrated a statistically signifi cant improvement 
in sexual function—changes that historically 
have also been shown to reduce CVD risk and 
mortality [ 7 ]. Men with ED therefore provide us 
with an opportunity to identify CVD risk factors 
and initiate targeted risk reduction lifestyle 
changes. By reducing the risk of ED, this may be 
an unexplored motivation to tackle CVD risk fac-
tors—adding life to years as well as years to life. 
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 The importance of risk factor reduction 
remains fundamental to the overall vascular good 
health of the individual and that includes sexual 
vascular health [ 2 ]. The triad of ED, endothelial 
dysfunction and CVD emphasises the need for 
ED to be included in all CVD risk calculators [ 8 ]. 

 Interestingly the conditions that link the risk 
factors for coronary artery disease (CAD), CVD 
and ED include a pro-infl ammatory state that 
results in endothelial dysfunction by decreasing 
the availability of nitric oxide (NO). It has been 
suggested that lifestyle changes decrease low- 
grade infl ammation and thereby benefi t both ED 
and vascular disease. Whatever the mechanism, 
promotion of a healthy lifestyle is strongly rec-
ommended for men in general and for men with 
ED in particular  [ 2 ].  

    ED and CVD: Examining the Link 

 The  vascular endothelium   plays a key role in the 
critical association between erectile dysfunction 
(ED) and cardiovascular disease (CVD), as it is 
intimately involved in the regulation of the circu-
lation. Hypertension, ischaemic heart disease, 
hypercholesterolaemia and diabetes all lead to 
abnormalities in the vascular smooth muscle 
cells and the extracellular matrix. The  endothelial 
cell dysfunction   precedes the formation of ath-
erosclerotic plaques and is common in patients 
with CVD and those with diabetes. Patients with 
diabetes have endothelial dysfunction and an 
increased risk of developing cardiovascular com-
plications. The role of impaired endothelial- 
dependent vasodilation by nitric oxide (NO) is 
well documented in coronary artery disease 
(CAD) and in conditions such as hypertension, 
diabetes and dyslipidaemia [ 9 ]. 

 In 1999, the link between ED and CVD was 
fi rst discussed and it was concluded that “ED is a 
clinically important complication of cardiovascu-
lar disease and should be asked about and treated 
accordingly” [ 10 ]. 

 In 2001, two publications raised the question 
“Is ED (erectile dysfunction) a marker for silent 
(asymptomatic) CAD?” This was followed by the 
recognition that ED precedes CAD in about two- 

thirds of cases [ 11 ,  12 ], with the mean time inter-
val from the development of ED to symptoms of 
coronary ischaemia being in the region of 2–3 
years. For a cardiovascular event such as a myo-
cardial  infarction   or a stroke, it is more like 3–5 
years. Longer time frames may also occur [ 4 ,  6 ]. 
This important clinical link was further rein-
forced by the fact that, when comparing various 
degrees of CAD, the more severe the CAD, the 
more severe the ED [ 13 ]. 

 In addition to this, the size of the vessel mat-
ters. Penile arteries are 1–2 mm in diameter, 
whereas coronary arteries are larger at 3–4 mm. 
Therefore endothelial dysfunction and plaque 
burden in the smaller vessels would be symptom-
atic, i.e., producing ED, before the similar pro-
cess in the larger vessels affects blood fl ow. 

 Signifi cant obstruction (50–70 %) of the  coro-
nary arteries   needs to occur before symptoms 
lead the clinician to the diagnosis. Unfortunately, 
asymptomatic lipid-rich plaques in the vessels 
are vulnerable to rupture, leading to the assump-
tion that ED might predict an acute coronary syn-
drome or death, since we know that many acute 
events, including sudden death, occur without 
any previous warning symptoms [ 14 ]. 

 Two large meta-analyses have added weight to 
the hypothesis that ED predicts the risk or CVD, 
as well as cardiovascular and all-cause mortality 
[ 15 ,  16 ] (Table  9.1 ). Given that endothelial dys-
function precedes the development of atheroscle-
rotic plaques, the problem occurs at a cellular 
level and leads to impaired bioavailability of 
NO. A further systematic review of ED and CVD 
[ 16 ] concluded that they should be regarded as 
two different manifestations of the same systemic 
disorder and that ED usually precedes CVD onset 
and it might be considered an early marker of 
symptomatic CVD. Therefore, from a clinical 
standpoint, because ED precedes CVD, it can be 
used as an early warning marker to identify men 
at higher risk of developing CVD events. These 
ED patients at high risk of CVD should undergo 
detailed cardiologic assessment and receive 
intensive treatment of risk factors. In clinical 
practice, the fundamental question in men with 
ED is whether there is CVD especially asymp-
tomatic CAD and how it is then detected.
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       The Patient’s Assessment 

  From a cardiovascular perspective, the medical 
assessment should include blood pressure mea-
surement, fasting glucose, HbA1c and lipid pro-
fi le,    waist circumference, thyroid function and 
testosterone (before 11 am). Testosterone defi -
ciency is often missed, and because it is fre-
quently associated with type II diabetes or 
chronic illness such as heart failure and renal dis-
ease of hypertension, it should not be excluded. 

 The Princeton III Consensus recommenda-
tions for the management of ED and cardiovascu-
lar disease have emphasised that the link between 
ED and CVD which may be asymptomatic could 
well benefi t from cardiovascular reduction [ 2 ]. 
Finally, Martin Miner and colleagues have con-
cluded that all men with vasculogenic erectile 
dysfunction require a cardiovascular workup 
[ 17 ]. The body of evidence, therefore, supports 
cardiovascular risk reduction and risk factor 
management in all men with vasculogenic ED. 

 In a prospective study, GJ addressed the funda-
mental question in men with ED and no cardiac 
symptoms as to whether there is CVD, especially 
asymptomatic CAD, and how to detect it [ 7 ]. 
Exercise electrocardiography depends on identify-
ing fl ow-limiting lesions of at least 50–70 % steno-
sis as will stress echocardiography or myocardial 

perfusion scanning [ 3 ]. This is important given 
that ED predicts acute coronary syndromes and 
all-cause mortality which in 50–60 % of cases are 
not associated with any preceding cardiac symp-
toms. ED becomes the missing marker of increased 
risk especially in younger men at intermediate risk 
(5–10 %) and is simple to enquire about. 

 In this series out-patient  multidetector com-
puted tomography (MDCT)   demonstrated 
asymptomatic CAD in 60 out of 65 men with 
noncalcifi ed plaques in seven men. This fi ts with 
the pathophysiological concept of plaque rupture 
explaining the acute events and establishes ED as 
a cardiovascular equivalent with a man with ED 
and no cardiac symptoms being considered a 
CVD patient until proven otherwise. 

 Depending on location, not every man with 
ED will have access to MDCT. A reasonable 
approach is to use calcium screening (1–2 mSU 
X rays compared with CXR 0.02) in those most 
at risk, especially men ages 30–60 years, but 
preferably MDCT (5–20 mSU) to detect soft and/
or noncalcifi ed plaque. Alternatively a policy of 
aggressive risk reduction in all identifi ed men 
with ED (ask routinely) and elective investigation 
when clinically appropriate could be pursued, but 
this demands detailed and regular follow-up. An 
ideal algorithm is seen in Fig.  9.1 .

   The assessment of vascular risk in men with 
ED and the role of the cardiologist and general 
physician have recently been reviewed. Whilst it 
is certainly true that biomarkers have an impor-
tant role to play, with the advent of MDCT, a 
relatively noninvasive out-patient approach to the 
anatomy arteries, we believe the way forward is 
that all men with erectile dysfunction should 
undergo this out-patient procedure. 

    Key Points 

     1.    ED is a predictor of coronary artery disease.   
   2.    ED is an independent marker of events.   
   3.    ED should be asked about routinely.   
   4.    ED may trigger cardiac risk reduction with 

long-term benefi ts.   
   5.    ED may identify patients with signifi cant cor-

onary disease subject for intervention.        

   Table 9.1     Relative risks   for men with ED vs. no ED   

 95 % Confi dence 
interval   p  

  First analysis  [ 15 ] 

 Overall 
relative risks 

 1.48  1.25–1.4  <0.001 

 CAD  1.46  1.31–1.63  <0.001 

 Stroke  1.35  1.19–1.54  <0.001 

 All-cause 
mortality 

 1.19  1.05–1.34  0.005 

  Second analysis  [ 16 ] 

 Overall 
relative risks 

 1.44  1.27–1.63  <0.001 

 CAD (MI)  1.62  1.34–1.96  <0.001 

 Stroke  1.39  1.23–1.57  <0.001 

 All-cause 
mortality 

 1.25  1.12–1.39  <0.001 

   CAD  coronary artery disease  
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    Testosterone: Its Replacement 
and Cardiovascular Safety 

  Recently there has  been   controversy concerning 
 testosterone replacement therapy (TRT)   increas-
ing the risk of adverse cardiovascular events. Two 
retrospective studies and one trial using high and 
inappropriate doses of testosterone in elderly 
patients became the focus of attention in spite of 
many clinical trials, including randomised trials, 
which showed that TRT conferred no cardiovas-
cular risk. 

 An expert opinion from Professor Maggi’s 
unit entitled “Cardiovascular risk associated with 
testosterone-boosting medications: systemic 
review and meta-analysis” [ 18 ] concluded that 
there was no causal role between TRT and car-
diovascular events. Their results were in agree-
ment with a large body of literature for the past 
20 years, which supported the use of TRT in men 
who were hypogonadal improving their meta-
bolic profi le, reducing fat and increasing lean 
muscle mass which would ultimately reduce the 
risk of heart disease. 

 The controversy has been reviewed by 
Morgentaler, in an invited commentary, entitled 
“Testosterone, cardiovascular risk and hormono-
phobia” [ 19 ], and he concluded that the use of 
weak studies as proof of danger indicates a cul-
tural, that is, a nonscientifi c force. He went on to 
state that, after reviewing the articles, “The true 
outrage is that social forces and hysteria have 
combined to deprive men of a useful treatment 
without regard for medical science.” Morgentaler 
concluded that a wealth of evidence, collated over 
several decades, indicated that low testosterone 
levels are associated with increased risk and that 
higher androgynous testosterone as well as testos-
terone replacement  itself   appears to be benefi cial 
for cardiovascular mortality and risk. The adverse 
discussions and comments almost certainly refl ect 
the lack of content justifying the headlines, rather 
like the calcium antagonist saga. However, by 
publishing these papers, the impact factor of the 
journals has been signifi cantly increased. Impact 
factor alone should not be the main determinant 
for publication because of potential adverse 
effects on the patients and the media. It is the 
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responsibility of editors to place the publication 
of these articles in the correct context. 

 The two studies that have attracted most  atten-
tion   are both retrospective. The Vigen et al. study 
[ 20 ] compared two groups: those receiving TRT 
and those who did not. There was a complicated 
statistical analysis using over 50 variables, which 
changed a positive effect or TRT with lower CV 
events to an adverse result. Importantly, there was 
no evidence that all patients were diagnosed with 
hypogonadism and 17.6 % received only one pre-
scription. The mean testosterone level in those 
that continued on treatment was subtherapeutic, 
and the authors also admitted women had been 
included in the analysis. (Beware statistics!) 

 The Finkle et al. study [ 21 ] , which  again   
was retrospective, used data on 56,000 testos-
terone prescriptions in California compared to 
reporting of myocardial infarction in the fi rst 3 
months with either the same patients in the 12 
months prior to the prescription or a cohort of 
men receiving phosphodiesterase type 5 
(PDE5) inhibitors. They reported an increased 
risk of myocardial infarction on TRT compared 
with the other group. No data were given on 
whether hypogonadism was diagnosed before 
initiation of therapy or if testosterone levels 
had been performed nor testosterone levels on 
treatment. The comparator groups were not 
appropriate. The use of nitrates associated with 
more severe CVD is contraindicated with PDE5 
inhibitors, so the latter group would potentially 
have been a healthier cohort in respect to pre-
existing disease. 

 There is therefore a long history of studies 
investigating testosterone and cardiovascular 
risk, in particular mortality, and they reveal 
important associations with low testosterone and 
mortality with higher serum testosterone appear-
ing to be protective. Although no defi nitive  pro-
spective  studies have yet been performed, 
substantial literature accumulated over several 
decades has failed to provide any credible risk 
that testosterone therapy is associated with 
 increased   cardiac mortality or major cardiovas-
cular events. Therefore there is no need to change 
the conclusions of the editorial “ Testosterone 
Defi ciency Syndrome (TDS)   and the heart” [ 22 ] 

published in 2010 in the European Heart Journal. 
The  European Medicines Agency (EMA)   could 
fi nd no consistent evidence that the use of testos-
terone in men with hypogonadism increased the 
risk of cardiovascular problems. After a review 
of all the literature, it is the conclusion that the 
benefi ts of testosterone continue to outweigh its 
risks, but the EMA goes on to recommend TRT 
has to be confi rmed as being appropriate by mea-
suring the baseline level. 

    Key Points 

     1.    Low testosterone is associated with increased 
mortality and increased cardiovascular risk.   

   2.    Testosterone levels should always be mea-
sured before TRT is considered.   

   3.    There is no need to be unduly concerned about 
TRT in appropriately selected patients.   

   4.    Long-term monitoring and current ongoing 
trials are essential with regard to the continu-
ing management of testosterone.           
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          Introduction 

 For thousands of years, humans have been using 
plants for medicinal purposes. There is evidence 
that the Egyptians used saw palmetto to help with 
voiding dysfunction 3500 years ago [ 1 ], while 
the Greeks used St John’s wort for depression in 
the fi fth century BC [ 2 ], and the Chinese have a 
rich history of using  complex herbal treatments   
dating back to the time of the Yellow Emperor in 
2700 BC [ 3 ]. In the United States during the 
1820s, two thirds of the US pharmacopeia were 
botanical substances. It was not until the early 
twentieth century that synthetic drugs began 
replacing these traditional treatments [ 2 ]. 
Although synthetic drugs now make up a greater 
share of the market, people today still rely on 
“alternative” and “natural” medications. 

 With the advent of the Internet, patients are 
able to search and oftentimes order not only 
 herbal treatments   for erectile dysfunction (ED) 
but also trade-named pharmaceuticals. This 
chapter will focus on how the Internet affects ED 
treatment and several of the commonly used 
herbal supplements.  

    Epidemiology 

 There is now a renewed interest in using comple-
mentary and alternative medicines to treat medi-
cal conditions. Nearly one in fi ve people now 
 report   using herbal products in the United States 
[ 4 ]. There are over one thousand companies that 
are making these products with annual revenues 
in excess of 60 billion dollars. Per one report, 
there are over 29,000 herbal supplements and the 
market is growing [ 5 ]. It is not surprising to see 
that these products are being sold from all over 
the world. India, Canada, the United States, 
France, Britain, and China all share a piece of the 
market. Considering that drug stores, supermar-
kets, warehouse buying clubs, natural food stores, 
health professionals, and the Internet are all 
sources of sale for these products, getting a true 
picture of overall sales is diffi cult.  

    Regulation 

  Initially, medicinal herbs were included in the US 
national formulary. However, in 1962 due to 
complications of thalidomide in causing birth 
defects, congress passed the Kefauver-Harris 
Drug Amendment. This amendment was respon-
sible for increasing the proof of safety and effi -
cacy of all prescription drugs. It also reassigned 
herbal medicines to a category labeled “food 
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supplements” which had more lenient thresholds 
for evidence of safety compared to pharmaceuti-
cal drugs. In  1994   the government passed the 
 Dietary Supplement Health and Education Act 
(DSHEA)  . This act defi ned dietary supplements 
as a product containing one or more of the fol-
lowing: a vitamin, mineral, amino acid, herb, 
other botanical, concentrate, metabolite, constit-
uent, or extract. It required labels of dietary sup-
plements to state “This product in not intended to 
diagnose, treat, cure, or prevent any disease.” 
However, product labels were still allowed to 
make health claims, such as “promotes prostate 
health” or “supports the circulatory system.” The 
act also stated that the effi cacy, safety, and qual-
ity of the product did not need to be determined 
by supplement manufacturer prior to release to 
the public. The side effect post-marketing also 
did not need to be reported to FDA, and it shifted 
the burden of proving that a product is unsafe or 
ineffective onto the FDA [ 6 ]. It, therefore, made 
it easier for manufacturers to get their product to 
the public. 

 Because of these changes, there is ample 
opportunity for problems with supplements and 
counterfeit drugs. These drugs can contain too 
much, too little, or none of the active ingredient. 
There can also be contaminants or other sub-
stances that should not be in the product. 
Additionally, manufactures can make false claims 
about the effi cacy of an herbal treatment or sup-
plement. It has even been shown that ED treat-
ment products that are supposed to be “natural” 
or “herbal” can often (81 % of the time) contain 
pharmaceutical grade phosphodiesterase type 5 
inhibitors [ 7 ]. 

 One group evaluated 44 products from 12 sep-
arate companies using  DNA bar coding   to com-
pare the ingredients on the label to the ingredients 
in the product. Only forty-eight percent had 
authentic main ingredient listed and present in the 
product, 59 % had plant species that were not 
found on the label, and 33 % contained fi llers 
which had no active ingredient. Only 2 of 12 com-
panies provided authentic products. One quarter 
of the companies had ingredients that could not 
even be identifi ed with DNA bar coding [ 8 ]. 

 In another investigation of contamination in 
131 herbal tea products, Stoeckle et al. were only 
able to authenticate 58 % of the products, and 
they showed 33 % were contaminated with other 
ingredients [ 9 ]. Another group looking at a mar-
ketplace survey of 40 dietary supplements labeled 
“Black cohash” found that 25 % products were 
substituted with another closely related plant spe-
cies [ 10 ]. 

 Unfortunately, because of this unregulated 
market, there can be disastrous consequences. In 
Argentina two women died from counterfeit iron 
injections [ 11 ] In a New England Journal of 
Medicine article, the authors found that in 260 
Asian patient medicines, 25 % contained high 
levels of heavy metals [ 12 ], and in 2002 more 
than 190,000 deaths were associated to diethyl-
ene glycol contamination of paracetamol syrup 
[ 13 ]. The Department of Health and Human 
Services has even stated that the true frequency 
of adverse side effects is probably underreported. 
They state that they are probably detecting <1 % 
of all incidents [ 14 ]. Not surprisingly, organiza-
tions such as the Institute of Medicine and con-
sumer advocacy groups have called for reform of 
the DSHEA [  15 ].  

    Impact on Men’s Sexual Health 

  Even with all the  aforementioned   risks of taking 
“natural products,” there is still a market for these 
products. From a men’s health perspective, one 
of the most common uses of a “natural product” 
is to treat erectile dysfunction. One of the pri-
mary drivers for this is cost. Prescription  phos-
phodiesterase type 5 inhibitors (PDE5is)   can cost 
20–40 times more than their online counterparts. 
In a study by Campbell, they found that some 
“herbal” or “all natural” medications cost as low 
as $2.99 [ 7 ]. A second reason is the stigma asso-
ciated with erectile dysfunction. In a French- 
sponsored study of 301 men, they found that even 
with a valid prescription for a PDE-5i, 12 % 
obtained their ED treatment via the Internet [ 16 ]. 
A third driver is that a patient can oftentimes 
obtain these medications without a prescription. 
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In one European study of 100 online pharmacies, 
90.3 % did not require a prescription for 
prescription- only medications [ 17 ]. And in a 
Pfi zer-sponsored study in the United Kingdom, 
67 % of men purchased prescription-only erectile 
dysfunction medication over the Internet without 
a proper prescription [ 16 ]. 

 With the high demand for erectile dysfunction 
medications, there has been a large increase in 
the sale of PDE5is and other supplements online. 
Currently, there are between 4500 and 15,000 
websites that sell PDE5is and other substances 
used to treat ED, with some estimates up to 
500,000. These websites receive 12.9 million 
visitors per month and sell approximately 2.3 
million tablets per month [ 18 ]. Unfortunately, 
this leads to the huge potential for counterfeit 
PDE5is. It is believed that the majority of coun-
terfeit PDE5is are thought to enter the market via 
the Internet [ 19 ]. Since this is an unregulated 
market, the FDA’s Offi ce of Enforcement and 
Import Operations has stated, “Consumers have 
little or no legal recourse if they experience a 
reaction to the unregulated medication or if they 

receive no therapeutic benefi t at all. In addition to 
health risks, these pharmacies pose other risks to 
consumers, including credit card fraud, identity 
theft or computer viruses” [ 20 ]. There is also no 
recourse if the order is unfulfi lled or if the wrong 
medication is sent. There is also no oversight or 
regulation into the quality or sanitary conditions 
of the manufacturing plant, the making of the 
drug, or the storage of the drug (Figs.  10.1 ,  10.2 , 
and  10.3 ).

     During the 5-year span from 2004 to 2008, 
35.8 million counterfeit sildenafi l tablets were 
seized in Europe. Only 10.1 % of samples labeled 
sildenafi l 100 mg were within 10 % of advertised 
strength when analyzed with high-performance 
liquid chromatography. Many of the tablets con-
sisted of talcum powder, commercial grade 
paints, Tylenol, metronidazole, and antiprotozoal 
ingredients. Many had large quantities of uniden-
tifi ed substances. In order to make the tablets 
blue, the counterfeiters have used blueprinter ink 
[ 21 ] (Fig.  10.4 ). In the Netherlands, the Dutch 
National Institute for Public Health and 
Environment examined 370 samples of PDE5i 

  Fig. 10.1    A  Pfi zer manufacturing facility  . It is highly inspected and regulated and uses pure ingredients with stringent 
quality control. (Used with permission. Copyright © Pfi zer Inc, New York, NY. All Rights Reserved)       
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medications not obtained from a physician from 
2000 to 2004. They discovered that only 10 out of 
the 370 were genuine. If the valid PDE5i was 
found, it was in lower concentrations than 
 advertised. They also found that these products 
contained amphetamine, clomiphene, chloram-
phenicol, dipyrone, fl uoxetine, tadalafi l, yohim-
bine, gamma-amino butyric acid, caffeine, 
 L -arginine, indigotin, and quinine [ 22 ].

   In the United States, we have a similar prob-
lem. The president of America’s Watchdog, a 

consumer advocacy group, has stated that 90 % 
of all medicines sold over the Internet are fake 
[ 23 ]. The  United States National Association of 
State Boards of Pharmacy   was able to purchase 
several medications without prescriptions, 
including tadalafi l, from 13 websites selling 
prescription- only medication; and they found 
that there was wide variation in the amount of 
active ingredient present, from none to far 
exceeding the level allowed. They also noted the 
medications did not comply with the drug manu-
facturer US standards due to inconsistencies in 
the amount of active ingredient and contamina-
tion [ 24 ]. 

 Clearly, there is a huge potential for danger in 
this market. When looking at these  counterfeit 
medications  , there are multiple risks that are 
readily apparent. The most obvious risk is that 
there can be unknown potentially harmful phar-

  Fig. 10.2    An unsanitary counterfeit factory in Ecuador 
that had been home to a counterfeit drug ring. (Used with 
permission. Copyright © Pfi zer Inc, New York, NY. All 
Rights Reserved)       

  Fig. 10.3    An unsanitary bag used to  store counterfeit 
Viagra ®    during the counterfeit manufacturing process. 
(Used with permission. Copyright © Pfi zer Inc, New York, 
NY. All Rights Reserved)       

  Fig. 10.4    A bucket used to  mix counterfeit Viagra ®      . 
Dangerous substances may be used by counterfeiters to 
make fake tablets appearing to be authentic medicine. For 
example, blue paint here is being used to make tablets of 
counterfeit Viagra ® . (Used with permission. Copyright © 
Pfi zer Inc, New York, NY. All Rights Reserved)       
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maceutically active ingredients such as amphet-
amines. Additionally, there can be many 
dangerous chemicals such as paint, heavy met-
als, and printer ink. There also can be large varia-
tions in the dosage of the medication, which can 
lead to adverse side effects. In addition, since the 
physician can be bypassed, there is no one to 
review the possible drug-drug interactions of 
these products with the patient’s own medica-
tions. One example of this would be a patient 
who is currently taking nitrates for angina who 
purchases sildenafi l online. It has also been 
shown that if the online version does work, 
patients will think the prescription version will 
not work either and will not seek out further 
medical care  [ 25 ].  

    Common Alternative Medications 
Used to Treat ED 

 Despite these dangers, we know that men con-
tinue to seek online treatments. However, trade- 
named pharmaceuticals such as  PDE5is   are not 
the only drugs available online. Patients often 
will seek “natural” or “herbal” supplements to 
treat their ED. Many of these supplements can 
also be found in health food stores, grocery stores, 
or convenience stores. The next section in this 
chapter will discuss several of the common sup-
plements used to treat ED. Unfortunately, as with 
many herbal remedies, there are not many studies 
available for comprehensive review. Most studies 
are unblinded; many are underpowered, have lim-
ited follow-up, and do not use standardized ques-
tionnaires. This calls into question their results. 
Nonetheless, a summary of common alternative 
medications can be found in Table  10.1 .

      Ginseng 

  Ginseng      cultivated in Korea is classifi ed into 
three types, depending on how it is processed: 
fresh ginseng (<4 years old), white ginseng 
(4–6 years old and dried after peeling), and red 
ginseng (harvested when 6 years old, steamed, 
and dried) [ 26 ]. It is believed that red ginseng is 

the version found to be effective in the treat-
ment of ED. 

 Ginseng is believed to work via the nitric 
oxide pathway. Ginsenosides, which are thought 
to be the principle active constituents of red gin-
seng, have been shown to cause a dose-dependent 
relaxation of the corpus cavernosal smooth mus-
cle in rabbits by increasing release of nitric oxide 
which acts on the cGMP pathway [ 27 ]. 

 It has been shown red ginseng to be superior 
to placebo in regard to improvement in ED [ 28 –
 31 ]. Red ginseng has been shown to be more 
effective than placebo in treating psychogenic 
ED [ 28 ]. In three separate studies looking at 
patients with any kind of ED, they found that red 
ginseng did improve erections compared to pla-
cebo [ 29 – 31 ]. In a single study looking at mild 
vasculogenic ED, the researchers found no sta-
tistically signifi cant improvement in the effi cacy 
of red ginseng compared to placebo [ 32 ]. More 
studies are needed to fully evaluate this 
product.  

    Horny Goat Weed 

   This  substance    comes   from the plant  Epimedium 
grandifl orum , which is more commonly known 
as Horny goat weed. Its name comes from the 
story of a goat herder who noticed that goat has 
increased sexual desire after eating the plant [ 33 ]. 
The metabolically active ingredient in the plant is 
icariin. 

 There have been multiple suggested mecha-
nisms of action. It has been shown to enhance 
eNOS expression and NO production in human 
endothelial cells [ 34 ], inhibit PDE5 in cavernosal 
smooth muscle cells [ 35 ], and have a positive 
effect on nitrergic nerves [ 36 ]. However, the 
active ingredients are found to have low oral bio-
availability, poor absorption, and a short plasma 
half-life [ 37 ]. Researchers are currently in the 
process of developing a liposomal encapsulated 
formation to overcome these limitations [ 38 ]. 

 Currently, there are no human studies regard-
ing effi cacy. There are a few case reports in which 
patients developed new onset tachyarrhythmia 
and hypomanic symptoms (sexual and verbal 
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inappropriate behavior, irritable mood, hyperver-
bal speech) that required electro-cardioversion 
and antipsychotic medication for treatment [   39 ].  

    Yohimbine 

    Yohimbine   is a naturally occurring tryptamine 
alkaloid, which comes from the bark of African 
and Asian plants such as  Pausinystalia johimbe  and 
the root of  Rauvolfi a serpentina.  It has been used in 
the past for erectile dysfunction, enhancing sexual 
performance, weight loss, and body building. 

 It has a high affi nity for antagonizing alpha-2 
adrenoceptors at the level of the locus coeruleus. 
This is believed to cause an increase in sexual 
desire. In the periphery it has been suggested that 
it blocks both the alpha-1 and alpha-2 adrenocep-
tors as well as enhancing the release of NO from 
cavernosal endothelial cells [ 40 – 42 ]. However, 
the true mechanism of action is not fully under-
stood. It is rapidly absorbed, and the maximum 
plasma concentration is achieved in less than 1 h 
after oral administration [ 43 ]. The mean bioavail-
ability is low and is subject to very high variation 
between individuals. It has been shown that the 
plasma concentration of it does not appear to be 
correlated with the dose of the compound admin-
istered [ 44 ]. 

 After reviewing 15 years of meta-analyzed 
data, the AUA guidelines panel does not recom-
mend yohimbine as a treatment for ED [ 45 ]. 
However, it may be somewhat effective in the 
treatment of delayed ejaculation [ 46 ].  Yohimbine   
may also have a role in the treatment of psycho-
genic ED. In a statement by the International 
Society for Sexual Medicine Standards commit-
tee, “If yohimbine has any potential indications 
for use in ED management, it would be among 
non-organic ED; apart from ED, yohimbine has 
shown a limited effi cacy in the treatment of pre-
mature ejaculation” [ 41 ]. 

 Its use has been associated with causing an 
increase in high blood pressure, increased heart 
rate, manic reactions, bronchospasm, palpita-
tions, insomnia, anxiety, irritability, shivering, 
sweating, nausea, fl ushing, and headache [ 47 ]. 
People should not combine yohimbine with 

monoamine oxidase (MAO) inhibitors as effects 
may be additive. It should be used with caution 
when taken with medicines for HBP, tricyclic 
antidepressants, or phenothiazines. People with 
kidney problems or psychiatric conditions should 
not use yohimbe   [ 48 ].  

    Maca Root ( Lepidium Meyenii ) 

    Maca root      is a Peruvian plant found in central 
Andes used by native Andean populations as an 
aphrodisiac, energizer, and enhancer of fertility 
and sexual function [ 49 ]. The main ingredient is 
considered to be benzyl glucosinolates and poly-
phenols, (1R,3S)-1-methyl-1,2,3,4 tetrahydro-b-
carboline-3-carboxylic acid (MTCA), and 
p-methoxybenzyl isothiocyanate among many 
other chemicals [ 50 ]. 

 There are very minimal human data. However, 
in animal studies it has been shown to increase 
sexual behavior in male rats and mice and 
decreased latency to erection in testes-removed 
rats following oral administration [ 51 ]. Two 
human studies have shown signifi cant positive 
effects of maca on sexual dysfunction or sexual 
desire in healthy postmenopausal women or 
healthy men [ 52 ,  53 ]. However, another study 
showed no effect on sexual function in healthy 
cyclists [ 54 ], and in another study, maca was 
insuffi cient in treating sexual dysfunction in the 
elderly [ 55 ]. In a double-blind clinical trial on 50 
Caucasian men affected by ED, men were ran-
domized to treatment with 2400 mg of maca dry 
extract or placebo. It was found that after 12 
weeks, both those on maca and those with pla-
cebo had signifi cant increases in IIEF score. 
However, those taking maca did have a larger 
increase in their IIEF score compared to placebo, 
and this increase was statistically signifi cant. 
There was a 10 % improvement on “subjective” 
perception of general and sexual well-being in 
adult patients with ED who took maca while in 
the study [ 56 ]. 

 The major side effects noted while taking this 
herbal supplement were found to be altered men-
strual cycles, moodiness, cramps, gastritis, 
insomnia, and increase in “craving behavior.” 

10 Alternative and Internet Drugs that Affect Sexual Function
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[ 57 ] It does have a potential interaction with 
MAO enzyme. One of the chemicals found in the 
product, MCTA, has potential for mutagenic 
properties, and the French Agency for Sanitary 
and Security has warned consumers about this 
product in the past   [ 58 ].  

     Ginkgo biloba  

  Ginkgo biloba  is a living tree, belonging to 
Ginkgoaceae family, typically grown in China. 
Its extracts contain fl avonoid glycosides and ter-
penoids, traditionally used for memory enhance-
ment and blood fl ow improvement. 

 The most commonly used   Ginkgo biloba       
extract is EGb761, which contains fl avonoid gly-
cosides, composed of kaempferol, quercetin, glu-
cohamoside, esters, and terpenes of ginkgolides 
and bilobalides. It is believed to increase NO bio-
availability, which may directly induce smooth 
muscle cell relaxation [ 59 ]. However, the full 
mechanism of action is not yet understood. It is 
well absorbed by humans after oral administra-
tion. However, since it is a mixture of substances, 
it is not possible to accurately determine pharma-
cokinetics [ 60 ]. 

 In two randomized placebo-controlled trials, 
there was found to be no signifi cant benefi t on 
sexual function with ginkgo extracts [ 61 ,  62 ]. 

 The National Toxicology Program has shown 
oral administration of ginkgo extract caused thy-
roid and liver cancer, atrophy of olfactory epithe-
lium, nephropathy, and mononuclear cell 
lymphoma in mice [ 63 ]. One of the components, 
Quercetin, is a known mutagen [ 64 ]. In some 
human studies, no serious side effects were 
reported in clinical trials and side effects were 
similar to placebo [ 65 ]. However, it has been sug-
gested that it can affect platelet aggregation and 
cause increased bleeding risk [ 66 ]. Some extracts 
of ginkgo contain 4′-O-methylpyridoxine which 
is a known neurotoxin; causes epileptic convul-
sions, vomiting,    unconsciousness, and irritabil-
ity; and can be fatal [ 67 ]. 

 Ginkgo can interact with other medications. It 
decreases the effects of alprazolam, citalopram, 

and diazepam, while increasing the effects of clo-
zapine,    methadone, olanzapine, and fl uvoxamine. 
There have been case reports of it causing hypo-
mania if combined with St. John’s wort, fl uox-
etine, and melatonin [ 65 ]. 

     Ptychopetalum olacoides  
(Muira Puama) 
   Ptychopetalum olacoides       is grown primarily in 
Brazil and it thought to improve sexual function 
in men. It also has been called “potency wood” 
[ 68 ]. Its mechanism of action is unknown, poten-
tially related to dopaminergic, cholinergic, or 
adrenergic neurotransmitters. 

 In a single study, it was found that 60 % of 
men with low libido reported an increased sexual 
desire. It also found that 50 % of men with poor 
erection have reported improved erection func-
tion following administration [ 69 ]. It should be 
noted that there are very few studies evaluating 
this product, and the side effects are largely 
unknown. However, it could potentially cause 
insomnia.   

     L -Carnitine 

   L -Carnitine   is a naturally occurring amino acid in 
the body. A single study has recommended 
propionyl-   L -carnitine   2 g/day plus acetyl- L - 
carnitine 2 g/day as a possible dose. Yet very few 
studies have evaluated the product. In one study it 
was shown to increase the peak systolic velocity, 
while decreasing end-diastolic velocity in the 
penis which leads to improved nocturnal penile 
tumescence. It also improved the IIEF-15 erectile 
function, orgasm, sexual desire, and general sex-
ual well-being domain scores at 3 months. It was 
noted that when men no longer consumed the 
product, the improvements stopped [ 70 ]. 

 If 5 g or more grams are taken per day,  it   may 
cause diarrhea. Other rare side effects include 
 increased   appetite, body odor, rash, and increase 
risk of seizures in those with a history of seizures. 
It also could potentially cause decreased effec-
tiveness in individuals taking oral thyroid medi-
cation [ 71 ].  
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     L -Arginine 

   L -Arginine      is another naturally occurring amino 
acid. Its optimal dosage is unknown, but doses of 
5 g/day have been recommended. It is the 
 precursor of NO and has been shown to provide 
the substrate for the NO/cGMP/VEGF pathway. 
It is believed to cause vasodilation and penile 
smooth muscle relaxation [ 72 ]. Absorption is 
limited by extensive presystemic elimination by 
intestinal bacteria and intestinal and hepatic argi-
nase activity that converts  L -arginine to ornithine 
and urea [ 73 ]. 

 There are few studies to evaluate true effi cacy. 
In one study 50 patients with organic ED were 
randomized to receive placebo or 5 g  L -arginine 
daily for 6 weeks. They found signifi cant subjec-
tive improvement in 31 % of the men taking 
 L -arginine and 12 % of the men taking placebo. 
However, it should be noted that the improve-
ment was “subjective.” Additionally, the study 
showed that the subjective improvement was not 
associated with hemodynamic changes in corpus 
cavernosum circulation as assessed by penile 
duplex ultrasonography. The lack of hemody-
namic changes was attributed to insuffi cient 
intracavernosal concentration of  L -arginine and/
or the lack of delivery of  L -arginine to the corpus 
cavernosum when administered orally [ 74 ]. In a 
second study that was a double-blind crossover 
study of 32 men, there was no benefi t with 
1500 mg of arginine given daily for 17 days [ 75 ]. 

 Its potential side  e   ffects   include vomiting, 
diarrhea, fl ushing, arrhythmia, and numbness.  

     L -Citrulline 

   L -Citrulline   is another amino acid suggested as a 
treatment for ED. Optimal dosing is unknown. 
Oral  L -citrulline escapes intestinal and liver 
metabolism, inhibits arginase activity, and is con-
verted by the kidneys into  L -arginine, thus pro-
viding plenty of substrate for the  L -arginine/NO/
cGMP/VEGF pathway [ 73 ]. 

 One small study has shown a greater increase 
in a male’s erectile hardness score compared to 
placebo. It also caused a greater increase in the 

mean number of intercourses compared to pla-
cebo. All patients reporting an erection hardness 
score improvement from 3 to 4 reported being 
very satisfi ed while taking the  L -citrulline [ 76 ]. 

 Side effects are similar to that of arginine.   

    Conclusion 

 ED is an extremely common condition, and many 
men seek treatment. Whether it is due to cost, 
embarrassment, availability, or ease of procure-
ment, many men turn to the Internet to seek their 
treatment. Unfortunately, many, if not most, of 
the PDE5is purchased from online pharmacies 
are counterfeit with potentially harmful contami-
nants and/or ingredients. Many of these PDE5is 
can be ordered without a prescription eliminating 
the physician- patient interaction and the possibil-
ity of detecting other comorbid conditions asso-
ciated with ED such as coronary artery disease. 
Also drug-drug interactions may be missed. 

 If men seek herbal therapies instead of more 
traditional therapies, most of what is available is 
ineffective. Of those that show effectiveness, the 
clinical trials demonstrating this are often 
unblinded and underpowered, have very limited 
follow-up, and do not use standardized question-
naires. Therefore, the results of these trials are 
questionable. At this time, the authors recom-
mend more traditional approaches to the treat-
ment of ED. Patients that seek treatments online 
should be warned of the potential harms.     
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          Physiologic Control of Erection 
and Male Sexual Function 

  It is necessary to establish a basic understanding 
of normal sexual function prior to discussion of 
potential mechanisms for drug-induced pathol-
ogy.  Normal   male sexual function requires (1) an 
intact libido, (2) the ability to achieve and main-
tain penile erection, (3) ejaculation, and (4) detu-
mescence [ 1 ,  2 ]. The major anatomic structures 
of the penis that are involved in erectile function 
include the paired corpora cavernosa and the sin-
gle corpus spongiosum that encloses the urethra. 
The tunica albuginea, a collagenous sheath, indi-
vidually surrounds each corpus. The micro- 
architecture of the corpora is composed of a mass 
of smooth muscle which contains a network of 
endothelial-lined lacunar spaces. Penile tumes-
cence leading to erection depends on the 
increased fl ow of blood into the lacunar network 
after complete relaxation of the arteries and cor-

poral smooth muscle. Subsequent compression 
of the trabecular smooth muscle against the fi bro-
elastic tunica albuginea causes a passive closure 
of the emissary veins and accumulation of blood 
in the corpora. In the presence of a full erection 
and a competent valve mechanism, the corpora 
become noncompressible cylinders from which 
blood cannot escape. 

 The central nervous system exerts an impor-
tant infl uence by either stimulating or antagoniz-
ing spinal pathways that mediate erectile function 
and ejaculation. These interactions are mediated 
by a combination of central and peripheral inner-
vation [ 1 ]. Sensory nerves that originate from 
receptors in the penile skin and glans converge to 
form the dorsal nerve of the penis, which travels 
to the S2-S4 dorsal root ganglia via the pudendal 
nerve. Parasympathetic nerve fi bers to the penis 
arise from neurons in the intermediolateral col-
umns of S2-S4 sacral spinal segments. 
Sympathetic innervation originates from the T-11 
to the L-2 spinal segments and descends through 
the hypogastric plexus. Neural input to smooth 
muscle tone is crucial to the initiation and main-
tenance of an erection. There is also an intricate 
interaction between the corporal smooth muscle 
cell and its overlying endothelial cell lining 
(Fig.  11.1 ).

   Nitric oxide, which induces vascular relax-
ation, promotes erection and is opposed by endo-
thelin- 1 (ET-1), which mediates vascular 
contraction (Fig.  11.1 ). Nitric oxide is synthe-
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sized from  L -arginine by nitric oxide synthase 
(NOS) and is released from the nonadrenergic, 
noncholinergic (NANC) autonomic  nerve   supply 
to act post-junctionally on smooth muscle cells. 
Nitric oxide increases the production of cyclic 
3′,5′-guanosine monophosphate (cyclic GMP), 
which interacts with protein kinase G and 
decreases intracellular calcium, causing relax-
ation of the smooth muscle. Cyclic GMP is grad-
ually broken down by  phosphodiesterase type 5 
(PDE-5)  . Inhibitors of PDE-5, such as the oral 
medication sildenafi l, maintain erections by 
reducing the breakdown of cyclic GMP. However, 
if nitric oxide is not produced at a basal level, the 
addition of PDE-5 inhibitor is not effective, as 
the drug facilitates but does not initiate the initial 
enzyme cascade. In addition to nitric oxide, vaso-
active prostaglandins (PGE 1 , PGF 2 α  ) are synthe-
sized within the cavernosal tissue and increase 
cyclic AMP levels, also leading to relaxation of 
cavernosal smooth muscle cells. 

 Ejaculation is stimulated by the sympathetic 
nervous system, which results in contraction of 
the epididymis, vas deferens, seminal vesicles, 
and prostate, causing seminal fl uid to enter the 
urethra. Seminal fl uid emission is followed by 
rhythmic contractions of the bulbocavernosus 

and ischiocavernosus muscles, leading to ejacu-
lation. Detumescence is mediated by norepineph-
rine released from the sympathetic nerves, release 
of ET-1 from the vascular surface, and contrac-
tion of smooth muscle induced by activation of 
postsynaptic  α -adrenergic receptors [ 1 ]. These 
events increase venous outfl ow and restore the 
fl accid state. Venous leak can cause premature 
detumescence and is thought to be caused by 
insuffi cient relaxation of the corporal smooth 
muscle. 

 Erectile dysfunction (ED) may result from 
three basic mechanisms: (1) failure to initiate 
(psychogenic, endocrinologic, or neurogenic), 
(2) failure to fi ll (arteriogenic), and (3) failure to 
store (venoocclusive dysfunction) adequate 
blood volume within the lacunar network. The 
inability to initiate an erection may have psycho-
genic, vasculogenic, endocrinologic, or neuro-
genic etiologies. These categories are not 
mutually exclusive, and multiple factors contrib-
ute to ED in many patients. ED has also been 
commonly associated with prescription and non-
prescription medications. The remainder of this 
chapter will focus on the literature and the 
hypothesized mechanisms of dysfunction sur-
rounding this relatively common clinical entity .  
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  Fig. 11.1     Molecular mechanisms   mediating erectile 
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    Drug-Induced Sexual Dysfunction 
and Its Mechanisms (Fig.  11.2 ) 

    Medication-induced ED is estimated to occur in 
25 % of men seen in general medical outpatient 
clinics [ 3 ]. The adverse effects related to drug 
therapy are additive, especially in older men. In 
this section we review the existing literature on 
this subject. It is important to remember that vir-
tually all data (with a few exceptions) are largely 
subjective reports based on empiric observation, 
case series, physician and patient surveys, and 
pre- and post-marketing drug trials [ 4 ]. With all 
of the unvalidated information that exists regard-
ing this subject, it is especially important for phy-
sicians to be aware of the disease process being 
treated and give strong consideration to whether 
or not the disease pathophysiology itself is con-
tributing to the sexual dysfunction [ 4 ]. In addi-
tion, physicians should pay particular attention to 
the presence of other risk factors for ED (i.e., the 
patient’s psychosocial status, age, weight, educa-
tional level) which exist outside of the disease 
being treated and the drug in question [ 5 ]. One 
section of this chapter addresses management 

strategies for the treatment of drug-induced sex-
ual dysfunction. 

    Antihypertensive Agents 

  The most  frequent   organic cause of ED is a dis-
turbance of blood fl ow to and from the penis. 
Atherosclerotic or traumatic arterial disease can 
decrease fl ow to the lacunar spaces, resulting in 
decreased rigidity and an increased time to full 
erection. In theory, any agent that decreases sys-
temic pressure, subsequently altering the hemo-
dynamics of pelvic blood fl ow, can potentiate 
ED [ 1 ]. Thus, it is not surprising that sexual dys-
function has been associated with nearly all 
available classes of hypertensive medication [ 4 ] 
(Table  11.1 ). These agents have been strongly 
correlated with new onset ED. While hyperten-
sion alone is considered a risk factor for ED, a 
population-based prospective study of over 
1000 randomly selected men in the 
 Massachusetts Male Aging Study (MMAS)   
identifi ed select antihypertensive treatments 
(specifi cally thiazide diuretics, spironolactone, 
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  Fig. 11.2     Proposed mechanisms   of drug-induced erectile 
dysfunction.  5αR  5-alpha reductase,  5αRi  5-alpha reduc-
tase inhibitor,  ACh  acetylcholine,  eNOS  endothelial nitric 
oxide synthase,  GC  guanylyl cyclase,  HAART  highly 

active antiretroviral therapy,  NANC  nonadrenergic non-
cholinergic,  NE  norepinephrine,  NO  nitric oxide,  PDE-5  
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take inhibitor       

 

11 Prescription Medications that Affect Sexual Function



152

     Table 11.1     Hypothesized mechanisms   of drug-induced sexual dysfunction   

 Drug class  Hypothesized mechanism of sexual dysfunction 

 Antihypertensives  β-Blockers  • Decreased corporal blood fl ow 
 • Suppression of CNS sympathetic outfl ow 
 • Inhibition of β2-mediated peripheral vasodilation 

 Thiazide diuretics  • Decreased corporal blood fl ow 

 Sympatholytics (methyldopa, 
clonidine) 

 •  Stimulation of α 2 -adrenergic receptors in the 
hypothalamus 

 Calcium-channel blockers  •  Decreased corporal blood fl ow via altered calcium fl ux 
in penile smooth muscle cells 

 α-Blockers  •  Relaxation of the seminal vesicles leading to absence 
of ejaculation 

 Psychotropics  Neuroleptics  •  Decreased dopaminergic-enhanced libido 
 •  Stimulation of prolactin release from the hypothalamus 
 •  Antagonism of α 1 -adrenergic receptors leading to 

ejaculatory dysfunction and priapism 

 Antidepressants (tricyclics, 
SSRIs) 

 •  Anticholinergic activity 
 •  Stimulation of prolactin release from the hypothalamus 
 •  Decreased dopaminergic-enhanced libido 
 •  Sympathomimetic activity 
 •  Alteration of nitric oxide synthesis (SSRIs) 
 •  5HT2C receptor activation and delay in ejaculatory 

refl ex arc 

 Anxiolytics/tranquilizers  •  Centrally mediated sedation 
 •  Anticholinergic activity 
 •  Decreased dopaminergic-enhanced libido 
 •  Stimulation of prolactin release from the hypothalamus 

 Hormone 
mediators 

 Estrogens, GnRH agonists, 
LHRH agonists 

 •  Suppression of gonadotropin production 

 H 2  blockers  •  Stimulation of prolactin release from the hypothalamus 
 •  Competition with native testosterone for androgen 

receptor binding 

 5α-Reductase inhibitors  •  Decreased nitric oxide synthase activity 
 •  Prostatic acinar apoptosis 

 HIV therapy (protease inhibitors)  •  Increased aromatization of testosterone 

 Hypolipidemics  Fibrates (i.e., clofi brate, 
gemfi brozil) 

 •  Decreased steroidogenesis 
 •  Decreased nitric oxide synthase activity (statins) 

 Statins (i.e., pravastatin) 

 Miscellaneous  Digoxin  •  Decreased corporal blood fl ow via altered calcium fl ux 
in penile smooth muscle cells 

 Cytotoxic agents (methotrexate, 
thalidomide) 

 •  Destruction of gonadal tissue 

 Immunomodulators (interferon, 
target of rapamycin inhibitors) 

 •  Decreased testosterone levels 

 Toxins/recreational 
drugs 

 Cigarette smoking  •  Decreased nitric oxide bioavailability 
 •  Ultrastructural damage to the vascular endothelium 

and peripheral nerves 

 Ethanol  •  Decreased nitric oxide bioavailability 
 •  Ultrastructural damage to the peripheral nerves 
 •  Impairment of hepatic estrogen metabolism 
 •  Destruction of gonadal tissue 

 Opioids  •  Decreased testosterone levels 

 Cannabis  •  Ultrastructural damage to the vascular endothelium 
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β-blockers,  methyldopa, and clonidine), and not 
the condition itself, as an independent risk fac-
tor [ 6 ]. However, logistic regression analyses 
with adjustment for comorbidities and health 
behaviors attenuated these associations, fi nding 
that only nonthiazide diuretics and benzodiaze-
pines were associated with ED to statistical sig-
nifi cance. Studies like these make it diffi cult to 
interpret the previous literature surrounding 
antihypertensive-induced ED.

   Among the antihypertensive agents, the 
 β-blockers   have been one of the most commonly 
implicated classes. The prevalence of β-blocker- 
induced sexual dysfunction has been reported to 
be anywhere from 5 to 43 % [ 7 ]. This number is 
under much debate recently, however, due to 
some claims that sexual dysfunction caused by 
β-blockers may be in part due to the healthcare 
provider mentioning such side effects at the time 
of initial prescribing [ 8 ]. ED has been reported 
with higher doses of propranolol [ 4 ] as well as 
with other, newer β-blockers as well [ 4 ,  7 ]. The 
proposed pathophysiology is via decreased cor-
poral blood fl ow, suppression of CNS sympa-
thetic outfl ow, and, in the case of nonspecifi c 
blockers, inhibition of β2-mediated peripheral 
vasodilation leading to insuffi cient relaxation of 
the corpora [ 4 ,  7 ]. Atenolol, a β-1-selective 
antagonist, has also been reported to decrease the 
levels of circulating testosterone in men. In cases 
where a β-1-selective antagonist may be used, 
nebivolol may be appropriate as it has been 
shown to have nitric oxide potentiating effects, 
thus leading to vasodilation and an improvement 
in erectile function [ 9 ]. 

  Thiazide diuretics   are some of the most com-
monly used antihypertensives. This class is also 
commonly implicated as eliciting ED. The inci-
dence of thiazide diuretic-induced ED has been 
reported to be anywhere from 4 to 32 % [ 7 ]. It is 
hypothesized that sexual dysfunction may occur 
due to impairment of neural input into the areas 
of the hypothalamus that control male sexual 
function. Also of note, sexual dysfunction related 
to thiazide diuretics seems to greatly improve 
with lifestyle modifi cations and weight reduction 
[ 9 ]. Calcium channel blockers and vasodilators 
such as hydralazine are other antihypertensive 

agents linked to drug-induced ED. While the 
mechanism of action is not completely under-
stood, it has been hypothesized that these drugs 
act directly at the corporal level (for instance, cal-
cium channel blockers) or indirectly by reducing 
pelvic blood pressure, which is important in the 
development of penile rigidity. 

 Antihypertensive classes such as  angiotensin- 
converting enzyme (ACE) inhibitors   and  angio-
tensin receptor blockers (ARBs)   may be 
considered alternative medications for drug- 
induced erectile dysfunction caused by other 
antihypertensive medications. It has been 
reported that ACE inhibitors have a neutral effect 
on sexual function in men while the ARBs actu-
ally exhibit a positive effect on erectile function 
in multiple studies. The mechanism for this ben-
efi t is currently unknown and more studies will 
be needed in order to further investigate these 
fi ndings [ 10 ]. If this is not an option, PDE-5 
inhibitors may be added to a current medication 
regimen if contraindications such as nitrates have 
not been prescribed [ 11 ]. 

 While α-blockers have historically been used 
for hypertension, the practicing urologist is often 
more familiar with the use of this class of drugs 
in the treatment of benign prostatic hyperplasia 
(BPH). Epidemiologic evidence suggests that ED 
and BPH are conditions that often arise together. 
Because clinical data suggest that addition of an 
α1-blocker to a PDE-5 inhibitor can actually 
attenuate ED, multiple groups have investigated 
the effects of concomitant application of various 
α1-blocker and PDE-5 inhibitor combinations on 
human [ 12 ] and animal [ 13 ] cavernosal tissue as 
compared to each drug alone. Recent studies 
have shown that the combination of α1-blocker 
and PDE-5 inhibitors resulted in improvement of 
the IIEF score by 3.6 points when compared to 
α1-blockers alone. Interestingly, the combination 
of PDE-5 inhibitors with α1-blocker medications 
was also shown to increase urinary fl ow rates by 
1 ml/s when compared to monotherapy with 
α1-blockers [ 12 ]. Animal studies suggest that 
α1-blockers can actually increase NO synthesis 
in rats, therefore altering sympathetic tone and 
increasing blood fl ow in penile tissue when blad-
der outlet obstruction and ED are present  [ 13 ].  
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    Psychotropic Medications 

   Psychotropic agents  —particularly neuroleptics, 
tricyclics, and  selective serotonin reuptake inhib-
itors (SSRIs)—  are associated with erectile, ejac-
ulatory, orgasmic, and sexual desire diffi culties 
(Table  11.1 ). Mental illness and the management 
of mental disorders are a signifi cant cause of sex-
ual dysfunction in men. A recent population 
study reported a fi vefold increase in odds of self-
reported complete ED among men who used 
selected antidepressant therapy (principally 
selective serotonin reuptake inhibitors and tricy-
clics) which exceeded the risk of ED attributed to 
depression symptoms or diagnosis [ 6 ]. 
Antidepressant-associated ED is reported to 
occur with prevalence rates from 30 to 90 % [ 14 , 
 15 ]. Worsening or initiation of sexual dysfunc-
tion has been reported with agents for all antide-
pressant classes including monoamine oxidase 
inhibitors, tricyclic antidepressants, and SSRIs. 
Among the SSRIs, paroxetine and escitalopram 
have been associated with the highest risk of sex-
ual dysfunction [ 16 ]. Bupropion, nefazodone, 
and mirtazapine appear less likely to cause sexual 
dysfunction [ 14 ]. A number of molecular path-
ways have been implicated in antidepressant-
induced sexual adverse events. Serotonin has 
been hypothesized to inhibit normal sexual 
response by decreasing dopamine-enhanced 
libido, arousal, and erection and increasing pro-
lactin release from the hypothalamus [ 15 ]. SSRIs 
have also been shown to be potent inhibitors of 
nitric oxide synthesis [ 17 ]. 

 Given the high prevalence of antidepressant- 
induced sexual dysfunction, a prospective, paral-
lel group, randomized, double-blind, 
placebo-controlled trial was undertaken to evalu-
ate the safety and effi cacy of PDE-5 inhibitors in 
the treatment of this disorder [ 18 – 20 ]. Ninety 
male outpatients at three different university 
medical centers with major depression in remis-
sion and sexual dysfunction associated with 
either selective or nonselective SSRI antidepres-
sant treatment were randomly assigned to take 
sildenafi l at a fl exible dose (50–100 mg) for 6 

weeks. Multiple different validated and unvali-
dated questionnaires were administered, includ-
ing the IIEF [ 18 ]. Based on several analyses, the 
authors concluded that sildenafi l was well toler-
ated and signifi cantly improved erectile function 
and overall sexual satisfaction in men with SSRI- 
associated ED [ 18 – 20 ]. These data provide level 
1 evidence that a PDE-5 inhibitor may be suc-
cessfully used to treat SSRI-associated ED with-
out interruption of antidepressant therapy. 

 Antipsychotic medications are associated with 
both erectile and ejaculatory dysfunction in up to 
50 % of patients [ 7 ]. Dopamine is considered a 
key target of neuroleptic medications and is 
known to have multiple effects in the central ner-
vous system. It is well established that dopamine 
inhibits prolactin release. Decreases in dopamine 
action thus lead to hyperprolactinemia. Increased 
serum levels of prolactin may decrease libido by 
suppressing gonadotropin-releasing hormone 
(GnRH), therefore decreasing testosterone levels, 
resulting in decreased libido, anorgasmia, and 
ED. If deemed necessary, a PDE-5 inhibitor may 
be added or alternative options such as aripipra-
zole, a prolactin-sparing atypical antipsychotic, 
may be used. Aripiprazole has been shown to 
reduce sexual dysfunction in patients who had 
this side effect from other medications [ 21 ]. In 
addition, many drugs that produce central ner-
vous system sedation or depression, such as anx-
iolytics and tranquilizers, are also thought to lead 
to ED potentially via CNS anti-dopaminergic 
effects and increased prolactin release [ 1 ]. 

 CNS sedatives are also known to have residual 
anticholinergic effects. While acetylcholine plays 
a signifi cant role in normal erectile function, the 
use of anticholinergic agents has not been associ-
ated with ED as frequently as one might expect 
[ 4 ]. ED has, however, been reported with the 
anticholinergic anti-arrhythmic drug disopyra-
mide. In addition, many of the antidepressants, 
namely, tricyclics and select SSRIs, maintain 
residual anticholinergic properties. It is possible 
that the sexual dysfunction from these medica-
tions is mediated in part by their anticholinergic 
properties.   
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    Hormonal Agents 

 Androgens are known to increase libido, but their 
exact role in erectile function remains unclear 
[ 1 ]. Normal levels of  test  osterone appear to be 
important for erectile function, particularly in 
older males. It has been shown that  androgen 
replacement therapy   can improve depressed erec-
tile function when ED is secondary to hypogo-
nadism. As such, it is not surprising that any drug 
that interferes with testosterone production or 
action might lead to sexual dysfunction 
(Table  11.1 ). Estrogens, GnRH agonists, LHRH 
agonists, and corticosteroids can cause ED by 
suppressing gonadotropin production. Certain 
drugs like spironolactone, cyproterone acetate, 
ketoconazole, aminoglutethimide, and other sim-
ilar drugs have also been shown to have antian-
drogen activity and have each been linked to 
drug-induced sexual dysfunction [ 1 ,  4 ,  7 ]. These 
agents often resemble the molecular structure of 
testosterone and compete with native testoster-
one for binding to androgen receptors; they have 
also been shown to induce hyperprolactinemia. 
Multiple reports have linked H 2  blockers to sex-
ual dysfunction. Ranitidine and cimetidine have 
both been shown to increase prolactin levels and 
act as antiandrogens [ 1 ,  4 ]. 

    5α-Reductase Inhibitors 
 The potential sexual side effects, including ED, 
decreased libido and ejaculatory problems, 
which have been reported with  5α-reductase 
inhibitors   (dutasteride and fi nasteride) are of 
particular relevance to the urology patient. These 
drugs block the conversion of testosterone to the 
more potent androgen, dihydrotestosterone 
(DHT). Animal models have demonstrated 
decreased NOS activity with decreased DHT, 
and thus, it has been proposed that 5α-reductase 
inhibitors elicit sexual dysfunction by indirectly 
attenuating nitric oxide synthase activity [ 22 ]. 
ED with these medications has also been thought 
to be due to the decrease in androgens leading to 
decrease in structural integrity of penile nerves 
and connective tissue. Sexual adverse events 
have been reported in clinical trials at rates of 
2.1–38 % [ 22 ,  23 ]. The most common complaint 

is ED, followed by ejaculatory dysfunction and 
decreased libido [ 22 ]. A recent study explored 
the effect of long-term use of fi nasteride on sex-
ual function. Erectile function declined in 11 % 
of patients after 1 year of therapy compared to 
8 % in the placebo group. After 4 years of ther-
apy, 18 % of patients experienced decrease in 
erectile function compared with 13 % in the pla-
cebo group [ 24 ]. It appears that these effects 
occur early in the initiation of therapy and then 
decreases over time. 

 In one study, two groups of blinded, random-
ized patients received 5 mg of fi nasteride with 
and without counseling regarding the potential 
for sexual side effects. The incidence of ED 
(30.9 % vs. 7.6 %), decreased libido (23.6 % vs. 
7.7 %), and ejaculatory problems (16.3 % vs. 
5.7 %) were signifi cantly increased in patients 
who received counseling about sexual side effects 
of the medication versus those who did not [ 25 , 
 26 ]. The authors conclude that a “nocebo” effect, 
an  adverse   effect that is not a direct result of the 
specifi c pharmacological action of the drug, 
should be taken into account when managing 
patients with reported sexual side effects. This 
latter study elucidates a common problem 
encountered by any physician attempting to 
counsel their patients regarding the potential side 
effects caused by the drugs mentioned in this 
chapter. This psychological priming can be a par-
ticularly diffi cult challenge in the management of 
sexual dysfunction in the setting of drug use. 

 In May 2015 the US National Institutes of 
Health sent out a global public health advisory 
recognizing a cluster of symptoms that are asso-
ciated with fi nasteride use, called post-fi nasteride 
syndrome (PFS) [ 27 ]. PFS is a cluster of sexual, 
physical, and psychological/neurologic symp-
toms associated with 5-alpha reductase inhibitor 
(5ARI) use with  purported   persistent symptoms 
despite cessation of drug usage. The main sexual 
side effects reported were decrease in libido, 
erectile dysfunction, and decrease in morning 
erections [ 27 ]. This new syndrome (PFS) has 
been the basis for several studies and review arti-
cles of variable quality including a meta-analysis 
of 34 studies highlighting the fact that more 
information is needed to assess safety concerns 
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with fi nasteride, specifi cally for those on the 
lower dose of fi nasteride for male pattern bald-
ness (MPB) [ 28 ].  There   has been an increase of 
reports of nonreversible adverse events (AE) to 
the FDA from use of these drugs, specifi cally, fi n-
asteride 1 mg and fi nasteride 5 mg; the lower 
dose is used for MPB, while the higher dose has 
been used for LUTS/BPH. Dutasteride was never 
reported to cause a PFS-like symptom. Whether 
or not PFS is real or imagined is not answerable 
with current databases. More research is needed 
in this area due to the possible impact on patient’s 
quality of life due to PFS.  

    HIV Therapy 
 HIV and the polypharmacy standard in the care 
of HIV patients have been associated with sexual 
dysfunction. A recent cross-sectional study of 
HIV patients in England estimated the prevalence 
of moderate to severe ED to be 33 % and moder-
ate to severe impairment of sexual desire to be 
24 % [ 29 ]. While multivariate analysis found 
sexual dysfunction to be common in both patients 
receiving anti-retroviral therapy and those naïve 
to the drugs, ED was found to be associated with 
long duration of  HIV therapy      [ 29 ]. A survey 
among a different group of HIV patients from ten 
different European countries demonstrated 
decreased libido and potency in men receiving 
drug regimens containing protease inhibitors as 
compared to protease inhibitor-naïve patients, 
specifi cally identifying protease inhibitors as a 
drug leading to sexual dysfunction among HIV 
patients [ 30 ]. Studies have shown that antiretro-
viral therapy is associated with increased aroma-
tization of testosterone leading to increased 
serum levels of estradiol in men. It is hypothe-
sized that the sexual dysfunction reported by 
patients taking antiretrovirals is secondary to 
these hormonal imbalances [ 31 ]. Various hor-
monal replacement strategies have recently been 
under investigation. While testosterone has been 
well studied in treatment of HIV-related wasting 
syndromes [ 32 ], several more recent reports spe-
cifi cally address sexual function. Letrozole [ 33 ], 
an aromatase inhibitor, and both parenteral and 
topical forms of testosterone [ 34 ] have both been 
shown to not only increase serum levels of testos-

terone but also to improve patient-reported sex-
ual function.   

    Lipid-Lowering Medication 

 Fibrates (clofi brate, gemfi brozil, and, less fre-
quently, bezafi brate and fenofi brate) are  lipid- 
lowering medications      that have long been 
associated with medication-induced sexual dys-
function [ 1 ,  4 ]. A case-control study of 339 age- 
matched men revealed that there were more 
impotent men in the group of patients treated 
with lipid-lowering medications (12 % vs. 5.6 %); 
and multivariate analysis showed that fi brates 
and statins were independent risk factors for 
erectile dysfunction [ 35 ]. While there are multi-
ple trials that do not show an increased rate of 
sexual dysfunction in patients taking lipid- 
lowering medications versus placebo, there are 
reports of several studies in which initiation of 
clofi brate, gemfi brozil, and multiple statins was 
associated with ED. While it remains unclear 
what the true rates of sexual adverse events are 
with hypolipidemics, the mechanism which this 
occurs is thought to be through decreased synthe-
sis of sex steroid hormones derived from choles-
terol, namely, testosterone [ 36 ]. Some recent 
studies have even demonstrated some benefi cial 
effects of statins when it comes to erectile func-
tion. One recent study reported 3.27 point 
increase in IIEF-5 scores in patients on statins 
when compared to placebo [ 37 ]. This improve-
ment is thought to be in part to increase in nitric 
oxide and nitrates in the circulation, leading to 
endothelial relaxation and dilation. Another ben-
efi t of statin use is thought to be due to its role in 
suppressing RhoA/Rho kinase signaling, which 
therefore leads to improvement in erectile func-
tion [ 38 ].  

    Miscellaneous 

 Case reports of sexual side effects from metoclo-
pramide, baclofen, amicar (epsilon-aminocaproic 
acid), disulfi ram, and carbonic anhydrase inhibi-
tors have been associated with ED [ 1 ,  4 ,  7 ]. 
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Cytotoxic drugs that have also been implicated in 
drug-related ED include methotrexate [ 39 ] and 
thalidomide [ 40 ]. Digoxin is yet another drug 
that has been suggested to induce ED. The mech-
anism is thought to be via blockade of the Na + ,K + -
ATPase pump, resulting in a net increase in 
intracellular calcium and increased corporal 
smooth muscle tone. Others have also suggested 
that the chemical structure of digoxin is similar to 
sex steroids leading to antiandrogen activity [ 4 ]. 

    Immunomodulators 
 Decreased libido and ED are commonly reported 
side effects experienced by male patients during 
antiviral therapy for chronic hepatitis C. This 
effect was studied in 34 male patients being 
treated with interferon and ribavirin [ 41 ]. Free 
and  total   testosterone decreased signifi cantly dur-
ing antiviral therapy while depression scores 
increased during therapy. Certain agents used in 
renal transplantation have been implicated in 
erectile function as well. The immunosuppres-
sive agents targeting rapamycin inhibitors (i.e., 
sirolimus and everolimus) have been shown to 
result in decreases in serum testosterone levels, 
increases in levels of luteinizing hormone, and a 
disruption of spermatogenesis [ 42 ]. The impair-
ment of gonadal function is reported to elicit ED 
in patients receiving these drugs.  

    Toxins and Recreational Drugs 
 In theory any process that alters  the   fi broelastic 
components of the corpora or of the associated 
vasculature may cause a loss of compliance and 
an inability to compress the tunical veins. While 
this may result from aging, increased cross- 
leaking of collagen fi bers induced by nonenzy-
matic glycosylation, hypoxia, or altered synthesis 
of collagen associated with hypercholesterol-
emia, certain toxins have been implicated in the 
destruction of these fi broelastic structures and 
have been associated with erectile dysfunction. 
Arsenic exposure, for example, has been linked 
to ED via damage of peripheral vasculature [ 43 ]. 
Extensive work has also been done examining the 
relationship between cigarette smoking and ED 
[ 44 ,  45 ]. Chronic smoking has been identifi ed as 
a major risk factor in the development of ED [ 44 ] 

and has been shown to have deleterious effects on 
vascular functioning through impairment of 
endothelium-dependent smooth muscle relax-
ation specifi cally by affecting NO production 
[ 44 ]. Animal  models   have demonstrated that 
long-term cigarette smoking is associated with 
impaired penile arterial fl ow, increased reactive 
oxygen species and decreased nitric oxide bio-
availability, and ultrastructural damage to the 
vascular endothelium, to peripheral nerves, and 
to the corporal tissue. The precise toxins found in 
cigarettes mediating these changes have not been 
fully elucidated. However, a recent randomized, 
double-blind, placebo-controlled study evaluat-
ing the isolated effects of nicotine on sexual func-
tion has demonstrated that men, without 
signifi cant prior exposure to nicotine, when 
administered nicotine gum 40 min prior to an 
erotic fi lm, showed signifi cantly reduced erectile 
responses as compared to age-matched controls 
chewing placebo gum [ 46 ], suggesting that it 
may be the nicotine within cigarettes that plays a 
role in smoke-related ED. 

 Both acute and chronic ethanol abuse have 
been implicated as a potential cause of ED [ 6 ]. 
The incidence of sexual dysfunction within the 
chronic alcoholic population has been reported 
to range from 8 to 54 % [ 4 ]. In addition, decreased 
sexual arousal, increased ejaculatory latency, 
and decreased orgasmic pleasure have all been 
noted  to   parallel the blood alcohol content of 
men. The hypothesized mechanism of these 
acute effects are thought to be secondary to cen-
tral sedative action [ 4 ]. In mouse models, chronic 
ethanol exposure has been linked to impairment 
of endothelial function in the corpus cavernosum 
through reduction of NO release [ 47 ]. Chronic 
ethanol abuse has also been postulated to pro-
mote nerve damage via hormonal effects medi-
ated through direct testicular damage and 
impairment of the hepatic estrogen metabolism. 
Ethanol abuse is also notorious for producing 
nerve damage leading to global polyneuropathy 
[ 4 ]. As with any disorder that affects the sacral 
spinal cord or the autonomic fi bers to the penis, 
nerve damage seen in alcoholism can preclude 
nervous system relaxation of penile smooth 
muscle, thus leading to ED. 
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 ED has been associated with opioid use, 
including high-dose methadone regimens for 
men being treated for opioid dependence. 
Hypoactive sexual desire, ED, and diffi culty 
achieving orgasm as a result of opioid-induced 
hypogonadism and testicular failure  have   been 
reported [ 48 – 50 ]. Sexual dysfunction in this 
group of patients has been reported to be as high 
as 16–83.6 % [ 51 ]. While the degree of sexual 
dysfunction appears to be less, at 24 % [ 48 ,  51 ], 
buprenorphine, a newer drug used in the treat-
ment of opioid dependence, has also been shown 
to suppress levels of testosterone, luteinizing hor-
mone, and estradiol [ 49 ,  50 ]. Buprenorphine can 
therefore be considered as an alternative to those 
patients on methadone with complaints of sexual 
dysfunction. How androgen replacement 
improves sexual function in this group remains to 
be elucidated. 

 Recent evidence implicates the use of mari-
juana as a potential cause of ED in habitual can-
nabis users [ 52 ]. This study out of Italy looked at 
64 men complaining of ED for at least 3 months. 
Patients were subjected to detailed questioning 
regarding recreational drug use and subsequent 
dynamic penile duplex sonography. Using a peak 
systolic velocity cutoff of 35 cm/s as a marker for 
organic vasculogenic dysfunction, cannabis 
smoking was signifi cantly more prevalent in the 
organic group (78 % compared to 3 % in the non-
organic ED group,  P  < 0.001) when no other vas-
cular risk factors were present. While this study 
did not demonstrate a direct relationship between 
cannabis use and ED, based on these fi ndings, the 
authors propose that cannabis use may promote 
early endothelial damage leading to subsequent 
diffi culties with erections. Other recent studies 
have suggested that the effect of cannabinoid use 
on erectile function may be  dose   dependent, with 
lower doses helping with erections and higher 
doses inhibiting erectile function [ 53 ]. With the 
widespread use of cannabinoids and recent dis-
cussion of this class of drugs being used for med-
ical purposes, more studies will be needed in 
order to further determine its effect on male sex-
ual function.    

    Medication-Induced Ejaculatory 
Dysfunction 

  Ejaculation   is the act of the sexual response cycle 
that is usually accompanied by an orgasm. It con-
sists of emission and expulsion and is a refl ex that 
coordinates sympathetic, somatic, and parasym-
pathetic nervous systems [ 54 ]. Emission consists 
of secretion of the seminal vesicles, prostate, and 
ampulla of the vas content into the urethra creat-
ing semen [ 54 ]. Expulsion is the semen leaving 
the urethra via forceful contractions of the pelvic/
perineal muscles [ 55 ]. 

  Seritonergic and dopaminergic pathways   also 
help moderate ejaculation. Anterograde ejacula-
tion depends on the coordinated contraction of 
the bulbospongiosus muscle as well as the ure-
thral smooth muscle. Any derangement in these 
events may lead to ejaculatory dysfunction. 
Medications have not only been linked to erectile 
dysfunction but ejaculatory dysfunction as well. 

    Psychotropic Medications 

 Antidepressants are a very common cause  of 
   medication  -induced ejaculatory dysfunction, the 
most common being SSRIs. Delayed ejaculation 
has been shown to be present in about 25 % of 
men taking this class of medication [ 56 ]. In fact, 
SSRIs are used as a fi rst-line treatment for pre-
mature ejaculation. This is thought to be due to 
activation of 5HT2C receptors by the SSRIs, 
which leads to a delay in the ejaculatory refl ex 
arc [ 2 ]. While ED and EjD caused by antidepres-
sant medications may be treated with PDE-5 
inhibitors, studies have shown that higher doses 
may be needed for improvement of delayed ejac-
ulation [ 56 ]. 

 Antipsychotic medications have also been 
linked to problems with ejaculation. Studies have 
shown ejaculatory dysfunction to be as high as 
36.1 % in patients  who   take  antipsychotic   medi-
cation [ 9 ]. Certain antipsychotics, in particular 
the typical antipsychotics, can exhibit 
α1-adrenergic antagonism and thus decrease in 
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vasodilation, which leads to the unwanted effects 
of retrograde ejaculation and priapism [ 57 ]. 
Atypical antipsychotics at high doses have been 
implicated in retrograde ejaculation and priapism 
as well [ 58 ]. Newer antipsychotics, such as olan-
zapine and aripiprazole, have lower incidences of 
sexual dysfunction and may be considered an 
alternative for treatment in patients with trouble-
some side effects [ 21 ].  

    BPH/LUTS Medications 

 BPH/ LUTS   is associated with increased risk of 
sexual dysfunction, including EjD. Interestingly, 
it has been shown that this sexual dysfunction 
does not worsen over time in patients who are not 
taking any medications for urinary symptoms [ 5 ]. 
Drugs used to treat LUTS due to BPH, such as 
α-blockers and 5ARIs, have been linked  with 
  ejaculatory dysfunction as well. Some α-blockers, 
such as tamsulosin and silodosin, have been asso-
ciated with an increased risk (7.7 % vs. 1.1 % for 
placebo) [ 59 ]. Doxazosin use has been shown to 
be associated with lower risks of EjD, with the 
risk being equal to that of placebo. The mecha-
nism behind ejaculatory function in this class of 
medications is thought to be due to an absence of 
ejaculation rather than retrograde as has been 
commonly assumed [ 60 ] . 

 5ARIs, such as dutasteride and fi nasteride, are 
also associated with higher risks of EjD than pla-
cebo [ 59 ]. A meta-analysis showed an EjD preva-
lence of 2.2 % of patients taking dutasteride 
compared to 0.8 % in the placebo group [ 22 ]. 
Finasteride has been associated with an increased 
prevalence of ejaculatory dysfunction. After 1 
year  of   treatment, 9 % of patients experienced 
worsening EjD, compared with 6 % in placebo. 
After 4 years of treatment,  this   number increased 
to 18 %, with 12 % in the placebo group. Patients 
who were treated with a combination therapy of 
fi nasteride and doxazosin had a 16 and 18 % pro-
portional decrease in ejaculatory function after 1 
and 4 years of treatment, respectively [ 24 ]. 
Ejaculation disturbances such as anejaculation 
and decreased ejaculate volume have been expe-
rienced with this class of medications [ 22 ]. The 

mechanism behind ejaculatory dysfunction with 
5ARIs is not well known; however, prostatic aci-
nar apoptosis has been suggested.   

    Management of Drug-Induced 
Sexual Dysfunction 

 Although many medications can cause ED and 
EjD, patients frequently have concomitant risk 
factors that confound the clinical picture. Because 
the etiology of  sexual   dysfunction may be multi-
factorial, successful treatment requires manage-
ment of underlying risk factors and concomitant 
medical conditions. The majority of the patients 
with sexual dysfunction also have coexisting 
obesity, coronary artery disease (CAD), hyper-
tension, or diabetes. It is important to note that 
lifestyle changes may greatly improve sexual 
function in people with these comorbidities [ 60 ]. 
And in fact, as reviewed above, many of these 
patients also present with LUTS secondary to 
bladder outlet obstruction from benign prostatic 
hyperplasia (BPH). Patients being treated for 
mental illness and experiencing sexual dysfunc-
tion can also be some of the most diffi cult patients 
to manage. Differentiating organic from psycho-
genic causes is highly challenging as depression 
is one of the most common causes of psycho-
genic sexual dysfunction and almost all patients 
in this population present with some overlap of 
psychogenic and organic factors. In any patient 
presenting with sexual dysfunction, psychogenic 
causes should also be given high consideration. 
Psychogenic causes are thought to mediate sex-
ual dysfunction by inhibiting refl exogenic 
responses at the spinal cord level, thereby block-
ing activation of vasodilator outfl ow to the penis. 
Excess sympathetic stimulation as is typical with 
generalized anxiety or performance anxiety can 
also increase penile smooth muscle tone. 

 If there is a strong association between the 
institution of  a   drug and the onset of sexual dys-
function, alternative medications should be con-
sidered. Otherwise, it is often practical to treat 
ED or EjD without attempting multiple changes 
of medication choice, as it may be diffi cult to 
establish a causal role for the drug. Depending on 
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the drug, the nature of the problem being treated 
by the drug, and the known pathophysiology of 
sexual dysfunction, various approaches have 
been previously suggested. What is becoming 
clear is that the treatment of this challenging 
problem often necessitates multidisciplinary 
planning and potential involvement of a urolo-
gist, especially when changes in medication ther-
apy alone do not eliminate sexual dysfunction. 
While the utility of hormone replacement for 
drug-induced hypogonadism continues to be 
studied, various forms of androgen replacement 
exist and should be considered in the appropriate 
patient. 

 PDE-5 inhibitors have been shown to attenu-
ate drug-induced sexual side effects in multiple 
arenas, including EjD. PDE-5 inhibitors are even 
safe to use in patients on antihypertensive medi-
cations when appropriate measures are taken 
[ 10 ]. Addition of sildenafi l  or   tadalafi l has also 
been very successful in patients with 
antidepressant- induced sexual dysfunction as 
well as BPH/LUTS-induced sexual dysfunction 
[ 13 ,  61 ,  62 ]. Recognition and management of 
medication-induced sexual dysfunction have also 
been shown to signifi cantly increase medication 
adherence, therefore decreasing comorbidities of 
the disease being treated [ 60 ]. 

 When oral medications do not provide relief, 
the urologist has an armamentarium of alterna-
tive therapies and strategies to improve sexual 
function  and   satisfaction. Highly motivated 
patients should be counseled about alprostadil 
suppositories, vacuum erection devices, and 
intracavernosal injection therapy when appropri-
ate. Surgery with implantable penile devices 
should be considered a last resort and be reserved 
for patients with irreversible damage to their 
penile vasculature and microanatomy or who 
experience sexual dysfunction refractory to med-
ical treatment. Finally, as more drugs are recog-
nized as potential risk factors for ED or EjD, 
doctors should not ignore consideration of other 
organic and nonorganic causes in their differen-
tial. As mentioned previously, appropriately 
managing sexual dysfunction, regardless of the 
cause, can greatly improve medical compliance 
as well as the patient’s quality of life.     
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           Introduction  

 Currently, oral pharmacotherapy is the initial 
form of therapy for men who do not have a con-
traindication for its use. Most commonly the 
agents of choice are from the phosphodiesterase 
type 5 inhibitor (PDE5i) family. Prior to the 
widespread popularity of these drugs in the late 
1990s, the choices for the noninvasive treatment 
of ED consisted of yohimbine and trazodone. 
Other substances, such as testis sicca, testoster-
one, ginseng, caffeine, barbituric acid, saw pal-
metto, and cayenne fruit among others, have been 
prescribed with dubious results. While the most 
effective agents act peripherally, medications 
with a central nervous system mechanism of 
action have proven more diffi cult to develop. 

 This chapter on  oral prescription therapy   for 
erectile dysfunction will review those agents with 
central and peripheral nervous system action. 
This chapter also touches briefl y on those medi-
cations which may be available in some coun-
tries, although not offi cially be approved for ED 
treatment.  

     Centrally Acting Agents  

     Yohimbine  

    Yohimbine is an indole alkaloid that has been iso-
lated from the bark of the  Pausinystalia  yohimbe 
tree. This tree is indigenous to Central Africa. It 
is also found in the  Rauwolfi a  root and the dried 
bark of  Aspidosperma quebracho . Extracts from 
the yohimbe tree containing yohimbine have 
been used in traditional medicine in West Africa 
as an aphrodisiac for hundreds of years. Prior to 
the launch of sildenafi l in the USA, it was the 
widely use for treatment of erectile dysfunction. 
Currently, it has been relegated to use in over-the- 
counter male enhancement supplements. 

     Mechanism of Action  
  Yohimbine   is a competitive antagonist selective 
for alpha-2 adrenoceptors, which are located on 
nerve terminals and receptors and to mediate 
inhibition of transmitter release. The presynap-
tic release of norepinephrine is increased by an 
alpha-2 antagonist resulting in increased sym-
pathetic outfl ow. Yohimbine may also interact 
with alpha-1 adrenoceptors and, in high concen-
trations, serotonin, vasoactive intestinal pepti-
dergic (VIPergic), and dopamine receptors. 
Yohimbine has monoamine oxidase inhibitory 
effects. In the cavernosa, yohimbine binds to the 
alpha-2 adrenoceptors preventing the contractility 
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of the corporal tissue that would normally be 
induced by catecholamines. Centrally, yohim-
bine exhibits central activity by interacting with 
the serotonergic systems resulting in a profound 
effect in sexual behavior.  

     Pharmacology and Dosing  
  Yohimbine  ’s oral absorption appears to be poor, 
although there appears to be highly variable bio-
availability. This may be the result of extensive 
fi rst-pass metabolism [ 1 ]. According to one phar-
macokinetic study, a 10 mg oral dose of yohim-
bine produced a peak plasma concentration 
within 45 min, and the half-life for plasma clear-
ance was 0.2–1.1 h. Yohimbine is lipophilic and 
it crosses the blood-brain barrier [ 1 ]. Yohimbine 
has an elimination half-life of less than 1 h, while 
an active metabolite, 11-hydroxy-yohimbine, has 
a half-life of about 6 h [ 1 ]. In a study of 32 
patients, 24 displayed one-compartment elimina-
tion, while eight displayed two-compartment 
elimination [ 2 ]. Less than 1 % of the oral dose 
was recovered unchanged in the urine within 24 h 
[ 2 ]. 

 The most common dosing regimen for this 
medication is 5–15 mg three times daily [ 3 ,  4 ]. 
Men are informed that 6–8 weeks of treatment is 
required for maximal effect.  

     Side Effects  
 Yohimbine may exacerbate hypertension or cause 
arrhythmias and tremors [ 5 ,  6 ]. It also interacts 
with tricyclic antidepressants, so that pressor 
effects occur at lower doses, and may potentiate 
the alpha-adrenergic blocking properties of phe-
nothiazines [ 7 ]. Adverse reactions include mania, 
bronchospasm, a systemic lupus-like syndrome, 
and agranulocytosis [ 7 ].  

     Effi cacy  
 The success of the medication ranges from 0 to 
72 % [ 8 – 11 ]. A meta-analysis of seven large 
yohimbine studies revealed that may be slightly 
more effi cacious than placebo [ 12 ]. The popular-
ization of phosphodiesterase inhibitors combined 
with the side effect profi le of yohimbine has con-
signed the medication to the nutritional supple-
ment arena.  

     Conclusion  
 Despite being widely available,  yohimbine   has 
limited use in the medical treatment of sexual 
issues   .   

     Apomorphine  

   Apomorphine was fi rst synthesized by 
Matthiessen in 1869. Apomorphine does not 
actually contain morphine or its skeleton nor 
does it bind to opioid receptors. Other than its use 
in erectile dysfunction, it has been used in the 
treatment of alcoholism, Parkinson’s disease, and 
Alzheimer’s. In alcoholism, it is now hypothe-
sized that it can reboot the dopaminergic system 
and renew the “reward pathway.” Because of the 
strong dopaminergic action of apomorphine, it 
has a profound effect on Parkinson’s disease [ 13 ]. 
In fact, when administered subcutaneously, apo-
morphine is the most effective dopamine agonist. 
Apomorphine is a potential therapeutic option for 
Alzheimer’s disease. Apomorphine has been 
reported to be both an inhibitor of the amyloid 
beta protein (Aβ) fi ber formation and a promoter 
of Aβ degradation [ 13 ]. 

 Apomorphine stimulates the dopamine recep-
tors in the hypothalamus enhancing the effect of 
natural dopamine that is produced as a result of 
sexual stimulation, thereby assisting in the gen-
eration of an erection [ 14 – 16 ]. In 1995 Heaton 
et al. reported positive results for orally adminis-
tered apomorphine in seven out of ten patients 
with psychogenic impotence [ 17 ]. 

     Mechanism of Action  
  Apomorphine      is a potent, nonselective dopami-
nergic receptor agonist previously used in the 
treatment of ED [ 17 ]. It has a balanced affi nity 
for D1 and D2 receptors. The reported binding 
affi nity (Ki) for D1-like receptors is 101 nM; for 
D5, 10 nM; for D2-like receptors, 32 nM; for D3, 
26 nM; and for D4, 2.6 nM [ 18 ]. Many of these 
receptors are located in the paraventricular 
nucleus and medial preoptic area. Erections 
induced by apomorphine rely on the parasympa-
thetic oxytocinergic nerve fi bers to begin the 
erection cascade. As an aporphine alkaloid, 
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 apomorphine lacks the narcotic properties and 
other opiate effects of its parent compound (mor-
phine), although it does possess strong emeto-
genic properties.  

     Pharmacology and Dosing  
 Apomorphine has a very rapid onset of action 
combined with a brief duration of effect [ 19 ]. 
The duration of apomorphine action, after a sin-
gle administration, is dose and mode of adminis-
tration dependent, with an elimination half-life 
ranging from 30 to 90 min [ 20 ]. Drug absorp-
tion, volume of distribution, plasma clearance, 
and half-lives are similar for all modes of admin-
istration. Many routes of apomorphine adminis-
tration have been used in clinical practice, but 
sublingual and nasal are preferred. Oral adminis-
tration is not effi cient because of apomorphine’s 
signifi cant fi rst-pass hepatic metabolism and 
poor bioavailability. Apomorphine is lipophilic 
and freely crosses the blood-brain barrier. 
Apomorphine is a high clearance drug (3–5 L/
kg/h) that is mainly excreted and metabolized by 
the liver, and the remainder is excreted unchanged 
in the urine [ 20 ]. 

 Although not approved for use in many coun-
tries (including the USA), it is still available for 
purchase. Apomorphine is available in 2 and 
3 mg doses. The medication may be taken sublin-
gually once every 8 h and no more than three 
times in 24 h. Apomorphine should be taken 
approximately 20 min prior to sexual activity.  

     Side Effects  
 Reported side effects of using apomorphine sub-
lingual or subcutaneously are nausea 30 %, head-
ache 2.9 %, dizziness 20 %, yawning 40 %, 
somnolence 35 %, sweating 1.2 %, vasodilation 
0.9 %, vomiting 30 %, and hypotension 20 % [ 21 ].  

     Effi cacy  
 Apomorphine has been shown signifi cantly 
greater action than placebo. Randomized, pro-
spective trials have not shown that apomorphine 
is superior or equal to sildenafi l. In fact, these 
studies show that 94–95 % of men preferred 
sildenafi l for superior effi cacy and decrease 
adverse side effects [ 22 ,  23 ].  

     Conclusion  
  Apomorphine   has been taken off of the US mar-
ket secondary to poor effi cacy and a signifi cant 
incidence of undesirable adverse effects. The 
mediation remains available through quasi-legal 
outlets  .   

     Trazodone  

     Trazodone      hydrochloride is an oral antidepres-
sant with anxiolytic and sedative/hypnotic 
effects. It is sometimes used to treat ED because 
of its reported increase in libido and sexual 
function. 

     Mechanism of Action  
 There are several mechanisms of action exhibited 
by trazodone. It is a selective inhibition of sero-
tonin reuptake, as well as an antagonist of 
α2-adrenergic receptors [ 24 ,  25 ]. Antagonizing 
these receptors results in penile vascular and cor-
poral smooth muscle relaxation, thereby enhanc-
ing arterial infl ow and generating an erection.  

     Pharmacology and Dosing  
 Trazodone is well absorbed after oral administra-
tion, with mean peak blood levels obtained at 
about one hour after ingestion. Half-life is 3–9 h 
and is highly protein bound. The drug is exten-
sively metabolized with 70–75 % excreted in the 
urine within 3 days. For adults with depression, 
trazodone may be initiated at 75 mg BID with the 
possibility of escalating the dose to maximum 
dose of 600 mg/day [ 26 ]. There is no generally 
accepted dose of trazodone for treating ED [ 26 ].  

     Side Effects  
 Side effects of trazodone are similar to those of 
serotonin reuptake inhibitors; headache, nausea, 
vomiting, changes in bowel habits, change in 
appetite, dizziness, and priapism are most 
common.  

     Effi cacy  
 In a study of patients with psychologically based 
ED, Kurt et al. found that those men who ingested 
150 mg/day were signifi cantly more likely to 
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have three or more successful attempts at sexual 
intercourse than placebo [ 27 ]. Montorsi et al. 
reported on 50 % of men that used that trazodone 
50 mg/day combined with yohimbine 5 mg three 
times daily were signifi cantly more likely to have 
erections suffi cient for penetration [ 28 ].  

     Conclusion  
 The primary use of  trazodone   is the treatment of 
major depression; however, off-label use for the 
treatment of erectile dysfunction is common. 
This drug may be an alternative adjunctive treat-
ment in some anxious or depressed men. 
Trazodone may be useful in the treatment of 
selective serotonin reuptake inhibitor-induced 
sexual dysfunction alone or in combination with 
PDE5i [    29 ,  30 ].    

     Peripherally Acting Agents  

 Papaverine was the fi rst  phosphodiesterase inhib-
itor (PDEi)   utilized for treating ED. Papaverine is 
a nonselective PDEi that is derived from the 
opium poppy. This alkaloid is also used in the 
treatment of visceral spasm and vasospasm. It is 
a nonselective PDEi that promotes cavernosal 
smooth muscle relaxation by inhibiting both 
PDE5 and PDE3, thereby increasing intracellular 
levels of cGMP and cAMP. 

 The fi rst oral  phosphodiesterase-5 inhibitor 
(PDE5i)   that was approved in the USA for the 
treatment of ED was sildenafi l citrate. Not only 
did the introduction of sildenafi l revolutionize 
the treatment of ED, it altered the way the 
global community thinks about sexual disor-
ders and helped foster open discussion regard-
ing treatment. 

     Erectile Physiology  

  The generation of a penile erection is a  complex 
  vascular phenomenon that results in smooth mus-
cle relaxation, arterial dilation, and venous occlu-
sion [ 31 ]. Without the multifaceted interplay 
between adrenergic, cholinergic, and  non- 
adrenergic/non-cholinergic (NANC) systems  , as 
well as sexual stimulation, the corpus caverno-

sum smooth muscle tone contracts resulting in 
penile fl accidity [ 32 – 34 ]. 

 As illustrated in Fig.  12.1 , upon sexual stimu-
lation, the parasympathetic nervous system and 
NANC nerve terminals activate, facilitating the 
release of nitric oxide (NO) from the sinusoidal 
endothelium. NO activates guanylyl cyclase, 
which converts guanosine triphosphate (GTP) 
into  cyclic guanosine monophosphate (cGMP)   
[ 35 ]. Cyclic GMP is a catalyst that leads to the 
phosphorylation of and activation of potassium 
and calcium channels. The paucity of intracellu-
lar calcium facilitates cavernosal smooth muscle 
relaxation and dilation of helicine arterioles. As 
the cavernosa fi ll with blood, the sinusoidal 
spaces exert increased compressive pressure on 
the subtunical venous plexus and emissary veins 
preventing the exodus of blood from the penis 
and preserving the erection [ 36 ].

   Phosphodiesterase type 5 (PDE5) enzymati-
cally hydrolyzes the conversion of cGMP to 
guanosine monophosphate (GMP) facilitating 
detumescence after orgasm or cessation of sexual 
stimulation. Penile fl accidity is helped by the out-
pouring of adrenergic compounds released dur-
ing the sympathetic control of ejaculation. This 
leads to vasoconstriction and cessation of NO 
release from the sinusoidal endothelium resulting 
in smooth muscle contraction and loss of erec-
tion. Other signaling molecules like vasoactive 
intestinal polypeptide (VIP) and calcitonin gene- 
related peptide (CGRP) play a role in erectile 
physiology [ 37 ]. 

  Phosphodiesterase type 5 inhibitor (PDE5i)   
medications prevent the conversion of cGMP 
to GMP, thereby maintaining or prolonging the 
erectile state .  

     Phosphodiesterase Type 5 Inhibitors 
(PDE5i)  

 Since the introduction of sildenafi l, many PDE5i 
medications have been developed and marketed. 
Although each PDE5i has different pharmacoki-
netics, pharmacodynamics, and side effects, they 
all have a similar mechanism of action;  PDE5i   
drugs selectively inhibit PDE5 facilitating ele-
vated levels of cGMP. 

N.E. Bennett Jr.



167

     Sildenafi l  
 As previously mentioned,  sildenafi l      was synthe-
sized by pharmaceutical chemists working in an 
English research facility in England [ 38 ]. The 
medication was initially studied for use in hyper-
tension and angina pectoris, but clinical trials 
revealed that the drug had poor effect on angina, 
but generated substantial erectile capacity in the 
study participants [ 39 ]. 

  Sildenafi l      is rapidly absorbed after oral 
administration, with a mean absolute bioavail-
ability of 41 % (range 25–63 %) [ 40 ]. Both 
sildenafi l and its metabolite have terminal half-
lives of about 4 h. Maximum observed plasma 

concentrations are reached within 30–120 min 
(median 60 min) of oral dosing in the fasted 
state [ 41 ]. When taken with a high-fat meal, the 
rate of absorption is reduced, and  T  max  is delayed 
60 min and a 29 % reduction in serum concen-
tration [ 42 ]. Sildenafi l is cleared predominantly 
by the CYP3A4 (major route) hepatic micro-
somal isoenzyme [ 40 ]. The major circulating 
metabolite results from  N -desmethylation of 
sildenafi l and has an in vitro potency for PDE5 
approximately 50 % of the parent drug [ 40 ]. 
Sildenafi l is excreted as metabolites predomi-
nantly in the feces and to a lesser extent in the 
urine [ 40 ].  

  Fig. 12.1    Physiology of  penile smooth muscle relaxation   (Used with permission from Shamloul R, Ghanem H. Erectile 
dysfunction. Lancet. 2013;381: 153–65)       
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     Vardenafi l  
 The FDA approved  vardenafi l   in August of 
2003. Vardenafi l was initially a co-marketing 
arrangement between three pharmaceutical 
companies—Bayer, GlaxoSmithKline, and 
Schering-Plough—as a response to the success 
of sildenafi l. Their marketing strategy high-
lighted the superior gastrointestinal absorption 
of vardenafi l as compared to sildenafi l. 

 In vitro studies have shown that  vardenafi l   is a 
selective inhibitor of PDE5. The inhibitory effect 
of vardenafi l is more selective on PDE5 than for 
other known phosphodiesterases [ 43 ]. Vardenafi l 
is rapidly absorbed with absolute bioavailability 
of approximately 15 % [ 44 ]. Maximum observed 
plasma concentrations after a 20 mg dose are 
reached 30–120 min (median 60 min) after oral 
dosing in the fasted state. Food-effect studies 
were conducted which showed that high-fat meals 
caused a reduction in  C  max  by 18 % [ 45 ,  46 ]. 
Vardenafi l is eliminated predominantly by hepatic 
metabolism mainly by CYP3A4 and to a minor 
extent, CYP2C isoforms. Its metabolite shows a 
phosphodiesterase selectivity profi le similar to 
that of vardenafi l and an in vitro inhibitory 
potency for PDE5 28 % of that of vardenafi l [ 44 ]. 
The terminal half-life of vardenafi l and its pri-
mary metabolite is approximately 4–5 h. After 
oral administration, vardenafi l is excreted as 
metabolites predominantly in the feces.  

     Tadalafi l  
      Tadalafi l      began life as IC351, a cardiovascular 
drug. It began initial cardiovascular testing in 
1993 [ 47 ]. Once sildenafi l began to show promise 
as an ED agent (1994), the company that devel-
oped tadalafi l applied for a patent. Phase I trials 
began in 1995. In November of 2003, the FDA 
approved tadalafi l for sale in the USA [ 47 ]. 

  Tadalafi l   may be given over a dose range of 
2.5–20 mg. Once per day dosing of 2.5 mg or 
5 mg is possible [ 43 ]. Steady-state plasma con-
centrations are attained within 5 days of once per 
day dosing, and exposure is approximately 1.6- 
fold greater than after a single dose. After single 
dose, the maximum observed plasma concentra-
tion ( C  max ) of tadalafi l is achieved between 30 min 
and 6 h (median time of 2 h). The rate and absorp-
tion of tadalafi l are not infl uenced by food [ 43 ]. 

  Tadalafi l   is predominantly metabolized by 
CYP3A4 to a catechol metabolite. The mean ter-
minal half-life is 17.5 h in healthy subjects. 
Tadalafi l is excreted predominantly as metabo-
lites, mainly in the feces (approximately 61 %) 
and in the urine (approximately 36 %) [     43 ].  

     Avanafi l  
  Avanafi l      was approved by the FDA on April 27, 
2012 [ 48 ]. The advantage of avanafi l is that it has 
very fast onset of action compared with other 
PDE5 inhibitors. Avanafi l is rapidly absorbed 
after oral administration, with an average time to 
maximal plasma concentration ( T  max ) of 
30–45 min in the fasted state. If avanafi l is taken 
with a high-fat meal, the rate of absorption is 
reduced, with decreased serum levels between 24 
and 39 %. Avanafi l is cleared predominantly by 
hepatic metabolism by the CYP3A4. After oral 
administration, avanafi l is excreted as metabo-
lites predominantly in the feces and to a lesser 
extent in the urine. Avanafi l has a terminal elimi-
nation half-life of approximately 5 h.  

     Side Effects  
 The  side effects   and contraindications are listed 
in Table  12.1  [ 46 ].

        Effi cacy  
 There are currently four different  PDE5i   medi-
cations on the market in the USA. Which criteria 
should providers use to select the appropriate 
agent for a particular patient? There have been 
no head-to-head trials comparing the available 
PDE5is. In fact, Lue and Carson reported that 
there was no practicable way to directly compare 
sildenafi l, vardenafi l, and tadalafi l with the avail-
able data at that time [ 49 ]. Nevertheless, investi-
gators have compiled data in the form of meta-
analyses [ 50 ,  51 ]. In Table  12.2 , the absolute 
treatment effect is has been compiled from sev-
eral studies for the PDE5 inhibitors available in 
the USA.    The absolute treatment effect suggests 
that tadalafi l and vardenafi l are more effective 
PDE5 inhibitors in terms of  Global Assessment 
Questionnaire-question 1 (GAQ-1)  ,  International 
Index of Erectile Function-Erectile Function 
Domain (IIEF-EFD)  ,  Sexual Encounter Profi le 
question 2 (SEP-2)  , and  Sexual Encounter 
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Profi le question 3 (SEP-3)   [ 51 – 54 ]. All in all, 
what is important to focus on is that all four 
PDE5 inhibitors have similar success rates with 
small differences in safety and effi cacy end-
points. In addition to increased penile rigidity, 
phosphodiesterase inhibitors have also shown 
that they can effect improvements in orgasmic 
function, patient and partner sexual satisfaction, 
improved quality of life, and improvement in 
depressive symptoms [ 55 ,  56 ].

         Atypical Drugs 

     Arginine  

   L -arginine      is a semi-essential or conditionally 
essential amino acid that is abundant in dairy, 
meat, seafood, grains, and legumes.  L -arginine 

is precursor in the production of nitric oxide, 
which is the essential vasodilatory compound 
that facilitates erectogenic action [ 57 ]. A pro-
spective randomized, double-blind placebo-
controlled study of men taking 5 g of  L -arginine 
per day concluded that a third of the men in the 
trial experienced enhanced sexual function, but 
only in men with abnormal nitric oxide metabo-
lism [ 58 ]. Other studies have found that men 
using  L -arginine had signifi cant improvements 
in sexual function without side effects.  

     Ginseng  

  Korean red ginseng      is thought to stimulate erec-
tile function either through promotion of the 
nitric oxide system or its saponin content [ 59 , 
 60 ]. In a 2002 double-blind, placebo-controlled, 

   Table 12.1    Side effects and contraindication of  PDE5i agents     

 Agent  Dose  Adverse effects  Contraindications 

 Sildenafi l  25–100 mg  Headache, fl ushing, 
dyspepsia, rhinitis, altered 
vision, palpitations 

 Nitrates, certain retrovirals, agents metabolized 
through CYP3A hepatic system, retinitis 
pigmentosa, fl uctuating dose of alpha blockers 

 Vardenafi l  5–20 mg  Headache, fl ushing, 
rhinitis, dyspepsia, 
palpitations 

 Nitrates, certain retrovirals, agents metabolized 
through CYP3A hepatic system, retinitis 
pigmentosa, fl uctuating dose of alpha blockers, 
prolongation of QT interval, concomitant use 
of class I antiarrhythmic 

 Tadalafi l  2.5–20 mg  Headache, rhinitis, 
dyspepsia, myalgia 

 Nitrates, certain retrovirals, agents metabolized 
through CYP3A hepatic system, retinitis 
pigmentosa, fl uctuating dose of alpha blockers 

 Avanafi l  100–200 mg  Headache, rhinitis, 
dyspepsia 

 Nitrates, certain retrovirals, agents metabolized 
through CYP3A hepatic system, retinitis 
pigmentosa, fl uctuating dose of alpha blockers 

   Table 12.2    Absolute treatment effect for  FDA-approved PDE5 inhibitors     

 PDE5i 

 GAQ-1  IIEF-EFD  SEP-2  SEP-3 

 Absolute effect, 
mean (95 % CI) 

 Absolute effect, 
mean (95 % CI) 

 Absolute effect, 
mean (95 % CI) 

 Absolute effect, 
mean (95 % CI) 

 Sildenafi l  0.73  7.68  10.48  29.10 

 Tadalafi l  0.75  9.21  29.70  48.07 

 Vardenafi l  0.73  8.39  29.22  48.13 

 Avanafi l  0.46  N/A  N/A  N/A 

 Placebo  0.24  1.64  1.86  11.92 
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crossover study, Hong reported that mean 
International Index of Erectile Function scores 
were signifi cantly higher in patients treated with 
Korean red ginseng (900 mg, 3 times daily) than 
in those who received placebo [ 60 ].  

     Horny Goat Weed  

  Horny goat weed      is a naturally occurring plant of 
the  Epimedium  species that may enhance erectile 
function, as well as produce aphrodisiac effects. 
The active component is icariin which has PDE5 
inhibitor-like activities [ 61 ,  62 ]. Icariin also has 
been linked to contributing to an increase in the 
circulating levels of testosterone [ 63 ]. In many 
Western countries, the horny goat weed has been 
marketed as “Natural Viagra.”  

     Ginkgo Biloba  

  Ginkgo   has been purported to increase circula-
tion and is thought to improve memory, global 
cognitive function, and erectile dysfunction. 
Ginkgo extracts may improve sexual function by 
enhancing blood fl ow to the brain, as well as the 
penis. Unfortunately, the positive cognitive ben-
efi ts of this supplement have not been realized, 
and the benefi ts to sexual functioning have been 
questioned [ 64 – 67 ]. Three randomized placebo- 
controlled trials have not found signifi cant 
increases in sexual function with ginkgo extracts 
[ 68 – 70 ].   

     Practical Considerations 
in Administration and Use 
of Phosphodiesterase Inhibitors  

 In addition to lifestyle modifi cations, the 
administration of PDE5 inhibitors is part of the 
fi rst- line treatment strategy for men with erec-
tile dysfunction. Over the past several years, 
varied and incorrect medication administration 
instructions have been communicated to 
patients leading to suboptimal erectile response 
and frustration. 

     Optimal Intake Strategy  

 Despite  the   pharmacodynamic/pharmacokinetic 
data listed in the package inserts for sildenafi l 
and vardenafi l, these agents boast “real world” 
duration of action from one to 12 h. Peak serum 
levels occur at about 1 h after administration. 
Complicating matters, the gastrointestinal 
absorption of sildenafi l and vardenafi l is nega-
tively affected by the ingestion of lipid-laden 
foods.  A   fatty meal may delay and diminish 
absorption 20–50 %. Routinely, I ask the patient 
to take vardenafi l or sildenafi l 2 h before a meal 
to maximize the effect of the medication. If he 
ingests the medication at 5 o’clock, he should 
expect to be ready for sexual relations from 7 
o’clock to midnight. 

 Tadalafi l has a longer onset of action com-
pared to vardenafi l and sildenafi l. Optimal results 
occur when the medication is taken at least 4 h 
prior to sexual activity. The effects will last for 24 
h or longer. Food does not interfere with the gas-
trointestinal absorption of tadalafi l; however, 
excessive alcohol intake will delay gastric emp-
tying leading to belated commencement of activ-
ity. Currently, the best way of avoiding the 
temporal restrictions of vardenafi l, sildenafi l, and 
single-dose tadalafi l (10–20 mg) is to use daily 
tadalafi l (2.5–5 mg). With this iteration of 
tadalafi l, serum levels are therapeutic after 3 
days, greatly enhancing spontaneity of intimacy. 

 I recommend that the patient start therapy by 
using the maximal dose of sildenafi l, vardenafi l, 
or tadalafi l. The patient may decrease the dose if 
they have an excellent response or experience 
side effects. It is uncommon for a PDE5 inhibitor 
that will provide sustainable results after only 
one tablet. We will council patients to take these 
medications over at least four separate occasions 
before making a fi nal decision of the effi cacy of 
any individual PDE5i. 

 Lastly, we impress upon patients that if a 
properly taken PDE5 inhibitor is not successful 
in generating an erection, it is very unlikely that 
switching to a different oral agent will have a sig-
nifi cantly different result. The most compelling 
reason to switch to a different PDE5i is to avoid 
bothersome side effects or to better accommodate 
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a certain lifestyle. Trying multiple PDE5 inhibitors 
typically leads to frustration and fi nancial strife 
on the part of the patient. It would be prudent for 
the man to explore more advanced and invasive 
erectile dysfunction treatments when met with 
PDE5i failure.  

     Cardiovascular Considerations  

 Patients with history of  myocardial infarction   
who do not have ischemia on stress test and are 
asymptomatic are at low risk for a repeat  myocar-
dial infarction (MI).   The American Heart 
Association’s Guidelines do not disallow inti-
mate sexual activity as early as 1 week after MI 
in the stable patient [ 71 ]. Resumption of sexual 
activity 1 week after uncomplicated MI is reason-
able in the asymptomatic man with moderate 
physical activity (3–5 METS) [ 72 ]. This recom-
mendation is born out of data that men engaged 
in cardiac rehabilitation programs 1 week post-
 MI has proven safe and effective. Additionally, 
PDE5is are not contraindicated in this cohort of 
men as long as the patient is not in possession of 
nitrate-containing medications.  

     Nitrates  

 As previously stated, PDE5 inhibitors inhibit  the 
  degradation of cGMP. However, nitroglycerin 
and isosorbide dinitrate (as well as other nitrates) 
increase intracellular production of cGMP. The 
simultaneous use of these agents results in accre-
tion cGMP, which will result in a drastic drop in 
systolic and diastolic blood pressure. As such, 
the concomitant use of nitrates and PDE5 inhibi-
tors is contraindicated. 

 In emergent situations in which cardiac-
based chest pain occurs in a man who has 
recently consumed a PDE5 inhibitor, a beta-
blocker or calcium channel blocker can be used 
as substitutes [ 73 ]. In the instance of avanafi l, a 
total of 12 h should pass before nitrate-contain-
ing medication can be administered [ 43 ]. For 
sildenafi l and vardenafi l, 24 h should elapse 
[ 43 ]. Forty-eight hours should pass between 
tadalafi l and nitrate administration [ 43 ]. 

 Men in possession of nitrate-containing 
medications deserve special mention. Under no 
circumstances should these men receive a prescrip-
tion for a PDE5 inhibitor. If the nitroglycerin- 
containing medication prescriber is willing to 
formally grant  permission   (in writing) for the 
patient to discard the nitrate, I will then allow the 
patient to obtain a PDE5i script. In these cases, I 
have found that over 50 % of men are allowed to 
stop the nitroglycerine medication.      
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          Introduction 

 Among the myriad treatment options available 
for erectile dysfunction, arguably none is as safe 
and cost-effective as vacuum therapy. A nonphar-
macologic, noninvasive erectile aid, vacuum 
therapy uses negative pressure to distend the cor-
poral sinusoids and increase blood fl ow to the 
penis. A basic  vacuum erection device (VED)   
comprises two components, a cylinder which sur-
rounds the penis and a pump which evacuates air 
from within the cylinder creating a vacuum. 
Following penile engorgement, a constricting 
band may be deployed onto the base of the penis 
to occlude  venous   outfl ow and maintain the erec-
tion. This band transforms the VED into a  vac-
uum constriction device (VCD).   VEDs and 
VCDs have been available commercially since 
the 1980s. They fell out of favor with the advent 
of phosphodiesterase 5 (PDE5) inhibitors, but 
given the cost and side effects of alternative ther-
apies, these devices have been regaining popular-
ity in recent years [ 1 ,  2 ].  

    History 

 John King, an American physician, is credited 
with developing the fi rst vacuum erection device. 
His so-called  glass exhauster      was a negative 
pressure mechanical device capable of producing 
a  temporary   artifi cial erection [ 3 ]. Once the 
device was removed, the erection disappeared. It 
was not until 1917 that fi lm actor Otto Lederer 
patented “a ring of elastic material placed on the 
root of the penis,” a constriction band to be used 
in conjunction with vacuum therapy to maintain 
an erection [ 4 ]. Other patents followed; however, 
credit for popularizing the modern VCD goes to 
Geddings D. Osbon, Sr. His “youth equivalent 
device” was reportedly perfected through 20 
years of personal use [ 5 ,  6 ]. 

 In 1982 the device received FDA approval 
and became commercially available as the 
 Osbon ErecAid   [ 7 ]. Vacuum therapy gained 
widespread acceptance  in   the urologic commu-
nity in 1990, when Lue wrote an editorial in the 
 Journal of Urology  stating that he recommended 
vacuum constriction devices as fi rst-line ther-
apy to nearly all of his patients with erectile 
dysfunction [ 8 ]. Further validation came in 
1996 when VCDs were listed as one of three 
treatment alternatives recommended by the 
American Urological Association Clinical 
Guidelines Panel on the treatment of organic 
erectile dysfunction [ 9 ].  
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    Mechanism and Design 

 The vacuum  constriction   device has three com-
ponents: a plastic cylinder into which the penis is 
placed, a pump which removes air from the cylin-
der, and an elastic constriction band (Fig.  13.1 ). 
The open base of the cylinder is pressed securely 
against the pubis. Lubricant is often helpful to 
attain an airtight seal. In most modern devices, 
the pump is integrated to allow for single-handed 
operation. When activated, this removes air from 
the cylinder creating a vacuum which leads to 
distension of the corporal sinusoids and subse-
quent penile engorgement. Of note, all FDA- 
approved cylinders have pop-off valves, which 
limit the amount of pressure held within the 
chamber. Following engorgement, a penile con-
striction ring can be deployed onto the base of the 
penis, which restricts venous outfl ow to maintain 
the erect state. A release valve relieves the nega-
tive pressure, and the cylinder is removed 
(Fig.  13.2 ). The constriction band must be 
removed within 30 min to avoid ischemia. In 
addition to mechanical effects on blood fl ow, 

there is some thought that VEDs stimulate nitrous 
oxide release, which mediates corporal smooth 
muscle relaxation [ 10 ].

        Clinical Evidence 

 Because vacuum  devices   are both nonpharmaco-
logic and noninvasive, they have not been sub-
jected to the strict clinical trials required of PDE5 
inhibitors, intracavernosal injections, and penile 
prostheses. Most of the data regarding vacuum 
therapy come in the form of single-center obser-
vational studies. The clinical effi cacy of vacuum 
constriction devices is summarized in Table  13.1 .

   Early studies by Drs. Perry Nadig and John 
Witherington in the 1980s were instrumental in 
demonstrating the safety and effi cacy of vacuum 
therapy. Nadig tested a vacuum constriction 
device in  35   men with organic impotence. Thirty 
two of those men achieved rigidity suffi cient for 
penetration, and at follow-up 8–22 months later, 
24 of 35 (69 %) were still using the device with 
high satisfaction [ 11 ]. Nadig was also the fi rst to 
provide objective data on penile rigidity. 
Longitudinal buckling pressures of 454 g, the 
minimum criterion used in sleep laboratory eval-
uations, were achieved in 27 of 35 (77 %) patients. 
Several years later, Witherington surveyed over 
1500 users of VCDs and found that 92 % patients 
achieved erections satisfactory for intercourse 
with no serious side effects or complications 
[ 12 ]. Nearly eighty percent of users reported hav-
ing intercourse at least every 2 weeks. A subse-
quent study of 100 men using the VCD followed, 
which reported a 68 % satisfaction rate [ 13 ]. 

 Cookson and Nadig were the fi rst to look at 
long-term results with VCDs [ 14 ]. Patients com-
pleted a questionnaire after 3 and 29 months of 
use. Approximately 70 % of subjects used the 
device regularly. Both patients and partners 
reported satisfaction rates above 80 % at short- 
term and long-term follow-up. Satisfaction with 
the quality of the erections (hardness, penile 
length, and circumference) was rated greater than 
90 %. Long-term users enjoyed more frequent 
intercourse, which was sustained beyond the fi rst 
year. Long-term success has since been 

  Fig. 13.1     Model of   a vacuum constriction device. Both 
battery-operated ( top ) and manual ( bottom ) pump mecha-
nisms are depicted. Elastic constriction rings of varying 
sizes are available       
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  Fig. 13.2     Achieving erection   with a vacuum constriction 
device. The fi rst panel shows initial placement of the VCD 
over the fl accid penis, taking care not to involve the scro-
tum. The second panel shows engorgement of the penis as 

air is pumped out of the cylinder, creating a vacuum. The 
fi nal panel shows an erect penis with the constriction band 
in place       

   Table 13.1     Effi cacy of   vacuum constriction devices in erectile dysfunction   

 First author  Year   N   Mean follow-up  Results 

 Nadig [ 11 ]  1986  35  8–22 months  91 % satisfactory erections, 80 % use regularly 

 Witherington [ 12 ]  1989  1517  8.6 months  92 % satisfactory erections, 77 % use regularly. Best 
results with partial impotence 

 Sidi [ 13 ]  1990  100  7.9 months  68 % satisfaction rate 

 Turner [ 16 ]  1991  45  12 months  87 % satisfactory erections. Attrition rate 20 % 

 Cookson [ 14 ]  1993  216  29 months  70 % use regularly. >80 % patient and partner 
satisfaction 

 Segenreich [ 15 ]  1993  150  25 months  75 % satisfactory erections. Of those, 64 % purchased 
VED. Long-term use rate of 43 % overall, but >90 % in 
those who purchased VED 

 Blackhard [ 93 ]  1993  45  NA  64 % purchased VED. Long-term use 44 % overall, 
69 % of those who purchased VED 

 Meinhardt [ 21 ]  1993  74  NA  31 % satisfaction rate. All patients had previous failed 
alternate therapies 

 Vrijhof [ 19 ]  1994  67  NA  50 % satisfactory erections, best results with 
nonneurogenic ED 

 Baltaci [ 94 ]  1995  49  12.8 months  Attrition rate 33 %. Of the remaining 67 %, >80 % 
satisfaction rate. Best results with arteriogenic ED 

 Kolettis [ 95 ]  1995  50  7.6 months  76 % satisfactory erections. 56 % satisfaction rate. 
Satisfaction unrelated to severity of ED 

 Derouet [ 81 ]  1999  110  28 months  Attrition rate was 58 %. Of long-term users (primarily 
those who did not respond to ICI), 98 % satisfaction and 
85 % partner satisfaction 

 Dutta [ 20 ]  1999  129  37 months  Attrition rate was 65 %. Remaining 35 % were satisfi ed. 
Best results for moderate ED, not mild or severe 
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 corroborated. Segenreich et al. reported that of 64 
men who purchased a VCD after successfully 
testing it in a physician’s offi ce, 90 % became 
long-term, satisfi ed users [ 15 ].  A   prospective 
study by Turner et al. redemonstrated excellent 
immediate and long-term results, with adequate 
erections in 87 % of subjects and only a 20 % 
attrition rate after 12 months [ 16 ]. 

 In an attempt to quantify the effi cacy of VCDs, 
Bosshardt et al. evaluated penile rigidity with the 
RigiScan nocturnal penile tumescence monitor 
[ 17 ]. Penile rigidity of 70 % is considered satis-
factory for intercourse [ 18 ] .     In the same study, 
penile blood gas analysis revealed that ischemia 
could result 30 min after applying the constric-
tion rings. This led to the recommendation that 
constriction rings be removed after 30 min. 

 Not all series report such high success. Vrijhof 
et al. found that only 50 % of men attain satisfac-
tory erections with VCDs [ 19 ]. Dutta and Eid 
reported a 35 % satisfaction rate based on attri-
tion, despite signifi cant instruction on device use 
[ 20 ]. Meinhardt et al. report a mere 31 % satisfac-
tion rate in patients who have failed prior thera-
pies, though they admit that patient selection is a 
clear confounder [ 21 ]. In a study by Derouet 
et al., 20 %  of   subjects rejected the VCD outright, 
and an additional 38 % stopped using the device 
over time. Reasons cited for rejecting or discon-
tinuing vacuum therapy include inadequate erec-
tions, diffi culty using the device, lack of 
spontaneity, partner rejection, discomfort, and 
loss or change of romantic partner. While attri-
tion rates may seem high, it is important to note 
that they compare favorably with adherence rates 
of intracorporeal injection (ICI), which has early 
dropout rates of up to 40 % and up to 56 % within 
1 year [ 22 – 24 ]. Those who do continue to use 
VCDs long term tend to be highly satisfi ed.  

    VCDs in Diabetes 

  The association between  diabetes   mellitus and 
erectile dysfunction dates back to medieval 
Persia, when physician Avicenna observed a 
“collapse of sexual function” in patients with 
sweet urine [ 25 ]. This link was again described 

by Scottish surgeon John Rollo, who chronicled 
diabetic men seized with  coitus nullus :  erectio 
nunquam: ne quidem semel rigescit  (“null coitus: 
never erect: not even once does it stiffen.”) [ 26 ]. 
Erectile dysfunction has since become a well- 
established complication of diabetes affecting 
over half of all diabetic men, a prevalence 2–4 
times higher than is seen in the nondiabetic popu-
lation [ 27 ,  28 ]. 

 In a study by Price et al., 33 of 44 diabetic 
men using VCDs (75 %) reported erections satis-
factory for intercourse with a mean usage rate of 
5.5 times per month [ 29 ]. Of the remaining 11 
men, eight could not achieve adequate erections 
and three others could, but their partners found 
the vacuum erection device an unacceptable erec-
tile aid. Arauz-Pacheco also showed a 75 % suc-
cess rate in 12 diabetic men with erectile 
dysfunction and diabetic neuropathy [ 30 ]. 
Bodansky et al. studied 19 diabetic patients with 
erectile dysfunction and EMG-proven neuropa-
thy [ 31 ]. After 6 months, 11 (58 %) of patients 
continued to use the VCD with an average rate of 
four times monthly. Self-assessment values for 
sexual satisfaction, partner’s sexual satisfaction, 
and self-esteem signifi cantly increased. Israilov 
studied VCD effi cacy in 162 diabetic men with 
ED, most of whom had failed sildenafi l citrate 
[ 32 ]. Although 114 (70.4 %) responded well, 
only 19 (11.7 %) patients agreed to continue its 
use. Almost uniformly, patients complained of 
intolerable pain from even the loosest constric-
tion bands. While PDE5 inhibitors remain the 
mainstay of ED treatment in diabetics, vacuum 
devices are a viable second line, noninvasive 
alternative to those patients who accept them .  

    VCD in Spinal Cord Injury 

 The vast majority of patients with  spinal cord 
injury (SCI)   suffer some element of erectile dys-
function [ 33 ,  34 ]. Patients with upper motor neu-
ron lesions may achieve spontaneous erections; 
however, these tend to be transient [ 33 ]. Those 
with lower motor neuron lesions suffer more pro-
found erectile failure. Several studies have looked 
at vacuum therapy within the spinal cord injury 
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population. Early studies of VCD therapy in spi-
nal cord-injured patients suggested that vacuum 
therapy led to more frequent intercourse and 
increased sexual satisfaction of both patients and 
their partners [ 35 ,  36 ]. Heller et al. reported on 
long-term outcomes with VCD use in 17 men 
with chronic neurologic impotence. After a mean 
follow-up of 21 months, more than half of 
patients continued to use the device, and fre-
quency of intercourse increased from 0.3 to 1.5 
times per week [ 37 ]. 

 Denil et al. studied 20 men with  SCI   using 
VCDs for erectile dysfunction [ 38 ]. After 3 
months, 93 % of men reported rigidity suffi cient 
for vaginal penetration, with an average duration 
of 18 min. Interestingly, those numbers decreased 
at 6 month follow-up, at which time only 41 % of 
men were satisfi ed with their VCD. Premature 
loss of erection was the most common complaint. 
Chancellor et al. measured penile rigidity follow-
ing VCD use in SCI patient with a mean increase 
in rigidity of 57 % (range 30–80 %) [ 39 ]. 

 In a prospective, multicenter survey, Watanabe 
et al. evaluated the effi cacy of injection therapy 
and VCDs [ 40 ]. Patients using vacuum therapy 
reported a sexual intercourse mean of fi ve times 
per month as compared with three times per 
month in those using injections. More recently, 
Moemen et al. compared PDE5 inhibitors, ICI, 
and VCDs in  SCI   patients. All therapies yielded 
excellent results [ 41 ]. Seventy percent of men 
using the VED reported normal IIEF-EF scores 
after treatment, compared with none before treat-
ment. By comparison, 90 % of patients using 
sildenafi l or injections reported normal IIEF 
scores after treatment, and these therapies were 
preferred due to convenience. 

 It should be noted that while vacuum therapy 
is widely accepted as one of the safest therapeu-
tic options for ED, spinal cord-injured patients 
tend to be at higher risk for complications. In 
the study by Watanabe et al., two patients 
reported subcutaneous hemorrhage, and one 
reported penile ischemia. Similarly, Rivas et al. 
describe two cases of subcutaneous hemorrhage 
in spinal cord-injured VCD users on anticoagu-
lation, as well as a single case of penile gan-
grene [ 42 ]. Presumably this is due to decreased 

sensation and subsequent excessive suction or 
constriction.  

    Combination Therapy 

 While  monotherapy   with VCDs is both safe and 
effective, vacuum therapy need not be used in 
isolation. Multiple studies show that VCDs can 
serve as an effective adjunct to other erectile aids. 
The most common multimodal therapy combines 
PDE5 inhibitors and VCDs [ 43 ,  44 ]. Chen et al. 
studied 161 men with ED who initially trialed 
monotherapy with VED or sildenafi l [ 43 ]. In the 
41 patients who failed monotherapy, combination 
therapy was used. All 41 patients reported greater 
satisfaction with combined treatment, as well as 
signifi cant improvement across all IIEF domains. 
The combination of PDE5i and vacuum therapy 
is particularly effective in the post-prostatectomy 
population [ 45 ,  46 ]. 

 Several studies have also demonstrated  syner-
gistic effects   between vacuum therapy and intra-
cavernosal, intraurethral, and topical agents, 
leading to enhanced organic erectile function and 
decreased need for a constriction device [ 47 – 49 ]. 
Vacuum therapy may also enhance penile pros-
theses [ 50 ,  51 ]. Soderdahl et al. reported that 11 
of 12 men with penile prostheses who concomi-
tantly used VEDs described a subjective increase 
in length and girth, as well as satisfaction [ 50 ]. 
Vacuum therapy has even been shown to enhance 
sex therapy for patients with psychogenic erectile 
dysfunction [ 52 ].  

    Other Indications for Vacuum 
Therapy 

    Post-prostatectomy Penile 
Rehabilitation 

  Perhaps the greatest driver of the resurgence of 
vacuum erectile therapy is its application in 
penile  rehabilitation   following prostatectomy. 
Even with surgical modifi cations such as nerve- 
sparing and a robot-assisted laparoscopy, post- 
prostatectomy ED rates in contemporary series 
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range from 30 to 87 % [ 53 – 55 ]. Sexual dysfunc-
tion following prostatectomy, which includes 
erectile dysfunction and changes in penile shape 
and size, has profound detrimental effects of 
quality of life [ 56 ,  57 ]. The pathophysiology of 
ED following prostatectomy is complex and mul-
tifactorial. Among other mechanisms postopera-
tive cavernosal nerve neurapraxia is nearly 
universal, leading to a transient loss of erectile 
function. Without arterial infl ow the corpora 
become hypoxic, and cavernosal smooth muscle 
apoptosis and collagen deposition ensue [ 58 – 60 ]. 
This in turn leads to penile shortening and dam-
age to the veno-occlusive mechanism necessary 
for erectile function [ 60 – 63 ]. Provoking an artifi -
cial erection during this period of neurapraxia is 
thought to decrease hypoxia and thus cavernosal 
fi brosis. This has led to the development of post- 
prostatectomy penile rehabilitation protocols. 

 Currently, there is no consensus as to the opti-
mal rehabilitative regimen. Given its cost- 
effectiveness, low complication rate, and 
independence from the nitric oxide pathway, 
vacuum therapy is an excellent candidate for 
post-prostatectomy penile rehabilitation [ 64 ]. In 
a recent survey of American Urological 
Association members, vacuum therapy is the sec-

ond most commonly used modality for penile 
rehabilitation, and the British Society for Sexual 
Medicine recommends VEDs as fi rst-line therapy 
along with PDE5 inhibitors [ 65 ,  66 ]. A recent 
pilot study by Welliver et al. demonstrated that 
vacuum therapy does indeed improve penile oxy-
genation, confi rming a physiologic rational for 
VEDs in penile rehabilitation. The constriction 
ring causes local hypoxia and is typically not 
used in rehabilitation protocols, though occa-
sional use for intercourse is permitted [ 17 ,  67 ]. 

 It is only within the past decade that vacuum 
therapy has been studied in penile rehabilitation 
protocols. A summary of the data is tabularized 
in Table  13.2 . In a 2006 randomized prospective 
trial, Raina et al. studied 109 men undergoing 
radical prostatectomy who were randomized 
either to daily vacuum therapy starting 1 month 
after surgery or to no penile rehabilitation [ 68 ]. 
The treatment group enjoyed a slightly higher 
rate of natural erections suffi cient for intercourse 
(17 % vs. 11 %), though the rates remain disap-
pointing. Surprisingly, there was no difference 
between nerve-sparing and non-nerve-sparing 
procedures. Moreover, those using their VED 
were less likely to perceive a decrease in penile 
length and circumference (23 % vs. 85 %).

   Table 13.2    Vacuum therapy (VT) in  post-prostatectomy penile rehabilitation     

 First author  Year   N   Design  Results 

 Baniel [ 72 ]  2001  85  Progressive regimen, 
VT was fi rst line 

 92 % adequate erections with VT, only 14 % agreed to 
continue VT at home 

 Gontero [ 73 ]  2005  76  Progressive regimen, 
VT was second line 

 Adequate erections in 8, 52, and 60 % of pts using 
sildenafi l, VT, and ICI, respectively 

 Raina [ 68 ]  2006  109  VT vs. no therapy  Higher rate of natural erections (17 % vs. 11 %) and 
decreased perceived penile shrinkage (23 % vs. 85 %) in 
VT group 

 Köhler [ 70 ]  2007  28  Early vs. late post-op 
VT 

 Early intervention led to higher IIEF scores (12.4 vs. 3.0 
at 6 months) and decreased risk of penile shortening 
>2 cm (12 % vs. 45 %) 

 Dalkin [ 69 ]  2007  42  VT compliance vs. 
stretched penile 
length 

 Decreased loss of penile length >1 cm in patients 
compliant with VT protocol 

 Engel [ 45 ]  2011  26  Tadalafi l vs. 
tadalafi l + VT 

 At 12 months, 92 % of combination group achieve vaginal 
penetration vs. 57 % with tadalafi l only. Increased IIEF in 
combination group. Better compliance with VT than 
tadalafi l 

 Basal [ 46 ]  2013  203  PDE5i, VT, 
PDE5i + VT vs. no 
therapy 

 PDE5i + VT most effective in decreasing time to recovery 
of erectile function 
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   The following year, Dalkin and Christopher 
conducted a prospective study of 42 men to 
assess the effect of VED on stretched penile 
length following prostatectomy [ 69 ]. Vacuum 
therapy lasted for 90 days starting the day after 
catheter removal. Patients compliant with the 
protocol had signifi cantly decreased risk of loss 
of length greater than 1.0 cm (3 %) as compared 
with data from earlier studies in which 48 % of 
men had signifi cant length reduction. 

 Kohler et al. tested stretched fl accid penile 
length in a prospective randomized trial compar-
ing early vs. late penile rehabilitation with vac-
uum therapy [ 70 ]. Twenty-eight men were 
assigned to start vacuum therapy either 1 month 
or 6 months following radical prostatectomy. The 
early intervention group had signifi cantly higher 
IIEF scores. In addition, early intervention dra-
matically decreased the incidence penile shorten-
ing. At 12 months, two of 17 (12 %) of men in the 
early rehabilitation group and fi ve of 11 (45 %) in 
the control group lost at least 2 cm of penile 
length. 

 These studies are in their infancy and are lim-
ited by lack of standardization—the optimum 
timing and length of therapy are not known. More 
recent studies seem to indicate that combining 
oral PDE5 inhibitors with vacuum therapy yields 
the best result, particularly following robotic 
nerve-sparing prostatectomy [ 45 ,  46 ]. Despite 
some promising data, not all agree that vacuum 
therapy is an effective mode of penile rehabilita-
tion, most notably citing high attrition rates and 
the lack of intention to treat analyses [ 71 ]. 
Attrition is indeed signifi cant. For instance, 
Baniel et al. studied a progressive penile rehabili-
tation regimen which included vacuum therapy. 
While 92 % of men developed adequate erections 
with vacuum therapy, only 14 % continued using 
their VED at home [ 72 ]. Moreover, some argue 
that penile rehabilitation as a whole remains 
largely unproven with regard to long-term recov-
ery of natural erections [ 71 ,  73 ]. Certainly more 
rigorous study would be enlightening .  

    Penile Lengthening 

 Vacuum therapy has long been rumored to 
enhance penile  length  . A recent study by Aghamir 
et al. debunked this myth. Thirty-seven men with 
stretched penile length less than 10 cm used a 
VED for 6 months. Mean penile length increased 
from 7.6 to 7.9 cm, a statistically insignifi cant 
change, though it should be noted that 30 % of 
patients were satisfi ed with the vacuum device 
[ 74 ]. 

 On the other hand, there is new enthusiasm for 
preoperative VED therapy prior to penile pros-
thesis implantation. Moskovic reported a case of 
a single post-prostatectomy patient who used a 
VED for length preservation prior to penile pros-
thesis implantation. His stretched penile length 
increased 2.3 cm after vacuum therapy [ 75 ]. A 
subsequent single  institution   trial of 750 patients 
who underwent a 2-month preoperative VED 
protocol revealed encouraging results. Since 
instituting the vacuum therapy protocol, average 
cylinder length of implanted penile prostheses 
increased from 18.4 to 22.0 cm. Moreover, there 
was a signifi cant decrease in postoperative pain 
which allowed for earlier device cycling, as well 
as improved patient satisfaction with postopera-
tive length [ 76 ,  77 ]. Vacuum therapy can also be 
remarkably effective following penile prosthesis 
explantation, which leads to cavernosal fi brosis 
and notoriously refractory erectile dysfunction 
[ 78 ].  

    Penile Straightening 

 In recent years, signifi cant interest has developed 
in  penile traction therapy   for  penile straightening   
and lengthening in patients with Peyronie’s dis-
ease. While non-vacuum traction devices are bet-
ter studied, there are data to suggest vacuum 
therapy is a reasonable option [ 79 ]. Raheem et al. 
showed a modest decrease in penile curvature 
(5–25°) in 21 out of 31 men who used daily 
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vacuum traction to treat their Peyronie’s disease 
[ 80 ]. Sixteen of these 21 patients were satisfi ed 
with the result and did not proceed with surgical 
straightening.   

    Cons, Complications, 
and Contraindications 

 As previously noted,  a   signifi cant subset of 
patients will reject the vacuum erection device 
primarily, and others will discontinue use within 
the fi rst few months. Common reasons for rejec-
tion include perceived cumbersome operation, 
lack of spontaneity, and partner rejection [ 20 ,  81 , 
 82 ]. Once accepted, vacuum devices are typically 
well tolerated. Common and rare complications 
from VCDs are summarized in Table  13.3 . 
Complications tend to be mild and transient, and 
most commonly include pain or discomfort, 
numbness, penile bruising, and petechiae. 
Discomfort may occur during suction in 20–40 % 
of users, though this tends to improve with famil-
iarization with the device [ 83 ]. As many as 45 % 
of users complain of pain at the constriction ring 
site [ 84 ]. Tight constriction rings can obstruct the 
urethra leading to painful or failed ejaculation 
[ 12 ,  85 ]. Erections achieved with VCDs tend to 
be cool and slightly cyanotic, which may be off- 
putting to some [ 17 ,  83 ].

   There have been anecdotal reports  of   serious 
complications from vacuum therapy. Several 
cases of  Peyronie’s disease   have been reported 
[ 86 – 88 ]. It is not clear whether the Peyronie’s dis-
ease is attributable to the device or to increased 

rigidity and coital activity providing an opportu-
nity to injure the penis, triggering plaque forma-
tion in a predisposed individual. In addition, there 
are single case reports of penile gangrene, 
Fournier’s gangrene, urethral bleeding, and herni-
ation of the scrotal tunica vaginalis into the penile 
shaft [ 42 ,  87 ,  89 ]. Physicians should emphasize 
the 30 min time limit on constriction bands to 
minimize complications relating to ischemia. 

 There are no absolute contraindications to 
VED usage. Relative contraindications include 
priapism, blood dyscrasias, and penile deformi-
ties [ 42 ,  85 ]. Most will cite anticoagulation as a 
relative contraindication to VED use, though one 
study shows complication rates in anticoagulated 
VED users that are comparable to the general 
population [ 90 ]. As previously noted, SCI 
patients and others with poor sensation are at 
increased risk of complication. Lack of manual 
dexterity can complicate device use, though an 
understanding partner can certainly assist. 
Cognitive decline can lead to device misuse, 
which in turn can result in complications [ 91 ].  

    Conclusions and the Future 
of Vacuum Therapy 

 Vacuum therapy is a safe, cost-effective, and effi -
cacious erectile aid. It may be used as monother-
apy or as adjunctive therapy across all etiologies 
of erectile dysfunction. Therapy is well tolerated 
and high satisfaction rates are achieved with 
those who use VCDs long term. There are very 
few contraindications to use—nearly any patient 
with erectile dysfunction is a candidate. The uro-
logic community has only recently begun to 
explore expanded applications for vacuum ther-
apy including penile rehabilitation, preoperative 
penile conditioning prior to prosthesis implanta-
tion, nonsurgical penile straightening in 
 Peyronie’s disease  , and even female sexual dys-
function [ 92 ]. Given its renewed popularity and 
expanding domain beyond erectile dysfunction, 
vacuum therapy may well be on the cusp of an 
era of innovation.     

   Table 13.3     Complications   of vacuum constriction 
devices   

 Most common  Rare 

 Penile discomfort or pain  Peyronie’s disease 

 Ecchymosis/petechiae  Penile hematoma 

 Diffi culty with ejaculation  Penile skin necrosis 

 Penile cyanosis or coldness  Penile or Fournier’s 
gangrene 

 Penile numbness  Urethral bleeding 
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          Introduction 

 Currently there are three main therapeutic agents 
for intracavernosal injection (ICI)  therapy   and 
one for intraurethral therapy approved by the 
FDA for the treatment of erectile dysfunction 
(ED). These agents are highly effective and were 
the focus of intense interest in the mid-1990s, but 
were quickly regulated to second line therapy 
after the appearance of sildenafi l. Indeed, while 
sildenafi l prescriptions nearly doubled to 14 mil-
lion from 1998 to 2001, prescriptions for alprosta-
dil injections dropped by one third to 159,000 
and  MUSE ®    (Meda Pharmaceuticals, Inc., 
Somerset NJ) prescriptions fell by two thirds to 
132,000 [ 1 ]. It must be noted, however, that the 
phosphodiesterase-5 inhibitors (PDE5Is) are 
ineffective in about 22–35 % of men [ 2 ]. 
Furthermore, of the men treated with oral agents, 
a signifi cant proportion will ultimately fail (even 
after PDE5I dose escalation) secondary to pro-
gression of their disease. Additionally, there are a 

signifi cant number of men with contraindications 
to PDE5Is. The result is a large number of men 
who are unable to utilize oral treatments for erec-
tile dysfunction. Fortunately, second line thera-
pies in the form of vacuum erection devices 
(discussed in detail in a separate chapter: Chap. 
  13    ), ICI, and  MUSE ®    are highly effective treat-
ments that may be used when PDE5Is are contra-
indicated. Interestingly, there is also a signifi cant 
subset of men who prefer intracavernous injec-
tion to PDE5I therapy, even when both are effec-
tive. Hatzichristou et al. [ 3 ] tested the effi cacy of 
sildenafi l in 155 men who were using intracav-
ernous injections and obtaining successful 
results. Seventy-fi ve percent (116) of those men 
achieved erections suffi cient for intercourse. Of 
those 116 men in whom both treatments were 
successful, 33 % (38 men) chose to continue 
intracavernous injection therapy instead of 
switching to oral medications. In short, despite 
being overshadowed by the mass marketing and 
convenience of administration of PDE5Is, knowl-
edge and utilization of ICI and MUSE ®  remain 
critical in the approach to treatment of erectile 
dysfunction.  

    PGE 1  (Alprostadil) 

 Alprostadil acts via multiple pathways to cause 
cavernosal vascular smooth muscle relaxation 
and thus erection. The best characterized of these 
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pathways is via increase in  cAMP  , which results 
in increased activity of cAMP dependent kinases, 
thus decreased cytoplasmic Ca 2+ , and relaxation 
of smooth muscle [ 4 ]. Other less well character-
ized pathways including cAMP mediated 
increases in cGMP and the indirect blockade of 
adrenergic and angiotensin II signaling by PGE 1  
[ 5 ,  6 ], are also likely to play a role. The mecha-
nism is illustrated in Fig.  14.1 .

    Prostaglandin E 1    is now the preferred inject-
able agent and only transurethral erectile agent. 
Trade names for the injectable form are Caverject ®  
(Pfi zer Inc., New York, NY) and Edex ®  (Auxilium 
Inc/Endo, Dublin, Ireland)/Viridal ®  (UCB 
Pharma, Brussels, Belgium). Generic injectable 
alprostadil is also available and typically is more 
cost effective, but does not include a sophisticated 
delivery system as described below. MUSE ®  
(Medicated Urethral System for Erection, Meda 
Pharmaceuticals) is currently the only transure-
thral erectile agent approved by the FDA. Typical 
doses are 10–20 μg for injectable alprostadil and 
250–1000 μg for MUSE ®  alprostadil. 

 Response rates to alprostadil alone are high. In 
his 1996 meta-analysis [ 7 ], Porst reported a 70 % 
rate of erection suffi cient for intercourse with 
alprostadil injection alone in greater than 10,000 
patients (Table  14.1 ). This included 4500 patients 
from his own series and more than 5000 from a 
literature review. A later publication by Porst [ 8 ] 
reported on 162 patients using alprostadil ICI, 58 
of which were followed for 4 years for a total of 

16,886 injections. Success rates were greater than 
90 % in each year of the study (Table  14.2 ).

    Perhaps more important than generalized effi -
cacy is effi cacy in PDE5I nonresponders. Shabsigh 
et al. [ 9 ] reported on 67 patients with no response 
to PDE5Is. Of these, 59 (88 %) reported achieving 
erections suitable for intercourse using ICI. Nagai 
et al. [ 10 ] reported a similar study, which tested the 
effi cacy of intracavernous alprostadil on 64 
patients who failed PDE5I therapy. Ninety-one 
percent of these patients achieved erections suit-
able for intercourse with ICI alprostadil therapy. 

 Interestingly, the converse is also sometimes 
true and approximately a third of patients who do 
not respond to intracavernous therapy respond to 
PDE5Is. McMahon et al. [ 11 ] challenged 93 men 
with ED who previously failed ICI with oral silde-
nafi l, 50 mg, escalating to 100 mg if the low dose 
was unsuccessful and found that 34 % achieved 
erections suitable for intercourse. Thirty of these 
32 required the 100 mg dose of sildenafi l. 

    Administration 

  Caverject ®    comes in two forms: a  vial   containing 
powdered alprostadil and a prefi lled dialable 
syringe (Caverject ®  Impulse ® ).   The fi rst type 
comes in doses of 5, 10, and 20 μg and requires 
premixing with a diluent, which is either bacterio-
static water or simply sterile water. The injection 
site is selected as per Fig.  14.2 . The penis is 

  Fig. 14.1    Mechanism 
of action in producing 
erections for alprostadil 
(PGE1), papaverine, and 
the PDE-5 inhibitors       
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grasped by the glans and stretched against one 
thigh. The site is cleaned with an alcohol swab and 
the solution is injected into the corpus cavernosum 
as per Fig.  14.3 . Care is taken to avoid the neuro-
vascular structures on the dorsum of the penis and 
the corpus spongiosum on the ventral side of the 
penis. Pressure should be applied to the injection 
site for 5 min to prevent hematoma formation. The 
patient is instructed to alternate sites [ 12 ].

    Caverject ®  Impulse ®  is available in two 
strengths, 10 and 20 μg. Administration is similar 
except that both the diluent and the drug are pres-
ent in the same syringe, and mixing is accom-
plished by turning the plunger rod. The patient’s 
dose is then dialed in on the syringe and the drug 
is injected in the same fashion as the original 
drug. The package insert diagram of the syringe 
is shown in Fig.  14.4  [ 13 ].

    Edex ®    is a system somewhat similar to 
Caverject ®  Impulse. It consists of a reusable 
injection device with single use and dual cham-

bered medication cartridges. The system is shown 
in Fig.  14.5  [ 14 ].

   The cartridge is inserted into the injection 
device and the plunger is depressed to add the 
diluent to the medication. The medication is 

     Table 14.1    Response rates to  PGE 1   ,  papaverine  , and  papaverine + phentolamine     

 Drug  Total # patients  Dosage  Responders 

  PGE   1   

 Literature review  10,353  5–40 μg  7519/10,353 
(72.6 %) 

 Porst series  4577  5–20 μg  3206/4577 (70 %) 

  Papaverine  

 Literature review  2161  30–110 mg  987/1611 (61 %) 

 Porst series  950  12.5–50 mg  370/950 (39 %) 

  Papaverine + phentolamine  

 Literature review  3016  15 mg + 1.25 mg  2065/3016 (68.5 %) 

 60 mg + 2 mg 

 Porst series  249  15 mg + 1 mg  151/249 (60.6 %) 

 50 mg + 2 mg 

  Used with permission from Porst H., The rationale for prostaglandin E1 in erectile failure: a survey of worldwide expe-
rience. J Urol 1996;155(3): 802–15  

   Table 14.2    Success rates for  alprostadil   ICI over 4 years   

 Year  #Patients  # Injections  Successful coitus (%) 

 1  162  6935  6293 (90.7) 

 2  81  3937  3691 (93.8) 

 3  68  3233  3050 (94.3) 

 4  58  2781  2679 (96.3) 

  Used with permission from Porst H et al. Intracavernous 
Alprostadil Alfadex--an effective and well tolerated treat-
ment for erectile dysfunction. Results of a long-term 
European study. Int J Impot Res 1998; 10(4): 225–31  

  Fig. 14.2    Penile injection site. Shaded areas represent 
ideal injection sites for ICI (From Caverject ®  Package 
Insert. Used with permission. Copyright © Pfi zer Inc., 
New York, NY)       
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  Fig. 14.3    Avoid 
injection into important 
dorsal and ventral penile 
structures (From 
Caverject ®  Package 
Insert. Used with 
permission. Copyright © 
Pfi zer Inc., New York, 
NY)       

  Fig. 14.4    Caverject ®  Impulse ®  syringe (From Caverject ®  Impulse ®  Package Insert. Used with permission. Copyright 
© Pfi zer Inc., New York, NY)       

  Fig. 14.5    Edex ®  cartridge and injection device diagrams (From Edex ®  package Insert. Used with permission. Copyright 
© Endo/Auxilium Pharmaceuticals Inc., Dublin, Ireland)       
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then swirled into the diluent and injected into 
the penis as per the above directions for 
Caverject ® . 

 Generic alprostadil is available  in   powdered 
vials that require mixing with diluent and are 
administered as per the directions for Caverject ® . 
Premixed generic alprostadil can also be obtained 
from specialized pharmacies. Recommended 
needle size is ½ in., 27–30 gauge.  

    Side Effects 

 Penile pain is the most signifi cant  side effect   of 
alprostadil. In his 1996 literature review [ 7 ], 
Porst describes the experience of 2745 patients 
over ten publications (Table  14.3 ). He notes that 
the rate of penile pain with ICI alprostadil is 
7.2 %. Higher rates of pain are noted by the 
European Alprostadil Study Group [ 15 ]. They 
noted that 44 % of their 848 patients experienced 
penile pain, but this was described as mild in over 
half of those patients and only 3 % discontinued 
because of pain. Smaller studies note intermedi-
ate outcomes [ 16 ]. Priapism and fi brosis occurred 
at low rates of 0.36 and 0.8 % [ 7 ]. The European 
Alprostadil Study Group [ 15 ] notes 0.9 and 4 % 
rates for those same phenomena.

       Alprostadil Summary Points 

•     Alprostadil ICI is highly effi cacious (>70 %) 
in producing erections.  

•   In patients who fail PDE5 inhibitors, effi cacy 
is ~90 %.  

•   This is the most commonly used ICI agent. It 
is FDA approved and is available at most 
pharmacies.  

•   The most signifi cant side effect of pain occurs 
at a rate of ~7 % of patients. Higher rates of up 
to 40 % are sometimes reported, but this is 
likely due to the inclusion of minor pain. It is 
popularly thought to have the highest rates of 
penile pain of all the ICI agents; however, this 
is not borne out in the literature.  

•   Rates of serious side effects of priapism and 
fi brosis are low.      

    Papaverine 

    Papaverine      acts as a nonspecifi c phosphodiester-
ase inhibitor to block both the breakdown of 
cAMP and cGMP, the accumulation of both of 
which leads to decreased intracellular calcium 
and thus smooth muscle relaxation [ 17 ]. The 
mechanism of action is illustrated in Fig.  14.1 . 

 Papaverine was the fi rst agent discovered to be 
effective as intracavernous pharmacotherapy for 
erectile dysfunction [ 18 ]. It is highly effective, but 
has fallen out of favor as monotherapy because of its 
high rates of fi brosis. Rates of success are between 
60 and 93 % [ 19 – 23 ], though some of these studies 
use very high doses of papaverine. Up to 120 mg of 
papaverine was used in Brindley’s series of 73 
patients. Porst’s literature review [ 7 ] (Table  14.1 ) 
revealed 987 responders of 1611 subjects (61 %) for 
dosages ranging from 30 to 110 mg. His personal 
series of 950 patients showed a more modest 
response rate of 39 % (390 responders) at more 
commonly used doses ranging from 12.5 to 50 mg. 

   Table 14.3     Complications   of ICI therapy: alprostadil, papaverine, and bimix   

 Drug  Total # patients  Priapism >6 h (%) 
 Nodules, indurations, 
fi brosis (%)  Pain (%)  Hematoma (%) 

 Alprostadil  2745  0.36  0.8  7.2  6.6 

 Bimix  2263  7.8  12.4  11.6  25.6 

 Papaverine  1527  7.1  5.7  4.0  11.4 

  Used with permission from Porst H., The rationale for prostaglandin E1 in erectile failure: a survey of worldwide expe-
rience. J Urol 1996;155(3): 802–15  
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    Administration 

 Papaverine is obtained only as a generic medica-
tion in the USA. In Europe, it is approved and 
marketed as Androskat. It comes in 2 and 10 mL 
vials of papaverine 30 mg/mL solution. Typical 
doses range from 30 to 60 mg. It is and injected 
in the same fashion as Caverject ® .  

    Side Effects 

 Virag et al. [ 24 ] reported one of the largest series of 
patients using papaverine ICI for erectile dysfunc-
tion. In this series, 163,042 papaverine injections 
were administered to 1748 patients. The main side 
effects noted were priapism and fi brosis. Priapism 
occurred in 106 (6 %) of patients after 235 (0.14 %) 
of the injections. Fibrosis or nodule formation 
occurred in 187 (11 %) of patients. 

 A literature review by Porst [ 7 ] which did not 
include the above study by Virag et al. revealed 
slightly different rates. Priapism was noted in 92 
(7 %) of 1300 patients. Fibrosis, induration, and 
nodules occurred in 5.7 % (60 of 1056 patients) 
in the literature review. Other important side 
effects were injection site pain, which occurred 
in 4 % (18/452 patients), and hematoma, which 
occurred in 11 % (98/858 patients). Elevated liver 
enzymes, commonly seen with oral papaverine 
use [ 25 ], was seen in 1.6 % (5/314) of patients 
using intracavernosal papaverine.  

    Papaverine Summary Points 

•     Papaverine is effi cacious (39–61 %); however, 
its high rate of serious side effects, priapism, 
and fi brosis, at the high doses often needed for 
solitary use make its use unattractive.  

•   Both effi cacy and side effects are likely dose 
dependent.        

    Phentolamine 

 Alpha-blockers inhibit smooth muscle contrac-
tion in the corpora by, as the class name implies, 
inhibiting alpha-adrenergic receptors. The main 

alpha-blockers used for erectile dysfunction are 
 phentolamine   and moxisylyte. Moxisylyte was 
available in Europe as Icavex, but was withdrawn 
in 2005. Currently, only phentolamine is widely 
used for erectile dysfunction. 

 Phentolamine has poor effi cacy as a solo 
drug for erectile dysfunction. This stems from 
the fact that phentolamine induces tumescence 
relatively poorly,    but instead it is more effective 
in countering the body’s intrinsic cascade to 
induce detumescence by blocking the effects on 
norepinephrine. In a small study on eight impo-
tent patients and two normal controls, Blum 
et al. [ 26 ] noted that the control patients 
achieved full erections, but that the impotent 
patients achieved only tumescence, not full 
erections. 

    Side Effects 

 Since phentolamine is almost universally ,   used in 
conjunction with papaverine and alprostadil, data 
on its side effects as a solo therapy for erectile 
dysfunction are not adequately reported.   

    Intracavernous Injection 
Combinations 

 Combination therapy for intracavernous injec-
tions was conceived to improve effi cacy as a 
result of the synergistic effects of the drugs, and 
later, to reduce side effects as a result of using 
lower dosages of each agent. 

 One diffi culty encountered with the use of 
combination agents is the need for the phar-
macy to compound these agents since there are 
no combination intracavernous injection drugs 
currently approved by the FDA. In Europe, 
bimix is approved in several countries. Besides 
the obvious logistical diffi culties in obtaining 
the medications, it also then becomes neces-
sary for the patient to use combinations con-
taining alprostadil with some degree of 
expediency. This is due to the degradation of 
alprostadil in solution which occurs at a rate of 
approximately 30 % over the course of 2 
months [ 27 ]. 

C.L. Bednarchik et al.



193

    Bimix (Papaverine, Phentolamine) 

  The combination of papaverine and phentol-
amine is attractive since it is highly effective. No 
FDA approved combination exists. In Europe, a 
papaverine–phentolamine combination is mar-
keted as Androskat. It is distributed as a 2 mL 
ampule of papaverine 15 mg/mL and phentol-
amine 0.5 mg/mL. 

 The combination of papaverine and phentol-
amine is seen as an alternative to alprostadil 
monotherapy when signifi cant pain results from 
alprostadil injection. Unfortunately, bimix also 
results in signifi cant pain in a large percentage of 
patients using it, though the populations experi-
encing pain from the two regimens do not neces-
sarily overlap. 

 Effi cacy of  bimix   in Porst’s literature review 
[ 7 ] is shown in Table  14.1 . It should be noted that 
bimix and alprostadil have nearly equivocal effi -
cacies at 68.5 and 73 %, respectively. The approx-
imate dose equivalency of 10 μg of alprostadil 
has similar effi cacy to 30 mg papaverine + 1 mg 
phentolamine.   

    Trimix (PGE 1 , Papaverine, 
Phentolamine) 

  No standardized mixture is approved by the FDA 
or any European regulatory agencies and so these 
must be compounded by the pharmacy based on 
physician instructions. Concentrations of each 
component vary widely in the literature, but ratios 
of 12–30 mg papaverine–10–20 μg alprosta-
dil–1 mg phentolamine are fairly standard. Albaugh 
[ 28 ] recommends a mixture of 30 mg papaver-
ine + 10 μg alprostadil + 1 mg phentolamine per 1 
mL with a starting dose of 0.1–0.5 mL. 

 Bechara et al. [ 29 ] reported a crossover study 
of alprostadil vs. trimix in a group of 32 men who 
had failed high dose bimix therapy. In this study, 
50 % responded to trimix compared to only 22 % 
responding to alprostadil. Rates of pain for 
alprostadil were signifi cantly higher than for tri-
mix (41 % vs. 12.5 %). 

 Seyam et al. [ 30 ] studied multiple combina-
tions of  trimix   ingredients vs. alprostadil in 180 

men with erectile dysfunction. They found that 
all tested mixtures were highly effective and pro-
duce erections that are of equal frequency and 
quality to those produced by alprostadil. Sixty- 
eight percent of men using alprostadil and 67 % 
of men using trimix achieved a rigid erection. 
However, duration of erections is longer than 
alprostadil and a larger number of episodes of 
priapism (5 % vs. 0.6 %) were produced. 
Interestingly, rates of pain were similar between 
the combined trimix group and the alprostadil 
group (14.5 % vs. 17.9 %, respectively). 

 Combining trimix with sildenafi l increases 
effi cacy even in patients who are recalcitrant to 
many other pharmaceutical therapies. McMahon 
et al. [ 11 ] found that of 62 patients who failed 
high dose sildenafi l, high dose alprostadil, and 
high dose trimix separately, 29 (47.5 %) achieved 
erections suffi cient for intercourse by combining 
trimix with oral sildenafi l. Trimix concentration 
used in this study was 24 mg papaverine + 20 μg 
alprostadil + 1.6 mg phentolamine per 1 mL with 
a mean dose of 0.6 mL and a dose range from 
0.15 mL to 1 mL. 

 Limited data exist about the potential for tri-
mix to cause fi brosis. One study [ 31 ] reported 2 
(3.8 %) episodes of clinically evident fi brosis of 
53 patients using trimix. Few studies report data 
on fi brosis. While it is important to know that 
fi brosis can occur on trimix, stated rates of occur-
rence are misleading as there is no standard ratio, 
dose, or recommended frequency of trimix 
administration, and fi brosis is likely a phenome-
non related to dose of phentolamine. 

 Dose equivalence data comparing alprostadil 
to trimix were published by Kulaksizoglu et al. 
[ 32 ]. Table  14.4  demonstrates their fi ndings. 

       Quadmix (PGE 1 , Papaverine, 
Phentolamine, Atropine) 

 Minimal data exist about this mixture. Sogari 
et al. [ 33 ] randomized 230 men to offi ce tests of 
trimix vs.  quadmix   and found no signifi cant dif-
ference between the two. Both resulted in full 
erection in 52 of the 114 in their respective 
groups.  
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    ICI Combination Summary Points 

•     These are not FDA approved and thus must be 
compounded in the pharmacy, limiting their 
availability and use.  

•   Bimix (papaverine–phentolamine) was a popu-
lar combination. It is highly effi cacious, but, like 
solo papaverine, is now infrequently used due to 
the high incidence of priapism and fi brosis. 
Currently, it is used when even small amounts of 
alprostadil result in penile pain necessitating its 
removal from the injection combination.  

•   Trimix (papaverine–phentolamine–alprosta-
dil) is commonly used if alprostadil mono-
therapy produces excessive pain. The lower 
effective doses of each component limit the 
side effects while maintaining effi cacy; it is at 
least as effi cacious as alprostadil.  

•   Effi cacy and side effect rates of trimix are 
highly variable and related to the concentra-
tion, doses, and frequency of its components.      

    Selection of Injectable Agents 

  Though all aforementioned  agents   are available, 
the small but real risk of signifi cant permanent 
side effects of papaverine generally precludes its 
use, alone or with phentolamine, as an initial 
agent. This leaves only alprostadil and trimix as 
initial agents, both of which are appropriate 
choices. Generally alprostadil is chosen as a fi rst 
line therapy given its low risk of priapism and 
fi brosis. Trimix may be used as an initial agent if 
alprostadil is cost prohibitive and a compounding 

pharmacy is available. Recommended starting 
doses for alprostadil and trimix are dependent on 
age and history of previous radical prostatectomy 
[ 28 ]. An algorithm to help select an intracavern-
ous agent is shown in Fig.  14.6 .

   The package insert for Caverject ®  recom-
mends a 2.5 μg starting dose, with an optional 
second dose of 2.5 μg if the fi rst dose is unsuc-
cessful. Thereafter, titration may proceed by 
5–10 μg steps. These increases after the fi rst two 
doses should be at least 24 h apart. Albaugh notes 
that initial doses of 5 and 10 μg are common in 
the literature and suggests starting with 5 μg if 
the patient is less than 65 or has had a radical 
prostatectomy in the past 2 years. If the man is 
younger than 55 and has had a prostatectomy in 
the past 2 years, the dose should be reduced to 2.5 
μg. If the man is greater than 65 and has not had 
a radical prostatectomy in the past 2 years, the 
initial dose may be increased to 10 μg. 

   Table 14.4    Dose equivalence of  alprostadil and a trimix 
mixture     

 Alprostadil powder 
(μg) 

 Papaverine (mg)–phentolamine 
(mg)–alprostadil (μg) 

 4  1.47/0.05/0.49 

 8  3.2/0.1/1.1 

 12  4.6/0.15/1.55 

 16  6.8/0.22/2.27 

 20  7.6/0.25/2.5 

  Used with permission from Kulaksizoglu H, Hakim LS, 
Nehra A, Goldstein I. Comparison of alprostadil sterile 
powder (Caverject ® ) with trimix. Nomogram and patient 
satisfaction. J Urol. 1997;157(Suppl 4):180  

  Fig. 14.6    Selecting an intracavernous injection agent 
(Reprinted from Albaugh JA. Intracavernosal injection 
algorithm. Urol Nurs 2006; 26(6): 449–53. Used with per-
mission of the publisher, The Society of Urologic Nurses 
and Associates, Inc. (SUNA), East Holly Avenue, Box 56, 
Pitman, NJ 08071-0056; Phone: 856-256-2300; Fax: 856- 
589- 7463; e-mail: uronsg@ajj.com; Website:   www.suna.
org    . For a sample copy of the journal, please contact the 
publisher)       
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 Given the wide range of trimix mixtures, there 
are no standard recommendations on starting 
doses, as such, tailoring of mixtures and starting 
doses is the norm. As a starting point, the recom-
mendations from Albaugh are as follows. A mix-
ture of alprostadil 10 μg, phentolamine 1 mg, and 
papaverine 30 mg per mL is used. Starting doses 
are 0.1–0.2 mL for patients less than 60 years old 
who are less than 2 years post-prostatectomy. A 
higher dose of 0.3 mL is used in all other patients. 

 If pain or cost is a signifi cant issue with 
alprostadil use (relevant in nongeneric formula-
tions), switching to trimix is recommended. If 
pain remains an issue with trimix, a subsequent 
change to bimix is recommended. Table  14.5  lists 
prices for generic alprostadil, bimix, and trimix 
from one pharmacy [  34 ].

       Contraindications to ICI 

 Intracavernous injections should not be used in 
men with conditions, which predispose them to 
priapism. These notably include men with sickle- 
cell disease,  multiple   myeloma, and leukemia. 
They should also not be used in conditions, which 
cause penile angulation such as Peyronie’s or 
cavernosal fi brosis [ 12 ]. Also, they should not be 
used for patients in whom sexual activity is 
unadvisable. 

 Anticoagulation is not a contraindication to 
ICI. In a series of 605 injections in 33 men using 
warfarin for anticoagulation, Limoge et al. [ 35 ] 

recorded only three ecchymoses. This rate of 9 % 
of patients is comparable to the 14 % (434/3143) 
of patients on PGE 1 , papaverine, or bimix who 
developed hematoma in Porst’s literature review 
[ 7 ].  Despite   this, it is advisable that the physician 
stresses the need, in anticoagulated patients, to 
place pressure on the injection site for fi ve full, 
uninterrupted minutes of pressure to prevent 
hematoma.  

    Management of Side Effects 

 Patients must be made aware of the risk of pria-
pism that occurs with ICI, particularly papaver-
ine ICI, use and educated about the proper course 
of action to take should they experience a pro-
longed erection. Sympathomimetic drugs, 
namely pseudoephedrine and terbutaline, are 
commonly prescribed or recommended to 
patients as a way of aiding detumescence in cases 
of prolonged erection and priapism. Some evi-
dence exists to support their use. Lowe and Jarow 
[ 36 ] tested the use of terbutaline, pseudoephed-
rine, and placebo (sodium bicarbonate) in 75 men 
with prolonged erections due to alprostadil 
ICI. Both terbutaline and pseudoephedrine per-
formed better than placebo, with detumescence 
resulting in 36, 28 and 12 % respectively. Only 
the difference between terbutaline and placebo 
achieved statistical signifi cance. Notable in this 
study, oral terbutaline or pseudoephedrine only 
worked in a third of patients. The other two thirds 

   Table 14.5     Representative prices   of different ICI prices from one pharmacy   

 Formula  Volume (mL) 
 Papaverine 
(mg/mL) 

 Phentolamine 
(mg/mL) 

 Alprostadil 
(μg/mL)  Price range ($) 

 Trimix #1  10  16.7  0.56  5.6  55–70 

 Trimix #2  10  30  1  10  70–85 

 Trimix #3  8.25  21.8  1.21  15  60–80 

 Trimix #4  14.4  20.8  1.4  14  120–150 

 Trimix #5  12.5  24  0.8  20  80–110 

 Alprostadil #1  12.5  –  –  20  55–70 

 Alprostadil #2  12.5  –  –  40  55–75 

 Bimix  12.5  30  2  –  70–80 

  Data from Pharmacy Creations, R., New Jersey, Erectile Dysfunction Compounds Price List. Received September 
16, 2008  
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required irrigation and/or phenylephrine injec-
tions. None required surgical intervention. A 
study by Priyadarshi [ 37 ] showing detumescence 
in 42 % of patients with ICI induced priapism 
compared with 15 % detumescence with placebo 
in 68 men confi rms the effi cacy of terbutaline. 
Consequently, prescription for two tablets of ter-
butaline 5 mg is a common practice. The patient 
is instructed to take one, and if detumescence has 
not occurred, to take the second after 15 min. 

 Cavernosal fi brosis is another serious side 
effect of intracavernosal injections. It occurs 
most commonly with injectables containing 
papaverine. Rates are less than one percent with 
alprostadil, approximately 6 % with papaverine, 
and around 12 % with bimix. Rates with trimix 
were 4 % in a small study. These are likely depen-
dent on dose and frequency of use. There is no 
treatment to reverse penile fi brosis, though it 
sometimes regresses on its own. Tsao and Nehra 
[ 38 ] recommend temporary discontinuation of 
ICI for 3–4 months to allow resolution. 
Persistence of fi brosis should prompt a change to 
more invasive methods of improving erectile 
function, i.e., placing a penile prosthesis. 

 Pain is a signifi cant side effect, especially in 
a drug whose sole purpose is improvement in 

quality of life. Pain, coupled with the psycho-
logical aspects of injection of the penis can be 
seen as a fatal fl aw of intracavernous injection. 
Reported rates of pain with injection are 7 % for 
alprostadil, 4 % with papaverine, 12 % with 
bimix [ 7 ], and 12–15 % with trimix [ 29 ,  30 ]. 
Signifi cantly, it has been observed that pain 
decreases substantially during the course of 
treatment [ 13 ], so it is likely that the psychologi-
cal component plays a large role. Albaugh and 
Ferrans [ 39 ] reported a study on pain with intra-
cavernosal injection. They separated the pain 
into needle pain and medication pain, both mea-
sured on a scale of 0–10 with 10 being the worst 
imaginable pain. Findings are represented in 
Figs.  14.7  and  14.8 .

    Two other important results of this study were 
that only 4 of 65 patients reported that they would 
discontinue ICI as a result of pain, and pain was 
signifi cantly higher in post-prostatectomy 
patients (52 % vs. 24 %). As stated previously, of 
patients in whom both PDE5Is and ICI are effec-
tive, one third will choose ICI [ 3 ]. Given this and 
the fi ndings of Albaugh and Ferrans, patients 
seeking highly effi cacious ED treatment can be 
counseled to try ICI with the assurance that most 
men have very minimal to no pain.  

  Fig. 14.7    Needle induced pain in ICI (Used with permission of Albaugh J, Ferrans DE. Patient-reported pain with 
initial intracavernosal injection. J Sex Med, 2009; 6(2): 513–9)       
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    Contraindications to ICI and Side 
Effects Summary Points 

•      Contraindications   to ICI: sickle-cell disease, 
multiple myeloma, and leukemia, Peyronie’s, 
cavernosal fi brosis, and patients in whom sex-
ual activity is not advisable.  

•   Anticoagulation is not a contraindication to 
intracavernosal injections.  

•   Patients on ICI need to be educated about pria-
pism. A prescription for two tablets of terbuta-
line 5 mg or instructions on pseudoephedrine 
use may be helpful in inducing detumescence, 
thus reducing ER visits for prolonged erec-
tions and priapism.  

•   Fibrosis is a serious side effect tied to papav-
erine use that warrants at least temporary dis-
continuation of treatment.  

•   Pain is reported as a side effect in many studies. 
However, it is insignifi cant in a large majority 
of cases and should not deter trial of ICI.     

    Muse ®  

    Effi cacy 

   MUSE ®  (Medicated Urethral System for 
Erection, Meda Pharmaceuticals) is an alterna-
tive way to deliver alprostadil to the corporal 

bodies. MUSE ®  involves the insertion of the 
delivery catheter into the meatus and deposit-
ing an alprostadil pellet in the urethra. One of 
the largest studies to describe the efficacy of 
MUSE ®  was published by Padma-Nathan et al. 
[ 40 ]. Notable in this study, 995/1511 patients 
had in- office responses to MUSE ® . Of those 
patients with in-clinic response to MUSE ® , 
only 299 of the 461 patients assigned to the 
MUSE ®  arm of the trial achieved intercourse 
at home. Thus, the true success rate of MUSE ®  
in this large study was only 42–44 %. 
Furthermore, of the patients who did achieve 
intercourse at home, only 73 % of doses 
(2634/3593) were successful in achieving 
intercourse, orgasm, or a 10 min erection suf-
ficient for intercourse. MUSE ®  is also effica-
cious in men who have undergone radical 
prostatectomy. Costabile et al. [ 41 ] reported a 
40 % rate of at home success for MUSE ®  in a 
group of 384 men greater than 3 months 
post-prostatectomy. 

 There are many direct comparison trials 
between MUSE ®  alprostadil and ICI alprosta-
dil, and these are summarized in Table  14.6  
(16, 42-44). It is both intuitive and noteworthy 
that despite the higher success rate of ICI, 
some studies [ 42 ] show that some patients pre-
fer MUSE ® . Additionally, it has been sug-
gested as a possible rescue medication after 
ICI failure [ 43 ].
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  Fig. 14.8    Medication induced pain in ICI (Used with permission of Albaugh, J. and C.E. Ferrans, Patient-reported pain 
with initial intracavernosal injection. J Sex Med, 2009; 6(2): 513–9)       
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       Administration 

 MUSE ®  is available in doses of 100, 250, 500 and 
1000 μg. The applicator is shown in Fig.  14.9  [ 45 ].

   Instructions for application include urinating 
before use. Residual urine in the urethra aids in 
dissolution and dispersal of the medicine along 
the urethra. The penis is then pulled straight and 
held pointing up. The 3.5 cm applicator stem is 
placed approximately 3 cm into the urethra and 
the button is depressed. The applicator is moved 
slightly to separate the pellet from the applicator 
tip and the applicator is removed. The penis is 
kept upright and rolled between the hands to aid 
in dissolution and dispersal of medication. The 
patient is then advised to walk or stand and not to 
lay fl at for approximately 10 min to aid in blood 
fl ow.  

    Side Effects 

  MUSE ®       alprostadil had similar rates of pain to ICI 
alprostadil, but priapism and fi brosis were rare. 
Side effect rates are noted in Table  14.7  [ 16 ,  40 , 
 42 ,  44 ,  46 ]. Other side effects unique to MUSE ®  
compared to ICI were dizziness, hypotension, and 
sweating. These occurred at a frequency of 1–6 %. 
Syncope occurred at a rate of <1 % and urethral 
bleeding also occurred at a rate of 1–5 %.

   One strategy for optimizing erectile function 
in PDE5 inhibitor failures while still avoiding ICI 
is to combine MUSE ®  with PDE5 inhibitors. The 
theoretical basis of this is strong as sildenafi l acts 
to improve and sustain erections, but does not 
help in initiation, whereas alprostadil jump-starts 
erection initiation in addition to aiding in mainte-

nance of erections. Raina et al. [ 47 ] published a 
small study of 23 post-prostatectomy patients 
unsatisfi ed with sildenafi l. Patient satisfaction 
was measured using a questionnaire. An improve-
ment from 38 % satisfaction with sildenafi l alone 
to 76 % satisfaction with combined MUSE ® /
sildenafi l was demonstrated.  

    MUSE ®  Summary Points 

•     MUSE ®  is less effective than ICI alprostadil 
(~40 % vs. ~70 %), but patients may prefer the 
intraurethral route as compared to the injec-
tion route.  

•   Rates of pain, priapism, and fi brosis with 
MUSE ®  are comparable to those of ICI 
alprostadil. Penile hematoma does not occur 
with MUSE ® , but urethral bleeding does occur 
in ~5 %.        

    Emerging Trends in ICI 

  Vasoactive intestinal polypeptide (VIP)   is an 
amino acid neurotransmitter found in the male 
genital tract that functions to aid in nervous con-
trol of smooth muscle activity and penile erection 

   Table 14.6    Success rates of  MUSE ®    (Meda 
Pharmaceuticals, Somerset, NJ) vs. ICI (success rates listed 
as rigid erections/all erections suffi cient for intercourse)   

 Trial  # pts 
 MUSE ®  success 
rate (%) 

 ICI success 
rate (%) 

 Porst [ 42 ]  103  10/43  48/70 

 Werthman and 
Rajfer [ 44 ] 

 100  7/37  49/89 

 Shabsigh et al. 
[ 16 ] 

  68  NA/62 (with 
penile ring) 

 NA/93 

Button

Body

Cover

Medicated
Pellet

Stem

Collar

  Fig. 14.9     MUSE ®  applicator   (From MUSE ®  Package 
Insert. Copyright © Meda Pharmaceuticals, Inc., 
Somerset, NJ. Used with permission)       
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[ 48 ]. It is thought to relax smooth muscle through 
activation of cAMP, which in turn causes the 
veno-occlusion necessary in forming and main-
taining an erection [ 49 ]. Additionally, it may 
function along with nitric oxide in controlling 
erections [ 49 ]. VIP-depleted neurons have been 
found in men affl icted with ED, thus making it a 
potential target of ED therapy [ 48 ]. VIP injection 
alone has produced tumescence, but promising 
results have only been shown when used together 
with the arterial vasodilator phentolamine ( VIP  /
phentolamine). This combination is marketed in 
Denmark and New Zealand under the name 
Invicorp ®  [ 48 ,  49 ]. The initial dose for Invicorp ®  
is VIP 25 μg and phentolamine 1 mg, which can 
be increased to VIP 25 μg and phentolamine 
2 mg if adequate results are not initially reached 
[ 48 ]. VIP/phentolamine is unique in that it typi-
cally requires visual or tactile stimulation in 
order to achieve full rigidity, which more closely 
mimics the natural coital cycle [ 48 ]. Furthermore, 
the action of VIP/phentolamine subsides after 
ejaculation while also allowing men to obtain a 
new erection following additional sexual stimula-
tion [ 48 ]. Two independent studies examining 
psychogenic erectile dysfunction described an 
84 % success rate in men obtaining a grade 3 
erection (appropriate for intercourse) after treat-
ment with VIP/phentolamine, which is similar to 
results obtained using other intracavernosal com-
pounds [ 48 ]. It also appears to be a viable option 
when other ICI treatments have failed, with one 
studying showing a 67 % response rate and 
another showing a 73 % response rate [ 49 ,  50 ]. 
The side-effect profi le of VIP/phentolamine is 

favorable compared to other ICIs, with facial 
fl ushing being the predominant complaint. 
Tachycardia/palpitations, headache and dizziness 
have also been reported in less than 2.2 % of 
injections [ 48 ]. Bruising and bleeding at the 
injection site along with urethral bleeding have 
been reported at incidences of less than 8 % [ 48 ]. 
While pain is a common complaint after ICIs, 
one study involving 236 men reported no pain 
and another reported signifi cantly lower levels of 
pain in VIP/phentolamine when compared to 
alprostadil [ 51 ,  52 ]. Studies looking at priapism 
and fi brosis, common issues noted with ICI use, 
show rates of 0.06 and 0 % respectively [ 48 ,  51 ].  

    Intracavernosal Injection Clinic Visit 

 Intracavernous injections should not be pre-
scribed without fi rst undergoing instruction and 
dose titration in the clinic. It may take several vis-
its to fi nd the correct drug and titrate the dose. It 
is also necessary to obtain consent before starting 
injections, especially considering the non-FDA 
 approved   nature of many of the ICI regimens. 
The patient should also be thoroughly educated 
about priapism and instructed on the way to 
respond to a prolonged erection. It is recom-
mended all patient education be documented and 
included in the consent process. Namely, the 
patient should fi rst attempt ejaculation and if this 
is unsuccessful, oral terbutaline or pseudoephed-
rine can be taken in an attempt to initiate detu-
mescence. If a painful, non-bendable erection 
persists after these have been tried, then a visit to 
the ER is warranted within 2–4 h.  

    Compounding Pharmacy for ICI 
Medications 

  Compounding pharmacies   refer to any physical 
pharmacy that is licensed to mix or compound 
chemical ingredients for an individual patient 
that is not otherwise commercially available, 
based on a prescription ordered by a physician or 
advanced practice provider. These have typically 
been smaller local pharmacies [ 53 ]. Compounded 

   Table 14.7    Side effects of  MUSE ®    (Meda 
Pharmaceuticals, Somerset, NJ)   

 Trial  # pts  Pain (%) 
 Priapism 
(%) 

 Fibrosis 
(%) 

 Hellstrom [ 46 ]  68  9–18  –  – 

 Porst [ 42 ]  103  31  –  – 

 Werthman and 
Rajfer [ 44 ] 

 100  24  1  – 

 Shabsigh 
et al. [ 16 ] 

 68  25  –  – 

 Padma-Nathan 
et al. [ 40 ] 

 486  33  0  0 
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medications are similar to the so-called “off- 
label” use of FDA-approved drugs. 

 The FDA statement requiring “off-label” 
medication reminds providers that good medical 
practice require the physician to use legally avail-
able drugs to their best knowledge and judgment. 
If a provider uses a product for an indication not 
in the approved labeling, it is the provider’s 
responsibility to be well informed about the 
product, have good scientifi c rational and sound 
medical evidence,    and maintain records of the 
product’s use and effects. See   http://www.fda.
gov/Regula toryInformat ion/Guidances /
ucm126486.htm    . 

 Compounding is a well-regulated practice. 
State boards of pharmacy, state medical boards, 
the Food and Drug Administration (FDA), the 
 Federal Trade Commission (FTC)  , the  Drug 
Enforcement Agency (DEA)  , and other federal 
and state agencies all have some degree of over-
sight regarding pharmacy compounding practice. 
The United States Pharmacopeia (UPS), estab-
lished in the 1820s, is the offi cial governing 
body setting national standards for compound-
ing pharmacies. Additionally, the Pharmacy 
Compounding Accreditation Board has a critical 
role in compounding regulations. Together, they 
have constructed a web of regulations and stan-
dards that protect patients. 

 Despite these efforts, in the fall of 2012  in 
  Massachusetts, the New England Compounding 
Center, a commercial compounding pharmacy, 
was at the center of a deadly meningitis outbreak 
whose contaminated steroid shots were linked to 
45 deaths and 651 illnesses drawing national 
attention to compounding pharmacies [ 54 ]. The 
Pew Charitable Trusts has identifi ed over 25 
pharmacy compounding errors associated with 
1049 adverse events, including 89 deaths, since 
2001, none of these errors or deaths has been 
linked to penile injections [ 55 ]. The use of com-
pounded drugs for individual patient use is low, 
only one to three percent of prescriptions fi lled in 
the USA by community pharmacies are estimated 
to be for compounded medications. The percent-
age of compounds used in hospitals, especially 
those for intravenous therapy, is signifi cantly 
greater [ 53 ]. 

 Pharmacies like the one in Massachusetts that 
function like manufacturers mixing large batches 
of medications without specifi c prescriptions for 
patients are now subject to new legislation. 

 The US Congress passed the  Drug Quality and 
Security Act (DQSA)  , and signed into law 
by President Obama in November 2013. The act 
established a new regulatory category “outsourc-
ing facilities” or 503B for large scale- 
compounding pharmacies. The facilities are 
subject to more rigorous quality and safety stan-
dards which are modeled after the  current Good 
Manufacturing Practices (CGMPs)   that apply to 
pharmaceutical manufacturers and enforced by 
the   (FDA)   [ 54 ]. The law reinstated Section 503A 
as a safe harbor for traditional smaller com-
pounding practices and exempts the traditional 
compounders from complying with CGMPs. 
However, it does require compliance with gen-
eral chapters on compounding, specifi cally chap-
ters UPS 795 for compounding non-sterile drugs, 
UPS 797 for compounding sterile dugs and UPS 
800 for preparation of hazardous drugs set forth 
by the US Pharmacopeia Convention (UPS) and 
are subject to state supervision [ 56 ,  57 ]. The FDA 
is now involved  in regulating compounding under 
503A, and is responsible for ensuring the purity 
and quality of ingredients used in compounding. 
Furthermore, compounded medications should 
be  prepared using ingredients that come from FDA-
registered facilities, the same ones that supply 
drug manufacturers. The FDA also has the author-
ity to inspect any pharmacies facilities, equip-
ment, and ingredients [ 56 ]. 

 The  International Academy of Compounding 
Pharmacists (IACP)   has issued guidelines for the 
labeling of compounded medications. These are 
designed to help pharmacists communicate to 
their patients that their prescribed medication is 
compounded in a pharmacy, how to use and care 
for the medication, and that their doctor or phar-
macist can provide additional information. The 
IACP guidelines are meant to  encourage   pharma-
cists to go beyond what the laws require to ensure 
patients understand the unique value of com-
pounded mediations. These guidelines provide a 
standardized labeling model for compounded 
medicines across all 50 states [ 53 ]. 
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 The IACP developed a  Compounding 
Pharmacy Assessment Questionnaire (CPAQ™)   
to facilitate discussions and the establishment of 
collaborative and referral relationships between 
prescribers, clinics, hospitals, other pharmacies, 
and its members. IACP provides a free Pharmacy 
Locator Service to assist consumers and health 
professionals in identifying local compounders. 
Visit IACP’s Website at   www.iacprx.org     or call 
(800) 927–4227. 

 The ultimate result of this new  legislation   for-
bids providers from storing and utilizing any 
compounded material in a multidose vial. 
Products that meet the higher quality control 
standards such as injectable testosterone from an 
FDA approved manufacturer can be given to mul-
tiple patients. However, stored compounded 
medications for ICI, since not subject to the same 
quality standards, are only allowed to be given 
for single patient use. This limits potential nega-
tive consequence (infection, etc.) to a single 
patient as opposed to what happened in the afore-
mentioned NE compounding center. Single 
patient medications also facilitate epidemiologi-
cal tracking and identifi cation of potentially dan-
gerous or contaminated products.  

    Intracavernous Injections Summary 
Points 

•     Intracavernous injections should not be pre-
scribed without fi rst undergoing instruction 
and dose titration in the clinic.  

•   Obtain consent before starting injections, 
especially considering the non-FDA approved 
nature of many of the ICI regimens.  

•   The patient should also be thoroughly edu-
cated about priapism and instructed on the 
way to respond to a prolonged erection.  

•   Compounding is a well-regulated practice.  
•   Medications are similar to “off-label” use of 

FDA approved drugs.  
•   503a Pharmacies compounding medications 

for individual patient use with a prescription 
are exempt from the Good Manufacturing 
Practices (CGMPs) under the new Drug 
Quality and Security Act (DQSA). However, 

they do have to comply with the general chap-
ters <795> compounding non-sterile pharma-
ceuticals, <797> compounding sterile 
pharmaceuticals and <800> preparation of 
hazardous drug by the UPS conference.  

•   503b Outsourcing facilities for large scale 
compounding pharmacies must now follow 
the CGMPs that apply to pharmaceutical man-
ufacturers and are enforced by the FDA.  

•   Utilize the IACP Compounding Pharmacy 
Assessment Questionnaire (CPAQ™).  

•   Know state laws and regulations regarding 
state specifi c requirements (for example dose 
your state require out of state 503b compound-
ing pharmacies to be registered in your home 
state).  

•   Visit the compounding pharmacy.  
•   Pharmacy should be following the UPS stan-

dards for compounding and labeling.     

    Topical Agents 

    Effi cacy 

  Compared with both oral and injection therapies, 
 topical   routes are quite attractive. Theoretically, 
systemic effects are minimized compared to the 
oral route, and it is certainly less invasive, and 
thus would undoubtedly be more popular than 
injection or intraurethral therapies. To date, how-
ever, no suffi ciently effective product exists. 
Topical alprostadil was combined with agents to 
improve skin penetration (SEPA and NexACT). 
Vitaros, the combination of alprostadil and 
NexACT, formerly called Alprox-TD, has been 
recently denied approval by the FDA due to 
potential carcinogenicity [ 58 ]. In trials of 
alprostadil with SEPA, doses of 2500 μg alprosta-
dil were used with a resulting 39 % of patients 
achieving erection suffi cient for penetration vs. 
7 % of the placebo group [ 59 ]. Unfortunately, 
baseline characteristics were not provided in this 
study. Ultimately, alprostadil/SEPA trials were 
discontinued because of their apparent lack of 
effi cacy at safe doses. 

 A large trial of topical alprostadil without a 
skin penetration enhancer was also published by 
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Padma-Nathan and Yeager [ 60 ] which showed a 
statistically signifi cant, but very slight improve-
ment in sexual function with topical alprostadil. 
This study used 100, 200, and 300 μg doses of 
alprostadil and achieved successful penetration 
rates of 57.5 %, up from a baseline of 50 % at the 
highest dose. A criticism of this study is that its 
high initial function rates do not adequately rep-
resent population seeking treatment for erectile 
dysfunction. 

 Topical minoxidil, nitroglycerin, and papaver-
ine were also tested variably alone and with skin 
penetration enhancers, but with little success.  

    Topical Agent Summary 

 No agents are currently FDA approved for topical 
use, and none are currently being widely used off 
label.   

    Treatment of Erectile Dysfunction 
After Radical Prostatectomy 

 Treatment of erectile dysfunction in post- 
prostatectomy men is unique compared with ED 
caused by other factors in that rehabilitation (ED 
recovery) from treatment induced nerve and vas-
cular injury are plausible. Thus, treatment of 
post-prostatectomy ED must keep two goals in 
mind: immediate erectile function facilitated by 
medication use and ultimate return to pre- 
prostatectomy erection status without use of 
adjunctive medications. Recovery of erectile 
function after RP can take up to 48 months [ 61 ]. 
Higher preoperative sexual health-related quality 
of life scores, lower body mass index, younger 
age, and lower serum PSA scores have all been 
shown to be associated with better functional 
erections at 2 years after RP [ 62 ]. 

 Several studies suggest the potential of phar-
macotherapy to aid in a rehabilitation process to 
return baseline erectile function status with the 
goal of optimizing function of spontaneous erec-
tions. In rats it has been found that denervating 
the cavernosum causes hypoxia, fi brosis [ 63 ,  64 ] 
and cell apoptosis [ 65 ], Further, PDE5I’s have 

been shown to assist in neurogenesis in rats after 
an induced stroke [ 66 ]. This combined with the 
knowledge that erections increase the oxygen-
ation of the cavernosum argue towards potential 
for return to baseline erectile function with 
rehabilitation. 

 The concept of penile rehabilitation after RP 
was fi rst introduced in the 1990s when Montorsi 
et al. [ 67 ] published one of the fi rst papers on 
erectile rehabilitation comparing 3 months of ICI 
alprostadil injected three times per week (t.i.w.) 
to patients receiving no treatment. Patients were 
assessed at a 6-month follow-up. Eight of twelve 
(67 %) ICI patients were noted to have return of 
spontaneous erection. The other four patients 
(33 %) in the ICI group reported needing to use 
ICI greater than 50 % of the time to achieve suc-
cessful intercourse. Only 20 % of the placebo 
group reported spontaneous erections that were 
suffi cient for intercourse. To date no other study 
has been able to replicate this impressive result, 
which raises concerns regarding methodological 
fl aws including low number of patients. 

  Penile injections   do not require neuronal 
integrity to function. Injections have been shown 
to have the highest functional erection success 
rates following RP with multiple studies showing 
≥90 % effi cacy at 6 months after RP [ 68 ,  69 ]. A 
larger study by Mulhall et al. [ 70 ] examined a 
group of men with functional preoperative erec-
tions prior to prostatectomy and who were nonre-
sponders to sildenafi l in the early post-operative 
period. At 18 months after surgery, men who fol-
lowed a regimen of t.i.w. ICI were compared to 
those who did not follow the protocol. Of the 58 
men in the protocol group, 52 % had a return of 
spontaneous erections compared to 19 % of the 
74 men in the non-protocol group. Although 
these results are encouraging, the study suffers 
from a high degree of self-selection bias, as the 
patients who were not having success and ulti-
mately stopped treatment, but adhered to follow-
 up were simply included in the non-protocol 
group. 

 Like penile injections, MUSE ®  works inde-
pendent of nerve status. This medication has 
been shown to be effective in men with ED after 
RP, producing an erection thought to be suffi cient 

C.L. Bednarchik et al.



203

for intercourse in the clinic in 70 % of subjects, 
and leading to successful intercourse at home in 
40 % of subjects compared to 7 % in placebo 
[ 41 ]. Similar results were found in a study where 
55 % of subjects had successful intercourse and 
48 % effectively used MUSE ®  long term (2 years) 
after RP [ 71 ]. Raina et al. [ 72 ] reported 97 post- 
prostatectomy men, 56 of whom used t.i.w. 
MUSE™ for 6 months and 35 of whom used only 
p.r.n. erectile aids. Those who used MUSE ®  
attained a fourfold higher rate of spontaneous 
erections than those who did not (40 % vs. 11 %). 
In 2010, McCullough et al. [ 73 ] compared the 
effectiveness of MUSE ®  to sildenafi l in a large 
randomized prospective study. They showed no 
signifi cant differences in IIEF erectile function 
scores and intercourse success rates. However, at 
6 months the MUSE ®  group had signifi cantly 
better global assessment question scores com-
pared to sildenafi l. 

  Oral phosphodiesterase 5 inhibitors (PDE5I’s)   
are the most commonly used rehabilitative phar-
maceutical though they are thought to have lower 
rehabilitative potential than ICI or MUSE ®  as 
they require a threshold level of neural integrity 
to be effective. Rates of return to spontaneous 
erection with ICI and MUSE ®  should theoreti-
cally be higher because they are more effective at 
producing erections during the neurapraxic 
period post prostatectomy. 

 There have been a number of large multicenter 
randomized double-blind controlled studies eval-
uating PDE5I’s in penile rehabilitation immedi-
ately after RP. Padma-Nathan et al. [ 74 ] were the 
fi rst to show benefi t from PDE5I vs. placebo. 
Specifi cally, men receiving nightly sildenafi l (50 
or 100 mg) had an increased return of spontane-
ous erectile function than those taking placebo: 
24 % for 50 mg sildenafi l and 33 % for 100 mg 
sildenafi l vs. 5 % for placebo. Also, the IIEF-EF 
scores were higher in the sildenafi l groups com-
pared to placebo (13.1 vs. 8.8). Montorsi et al. 
[ 75 ] compared daily vardenafi l to on-demand 
vardenafi l, and a placebo. They found no differ-
ence in erectile recovery between on-demand and 
nightly dosing with vardenafi l after RP. However, 
the groups receiving nightly or on-demand varde-
nafi l had signifi cantly greater IIEF scores than 

placebo throughout the 9 month trial period. The 
benefi t seen in the on-demand group was lost 
during the 2-month drug free washout period. 
Interestingly vardenafi l on-demand was superior 
to vardenafi l nightly when comparing SEP-3 suc-
cess rates (45.9 % vs. 34.5 %). 

 Montorsi et al. [ 76 ] in 2014 demonstrated that 
although nightly tadalafi l vs. placebo was associ-
ated with a higher percentage of men with 
IIEF-EF >21 after 9 months (25.2 % vs. 14.2 %) 
the benefi t was lost after a drug free washout. 
Notably, there was less penile shrinkage in the 
tadalafi l nightly group vs. placebo at 9 months 
(2.2 mm vs. 6.3 mm). See Chap.   20     for a detailed 
description on penile rehabilitation and the spe-
cifi c role of PDE5I. 

    Post-prostatectomy Penile 
Rehabilitation Summary Points 

•     Effi cacy in achieving erections adequate for 
penetration in the post prostatectomy setting 
is well established for ICI (≥90 %) and 
MUSE ®  (40–55 %).  

•   Intracavernous injections and MUSE ®  have 
both been studied for rehabilitation potential 
in post-prostatectomy patients. In small 
 studies, 40–60 % of patients who were potent 
prior to prostatectomy regained unassisted 
erectile function; this is compared to only 
10–20 % who did not use MUSE ®  or ICI 
(Table  14.8 ).

•      Oral PDE5Is are most commonly used for 
penile rehabilitation and there is growing evi-
dence that they can improve post- 
prostatectomy erections. However, long-term 
data are unknown (Table  14.9 ). 

           Conclusion 

 Intracavernosal injection therapy and MUSE™ 
remain excellent treatment options for men suf-
fering from erectile dysfunction. Both have dem-
onstrated effectiveness in numerous settings, and 
are especially relevant in men for whom PDE5I 
therapy is contraindicated, not tolerated, or inef-
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fective. ICI and MUSE ®  maintain effectiveness 
in the post- prostatectomy period, and likely will 
play a central role in aggressive penile rehabilita-
tion programs.     
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          Introduction 

 Treatment of erectile dysfunction with implanta-
tion of a penile prosthesis has the highest satis-
faction rates for patient with severe erectile 
dysfunction with rates between 69 and 98 % [ 1 –
 11 ]. Studies suggest that for patients who have 
tried all therapies that penile prosthesis has 
greater  patient satisfaction   that PDE5I or ICI. The 
penile prosthesis was introduced to the market 
over 40 years ago by F. Brantley Scott, Professor 
of Urology at Baylor. Types of penile prostheses 
include: semi-rigid and infl atable. Continued 
innovations with implants has brought about 
increased device longevity, technically easier 
implantation, and decreased rates of infection. 
Thorough counseling of the patient is necessary 
to patient’s satisfaction with the device.  

    Models of Penile Prosthesis 

 There are two main vendors for penile prosthesis: 
 Coloplast   (Minneapolis, MN, USA) and 
 American Medical Systems   (Boston Scientifi c, 
Marlborough, MA, USA). There are three penile 
prosthesis options:  Semirigid  ,  Two-piece infl at-
able  , and  three-piece infl atable  . A three-piece 
penile prosthesis consists of cylinders, a reser-
voir, and a pump in addition to the tubing. 

 The paired cylinders are implanted in the cor-
pora cavernosa. The pump is implanted into the 
scrotum. The reservoir can be implanted either 
into the space of Retzius or ectopically between 
the transversalis fascia and the remainder of the 
abdominal wall. The reservoir is fi lled with normal 
saline. Compression of the pump transfers fl uid 
into the cylinders from the reservoir resulting in an 
erection. Compression of the release valve trans-
fers fl uid from the cylinders into the reservoir. 
A lock-out valve prevents auto infl ation. 

    Cylinder 

  AMS offered three models of infl atable penile 
prosthesis: AMS 700™ CX, CXR, and 
LGX. The AMS 700 CX has historically been 
the gold standard with  the   base diameter of 
10 mm and expands in girth to a fi xed 18 mm. 
The CXR has a cylinder base of 9 mm with the 
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infl atable portion expanding to 14.5 mm. These 
properties make the CXR ideal for patient with 
scarred corporal bodies (prior surgery, history 
of priapism) and patients with a small penis. 
The  LGX cylinders   expand in girth to 18 mm 
with a length expansion of 15–20 % (Fig.  15.1 ). 
The AMS 3-piece implants are coated with 
Inhibizone™ that helps reduce infection rates. 
AMS offers the only two piece infl atable penile 
prosthesis, the Ambicor™, which is ideal in 
cases where reservoir placement requires an 
undue risk (history of renal transplant or neo-

bladder) (Fig.  15.2 ). The Ambicor is not coated 
in Inhibizone. AMS cylinders are offered in 12, 
15, 18, and 21 cm sizes. Rear tips come in ½, 1, 
1½ (stackable), 2, 3, 4, 5, and 6 cm sizes and can 
be stacked for a maximum length of 7½ cm. 
AMS offers the Spectra malleable which is non-
antibiotic coated and comes in girths of 9.5, 11, 
and 13 mm.

    Coloplast manufactures a three piece IPP, the 
 Titan ®    (Fig.  15.3 ). It comes with the One-Touch 
Release pump, which allows for defl ation with-
out having to hold the defl ate button continuously 

  Fig. 15.1     AMS 3-piece 
IPP   with LGX cylinders 
(Used with permission. 
Copyright © Boston 
Scientifi c Corp., 
Marlborough, MA. All 
Rights Reserved)       

  Fig. 15.2    AMS 2-piece Ambicor prosthesis (Used with 
permission. Copyright © Boston Scientifi c Corp., 
Marlborough, MA. All Rights Reserved)       

  Fig. 15.3    Coloplast 3-piece IPP, the Titan with one-touch 
release pump (Used with permission. Copyright © 
Coloplast Corp., Minneapolis, MN. All Rights Reserved)       
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[ 12 ]. The Titan comes with both narrow base and 
standard cylinder types. The NB base is 10 mm 
with a 17 mm cylinder bladder upon expansion. 
The standard cylinders have a 12 mm base and a 
21 mm cylinder bladder upon expansion. 
Coloplast standard cylinders come in 14, 16, 18, 
20, 22 pre-connected sizes and 24, 26, and 28 cm 
non-pre-connected cylinder lengths. The rear tips 
for standard size include 1, 1½, 2, and 3 cm 
which are stackable to 7½ cm. The Titan narrow 
base comes in 11 and 14 cm lengths with similar 
sized narrow rear tips. The Titan comes with a 
hydrophilic coating allowing for soaking in an 
antibiotic solution. Coloplast also manufactures 
the Genesis malleable (Fig.  15.4 ). It is hydrophil-
ically coated and is cut to proper length intraop-
eratively. It comes in different girths of 9.5, 11, 
and 13 mm. 

        Reservoir 

 Modifi ed versions of their  reservoir   have been 
introduced by both manufacturers to aid in ectopic 
reservoir placement. Coloplast has introduced their 
CL reservoir whose cloverleaf design allows for a 
larger fl uid without being as prominent. AMS 
introduced the conceal reservoir which can be eas-
ily slipped between tissue layers (Fig.  15.5 ). Both 
have lock-out valves preventing auto infl ation. This 
is a particularly important feature when the reser-
voir is placed outside of the space of Retzius.

       Pump 

 The  pump   is to be placed between the internal 
and external spermatic fascia. Care must be taken 
to avoid placement that is too superfi cial which 
may lead to wound dehiscence and possible 
infection. The Titan comes with the One-Touch 
Release pump with AMS presenting the 
Momentary Squeeze pump, which both allow for 
detumescense without hold the defl ate button 
continuously. Each carries a diminished risk of 
auto-infl ation compared to their predecessors. 
Studies with both the One-Touch Release and the 
Momentary Squeeze pump have demonstrated 
high rate of patient satisfaction with fewer teach-
ing sessions required [ 12 ,  13 ]. Both devices 
require aggressive squeezing at the base of the 
penis to facilitate total device emptying after the 
release button has been activated.   

    Preoperative Workup 

  Given the highly elective nature of insertion of a 
penile implant appropriate candidate selection 
and counseling are essential. Men with concomi-
tant post-prostatectomy incontinence should be 

  Fig. 15.4     Coloplast malleable prosthesis  , the genesis 
(Used with permission. Copyright © Coloplast Corp., 
Minneapolis, MN. All Rights Reserved)       

  Fig. 15.5     AMS 3-piece IPP   with the conceal reservoir 
(Used with permission. Copyright © Boston Scientifi c 
Corp., Marlborough, MA. All Rights Reserved)       
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counseled regarding the possibility of dual proce-
dure with the simultaneous placement of an  arti-
fi cial   urinary sphincter or male sling. 
Anticoagulation generally should be held prior to 
surgery, but some series have revealed acceptable 
outcomes with patients on anticoagulation [ 14 ]. 
Any active infection should be resolved before 
surgery. Untreated voiding dysfunction second-
ary to either bladder outlet obstruction or a neu-
rogenic bladder is a contraindication to 
proceeding with surgical implantation [ 15 ]. 

 Penile prostheses provide an on demand erec-
tion. Penile sensation and ejaculatory function are 
preserved with the penile prosthesis. Patient satis-
faction is greater with the penile prosthesis than 
alternative treatments including vacuum erection 
devices, PDE5I and injections [ 16 ]. However, the 
patient must understand that the device makes 
latent natural erections as well as utility of less 
invasive treatment options impossible. 

 Certain patient factors predispose to dissatis-
faction with a penile implant. Realistic expecta-
tions, BMI <30, absence of  Peyronie’s disease  , 
and no history of prostatectomy are positive pre-
dictors of satisfaction. Perceived loss of length, 
decreased glanular engorgement, altered sensa-
tion, and partner dissatisfaction predict patient 
dissatisfaction. The mnemonic CURSED Patient 
(Compulsive, Unrealistic, Revision, Surgeon 
Shopping, Entitled, Denial, and Psychiatric) 
developed by Trost et al. identifi es patients par-
ticularly prone to dissatisfaction [ 17 ]. 

 Potential complications that are listed in the 
implant package insert include scrotal swelling, 
pain, new or exacerbation of angulation/curvature, 
diffi culty with ejaculation (typically transient), 
urinary retention, hematoma with wound leakage, 
bleeding, delayed wound healing, phimosis, sen-
sory loss, device malfunction, cylinder aneurysm, 
fi brous capsule formation, over/under- infl ation, 
erosion, inguinal hernia, and/or genital change. 

 Misconceptions and distorted perception of 
size contribute to a large bulk of patient dissatis-
faction. It is physiologically expected that the 
implanted penis is not as long as the physiologic 
erection. Lack of glans engorgement likely con-
tributes to the perception of decreased size. This 
can be treated with the addition of a PDE5I [ 18 ]. 

The capsule surrounding the device’s inability to 
expand can also contribute to the loss of length. 
Preoperative and postoperative measurements 
can help a patient see the length objectively. 
Ventral scrotoplasty can improve satisfaction by 
increasing the perceived length. 84 % of patients 
undergoing a ventral scrotoplasty perceive that 
they have a longer penis than before surgery [ 19 ]. 
Daily cycling of the device (particularly the 
LGX) prevents a constricted capsule from forming 
around the implant. This capsule is thought to be 
in place by 3 months.   

    Operative Procedure 

  Appropriate operative speed and meticulous 
sterile technique are necessary to minimize the 
risk of implant infection. Before the availability 
of coated  implants   most infections were associ-
ated with coagulase negative staphylococcus. 
Chlorhexidine–alcohol prep reduces skin fl ora 
greater than povidone–iodine [ 20 ]. Use of the no- 
touch technique, which prevents implants from 
touching the skin, has shown an infection rate of 
0.46 % [ 21 ]. Revision surgery increases the risk 
of infection [ 22 ]. 

    Approaches 

 While the semi-rigid prostheses can be implanted 
through a sub-coronal incision, three piece infl at-
able penile prostheses are placed through either a 
penoscrotal or an infrapubic approach. Currently 
the majority of prosthesis implanted in the USA 
are placed using a penoscrotal approach. 

 The penoscrotal incision offers excellent 
exposure of the corporal bodies and makes 
 avoiding the dorsal sensory nerves easier. A 
Foley catheter is placed at the beginning of the 
procedure. This simple step has been shown to 
increase the distance to the bladder during reser-
voir placement making injury less likely [ 23 ]. 
Simultaneous placement of an artifi cial urinary 
sphincter through this approach has been 
described [ 24 ]. The scrotal pump can be directly 
placed in a dependent position with this approach. 
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The main disadvantage is that that this approach 
requires the blind placement of the reservoir into 
the space of Retzius. This approach also allows 
for ventral phalloplasty when indicated. 

 With the  penoscrotal approach  , after place-
ment of a Foley catheter, an incision is made 
either vertically or horizontally at the penoscrotal 
junction. The dartos is divided using electocau-
tery. A ring retractor system is used. The caverno-
sal bodies are identifi ed and cleared off after 
identifi cation of the corpus spongiosum. A 1–2 cm 
corporotomy is made and polyglactin or polydiox-
anone stay sutures are placed. The spongy tissue 
is now exposed. Various techniques including 
serial dilation, single pass with a large dilator or 
only use of the Furlow measuring device are used 
to dilate the corpus cavernosa proximally and dis-
tally. Care should be taken dilate with the penis 
distorted laterally to prevent unintended cross-
over through the fenestrated penile septum and 
minimize urethral injury. Dilation in the case of 
fi brotic corporal bodies adds diffi culty to the case 
with risks of perforation rising dramatically. 
There is an increased risk of both distal urethral 
and proximal corporal perforation. As discussed 
later in the chapter, in cases of severe fi brosis cav-
ernotomes may be required. 

 Next the corporal bodies are measured and the 
appropriate prosthesis is selected. Minimizing 
use of rear tip extenders is preferable if possible; 
however, this must be balanced with the need to 
avoid a high riding pump within the scrotum. The 
cylinder to pump length varies with the manufac-
turer. Care must be taken to properly size the 
implant and use adequate rear tips to optimize 
penile length and pump location. AMS recom-
mends subtracting 2 cm from the measured 
length and selecting cylinder shorter or equal to 
this length. Coloplast tubing lengths increase as 
the cylinders get longer. To size a Coloplast cyl-
inder the difference between the proximal mea-
surement and 10 is taken. The difference indicates 
the length of rear tip extenders required while no 
rear tip extenders are required if the number is 
zero or negative. 

 Perforation of the urethra or tunica albuginea 
of the corporal bodies can occur during dilation. 
There is a 4.5 % incidence of proximal perfora-

tion with a novel prosthesis with up to 37 % in 
diffi cult revisions [ 25 ,  26 ]. Proximal perforations 
are more common than lateral perforations. 
Perforation of the tunica albuginea is more likely 
to occur with smaller dilators. Proximal perfora-
tions are readily repaired with a rear tip extender 
sling where a suture is passed through the rear tip 
extender and anchored to the corporal bodies 
[ 27 ]. Lateral perforations can easily be closed 
with a simple suture in the tunica albuginea. 
Undiagnosed distal/lateral perforations will pres-
ent as an extrusion. 

 The  distal cylinder   is brought into the distal 
corporal body using the Furlow inserter. 
Prepacking suture is placed through a needle 
which is then loaded into the Furlow. The Furlow 
is then passed through the corporotomy and 
guided into to the distal corporal body until it is 
snug against the glans. The needle is then fi red 
through the glans avoiding urethral injury. By 
pulling the suture the distal tip of the cylinder is 
brought securely into the glans. The procedure is 
repeated on the contralateral side. The proximal 
halves of the cylinders are then seated. The cor-
poral bodies are then closed by tying the stay 
sutures to one another. 

 Cylinder crossover can be diffi cult to recognize 
although it is believed to occur in up to 25 % of 
cases [ 28 ]. This occurs when there is perforation of 
the intercavernous septum. This can be prevented 
by aiming the dilators laterally and dorsally. When 
crossover occurs portions of both cylinders lie 
within the same corporal body with an over and 
back phenomenon. Upon infl ation of the prosthe-
sis, the phallus is subtly crooked but later becomes 
quite obvious. Crossover is easily corrected by 
placing a large dilator into the receiving side of the 
crossover and then  redilating with subsequent cyl-
inder placement on the contralateral side. 

  Distal urethral injury   is a feared intraoperative 
complication which can lead to termination of 
the procedure. With the penoscrotal approach a 
Foley should be placed for urethral identifi cation 
and bladder decompression. Urethral injury can 
occur upon scrotal dissection, distal dilation or 
during penile modeling. Injury during scrotal dis-
section can be repaired with a two layered clo-
sure and proceeding with implant placement. If a 
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urethral laceration is repaired during the scrotal 
dissection a Foley catheter should be left for 3–5 
days [ 29 ]. Appropriately aiming the dilators dor-
solaterally during distal dilation can prevent dis-
tal urethral injury. If upon irrigating the corporal 
bodies, fl uid comes out of the urethral meatus the 
distal urethra has been perforated. If the injury 
occurs before any components have been 
implanted then the case should be terminated and 
redone in 3 months. If the contralateral cylinder 
is in it should be left in and the procedure com-
pleted without placing the contralateral cylinder. 
Implanters should be aware that modeling for 
Peyronie’s disease increases the risk of perfora-
tion to approximately 4 % [ 30 ]. Additional sup-
port at the fossa navicularis with the surgeons 
thumb during modeling may reduce this risk. 

 The reservoir is placed blindly into the retro-
peritoneum with the penoscrotal approach. To 
avoid blind placement of the reservoir it can be 
placed into the retroperitoneum through a Gibson 
like lateral incision [ 31 ]. There is a risk of vascu-
lar, bowel, and bladder injury. Due to the perito-
neal incision with robotic prostatectomy that is 
not reapproximated there is theoretically an 
increased risk of vascular and bowel complica-
tions. These concerns have prompted many 
implanters to utilize ectopic placement of the res-
ervoir. After piercing the back wall of the ingui-
nal ring the reservoir is situated between the 
abdominal muscles and the transversalis fascia. 
Higher ectopic placement of the reservoir can be 
facilitated by use of a long ring clamp or a lung 
grasper [ 32 ]. Concerns about ectopic placement 
of the reservoir include: noticeable, bulge, auto- 
infl ation and migration. The AMS Conceal 
Reservoir and the Coloplast CL reduce the risk of 
palpable bulge. 

 There has been increased interest in the infra-
pubic approach with a smaller incision described 
by Perito. A 3 cm transverse infrapubic incision 
is made which is signifi cantly smaller than 
infrapubic incisions for prosthesis have been his-
torically. Without a scrotal incision, he reports 
that 82 % of his patients are sexually active at 4 
weeks [ 33 ]. Table  15.1  lists several intraopera-
tive scenarios and situations and potential etiolo-
gies and solutions. 

        Complications of IPP 

    Infection 

  IPP infections   have been dramatically reduced 
with the advent of infection retardant coatings 
and improved surgical technique. AMS intro-
duced the Inhibizone coating containing 
Minocycline and Rifampin. This combination 
covers  staphylococcus epidermidis , the organism 
most commonly cultured from infected implants. 
The only indication for using a non-coated AMS 
implant is tetracycline allergy. In 2003, Coloplast 
added a hydrophilic coating which allows for the 
absorption of water soluble antibiotics. The 
infection rate for fi rst time coated and uncoated 
implants is 2 and 4 %, respectively. Use of a 
coated implant can reduce the 8–10 % infection 
rate in revision cases to 2–3 % [ 34 – 42 ]. 
Preoperative antibiotic prophylaxis should con-
sist of an aminoglycoside plus either vancomycin 
or a 1st/2nd generation cephalosporin [ 43 ]. 
Increasing postoperative pain is concerning for 
infection, especially if the pain is improved by 
the administration of a single dose of antibiotic. 

 Bacteria that attach to the surface of the 
implant secrete adhesions molecules which irre-
versibly bind them to the implant. The bacteria 
secrete self-preserving polymers and matrix 
which are capable of protecting the bacteria at 
46 h. Bacteria within a biofi lm are essentially 
impervious to phagocytic and cell mediated 
immunity [ 44 ]. 

  Device infection   in the era of non-coated implants 
typically presented relatively late, at least more 
than 2 months after surgery. Systemic symptoms, 
fever and severe leukocytosis, were typically absent 
in prosthesis infection. It was during this era that the 
concept of prosthesis salvage was developed. 
Mulcahy reported 84 % success when reimplanting 
a prosthesis after explant of the infected device 
and washout. Although fewer infections have 
developed in the era of coated implants, now patients 
are presenting earlier and with system illness. 
Cultures for  Staphylococcus aureus ,  Enterococcus , 
and  Pseudomonas  are becoming the predominant 
offenders [ 45 ]. Salvage procedures are less appropri-
ate in the setting of more severe infection.  
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    Mechanical Failure 

 Early in the history of penile prosthesis place-
ment malleable implants were more popular than 
infl atable prosthesis due to the higher  mechanical 
failure   rates associated with the latter. Mechanical 
failure can be due to a leak from device compo-
nents, tubing fracture, connector disruption, tub-
ing kinking, or cylinder aneurysm. Multiple 
series show device survival at 5 years ranging 
from 83.9 to 93.7 % [ 5 ,  6 ,  46 – 48 ]. Ten year stud-
ies with the AMS CX/CXM and Ultrex showed 
78.3 and 81.2 % of devices free of mechanical 
failure [ 49 ]. In a large series of 2.384 cases with 
four different device models Wilson et al. showed 
freedom from mechanical failure rates of 79.4 
and 71.2 % at 10 and 15 years, respectively [ 50 ].  

    Revision Surgery with Scarred 
Corporal Bodies 

 Placement of cylinders into scarred corporal bod-
ies can be exceedingly diffi cult. Corporal fi brosis 
can result from a history of priapism,  severe   vas-
cular insuffi ciency, or following explant of an 
infected prosthesis. The diffi culty lies in dilating 
the scarred corporal body. Typically the fi brosis 
is worse proximally after explant of an infected 
device and distally in patient with a history of 
priapism. Patients with a history of explant for an 
infected prosthesis also suffer from penile short-
ening. Scarred corporal bodies often prevent dila-
tion with tradition instruments [ 51 ]. 

 Options to create an adequate space in this set-
ting include extensive corporal resection which 
can require coverage with a biologic agent (SIS). 
Implant survival is decreased if such manipula-
tion is necessary [ 52 ]. Introduction of  carverno-
tomes   aided in dilation in this situation. The 
 Carrion–Rossello cavernotomes   are sized from 9 
to 12 mm. First a wide corporotomy is made to 
allow suffi cient space for the cavernotome to 
engage. The device is advanced with an oscillat-
ing motion. The cavernotome is withdrawn which 
allows the teeth to open a channel [ 53 ]. After the 
space is dilated, a prosthesis with a narrower 
base, such as the AMS 700 CXR or narrow based 

Coloplast, is often required. Despite successful 
device implantation such patients are frequently 
disappointed by the loss of length that usually 
accompanies this fi brosis.  

    SST 

 SST deformity is when the glans penis is not in 
the appropriate anatomic position with the penile 
prosthesis infl ated. It is associated with diffi culty 
in penetration and device dissatisfaction. This 
can result from an undersized cylinder, lack of 
distal corporal dilation or a hypermobile glans. If 
it results from an undersized cylinder or lack of 
distal corporal dilation, this is appropriately cor-
rected by a revision in which the distal corporal 
body is dilated an appropriately sized cylinder is 
placed. If the  SST   deformity results from a hyper-
mobile glans, then realigning the glans with the 
shaft of the penis will allow for proper penetra-
tion as described by Mulhall [ 54 ]. The glans is 
mobilized through a dorsal subcoronal incision 
and then repositioned more proximally on the 
corporal body using non-absorbable suture.  

    Distal Extrusion 

  Another complication of penile prosthesis 
involves the  distal extrusion   of the cylinders 
through the corpus cavernosum. This complica-
tion occurs most often in those with reduced 
penile sensation; however, it can result from 
overly aggressive distal dilation. Oversizing of 
the cylinder length may also contribute. Mulcahy 
described using the fi brous capsule for repair. 
After removal of the original device, a hemi- 
circumcising incision is made on the side where 
the device extruded. The lateral aspect of the 
fi brous capsule is incised. The medial wall of the 
capsule is then incised and a new plane of dissec-
tion is developed behind the medial wall of the 
capsule. This allows for a new tract for the cylin-
der. The new cylinder is placed in the standard 
fashion using the Furlow device. The capsule is 
then closed, providing an extra layer of coverage 
for the device. When he originally described his 
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technique in 1999 he left the original cylinders in 
place. Now it is standard to change out the device 
components. 

 Other techniques have been described. Carson 
examined his own series comparing using the 
capsule for a rerouting versus using  Goretex 
Windsock   [ 55 ]. Operative time was increased for 
the windsock compared to rerouting. There was a 
device infection requiring explantation in the 
Goretex group while there was not in the rerout-
ing group. Although the numbers were small 
there was the suggestion that the windsock repair 
resulted in more pain and a higher percentage of 
patients had a recurrence with the Windsock. 

 Lue has described a separate technique where 
a transglanular incision is made over the tip of the 
cylinder. The fi brous capsule is incised and a 
suture is passed through the eyehole of the pros-
thesis. This suture is tied to the fi brous capsule 
contralateral the side of the extrusion  [ 56 ].  

    Reservoir Herniation 

  Reservoir herniation   is an uncommon complica-
tion which occurs almost solely in implants 
placed through a penoscrotal incision [ 57 ]. It is 
most commonly related to signifi cant increases in 
intraabdominal pressure early in the postopera-
tive period, usually related to vigorous coughing 
of vomiting. Occasionally it may be secondary to 
an error in surgical technique. There is no need 
for correction unless the patient fi nds it bother-
some. There are two reasons to delay immediate 
surgical correction of reservoir herniation. First 
the patient may fi nd the herniation less bother-
some after the fi brous capsule has formed around 
the reservoir. Second, the capsule can be used in 
the correction of the problem. 

 For correction the surgeon makes an incision 
over the herniated reservoir and the planes dis-
sected until the fi brous capsule is encountered. 
The  anterior   wall of the capsule is fi rst incised. 
After displacement of the reservoir the posterior 
wall of the capsule is now entered. After going 
through the posterior wall of the capsule the 
transversalis fascia is encountered. Now the sur-
geon can develop suffi cient room in the space of 

Retzius for placement of the reservoir. The ante-
rior and posterior walls of the capsule are closed 
to reinforce the appropriate placement.  

    Postoperative Care 

 Patients can be discharged home the  same   day of 
surgery or the following day. Patients are seen for 
a wound check and then are taught to the cycle 
the device between 4 and 6 weeks. Intercourse 
typically commences within 1–2 months. 
Frequent reassurance is typically needed for the 
patients with concerns. Early daily device cycling 
is important to prevent a contracted capsule from 
developing around the cylinders. Although up to 
20 % of patients rarely or never use the device, 
most patients would choose to undergo the opera-
tion again. Patients with complications should be 
seen more frequently than is typical to prevent 
the development of a negative relationship.      
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          Introduction 

 Erectile dysfunction (ED) is a common medical 
problem affecting a large and growing population 
of males around the world. Defi ned as a recurring 
inability to achieve and maintain an erection sat-
isfactory for sexual intercourse [ 1 ], the condition 
currently affects approximately 50 % of men 
aged 45–75 [ 2 ], estimated to affect 150 million 
males worldwide with projections of up to 322 
million by 2025 [ 3 ]. Although the condition is 
not life-threatening in and of itself, the successful 
management of ED is strongly correlated with 
quality of life improvement [ 4 ,  5 ]. Current medi-
cal therapies aim to correct or reverse underlying 
etiologies, with subsequent, residual ED being 
treated with oral phosphodiesterase-5 inhibitors 
(PDE5i). This pharmacotherapy aims to increase 
penile blood fl ow via cavernosal smooth muscle 
relaxation and improve endothelial function. 
However, greater than 50 % of men have a subop-
timal response to PDE5i therapy [ 6 ]. PDE5i have 

waning effi cacy in men as their underlying ED 
pathologies progress and contraindicated in 
another proportion of men. The ensuing treat-
ments available for ED involve more invasive 
endeavors including vacuum pumps, intraure-
thral suppositories, intracavernosal injections 
(ICI) with vasodilators, and penile prostheses. 
There exists a need for additional effective mech-
anisms for treatment of ED [ 7 ], particularly those 
that are less cumbersome or invasive compared to 
traditional second- and third-line approaches. 

 ED and  coronary artery disease (CAD)   share 
many common cardiovascular risk factors, includ-
ing age, diabetes, hypertension, dyslipidemia, and 
tobacco use [ 8 – 10 ]. ED has been shown to be a 
preceding symptom of CAD and a risk factor for 
development of cardiovascular disease [ 11 ], with 
up to 70 % of males experiencing new-onset angina 
and angiographically confi rmed CAD having a 
previous past medical history signifi cant for ED 
[ 12 – 14 ]. Shared underlying etiologies between 
CAD and ED relate to atherosclerosis, endothelial 
dysfunction, and diminished hemodynamics. Prior 
angiographic studies have observed signifi cant 
obstructive atherosclerotic disease in iliac, internal 
pudendal, and cavernosal arteries in males with ED 
[ 15 – 17 ]. Documentation rates of men with CAD 
and concurrent ED have been seen as high as 75 % 
[ 18 ,  19 ]. Although the causes for ED are multifac-
torial, the vasculogenic etiology is the most pre-
dominant, with one study documenting that it may 
account for >80 % of cases of ED [ 20 ] with the 
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arteriogenic subtype present in greater than 55 % of 
males with ED [ 21 ]. Furthermore, of the 50 % of 
males who had suboptimal responses to PDE5i 
pharmacotherapy, 90 % have been shown to have 
angiographically severe penile arterial insuffi -
ciency (PAI) [ 19 ]. Thus, there exists a need for the 
development of minimally invasive penile arterial 
revascularization therapies for the treatment of vas-
culogenic ED. Chapter   9     in this volume delves 
deeper into the connection between cardiovascular 
disease and the diagnosis and treatment of ED. 

  Endovascular revascularization   via translumi-
nal balloon angioplasty has shown successful 
results with short-term improvement of erectile 
function [ 22 ], and the ZEN (Zotarolimus-Eluting 
Peripheral Stent System for the Treatment of 
Erectile Dysfunction in Males with Suboptimal 
Response to PDE5 Inhibitors) trial proved the 
safety and feasibility of peripheral endovascular 
drug-eluting stents [ 23 ]. However, therapies tar-
geting penile arterial vascularization have not yet 
been recommended by the  American Urological 
Association (AUA)   in the treatment guidelines for 
ED and remain “experimental” [ 7 ]. This chapter 
will discuss the current state of endovascular 
penile arterial revascularization for vasculogenic 
erectile dysfunction. This chapter will discuss the 
current state of endovascular penile arterial revas-
cularization for vasculogenic erectile dysfunction. 
We will aim to summarize background anatomy 
and physicology, etiologies of ED, and the ZEN 
trial of pudendal artery stents. Last, we focus on 
endovascular stent restenosis, available imaging 
modalities, recent work on transluminal balloon 
angioplasty of the penile arterial supply, and 
future directions for the fi eld of endovascular 
penile arterial revascularization for the treatment 
of vasculogenic erectile dysfunction.  

    Vasculogenic Erectile Dysfunction 

  Historically, erectile dysfunction was predomi-
nantly thought to be a psychogenic disorder, 
with Kinsey et al. in 1948 fi rst portraying the 
phenomena to be due to an age-related decline in 
function [ 24 ]. This portended to be the principal, 

etiological theory for its manifestation until the 
late twentieth century, whereupon we know it as 
an organic and physiological breakdown of the 
penile neurovasculature. Normal sexual function 
requires the appropriate interplay of hormonal, 
neurological, vascular, and psychological sys-
tems. Penile erection is a complex neurovascu-
lar phenomenon requiring the coordination of 
penile vasculature dilation via smooth muscle 
relaxation, increased intracavernosal blood 
fl ow, and appropriate veno-occlusive function. 
 Vasculogenic erectile dysfunction   is the most 
common and prevalent of all its etiologies, 
among hormonal, neurological, psychological, 
drug- induced, and trauma pathways. Erectile 
dysfunction can stem from impaired cavernosal 
smooth muscle relaxation, diminished arterial 
infl ow, and veno-occlusive dysfunction. These 
multifactorial components ultimately lead to 
hypoxemia and the underlying common pathway 
of endothelial dysfunction [ 25 ]. Vasculogenic 
ED can be categorized into veno-occlusive or 
cavernosal, arteriogenic, and mixed. Veno-
occlusive disease is the most common of the 
three and is characterized by increased venous 
outfl ow of subtunical vessels causing impaired 
engorgement and penile rigidity [ 26 ]. Common 
causes for veno-occlusive ED include diabetes, 
aging, Peyronie’s disease, and trauma, all of 
which cause structural changes [ 27 – 29 ]. 

 Penile arterial insuffi ciency is caused by 
occlusion or stenosis of arterial beds from the 
common iliacs to its downstream branches 
(Fig.  16.1a, b ). Any common risk factors for ath-
erosclerosis can induce this process including 
hypercholesterolemia, hypertension, and tobacco 
use. Vasculogenic erectile dysfunction is an 
early manifestation of a macrovascular, athero-
genic, systemic disease process linked by endo-
thelial dysfunction, with the severity of ED 
linked angiographically to the extent of CAD 
[ 30 ]. Thus, as an extrapolation of the compiled 
data showing ED to be a precursor to CAD, the 
“artery size hypothesis” puts forth that if it is 
believed that the atherosclerotic process occurs 
at the same pace throughout the arterial system, 
the arteries with smaller diameters will be ini-
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tially symptomatic [ 31 ]. Thus, the small-diame-
ter helicine arteries in the penis become damaged 
early in the atherogenic process, in comparison 
to larger-diameter coronary arteries. Montorsi 
et al. support this hypothesis in a study that 
found 71 % men to show signs of sexual dys-
function before the onset of CAD symptoms 
[ 14 ]. However, vasculogenic ED cannot be com-
pletely accounted for by atherosclerosis, as 
endothelial dysfunction seems to be the common 
denominator involved in its complex pathogene-
sis [ 32 ]. Arterial insuffi ciency initiates a cyto-
toxic cascade from tissue hypoxia that involves 
the endothelium, cavernosal smooth muscle 
cells, and neuro-microvasculature which ulti-
mately results in fi brosis [ 33 ,  34 ]. Cavernosal 
fi brosis and impaired smooth muscle relaxation 
can also be caused iatrogenically by radiation 
therapy and surgery, as well as from priapism 
and trauma or any distortion of the tissue archi-
tecture which often lead to venous leak [ 35 ,  36 ].

   The integrity of arterial suffi ciency necessary 
for erectile function was fi rst observed by the 
French surgeon René Leriche who described the 
“Leriche triad” in 1923 for aortoiliac occlusion 
which included buttock and lower extremity 
claudication, gluteal atrophy, and impotence 
caused by inadequate perfusion of the corporal 

bodies [ 37 ]. In 1969, this observation was again 
documented as 70 % of men with aortoiliac 
occlusion were found to have ED [ 38 ], and resto-
ration of erectile function was observed after 
bilateral endarterectomy of occluded internal 
iliac arteries [ 39 ]. Angiographic and histologic 
data from 1973 correlated penile arterial insuffi -
ciency with ED [ 40 ,  41 ]. Arteriography for ED 
was fi rst used in 1976 by Romieu and Ginestie 
[ 42 ], but Michal et al. in 1978 fi rst coined “ phal-
loarteriography  ” in his angiographic demonstra-
tion of arterial occlusive disease in the vessels 
supplying the corpus cavernosum in males with ED 
[ 43 ]. Valji et al. in 1988 documented distal internal 
pudendal and proximal penile artery stenoses as 
common sites for occlusive disease [ 44 ]. 
Subsequent investigators also documented these 
distal arterial stenoses in the internal pudendal 
artery (IPA), though the enrolled patients were 
young males with ED secondary to pelvic trauma 
[ 17 ]. A review from 2013 compiled the ten studies 
to date that assessed penile arterial circulation in 
629 males with ED, fi nding PAI ranges between 
37 and 79 % with an average incidence of 76 % 
[ 21 ]. This may be an overestimation in compari-
son to the general population due to the selection 
bias inherent with the majority of enrolled 
patients having concurrent CAD. 

  Fig. 16.1    ( a ,  b ) Arterial insuffi ciency resulting in vascu-
logenic erectile dysfunction. ( a ) Normal arterial infl ow 
via the internal pudendal artery resulting in cavernosal 
engorgement. Arrows noting paired cavernosal arteries in 
penile shaft cross-section. ( b ) Atherosclerotic stenosis of 
penile arterial infl ow resulting in insuffi cient intra- 

cavernosal pressures and vasculogenic erectile dysfunc-
tion. (Used with permission from Rogers JH, et al. Internal 
pudendal artery stenoses and erectile dysfunction: 
Correlation with angiographic coronary artery disease. 
Catheter Cardiovasc. Interv. 2010; 76(6):882–887)       
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    Table 16.1     Pelvic arterial infl ow   studies for erectile dysfunction   

 Study   n  
 Anatomical variations of internal 
pudendal and accessory arteries  Location of stenosis 

 Michal [ 43 ]  30  N/A  100 % cavernosal arteries 

 Herman [ 90 ]  35  N/A  100 % IPA 

 Struyven [ 91 ]  14  N/A  50 % IPA 

 Huguet [ 64 ]  200  85 % from ILA, 65 % from 
gluteo- pudendal artery 

 Not described 

 Buvat [ 68 ]  29  N/A  37 % proximal IPA 
 48 % distal disease (perineal and 
cavernosal arteries 

 Bruhllman [ 66 ]  24  Accessory pudendal artery from 
superior vesical, urachal, and 
obturator arteries 

 71 % IPA 
 24 % mid-segment of IPA 
 59 % bilateral IPA 
 100 % deep and dorsal penile arteries 

 Gray [ 71 ]  73  21 % with accessory pudendal 
arteries, 14 % of which were 
unilateral and 7 % bilateral 

 44 % ILA or proximal IPA 
 44 % distal IPA or cavernosal arteries 

 Nessi [ 92 ]  44  N/A  79 % IPA 
 20 % occlusion of IPA or bilateral disease 
 52 % single vessel occlusion or multiple 
 Lesions in a single vessel 

 Valji [ 44 ]  57  N/A  19 % ILA 
 70 % IPA 
 40 % distal disease 
 56 % intrapenile disease 

 Rosen [ 10 ]  170  N/A  Cavernosal arteries in the majority 

 Rogers [ 53 ]  10  N/A  90 % IPA 

 Wang [ 83 ]  25  N/A  59 % common penile artery 
 38 % dorsal penile artery 
 3 % ostium of the cavernosal artery 

 Total a   655  IPA disease, 144/259 (56 %) 
 Small vessel disease, 303/488 (62 %) 

   ILA  internal iliac artery,  IPA  internal pudendal artery,  N/A  not applicable 
 Adapted with permission from Philip F, Shishehbor MH. Current state of endovascular treatment for vasculogenic 
erectile dysfunction. Curr Cardiol Rep 2013;15(5): 360 
  a Patients from Hugat et al. and Rosen et al. were excluded from the totals due to lack of quantifi able data for degree and 
location of arterial stenoses  

 Historically, from 1973 up until the early 
2000s, penile revascularization procedures were 
only utilized for acute pelvic trauma cases in 
young men with vasculogenic erectile dysfunc-
tion, using an epigastric artery to deep dorsal vein 
or cavernosal artery bypass, with initial success 
rates ranging from 50 to 70 %. However, these 
patients experienced high, long-term failure rates 
related to vessel leak and arteriogenic disease 
[ 36 ]. Only 4 of 31 such publications with 50 total 
patients met peer-reviewed criteria set by the 
AUA guidelines that were due to heterogeneous 
surgical approaches, lack of randomization, and 
short follow-ups [ 21 ]. During the 1980s and 

1990s, percutaneous transluminal angioplasty 
without stents through the contralateral femoral 
approach was performed for the treatment of ED 
in young to middle-age men. These studies 
mostly focused on the larger iliac arteries, with 
only three reports directed at the IPA [ 45 ]. 
Success rates averaged 55 % in a total of 65 
patients and high recurrence rates likely second-
ary to restenoses [ 46 – 51 ]. These case reports 
enrolled patients with blunt pelvic trauma who 
had short-term follow-ups and no pre-procedural 
evaluations for vasculogenic ED. A summary of 
these case reports and more recent studies can be 
found below (Table  16.1 ).
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   And thus with the paucity of literature, the 
AUA still considers penile arterial revasculariza-
tion to be an “experimental” treatment modality 
for vasculogenic ED. Penile revascularization 
aims to treat short, isolated stenoses [ 2 ,  3 ] of the 
internal pudendal and proximal penile arteries, 
where approximately 70 % lesions have been 
identifi ed to occur. Recent evidence examining 
pelvic arterial lesions utilizing  computed tomo-
graphic angiography (CTA)   identifi ed 90 % 
lesions to be located in the common penile and 
internal pudendal arteries in 80 patients with 
ED. Of these, 30 % were limited to the penile 
artery segments and 15 % to the IPA [ 52 ]. In 
Table  16.1  from a 2013 review with updated data, 
11 compiled studies assessing PAI with a total 
summed cohort of 655 males with ED found an 
incidence of 56 % with IPA disease and 62 % 
with more distal small vessel disease [ 21 ]. The 
PANPI (Pelvic Angiography in Non-Responders 
to Phosphodiesterase-5  Inhibitors  ) study in 2008 
was the fi rst to angiographically correlate CAD 
and IPA stenosis in patients with ED. IPA athero-
sclerotic stenoses were found to occur most often 
in the mid-to-distal IPA and were surprisingly 
similar in nature to the atherosclerotic narrowing 
observed in the coronary arteries with slightly 
smaller but similar luminal diameter sizes [  53 ].  

    Pudendal Artery Basic Science 

  Penile erections occur as a neurovascular phe-
nomenon,    requiring proper arterial infl ow and 
venous outfl ow occlusion. The penile circulation 
arises from the anterior division of the bilateral 
internal iliac arteries, branches of the common 
iliac, specifi cally from infl ow of the internal 
pudendal arteries. The IPA is the largest terminal 
branch of the internal iliac and the longest named 
segment of the penile arterial circulation, mea-
suring 15 cm on average from its origin to the 
base of the penis. It travels infero-posteriorally in 
a neurovascular bundle with the internal puden-
dal nerve within the true pelvis, exiting the pelvis 
along the inferior border of the greater sciatic 
foramen and emerging across the ischial spine. 

This landmark is valuable when trying to identify 
the IPA angiographically as it frequently crosses 
the femoral head [ 21 ]. The IPA then courses pos-
terior (superfi cial) to the sacrospinous ligament 
and anterior (deep) to the sacrotuberous liga-
ment, entering the pudendal (Alcock’s) canal 
travelling anteromedial toward the base of the 
penis. During its course through the canal, it 
gives rise to the inferior rectal artery which sup-
plies the external anal sphincter. The distal IPA 
then gives off the perineal artery and becomes the 
common penile artery, which penetrates through 
the pelvic fl oor along with the bulbar urethra 
[ 22 ]. Though intrapenile arterial circulation can 
be variable, the common penile artery usually 
splits into the bulbourethral, dorsal, and caverno-
sal (also known as deep penile artery) branches. 
These are paired, intrapenile, terminal branches 
that supply penile tissue and communicate 
through transverse communications near the base 
of the penis. This is believed to be an important 
source of collateral circulation in the presence of 
unilateral disease [ 54 ]. After giving off these ter-
minal branches, the common penile artery then 
transitions into the dorsal penile artery that 
extends to the glans supplying the skin and fascia 
of the penis. The six intrapenile, terminal 
branches distally join to form a vascular ring at 
the base of the glans, though most of the glans 
circulation is derived from the dorsal and bulbo-
urethral arteries. Communicating branches 
between the cavernosal arteries and between cav-
ernosal and dorsal arteries are common [ 55 ]. 
Figure  16.2  demonstrates the relevant penile 
blood supply described above.

   The cavernosal arteries are the most vital for 
tumescence, supplying most of the corpora cav-
ernosum. They enter the corpora cavernosum at 
the crus and extend throughout the shaft while 
subdividing into helicine arteries that supply the 
lacunar spaces within the corpora cavernosum 
and maintain penile rigidity during erections 
[ 22 ]. Filling of these corporal sinusoids, a tra-
beculated network of smooth muscle, during full 
erections produces intracavernosal pressures up 
to 100 mmHg, while during intercourse (rigid 
erection), it produces suprasystolic pressures up 
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to 200–300 mmHg through smooth muscle cell 
relaxation of the helicine arteries and ischio- 
cavernosal muscle contraction which propagates 
rapid blood fl ow from the IPA into the cavernosal 
arteries [ 35 ,  53 ]. This vascular bed lacks capillar-
ies, facilitating rapid arterial infl ow through the 
corporal sinusoids during erections and venous 
outfl ow via arteriovenous shunting in fl accid 

states [ 55 – 58 ]. The major site of resistance in 
vascular beds systemically usually occurs in 
resistance arteries with diameters less than 
100 μm [ 59 ], though studies have shown that 
within the penile circulation, 70 % of total resis-
tance is observed in the pudendal arteries and not 
the small-diameter cavernosal and intrapenile 
arterioles. However, for optimization of erectile 
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  Fig. 16.2     Erectile-related arterial vasculature  . (Used with permission from Rogers JH, et al. Endovascular Therapy for 
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function, it has been demonstrated that vasodila-
tion of both the pudendal and intracavernosal 
arteries needs to occur [ 60 ]. Venous drainage 
through subtunical and emissary veins is limited 
during erections due to passive external compres-
sion from the tunica albuginea surrounding the 
corpora cavernosum. However, during fl accid 
states sinusoidal smooth muscle cells of the heli-
cine arteries contract and prevent blood fl ow, per-
mitting venous drainage through open emissary 
veins draining distally through the circumfl ex 
veins into the deep dorsal vein of the penis and 
proximally through the crural and cavernosal 
veins draining into the internal pudendal veins 
[ 55 ]. Thus, arterial infl ow stenoses that preclude 
fi lling of the corporal bodies, impaired  cavernosal 
smooth muscle relaxation, or veno-occlusive 
dysfunction incurring venous leakage can all 
cause vasculogenic ED. See Fig.  16.3 .

   Morphologically, the IPA is a vessel with a 
small lumen, relatively equivalent to that of a 
fi rst-order mesenteric branch, and a thick smooth 
muscle wall, equivalent to that of a renal artery 
which has twice the luminal diameter. This mor-

phological distinction of an increased medial 
layer is necessary to withstand the episodic, 
suprasystolic pressures incurred during erections 
due to the rapid arterial infl ux, though normally 
under low fl ow conditions. This requires unique 
physiologic properties that make the IPA a 
 sensible target for revascularization [ 61 ,  62 ]. 
Based on Poiseuille’s fl ow mechanics, resistance 
is proportional to the inverse of the radius raised 
to the fourth power ( R  ∝ 1/ r  4 ). Thus, changes to 
the luminal diameter of pudendal arteries drasti-
cally affect the rate of blood fl ow. For example, a 
10 % decrease in the luminal radius results in a 
52 % increase in resistance to arterial infl ow [ 63 ]. 
Hannan et al. [ 61 ] showed in rats that with aging, 
signifi cant vascular remodeling occurs in con-
junction with an age-related decline in erectile 
function. This was found to be related to 
decreased endothelial-mediated relaxation of the 
IPA, without corresponding morphological 
changes observed in the mesenteric arteries. 
These changes also occurred in the IPA to a 
greater degree than those observed in the aorta 
and renal arteries. It was hypothesized that the 

  Fig. 16.3     Penile arterial anatomy   (Used with permission 
from Terlecki RP, et al. Phimosis, adult circumcision, and 
buried penis. Medscape: 2011. Image reprinted with per-

mission from Medscape Drugs & Diseases (  http://emedi-
cine.medscape.com/    ) 2015; available at:   http://emedicine.
medscape.com/article/442617-overview    )       
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IPA undergoes “rapid aging” with its increased 
susceptibility due to its unique physiologic 
requirements: an episodic, suprasystolic hemo-
dynamic load during erectile responses in com-
parison to its normal-state low fl ow condition 
with minimal metabolic autoregulation. 

 Anatomically, variations of the IPA have been 
found to be quite common and have thus been 
categorized into three types illustrated in 
Fig.  16.4 . In type 1, the IPA originates from the 
anterior division of the internal iliac which occurs 
in 30 % of patients. Type 2 classifi es the IPA as 
originating from a gluteo-pudendal trunk from 
the inferior gluteal artery, occurring in 70 % of 
patients [ 64 ]. Type 3 is classifi ed as an accessory 
IPA which has been observed in 11 % of patients 
[ 65 ]. Atherosclerosis of the IPA has been shown 
to be part of a diffuse process, with lesions of the 
ostial or proximal segments observed in 56 % of 
cases and 60 % observed in distal (small penile) 
segments [ 66 ,  67 ]. Multifocal atherosclerotic 
lesions were more commonly seen in older 
patients and diabetics [ 68 ]. In one clinical study, 
men with vasculogenic ED were found to have 
evidence of IPA lesions in 53 % of men [ 20 ], 
while a review from 2013 showed an overall inci-
dence of 56 %  [ 21 ].

       ZEN Trial 

  The fi rst multi-institutional clinical trial to exam-
ine the safety and feasibility of employing internal 
pudendal artery  drug-eluting stents (DES)   for the 
treatment of vasculogenic ED was the  Zotarolimus-
Eluting Peripheral Stent System   for the Treatment 
of Erectile Dysfunction in Males with the 
Suboptimal Response to PDE-5 Inhibitors (ZEN) 
trial published in 2012 [ 23 ]. With recruitment 
methods that focused on urologists fi nding suit-
able candidates, 383 subjects were screened, and 
those with an International Index of Erectile 
Function 6 (IIEF-6) baseline score <22 were 
placed into a 4-week run-in phase. IIEF-6 is a 
modifi ed IIEF utilizing six questions that have 
been documented to have the highest discriminat-
ing power to diagnose ED [ 69 ]. The 4-week run-in 
phase included a 4-week trial of PDE5i and a min-
imum of four sexual encounters. Those patients 
with IIEF-6 scores remaining <22 with reported 
ED in half of their sexual encounters or greater 
were screened by penile duplex ultrasound with 
intracavernosal injection. The subjects with ade-
quate  peak systolic velocities (PSV)   and venous 
leakage were excluded. Key exclusion criteria also 

  Fig. 16.4    Variations in internal pudendal artery vascula-
ture with classifi cation scheme. Type 1-IPA from internal 
iliac artery. Type 2-IPA from inferior gluteal artery. Type 
3-accessory vessel (here shown originating from superior 

vesical artery) (Used with permission from Philip F, 
Shishehbor MH. Current State of Endovascular Treatment 
of Vasculogenic Erectile Dysfunction. Curr Cardio Rep 
2013; 15(5):360)       

 

J.D. Ring et al.



229

included patients on nitrates or those with a bleed-
ing disorder. With the aforementioned criteria met, 
89 subjects (23 %) qualifi ed to undergo invasive 
penile arteriography, which aimed to include 
patients with unilateral or moderate-to-severe 
bilateral stenoses of the IPA with focal lesions, 
excluding those with ≥70 % stenoses of non-IPA 

penile infl ow arteries. One-third of patients 
screened had systemic atherosclerotic disease, and 
one-third had minimal as observed angiographi-
cally and were excluded. A total of 30 subjects 
(7.8 %) were enrolled in the trial and treated for 
their penile artery insuffi ciency via internal puden-
dal artery stents. See Fig.  16.5 .

383 subjects screened

4 week run-in phase (IIEF-6<22)- PDESI trial

201 subjects

Penile duplex ultrasound

89 subjects(23%)

Penile

arteriography

105 subjects excluded

59 PSV= 30 cm/s

56 EDV > 5 cm/s

59 subjects excluded

Systemic or minimal
artherosclerosis

= 70% stenosis non-IPA
penile inflow arteries

Per-procto cal population (83%)

25 patients - 38 lesiens

As primary endpoints met

6 months - 16/23 patients

(69.6%) IIEF score > 4 pts

36 months 36 months

All primary endpoints met All primary endpoints met

12/20 (60%) subjects >4 pts 13/22 (59%.1) subjects >4 pts

Intention-to-treat population (stents outside
of IPA)

5 patients (2 obturator, 2 middle
recta(1 inferior gluteal artery)

All primary endpoints met

6 month- 16/27 patients (59.3%)IIEF
score>4 pts

30 subjects enrolled and treated (7.8%)

19 subjects-27 unilateral stents

11 subjects - 25 bilateral stents

192 subjects excluded

63 failed angiograhic enteris

52 prostatectomy/pelvic radiation
27HBA1 c> 8%
14 nonvascular ED

11 unsteady sexual relationship

9 storke/Mt/unstable angins = 3 mos
7  untreated hypogonadism

21 other

  Fig. 16.5     ZEN trial   fl ow chart       
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   Primary endpoints included safety at 30 days 
and feasibility at 30 days. Safety was defi ned as 
major adverse events including device or 
procedure- related death, perineal gangrene or 
necrosis, or need for perineal/penile/anal surgery. 
Feasibility was defi ned as improvement in IIEF-6 
scores greater than 4 points in 50 % of treated 
patients. Forty-fi ve lesions in the 30 patients were 
treated with 100 % technical success with no 
major adverse events up to 6 months follow-up. 
Mean IIEF-6 scores were 15.5 ± 4.2 pre- 
procedure, 22.4 ± 6.3 at 3 months, and 21.8 ± 6.5 
at 6 months. Meaningful improvement in IIEF 
score (59.3 %) was observed at 3 and 6 months, 
and thus both safety and feasibility endpoints 
were met. This subjective improvement corre-
lates with nonsignifi cant increases in PSV 
observed via evaluable penile duplex ultrasound 
of the stented IPAs with mean peak systolic 
velocities seen of 16.4 ± 8.1 cm/s at baseline, 
28.8 ± 10.0 cm/s at 1 month, 42.0 ± 26.0 cm/s at 6 
months, and 32.4 ± 10.1 cm/s at 1-year follow-up. 
A signifi cantly increased rate of restenosis was 
observed in 11/32 lesions (34.4 %) at 6 months, 
when compared with the 9.2 % restenosis rate for 
DES in the coronary vasculature, with no rela-
tionship observed with IIEF-6 scores in clinical 
follow-up [ 70 ]. This could be due to predominant 
low fl ow conditions during fl accid states in 
pudendal arteries where episodic suprasystolic 
pressures and high fl ow are only observed in a 
very limited capacity during erections, opposed 
to coronary arteries that experience more con-
stant high fl ow rates. The high restenosis rate 
may also highlight that like coronary stenting for 
CAD, pudendal stenting for ED requires 
 concomitant, adjuvant medical therapy and life-
style changes for their optimization. Restenosis 
rates are discussed further in the next section of 
this chapter. 

 The  ZEN trial   has been the only penile arterial 
revascularization study to have a standardized 
defi nition of ED and the only study to exclude 
veno-occlusive disease which has been shown to 
occur in up to 47 % of patients [ 44 ]. Thus, puden-
dal artery stent placement for the treatment of 
vasculogenic ED will not offset the pool of candi-
dates for infl atable penile prostheses, as it is not 
indicated for patients with venous leak. 

 Limitations for the ZEN trial include a small 
sample size and incomplete follow-up, which 
makes defi nitive conclusions diffi cult to estab-
lish. The trial was limited by a lack of a control 
arm and high screening failure rate with only 
7.8 % subjects screened being enrolled in the 
trial, highlighting the need for appropriate patient 
selection with pre-procedural diagnostic imaging 
including improved noninvasive angiographic 
screening modalities to directly link pelvic arte-
rial disease with ED. However, this fi gure is con-
sistent with the frequency of isolated IPA lesions 
identifi ed in patients with ED observed in multi-
ple imaging modalities in several studies [ 52 ,  71 , 
 72 ]. In addition, 5 of the 30 patients (16 %) had 
non-IPA vessels stented without major adverse 
events, and 3 of 30 patients (10 %) were lost to 
follow-up. This emphasizes the considerable 
learning curve facing interventionalists, as sev-
eral stents were placed outside of the pudendal 
arteries due to the degree of anatomic variation. 
The Incidence of Male  Pudendal Artery Stenosis 
in Suboptimal Erections Study (IMPASSE)   was a 
multicenter trial designed by the ZEN investiga-
tors that aimed to improve patient selection by 
defi ning normal pelvic arterial anatomy and cor-
relating observed vasculogenic lesions for ED 
with coronary pathology in men scheduled to 
undergo heart catheterization. The trial intended 
to enroll 350 male patients between 35 and 70 
years old undergoing angiography for CAD or 
PAD with follow-up at 1, 2, and 3 years. However, 
the trial was suspended due to budgetary con-
straints. Again, this underscores the need for fur-
ther angiographic trials to describe pelvic arterial 
anatomy for the progression of endovascular 
repair of internal pudendal artery stenoses in the 
treatment of vasculogenic ED. 

 To improve patient selection, a trial including 
patients already managed on dual antiplatelet 
therapy of aspirin and clopidogrel with their his-
tory of CAD would confer no additional phar-
macotherapeutic risk with IPA DES stents [ 73 ]. 
Patients on nitrates should also be included, 
with the established correlation of CAD and ED 
as extensions of a macrovascular, systemic, ath-
erogenic process. These patient criteria excluded 
a signifi cant proportion of the population from 
the ZEN trial that may benefi t from such endo-
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vascular therapy. A different route for a study 
could focus on ED in young males secondary to 
blunt pelvic trauma from focal arterial lesions as 
many historical pelvic revascularization studies 
have focused upon [ 73 ]. This may improve 
patient selection by focusing on patients with 
focal lesions, rather than a diffuse macrovascu-
lar atherosclerotic process.   

    Pudendal Artery Stent Restenosis 

  The ZEN trial observed much higher restenosis 
rates at 6 months (34 %) than has been observed 
in coronary circulation (9.2 %). This large vari-
ance highlights unknowns in applying  drug- 
eluting stents (DES)   to the pelvic vasculature [ 23 ]. 
Since coronary  artery   restenosis has been 
researched more extensively than pudendal artery 
restenosis, it is feasible to examine coronary 
artery restenosis in hopes of applying these prin-
ciples to pudendal artery stents. 

  Restenosis   is defi ned as diameter stenosis 
≥50 % of the in-segment area. This includes the 
stent area and 5 mm segments proximal and dis-
tal to the stent edges [ 74 ]. Causes of restenosis 
can be attributed to many etiologies. One of the 
major contributors of restenosis is underexpan-
sion of the stent. Underexpansion can be caused 
by low deployment pressures or undersizing of 
the stent within the vasculature [ 75 ]. Conversely, 
the presence of heavily calcifi ed lesions may 
cause resistant stent under expansion even in the 
presence of adequate or high dilation pressures 
[ 76 ]. It is possible to have restenosis even with 
suffi ciently expanded stents. Stent misplace-
ment or stents that do not fully cover an under-
lying lesion can cause the appearance of 
restenosis. This causes a “candy wrapper” angi-
ographic appearance and is usually found in 
patients treated with DES or brachytherapy 
[ 75 ]. There is a sharp contrast between the stent 
lumen and focal edge restenosis in this unique 
angiographic fi nding. The restenosis could rep-
resent negative vasculature remodeling, plaque 
growth, or both. Another cause of restenosis is 
stent fracture. Fracture can potentially lead to 
stent thrombosis and is more often seen in some 

DES types and within certain vessels such as the 
right coronary artery. Lastly, with the recent 
introduction of DES, drug resistance and local 
hypersensitivity reactions have been noted 
causes for restenosis [ 75 ]. 

 Understanding restenosis rates of different 
stent types in coronary arteries can help guide 
stent selection for penile arterial revasculariza-
tion. Bare metal stents (BMS) were utilized from 
1998 to 2002 and were shown to have a 30.1 % 
restenosis rate [ 74 ]. Subsequently, fi rst- 
generation  DES therapy   was made available 
which comprised of sirolimus-eluting stents, 
polymer-based paclitaxel-eluting stents, and 
phosphorylcholine polymer-based zotarolimus- 
eluting stents. They exhibited a 14.6 % restenosis 
rate [ 74 ].  DES therapy   was a substantial mile-
stone in coronary intervention due to the signifi -
cantly lower restenosis rates compared with 
BMS. In January 2006, second-generation drug- 
eluting stents were introduced which were com-
prised of polymer-based everolimus-eluting 
stents, biolynx polymer-based zotarolimus- 
eluting stents, biodegradable polymer-based 
sirolimus- eluting stents, and sirolimus- and 
probucol- eluting stents. These second-generation 
DES demonstrated a 12.2 % restenosis rate. Thus, 
it can be concluded that intervention with a 
second- generation DES demonstrates better anti- 
stenotic effi cacy in comparison with fi rst- 
generation DES and BMS [ 74 ]. 

 Initial studies revealed that the strongest pre-
dictors for BMS restenosis were small vessel 
size, increased lesion and stent length, and the 
presence of diabetes mellitus [ 74 ]. Predictors for 
DES restenosis had not been known until as of 
recent when more studies were made available. 
The strongest predictors for DES restenosis were 
found to be small vessel size, increased stent 
length, fi nal percentage of diameter stenosis, dia-
betes mellitus, differential anti-restenotic potency 
of DES, in-stent restenosis, and ostial lesion 
location [ 74 ]. Overall, regardless of the stent 
being used, small vessel size and increased length 
of segment stented were the strongest predictors 
of restenosis. 

 Recent investigations have helped guide new 
practices to implement in prevention of restenosis 
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in coronary arteries. Antiplatelet drug therapy for 
6–12-month duration has been recommended in 
patients who are treated with DES for restenosis. 
Abciximab and oral sirolimus have been used in 
the past in patients with coronary restenosis; 
however, later trials have failed to demonstrate 
clinical benefi t from this additional therapy. In 
addition, oral sirolimus has demonstrated a 
higher incidence of adverse drug effects [ 75 ]. 

 Other efforts to reduce restenosis rates have 
focused on stenting procedures. It has been 
shown that direct stenting without predilation 
was a safe and effective treatment modality in 
treating percutaneous coronary intervention [ 76 ]. 
This practice to reduce the risk of restenosis is an 
extrapolation of previous data that showed that 
direct stenting may reduce the degree of intimal 
hyperplasia compared with previous balloon 
dilation [ 3 ]. Furthermore, predilation may induce 
dissection necessitating longer stents that may 
increase restenosis. The direct  Stenting to Reduce 
Restenosis in Stent Era with Drug Elution 
(STRESSED)   study did not fi nd a difference in 
restenosis rates between direct DES implantation 
compared with conventional DES implantation 
[ 76 ]. However, the study did fi nd a higher reste-
nosis rate in provisional stenting with DES [ 76 ]. 

 Repeat stenting with DES has been shown to 
be an effective and safe treatment for in-stent 
restenosis. There has been ongoing debate on 
whether the implantation of the same type of 
DES (homogenous or homo-DES) or implanta-
tion of a different type of DES (heterogeneous or 
hetero-DES) is more effective in reducing 
 restenosis rates. The rationale behind the hetero-
DES is based on the hypothesis that the different 
DES will elute a drug that will overcome drug 
resistance of specifi c polymer-related problems 
[ 77 ]. Currently, results remain inconclusive, and 
the evidence favoring implementation of hetero-
DES is weak [ 75 ,  77 ]. Although there are no 
clear benefi ts from a switch DES strategy, some 
studies have shown that the hetero-DES approach 
was associated with better clinical outcomes 
[ 75 ]. Plain balloon angioplasty and drug-coated 
balloon angioplasty are other viable treatment 
options for DES in-stent restenosis. Plain bal-
loon angioplasty has demonstrated high resteno-

sis rates of 40 % or more [ 77 ]. Subsequently, 
drug- coated balloons (DCB) were developed 
and have consistently shown to signifi cantly 
reduce restenosis rates when compared to plain 
balloon angioplasty. Recent investigations have 
also demonstrated that DCB have similar reste-
nosis rates to fi rst-generation DES in patients 
with BMS or DES restenosis [ 75 ]. In summary, 
DCB or repeat DES implantation, either homo-
DES or hetero-DES, is superior to plain balloon 
angioplasty for preventing recurrent restenosis 
[ 75 ,  77 ].   

    Pelvic Arterial Imaging Modalities 

  A comprehensive understanding of the male 
pelvic  arterial   system is paramount to help guide 
vasculogenic erectile dysfunction diagnosis and 
treatment. Due to the complexity and variability 
of the male pelvic arterial system, the branches of 
the internal iliac artery may be diffi cult to iden-
tify and differentiate. Most commonly, the IPA 
originates from the anterior division of the inter-
nal iliac artery in 63 % of cases [ 78 ]. The next 
most common origin of the IPA was the gluteo- 
pudendal trunk (19 %) and then lastly from acces-
sory vessels (18 %) [ 6 ]. This large variability 
presents a signifi cant challenge to characterize 
pelvic arterial vasculature. The rapidly growing 
interest in endovascular treatment of vasculo-
genic erectile dysfunction warrants the need to 
fi nd pudendal lesions more effi ciently. 

 Currently in penile revascularization studies, 
pulsed wave color duplex ultrasound is used as a 
fi rst-line diagnostic screening tool, able to detect 
lesions from the proximal iliac to distal caverno-
sal arteries, as well as veno-occlusive lesions 
through measuring PSV, end diastolic velocity, 
resistive index, acceleration time, and degree of 
arterial dilation [ 79 ]. A PSV <25 cm/s within 
5 min of ICI has a sensitivity of 100 % and speci-
fi city of 95 % for patients with PAI on angiogra-
phy, while an EDV of >5 cm/s demonstrates 
veno-occlusive dysfunction [ 80 ,  81 ]. It is 
radiation- free, cost-effective, and mainly used as 
an ED screening test by assessing the arterial 
infl ow and venous outfl ow. However, the gold 

J.D. Ring et al.



233

standard for diagnosis of vasculogenic ED 
remains invasive angiography in combination 
with intracavernosal injection which is able to 
illustrate the pelvic and penile vasculature with 
its collaterals and anatomic variations. Duplex 
ultrasound can be combined with intracaverno-
sal injection with vasoactive agents to assess 
patients with signifi cant clinical suspicion for 
vasculogenic erectile dysfunction [ 82 ]. However, 
duplexes are unable to provide information prox-
imal to the cavernosal artery concerning topog-
raphy or pathology of the ilio-pudendal-penile 
arterial system [ 83 ]. Furthermore, duplex ultra-
sound is highly operator dependent, incurring 
incorrect diagnoses due to anatomical variation, 
lack of standardization in vasoactive agents, and 
procedure-related anxiety causing suboptimal 
erections during the exam [ 84 ]. One study has 
even questioned the ability of duplex ultrasounds 
to accurately diagnose venous leaks, despite pre-
vious data establishing its value in assessing 
arterial infl ow and venous outfl ow [ 82 ]. The 
most valuable parameters in diagnosing vasculo-
genic erectile dysfunction are still a topic of 
debate. Peak systolic fl ow velocity, end diastolic 
velocity, resistive index, acceleration time, and 
degree of arterial dilation of the cavernosal arter-
ies have all been shown as viable measurements 
in evaluating erectile dysfunction [ 82 ]. Subjects 
in the ZEN trial were selected via duplex ultra-
sound and eligibility assessed on cavernosal 
artery diameters as well as peak systolic veloc-
ity. End diastolic velocities were also assessed at 
peak erection with venous leak defi ned as 
>5 cm/s [ 23 ]. 

  Dynamic infusion cavernosometry and caver-
nosography (DICC)   is another way that has been 
validated to evaluate arterial and venous insuffi -
ciency leading to ED. Cavernosometry involves 
intracavernous injection of a vasodilator fol-
lowed by contrast infusion while monitoring 
intracavernosal pressures to assess the penile 
outfl ow system. Contrast is infused until a pres-
sure of 150 mmHg is reached, whereupon pres-
sure decrements are trended for 30 s. 
Veno-occlusive dysfunction is indicated by 
either an inability to increase intracavernous 
pressure to the level of systolic blood pressure or 

a rapid decrease in pressure after stopping the 
infusion. Brachial pressure is also monitored to 
calculate a brachial- cavernosal gradient. A gra-
dient higher than 35 mmHg is indicative of arte-
rial insuffi ciency. Cavernosal artery systolic 
occlusion pressures obtained during DICC have 
been reported to correlate well with arteriogra-
phy [ 77 ]. To visualize any sites of venous leak, 
anteroposterior and oblique images are acquired 
once an artifi cial erection is maintained to better 
localize the defect. 

  Virtual cavernoscopy   is an emerging tech-
nique that shows promise in visualizing the cor-
pus cavernosum in patients with ED. The 
modality facilitates perception of the internal sur-
face and structures of the corpus cavernosum 
such as the septum and cavernous artery, as well 
as assessment of venous outfl ow [ 85 ]. There has 
only been one study thus far which has examined 
this imaging modality, and the initial results are 
encouraging. Virtual cavernoscopy involves 
reconstructing images using cross-sectional CT 
data to create three-dimensional images of the 
corpus cavernosum. Images are acquired as con-
trast medium fi lls the corpus cavernosum, while 
no contrast fi lls the artery. Since this allows for 
visualization of the artery as the reversed image 
of the fi lling defect, blood fl ow would not affect 
the quality of visualizing the artery unlike other 
methods such as CT angiography and Doppler 
which struggle to visualize arteries with decreased 
or no blood fl ow [ 85 ]. In the study by Izumi et al., 
50 of 80 cavernosal arteries were detected by vir-
tual cavernoscopy that were undetected by CT 
angiography [ 85 ]. Virtual cavernoscopy can also 
assess venous leakages. Since the corpus caver-
nosum is visualized from the inside via virtual 
cavernoscopy, it can show the origin of the 
venous outfl ow system with increased accuracy 
compared to cavernosography in certain situa-
tions such as excessive venous outfl ow. However, 
there remain technical diffi culties and limits for 
this imaging modality as the adequacy of the 
image depends on the fi lling of the corpus caver-
nosum with suffi cient contrast medium. Izumi 
et al. reported 16 of 80 cases in which they were 
unable to acquire an adequate image due to insuf-
fi cient contrast fi lling in the corpus cavernosum. 
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Thus, improved fi lling methods and further 
refi nements to this technique are needed for it to 
prove reliably practical in a clinical setting [ 85 ]. 

 While  duplex ultrasound   is the primary 
screening tool for vasculogenic erectile dysfunc-
tion, intra-arterial  digital subtraction angiogra-
phy (DSA)   is considered the gold standard for 
consideration of penile arterial revasculariza-
tion. It was used in the ZEN trial to defi ne the 
anatomic features of all erectile-related arteries 
[ 23 ]. Intra-arterial DSA has the ability to accu-
rately depict the pelvic and penile vasculature 
anatomic variations, steno-occlusive disease, 
and collateral networks [ 82 ]. Its images offer the 
best detail of the terminal branches of the inter-
nal pudendal artery, especially when there is 
extensive calcifi cation [ 78 ,  84 ]. There are some 
disadvantages to DSA. The procedure is expen-
sive and semi- invasive, requires a larger amount 
of contrast medium compared with CT angiogra-
phy, and requires a longer examination time 
[ 84 ]. Other complications of DSA include arte-
riovenous fi stula, pseudoaneurysm formation, 
infection, dissection, local hematoma, allergic 
reactions, and sensation of pain or heat in the 
gluteal, perineal, and genital areas [ 82 ]. 
S. Spiliopoulos et al. outline indications for 
intra-arterial DSA: patients with infl ow arterial 
disease and outfl ow venous disease who are can-
didates for treatment with endovascular treat-
ment, the confi rmation of organic causes of ED 
(even if no treatment is available to give patients 
psychological relief), and confi rmation of vascu-
logenic post-traumatic ED [ 82 ]. 

 Other noninvasive imaging modalities have 
emerged to assess the penile vascular supply in 
patients with suspected vasculogenic ED.  Three- 
dimensional multidetector computed tomogra-
phy (MDCT)   with contrast has been proven to be 
valuable and allows for a noninvasive imaging 
modality to adequately visualize the penile arte-
rial system. No image manipulation is necessary 
allowing for more rapid acquisition. There are 
some disadvantages to MDCT as well: MDCT 
has higher radiation doses and uses more contrast 
compared with other imaging modalities. The 
accuracy of MDCT has also been shown to be 
limited by the presence of extensive calcifi cation 

around the vessels. In such cases, DSA is the best 
modality in assessing internal pudendal artery 
patency [ 78 ]. Previous studies assessing the diag-
nostic accuracy of CT angiography have shown 
that compared to DSA, CTA had troubles clearly 
delineating the anatomic features of smaller 
arteries of the penis such as the common penile 
artery [ 83 ,  84 ]. Some of the diffi culties evaluat-
ing the cavernosal arteries were attributed to the 
overlay of the cavernosal arteries in the caverno-
sal bodies. Comparing MDCT to DSA in assess-
ing the proximal IPA, MDCT had a high 
false-positive rate and a low false-negative rate. 
In assessing the distal IPA, MDCT showed a high 
sensitivity and low specifi city [ 78 ]. Wang et al. 
[ 83 ] recently assessed in the Pelvic 
Revascularization For arteriogenic EreCTile dys-
function (PERFECT-1) study the feasibility of 
CTA as a noninvasive diagnostic tool for patients 
with ED to improve overall patient selection in 
vasculogenic ED trials. Previous CTA reports 
were only able to visualize the arterial architec-
ture to the level of the IPA but not the common 
penile artery [ 78 ]. The Wang study utilized a 
sliding-thin-slab maximum intensity projection 
reformation technique and MDCT with a 
64-detector row CT scanner that extended this 
imaging modality’s diagnostic capability to visu-
alize vessels with a diameter of 1 mm or less, 
such as the dorsal penile artery and proximal cav-
ernosal artery (Fig.  16.6a, b ) [ 83 ]. However, only 
20 of 120 patients screened (15 %) were enrolled 
in this trial again highlighting the need for an 
improvement in patient selection extending 
beyond bettering screening imaging modalities.

   Three-dimensional magnetic resonance angi-
ography has the ability to accurately evaluate 
iliac, pudendal, perineal, and common penile 
arteries for vasculogenic ED with dynamic gado-
linium enhancement. The characterization of 
smaller end arteries of the penis has not been reli-
ably demonstrated with MR angiography [ 86 ]. 
Direct head-to-head studies have revealed that 
DSA is superior in evaluation of the penile vascu-
lar system especially in characterizing distal 
penile arteries [ 87 ]. 

 As previously stated, the male pelvic arterial 
system is very complex and extremely variable 
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  Fig. 16.6    ( a ,  b ) Pelvic 
CT angiography of 
 pelvic arterial anatomy  . 
( a ) 3D volume-rendered 
(VR) anterior 
reconstruction of the 
right-sided pelvic 
arteries (Erectile related, 
yellow; non-erectile 
related, white). ( b ) 3D 
VR oblique lateral 
reconstruction of the 
right-sided pelvic 
arteries (Used from 
Wang TD, et al. Safety 
and 6-month durability 
of angioplasty for 
isolated penile artery 
stenoses in patients with 
erectile dysfunction: a 
fi rst-in-man study. 
EuroIntervention 2014; 
10(1):147–156. With 
permission from Europa 
Digital & Publishing)       
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with the IPA not always being readily identifi able. 
The  Yamaki classifi cation system  , which is based 
on the branching points of the main collaterals of 
the internal iliac artery, has been suggested to be 
a viable approach to characterize the arteries of 
the male pelvis [ 88 ]. Using the Yamaki classifi ca-
tion, the internal iliac arteries are classifi ed into 
four groups (Fig.  16.7a–f ).

   In group A, the  internal iliac artery   divides 
into two major branches, the superior gluteal 
artery and the common trunk of the inferior glu-
teal and internal pudendal artery. Group B 
defi nes the internal iliac artery dividing into the 
internal pudendal artery and common trunk of 
the superior gluteal and inferior gluteal arteries. 
In group C, all three main internal iliac branches 

have independent origins simultaneously. Group 
D classifi es the superior gluteal and internal 
pudendal artery having the same origin and the 
inferior gluteal artery originating independently 
(not pictured) [ 88 ]. The Yamaki  classifi cation 
  does not take into account the obturator artery 
due to its highly variable origins within and out-
side of the pelvic arterial system [ 89 ]. This 
schema can be applied within multiple imaging 
modalities such as MR angiography, CTA, and 
DSA. It allows for easy, reproducible recogni-
tion of the main collaterals of the internal iliac 
artery. Furthermore, it has been shown to be 
effective even in the presence of diffuse athero-
sclerotic changes in the vessels during vasculo-
genic ED  [ 84 ].  

  Fig. 16.7    ( a – f ) Internal iliac branching patterns. ( a ) CTA 
3D reconstruction. ( b ) Selective DSA of right internal 
iliac artery showing a group A branching pattern. Note 
that the internal pudendal and the inferior gluteal arteries 
have a common origin on the gluteo-pudendal trunk [ 5 ]. 
( c ) CTA 3D reconstruction. ( d ) Selective DSA of right 
internal iliac artery showing a group B branching pattern. 
Note the posterior division common gluteal trunk [ 6 ] that 
originates the superior and inferior gluteal arteries. ( e ) 
CTA 3D reconstruction. ( f ) Selective DSA of right inter-
nal iliac artery showing a group C branching pattern. Note 

the three main collaterals arise from the internal iliac 
artery at a common origin. Also note the variable origins 
of the obturator artery [ 4 ], arising from the inferior epi-
gastric artery ( a ,  b ) or the internal iliac artery collaterals 
( c ,  e ,  f ) (1. superior gluteal artery, 2. inferior gluteal artery, 
3. internal pudendal artery, 4. obturator artery, 5. common 
gluteo-pudendal trunk, 6. common gluteal trunk) (Used 
with permission from Pereira JA, et al. Radiologic anat-
omy of arteriogenic erectile dysfunction: a systematized 
approach. Acta Med Port 2013; 26(3):219–225)       
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    Transluminal Balloon Angioplasty 
for Penile Arterial Revascularization 

 Current work on treating vasculogenic erectile 
dysfunction with transluminal angioplasty is 
very limited. There have been nine studies over-
all and only two have been conducted within the 
past 5 years (ZEN and PERFECT-1) [ 21 ]. 
Furthermore, most of the studies focus  on   large-
vessel infl ow disease such as the common, exter-
nal, and internal iliac arteries; only two studies 
including the ZEN trial examined the internal 
pudendal arteries and the PERFECT-1 study 
which examined more distal arteries (Table  16.2 ) 
[ 21 ]. The PERFECT-1 study was a 6-month trial 
for balloon angioplasty of isolated IPA lesions: 
the fi rst in-man study to assess the safety and 
effi cacy of balloon angioplasty for isolated 
penile artery stenoses in patients with vasculo-
genic erectile dysfunction. The study used multi-
detector CT angiography with nitroglycerine to 
visualize the penile arterial system. After assess-
ing which arteries had stenotic lesions, a 5 Fr 
guiding catheter was used to engage the internal 
pudendal artery followed by treating the lesion 
with a .014 in. steerable guide wire that was 
advanced across the stenosis. A 1.0 mm diameter 

balloon catheter was initially used and then 
advanced in size until the balloon catheter size 
was approximately equal to the reference vessel 
diameter. Overall, 20 patients met the inclusion 
criteria and underwent successful invasive angio-
plasty in 23 vessels [ 83 ]. Clinical success was 
defi ned as a change of IIEF-5 score improve-
ment of ≥4 and was achieved in 75, 65, and 60 % 
of patients at 1, 3, and 6 months, respectively. 
The 60 % success rate is very similar to what was 
found in the ZEN trial where 59.3 % of patients 
with erectile dysfunction displayed an improve-
ment in IIEF-5 scores ≥4 at 6-month follow-up 
after internal pudendal artery stenting. And the 
restenosis rate of 45 % (9/20) was slightly higher 
than that exhibited by the ZEN trial (34 %) at 6 
months. However, follow-up MDCT was sched-
uled at 6–9 months after angioplasty and was not 
included in the study, which may facilitate eluci-
dation of responsiveness to therapy and resteno-
sis rates. The study also demonstrated the 
capability of interventionalists to start with a 
small balloon catheter (1 mm) and progressively 
upsize balloon catheters to match reference ves-
sel size in order to prevent dissection [ 83 ]. 
Overall, the PERFECT-1 study demonstrated 
that balloon angioplasty in penile artery lesions 

   Table 16.2     Endovascular penile arterial revascularization   studies   

 Study   n   Angiographic stenosis  Technique  Follow-up  Success rate 

 Casaneda-Zunga [ 46 ]  2  Internal iliac  PTA  18 months  2/2 (100 %) 

 Van Unnik [ 47 ]  1  External iliac  PTA  N/A  1/1 (100 %) 

 Goldwasser [ 49 ]  1  Internal iliac  N/A  N/A  1/1 (100 %) 

 Dewar [ 48 ]  30  70 % aortoiliac 
 40 % internal iliac 

 PTA  N/A  10/33 (33 %) 

 Angelini [ 50 ]  5  100 % internal iliac  PTA  2–18 months  4/5 (80 %) 

 Valji [ 44 ]  3  N/A  PTA  N/A  N/A 

 Urigo [ 21 ,  51 ]a  23  65 % internal iliac 
 13 % internal pudendal 

 N/A  N/A  15/23 (65 %) 
 3/3 (100 %) 

 Rogers [ 23 ]  30  100 % internal 
pudendal 

 DES  6 months  59.3 % had improvement 
in IIEF score >4 points 

 Wang [ 83 ]  20  100 % penile  PTA  6 months  60 % had improvement 
in IIEF score >4 points 

   IIEF  international index on erectile function,  PTA  percutaneous transluminal angioplasty,  DES  drug-eluting stents,  N/A  
not available 
 Adapted with permission from Philip F, Shishehbor MH. Current state of endovascular treatment for vasculogenic 
erectile dysfunction. Curr Cardiol Rep 2013;15(5): 360 
  a 65 % of patient with internal iliac artery stenosis had improvement in erectile function, 100 % with pudendal artery 
stenosis  
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is safe and can achieve clinically signifi cant 
improvement in vasculogenic erectile dysfunc-
tion. The small study size and short duration of 
follow-up still warrants further confi rmatory 
investigation. It can be speculated from the con-
clusions of the ZEN trial and PERFECT-1 study 
that when the distal arteries are revascularized, 
the rate-limiting fl ow can still be from the more 
proximal IPA. Conversely, if the IPA is solely 
stented, distal arteries may still contain stenotic 
lesions that prohibit adequate blood fl ow. Thus, a 
combination of stent placement in the IPA and 
balloon angiography in the more distal vascula-
ture may lead to increased blood fl ow and there-
fore increased erection quality.
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          Prevalence of ED After RP 

    Review of Literature 

 Erectile dysfunction (ED) is an expected conse-
quence of radical prostatectomy (RP)  surgery  . 
However, the rates of ED are very discrepant. In 
a meta-analysis performed by Tal et al., 22 stud-
ies were included encompassing nearly 5000 
patients in order to evaluate the rate of  erectile 
function recovery (EFR)   [ 1 ]. There were 212 
studies identifi ed; however, only 22 met the strict 
inclusion criteria for evaluation of EFR. They 
found an overall EFR of 58 %, and when limited 
to studies reporting at least 18-month follow-up, 
the EFR increased to 60 %. There were also slight 
differences in EFR related to surgical method: 
open radical prostatectomy (RRP) (57 %),  laparo-
scopic radical prostatectomy (LRP)   (58 %), and 
 robot-assisted radical prostatectomy (RARP)   
(73 %). However, they concluded that the com-
pendium of literature regarding prostatectomy 
outcomes had signifi cant heterogeneity in defi ni-

tions of erectile function, which makes it very 
diffi cult to compare studies and summarize 
results. A meta-analysis by Ficarra et al. identi-
fi ed six studies comparing  RARP   to  RRP   and 
four studies comparing RARP to LRP [ 2 ]. The 
12- and 24-month erectile function recovery 
(EFR) rates ranged from 54–90 to 63–94 %, 
respectively. Table  17.1  shows a sampling of 
recent prevalence studies [ 3 – 13 ].

       Discrepancies 

 As Tal et al. demonstrated in their meta-analy-
sis, there is signifi cant heterogeneity of studies 
reporting EFR outcomes [ 1 ]. Studies not only 
differ on how they defi ne EFR, but there are 
many differences in the study design, reporting 
of data, reporting on the frequency of the use of 
 phosphodiesterase 5 inhibitors (PDE5i)   or intra-
cavernosal injection (ICI)  therapy     , duration of 
follow-up, surgical technique, and exclusion of 
neoadjuvant/adjuvant treatments. There is no 
standardization in the reporting of post- 
prostatectomy erectile function outcomes, and 
until this exists, there will be great diffi culty 
comparing studies and extrapolating data for 
treatment decision-making. The American 
Urological Association Clinically Localized 
Prostate Cancer Guideline Committee recom-
mends that clinical trials include the prospective 
accrual of data in regard to the pretreatment 
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level of erectile function using validated self-
report instruments and serial long-term follow-
up be utilized to assess the changes in function 
[ 14 ]. However, the committee did not standard-
ize the exact instrument or length of follow-up 
which continues to allow for variability in 
reporting outcomes.  

   Open Versus Laparoscopic Versus 
Robot-Assisted 

  In a recent prospective non-randomized study of 
 2431   men comparing open (RRP) and robot-
assisted (RARP) radical prostatectomy, evaluat-
ing outcomes in the fi rst 12 months found that 
erectile dysfunction was present in 70 % of men 
12 months after RARP and 75 % of men after 
RRP [ 15 ]. The Ficarra et al. meta-analysis 
showed that RARP had better 12-month EFR 
rates compared to RRP (odds ratio [OR], 2.84; 
95 % confi dence interval [CI], 1.46–5.43; 
 p  = 0.002) [ 2 ]. EFR was defi ned in the following 
ways: erection suffi cient for intercourse with or 
without the use of PDE5i (fi ve studies) and 
Sexual Health Inventory for Men (SHIM) score 
>17 (one study). When they compared RARP 
versus LRP using four studies, they found a non-
statistically signifi cant trend toward better EFR at 
12 months when compared to RARP. In these 
four studies, EFR was defi ned as erection suffi -
cient for intercourse (with or without a PDE5i). 

 In a study by Kim et al., patients’ functional 
outcomes were evaluated prospectively after 
RRP (235 patients) and RARP (528 patients) 
[ 16 ]. EFR was defi ned as erections suffi cient for 
intercourse (with or without a PDE5i). They 
found that patients who underwent a RARP 
regained EF much more rapidly than those who 
underwent an RRP. However, the biggest criti-
cisms of this study are not only the non- 
randomized nature, but there were signifi cantly 
more patients in the RRP group who received 
neoadjuvant treatments which have been known 
to effect EF outcomes [ 17 ]. In a study by 
Krambeck et al., patients were matched 2:1 to 
RRP (492 patients) or RARP (248 patients) for 
age, preoperative serum PSA level, surgical 
period, clinical stage, and grade [ 18 ]. EF was 

evaluated at 12 months postoperatively, and there 
was no signifi cant difference ( p  = 0.081) between 
the two groups; however, there was a trend toward 
increased EFR in the RARP group (70 %) over 
the RRP group (62.8 %). 

 As mentioned earlier, Tal et al. identifi ed 22 
articles for their meta-analysis; within these, 
there were 9965 subjects; however, there were 
only 4983 with appropriate ED data available [ 1 ]. 
They found that when the length of follow-up 
was ≥18 months, the EFR was 60 %, and when it 
was <18 months, it was 56 %, thus illustrating 
that longer follow-up is necessary to fully inter-
pret data. Of the 22 articles, 19 were single- center 
series with EFR rates of 60 %, which was signifi -
cantly higher than the 3 multicenter series with 
EFR rates of 33 %. Mulhall also found in his 
review of ED literature that studies with the high-
est EF recovery rates came from single-center 
series and those with the lowest came from the 
multicenter series [ 19 ]. He stated that it was 
unclear whether this was due to single centers 
being centers of excellence or that the multicenter 
series assessed different patient populations. An 
example was given: multicenter series have used 
SEER/Medicare data which involves patients 
typically older than the average age for single- 
center series and thus skews their recovery data 
negativel y.   

    ED Outcomes After RP 

 With so many articles present on ED outcomes 
after RP, yet no standardization in reporting, one 
must understand that caution should be exercised 
when reviewing the literature. Table  17.2  identi-
fi es many of the factors important in defi ning and 
reporting outcomes [ 19 ].

   In a study by Sanda et al., patient quality of 
life  was   evaluated prospectively with prostate 
cancer treatment [ 20 ]. They included 603 
patients post-RP and followed them for 24 
months. They found that changes in quality of 
life signifi cantly affect satisfaction with the 
overall outcome in both the patient and partner. 
They also found that age, PSA score, and nerve-
sparing status were associated with quality of 
life scores after RP. 
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    Defi nition 

 Erectile dysfunction is defi ned by the National 
Institutes of  Health   as “the consistent inability to 
obtain and/or maintain an erection for satisfac-
tory sexual intercourse” [ 21 ]. Many outcome 
studies expand their defi nition to allow the use of 
PDE5i, although they may not report this or count 
those patients separately from those not requiring 
medication for erectile function. There may also 
be differences of opinion on how to judge ade-
quate erectile function, whether a cutoff on a 
questionnaire or patient self-report, introducing 
subjectivity and the risk for error. Patients want a 
return in the ability to obtain an erection, but 
many want the same hardness that they were able 
to achieve preoperatively [ 22 ,  23 ]. In a study by 
Nelson et al., 22 % of the sample population of 
180 men had returned back to their baseline (pre-
operative) EF at 24-month post-RP without the 
use of PDE5i. Only 16 % of men with functional 
erections (International Index of Erectile 
Function [IIEF] erectile function domain score 
>24 out of 30) before surgery returned back to 
their baseline without the use of medication [ 24 ].  

    Data Acquisition 

 The means by which data are acquired within 
studies should minimize potential bias and be 
standardized through the use of validated ques-
tionnaires. The patient should be given a vali-

dated questionnaire prior to surgery, and the same 
questionnaire should be given serially afterward 
 to   maintain continuity within the data. The most 
common questionnaires used are the IIEF, the 
IIEF-6 (a shorter version of the IIEF encompass-
ing only questions 1–5 and 15), the IIEF-5 (the 
SHIM), and the  UCLA-Prostate Cancer Index 
(PCI)   and the  Expanded Prostate Cancer Index 
Composite (EPIC)   [ 25 – 28 ]. Other problems 
include the following: some of these question-
naires are not validated for RP patients (IIEF, 
SHIM); some inquire about ejaculation, which 
RP patients will not experience; some are focused 
on bother as much as function (PCI, EPIC); some 
have no cutoffs for grading ED severity (PCI, 
EPIC); and some ask about activity in the past 4 
weeks (IIEF) when patients often have been inac-
tive during that time period. 

 Outcome studies must have a long enough fol-
low-up period to show accurate results. In a study 
by Rabbani et al., they showed that EFR may con-
tinue beyond 24-month post- prostatectomy [ 29 ]. 
Also, in another study, the immediate post-prosta-
tectomy EFR declined over the fi rst 3 months, 
believed to be related to Wallerian degeneration in 
the  cavernous   nerves [ 30 ]. Wallerian degeneration 
is a process which occurs after a nerve is injured 
(cut or crush) and the distal component of the 
compromised axon begins to degenerate [ 31 ]. 
This process typically begins within 12–24 h of 
the injury. Baseline erectile function is related to 
long-term EFR as shown by Rabbani et al. [ 32 , 
 33 ]. Patients with poor baseline erections do not 
perform as well as patients with good baseline 
erections. Outcome studies need to establish/
report baseline erectile function and follow 
patients for at least 24 months.  

    Patient Population Studies 

  Factors such as age range, comorbidity profi le, 
surgeon experience, or nerve-sparing status all 
factor into EFR and should be reported explic-
itly in outcome studies as they all impact on 
EFR after RP [ 19 ]. Younger patients have been 
shown  to   have better EFR outcomes after pros-
tatectomy than their older counterparts [ 34 ]. 

   Table 17.2     Factors   important in defi ning and reporting 
outcomes   

 Study population 

 Population demographics 

 Data acquisition method 

 Variability in questionnaire selection 

 Timing of EF assessment 

 Baseline erectile function 

 Patient comorbidity profi le 

 Operative considerations—nerve-sparing status 

 Defi nition of an adequate erection 

 Quality of the erections 

 Consistency of the erections 

 The use of erectile aids 
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Comorbidities and baseline EFR are very impor-
tant factors in how a patient will recover EF 
after surgery, but they are not always reported. It 
has been established that patients undergoing 
nerve-sparing surgery do better, but this is also 
infl uenced by surgeon experience and volume 
[ 35 – 37 ]. A surgeon with a high volume of pros-
tatectomies will tend to have better outcomes 
than their low- volume counterpart [ 38 ,  39 ]. 

 The variations in outcome studies relate to the 
different factors mentioned above regarding 
study design and execution. We caution the 
reader to closely analyze studies to not misinter-
pret the data presented. EFR in excess of 90 % is 
not realistic for the general prostatectomist in the 
general population. Patient selection is a critical 
factor in this regard. If the surgeon chooses to 
present data on only the youngest patients with 
perfect baseline erections and perfect nerve- 
sparing surgery with the use of erectile aids, such 
fi gures are attainable but not in the general popu-
lation. Until there is standardization in reporting 
erectile function outcome data, there will con-
tinue to be signifi cant variances in reported data.    

    Pathophysiology of ED After RP 

 ED after RP is caused by several different mecha-
nisms including neurogenic, smooth muscle 
damage and/or alterations in cavernosal oxygen-
ation. Often the cause of ED is multifactorial; see 
Fig.  17.1 .

      Neurogenic Mechanisms 

  It is well recognized that injury to  the   cavernous 
nerves during prostatectomy will result in a direct 
loss of erectile function after surgery. Anatomic 
studies by Walsh et al. described how damage to 
the pelvic nerves during RP leads to ED [ 40 ,  41 ]. 
With the advent of nerve-sparing surgery, these 
outcomes have changed for the better; however, 
they are far from perfect [ 42 ,  43 ]. Patients under-
going  bilateral nerve-sparing (BNS) surgery   have 
better outcomes than those undergoing non- 
nerve- sparing (NNS) or even  unilateral nerve- 

sparing (UNS) surgery   [ 37 ,  44 ,  45 ]. Such 
nomenclature is now considered historical as it is 
appreciated that nerve sparing is incremental and 
it is gradable [ 46 ]. 

 Alterations in contemporary prostatectomy 
techniques including minimizing traction on the 
urethral catheter during the surgery can improve 
EF outcomes [ 47 ,  48 ]. Tewari et al. performed a 
study using intraoperative penile oxygen satura-
tion monitoring to assess vascular compromise to 
the penis during prostatectomy [ 49 ]. In his study, 
64 patients underwent intraoperative monitoring, 
and they were matched with 192 patients who did 
not. They found that drops in oxygen saturation 
were associated with opening the endopelvic fas-
cia, nerve-sparing steps, and whenever signifi -
cant traction was placed on the catheter, seminal 
vesicles, or prostate during apical dissection. 
They reported that 94 % of patients in the moni-
toring group who had nerve-sparing surgery had 
a SHIM score of ≥17 at 12-month post-surgery 
compared to 78 % in the unmonitored group. 

 It is important to understand that EF may not 
be immediately affected after surgery and may 
continue to decline over the fi rst 3 months after 
surgery. Katz et al. showed that 20 % of patients 
who had functional erections at month 3 lost 
those erections by month 6 [ 30 ]. However, when 
evaluated at month 12, that number improved to 
9 % overall who continued to have nonfunctional 
erections. The authors suggested that there may 
be ongoing infl ammatory changes leading to 
Wallerian degeneration causing delayed caverno-
sal nerve injury. This cavernosal nerve damage 
leads to corporal smooth muscle and endothelial 
changes that will be explained later .  

    Smooth Muscle Damage 

  Corporal smooth muscle changes such as 
increased collagenization, and apoptosis can lead 
to corporal veno-occlusive dysfunction (CVOD 
or venous leak). Neural trauma during prostatec-
tomy leads to a refl ex alteration in corpus caver-
nosal smooth muscle and endothelial structure. 
This is amplifi ed by the often prolonged absence 
of erections after this operation. 
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 Erectile dysfunction leads to decreased oxygen 
tension within the corpora, causing the inhibition 
of prostaglandin E1 (PGE1), which normally 
inhibits pro-fi brotic substances like TGF-β1. 
Therefore, TGF-β1 results in replacement of the 
cavernosal smooth  muscle   by collagen. Multiple 
rat models have shown that this process occurs 

rapidly after cavernosal nerve injury, all studies 
detailing increased collagen content and 
decreased smooth muscle-collagen ratios after 
injury [ 50 ,  51 ]. 

 Some of the fi rst research on apoptosis in the 
rat nerve injury model was done by Klein et al. 
They examined the rat penile tissue in 15 subjects 
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after bilateral cavernous neurotomy and another 
15 sham-operated controls [ 52 ]. In the nerve 
injury models, they found signifi cantly higher 
amounts of apoptotic cells compared to the con-
trols. In a study by User et al., rat models with 
bilateral or unilateral cavernous nerve injuries 
were used to show differences in penile weight, 
DNA protein, and apoptosis at selected time 
points [ 53 ]. Bilateral neurotomy resulted in sig-
nifi cantly more damage compared to unilateral 
including loss of penile weight, DNA protein, 
and apoptosis. They also showed that the sub- 
tunical smooth muscle cells were the most highly 
affected. The authors proposed that this change 
in sub-tunical smooth muscle density may be part 
of the mechanism for CVOD. In a study by 
Lysiak et al., mice models with cavernous neu-
rotomy or sham surgery were used to show apop-
tosis. They were able to immunolocalize signs of 
apoptosis in both endothelial and smooth muscle 
cells within the penis. Several studies have looked 
at the type of cavernous nerve injury and the 
resulting effects. These animal models were 
attempts to closely approximate the effects of RP 
using techniques such as transection, crush, and 
freezing of the cavernous nerves [ 54 ]. 

 A study by Iacono et al. examined human cor-
pora cavernosal biopsies before and after RP to 
identify the tissue content [ 55 ]. Overall, 19 
patients participated in the study, and postopera-
tive biopsies were performed at the 2- and 
12-month visits. In the postoperative biopsies, 
they found that the smooth muscle and elastic 
fi ber content were both signifi cantly decreased 
and the collagen content was signifi cantly 
increased at both time points when compared to 
the previous biopsy .  

    Cavernosal Oxygenation 

  Arterial injury may play a role in the events lead-
ing to erectile dysfunction after RP. The acces-
sory pudendal arteries (APAs) generally arise 
above the levator ani muscles and travel toward 
the perineum [ 56 ,  57 ]. The prevalence rate of 
APAs is variable, but  their   presence has been 
shown to provide a signifi cant blood supply to 

the corpora cavernosal arteries [ 58 – 61 ]. In one 
study, 33 APAs were identifi ed in 20 cadavers, 
and they were the only source of penile arterial 
infl ow in 15 % of subjects [ 60 ]. Droupy et al. uti-
lized pharmacologically induced erections and 
transrectal ultrasound imaging to show hemody-
namic changes in APAs similar to the cavernosal 
arteries and no changes in other pelvic vessels. 
This signifi es that the APAs are closely related to 
the penile blood fl ow. 

 Preservation of APAs during RP was exam-
ined by Rogers et al., and they found that patients 
who had APA preservation had a signifi cantly 
decreased median time for EF recovery, 6 versus 
12 months [ 59 ]. However, Box et al. found no 
signifi cant correlation related to APA preserva-
tion and erectile function when using multivari-
ate analysis [ 62 ]. 

 The absence of cavernosal oxygenation can 
lead to the same negative chain of events as nerve 
injury: inhibition of PGE1 and increased pro- 
fi brotic cytokines leading to increased collagen 
deposition. In a series of studies by Moreland 
et al., they have shown that in in vitro experi-
ments, exposure of the corporal smooth muscle 
to low oxygen conditions leads to suppression of 
PGE1 and cAMP production and upregulation of 
TGF-beta [ 63 – 65 ]. In the post-RP patient with 
chronic ED, the lack of the natural erection cycles 
leads to an overall chronic hypoxic condition 
causing irreversible structural changes.   

    Venous Leak 

 Corporal veno-occlusive dysfunction  or      venous 
leak results from a failure of the corporal smooth 
muscle to compress the sub-tunical venules 
against the tunica albuginea to stop the outfl ow of 
blood during an erection. When the venules are 
not compressed, blood escapes from the penis, 
thereby limiting the ability to obtain and/or main-
tain an erection. As discussed earlier, Iacono et al. 
performed corpora cavernosal biopsies before and 
after RP and found smooth muscle and elastic 
fi ber defi cits and increased collagen deposition as 
early as 2 months after surgery [ 55 ]. The Goldstein 
group showed using human  cavernosal biopsy 
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that when smooth muscle content drops below 
40 %, venous leak occurs [ 66 ]. In a subsequent 
study, Tal et al. showed that RP nerve-sparing sta-
tus is associated with the likelihood for develop-
ing venous leak [ 37 ]. In their study, they found 
venous leak prevalence at 6 months after RP to be 
7, 11, and 75 % in BNS, UNS, and NNS surgeries, 
respectively. They also found that the only patients 
to have venous leak at 3 months were those who 
underwent non- nerve- sparing surgery. 

  Venous leak      is therefore an end result of mul-
tiple events set into play after RP. This multifac-
torial process involving nerve injury, arterial 
injury, and decreased cavernosal oxygenation 
leads to increased fi brotic changes within the cor-
pora cavernosa. Decreased smooth muscle and 
elastic fi ber content and increased collagen depo-
sition result in CVOD and therefore permanent 
ED. At this time, there is no means of reversing 
venous leak, and thus, rehabilitation strategies 
are aimed at reducing the likelihood of venous 
leak development. Whether the highly antici-
pated introduction of stem cell therapy for ED in 
the future can achieve venous leak reversal has 
been discussed but remains to be seen.   

    Non-ED Sexual Dysfunctions 
After RP 

 There are other non-ED sexual dysfunctions 
which often receive less attention but still cause 
signifi cant patient and partner bother. These sex-
ual dysfunctions are often related to orgasm 
including changes in orgasm intensity, sexual 
incontinence, and orgasmic pain (dysorgasmia). 
Most patients are unaware of these side effects 
prior to surgery. In a study of 256 sexually active 
patients after RP, 65 % reported decreased orgasm 
intensity or anorgasmia, and 9 % experienced 
pain with orgasm [ 67 ]. 

    Sexual Incontinence 

    Climacturia 
   Climacturia   defi ned  as   urinary incontinence at 
orgasm can be a very bothersome and surprising 
experience for the patient and partner when they 

return to having sexual relations. In a study of 42 
patients, an average of 24 months after radical 
prostatectomy, 45 % reported climacturia [ 68 ]. 
However, only 48 % reported signifi cant bother, 
and only 21 % reported that it was a signifi cant 
bother for their partners. In a study of 475 patients, 
20 % reported climacturia after radical pelvic sur-
gery [ 69 ]. Climacturia was more common in the 
fi rst 12 months after surgery and in those who also 
reported orgasmic pain. It was less common in 
patients after cystoprostatectomy when compared 
to open or laparoscopic prostatectomy groups. In 
a survey of 279 patients after radical prostatec-
tomy, 28 % reported to have climacturia at a 
median time since surgery of 20 months [ 70 ]. 
Also of interest, urinary incontinence was almost 
twice as common in those with climacturia (64 %) 
compared to those without (33 %). In a study of 
1358 men who had a radical prostatectomy by a 
single surgeon, 44 % reported incontinence during 
sexual activity at 3 months, and this declined to 
36 % at 24 months [ 71 ]. The bother rate also 
declined from 22 % at 3 months to 12 % at 24 
months. In a study of 691 sexually active men 
after RP, 33 % reported climacturia who were oth-
erwise continent. See Table  17.3  [ 68 – 74 ].

   Treatment options for  climacturia   are limited; 
however, advising patients to empty their bladder 
prior to sexual activity is routine counsel. Other 
strategies include using a condom or a variable 
tension loop to occlude the urethra. In a study of 
124 patients with climacturia after RP who used 
a variable tension loop, 84 % of patients reported 
moderate or large volume climacturia at baseline 
compared to 26 % at follow-up (mean 6 months) 
[ 75 ]. When patients were asked about the fre-
quency of their climacturia, at baseline, they 
reported their experience as rare 15 %, occasional 
48 %, most of the time 16 %, or always 21 %. 
With the use of the variable tension loop, patients 
reported their experiences as none 48 %, rarely 
34 %, or occasionally 28 %. Even without treat-
ment, climacturia generally dissipates over the 
fi rst 2 years after RP.  

    Arousal Incontinence 
  Arousal incontinence   is not very well studied but 
is known to occur with erection or sexual stimu-
lation prior to orgasm. Anecdotally, this typically 

L.C. Jenkins and J.P. Mulhall



249

is more common in the fi rst few months immedi-
ately after RP and improves with time. In a study 
of 24 men who had no daytime incontinence, 
38 % of men experienced the loss of urine during 
kissing, hugging, or genital foreplay [ 76 ]. All 
patients reported some level of bother and embar-
rassment, and 6 of the 24 men were avoiding 
sexual contact.    

    Orgasmic Pain and Other Changes 
in Orgasm 

  Orgasmic pain      or dysorgasmia has been reported 
at rates ranging from 3 to 19 % of patients [ 77 ]. In 
a study of 239 men after RP via questionnaire, 
22 % of patients had no change in orgasm, 37 % 
had anorgasmia, 37 % had decreased orgasm 
intensity, and 4 % had increased orgasm intensity 
[ 78 ]. In this same group of men, dysorgasmia was 
reported in 14 % of patients with 63 % stating the 
primary location was in the penis, and 33 % stated 
the pain occurred with every orgasm. In a study of 
63 patients after RP, 52 % reported a decrease in 
sexual desire, 78 % reported a decrease in orgasm 
(40 % anorgasmia), and 8 % reported an increase 
in orgasm [ 79 ]. In a study of 691 sexually active 
men after RP, 19 % reported orgasmic pain at a 
mean follow-up of 2.2 years [ 80 ]. 

 In a study of 98 patients with  orgasmic pain      
(34 had undergone RP), patients were treated 
with tamsulosin 0.4 mg for at least 4 weeks; 77 % 
of patients reported signifi cant relief and 12 % 

reported complete resolution of their pain [ 81 ]. 
However, there was no placebo group for this 
trial. The idea behind this treatment relates to the 
pain being triggered by spasm of the vesicoure-
thral anastomosis and therefore the pelvic fl oor 
musculature. This pelvic fl oor muscle spasm or 
increased tone has also been associated with 
chronic pelvic pain syndrome [ 82 ]. It has been 
suggested that there may be an association with 
seminal vesicle (SV)-sparing RP and dysorgas-
mia. This was reported by one study of RP 
patients where 144 men had bilateral SV sparing, 
91 underwent unilateral SV sparing, and 67 had 
complete removal of the SVs; 21, 12, and 9 %, 
respectively, reported dysorgasmia [ 83 ]. The 
bilateral SV-sparing procedure had a signifi cant 
RR of dysorgasmia when compared to bilateral 
removal (RR 2.33, 95 % CI 1.0–5.3,  p  = 0.045). 

 These sexual dysfunctions are often over-
looked by the surgeon as not being major risks, 
but they can have devastating impacts to the 
patient. We encourage full disclosure to make 
sure that the patient has an adequate expectation 
of their quality of life after surgery.      
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          Assessing Erectile Function 
Outcomes After Radiation 

 Studies investigating erectile dysfunction (ED) 
are diffi cult to decipher for many reasons. 
Unfortunately, ED after radiation presents a 
uniquely challenging Gordian knot that is diffi -
cult to unravel. Because of the diversity in quality 
of studies, there is no solid outcome data which 
can be presented to patients to help them under-
stand their individual risk of ED after their radia-
tion regimen. Erectile function (EF) has been 
largely left out of most studies on radiation treat-
ment outcomes, and those studies which include 
EF assessment utilize widely variable defi nitions. 
Many of these studies are retrospective and use 
subjective data without any controls or baseline 
erectile function (EF) assessment. 

 Validated tools such as the  International Index 
of Erectile Function (IIEF)   or abridged versions 

such as the IIEF-5 (Sexual Health Inventory For 
Men, SHIM) provide meaningful insights into 
EF, can defi ne ED and grade it, yet often are not 
used in such outcome analyses [ 1 ,  2 ]. 

 Specifi c to radiation trials, many studies pool 
heterogenous radiation regimens such as brachy-
therapy,  external beam radiation therapy (EBRT)  , 
proton therapy with or without androgen depriva-
tion therapy together despite the fact that there 
may be signifi cant differences in sexual function 
outcomes. These differences stem not only from 
the fact that brachytherapy is unlike external 
beam radiation, but also from the fact that patients 
choosing different radiation delivery options are 
often quite different at baseline as well. In addi-
tion, patients who receive brachytherapy plus 
EBRT should not be combined with patients who 
received only one of those treatments, yet this 
pooling happens. There are also marked differ-
ences in seemingly similar radiation regimens, 
and the total radiation dose and the fi eld could 
vary signifi cantly across patients, particularly 
when comparing the myriad options for external 
beam radiation treatment. 

 The use of  androgen deprivation therapy 
(ADT)   unequivocally confounds any sexual 
function outcomes, and the timing and dura-
tion of ADT varies across institutional proto-
cols because there is no single guiding 
standard. The median follow-up of studies var-
ies widely. Radiation studies, given the patho-
physiology of ED after RT, in particular need 
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much longer  follow- up (minimum of 3 years) 
than surgical interventions in order to provide 
meaningful data. 

 The fi eld of radiation oncology continues to 
change with newly emerging technology, and this 
has allowed a constant evolution of radiation pro-
tocols that continually hone oncologic success. 
This evolution, however, means that outcome 
studies from prior years may no longer be rele-
vant to current protocols, making any established 
ED rates similarly inapplicable. Salvage radia-
tion and radiation used in conjunction with pros-
tatectomy also need to be studied independently 
from primary radiation therapy. Finally, despite 
how poorly studied ED is within the radiation 
oncology literature, other sexual dysfunction 
sequelae such as sexual incontinence and orgas-
mic dysfunction are even more poorly defi ned.  

    Pathophysiology of ED 
After Radiation Treatment 

  A rigid erection results from the  interplay 
  between neural input (nervi erigentes initiate 
erections through release of nitric oxide), arterial 
infl ow to the corpora (via the internal pudendal 
and accessory arteries), and the ability of the cor-
poral smooth muscle to appropriately dilate and 
restrict venous outfl ow [ 3 ]. Pelvic radiation will 
expose all of these structures to damage, and the 
ED that results is from the cumulative injury of 
all of these structures [ 4 ]. The intimate nature of 
the prostate and many of these structures under-
scores how easy it is to incorporate the neurovas-
cular nerve bundle into the most carefully planned 
radiation fi eld [ 5 ]. In addition, there is signifi cant 
inter-individual variability in the anatomic posi-
tion of the cavernous nerves that limits the utility 
of the pretreatment modeling which is performed 
in an attempt to attenuate this damage [ 6 ]. 
Structures such as the Internal Pudendal Arteries 
(IPA) also receive radiation from both brachy-
therapy seeds and EBRT [ 7 ]. Damage to the IPA 
would cause reductions in infl ow, and manifest as 
cavernosal artery insuffi ciency [ 8 ]. Although 
radiation oncologists take every measure to limit 
the radiation exposure to the organ of interest, 

clearly the adjacent tissues have some degree of 
exposure. 

 The addition of  androgen deprivation treat-
ment (ADT)   to radiation regimens compounds 
the damage to the structures which are critical for 
erections. ADT is thought to contribute to ED 
through centrally mediated and penis specifi c 
mechanisms [ 9 ]. Animal studies have demon-
strated a role for testosterone in pathways besides 
the NO-mediated erection, and testosterone has 
been implicated in maintaining healthy penile tis-
sue [ 10 ]. Traish et al. have neatly summarized the 
many roles of testosterone in maintaining penile 
health, including maintaining cavernosal nerve 
function, producing NO, regulating PDE5, and 
improving erectile response [ 11 ]. In addition to 
ED, ADT has been associated with decreased 
libido, gynecomastia, decreased penile and testis 
size, and likely contributes to changes in ejacu-
late volume [ 12 ]. ADT use not only worsens ED, 
but it decreases the response of erectile tissue to 
erectile aids. Teloken et al. investigated 152 
patients who received either EBRT or BT; of 
those men, 35 received a median of 3.8 months of 
ADT [ 13 ]. Comparing the men who did not 
receive ADT to those that did, the mean erectile 
function domain score of the International Index 
of Erectile Function (IIEF) was signifi cantly 
higher at >24 months after RT (19 ± 7 and 14 ± 4, 
 p  = 0.007). Even more impressively, fewer men 
who had received the short course of ADT more 
2 years prior were responders to phosphodiester-
ase- 5 inhibitors (PDE5i) (47 % vs. 61 %, 
 p  = 0.032). It is unmistakable that ADT has both 
immediate and long-term effects on sexual func-
tion even when it is seemingly “short term.”   

    Brachytherapy 

  Several aspects unique to  brachytherapy      need to 
be considered when reviewing the literature 
regarding ED outcomes. Although ADT has been 
shown to have severe side effects, ADT continues 
to be routinely utilized to shrink the prostate in 
order to allow a greater condensation of volume 
covered by the radiation seeds as well as reduce 
the total radiation dose [ 14 ,  15 ]. In addition, there 
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are several kinds of isotopes, which can be uti-
lized, such as  Iodine 125  ,  Palladium 103  ,  Cesium 
131  , and  Iridium 192  ; each isotope has widely 
varied half-lives and different recommended pre-
scription doses. There is very little information 
regarding the difference in effects that the iso-
topes may have on ED; however, it should not be 
assumed that they are interchangeable. This is 
underscored by the fact that isotope choice can 
often be based on disease grade so patients 
receiving certain isotopes may be different at 
baseline and not broadly applicable to all men 
undergoing brachytherapy. The number of seeds 
implanted is dependent on not only the size of the 
gland, but also on the discretion of the radiation 
oncologist and physicist planning the dosimetry 
profi le. Number of seeds will have a direct effect 
on the total amount of radiation that the prostate 
and surrounding structures receive, and thus the 
mean dose (Gy) of radiation should always be 
considered when interpreting publication results. 

 Although mean radiation dose or biologically 
effective dose can be used as a proxy for number 
of pellets used, it should be appreciated that little 
investigation has been performed on teasing out 
the role that mechanical placement of various 
seed numbers might play on outcomes, and 
whether larger prostates requiring more seeds 
will have different outcomes than smaller pros-
tates. Radiation dose can also be described as 
D90 (the dose that 90 % of the prostate received), 
and conversions between various ways of docu-
menting radiation exposure should be consid-
ered. In addition, there is a possible difference 
between outcomes of permanent seed placements 
and high-dose-rate temporary implants. 

 As with any area of medicine, poor study 
design will cripple the results of any study and 
diminish their impact. Critical to reporting ED 
outcomes is establishing baseline EF in order to 
allow the direct comparison of EF after whatever 
intervention is being studied. For example, Ong 
et al. established that 52 % of men at their institu-
tion had some complaint of ED prior to receiving 
brachytherapy [ 16 ]. While this rate may not be 
directly applicable to every population as it was 
derived from a single institution, it clearly under-
scores the need for baseline evaluation of ED in 
order to frame any results that are presented.  

    ED Outcomes After Brachytherapy 

 Keyes et al. have recently published one of the 
largest studies which investigated EF outcomes 
after brachytherapy [ 17 ]. They included 2929 
patients who were implanted with Iodine-125 
seeds from 1989 to 2012 and had at least 10 
months of follow-up; overall median follow-up 
was 3.5 years and there is no control group (the 
comparator group was derived using data from 
the Massachusetts Male Aging Study). The most 
interesting aspect of their study was the means of 
assessing erectile function. They, in an uncon-
ventional fashion, chose to forego using validated 
questionnaires such as the IIEF, and instead used 
a “physician-reported scale” to document patient 
outcomes based on whether the patient had 
“unimpaired,” “suboptimal erections adequate 
for intercourse,” or “erections inadequate for 
intercourse.” Importantly, the authors state that 
for many years (they do not provide exact dates) 
they were not using the suboptimal erection cat-
egory, and instead all men were dichotomized 
into inadequate for intercourse or not. The 
authors, therefore, have clearly biased their 
results to favor an increased value for “unim-
paired” erections despite the fact that they admit 
to placing patients who clearly had impaired 
erections into this category. Furthermore, there is 
also no information regarding frequency of erec-
tion, how the physicians queried patients in order 
to decide on the scale, and whether the answers 
the patients provided related to their most recent 
erections, best erections since treatment, natural 
erections, or erections that were assisted with 
erectile aids such as PDE5i or penile injections. 
Keeping these inadequacies in mind, the authors 
conclude that “more than 80 % of young men 
have EF preserved 5 years after prostate brachy-
therapy.” It is important to also appreciate that the 
authors calculated, using data from the MMAS, 
that 50 % of the ED, which developed within 5 
years is attributable to aging, and thus they claim 
it is not attributable to brachytherapy. This study 
is being used as an example of why published 
data are often applicable in a way that allows us 
to counsel patients, and also because it is one of 
the largest most recent studies published and will 
likely be quoted extensively. While the authors 
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claim an 80 % EF preservation rate, their method-
ology is so suspect as to render their conclusions 
unusable for practical purposes. There is no evi-
dence that their 3-point scale accurately grades 
erections, but there is evidence that physician 
querying and reporting of patient’s erections is 
unreliable [ 18 ]. Also of note, the median follow-
 up of this study (3.5 years) is just at the beginning 
stages of when EF starts to decline following 
radiation, and does not address the crux of the 
patient’s question: “What will the ultimate effect 
of brachytherapy be on my EF?” In addition, 
their 5 year incremental outcomes data are actu-
ally extrapolated via statistical modeling and not 
based directly on patient outcomes. 

 Ong et al. also present outcomes data for 
brachytherapy, albeit using a different approach 
[ 19 ]. Three hundred and sixty six patients who 
underwent permanent seed implant completed the 
validated IIEF-5 questionnaire at baseline, and 
277 (76 %) of men with normal EF were included 
with a median follow-up of 41 months. These 
authors also extrapolated data and present results 
as a 5-year actuarial rate of EF preservation of 
59 %. Importantly, the authors demonstrate that 
5 % of men pretreatment and 40 % of men post-
treatment were using PDE5i. Strictly speaking, 
“EF preservation” should only be used when 
looking at EF outcomes for men regarding their 
baseline erectile function compared to their 
unaided natural erection post-treatment. If, at 
baseline, a man does not require erectile aids, then 
his EF should be described without erectile aids; 
however, this is not routinely done. Unfortunately, 
results for men at baseline (without PDE5i) are 

being compared to the erections that these same 
men get after treatment while using PDE5i; this is 
not EF preservation and the data need to be care-
fully interpreted to identify this fallacy. Crook 
et al. also present results using the validated IIEF 
questionnaire for 238 patients who had >5 years 
of follow-up [ 20 ]. The authors admit that they 
have no information regarding erectile aid usage 
so their data are lacking this information, but they 
state that 75 % of those patients had “satisfactory 
erectile function.” Notably, there is no defi nition 
for what the authors considered “satisfactory” as 
that is not how the IIEF is scored. Again, the out-
comes data do not provide meaningful answers 
for patients because of the design of the studies. 
The defi nitive study, which defi nes baseline and 
post- treatment EF, has appropriate length of fol-
low-up, accounts for erectile aid usage, and 
clearly delineates the brachytherapy protocol, 
which was utilized remains to be performed. See 
Table  18.1  [ 21 – 27 ].

        External Beam Radiation 

     EBRT  presents   entirely new facets of  radiation   
treatment requiring consideration when interpret-
ing the data. Likely even more so than brachy-
therapy, there have been dramatic changes in the 
protocols for EBRT. There are various approaches 
to EBRT, and these include the conventional four 
fi eld box technique,  three-dimensional confor-
mational radiotherapy (3D-CRT)  ,  intensity- 
modulated radiotherapy (IMRT)  , stereotactic 
body radiation therapy ( SBRT  ), and  proton beam 

   Table 18.1    Recently published erectile function outcomes after  brachytherapy     

 Author  Year  # Patients 
 Median (range) 
F/U (months) 

 Patients who 
received ADT (%) 

 Baseline ED 
incidence (%) 

 ED incidence 
after BT (%) 

 Zuber et al. [ 21 ]  2015  134  50 (1–85)  31  NP  91 

 Pugh et al. [ 22 ]  2015  237  25 (1–60)  0  38  44 

 Ghadjar et al. [ 23 ]  2014  31  83 (18–96)  0  35  32 

 Nishimura et al. [ 24 ]  2014  665  60 (NP)  81  42  39–71 

 Njomnang et al. [ 25 ]  2013  241  36 (6–70)  26  45  89 

 Matsushima et al. [ 26 ]  2013  119  12 (NP)  80  87  94 

 Emara et al. [ 27 ]  2012  62  NP (60-NP)  NP  0  37 

   ED  erectile dysfunction,  BT  brachytherapy,  NP  not provided  
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radiation therapy (PBRT)  . Even within these 
radiation protocols, there is variability between 
institutions regarding duration, whether radiation 
is supplied in higher doses over shorter period 
(hypofractionation) or over a longer course, and 
the optimal initial and  booster   doses, which may 
be given. IMRT, for example, may or may not be 
image guided, or it may use a variation known as 
 volumetric modulated arc therapy (VMAT)  . It is 
unclear to what degree outcomes for institution 
specifi c EBRT protocols can be applied to out-
side institutions because there is the potential for 
such heterogeneity in approach, and it is unclear 
what factors are most important for determining 
EF outcomes. Importantly, margins of radiation 
will play a role in subsequent sexual function 
because EBRT may not only be directed at the 
prostate, but can also be delivered to pelvic 
lymph nodes and/or the entire pelvis. The fi eld 
exposed will clearly have ramifi cations for EF. 

 Within the EBRT literature there is a debate 
regarding whether the dose to the penile bulb 
can be related to risk of ED [ 28 ]. It is important 
to appreciate how RT causes ED, because this 
understanding will allow appropriate steps to 
be taken to attenuate the risk. Furthermore, it 
will also discourage taking steps that do not 
improve EF but may decrease the oncological 
effi cacy of RT. Rivin et al. demonstrate in a 
review of the literature that there was a consis-
tent relationship between ED and penile bulb 
dose, and recommend that the PB receive 
<50 Gy in order to attenuate the risk of ED after 
EBRT [ 29 ]. Because the bulb (which is merely 
corpus spongiosum and urethra) contributes 
almost nothing to erectile rigidity, it is highly 
unlikely that damage to the bulb plays a role in 
the development of ED. It is more likely that 
damage to the adjacent structures, namely the 
crura of the corpus cavernosum are associated 
with ED and that the dose to the penile bulb is 
simply a surrogate for the dose administered to 
these essential structures. It is more important 
to consider penile bulb damage in the patho-
genesis of urethral strictures that result from 
exposure to radiation. It is reasonable to docu-
ment crural exposure to radiation because stud-
ies have shown that the crura can contribute to 

the pathophysiology of ED after EBRT. Mulhall 
et al. performed dynamic infusion cavernosom-
etry and cavernosography on 16 men with func-
tional erections who underwent radiation with a 
mean follow-up of 11 months [ 8 ]. These authors 
demonstrated that 80 % of their subjects had 
venous leak, and the majority had leak from 
their crura. 

 As with brachytherapy, studies of  EBRT   need 
to clearly explain what, if any, ADT was used in 
conjunction with EBRT and what the duration 
was. There is evidence, however, that ADT could 
improve cancer-specifi c outcomes, so the risk to 
a well-informed patient is more easily justifi ed 
[ 30 ]. The duration of follow-up is also a promi-
nent issue with EBRT outcomes studies, as so 
many studies have median follow-ups that are 
frankly too abbreviated to determine what the 
actual EF outcome will eventually be for patients. 
Furthermore, the rapid evolution of new radiation 
modalities and protocols means that no long-term 
studies have even reached maturity to allow them 
to be performed.     

    ED Outcomes After EBRT 

 Resnick et al. published the outcomes of 491 men 
who received EBRT in 1994–1995 for prostate 
cancer using a self-administered questionnaire 
that had multiple domains, including sexual func-
tion [ 31 ]. These authors demonstrate that 71.9 % 
of men stated that they had erections insuffi cient 
for intercourse at 5 years post-treatment; this 
increased to 93.9 % at 15 years after treatment. 
Although this demonstrates a signifi cant ED rate 
after EBRT, it is again unclear what effect  erectile 
aids might have attenuating these numbers. 
Because it was a cohort study, no information 
regarding the details of the EBRT are available, 
and so no information can be ascertained regard-
ing whether the 1994–1995 radiation protocols 
apply to modern EBRT. 

 Siegel et al. queried a single institution’s data-
base for patient who underwent EBRT before 
1998, and 319 men identifi ed had physician 
reported erectile function before and after treat-
ment [ 32 ]. Prior to treatment, 38.9 % of patients 
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were defi ned as having erections consistently 
inadequate for penetration, and at a median fol-
low- up of 51 months, 85.4 % of men were 
described as having erections insuffi cient for 
penetration. Brown et al. found that at a median 
follow-up of 36.8 months after IMRT, 75 % of 
men who completed the IIEF-5 had some degree 
of ED [ 33 ]. Because SBRT is relatively new, 
there are no long-term studies that clearly defi ne 
outcomes. Obayomi-Davies et al. demonstrated 
that at 24 months after treatment with SBRT, only 
54.4 % percent of men had erections hard enough 
for intercourse with or without erectile aids [ 34 ]. 
See Table  18.2  [ 31 ,  34 – 37 ].

        Androgen Deprivation Therapy 

    Although   “ ADT  ” is typically considered as one 
entity because the oncologic outcome is the 
same, it is actually an umbrella term encompass-
ing several medical or surgical means of abolish-
ing or decreasing androgen effect. Surgical 
castration, for example, will leave the adrenal 
glands intact, and thus those men will maintain 
adrenal androgen production while having an 
absolute loss of testicular hormone production. 
Alternatively, androgen production can be sig-
nifi cantly decreased or androgen receptors can be 
blocked; in the former, the decrease is not abso-
lute, and in the latter, it is possible to actually 
increase the amount of circulating dihydrotestos-
terone and testosterone (and thus increasing the 
conversion of androgens to estrogens). Potosky 
et al. demonstrated signifi cantly worse gyneco-
mastia in men who received luteinizing hormone-
releasing hormone than those men who underwent 

orchiectomy (24.9 % vs. 9.7 %,  p  < 0.01) [ 38 ]. 
Readers should therefore keep in mind that there 
are many ways to achieve androgen deprivation, 
and there are likely differences in sexual dys-
function outcomes that stem directly from which 
androgen deprivation method is chosen. 
Similarly, the duration of ADT varies signifi -
cantly. Surgical castration is permanent, for 
example, but NADT can occur over a variety of 
months, intermittently or continuously. 

    ED Outcomes After ADT 

 Daly et al. used physician directed questions to 
query EF in men who received either 4 or 8 
months of  neoadjuvant ADT (NADT)   prior to 
EBRT [ 39 ]. These authors, despite foregoing a 
validated questionnaire and instead relying on 
physician interpretation of patient answers, show 
that the calculated probability of EF preservation 
at 5 years was only 28 and 24 % in the 4 and 8 
month NADT groups, respectively. Schover 
reviewed the sexual dysfunction sequelae of men 
on ADT, and found that EF does not recover in 
half of men who underwent ADT even after the 
treatment has been stopped   [ 40 ].   

    Conclusions 

 Despite the decades that have been spent treating 
prostate cancer patients with radiation to the pel-
vis, very little progress has been made clearly 
elucidating the sexual function sequelae that men 
and their partners face. It is plausible that the vast 
majority of men who undergo any type of radia-

   Table 18.2    Recently published erectile function outcomes after  external   beam radiation therapy   

 Author  Year  # Patients 
 Median (range) 
F/U (months) 

 Patients who 
received ADT (%) 

 Baseline ED 
incidence (%) 

 ED incidence 
after EBRT (%) 

 Resnick et al. [ 31 ]  2013  491  NP (NP-180)  NP  NP  94 

 Obayomi-Davies 
et al. [ 34 ] 

 2013  97  NP (NP-24)  0  0  46–49 

 Spratt et al. [ 35 ]  2013  427  NP  NP  0  74 

 Magli et al. [ 36 ]  2012  19  NP  0  0  58–100 

 Haugnes et al. [ 37 ]  2012  158  35 (17–64)  NP  NP  70 

   EBRT  external beam radiation therapy  
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tion will have ED 5 years after their treatment. 
Future studies need to incorporate solid method-
ologies in order to provide results that are mean-
ingful to patients and the health care providers 
who seek to counsel them.     

   References 

    1.    Rosen RC, Riley A, Wagner G, Osterloh IH, 
Kirkpatrick J, Mishra A. The international index of 
erectile function (IIEF): a multidimensional scale for 
assessment of erectile dysfunction. Urology. 
1997;49:822–30.  

    2.    Rosen RC, Cappelleri JC, Smith MD, Lipsky J, Pena 
BM. Development and evaluation of an abridged, 
5-item version of the International Index of Erectile 
Function (IIEF-5) as a diagnostic tool for erectile dys-
function. Int J Impot Res. 1999;11:319–26.  

    3.    Dean RC, Lue TF. Physiology of penile erection and 
pathophysiology of erectile dysfunction. Urol Clin 
North Am. 2005;32:379–95. v.  

    4.    Goldstein I, Feldman MI, Deckers PJ, Babayan RK, 
Krane RJ. Radiation-associated impotence. A clinical 
study of its mechanism. JAMA. 1984;251:903–10.  

    5.    McLaughlin PW, Troyer S, Berri S, et al. Functional 
anatomy of the prostate: implications for treatment 
planning. Int J Radiat Oncol Biol Phys. 2005;63:
479–91.  

    6.    Takenaka A, Murakami G, Matsubara A, Han SH, 
Fujisawa M. Variation in course of cavernous nerve 
with special reference to details of topographic rela-
tionships near prostatic apex: histologic study using 
male cadavers. Urology. 2005;65:136–42.  

    7.    McLaughlin PW, Narayana V, Meirovitz A, et al. 
Vessel-sparing prostate radiotherapy: dose limitation 
to critical erectile vascular structures (internal puden-
dal artery and corpus cavernosum) defi ned by 
MRI. Int J Radiat Oncol Biol Phys. 2005;61:20–31.  

     8.    Mulhall J, Ahmed A, Parker M, Mohideen N. The 
hemodynamics of erectile dysfunction following 
external beam radiation for prostate cancer. J Sex 
Med. 2005;2:432–7.  

    9.    Trost LW, Serefoglu E, Gokce A, Linder BJ, Sartor 
AO, Hellstrom WJ. Androgen deprivation therapy 
impact on quality of life and cardiovascular health, 
monitoring therapeutic replacement. J Sex Med. 
2013;10 Suppl 1:84–101.  

    10.    Reilly CM, Lewis RW, Stopper VS, Mills TM. 
Androgenic maintenance of the rat erectile response 
via a non-nitric-oxide-dependent pathway. J Androl. 
1997;18:588–94.  

    11.    Traish AM, Goldstein I, Kim NN. Testosterone and 
erectile function: from basic research to a new clinical 
paradigm for managing men with androgen insuffi -
ciency and erectile dysfunction. Eur Urol. 
2007;52:54–70.  

    12.    Nguyen PL, Alibhai SM, Basaria S, et al. Adverse 
effects of androgen deprivation therapy and strategies 
to mitigate them. Eur Urol. 2015;67:825–36.  

    13.    Teloken PE, Ohebshalom M, Mohideen N, Mulhall 
JP. Analysis of the impact of androgen deprivation 
therapy on sildenafi l citrate response following radia-
tion therapy for prostate cancer. J Urol. 2007;
178:2521–5.  

    14.    Isbarn H, Boccon-Gibod L, Carroll PR, et al. 
Androgen deprivation therapy for the treatment of 
prostate cancer: consider both benefi ts and risks. Eur 
Urol. 2009;55:62–75.  

    15.    Lee WR. The role of androgen deprivation therapy 
combined with prostate brachytherapy. Urology. 
2002;60:39–44. discussion.  

    16.    Ong WL, McLachlan H, Millar JL. Prevalence of 
baseline erectile dysfunction (ED) in an Australian 
cohort of men with localized prostate cancer. J Sex 
Med. 2015;12:1267–74.  

    17.    Keyes M, Pickles T, Crook J, et al. Effect of aging and 
long-term erectile function after iodine-125 prostate 
brachytherapy. Brachytherapy. 2015;14:334–41.  

    18.    Mulhall JP. Re: return of erections and urinary conti-
nence following nerve sparing radical retropubic 
prostatectomy. J Urol. 1994;152:1213–4.  

    19.    Ong WL, Hindson BR, Beaufort C, Pharoah P, Millar 
JL. Long-term erectile function following permanent 
seed brachytherapy treatment for localized prostate 
cancer. Radiother Oncol. 2014;112:72–6.  

    20.    Crook J, Borg J, Evans A, et al. 10-year experience 
with I-125 prostate brachytherapy at the Princess 
Margaret Hospital: results for 1,100 patients. Int 
J Radiat Oncol Biol Phys. 2011;80:1323–9.  

     21.    Zuber S, Weiss S, Baaske D, et al. Iodine-125 seed 
brachytherapy for early stage prostate cancer: a 
single- institution review. Radiat Oncol. 2015;10:49.  

    22.    Pugh TJ, Mahmood U, Swanson DA, et al. Sexual 
potency preservation and quality of life after prostate 
brachytherapy and low-dose tadalafi l. Brachytherapy. 
2015;14:160–5.  

    23.    Ghadjar P, Oesch SL, Rentsch CA, et al. Late toxicity 
and fi ve year outcomes after high-dose-rate brachy-
therapy as a monotherapy for localized prostate can-
cer. Radiat Oncol. 2014;9:122.  

    24.    Nishimura S, Yorozu A, Ohashi T, et al. Five-year 
potency preservation after iodine-125 prostate brachy-
therapy. Int J Clin Oncol. 2014;19:940–5.  

    25.    Njomnang Soh P, Delaunay B, Thoulouzan M, et al. 
Erectile function after permanent 125I prostate 
brachytherapy for localized prostate cancer. Basic 
Clin Androl. 2013;23:2.  

    26.    Matsushima M, Kikuchi E, Maeda T, et al. A prospec-
tive longitudinal survey of erectile dysfunction in 
patients with localized prostate cancer treated with 
permanent prostate brachytherapy. J Urol. 2013;
189:1014–8.  

     27.    Emara AM, Chadwick E, Nobes JP, Abdelbaky AM, 
Laing RW, Langley SE. Long-term toxicity and 
quality of life up to 10 years after low-dose rate 

18 The Effect of Radiation on Erectile Function



260

brachytherapy for prostate cancer. BJU Int. 2012;
109:994–1000.  

    28.    Roach 3rd M, Nam J, Gagliardi G, El Naqa I, Deasy 
JO, Marks LB. Radiation dose-volume effects and the 
penile bulb. Int J Radiat Oncol Biol Phys. 
2010;76:S130–4.  

    29.    Rivin del Campo E, Thomas K, Weinberg V, Roach 
3rd M. Erectile dysfunction after radiotherapy for 
prostate cancer: a model assessing the confl icting lit-
erature on dose-volume effects. Int J Impot Res. 
2013;25:161–5.  

    30.    Pagliarulo V, Bracarda S, Eisenberger MA, et al. 
Contemporary role of androgen deprivation therapy 
for prostate cancer. Eur Urol. 2012;61:11–25.  

      31.    Resnick MJ, Koyama T, Fan KH, et al. Long-term 
functional outcomes after treatment for localized 
prostate cancer. N Engl J Med. 2013;368:436–45.  

    32.    Siegel T, Moul JW, Spevak M, Alvord WG, 
Costabile RA. The development of erectile dysfunc-
tion in men treated for prostate cancer. J Urol. 
2001;165:430–5.  

    33.    Brown MW, Brooks JP, Albert PS, Poggi MM. An 
analysis of erectile function after intensity modulated 
radiation therapy for localized prostate carcinoma. 
Prostate Cancer Prostatic Dis. 2007;10:189–93.  

      34.    Obayomi-Davies O, Chen LN, Bhagat A, et al. 
Potency preservation following stereotactic body 
radiation therapy for prostate cancer. Radiat Oncol. 
2013;8:256.  

    35.    Spratt DE, Pei X, Yamada J, Kollmeier MA, Cox B, 
Zelefsky MJ. Long-term survival and toxicity in 
patients treated with high-dose intensity modulated 
radiation therapy for localized prostate cancer. Int 
J Radiat Oncol Biol Phys. 2013;85:686–92.  

    36.    Magli A, Giangreco M, Crespi M, et al. Erectile dys-
function after prostate three-dimensional conformal 
radiation therapy. Correlation with the dose to the 
penile bulb. Strahlenther Onkol. 2012;188:997–1002.  

     37.    Haugnes HS, Melby B, Larsen KM, Langdal I, Rasi 
M, Bremnes RM. Assessment of late urinary, bowel 
and sexual function after dose escalation from 70 to 
76 Gy using image-guided radiotherapy in curative 
treatment of prostate cancer. Scand J Urol Nephrol. 
2012;46:124–32.  

    38.    Potosky AL, Knopf K, Clegg LX, et al. Quality-of-life 
outcomes after primary androgen deprivation therapy: 
results from the prostate cancer outcomes study. 
J Clin Oncol. 2001;19:3750–7.  

    39.    Daly PE, Dunne MT, O'Shea CM, Finn MA, 
Armstrong JG. The effect of short term neo-adjuvant 
androgen deprivation on erectile function in patients 
treated with external beam radiotherapy for localised 
prostate cancer: an analysis of the 4- versus 8-month 
randomised trial (Irish Clinical Oncology Research 
Group 97-01). Radiother Oncol. 2012;104:96–102.  

    40.    Schover LR. Sexual healing in patients with prostate 
cancer on hormone therapy. Am Soc Clin Oncol Educ 
Book. 2015;35:e562–6.      

K.A. Chiles and J.P. Mulhall



261© Springer International Publishing Switzerland 2016 
T.S. Köhler, K.T. McVary (eds.), Contemporary Treatment of Erectile Dysfunction, 
Contemporary Endocrinology, DOI 10.1007/978-3-319-31587-4_19

      Penile Length: Natural History, 
Preservation, and Recovery                     

     Natan     P.     Davoudzadeh      ,     Peter     J.     Stahl      , 
and     Doron     S.     Stember     

        N.  P.   Davoudzadeh ,  MD      •    D.  S.   Stember ,  MD      (*) 
  Department of Urology ,  Mount Sinai Hospital , 
  10 Union Square East, Suite 3A ,  New York , 
 NY   10003 ,  USA   
 e-mail: ndavoudzadeh@chpnet.org; 
dstember@chpnet.org   

    P.  J.   Stahl ,  MD      
  Department of Urology ,  Columbia University 
Medical Center ,   161 Fort Washington Avenue, 
11th Floor ,  New York ,  NY   10032 ,  USA   
 e-mail: Ps2192@columbia.edu  

  19

          Introduction 

 Penile size has been associated with virility and 
strength for millennia. Across different cultures, 
there have been various penile enhancement strat-
egies dating back to ancient times. The sadhus of 
India and the Cholomec tribe in Peru utilized hung 
weights to increase their penile lengths [ 1 ]. The 
Topinama tribe of Brazil in the sixteenth century 
allowed poisonous snakes to bite their penises in 
an attempt to enlarge them via swelling [ 2 ]. It is 
relatively common, even today, for men to use 
medically questionable or unproven methods, 
such as injection of exogenous substances or 
implants of foreign bodies under their genital skin, 
in an attempt to increase penile length or girth. 

 The perception of having a large penis has 
been associated with signifi cantly higher self- 
esteem in men [ 3 ]. Interestingly, a survey of over 
52,000 subjects showed 85 % of women were 

satisfi ed with their partner’s penis size, while 
only 55 % of the men were satisfi ed with their 
own penis size [ 3 ]. An extreme manifestation of 
penile length obsession has been defi ned by the 
 Diagnostic and Statistical Manual of Mental 
Disorders  as  genital retraction syndrome   [ 4 ,  5 ]. 
Men with this genital retraction syndrome have 
an unshakable belief that their genitals are retract-
ing and will eventually disappear; the condition 
is characterized by an absence of actual measur-
able genital changes [ 5 ]. 

 It has never been shown that penile length is 
associated with the two primary purposes of the 
penis: procreation and urination. Clearly, how-
ever, penile length is a profound factor in psycho-
logical health for many men. It is therefore 
essential to appreciate and recognize the effects 
that certain urological diseases and therapies can 
have on penile size in order to appropriately man-
age and counsel patients.  

    Measurement of Penile Length 
and Curvature 

  The majority of penile growth occurs mainly 
between two periods of development. The fi rst 
rapid rate of growth is seen between infancy and 
the age of 5. The second signifi cant growth period 
occurs between the onset of puberty and approxi-
mately 17 years of age [ 6 ]. For the purposes of this 
chapter, we focus exclusively on adult penile size. 
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 There have been numerous described methods 
utilized to objectively assess stretched fl accid 
penile length. It should be noted that, with any 
measurement modality, level of arousal and room 
temperature can cause variation in penile length 
for a given patient. Measurements are typically 
performed with fl accid penis status. Partial or full 
erection during measurement should be noted 
and a fl accid measurement should be obtained at 
a later time. Cold temperature and recent ejacula-
tion are other factors that can affect penile dimen-
sions [ 7 ]. Most studies defi ne stretched fl accid 
penile length as the linear distance along the dor-
sal side of the penis extending from the pubo- 
penile skin junction to the tip of the glans with 
the penile circumference being measured at the 
middle of the shaft. [ 7 – 9 ] 

 The glans penis should be held on gentle trac-
tion with the patient in the supine position, with 
the observer’s other hand holding a ruler that is 
placed at the penis base and along the dorsal 
aspect of the shaft. Measurements in medical 
practice are usually reported in millimeters or 
centimeters, not inches. Simple plastic rulers are 
ideal for such measurements and should be fully 
wiped clean by antiseptic solution between uses. 
Commercially available disposable penile mea-
surement rulers are also available (UroSciences, 
Inc., Jericho, NY). Several studies have reported 
average penile sizes. In a recent analysis of previ-
ous studies that pooled average penile sizes for 
over 15,000 men, it was found that the average 
penile length in the fl accid, stretched fl accid, and 
erect states was 9.16, 13.24, and 12.12 cm, 
respectively [ 7 ]. The average fl accid and erect 
circumference measurement at mid-shaft was 
9.31 and 11.66 cm, respectively [ 7 ]. 

 Another important  measurement   of the human 
penis is an assessment of any curvature or penile 
deformity. Accurate measurement is important 
for determining optimal management options, 
assessment of changes following treatment, and 
for research purposes. Penile curvature can be 
measured using at-home photography, the  vac-
uum erection device (VED)  , or with  intracaver-
nosal injection (ICI)   and goniometer in the 
physician’s offi ce. Ohebshalom et al. [ 10 ] showed 

that the most accurate way and gold standard 
method in measuring any penile curvature/defor-
mity is by using intracavernosal injections of 
vasoactive agents to induce an artifi cial erection 
and then utilizing a goniometer to measure the 
degree of curvature/deformity. Further, relying 
on patient self-assessment of curvature in order to 
document deformity magnitude has been shown 
to be insuffi cient, given the poor correlation 
between subjective self-assessment and objective 
physician measurement of curvature  [ 11 ].  

    Erectile Dysfunction 

 Erectile dysfunction (ED) is defi ned as the inabil-
ity  to   develop or maintain an erection suitable for 
sexual performance. The Massachusetts Male 
Aging Study demonstrated the overall prevalence 
of ED in USA to be 52 % among men aged 40–70 
years, with increasing prevalence in older age. At 
age 40, approximately 40 % of men are affected. 
The rate increases to almost 70 % by age 70 [ 12 ]. 
The National Institutes of Health (NIH) has esti-
mated that approximately 30 million men in the 
USA suffer from ED [ 13 ]. 

 For men with ED refractory to medication, 
insertion of an  infl atable penile prosthesis (IPP)   
represents the standard of care. It is crucial to be 
able to set realistic expectations for the patient as 
the overall outcome of penile prosthesis implan-
tation is largely dependent on patient and partner 
satisfaction, but this task is made more challeng-
ing by confl icting data. A recent study showed 
that, following IPP surgery, 70 % of men had a 
measurable loss in penile length compared with 
preoperative measurement of stretched fl accid 
length, while only 43 % reported a subjective 
assessment of shortening [ 14 ]. 

 Pharmacologically induced erect penile length 
and stretched penile length are both good predic-
tors of post-infl atable prosthesis penile length 
[ 14 ]. In contradistinction, Deveci et al. [ 15 ] found 
that 72 % of men subjectively reported length 
loss following IPP, but overall there was no sig-
nifi cant measurable decrease in size. We feel that 
it is helpful to preoperatively counsel patients 

N.P. Davoudzadeh et al.



263

that there will defi nitely not be an increase in 
penile length, as  many   expect, and that they 
should only proceed if they are willing to accept 
a potential loss of length. 

 There are multiple potential reasons why 
patients may have perceived or experienced actual 
penile length loss following IPP surgery. First, 
men who are candidates for IPP typically have not 
had rigid erections for a prolonged period of time. 
In the intervening time period between good natu-
ral erections and IPP surgery, they may have 
developed corporal fi brosis or scarring that limits 
the elasticity of the tunica albuginea. The 
decreased length due to fi brosis may not be appar-
ent until the IPP restores rigid erections, some-
times for the fi rst time in years. Second, penile 
prostheses also do not provide glanular engorge-
ment, as is experienced with natural erections. 
This lack of glanular engorgement may contribute 
to the perception of a decreased penile size. Third, 
men who undergo IPP surgery are typically older 
and have suffered from ED for many months or 
years. Their recollection of their true penile sizes 
prior to developing ED may be inaccurate. 
Finally, as men age, they may develop pannus fat 
that can give the appearance of a partially buried 
(i.e., smaller) penis.  

    Peyronie’s Disease 

 Peyronie’s disease ( PD) is   characterized by the 
development and accumulation of collagen in the 
tunica albuginea of the corpora cavernosa. PD is 
associated with penile nodular induration, ED, 
penile curvature, painful erections, and loss of 
penile girth and length [ 16 ]. Up to a third of 
patients with progressive PD will experience 
penile shortening [ 17 ]. PD is estimated to affect 
approximately 3–9 % of men [ 18 ].  Quality of life   
may be affected and may result in depression, 
lower self esteem, and fear of sexual activity [ 19 ]. 

 PD can be characterized by two phases. The 
fi rst phase is the  acute infl ammatory phase   which 
is characterized by the development of a painful 
and evolving plaque and progression of penile 
curvature. This phase typically lasts 6–18 months. 

The acute phase is followed by the chronic phase, 
during which the plaques are no longer associ-
ated with pain and deformity stabilizes. Treatment 
options available for PD include observation, oral 
pharmacotherapy, intralesional injection therapy, 
and surgical management. The goal of PD treat-
ment is to correct any penile deformity while pre-
serving penile length and the ability to accomplish 
and maintain an erection adequate for sexual 
intercourse [ 20 ,  21 ]. 

 Observation is an appropriate management 
option for men with PD with satisfactory erectile 
function and mild penile curvature which does 
not prevent successful penetration in sexual inter-
course. Oral therapies for PD include pentoxifyl-
line (PTX), potassium para-aminobenzoate, 
colchicines, tamoxifen citrate, acetyl-L-carnitine, 
and vitamin E. The most commonly used oral 
therapy is vitamin E, despite the fact that no 
placebo- controlled trials have demonstrated any 
clinical benefi t or shown any superiority of vita-
min E versus placebo as a treatment for PD. 
[ 22 – 25 ] 

 Since no  oral therapy   has been shown to con-
sistently and reliably reduce penile deformity in 
PD in a clinically meaningful way, many practi-
tioners recommend injection treatments of penile 
plaques. Intralesional drug injections are gener-
ally safe and well-tolerated. There are currently 
three intralesional drug treatments that have 
shown to be effi cacious in the treatment of PD: 
verapamil, interferons, and collagenase. 

  Verapamil   is a calcium channel blocker that 
affects fi broblast metabolism by increasing col-
lagenase activity and decreasing collagen produc-
tion [ 26 ,  27 ]. Several studies have demonstrated 
that intralesional verapamil (ILV) for PD signifi -
cantly improved plaque size, plaque-associated 
penile narrowing, penile curvature, and erectile 
function [ 28 – 30 ]. These studies include a pro-
spective non-randomized trial of 140 patients 
with a mean duration of PD of 17.7 months. After 
12 treatment sessions, 121 patients underwent 
penile deformity assessment with ICI (used as 
part of a penile duplex Doppler ultrasound). The 
authors found that penile  curvature decreased in 
73 patients (60 %, mean decrease in curvature 
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from baseline of 30°), increased in 10 (8 %, mean 
increase of 26°), and remained unchanged in 38 
(31 %) [ 29 ]. In contrast to these fi ndings, Shirazi 
et al. [ 31 ] performed a randomized, single-blind, 
placebo-controlled trial in 2009 comparing ILV 
with injected saline; the results showed an 
absence of signifi cant differences or improve-
ments in penile deformity between the two 
groups. 

 Another  intralesional therapy   available for the 
treatment of PD is collagenase, which is an 
enzyme that acts to lyse the collagen deposits 
found in PD plaques. Gelbard et al. [ 32 ] con-
ducted a recent phase IIb study of the clinical 
effi cacy of intralesional collagenase. A total of 
147 patients were randomized into four groups to 
receive collagenase or placebo, with or without 
penile modeling. Each treatment cycle included 
two injections within 48 h of each other followed 
by penile modeling by a physician within 72 h 
and subsequent home modeling three times daily. 
The modeling consisted of gradual stretching of 
the fl accid penis in the opposite direction of the 
curvature. There was statistically signifi cant 
improvement in penile curvature in the collage-
nase group compared to placebo group (29 % vs. 
11 %,  p  = 0.001) as well as in the modeling group 
compared to the placebo group [ 32 ]. Finally, in 
2013, Gelbard et al. [ 33 ] conducted two separate 
phase III multicenter, randomized, double-blind, 
placebo-controlled trials to assess the clinical 
effi cacy and safety of intralesional collagenase. 
They found a statistically signifi cant improve-
ment in penile curvature deformity and symptom 
bother in the treated group compared to the pla-
cebo group. However, none of these studies 
showed a statistically signifi cant change in the 
subjective assessment of penile length among 
patients treated with intralesional collagenase, 
although penile length changes were not mea-
sured objectively and were not the primary end-
points of these studies. Nonetheless, based on 
these studies, intralesional collagenase became 
the fi rst drug to be approved by the US Food and 
Drug Administration for the treatment of 
Peyronie’s disease. 

  Penile traction therapy      is a controversial 
modality for treating PD and, generally, penile 

length loss issues. Levine et al. [ 34 ] published the 
fi rst study on traction therapy for PD; the authors 
demonstrated an average reduction in penile 
curvature of 33 % and an increase in erectile 
function in patients treated with traction therapy 
for 2–8 h daily over 6 months. They also found 
that stretched penile length increased in all 
patients. Increased penile length measurements 
ranged from 0.5 to 2.0 cm; erect diametric girth 
increases of 0.5–1.0 cm were also recorded. 
The reasons for these changes have not been 
clearly elucidated. 

 Gontero et al. [ 35 ] evaluated 15 patients who 
underwent traction therapy using the  Andropenis   
(Andromedical, Madrid, Spain) penile extender 
for 5–9 h per day over 6 months. They showed 
that mean stretched and fl accid penile length 
increased by 1.3 and 0.83 cm, respectively, at 6 
months. Although the patients had minimal 
reduction in curvature, they generally rated them-
selves as satisfi ed with the treatment outcome. 
The authors hypothesized that increased penile 
length is responsible for patient satisfaction. 
Although data remain scant, traction devices hold 
promise for increasing penile length in men with 
PD. This concept is refl ected in the International 
Consultation of Sexual Medicine guidelines that 
state, “early evidence from two small non- 
controlled prospective trials have reported a 
reduction in deformity and increased penile 
length with traction therapy” [ 36 ]. 

  Surgical treatment   of PD should be considered 
in patients who have failed medical therapy or in 
those who desire defi nitive treatment. Common 
indications for surgical treatment of PD include 
stable deformity with pain-free erections for at 
least 3 months, extensive plaque calcifi cations, 
deformity that precludes sexual intercourse, and 
failed non-surgical treatment [ 20 ,  37 ]. Surgical 
options for PD include penile plication, plaque 
incision/excision and graft, and IPP surgery with 
or without modeling, plication, or incision/graft-
ing techniques. Choice of surgical treatment is 
individualized to the patient based on factors 
including degree and nature of deformity, degree 
of erectile function, and penile length. 

 For men with PD with normal erectile function, 
penile length adequate for sexual intercourse, 
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uniplanar penile curvature less than 60°, and 
absence of hourglass deformity or hinge, the 
most appropriate surgical option is a plication 
procedure [ 36 ,  38 ]. Complete curvature correc-
tion rates following plication procedures range 
from 42 to 100 % with overall satisfaction ranges 
from 68 to 100 % [ 39 – 42 ]. ,  Plication procedures 
are also known as shortening procedures. To esti-
mate penile length after plication surgery, a string 
should be held against the concave edge of the 
curved erect penis preoperatively. The concave 
side is always shorter than the opposite convex 
side. Plication essentially shortens the convex 
side so that it matches the shortened side in 
length—in this manner the curvature effect is 
removed. Besides shortening, which is expected 
by defi nition, the most common complications of 
penile plication procedures include persistent 
pain, persistence or recurrence of penile curva-
ture, penile hematoma, urethral injury, and loss 
of sensation. Results from multiple studies are 
summarized in Table  19.1 .

   Another surgical modality to treat PD is 
 plaque incision  , or excision with graft, proce-
dures. These are also described as tunical length-
ening procedures. They are most appropriate for 
patients with excellent preoperative rigidity 
(since postoperative impairment of erectile func-
tion is common), complex penile deformity, cur-
vature greater than 60° in magnitude, large 
plaques, destabilizing hourglass or hinge effect, 
and short penile length [ 20 ,  43 ,  44 ]. During 
plaque incision and grafting procedures, an inci-
sion of the plaque is made at the point of maxi-
mum curvature on the convex side of the penis. 
Subsequently, graft material is used to repair the 
defect and lengthen the penis [ 44 – 46 ]. During a 
plaque excision and grafting procedure, the 
plaque is partially or completely surgically 
excised. The calcifi ed area of tunica is then 
replaced with a graft. A partial plaque excision 
should be performed rather than a total plaque 
excision in hopes of decreasing the risk of irre-
versible erectile tissue damage and permanent 
postoperative ED [ 47 ]. 

 A variety of  graft materials   that can be used 
for such procedures: autologous grafts, allografts, 
xenografts, and synthetic grafts [ 20 ,  43 ]. The 

ideal graft is one that is similar to normal tunica 
albuginea in strength and elasticity, has minimal 
tissue reaction, is readily available, easy to suture, 
inexpensive, resistant to infection, and able to 
preserve erectile capacity [ 37 ,  48 ]. Autologous 
tissues used for grafting include saphenous vein, 
rectus fascia, tunica vaginalis, dermis, and buccal 
mucosa. Allograft or xenograft material include 
cadaveric or bovine pericardium [ 49 ] and porcine 
small intestinal submucosa [ 50 ,  51 ]. Synthetic 
grafts include polytetrafl uoroethylene. Synthetic 
grafts are not typically recommended to be used 
for management of PD due to the risks of local 
infl ammation, infection, and fi brosis [ 52 ]. 

 One of the most concerning risks of such pro-
cedures is postoperative ED. Research has shown 
that certain variables that be predictors of postop-
erative ED including preoperative ED, age of the 
patient (>55 years), evidence of  corporal veno- 
occlusive dysfunction   on duplex ultrasound analy-
sis, ventral curvature, and the severity of curvature. 
Other complications following a plaque incision/
excision with graft procedure includes infection, 
fi brosis, decreased penile sensation from disrup-
tion of sensory nerves, hematoma, and penile 
shortening from graft contraction [ 44 ,  53 ,  54 ]. 
Published surgical outcomes for various plaque 
incision and excision with graft procedures are 
summarized in Table  19.2 .

   For men with PD curvature and ED, or pro-
found penile instability in PD (even if erectile 
function is otherwise adequate), IPP surgery is 
frequently recommended [ 43 ,  55 ,  56 ]. In the set-
ting of IPP surgery, adjunctive procedures to 
help straighten the penis include modeling [ 57 ], 
plication [ 58 ], plaque-releasing incision with or 
without a graft [ 43 ,  55 ], and the surgical 
“scratch” technique. [ 59 ] Outcomes related to 
these procedures are summarized in Table  19.3 .

       Radical Prostatectomy 

   Prostate cancer is the  most    common   non-skin 
cancer and the second leading cause of cancer- 
related death in men in the USA. The American 
Cancer Society estimates that, in 2015, approxi-
mately 220,800 new cases of prostate cancer will 
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be diagnosed in the USA and nearly 27,540 men 
will die from the disease. Approximately 1 man 
in 7 will be diagnosed with prostate cancer dur-
ing his lifetime. 

 One of the more prevalent modalities utilized 
today to treat prostate cancer is radical prostatec-
tomy (RP). Although often successful in treating 
prostate cancer, risks of RP surgery include infec-
tion, bleeding, urinary incontinence, ED, and 
penile shortening. Parekh et al. [ 60 ] found that a 
perceived reduction in penile size post-RP was 
signifi cantly associated with disruption of close 
emotional relationships and increased treatment 
regret. Penile length changes after RP have been 
well recognized (Table  19.4 ).

   Fraiman et al. [ 61 ] found signifi cant decrease 
in all penile dimensions after RP, including 
decreased penile length and decreased volume in 
the fl accid and erect states, with the most sub-
stantial change occurring between the fi rst 4 and 
8 months postoperatively. Munding et al. [ 62 ] 
found that 71 % of men had a signifi cantly shorter 
penis after RP, with 48 % of them experiencing 
greater than 1 cm decrease in penile length. 
Savoie et al. [ 63 ] found similar results in their 
cohort of patients with 68 % of patient having a 
decrease in the stretched penile length 3 months 
postoperatively. 

 Engel et al. [ 64 ] studied penile length after 
robot-assisted RP and found a median penile 
shortening of 0.64 cm 1 month postoperatively. 
Interestingly, however, they found that penile 
length had returned to the preoperative measure-
ment 9 months postoperatively. This may be 
explained by the fact that the parasympathetic 
nervous signaling to the penis (that cause tumes-
cence), mediated by the cavernous nerves, is nor-
mally in a state of dynamic balance against the 
sympathetic nerves that richly innervate the cav-
ernosa (and cause detumescence) [ 65 – 67 ]. 
During RP the cavernous nerves are frequently 
injured, and the unopposed sympathetic action 
may be a major factor that contributes to the 
exaggerated state of detumescence in the early 
postoperative period [ 66 ]. Over time, it is thought 
that the cavernous nerves often recovery to some 
degree [ 68 ], which may account for the study’s 
fi ndings. Consistent with the concept of shorten-

ing due to unopposed sympathetic penile inner-
vation, post-RP penile length shortening has been 
shown to be independently associated with post-
operative erectile function outcome and nerve 
preservation status [ 69 ]. Carlsson et al. [ 70 ] 
found that extensive nerve-sparing surgical tech-
nique was associated with less self-perceived 
penile shortening, actual penile lengths were not 
measured in their study. However, Briganti et al. 
[ 71 ] found no difference between preoperative 
and postoperative values for penile length and 
girth in the erect and fl accid states in men who 
underwent bilateral nerve-sparing RP. 

 A competing etiologic theory to explain penile 
shortening following RP has been suggested: 
removal of the prostate and surgical attachment 
of the bladder neck directly to the pendulous ure-
thra causes shortening because of removal of a 
length of prostatic urethra that previously inter-
vened between the newly anastomosed segments. 
However, the prostatic urethra length does not 
relate to measured penile length. Furthermore, 
the bladder neck is brought down to the penile 
urethra; the penile urethra is not mobilized 
towards the bladder. 

 Another possible mechanism for longer term 
penile shortening following RP relates to the 
development of penile fi brosis secondary to a 
prolonged, profound period of ED. ED following 
RP occurs, as noted previously, due to damage to 
the neurovascular mechanism responsible for ini-
tiating erections. Even with bilateral nerve- 
sparing RP, mild neuropraxia can cause ED that 
lasts as long as 9–12 months [ 66 ]. During this 
period of neuropraxia, nocturnal erections are 
absent or diminished, leading to a state of persis-
tent penile hypoxia [ 66 ]. 

  Penile hypoxia   has been one the most impor-
tant precipitating factors in the formation of cav-
ernosal fi brosis. Nocturnal erections have been 
implicated in preserving normal erectile func-
tion by preserving normal erectile function by 
providing regular tissue oxygenation [ 72 ]. 
Therefore, it has been postulated that the lack of 
early postoperative nocturnal erections results in 
a decreased amount of regular tissue oxygen-
ation and ultimately the development of fi brosis 
[ 72 ]. Iacono et al. [ 73 ] performed corporal cav-
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ernosal biopsies before RP, as well as 2 and 12 
months postoperatively. Compared with preop-
erative biopsies, there was a progressive increase 
in disorganized collagen content at the 2 and 12 
postoperative periods, with corresponding 
decrease in elastic smooth muscle bundles [ 73 ]. 
Mulhall [ 74 ] showed an increased rate of PD 
development that became apparent in post-RP 
men who were undergoing initial ICI treatment 
for ED. Cavernous nerve injury has also been 
shown to result in apoptosis of corporal smooth 
muscle [ 75 ,  76 ] and sympathetic hyperinnerva-
tion [ 26 ,  77 ]. 

 It is important to note that penile shortening is 
not solely limited to surgical treatments of pros-
tate cancer. This was shown by Hall et al. [ 78 ] 
who looked at penile length changes in men 
treated with a combination of androgen suppres-
sion and radiation therapy. They found that there 
was a statistically signifi cant decrease in penile 
length in men treated with hormonal suppression 
plus radiation. Although data are limited, there is 
also evidence that external beam radiation can 
lead to penile fi brosis and ultimately penile short-
ening [ 78 ]. Furthermore, loss of penile volume 
and length is common for men undergoing androgen 
ablation [ 78 ]. 

 Penile rehabilitation is an important strategy 
in post-prostatectomy patients to help mitigate 
penile length loss. Penile rehabilitation encour-
ages artifi cial induction of erections after surgery 
to facilitate tissue oxygenation, reduce caverno-
sal fi brosis, and increase the likelihood of pre-
serving erectile function [ 79 ].  Vacuum erection 
devices (VED)   use negative pressure to distend 
the corporal sinusoids and to increase blood 
infl ow into the penis, which causes passive penile 
engorgement [ 79 ]. It has also been suggested that 
use of VEDs can help inhibit abnormal collagen 
formation in the hypoxic penile conditions after 
RP [ 80 ]. The increased arterial infl ow in the penis 
increases tissue oxygen levels, which effectively 
alleviates the tissue hypoxia damage caused by 
cavernous nerve injury. Due to these physiologic 
changes and effects, VEDs have become the cen-
terpiece of penile rehabilitation protocols. 

 It is suggested that penile rehabilitation with 
VED should begin early after RP. Kohler et al. 
[ 81 ] found that early use of VED (1 month after 
RP) improved sexual function recovery and 
helped the preservation of penile length. Raina 
et al. [ 80 ] conducted a prospective study with 109 
patients undergoing RP who were randomized 
to either undergo daily VED use for 9 months 

   Table 19.4    Penile length changes after  radical prostatectomy        

 Author  Year  No. of patients  Time interval  Main outcomes 

 Carlsson [ 70 ]  2012  1411  24.2 months  55 % of patients reported self-perceived penile shortening 

 Engel [ 64 ]  2011  127  11 months  0.64 cm shortening at 1 month 
 No decrease in length observed at 9 months or beyond. 

 Gontero [ 69 ]  2007  126  1 year  1.34 cm shortening—fl accid length 
 2.30 cm shortening—stretched length 

 Briganti [ 71 ]  2007  33  6 months  No statistically signifi cant length changes, both fl accid and 
erect states 

 Savoie [ 63 ]  2003  63  3 months  19 % had 15 % shortening—stretched length 
 1.2 cm shortening—fl accid length 
 1.1 cm shortening—stretched length 

 Munding [ 62 ]  2001  31  3 months  13 % increased stretched length 
 16 % no change in stretched length 
 71 % had decreased length: 
 23 %—up to 0.5 cm 
 35 %—1.0–2.0 cm 
 13 %—>2.0 cm 

 Fraiman [ 61 ]  1999  100  1.7–
27.6 months 

 8 % decrease in fl accid length 
 9 % decrease in erect length 
 Greatest change at 4–8 months 
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starting 1 month after surgery or to receive no 
treatment. They found 17 % vs. 11 % recovery of 
erectile function with daily use of VED com-
pared to non-VED use, and only 23 % VED user 
vs. 85 % non-VED users reported penile shrink-
age. Dalkin et al. [ 82 ] did a study on 39 men who 
underwent nerve-sparing RP who had penile 
measurements before surgery and 3 months after 
surgery by a single investigator. Daily use of 
VED was begun on the day after catheter removal 
and continued for 90 days. Penile shortening 
≥1.0 cm was considered signifi cant. In men who 
complied well with VED therapy, only 1/36 (3 %) 
had a decrease of penile length ≥1.0 cm. Of the 
three men with poor VED compliance, two 
(67 %) had a reduction in penile length ≥1.0 cm. 
They concluded that their fi ndings “strongly sup-
port a role for early intervention with the daily 
use of a VED in men wishing to preserve penile 
length.” [ 82 ] There are clearly clinical sugges-
tions that VED therapy improves erectile func-
tion and preserves penile size after RP likely due 
to its anti-hypoxic, anti-apoptotic, and anti- 
fi brotic mechanisms.    

    Penile Lengthening Strategies 

  In the USA, an estimated 10,000 men  have   under-
gone penile surgery for cosmetic reasons in the 
last decade [ 83 ]. Interestingly, a study by 
Mondaini et al. [ 84 ], showed that 85 % of the 
male patients in their cohort, which were men 
seeking penile lengthening, overestimated nor-
mal penile size by estimating “normal” penile 
length should range from 10 to 17 cm (median 
value of 12 cm). 15 % of men in their cohort were 
unable to estimate “normal” penile size. No 
patient in their cohort was found to have a penile 
length under the 2.5 percentile according to their 
nomogram [ 85 ]. They concluded that penile 
length is in fact normal in most men seeking 
penile lengthening procedures. Wessels et al. [ 9 ] 
proposed that only men with a fl accid length of 
less than 4 cm, or an erect length of less than 
7.5 cm, should be considered candidates for 
lengthening procedures. 

 Furthermore, The Sexual Medicine Society of 
North America has drafted a position statement 
on penile lengthening and girth enhancement sur-
gery. It reads as follows: “The Society for the 
Study of Impotence has found no peer-reviewed, 
objective or independently-monitored studies, or 
other data, which prove the safety or effi cacy of 
penile lengthening and girth enhancement sur-
gery. Therefore, penile lengthening and girth 
enhancement surgery can only be regarded as 
experimental surgery.” Nonetheless, different 
surgical techniques have been studied for penile 
enhancement [ 86 ]. 

 Lack of standardization of these controversial 
procedures has led to a wide variety of poorly 
documented surgical techniques, with varying 
results. Different techniques have been used for 
increasing penile girth with using either subcuta-
neous placement of different tissues (e.g., free 
fat, dermis graft, vascularized subcutaneous 
fl aps) [ 9 ,  83 ] or cavernosal augmentation with 
saphenous grafts [ 87 ]. Perovic et al. [ 88 ] 
described the penile disassembly technique com-
bined with the interposition of rib cartilage in the 
space between the glans cap and tips of the cor-
pora cavernosa. They performed this procedure 
in 19 patients and found that the increase in 
penile length was 2–3 cm in 13 patients and 
3–4 cm in the remaining six, with a mean follow-
 up of 3.3 years. There was no evidence of ero-
sion, infl ammation, or infection of the site of 
cartilage implantation as well as no injuries to the 
neurovascular bundle or urethra and no erectile 
dysfunction [ 88 ]. Their favorable reported results 
were not replicated and the technique did not 
become widespread. 

 One of the most common procedures for elon-
gation of the penis is the release of the suspensory 
ligament in combination with advancement of an 
infrapubic skin fl ap onto the penis via an inverted 
V-Y skin plasty [ 89 – 91 ]. The drawbacks of this 
procedure include an abnormal appearance of 
bulky tissue at the base of the penis and a change 
in the angle of erection due to the possible devel-
opment of a “low-hanging” penis [ 83 ]. In addi-
tion, one of the downsides of this technique is the 
penis reverting back to its original length, or even 
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sometimes shortening of the penis, due to reat-
tachment of the suspensory ligament to the pubis 
[ 83 ]. Furthermore, although division of the sus-
pensory ligament may increase penile length, it 
usually is not suffi cient enough to satisfy the 
patient [ 92 ]. Thus, to improve the results of sus-
pensory ligament release for penile lengthening, 
Shaeer et al. [ 93 ] described a technique in which 
suspensory ligament release was combined with 
“V-Y half-skin half-fat advancement fl ap” and a 
“T-closure.” The authors reported an increase in 
the fl accid, outstretched penile length of 5.5 cm 
and noted no loss in the penile length gained six 
months after surgery. They were able to prevent 
any loss of penile length gained by advancing fat 
into the dead space, created by the descent of the 
corpora off the pubic bone, thereby creating a 
well- vascularized cushion upon which the cor-
pora cavernosa sit, preventing reattachment. 
Furthermore, no complications were reported 
from this procedure. 

 With a similar goal of avoid the eventual loss 
of penile length that is initially gained following a 
release of the suspensory ligament with the 
inverted V-Y skin plasty, Srinivas et al. [ 94 ] 
reported a modifi cation of the procedure. A sili-
cone sheath was interposed between the pubic 
symphysis and suspensory ligament and, presum-
ably due to this modifi cation, length gain was 
effectively maintained at a follow-up of 6 months. 
Regardless of the specifi c surgical lengthening 
technique used, some authors recommend postop-
erative penile stretching using weights hung from 
the penis for several months after surgery [ 89 ]. 
The traction device could also theoretically be 
used postoperatively for this purpose, although no 
data exist to support this particular application. 

 Rolle et al. [ 95 ] have described the “ sliding 
technique  ,” in which IPP surgery is combined 
with double dorsal-ventral patch graft in an effort 
to lengthen the penis. In the sliding technique, a 
ventro-dorsal incision of the tunica albuginea is 
made in order to relax and lengthen the penis, IPP 
cylinders (that are longer than would otherwise 
be possible) are inserted and, fi nally, double dor-
sal–ventral patch grafting with porcine small 
intestinal submucosa is utilized to cover the tunical 

defects. They reported the results in three patients 
with PD and penile shortening and benefi ted 
from an average increase in length of about 
3.2 cm at follow-up of 13 months. There was no 
signifi cant loss of sensitivity or signs of impaired 
vascularity in this case series. 

 Recently, Edygio et al. [ 96 ] described a modi-
fi ed “ sliding technique  ” for penile length as well 
as girth restoration with concomitant IPP implan-
tation. Their technique is based on three ele-
ments: (1) the sliding maneuver for penile length 
increase (similar to that described above) (2) 
potential complementary longitudinal ventral 
and/or dorsal tunical incisions for girth restora-
tion, and (3) closure of the newly created rectan-
gular bow-shaped tunical defects with Buck’s 
fascia only. They reported their results on 143 
patients who underwent this procedure and dem-
onstrated a mean penile length gain of 3.1 cm 
(range, 2–7 cm) at a median follow up of 
9.7 months. They also noted no major intraopera-
tive or postoperative complications. Although 
postoperative hematomas at the base of the penile 
shaft occurred in 35 total patients (24.2 %), all 
resolved spontaneously with observation. Seven 
patients (4.9 %) also experienced temporary par-
tial glans numbness, which again resolved in the 
follow-up period [ 96 ]. In a multicenter prospec-
tive study, Sansolone et al. [ 97 ] have also recently 
evaluated penile lengthening with circumferen-
tial graft/tunical incision during IPP surgery in 
patients with PD and severe penile shortening. 
With an average follow-up of 22 months, an aver-
age penile length gain was 2.8 cm and 90 % of 
patients reported being satisfi ed with the cos-
metic and functional result of the surgery.   

    Conclusions 

 Penile length/size is a major concern for men 
across various cultures. It has been linked to self- 
esteem and sexual identity. It is important for 
urologists to recognize the impact of urological 
conditions, therapies, and surgeries on penile size 
and shape. Patients should be counseled accord-
ingly, particularly because loss of penile length is 
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associated with devastating psychological conse-
quences. Better understanding and recognition of 
penile length loss issues that can help practitio-
ners are needed in order to minimize shortening 
of penile size. Multiple treatment options for 
penile shortening and curvature in PD are avail-
able, but some PD treatments (i.e., plication) 
actually shorten penile length. Penile lengthening 
procedures are controversial and rarely per-
formed, but technical innovations to the sliding 
technique are promising.     
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          Introduction 

 Despite recent controversy surrounding PSA 
screening in men, screening for and treatment of 
 prostate cancer (PC)   continues. Much of the 
argument against the treatment of PC has been 
based on risks of treatment as erectile dysfunc-
tion (ED) and incontinence are major quality of 
life factors. While this chapter does not focus on 
prevention of incontinence, there is continued 
interest in preservation of erectile function ( EF  ) 
after PC treatments to mitigate these risks. 

 The preservation of EF after PC treatments 
largely takes the effect of prevention at the time 
of surgery through nerves sparing techniques and 
recuperation postoperatively with penile reha-

bilitation. Putatively, in these postoperative men, 
the oxygenating effects of natural spontaneous 
and provoked erections is replaced with either 
pharmacologically or mechanically induced 
erections to nourish the cavernosal smooth mus-
cle tissue during a, hopefully temporary, loss of 
EF. When the integrity of the cavernosal smooth 
muscle is not protected, penile fi brosis may 
occur leading to penile shortening and possible 
permanent ED.  

    Prevalence of ED After PC 
Treatment 

 There exist large variations in the reported rates 
of ED following PC treatment. This wide range 
of reported ED can likely be attributed to the dif-
fi culties in performing a prevalence study. Some 
of these diffi culties include variance in defi ni-
tions of ED used, methodology and timing of 
evaluations and lack of information on pretreat-
ment potency. 

 More recent studies have attempted to delin-
eate between these confounding factors in order 
to more accurately assess pretreatment risk fac-
tors for PC treatment side effects. Resnick et al., 
through their  Comparative Effectiveness Analysis 
of Surgery and Radiation (CEASAR) study  , 
 captured data on the pretreatment status of the 
common side effects of PC treatment from the 
newly diagnosed. The authors reported a 43 % 
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ED prevalence of patients diagnosed with PC in 
the  previous 6 months, before any treatment was 
even initiated [ 1 ]. 

 The two most accepted treatment options for 
PC control—radiation or surgery—also affect 
ED rates and occurrence differently. However, 
this may be somewhat contaminated by the fact 
that patients undergoing surgery are more likely 
to use erectogenic aids after PC treatment [ 2 ]. As 
there are certainly differences in these different 
treatments for PC, they are discussed separately 
below when possible. 

    Radical Prostatectomy 

    Invariably, some degree of sexual dysfunction 
occurs immediately after radical prostatectomy 
( RP        ). Patients will usually experience at least 
temporary loss of erections, including nocturnal 
erections [ 3 ]. The etiology of ED resulting from 
RP seems to be multifactorial but is predomi-
nantly due to the intraoperative damage to the 
nerves surrounding the prostate. Many patients 
will experience some recovery in EF over a 
12–16 month period, as the neuropraxia slowly 
resolves. As such, 12 and 24 month potency rates 
after surgery range from 54 to 90 % and 63 to 
94 %, respectively [ 4 ]. However, several longer- 
term follow-up studies have shown some form of 
continued ED many years after the initial surgery 
[ 5 ]. While the cavernous nerves were previously 
thought to be discrete entities in a neurovascular 
bundle, recent work has shown that the nerves 
controlling erectile function are likely more com-
plicated and diffuse [ 6 ,  7 ]. 

 With the change from open retropubic RP to 
 robotic assisted laparoscopic prostatectomy 
(RALP)   there has potentially been an improve-
ment in patient centered outcomes. One of the key 
aspects of erection preservation in surgery is per-
formance of neurovascular bundle-sparing, which 
may be more commonly done in robotic surgery 
[ 8 ], possibly due to better visualization. A recently 
published prospective, controlled, nonrandomized 
trial from Europe did fi nd outcomes in all areas of 
EF assessed favoring  RALP   over RRP 12 months 

after surgery. After adjusting for potentially 
confounding factors such as age, smoking status, 
or cardiovascular disease, patients treated with 
RALP had a 5 % lower absolute rate of ED than 
those undergoing retropubic RP [ 8 ]. A large meta-
analysis also reported cumulative data favoring 
RALP to retropubic RP with a 47.8 % vs. a 24.2 % 
potency rate, respectively [ 4 ].     

    Radiation 

   Since  radiation therapy (RT)   became a treatment 
option for men with PC in the 1970s, resulting ED 
has been a known side effect. Reported incidence, 
however, falls victim to the same discrepancies as 
RP, as studies vary widely in methodology. 
Additional diffi culty in capturing the true inci-
dence of ED after RT is the necessity of a longer 
follow-up study, as  EF   is known to deteriorate 
more distantly with  RT   than surgery. Rates from 
prospective studies show a range of ED rates, 
from 36 to 59 % after external beam radiotherapy 
and 24–50 % after brachytherapy [ 9 ]. 

    Etiology of Post-radiation ED 
  The fundamental effi cacy of RT in cancer treat-
ment is induction of DNA damage to destroy can-
cerous cells. The inevitable consequence of 
damage to surrounding,    healthy tissues is the 
cause of many unfortunate side effects. Radiation 
doses to areas critical for EF include the neuro-
vascular bundles, internal pudendal arteries, 
accessory pudendal arteries, corpora cavernosa, 
and the penile bulb [ 10 ]. While the radiation fi eld 
includes damage to at least all the aforemen-
tioned structures, studies to determine the exact 
etiology of RT induced ED have historically 
pointed toward a more pronounced arteriogenic 
dysfunction [ 11 ,  12 ]. Additionally alleged mech-
anisms include corporal fi brosis [ 13 ], and nerve 
injury [ 14 ]. 

 More recent studies continue to validate vas-
cular damage as the predominant means of ED 
from RT. In an animal model study, all irradiated 
rats demonstrated vascular changes in their penile 
arteries, including apoptosis in the smooth 
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muscle layer, thickening of arterial walls, and 
 thrombosis [ 10 ]. A human study using dynamic 
infusion cavernosometry/cavernosography dem-
onstrated combined arterial and venous insuffi -
ciency of patients with ED at a mean 11 months 
following RT [ 15 ].   

    Radiation Dose 
 In most cases, the radiation  dose   delivered to tis-
sues determines the severity of resulting unin-
tended effects. This is especially true regarding 
systemic symptoms from radiation sickness, 
where effects from a high dose of radiation can 
be felt almost immediately [ 16 ]. However, the 
few studies evaluation radiation dose from PC 
treatment have not demonstrated a clear relation-
ship between radiation dose and resulting ED. 
Attempts to reduce radiation exposure during 
 external beam radiation therapy (EBRT)   to the 
penile bulb [ 9 ] or corpora cavernosa [ 17 ] yielded 
no correlation between ED at 2 years. Cancer 
control remains the most important factor in 
determining radiation dose, and further studies 
must be performed before reductions in dosage 
can be considered for erectile preservation.     

    Brachytherapy 

 ED rates after  brachytherapy         appear to be some-
what lower compared to EBRT. One study found 
a 6 year potency preservation rate of 52 % with 
92 % achieving potency if also receiving pharma-
cological support with sildenafi l [ 18 ]. However, 
the use sildenafi l in this cohort inherently implies 
ED and this comparison is dubious. The multi-
variate analysis was interesting as it revealed no 
signifi cant correlation to erection preservation 
with radiation dose, choice of isotope, or clinical 
stage, but did fi nd signifi cance to pretreatment 
 EF  , supplemental EBRT, and history of diabetes 
mellitus. Another study yielded similar results, 
with an EF preservation rate of 59 % at 5 years 
after brachytherapy alone for treatment of PC 
although new PDE5I use was not considered a 
failure for EF preservation [ 19 ].   

    Comparison of ED Between Surgery 
and Radiation 

 Comparison studies have shown that while both 
RP and RT lead to diminished erections, the ini-
tial dysfunction is more severe with  surgery   but 
more likely to improve over time [ 20 ]. In con-
trast,  EF   is more  preserved   initially in patients 
who received RT, but their recovery is diminished 
and between year two to fi ve, experiences a con-
siderable decline [ 21 ]. Therefore, the rates of ED 
stemming from PC therapy are not convincingly 
different between treatment choices. 

 However, the length of time until equivalent 
outcomes may be important to patients, as it may 
be at least 5 years before rates of decline stabilize. 
This was shown in a long-term study in which 
patients receiving either RT or surgery were fol-
lowed at 2, 5, and 15 years. Men who had under-
gone RP were signifi cantly more likely to report 
ED than the RT group at both 2 and 5 years. 
However, at 15 years the rates were nearly identi-
cal. When rates were controlled for baseline sex-
ual functioning, no treatment based difference 
was found starting at 5 years [ 22 ].  

    Defi ning Success in Penile 
Rehabilitation 

  EF      may be defi ned by objective measures or 
patient reported ability to engage in intercourse. 
In fact, a meta-analysis looking at studies from 
1985 to 2007 found 22 different unique defi ni-
tions of favorable EF in studies. Many defi nitions 
were more objective, using specifi c numerical 
values on validated questionnaires, while other 
defi nitions were more indistinct (“reported inter-
course,” “potent”) [ 23 ]. 

 While the validated questionnaires for ED, 
invariably measure different parts of sexual func-
tion as a continuous variable, there is likely a 
minimum value at which patients are satisfi ed and 
able to perform to their expectations. The work by 
Briganti et al. looked at men undergoing bilateral 
nerve sparing retropubic RP to defi ne a goal at 
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which patient satisfaction matched up with 
  International Index of Erectile Function ( IIEF  )    
domains [ 24 ]. Overall sexual satisfaction was 
decreased if patients who had normal potency 
preoperatively (IIEF-EF>26) but had a score less 
than 22 after surgery. From their fi ndings, the 
authors hypothesized that if potent patients are 
able to maintain a score of at least 22 on the 
IIEF-EF, they will likely be satisfi ed with their EF 
after RP.    

    Rehabilitation Practice Patterns 

 Despite improvements in post-RP  EF   with reha-
bilitation, there is still not a standardized proto-
col for rehabilitation and enthusiasm for 
rehabilitation protocols continues to be irregular. 
In a study by the French Urologic Association, 
64 % of physicians did not routinely recommend 
rehabilitation. Scheduled intracavernosal injec-
tion ( ICI     ) was the most common rehabilitation 
protocol with on demand ICI and scheduled 
phosphodiesterase type 5 inhibitor (PDE5I) 
being the next most common. The most frequent 
duration of treatment was 1 year with younger 
physicians and physicians performing more RP 
were likely to recommend a rehabilitation proto-
col overall [ 25 ]. 

 American Urologic Association ( AUA     ) mem-
bers were analyzed in a study including 618 
urologists who participated in an e-mail survey. 
The majority of respondents recommended 
penile rehabilitation (86 %) but only 43 % rec-
ommended a protocol for all patients after 
RP. Factors that infl uenced recommendation for 
rehabilitation included preoperative EF (66 %), 
nerve sparing technique (22 %), and patient age 
(5 %). PDE5I followed by vacuum erection device 
(VED) were the most commonly utilized proto-
cols. Encouragingly, practitioners who performed 
RP or identifi ed as uro-oncologists were more 
likely to recommend penile rehabilitation [ 26 ]. 

 An assessment of International Society of 
Sexual Medicine ( ISSM     ) members found that a 
similar number of respondents (87 %) recom-
mended some form of rehabilitation [ 27 ]. 
Utilization was correlated with uro-oncology 

training, performing RP and seeing more than 50 
patients per year who had RP. About half of polled 
members started rehabilitation at catheter removal 
with PDE5I still the most commonly used 
approach (95 %), with ICI (75 %) and VED (30 %) 
also being popular choices. In those that did not 
routinely recommend rehabilitation, half stated 
that they found the cost prohibitive with 25 % 
each stating they were not familiar with the 
concept or were not convinced by the evidence.  

    Predicting Factors for Return 
of EF After Treatment 

  EF      recovery rates are variable based on multiple 
factors and are largely infl uenced by reporting 
bias. In their meta-analysis, Tal et al. found that 
overall EF recovery rates were higher in single 
surgeon series and studies following patients for 
greater than 18 months [ 23 ]. This is not surpris-
ing as these studies can often serve as surgeon 
advertisements. 

 In some studies, patient factors have been 
identifi ed that may be correlated with better post-
operative outcomes. Patient age [ 23 ,  28 – 32 ], 
some degree of nerve sparing [ 28 ,  31 – 35 ], and, 
not surprisingly, better preoperative EF [ 29 – 33 , 
 35 ] have been shown to be predictive of better 
EF after surgery. Comorbidities have also been 
identifi ed as a detrimental factor [ 30 ,  32 ,  33 ].  

    Timing of Rehabilitation 

  When determining the optimal modality of a 
penile rehabilitation program, consideration must 
also be given to the  timing   of program initiation. 
Histopathologic data derived from both animal 
and human studies suggest that earlier rehabilita-
tion may be more effi cacious in the preservation 
of corpora smooth muscle, and resultantly, EF. 

 User et al. evaluated rates of apoptosis among 
rat corpus cavernosa smooth muscle following 
unilateral or bilateral cavernous neurotomy [ 36 ]. 
Signifi cant apoptosis of smooth muscle was seen 
in both groups as early as postoperative day 1. 
By postoperative day 60, rates of apoptosis had 
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decreased to preoperative levels, possibly signify-
ing a permanent change. In a compelling human 
study by Iacono et al. 19 patients with normal 
preoperative EF undergoing  radical prostatec-
tomy (RP)   also underwent corpora cavernosa 
biopsy at the time of surgery, as well as two and 
12 months postoperatively [ 37 ]. No penile reha-
bilitation program was employed. At the fi rst 
postoperative biopsy, smooth muscle content was 
signifi cantly decreased, while collagen content 
was signifi cantly increased compared with preop-
erative biopsies. A temporal trend was also noted, 
as smooth muscle again decreased signifi cantly 
with increase in collagen content at 12 months 
when compared to 2 months. 

 In an assessment of early (<6 months after 
RP) vs. late (>6 months) initiation of rehabilita-
tion, postoperative EF was followed serially in 
84 patients with organ-confi ned PC who had pre-
sented for management of ED following bilateral 
nerve-sparing  RP   [ 38 ]. All patients were started 
on a penile rehabilitation program consisting of 
100 mg sildenafi l citrate on-demand with a goal of 
three erections per week. If unsuccessful, patients 
were then started on injection therapy. At 2 year 
follow-up, there was a signifi cant difference in the 
IIEF-EF domain between the early and late groups 
(22 vs. 16,  p  < 0.001) with a higher percentage 
of men in the early group having medication-
unassisted functional erections (59 % vs. 30 %, 
 p  < 0.01). Similar clinical fi ndings were seen in a 
small cohort of patients who underwent cysto-
prostatectomy wherein the authors found objec-
tive improvement using penile Doppler studies in 
the group starting rehabilitation at 2 months 
instead of 6 months [ 39 ]. 

 While the urologic oncologist may be more 
likely to focus on the patient’s tumor markers or 
continence in the postoperative period, they should 
not neglect the return of adequate  EF  . A delay in 
the return of corporal smooth muscle oxygenation 
may encourage apoptosis, fi brosis, and penile 
shortening. The crucial need to start rehabilita-
tion early was demonstrated by the progressive 
decrease in EF noted with time from surgery in 
patients assessed by penile Doppler [ 40 ].   

    Specifi c Strategies 

    Intracavernosal Injections 

  The concept of penile rehabilitation was fi rst 
introduced in a groundbreaking study by 
Montorsi et al. examining the effect of postopera-
tive ICI with  alprostadil   on the recovery of spon-
taneous EF after RP [ 41 ]. Thirty patients were 
randomized to alprostadil ICI three times per 
week for 12 weeks, or observation. Primary out-
comes were subjective EF, penile Doppler and 
nocturnal erection testing at 6 months. Of the 15 
patients randomized to the treatment group, 12 
(80 %) completed the treatment schedule. Of 
these, eight patients (67 %) reported recovery of 
EF suffi cient for sexual intercourse, compared to 
three patients (20 %) in the comparison group 
( p  < 0.01). In the treatment group, ten patients 
(83 %) were found to have normal penile hemo-
dynamics on Doppler ultrasound, compared to 
only three patients who did not rehabilitate. 
Finally, nocturnal testing showed normal erectile 
activity in seven patients in the alprostadil group 
and three patients in the comparison group. While 
a pioneering concept and study, they did not 
include a placebo treatment or preoperative 
assessment of EF. 

 Relatively few studies have followed this 
seminal work. The small prospective study of 87 
patients by Yiou et al. reported increases in EF as 
determined by  IIEF   [ 42 ]. Improvements in IIEF 
were actually seen between 6 (14.0) and 12 
months (17.2,  p  < 0.03). Despite a general lack of 
high quality studies verifying the effi cacy, ICI is 
a good overall treatment option for rehabilitation 
protocols especially in men who underwent non- 
nerve sparing RP and will correspondingly not 
respond to PDE5Is. While the AUA guidelines 
recommend the use of  ICI   in select patients who 
fail oral medical options [ 43 ], the clinician 
should consider quickly advancing to this option 
in men who did not undergo some degree of nerve 
sparing during RP. Previous work has demon-
strated an improvement in corporal oximetry 
with ICI [ 44 ].   
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    Intraurethral Alprostadil 

   Only one randomized, prospective trial looking 
at the use of  intraurethral alprostadil (IUA)   as 
part of a penile rehabilitation program has been 
reported. McCullough et al. randomized 212 men 
with normal preoperative EF following nerve- 
sparing RP to nightly 125 mcg  IUA   or 50 mg oral 
sildenafi l citrate [ 45 ]. At 1 year postoperatively, 
there were no statistically signifi cant differences 
between the groups in IIEF-EF domain scores or 
intercourse success rates, lending support to non-
inferiority of IUA. However, there was a likely a 
bias in favor of IUA responders as the group had 
a higher dropout rate. A similarly high dropout 
rate was noted in a non-randomized, prospective 
study assessing varying doses of IUA or no ED 
aids. Only 68 % of patients receiving IUA com-
pleted the 6 month treatment course, although 
74 % reported successful intercourse, compared 
to only 37 % of the untreated control group [ 46 ]. 

 While the current literature surrounding IUA 
is largely incomplete, it can still be included in 
part of a rehabilitation protocol but will unlikely 
succeed as the primary agent for treatment, 
although this role has never been adequately 
assessed. When studied in combination with oral 
PDE5I or a penile constriction device, increased 
effectiveness has been noted in rehabilitation out-
comes [ 47 – 49 ].    

    PDE5 Inhibitors 

    Animal Studies 
  A multitude of evidence in animal  models   sup-
ports the use of PDE5Is in penile rehabilitation 
programs. Numerous rodent studies have demon-
strated meaningful histopathologic changes in 
penile tissue following administration of PDE5Is. 
In a study of rats following bilateral cavernous 
nerve resection, Ferrini et al. demonstrated pres-
ervation of smooth muscle content and inhibition 
of corporal fi brosis in rats who had received long- 
term vardenafi l treatment [ 50 ]. Furthermore, var-
denafi l was found to prevent veno-occlusive 
dysfunction as measured by dynamic infusion 
cavernosometry, providing an objective measure 

of improved EF. Additional studies have found a 
variety of benefi ts with  PDE5I   administration in 
corporal nerve injured rats including reversing 
pro-fi brotic genes [ 51 ], decreasing apoptosis 
[ 52 ], decreased veno-occlusive dysfunction [ 50 ] 
and increased intracavernosal pressure [ 53 ,  54 ]. 
Taken as a whole, these fi ndings form a strong 
basis for the rationale of use of PDE5Is in humans 
for penile rehabilitation.  

    Human Studies 

   Following Radical Prostatectomy 
    Several human studies in the last  15   years have 
demonstrated a potential benefi cial effect of 
PDE5I use on recovery of EF  following RP     . In a 
2004 study, Schwartz et al. randomized 40 
patients with good preoperative EF to either 
50 mg or 100 mg sildenafi l every other night for 
6 months following nerve-sparing RP [ 55 ]. A 
percutaneous biopsy of cavernosal tissue was 
taken at the time of surgery, as well as a second 
biopsy performed under local anesthesia at 6 
months postoperatively. Postoperative smooth 
muscle content was compared to preoperative 
levels with those in the 100 mg group found to 
have signifi cantly increased mean postoperative 
smooth muscle content (43 % vs. 57 %,  p  < 0.05). 
However, smooth muscle content was found to be 
unchanged in the 50 mg group (52 % vs. 53 %, 
 p  = 0.81). 

 To date, there have been four randomized, pla-
cebo controlled trials published that assesses the 
effi cacy of PDE5Is in penile rehabilitation. Study 
designs are varied with some utilizing scheduled 
dosing only [ 56 ], on demand only [ 57 ] and a 
combination of scheduled and on demand drug 
[ 58 ,  59 ]. All studies show a benefi t to the use of 
PDE5I in patients after nerve sparing RP although 
specifi c outcomes are variable. In the only stud-
ies looking at varied doses of PDE5I, no benefi t 
was seen in a higher dose (100 mg of sildenafi l 
vs. 50 mg of sildenafi l) [ 56 ] while on demand 
dosing may have some benefi ts with an increas-
ing dose [ 57 ]. 

 Studies looking at a combination of scheduled 
and on demand dosing fi nd contrary results 
although these could be somewhat dependent on 
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specifi cs of the drug involved. In their assessment 
of vardenafi l, there was no different between on 
demand or scheduled dosing at the end of study 
period with the on demand dosing group having 
improvements in EF after washout and open label 
extension [ 58 ]. In a similarly designed study uti-
lizing tadalafi l instead, scheduled dosing had 
improvement over placebo for being a treatment 
responder (IIEF-EF>22) and mitigating penile 
length loss. The on demand dosing did not dem-
onstrate these improvements over placebo, with 
the extended half life of tadalafi l potentially 
accounting for these differences [ 59 ]. Table  20.1  
summarizes the fi ndings of the studies utilizing 
PDE5I in men after RP.

   However, specifi c subgroups may benefi t from 
rehabilitation with PDE5I differently and these 
large studies above may be too generalized to see 
the potential responders. In one study assessing 
patient characteristics to look for ideal respond-
ers, the group at “intermediate” risk for postop-
erative ED was considered the group to be the 
most likely to respond to this type of rehabilita-
tion [ 60 ]. Conversely, the “low” risk group for 
post-RP ED are likely to recover as they have 
characteristics commensurate with good EF after 
surgery (better IIEF pre-op, younger age, less 
comorbidities) while patients at “high” risk for 
ED are unlikely to respond to rehabilitation due 
to already diminished function.     

   Following Radiotherapy 
 In a placebo-controlled trial on the effi cacy of 
PDE5Is in the recovery of EF  following radiother-
apy     , Zelefsky et al. examined the effi cacy of daily 
sildenafi l ollowing external beam radiotherapy 
( EBRT  ),  brachytherapy  , or combined brachyther-
apy and EBRT [ 61 ]. Therapy was started between 
3 days prior to RT through 2 weeks after the fi rst 
fraction of radiation or brachytherapy implanta-
tion and continued for 6 months. Twelve month 
follow-up results favored the sildenafi l group, with 
signifi cantly better IIEF-EF scores ( p  = 0.018), as 
well as overall satisfaction scores ( p  = 0.027). At 
the fi nal study follow-up of 24 months, differences 
between groups in IIEF-EF ( p  = 0.172) or overall 
 IIEF   ( p  = 0.09) scores were no longer signifi cant. 
However, overall satisfaction scores still favored 
the sildenafi l group ( p  = 0.033), as well as sexual 

desire scores ( p  = 0.049). A similar, but smaller 
trial found no difference in EF with nightly 
sildenafi l at 2 years or at any other point during 
the study [ 62 ]. 

 It is possible that a longer course of penile 
rehabilitation would have maintained some of the 
benefi ts at 2 years in these studies, especially 
with the often delayed fi ndings of  ED   in men 
treated with radiation. This thoughtful concept, 
in a group of largely undertreated men, will likely 
be reexamined in other studies utilizing different 
methodologies in the coming years.     

    Vacuum Erectile Device 

    Animal Studies 
   As a noninvasive and cost effective therapy,  VED      
presents an attractive option for use in penile 
rehabilitation programs. Vacuum therapy utilizes 
negative pressure to distend corporal sinusoids 
and increase blood infl ow. To test the effect of 
VED use after RP in an animal model, Yuan et al. 
randomized rats to  bilateral cavernous nerve crush 
(BCNC)  , BCNC and VED therapy, or sham sur-
gery [ 63 ]. After 4 weeks of treatment, the VED 
group was found to have signifi cantly improved 
intracavernosal pressure with cavernous nerve 
stimulation as compared to the control groups. 
Further, the VED group demonstrated a signifi -
cant reduction in apoptosis within corporal tissue. 
In a similar study, Lin et al. examined the effect of 
VED therapy on penile shortening and cavernosal 
oxygen saturation among rats that had underwent 
BCNC [ 64 ]. Results were promising, as the VED 
group was found to have no signifi cant penile 
shortening compared to baseline, no reduction in 
penile circumference, and a signifi cant increase in 
cavernosal oxygen saturation.  

    Human Studies 
 VED therapy trials have looked at outcomes in terms 
of EF, stretched penile length, and corporal oxygen-
ation. There has been resurgence in VED use for 
ED [ 65 ] and the VED was the second most com-
monly used in a survey of AUA members [ 26 ]. 

 Improvements in penile oxygen saturation with 
VED use has also been demonstrated in human 
studies. In a 2014 study, Welliver et al. recruited 
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20 men with normal preoperative EF after bilat-
eral nerve-sparing RP [ 66 ]. VED was applied in 
the clinic for maximum erection, and cycled for a 
2 min period without use of a constriction ring. 
Penile oxygen saturation was measured with a tis-
sue oximeter at baseline, immediately after VED 
use, and over the course of an hour. There was a 
statistically signifi cant increase in corporal oxy-
gen saturation of 55 % immediately after VED 
use. Oxygen saturation decayed over the study 
period, but remained signifi cantly increased over 
baseline even at 60 min. The oxygenation effects 
with VED were somewhat similar to those found 
in men undergoing ICI [ 44 ]. 

 Two randomized, controlled trials on VED 
therapy following RP have been conducted. Work 
by Kohler et al. demonstrated benefi ts in men 
who underwent both early (1 month following 
RP) or late (6 months after RP) rehabilitation 
with the VED [ 67 ]. At 3 months,  IIEF   scores 
were signifi cantly higher in the early group 
( p  = 0.008), a difference which remained at 6 
months ( p  = 0.012). However, there were no dif-
ferences between the groups with regards to EF 
at 12 months ( p  = 0.75). Benefi t was seen in early 
use of the VED with regards to stretched penile 
length, as those in the early group were less likely 
to have a mean length loss of greater than 2 cm 
(12 % vs. 45 %,  p  = 0.044). An uncontrolled study 
looking at VED use after RP, found that in men 
using the device in more than 50 % of the fi rst 90 
days after surgery, only 3 % lost greater than 
1 cm in stretched penile length [ 68 ]. A second 
RCT examining the VED found no differences in 
ability to achieve spontaneous erection, but men 
who underwent rehabilitation reported less dif-
ference in penile length and circumference in the 
postoperative period [ 69 ]. 

 The one time fi xed cost of the VED and rela-
tive ease of use over injection therapy makes this 
a convenient option for patients, even those who 
underwent non-nerve sparing RP. Effi cacy has 
been noted in both corporal tissue oxygenation 
and reductions in penile shortening with less con-
vincing outcomes with regards to improvements 
in EF. Patients who have not yet recovered 
continence may note leakage of urine when using 

the device for rehabilitation and should be warned 
of this before embarking on its use in rehabilita-
tion protocols.     

     Psychosocial Interventions   

 While the above pharmacologic and mechanical 
interventions have shown effi cacy, a more holis-
tic approach including psychosocial interven-
tions may also be of benefi t. Counseling sessions 
with postoperative patients have shown increases 
in use of erectogenic aids [ 70 ], a decrease in 
dropouts from rehabilitation programs [ 71 ], and 
increased scores on objective measures of sexual 
function [ 70 ,  72 ]. While not large, or intensively 
constructed studies, they point towards a benefi t 
for physiologic support in the postoperative 
period to augment the physical parts of penile 
rehabilitation.   

    Conclusion 

 Penile rehabilitation practices and protocols still 
vary widely and while many options exist, supe-
riority has not been proven. This may be due to 
the overly general treatment plans supplied by 
physicians as individual patients may respond 
irregularly based on baseline sexual function, 
nerve sparing status, and personal preference. 
The physician instituting penile rehabilitation 
strategies after PC treatments needs to have a 
variety of treatment options in mind when coun-
seling men on this problem.     
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          Introduction 

 François Gigot de la Peyronie (Fig.  21.1 ), surgeon 
to King Louis XV of France, is given credit for 
fi rst describing  penile curvature   in 1743; however, 
older accounts from Fallopius have been found 
from 1561 [ 1 ]. Peyronie’s disease, also known as 
 induratio penis plastica  , is described as penile 
curvature which may be associated with painful 
erections and a palpable plaque. This chapter con-
centrates on the natural history, epidemiology, 

diagnostic evaluation, and medical therapy for 
Peyronie’s disease. The surgical management of 
Peyronie’s disease is discussed in a different 
chapter (Chap.   23    ).

       Natural History 

    Epidemiology 

 The  reported   prevalence of Peyronie’s disease is 
quite variable ranging from 0.4 % [ 2 ] to 23 % 
from a cadaveric study [ 3 ]. More recent studies 
have provided a better idea of the true prevalence 
of Peyronie’s disease. A population based study 
from Cologne, Germany [ 4 ], illustrated a rate of 
Peyronie’s disease of 3.2 %. They noted a rising 
incidence based on increasing age: 1.5 % of the 
men between the ages of 30 and 39 and 6.5 % of 
the men over the age of 70. Two other groups in 
Brazil and the USA found a rate of 3.6 % [ 5 ] and 
8.9 % [ 6 ] respectively of Peyronie’s disease in 
men presenting for prostate cancer screening. 
The fi ndings of these studies are in contrast to a 
0.6 % prevalence rate reported in a Japanese pop-
ulation undergoing routine health checks [ 7 ] 
potentially suggesting variable rates of Peyronie’s 
disease based on ethnicity versus variable differ-
ences due to how Peyronie’s disease is defi ned. 

 Although the true incidence of Peyronie’s 
disease is not exactly known, it is not the rare 
entity it was once felt to be. Peyronie’s disease 
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has been found to affect a broad range of age 
groups, and is more commonly seen in the older 
population.  

    Etiology 

  To better understand  Peyronie’s disease   we must 
review the anatomical and physiological factors 
involved. Lue et al. compared micrographs of nor-
mal penile tissue to penile tissue with Peyronie’s 
disease in cadavers. In the normal penile tissue the 
tunica albuginea was not composed of a single 
layer as once thought, but of multiple layers of 
predominantly type 1 collagen. The outer layers 
are oriented in a longitudinal fashion and the inner 
layer is oriented in a circular fashion with pillar-like 

extensions acting as struts which are attached at 
the septum (Fig.  21.2 ). In the Peyronie’s disease 
penises this uniform architecture of collagen was 
found to be disrupted and replaced by nodular like 
clumps of type III collagen [ 8 ]. Calcifi cation of the 
plaque may also occur and has been demonstrated 
in a third of patients presenting with Peyronie’s 
disease [ 9 ].

   The physiological mechanism by which fi bro-
sis of the tunic albuginea occurs is likely related 
to the persistent presence of myofi broblasts and 
its subsequent production of TGFβ1 and fi brin 
followed by abnormal collagen deposition and 
plaque formation. Interestingly, on evaluation of 
these plaques increased levels of inducible nitric 
oxide (iNOS) and nitric oxide have been found. 
Both nitric oxide and its product cGMP have 
been found to induce myofi broblasts apoptosis 
and resultant decreased plaque size. These fi nd-
ings suggest a persistent pro- fi brotic   and  antifi -
brotic process   which occurs in the plaque and 
gives us insight into potential targeted therapies 
for Peyronie’s disease [ 10 ,  11 ]. 

 The inciting event leading to Peyronie’s disease 
is thought to be related to  microtrauma   which 
causes delamination of the layers of the tunica 

  Fig. 21.1    François Gigot de la Peyronie, surgeon to King 
Louis XV of France. (Source: BIU Santé (Paris)/  http://
www.biusante.parisdescartes.fr/histmed/image?CIPB0999    .)       

  Fig. 21.2    Penile cross section       
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albuginea and separation of the struts from the 
inner layer of the tunica albuginea. This focal area 
of edema leads to compression of venous outfl ow 
allowing for the accumulation of pro- infl ammatory 
substances. This infl ammatory response is what 
likely leads to localized pain [ 12 ]. 

 For this theory of trauma as the inciting event 
which leads to Peyronie’s disease to hold true we 
should see an equal rate of disease across all ages 
of sexually active men and potentially an 
increased frequency in age groups who are more 
sexually active. However, this is not what has 
been reported in multiple population based stud-
ies which show an increased incidence of 
Peyronie’s disease in the older population [ 4 ]. 
One suggested theory is that less rigid erections, 
which may be seen in an older population, leads 
to increased buckling forces and increased risk of 
trauma. The tunica albuginea in older individuals 
may also have less elastin fi bers leading to an 
increased risk of the layers of the tunica albu-
ginea becoming disrupted. Other risk factors 
which place individuals at an increased risk of 
having Peyronie’s disease and are more likely to 
be seen in the aging population include diabetes 
mellitus, beta blocker/thiazide diuretic use, LDL 
>130, (likely acting as a surrogate for cardiovas-
cular disease and thus erectile dysfunction), his-
tory of Dupuytren’s contracture, and Caucasian 
race [ 4 ,  13 ]. Current use of hemodialysis has also 
been demonstrated as an independent risk factor 
of developing Peyronie’s disease [ 7 ]. 

 To evaluate different presenting factors which 
are dependent upon age, Mulhall’s group [ 14 ] 
described a group of men presenting with 
Peyronie’s disease and separated them between 
men less than 40 years of age and men greater 
than 40 years of age. They found that men less 
than 40 years of age were more likely to present 
with pain, have multiple plaques, and have a his-
tory of penile trauma. Men greater than 40 years 
of age were more likely to have a longer history 
of disease (2 months < 40 years of age and 6 
months > 40 years of age), were more likely to 
present with penile curvature, and have a history 
of Dupuytren’s contracture. 

 Individuals being evaluated for erectile dys-
function are more likely to have concomitant 

fi ndings of Peyronie’s disease. An Italian group 
reported a rate of Peyronie’s disease in this popu-
lation at 10 %. They also demonstrated and 
increased rate of Peyronie’s disease in individu-
als greater than 40 years of age versus less than 
40 years of age, 11.4 % versus 4.4 % respectively. 
They again confi rmed increased rate of concomi-
tant fi ndings of cardiovascular disease including 
hypertension and hyperlipidemia in the older age 
group [ 15 ]. A second group from Iran reported a 
rate of Peyronie’s disease in 8.1 % of men with 
diabetes. They also found an increased rate of 
Peyronie’s disease in their population when dia-
betes was considered to be poorly controlled 
and there was a history of diabetes greater than 
10 years [ 16 ]. 

 Other groups with higher incidence of 
Peyronie’s disease include individuals who have 
undergone a prostatectomy. Mulhall’s group [ 17 ] 
described a group of men after radical prostatec-
tomy with new penile curvature after surgery as 
having a 15.9 % rate of Peyronie’s disease.    

    Diagnosis 

    Clinical Manifestation 

  Presenting  symptoms   of Peyronie’s disease are 
attributed to the pathophysiology of the disease 
process. Symptoms have been differentiated into 
two groups, acute phase and chronic. Acute phase 
include penile pain, plaque, and evolving defor-
mity. Chronic symptoms include minimal/no 
pain, plaque, and stable penile deformity. The 
classic triad of palpable plaque, penile deformity, 
and pain with erection were only reported by 
32 % of the affected individuals [ 4 ]. Other symp-
toms of Peyronie’s disease include erectile dys-
function and loss of penile length [ 18 ]. 

 The rate of penile pain, plaque, and defor-
mity alone or accompanied with other symp-
toms  varies from 14 % to 47 % [ 4 ,  14 ,  19 ,  20 ], 
13 % to 84 % [ 4 ,  20 ], and 73 % to 75 % [ 19 ,  20 ], 
respectively. 

 The location and extent of the plaque is the cause 
of penile deformities seen with Peyronie’s disease. 
A general rule of thumb is that the erect penis will 
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curve in the direction of the plaque leading to 
dorsal, ventral, and lateral curvature. Other less 
common and more complex forms of curvature 
include corkscrew, notching, and hourglass. The 
location of the penile plaque varies but is most com-
monly present at the dorsal penis 30–45 % followed 
by the lateral aspect 29–38 % [ 19 ,  20 ]. 

 Diffi culty with penile insertion may be 
described by patients and should be differenti-
ated from loss of penile rigidity (erectile dys-
function) and severe penile curvature making 
penetration diffi cult. Erectile dysfunction has 
been reported from 15 to 70 % from individuals 
being evaluated for Peyronie’s disease [ 19 – 21 ]. 

 There is also a signifi cant amount of psycho-
logical distress which stems from Peyronie’s dis-
ease. Mulhall’s group demonstrated a signifi cant 
rate of depression, 48 %, in individuals with 
Peyronie’s disease which remained constant over 
time after initial diagnosis for these individuals 
[ 22 ]. Lue’s group [ 23 ] also reported a large num-
ber of men with self-reported emotional and rela-
tionship problems which were associated with 
Peyronie’s disease.   

    Physical Examination 

 A detailed  genital examination   is necessary in the 
individual with Peyronie’s disease in order to 
accurately counsel patients on disease severity 
and offer appropriate treatment modalities. It is 
also important to accurately document these fi nd-
ings in order better evaluate outcomes after treat-
ment. Key points in the  physical examination   
include assessment in stretched penile length and 
defi ning plaque characteristics (location, size, 
pain on palpation, texture, and number). 

 Erectile function should also be assessed. This 
is typically performed with the use of a validated 
questionnaire such as  Sexual Health Inventory for 
Men (SHIM).   More recently the  Peyronie’s 
Disease Questionnaire (PDQ)   has been validated 
[ 24 ]. It contains three domains specifi c to 
Peyronie’s disease, and these are: (1) psychologi-
cal and physical symptoms; (2) penile pain; and 
(3) symptom bother. This questionnaire has been 
largely utilized in two Phase 3 trials of collagenase 

clostridium histolyticum for Peyronie’s disease 
where it has been shown to be highly responsive 
to change in men undergoing this treatment for 
Peyronie’s disease [ 25 ]. 

 The degree of penile curvature upon erection 
should be established on evaluation. Patient 
reported degree of penile curvature is largely inac-
curate, with overestimation up to 20° being the 
most common [ 26 ]. Other methods of assessing 
penile curvature include patient supplied photo-
graphs of their maximally erect phallus from both 
the dorsal and lateral aspects. For patients who 
have complaints of erectile dysfunction they may 
be unable to supply suffi cient information to deter-
mine penile curvature. In these instances it may be 
warranted to proceed with intracavernosal injec-
tion of erectogenic medications. This allows 
assessment of both penile curvature as well as 
potential evaluation of the etiology of erectile dys-
function with penile color duplex ultrasound.  

    Diagnostic Imaging Studies 

  Painful penile indurations or palpable penile 
plaques/masses warrant  imaging   in addition to 
physical examination. Although the majority of 
these individuals will have Peyronie’s disease 
[ 27 ,  28 ], other non-malignant and malignant eti-
ologies of these symptoms should be ruled out. 
Imaging modalities which have been utilized to 
evaluate individuals with suspicion of Peyronie’s 
disease include ultrasound, CT, MRI, and X-ray. 
Penile ultrasound has been shown to be more 
useful in measuring tunica albuginea thickness, 
presence of calcifi cations, and fi brosis of the cor-
pora cavernosa and septum [ 29 – 31 ]. Techniques 
for penile ultrasound may vary; however, gener-
ally involve the use of B-mode imaging with a 
small-parts linear probe set at high frequency 
(>10 MHz). With the phallus in the fl accid status 
it is probed in its entire accessible length in both 
the longitudinal and transverse planes. In patients 
with complaints of erectile dysfunction color 
duplex ultrasonography should be performed 
again with the phallus in the erect state which is 
achieved via intracavernosal injection of an erec-
togenic medication. 
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 Key fi ndings on  B-mode ultrasound   include 
presence of calcifi cation, septal fi brosis, intracav-
ernosal fi brosis, and tunica albuginea fi brosis. 
Lue’s group [ 9 ] described a group of 528 men 
with Peyronie’s disease who were evaluated with 
penile ultrasound. The most common fi nding was 
thickening of the tunica albuginea at 50 % fol-
lowed by calcifi cations at 31.4 %, septal fi brosis 
at 19.9 %, and intracavernosal fi brosis at 15 %. 
Only 0.8 % of these individuals manifest all four 
fi ndings. When these ultrasound fi ndings were 
associated with disease characteristics they were 
all found to have different and signifi cant 
Peyronie’s disease clinical characteristics (penile 
pain, ability to have intercourse, loss of penile 
length, and penile curvature). The presence of 
septal fi brosis was more commonly seen in 
younger men (less than 40 years of age) and sig-
nifi cantly less likely to be seen in conjunction 
with other medical comorbidities including 
hypertension, diabetes mellitus, and coronary 
artery disease. This is in contrast to the fi nding of 
calcifi cations which was more likely to be seen in 
older men (greater than 40 years of age) and in 
men with a history of diabetes mellitus. 
Thickening of the tunica albuginea was found to 
be signifi cantly more common in individuals 
greater than 50 years of age and was also signifi -
cantly associated with a history of inability to 
have sexual intercourse and were less likely to 
have a history of penile injury. Presence of intra-
cavernosal fi brosis was not associated with age, 
medical comorbidities, or history of trauma. 
However, it was signifi cantly associated with 
diffi culty with intercourse, penile deformity, and 
rapid onset of disease. 

  Erectile dysfunction   as a component of 
Peyronie’s disease is related to both structural 
abnormalities as well as hemodynamic abnor-
malities. For this reason it is important to utilize 
color duplex ultrasonography to evaluate for 
hemodynamic abnormalities. Kadioglu et al. [ 21 ] 
evaluated a cohort of men with Peyronie’s dis-
ease with color duplex ultrasound and separated 
then men into two groups, those with erectile 
dysfunction and those without erectile dysfunc-
tion. They found than 76 % in their total group of 
patients had some form of vascular abnormality 

with the most common being  veno-occlusive 
dysfunction   (defi ned as a peak end diastolic 
velocity greater than 5 cm/s). However, arterial 
insuffi ciency (defi ned as a peak systolic velocity 
less than 35 cm/s) was only seen in the group 
with erectile dysfunction. From a pure penile 
vascular standpoint, erectile dysfunction in indi-
viduals with Peyronie’s disease is most likely 
resultant from a combination of veno-occlusive 
dysfunction and arterial insuffi ciency. 

 Appropriately identifying and defi ning the 
extent of  penile lesions   on ultrasound is impor-
tant as this may offer some prognostic informa-
tion for the patient and to serve as a guide for the 
treating urologist to be more comfortable with 
offering observation or treatment. A group from 
Greece [ 32 ] evaluated a cohort of patients with 
Peyronie’s disease over a year with penile ultra-
sound performed at initial evaluation and at the 
end of the 1 year follow-up. They found that 81 % 
of men with a single small (0.4–1.9 cm) hyper-
echoic lesion (suggestive of tunica albuginea 
fi brosis) had improvement in the size of the lesion 
as well as improvement in their penile curvature. 
The second two groups in this study, those with 
multiple moderately hyperechoic scattered calci-
fi ed lesions and those with a dense calcifi ed 
hyperechoic plaque were shown to have a 34 and 
0 % chance in improvement in plaque size and 
penile curvature. Over 50 % of those individuals 
with multiple small calcifi ed lesions were noted 
to progress to a dense calcifi ed plaque. The iden-
tifi cation of calcifi cations is important as this has 
been shown to be a predictive fi nding on penile 
ultrasound for proceeding to surgical correction 
of Peyronie’s disease [ 33 ].    

    Medical Therapy 

 No unifi ed algorithm exists for the medical ther-
apy of Peyronie’s disease and until recently there 
were no FDA approved therapies. The majority of 
therapies target specifi c mechanisms in plaque 
formation such as infl ammation, cell proliferation 
of myofi broblasts, production of free radicals, and 
oxidants. These  targeted therapies   primarily are 
administered via an oral route with a select few 
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introduced directly into the plaque via injection or 
superfi cial to the plaque via a topical agent. Other 
therapies are directed at disrupting the plaque 
either by mechanical forces or by injecting a 
dissolving agent into the plaque. Collagenase 
clostridium histolyticum (Xiafl ex ®  Auxilium 
Pharmaceuticals/Endo Pharmaceuticals, Dublin, 
Ireland) is currently the only FDA approved 
therapy for Peyronie’s disease and is used as an 
intralesional injection therapy directed towards 
dissolving the collagen within the plaque. Below 
is a list of these therapies categorized by route of 
administration. We also discuss literature regard-
ing their effi cacy in the management of Peyronie’s 
disease. 

    Oral Therapy 

    Vitamin E 
 Although numerous in vitro studies have dem-
onstrated the potent antioxidant properties of 
vitamin E (alpha-tocopherol) [ 34 ,  35 ], these prop-
erties may not translate into improved clinical 
outcomes for men with PD [ 35 ]. Several ran-
domized studies have shown no benefi t [ 36 ,  37 ]; 
however, when  vitamin E      was combined with 
colchicine, a single-blind, small randomized 
controlled trial in men with mild, early PD dem-
onstrated signifi cantly decreased plaque size in 
the intervention arm [ 38 ]. Despite this lack of 
effi cacy, vitamin E is often prescribed because of 
its ease of use and the perception of few side 
effects. Unfortunately, a growing body of litera-
ture suggests a possible link between chronic, 
high dose vitamin E ingestion and signifi cant 
side effects such as increased heart failure, blood 
pressure, and all-cause mortality; however, these 
fi ndings were confi ned to patients being treated 
for chronic medical conditions, such as diabetes, 
cardiovascular disease, and hypertension [ 39 ].  

     L -Carnitine 
   L -Carnitine      increases mitochondrial respiration 
and decreases free radical formation thus sug-
gesting a mechanism of action to treat PD [ 40 ]; 
however, data from randomized trials have been 
equivocal. When combined with intralesional 

verapamil,  L -carnitine signifi cantly decreased 
penile curvature and plaque size relative to vera-
pamil injections and oral tamoxifen [ 41 ]. Another 
trial comparing tamoxifen to  L -carnitine demon-
strated decreased plaque size and curvature in the 
 L -carnitine arm and found that  L -carnitine pro-
vided signifi cant pain reduction and fewer side 
effects than tamoxifen [ 42 ]. Conversely, a larger 
trial comparing vitamin E and  L -carnitine to vita-
min E alone did not demonstrate signifi cant clini-
cal benefi t [ 37 ]. Side effects are usually mild but 
include mild euphoria [ 42 ] and gastrointestinal 
upset with doses greater than 4 g/day [ 43 ].  

    Potassium Para-Aminobenzoate 
(Potaba ® ) 
  Potaba ®       (Glenwood, LCC, Englewood, NJ) 
( potassium paraaminobenzoate  ) may exert its 
effects through anti-infl ammatory and antifi -
brotic mechanisms. Several observational studies 
have demonstrated its effectiveness in treating 
PD [ 44 ,  45 ]. In the lone clinical trial conducted, 
men randomized to the Potaba ®  arm, all of whom 
had early-stage PD, had a greater reduction in 
plaque size [ 46 ]. Despite the limited data, Potaba ®  
holds promise in terms of stabilizing preexisting 
lesions and preventing new plaques from form-
ing; however, frequent dosing, signifi cant gastro-
intestinal side effects and its relatively high cost 
limit its use.  

    Pentoxifylline 
    Pentoxifylline      is a nonspecifi c PDE-5 inhibitor 
with anti-infl ammatory properties used to treat 
claudication and symptomatic cerebral atheroscle-
rosis [ 47 ], kidney transplants, open heart surgery, 
dermatologic conditions, and radiation-induced 
fi brosis as a means of decreasing infl ammation and 
fi brosis [ 48 – 52 ]. The potential benefi t of pentoxi-
fylline for the treatment of PD is based upon data 
from in vitro and in vivo models. Pentoxifylline 
added to fi broblast culture resulted in an up regu-
lation of cAMP and decreased collagen I produc-
tion [ 53 ]. These researchers also demonstrated 
decreased levels of profi brotic factors and decreased 
size of fi brotic plaques after the treatment with 
pentoxifylline in a rat model of Peyronie’s disease. 
Additional in vitro evidence revealed an upregula-
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tion of osteoclastic activity after the treatment with 
pentoxifylline [ 54 ]. 

 From a clinical standpoint, case reports suggest 
that pentoxifylline may prevent corporal fi brosis 
after priapism [ 55 ] and decrease calcifi cations in 
new-onset Peyronie’s disease [ 56 ]. The reduction 
in tunica albuginea calcifi cations may derive from 
pentoxifylline’s ability to promote osteoclastic 
activity. In general, side effects are mild and con-
sist of nausea, dizziness, and headache [ 34 ]. 
Despite the potential for benefi t based upon its 
mechanism of action and early clinical data, higher 
quality data are needed to support the use of pent-
oxifylline for the routine treatment of PD.    

    Tamoxifen 
  Tamoxifen     , a nonsteroidal antiestrogen, may 
reduce the production of TGF-β by fi broblasts in 
the tunica albuginea [ 57 ]. Observational studies 
have demonstrated modest treatment benefi ts 
[ 58 ]. One clinical trial revealed no signifi cant dif-
ference between tamoxifen and placebo [ 59 ], 
while another found that tamoxifen was inferior 
to  L -carnitine in terms of reducing penile curva-
ture and pain, and plaque size during the early 
stage of PD [ 42 ].  

    Colchicine 
    Colchicine      is often used for the treatment of gout 
and a variety of malignancies [ 59 ,  60 ] and has 
been used for the treatment of PD because of its 
anti-infl ammatory properties. One randomized 
study has shown decreased plaque size in the 
acute phase of PD [ 38 ]; however, these fi ndings 
could not be repeated in a subsequent, larger clini-
cal trial [ 60 ]. Because of the potential for signifi -
cant bone marrow suppression, a complete blood 
count should be obtained quarterly. More com-
monly, gastrointestinal side effects (i.e., diarrhea, 
nausea, and anorexia) are reported [ 34 ].    

    Phosphodiesterase Type 5 Inhibitors 
 Several studies have reported expression of induc-
ible nitric oxide synthase (iNOS) within penile 
plaques which in turn leads to increased produc-
tion of nitric oxide and cGMP. These products 
exert an antifi brotic effect in the penile plaque and 
potentially have a role in plaque stabilization or 

resolution [ 10 ,  61 ,  62 ].  Phosphodiesterase type 5 
inhibitors      have been utilized in the management 
of these fi brotic penile plaques based on these 
fi ndings. A Canadian group described a group of 
men with septal fi brosis and erectile dysfunction 
who were managed with tadalafi l 2.5 mg daily 
versus no treatment and followed them with 
penile ultrasound. They noted a signifi cant 
improvement in  IIEF   score in the treatment 
group as well as resolution in septal scarring in 
69 % in the treatment group versus 10 % in the 
non-treatment group which was signifi cant in a 6 
month period [ 63 ].   

    Intralesional Therapy 

    Verapamil 
 Intralesional injection of calcium channel block-
ers, such as  verapamil        , has been shown to decrease 
plaque size and penile curvature. They function by 
inhibiting the production of extracellular matrix 
proteins and decreasing the production of TGF-β 
and collagen. Oral verapamil therapy is not uti-
lized because effective oral doses produce serum 
levels 100-fold greater than the toxic threshold 
[ 64 ,  65 ]. Several randomized trials have demon-
strated improvements in penile curvature, and 
erectile function, as well as decreased plaque size 
after the treatment with intralesional verapamil 
[ 41 ,  65 ,  66 ]; however, a recent systematic review 
highlighted many methodological weaknesses that 
limit the strength of conclusions about the effec-
tiveness of intralesional verapamil [ 67 ]. Further, 
this mode of delivery can only be successful for 
palpable lesions.  

    Interferon Alpha-2b 
 As abnormalities in collagen deposition and com-
position of the tunica albuginea appear to underlie 
a signifi cant portion of the plaques observed in 
PD, the discovery that in vitro administration of 
interferon α-2b (IFN-α) decreased the production 
of extracellular matrix collagen and increased col-
lagenase in fi broblasts derived from Peyronie’s 
plaques provided evidence that this could be an 
effective treatment [ 68 ,  69 ]. A small randomized 
study with three study arms comparing  IFNα-2b         
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in combination with vitamin E to IFNα-2b alone 
or vitamin E alone did not demonstrate benefi t 
with intralesional IFNα-2b in combination with 
vitamin E over the 6-month study period [ 36 ,  70 ]. 
In contrast, a nonrandomized, non-blinded, pro-
spective cohort study did show a signifi cant 
decrease in curvature and plaque size in men 
treated with intralesional IFN-α [ 70 ]. Other 
explanations, such as patient age or selection of 
participants, medical comorbidities, and duration 
of disease, might have contributed to the signifi -
cant fi ndings in this study. The administration of 
IFN-α is commonly associated with fl u- like 
symptoms (fever, chills, and arthralgias), minor 
penile swelling, and sinusitis; however, these 
resolved spontaneously within 36 h of treat-
ment with over-the-counter nonsteroidal anti- 
infl ammatory medication.  

    Collagenase Clostridium Histolyticum 
    The use of a  collagenase   as an intralesional 
 injection   agent in  the   treatment of Peyronie’s 
disease has been described for over two decades 
[ 71 – 73 ]. Xiafl ex ®  (Auxilium Pharmaceuticals/
Endo Pharmaceuticals, Dublin, Ireland), which 
is composed of two forms of collagenase clos-
tridium histolyticum (AUX-1 and AUX-2), was 
recently approved by the FDA for use in the treat-
ment of Peyronie’s disease after the completion 
of two large double-blind, randomized, placebo 
controlled Phase 3 trials evaluating the clinical 
effi cacy, safety, and tolerability of collagenase 
clostridium histolyticum were published in 2013 
[ 74 ]. Men enrolled in these studies were grouped 
into two arms: collagenase with penile modeling 
and placebo with penile modeling. The injections 
consisted of four treatment cycles each of which 
were separated by 6 weeks. Each cycle consisted 
of an injection followed by a second injection 
24–72 h later followed by penile modeling 72 h 
later. Individuals who received collagenase 
received 0.58 mg of collagenase. Those in the 
collagenase group were found to have a signifi -
cant improvement in the degree of penile curva-
ture of 38 % (17° improvement) compared to the 
placebo group who experienced an improve-
ment of 18 % (9° improvement). Study enrollees 
were also administered the Peyronie’s Disease 

Questionnaire prior to and after competition of 
the study. Those who were administered the col-
lagenase were noted to have a signifi cant 
improvement in all parameters of the question-
naire except penile length and penile pain when 
compared to the placebo group. Adverse events 
were primarily seen in the collagenase group 
with the most common events being penile 
ecchymosis, penile swelling, and penile pain. 
There were six serious adverse events including 
three men who experienced corporal rupture and 
three men who experienced penile hematoma. 
Antibody development to AUX-1 and AUX-2 
occurred in 99 % of individuals by the end of the 
study without report of immunological event.      

    Iontophoresis 

    Superoxide Dismutase (Orgotein, 
Lipoxysan ®  (  Polymun Scientifi c 
Immunbiologische Forschung GmbH    , 
Austria)) 
 Collagen abnormalities observed in the tunica 
albuginea of men with PD may result from the 
effects of infl ammation with subsequent develop-
ment of oxygen free radicals. This theory has led 
to the successful use of  superoxide dismutase        , a 
potent scavenger of oxygen free radicals, to 
decrease the infl ammation associated with PD [ 75 , 
 76 ] and theoretically offers benefi t for infl amma-
tory lesions associated with PD. In spite of this 
theory, a small clinical trial did not demonstrate 
convincing evidence of therapeutic  benefi t [ 77 ]. A 
later small, clinical trial using human recombinant 
superoxide dismutase revealed signifi cantly 
greater pain relief among treated men [ 78 ].  

    Verapamil 
  Electromotive verapamil therapy (EMDA)   with 
dexamethasone can signifi cantly decrease penile 
curvature and plaque size relative to a lidocaine 
control [ 79 ]. Spontaneous resolution of mild 
erythema at the electrodes site was observed and 
no other signifi cant side effects were noted. 
Contrary to these results, a recent randomized, 
controlled trial of men treated twice weekly with 
 EMDA      for 3 months did not reveal a signifi cant 
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clinical improvement [ 80 ]. The primary benefi t 
of utilizing EMDA as a drug delivery mecha-
nism arises from the ease of application and 
minimal side effects.  

    Topical Verapamil 
 A double-blind, placebo controlled study evalu-
ating  topical verapamil      hydrochloride applied 
twice daily over the entire shaft of the penis 
resulted in a signifi cant reduction in curvature, 
plaque size, and improvements in erectile func-
tion after 3 months of treatment [ 81 ]. This study 
also assessed the effect of topical verapamil rela-
tive to the calmodulin-blocker, trifl uoperazine, 
and placebo. Several methodological fl aws com-
promise the quality of this data and weaken con-
clusions that can be drawn from it. Further, it was 
found that trifl uoperazine had signifi cant side 
effects, including anxiety, agitation, blurred 
vision, insomnia, and depression. While these 
results suggest a benefi t, additional doubt about 
the effectiveness of this treatment arises from 
controversy about the ability of topical verapamil 
to truly penetrate the tunica albuginea [ 82 ].   

    Other Nonsurgical Treatments 

    Penile Traction 
   Two recent studies have reported promising 
results for  penile traction therapy      as an adjunct to 
oral and intralesional therapy for PD. One small 
observational study using penile traction for men 
with curvature <50° demonstrated increased 
penile length (1.4 cm on average) and decreased 
curvature over 1 year of treatment [ 83 ]. A sec-
ond, recently published prospective, uncontrolled 
study of 11 men, combined intralesional vera-
pamil with penile traction, applied, on average 
for 3.6 h/day, demonstrated subjective and objec-
tive decreases in penile curvature [ 84 ]. While the 
small size of this study and the absence of a con-
trol group limit the conclusions one can draw 
from it, this pilot study supports the feasibility of 
this approach. One of the primary concerns of 
men with PD is the frequent loss of penile length 
[ 23 ]. These mechanical devices may offer 
patients an effective way to minimize this feared 

and psychologically devastating symptom. 
Larger, controlled studies are necessary to verify 
these results; however, this therapy presents a 
novel approach to the treatment of PD that may 
be benefi cial for many individuals.    

    Shock Wave Therapy 
 Several groups have utilized shock wave therapy 
successfully to treat penile plaques and curvature 
[ 85 – 87 ]. Local and/or regional anesthesia is 
needed occasionally for the procedure and while 
minor skin hematomas were very common 
(76 %), both this adverse event and mild urethral 
bleeding (8 %) resolved spontaneously. The only 
placebo-controlled trial for  shock wave therapy      
demonstrated a signifi cant reduction in penile 
pain; however, they did illustrate worsening cur-
vature in the shock wave group [ 88 ].    

    Conclusion 

 Peyronie’s disease is an acquired disorder of 
penis resulting from infl ammation. This largely 
results in physical changes which include penile 
curvature and plaque formation, functional 
changes including erectile dysfunction, as well as 
signifi cant psychological symptoms. Careful 
physical and psychosexual examination is neces-
sary to properly identify the stage and extent of 
the disease. The use of adjunct diagnostic tools 
including B-mode ultrasound imaging as well as 
color duplex imaging signifi cantly aids in the 
ability to better offer prognostic information to 
the patient and direct different treatment options. 
Multiple medical therapies exist with variable 
response rates, and currently there is only one 
FDA approved treatment.     
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          Introduction 

 Peyronie’s disease (PD) is a sensitive topic for 
many patients and the medical community still 
lacks basic knowledge about this condition. PD is 
not a rare condition, as it has been reported that 
anywhere from 3.2 to 8.9 % of adult men have PD 
[ 1 – 3 ]. Similarly, it is not a novel condition, as it 
was named after the French surgeon Francois 
Gigot de LaPeyronie (LaPeyronie, fi ttingly, 
translates to “the little stone”), who lived in the 
17th and 18th centuries and described PD in a 
treatise on ejaculatory failure [ 4 ]. For these rea-
sons, PD has not received the medical attention it 
fully deserves. 

 PD is categorized into an early or acute  phase  , 
 characterized   by pain and progressive deformity, 
and a stable or chronic phase, characterized by 
diminished pain, organization of a plaque, and 
penile deformity with erection [ 5 ]. Any surgical 

correction should be postponed until there is 
stabilization of the deformity so that multiple 
interventions are not needed; theoretically,  non-
surgical treatment   in the acute phase (e.g., with 
oral agents, traction therapy and intralesional 
injections) may prevent plaque organization and 
lessen eventual erectile deformity [ 6 ]. This chap-
ter discusses intralesional injection therapy (ILI), 
which is one of many modalities in the treatment 
of PD. Focus is placed on the mechanism of 
action of the different pharmacologic agents 
described, the history of their use, specifi c indi-
cations or contraindications if applicable, com-
mon injection regimens, the most frequent and 
serious side effects, and the effi cacy of  particular   
 treatments   (Table  22.1 ).

       Corticosteroids 

    While the exact pathophysiology of PD is yet 
to be elucidated, one proposed mechanism is that 
an inciting event (trauma or microtrauma to the 
penis, e.g., during sexual intercourse) causes 
local infl ammation within the tunica albuginea, 
which in genetically susceptible men leads to 
abnormal wound healing characterized by fi brous 
plaque formation, and the physical manifestation 
of the disease [ 7 ,  8 ].  Corticosteroids         were the fi rst 
known ILI agent employed in the treatment of 
PD, with documented use as early as 1952 by 
Teasley [ 9 ]. Their use is rational when one 
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   Table 22.1    Selected large single-agent intralesional injection  therapy      studies for Peyronie’s disease   

 Authors  Year  Design  Therapy   N   Duration  Findings 

 Levine 
et al. 

 2002  Nonrandomized 
prospective 

 Verapamil 10 mg in 10 
cc normal saline, 
ILI q 2 weeks × 12 
injections 

 156  6 months  140 patients completed study. 
62 % of patients with decrease 
in penile curvature (mean 31°, 
range 5–90), 8 % increase in 
penile curvature (mean 20°, 
range 20–45), and 30 % with no 
change in curvature. 

 Hellstrom 
et al. 

 2006  Randomized 
single blind, 
placebo 
controlled 

 Interferon a-2B 5 MU 
ILI q 2 weeks × 12 
injections 

 117  3 months  Statistically signifi cant 
improvement in patient’s penile 
curvature (27 % mean curvature 
improvement in treatment arm 
vs. 9 % in placebo), plaque size 
(mean decrease of 55 % in 
treatment arm vs. 20 % in 
placebo), and pain with 
erections (68 % resolution of 
pain in treatment arm vs. 28 % 
in placebo) with interferon 
a-2B treatment. 
 No statistically signifi cant 
improvement in IIEF score 
(mean increase of 13 % in 
treatment arm vs. 6 % in 
placebo). 

 Gelbard 
et al. 

 2013  Randomized 
double blind, 
placebo 
controlled 

 Collagenase clostridium 
histolytiucm 0.58 mg 
ILI q24–72 h × 2 
injections, every 6 
weeks (maximum 8 
injections total) 

 832  52 weeks  Statistically signifi cant 
improvement in penile 
curvature in the treatment group 
(mean 34 %, corresponding to a 
−17.0 ± 14.8°) as compared to 
control group (mean 18 % 
improvement in curvature, 
corresponding to a −9.3 ± 13.6° 
( p  < 0.001)). 
 Statistically signifi cant 
improvement in the PD 
symptom bother domain score 
(treatment group mean 
improvement PD bother score 
is −2.8 ± 3.8 points), superior 
(statistically signifi cant, 
 p  = 0.0037) to the control group 
(mean improvement −1.8 ± 3.5 
points). 

   ILI  intralesional injection therapy,  IIEF  International Index of Erectile Function,  PD  Peyronie’s disease  

 considers steroids’ long-known anti-infl ammatory 
properties and their ability to suppress collagen 
formation [ 10 ]. In 1954, Teasley published a ret-
rospective study of 24 patients that were treated 
with corticosteroids administered by ILI with 
promising results [ 11 ]. A number of subsequent 
studies, by Bodner in 1954 [ 12 ], Furey in 1957 
[ 9 ], Desanctis in 1967 [ 13 ], Toksu in 1971 [ 14 ], 

Winter in 1975 [ 15 ], and Williams in 1980 [ 16 ], 
all described the use of corticosteroid by ILI in 
the treatment of PD. While these studies showed 
varying levels of improvement, these studies 
were small, nonrandomized, and, in general, of 
poor level of evidence [ 6 ]. Presently, ILI of corti-
costeroids is not recommended due to its 
unproven effi cacy in treatment, and because it 
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causes local atrophy of tissue planes within the 
penis that makes subsequent surgical interven-
tion more diffi cult [ 10 ].     

    Verapamil 

    After corticosteroids, the next pharmacologic 
agent utilized for ILI therapy of PD was the  cal-
cium channel blocker (CCB)    verapamil  .  Fibrous 
PD plaques   are composed of  extracellular matrix 
(ECM)   macromolecules such as collagen, gly-
cosaminoglycans (GAGs), and fi bronectin [ 17 ]. 
CCBs like verapamil have been shown to inhibit 
the secretion of these molecules, forming the 
theoretical basis of their use in treating PD [ 17 ]. 
They also have been hypothesized to increase the 
proteolytic activity of collagenase, the enzyme 
responsible for breaking down the collagen that 
characterizes PD plaques [ 18 ]. 

 Verapamil was fi rst used in 1994 on 14 
patients in a dose-escalating study, starting with 
1 mmol solution injected biweekly into the 
plaque via 100–150 plaque punctures with a 25 
gauge needle (multi injection technique). The 
concentration of the drug was then doubled 
every month until a 10-milligram (mg) dose was 
achieved. The authors of the study noted subjec-
tive improvement in pain, penile curvature, and 
sexual performance in 91 %, 42 %, and 58 % of 
patients, respectively. Furthermore, the authors 
concluded that ILI of verapamil was safe, with 
no serious adverse events, with the only noted 
side effect being temporary ecchymosis at the 
injection site [ 17 ]. 

 Subsequent studies of verapamil ILI were able 
to reproduce these early promising fi ndings. In 
1997, Levine published a follow-up study of 46 
men with PD who were treated with 10 mg vera-
pamil diluted to 10 cubic centimeters (cc) every 
other week for a total of 12 injections over 24 
weeks. Importantly, this study not only demon-
strated an objective improvement in curvature in 
54 % of patients, but also an improvement in the 
ability to engage in coitus in 72 % of patients [ 19 ]. 

 The fi rst randomized placebo-controlled trial 
with ILI of verapamil took place in 1998 when 

Rehman et al. treated 14 men with either weekly 
injections of 10–27 mg verapamil ILI, or with a 
saline solution placebo [ 20 ]. At the end of 6 
months the authors noted a statistically signifi -
cant improvement in plaque volume, and a trend 
towards improvement in penile curvature, in the 
verapamil group as compared to placebo [ 20 ]. 

 Levine et al. then published an uncontrolled 
study of 156 men with PD (140 of whom com-
pleted the therapy), treated again with injections 
of 10 mg verapamil in 10 cc saline solution 
injected every other week for 24 weeks. Again, a 
little over half of all patients who completed 
therapy had objective decrease in penile curva-
ture [ 21 ]. 

 Subsequent trials with verapamil ILI therapy, 
however, were less conclusive in their results. In 
2007, Bennett et al. published an uncontrolled 
study of 94 patients with predominantly dorsal 
plaques who were treated with a course of six 
verapamil ILIs. They found that only 18 % of 
study subjects experienced improvement in their 
penile deformity, while 60 % had unchanged cur-
vature, and 22 % experienced worsening of penile 
curvature. The only fi nding that proved statisti-
cally signifi cant in the study was an improvement 
in penile rigidity adequate for intercourse [ 22 ]. 
The authors concluded verapamil injections were 
benefi cial in stabilizing lesions, but that patients’ 
expectations regarding treatment benefi ts need to 
be tempered. 

 In 2007, Cavallini et al. published a study of 
77 patients randomized to receive different dilu-
tions of verapamil ILI, concluding that the most 
dilute (and greatest volume) of verapamil solu-
tion (10 mg diluted in 20 cc solution) was more 
effi cacious than the 10 mg given in 10 or 4 cc of 
solution. The study noted a statistically signifi -
cant decrease in plaque area in all three groups, 
and a statistically signifi cant improvement in 
penile curvature in the patients receiving the 
greatest volume of verapamil (i.e., the most dilute 
concentration of verapamil), though not in the 
other two groups receiving smaller volumes of 
less concentrated drugs [ 23 ]. 

 In 2009, Shirazi et al. published a randomized 
controlled trial of 80 men with PD who were 
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treated in the same fashion as in Levine’s original 
studies (10 mg verapamil in 10 cc normal saline 
(NS), given every other week for 24 weeks) and 
found no signifi cant difference between the vera-
pamil and NS control groups with regard to 
penile curvature, plaque size, or erectile dysfunc-
tion [ 24 ]. 

 In 2010, Soh et al. published the fi rst study 
looking at the ILI of a CCB other than verapamil 
in the treatment of PD. Specifi cally, the study uti-
lized nicardipine, a dihydropyridine (DHP) CCB 
that, in vitro, was more effective than non-DHP 
CCB (e.g., verapamil) in reducing extracellular 
matrix production. The study was single-blind, 
placebo-controlled, and treated 37 men with PD 
to ILI of 10 mg of nicardapine dissolved in 10 cc 
of NS every other week for 12 weeks, and 37 men 
to ILI of 10 cc of NS in the same fashion. The 
authors found statistically signifi cant improve-
ment in pain score,  International Index of Erectile 
Function (IIEF) score   and decrease in plaque size 
at 48 weeks in the treatment arm versus placebo, 
but no signifi cant difference in improvement in 
penile curvature between the two groups [ 25 ]. 

 In 2011, Moskovic et al. published an uncon-
trolled study of 131 patients who received six 
injections of 10 mg of verapamil in 5 cc solu-
tion, examining baseline characteristics that 
could be used to predict effi cacy of ILI therapy. 
The authors concluded that younger age and 
larger baseline curvature were signifi cantly cor-
related with improvement in curvature with 
therapy [ 26 ]. 

 While the above trials have treated men with 
PD with dorsal plaques, in 2015 Berookhim 
et al. described their institution’s use of ILI of 
verapamil on 154 men with PD, of which 10 
were treated with ventral plaques. They reported 
a similar effi cacy of therapy in the patients 
treated with ventral plaques as those with dorsal 
plaques, with 40 % of patients with ventral 
plaques reporting at least 10° improvement in 
curvature, 50 % reporting stable curvature, and 
10 % reporting worsening of curvature. The 
authors conclude that verapamil ILI is safe to use 
for ventral plaques, so long as special attention is 
given to avoiding midline injections into the ure-
thra [ 27 ].     

    Interferon 

    In 1991, Duncan et al. published a report on the 
effect of human recombinant interferons (IFNs) 
on cells cultured from PD plaques. The authors 
stated that these cells resembled myofi broblasts 
observed in wound healing and were responsible 
for collagen deposition and other  ECM   compo-
nents including GAGs. They further hypothesize 
how these cells cultured from PD plaques are 
similar to fi broblasts seen in scleroderma and 
keloid lesions that are also postulated to cause 
excessive deposition of ECM components [ 28 ]. 

 While Duncan et al. provided the theoretical 
basis for the use of IFN in the treatment of PD, in 
1995 Wegner et al. was the fi rst to perform ILI 
with  IFN         [ 29 ]. A total of 25 patients were treated 
with interferon a-2B (IFN a-2B), 1 million units 
(MU) given weekly for 5 weeks. The authors 
demonstrated improvement in plaque size in 7 
patients, stability of plaque size in 12 patients, 
and increase in plaque size in 6 patients. They 
concluded the drug was safe, with the most com-
mon side effects being myalgia and fever seen in 
4 of the 25 patients. They also noted that the 
treatment appeared to be more effi cacious in 
early plaque lesions and in patients without evi-
dence of calcifi cations, and suggested that further 
dosing studies were needed [ 29 ]. 

 In 1997, Wegner published a new series 
involving 30 additional men with early PD treated 
with ILI INF a-2B 3 MU weekly for 3 weeks, and 
concluded that their regimen was not an effective 
treatment, since approximately 25 % of men had 
progression of the disease with IFN therapy, and 
an intolerable side effect profi le that caused 
fevers greater than 38 °C after 74 of the 90 total 
injections [ 30 ]. 

 That same year, however, Judge et al. pub-
lished a series of 13 men treated with either INF 
a-2B 1.5 MU, three times weekly for 3 weeks (10 
of 13 patients), or treated with same regimen of 
NS ILI (3 of 13 patients). The authors found 6 of 
the 10 patients treated with IFN had reduction in 
their pain with erections and had improvement in 
their degree of curvature (mean improvement 
20°), while none of the patients treated with NS 
had improvement in these respective categories. 
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They also noted the most common side effect in 
the treatment group was a transient fl u-like ill-
ness, though stated it lessened with each subse-
quent injection, and was often controlled by 
taking 1 g of oral paracetamol after receiving the 
injection [ 31 ]. 

 Subsequent small-scale studies continued to 
produce more promising results. A study by 
Ahuja et al. in 1999 reported on 21 patients 
treated with IFN a-2B 1 MU biweekly for 6 
months, and found statistically signifi cant reduc-
tion in pain, penile curvature, and plaque size in 
treated patients [ 32 ]. Another study by Dang 
et al. in 2004 looked at 21 patients treated with 
injections of IFN a-2B 2 MU twice weekly for 6 
weeks. Of these 21 patients, 7 patients received a 
6-week course of NS ILI twice weekly prior to 
starting IFN a-2B ILI therapy. The authors found 
signifi cant improvements in penile pain and cur-
vature in the majority of patients after treatment 
with IFN a-2B ILI therapy. They also noted that 
subjective improvements in pain and erectile cur-
vature were not seen in the saline control group 
prior to beginning IFN therapy [ 33 ]. 

 In 2005, Kendirci et al. published the fi rst ran-
domized, placebo-controlled trial with intrale-
sional IFN on 39 patients, of which 19 were 
treated with IFN a-2B 5 MU every other week for 
six injections, and 20 patients with 10 cc NS ILI 
every other week for six injections. The study is 
notable not only for the increased dose of IFN 
a-2B that subjects received (5 MU per injection 
as compared to 3 MU or less in previous studies), 
but also in that it examined the effect that IFN 
a-2B ILI therapy had on penile hemodynamic 
parameters. The authors observed that, in addi-
tion to improving penile curvature, decreasing 
plaque size, and decreasing pain with erections, 
IFN a-2B ILI therapy also improved penile 
hemodynamics (31.5 % of patients with nonvas-
cular penile blood fl ow prior to ILI therapy ver-
sus 57.8 % after treatment). This improvement in 
penile blood fl ow did not, however, correspond 
with a signifi cant improvement in erectile func-
tion in the treatment group [ 34 ]. 

 In 2006, the largest IFN a-2B study to date was 
published. Hellstrom et al. performed a single- 
blind, placebo-controlled, randomized study of 
IFN a-2B ILI, with 55 patients receiving IFN 

a-2B ILI 5 MU in 10 cc NS every other week for 
12 weeks, versus 62 patients randomized to 
receive the same dosing of NS ILI control. Not 
only was this trial notable for its size, but also for 
its comprehensiveness. Patients were evaluated 
for pre- and post-intervention penile curvature, 
plaque size, pain with erections, as well as erec-
tive function, as measured by the patient’s IIEF 
score. Again, there was statistically signifi cant 
improvement in patient’s penile curvature 
(27.01 % mean curvature improvement in treat-
ment arm versus 8.87 % in placebo), plaque size 
(mean decrease of 54.6 % in treatment arm versus 
19.8 % in placebo), and pain with erections 
(67.7 % resolution of pain in treatment arm versus 
28.1 % in placebo) with IFN a-2B treatment. The 
study did not fi nd a statistically signifi cant 
improvement in IIEF score after 12 weeks of 
injections (mean increase of 13.53 % in treatment 
arm versus 5.96 % in placebo). Hellstrom et al. 
concluded IFN a-2B was an effective minimally 
invasive, and generally well-tolerated, interven-
tion in the treatment of PD [ 35 ]. 

 More recently, Trost et al. published a series 
reviewing 127 patients treated with IFN a-2B ILI 
from 2001 to 2012 at a single institution. Patients 
were treated with IFN a-2B 2 MU biweekly for a 
median number of 12 injections. Again, erectile 
function and penile hemodynamics were studied 
before and after receiving IFN a-2B ILI therapy. 
Of the 127 patients, 54 % responded to therapy 
with an average improvement in erectile curva-
ture of 9°, while 10.2 % of patients had progres-
sion of their disease while on IFN therapy, and 
18.9 % of patients had stability of their disease. 
The trial was signifi cant in that it showed equiva-
lent outcomes regardless of when therapy was 
initiated (acute setting versus chronic), and in 
that it showed no improvement in patients treated 
with two courses of IFN a-2B ILI injections as 
opposed to one course of 12 injections with IFN 
a-2B. In addition, the trial reproduced the results 
from previous trials showing that IFN a-2B ILI 
improved penile hemodynamics without a corre-
sponding improvement in erectile function [ 36 ]. 
It is also worth noting that at our institution, IFN 
a-2B ILI has been safely used on patients with 
ventral PD plaques with rates of effi cacy similar 
as to patients treated with dorsal PD plaques.     
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    Collagenase 

    Although ILI of collagenase clostridium histo-
lyticum ( CCH        ) was only FDA approved for the 
treatment of PD in 2013, its potential role in the 
treatment of PD was fi rst examined almost 30 
years prior. In 1982, Gelbard et al. published 
in vitro studies of CCH applied to tunica albu-
ginea and PD plaque tissue samples. The authors 
concluded that CCH was effective in the dissolu-
tion of both normal tunica albuginea and the 
intended PD plaques. However, they went on to 
state that there was very limited dispersion of the 
enzyme from its applied site, and that elastic 
 tissues were preserved. Most importantly, CCH 
did not digest vascular smooth muscle cells, a 
property that protects all penile vasculature with 
the exception of the small venules. This same 
property also prevents nerve axons from being 
degraded, as their myelin sheaths are comprised 
of lipids not digested by CCH [ 37 ]. 

 First used in the treatment of PD in 1980s, 
CCH was not pursued again in the treatment of 
PD until quite recently. In 1985, Gelbard et al. 
published a report of 31 patients treated with 420–
920 U of purifi ed CCH enzyme given in 1 cc solu-
tion. As this was the fi rst time CCH was used in 
the treatment of PD, its immunologic affects were 
unknown and the researchers decided to adminis-
ter the drug on 3 consecutive days in order to limit 
the risk of a theoretical hypersensitivity reaction. 
Gelbard et al. concluded that 65 % of the patients 
had objective improvement in the deformity of 
their disease, and pain with erection was elimi-
nated in 93 % of patients. They also noted that the 
injections appeared safe for use without systemic 
side effects, with the most serious side effect 
being a small corporeal wall rupture at the site of 
injection that occurred in one patient [ 38 ]. 

 The fi rst randomized, double-blind, placebo- 
controlled trial using intralesional CCH was pub-
lished in 1993 by Gelbard et al. Subjects were 
injected with a one-time dose of 6000–14,000 U 
of CCH depending on the severity of their erec-
tion deformity, and were followed for 3 months 
to assess treatment response. The researchers dis-
covered the injections to be safe, but only able to 
improve penile curvature by approximately 20°, 

and thus concluded CCH to be most effective for 
patients with less severe curvatures [ 39 ]. 

 In 1998, Jordan published a study of 25 men 
with PD treated with three injections of 10,000 U 
of collagenase given over 7–10 days, and repeated 
with three additional ILI at 3 months. The authors 
found statistically signifi cant improvement in 
penile deformity (mean improvement of 12.7° at 
3 months), and again noted the injection to be 
generally well tolerated, with the most common 
adverse events being penile pain, edema and 
ecchymosis at the site of injection [ 40 ]. 

 In 2010, intralesional CCH was approved for 
the treatment of Dupuytren’s contracture in 
patients with a palpable cord, and there was 
renewed interest in using CCH in the treatment 
of PD [ 41 ]. As such, in September 2010 a num-
ber of centers in the USA began accruing patients 
for two large, identical, phase 3 studies (random-
ized, double-blind, placebo-controlled) named 
IMPRESS I and  II   (Investigation for Maximal 
Peyronie’s Reduction Effi cacy and Safety 
Studies) with 417 and 415 patients enrolled, 
respectively. The treatment arm of the studies 
involved a maximum of four treatment cycles of 
CCH ILI 0.58 mg, each cycle consisting of two 
ILI given 24–72 h apart, followed by penile 
plaque modeling 24–72 h after the last injection. 
Therapy was discontinued if the penile curvature 
was decreased to less than 15°, or if the investi-
gator deemed further treatment to be not clini-
cally indicated. Exclusion criteria in IMPRESS I 
and  II   were patients with calcifi ed plaques and/
or ventral lesions. In addition, patients were 
required to have at least a 30° curvature with 
erections to be eligible for the trial [ 42 ]. 

 The study reported a mean improvement in 
penile curvature in the treatment group of 34 %, 
corresponding to a −17.0 ± 14.8°. This was found 
to be signifi cantly superior to the control group, 
who on average saw an 18.2 % improvement in 
curvature, corresponding to a −9.3 ± 13.6° 
( p  < 0.001). In addition, the researchers observed 
a statistically signifi cant improvement in the PD 
symptom bother domain score, which is com-
prised of four questions and whose total score 
can range from 0 to 16. In the treatment group 
the average PD bother score improvement was 
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−2.8 ± 3.8 points, which was superior (statistically 
signifi cant,  p  = 0.0037) to the control group that 
changed −1.8 ± 3.5 points [ 42 ]. 

 As a result of the study, on December 6, 2013 
the FDA approved collagenase for the treatment 
of PD with the above indications and contraindi-
cations [ 43 ]. Figure  22.1a–f  shows photos of ILI 
of CCH for PD.   

       Penile Traction Therapy with ILI 

    While this chapter focuses on intralesional thera-
pies in the treatment of PD, there are a number of 
trials that use combination of intralesional, oral, 
and penile traction therapies ( PTT        ), among other 
treatment modalities. This section aims to focus 

  Fig. 22.1    ( a – f ) Intralesional injection of collagenase 
clostridium histolyticum for Peyronie’s disease. ( a ) Penis 
is held in straight position and prepped in a sterile manner. 
( b  and  c ) Using a 27-gauge 1⁄2-in. needle, 0.58 mg CCH 
(0.25 ml) is injected into the Peyronie’s plaque in align-
ment with the point of maximal concavity. The needle 

should not go beneath the plaque or perpendicularly 
towards the corpora cavernosa. ( d ) Following injection, 
the penis is fi rst wrapped with sterile gauze. ( e ) Then 
wrapped with a Coban dressing. ( f ) Example of a penile 
hematoma that can occur after injection       
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on PTT, which has been used in combination 
with a number of ILI studies. 

 In 2008, Abern and Levine published a pilot 
study looking at verapamil ILI with and without 
concurrent PTT. They described treating 44 
patients with verapamil ILI alone, and 27 patients 
who received the same regimen of verapamil ILI 
and who, in addition, elected to wear a FastSize 
Penis Extender (FastSize LLC, Aliso Viejo, CA, 
USA) 2–8 h per day. The authors looked at sub-
jective improvements in curvature, and found a 
trend toward benefi ts in the combination therapy, 
though without statistical signifi cance. They con-
cluded future studies with post-treatment Doppler 
ultrasound were needed to objectively assess the 
added utility of PTT to verapamil ILI [ 44 ]. 

 Abern et al. published such a study investigat-
ing the added utility of PTT in 2012, in which 74 
men were treated with verapamil 10 mg dissolved 
in 10 cc NS ILI administered every other week 
for 24 weeks. In addition, patients were treated 
with oral  L -arginine 1 g twice daily and oral pent-
oxifylline 400 mg three times daily. Finally, all 
patients were offered PTT, of which 39 patients 
decided to pursue as part of their treatment. 
Patients receiving PTT obtained an external 
penile extender (US PhysioMED, Irvine, CA, 
USA) and were instructed to wear the device any-
where from 2 to 8 h per day, in sessions no longer 
than 2 h at a time with at least 15 min between 
sessions. They were also instructed to add 0.5 
centimeter (cm) spacers to the device every 2–3 
weeks as tolerated [ 45 ]. 

 At the end of 24 weeks, the researchers found 
that the patients in the PTT group, on average, 
wore the device for 3.3 h per day. While both 
groups of patients had statistically signifi cant 
improvement in degree of curvature from base-
line, the PTT also had a trend towards increased 
stretched penile length (SPL) from baseline (on 
average 0.3 cm,  p  = 0.06), which was not 
observed in the non-PTT group. The authors 
acknowledge that selection bias and the nonran-
domized nature of the study may have infl uenced 
results of the trial, and suggest a future study 
comparing ILI alone, to PTT alone, to ILI with 
PTT, would show whether ILI and PTT are syn-
ergistic in nature [ 45 ]. 

 A retrospective review of patients treated with 
IFN a-2B evaluated the concomitant use of PTT 
(Andropenis ® , [Andromedical, Spain]) with ILI- 
a2B. Yafi  et al. examined 112 patients who had 
documented information regarding use of PTT. 
Of those patients, 31 % reported using PTT at 
least 2 h per day on a “regular basis.” They were 
able to show a statistically signifi cant gain in SPL 
in those patients who used PTT for greater than 3 
h per day as compared to those not using PTT 
(4.4 mm versus 1.3 mm,  p  = 0.04), concluding 
that PTT may offer a small but meaningful 
improvement in SPL if used diligently [ 46 ].     

    Other Therapies 

 One of the challenges in deciphering the numer-
ous trials for treating PD is the large variety of 
combination therapies that have been employed. 
This highlights the fact that a defi nitive mini-
mally invasive or oral treatment for the disease is 
yet to be discovered.  Combination therapies         gen-
erally combine different modalities of treatment, 
including oral therapies, iontophoresis, extracor-
poreal shock wave therapy, PTT, transdermal 
electromotive therapy, and topical administration 
therapy. Trials using  multimodal therapy         have 
generally been small, often are not randomized, 
and thus make it diffi cult to attribute benefi ts of 
therapy to a particular agent used in the treatment 
regimen, especially considering the natural history 
of the disease that can at times improve without 
any treatment at all. Table  22.2  lists some of the 
combinations therapies that have been employed.

       Future Therapies 

 The intralesional therapies outlined in this chap-
ter offer patients minimally invasive treatment 
options for treating their disease with minimal 
risk and benefi cial, reproducible results. To this 
day, the gold standard for treating PD is surgery, 
which comes with its own set of risks both during 
the actual procedure (e.g., risk of anesthesia, 
bleeding, and infection) and in its aftermath (e.g., 
disease recurrence, erectile dysfunction, loss of 
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   Table 22.2    Selected  combination therapy         studies for Peyronie’s disease   

 Authors  Year  Design   N   Therapy  Duration  Outcomes 

 Paulis 
et al. 

 2013  RCT- unblinded, 
placebo controlled 

 70  Vitamin E 600 mg po 
daily + verapamil 10 mg 
ILI q 2 weeks (5 mg ILI 
given for the fi rst 
ILI) + 5 mg verapamil 
iontophoresis 
daily + blueberry extract 
160 mg po daily (36 % 
anthocyanosides) + propolis 
600 mg po daily + topical 
diclofenac sodium 4 % gel 
bid versus above treatment 
without vitamin E 

 6 months  Statistically signifi cant 
improvement in plaque size, 
curvature, and IIEF score 
(in patients with 
comorbidities and ED) in 
patients receiving vitamin E 

 Paulis 
et al. 

 2013  RCT- unblinded, 
placebo controlled 

 64  Peironimev-plus oral 1 tab 
daily + verapamil 10 mg 
ILI q 2 weeks + verapamil 
iontophoresis 5 mg 
3 × week versus above 
treatment without oral 
therapy 

 6 months  Statistically signifi cant 
improvement in penile 
curvature and symptom 
bother score in treatment 
arm 

 Mehrsai 
et al. 

 2012  RCT- unblinded  60  10 mg verapamil and 4 mg 
dexamethasone in 2 mL 
DW ILI weekly versus 
10 mg verapamil and 4 mg 
dexamethasone in 2 mL 
DW TEA 

 6 weeks  No statistically signifi cant 
improvement in plaque size, 
penile curvature, or erectile 
dysfunction. Statistically 
signifi cant improvement in 
pain in the TEA group, 
greater than ILI group 

 Cavallini 
et al. 

 2012  RCT- single blind, 
placebo controlled 

 43  Verapamil 10 mg in 20 cc 
NS ILI 
q 2 weeks + testosterone 
30 mg buccal patch bid 
versus verapamil ILI 
without testosterone 
replacement 

 6 months  Greater improvement in 
plaque area and penile 
curvature when ILI 
associated with testosterone 
supplementation 

 Abern 
et al. 

 2011  Nonrandomized 
trial- unblinded, 
placebo controlled 

 74  Verapamil 10 mg in 10 cc 
solution 
q 2 weeks +  L -arginine 1 g 
po bid + pentoxifylline 
400 mg po tid + PTT versus 
above with no PTT 

 6 months  No statistically signifi cant 
improvement in PTT group 
versus control. Trend toward 
improved stretched penile 
length in PTT group 

   RCT  randomized controlled trial,  ILI  intralesional injection therapy,  TEA  transdermal electromotive administration, 
 PTT  penile traction therapy,  IIEF  International Index of Erectile Function  

sensation, loss of penile length, and device fail-
ure or erosion). The advent of  stem cell therapy      
in the treatment of PD may someday obviate the 
need for surgical correction of the disease. And 
while “future therapies” at the time of this 
 publication will quickly become dated, the fol-
lowing section aims to give readers a brief history 
of regenerative medicine as it pertains to PD, and, 
in doing so, hopefully some idea of where the 
fi eld may be headed in the future. 

 While the promise of stem cell therapy is 
great, there are still many obstacles to its imple-
mentation. One basic problem is the lack of a uni-
versally accepted animal model to use in its 
research [ 47 ]. To date, most studies have utilized 
a murine model, and have used an injection of 
thrombin, thrombin and fi brin, or transforming 
growth factor beta-1 (TGF-β1) into the tunica 
albuginea of the study animal in order to recreate 
the disease [ 47 – 49 ]. However, researchers readily 
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admit that PD in humans is not completely 
understood and likely much more complex than 
our current animal models, and thus fi ndings in 
these animal studies may not perfectly translate 
into human therapies [ 50 ]. 

   With that being said, exciting research is tak-
ing place with regard to  adipose tissue-derived 
stem cells (ADSCs)   in the treatment of PD. 
 ADSCs   are one type of  multipotent stromal cells 
(MSC)  , which can be derived from numerous 
other tissue sources including bone marrow, liver, 
muscle, amniotic fl uid, placenta, umbilical cord 
blood, and dental pulp [ 51 ]. MSC are thought to 
be at least in part responsible for the regeneration 
of their respective tissues, a desirable property in 
treating a disease state characterized by abnormal 
tissue [ 48 ]. Specifi c advantages to adipose- 
derived MSCs (aka. ADSCs) are their abundance, 
their ease of harvesting, and their low processing 
costs [ 52 ]. In addition, ADSCs are not burdened 
by the ethical issues that surround the use of 
embryonic stem cells [ 48 ]. Finally, they have 
immunosuppressant properties that allow for 
allogeneic or even xenogeneic transplantation 
without creating a graft-versus-host disease [ 53 ]. 

 An early study involving ADSCs did not per-
tain to PD specifi cally, but instead looked at 
how the intracavernosal injection of ADSCs 
may improve the endothelial and neural abnor-
malities responsible for hyperlipidemia-associ-
ated ED. In 2010, Huang et al. fed 28 
Sprague-Dawley rats a high-fat diet that had 
been previously shown to induce impaired 
penile hemodynamics mimicking an ED state. 
The authors then harvested paragonadal fat in 
these rats, procured ADSC from this tissue, cul-
tured it, and reinjected it into the corpus caver-
nosa of the treatment group of rats. They found 
improved erectile function in the rats treated 
with ADSCs, concluding that future studies 
were needed to look at the exact mechanism of 
action of the therapy, as well as the dosing, 
safety (especially with respect to possible 
increased risk of tumor formation), and durabil-
ity of treatment, before human trials could even 
be considered [ 54 ]. 

 In 2013, Castiglione et al. published a study 
evaluating the use of ADSCs in the treatment of 

the active phase model of PD in 12-week-old 
Sprague-Dawley rats. The authors separated 27 
male rats into three groups, one group a sham PD 
model receiving ADSC treatment, one group the 
active PD model (via injection of TGF-β1) 
receiving ADSC treatment, and one group the 
active PD model without ADSC treatment. The 
authors concluded that the local injection of 
ADSCs prevents formation of fi brosis and elasto-
sis in an animal model of PD. Self-described 
limitations to their study include an imperfect 
animal model, and the fact that they examined the 
treatment of PD in its active, infl ammatory phase 
as opposed to the chronic state most commonly 
seen on presentation [ 52 ]. 

 Also in 2013, Gokce et al. published a report 
looking at the use of ADSC in a rat model of 
PD. Again Sprague-Dawley rats (24 in total) 
were used, and again TGF-β1 was injected into 
the rat tunica albuginea in order to simulate the 
PD condition. The study was unique in that it had 
studied ADSC therapy both in the prevention and 
in the treatment of PD. In addition, the authors 
correlated their results with histological fi ndings 
from tunica albuginea specimens from the sacri-
fi ced rats, concluding that in severe penile fi bro-
sis there is increased gene expression of 
profi brotic tissue inhibitors of metalloproteinases 
(TIMPs), and decreased gene expression of anti-
fi brotic matrix metalloproteinases (MMPs). 
Gokce et al. concluded that ADSCs were benefi -
cial both in the prevention and the treatment of 
tunica albuginea fi brosis and erectile dysfunction 
in an animal model of PD [ 50 ].    

    AUA Update on Peyronie’s Disease 

    In April 2015, the  AUA         approved new guidelines 
for the diagnosis and treatment of PD [ 55 ]. 
Within the guidelines, there were six statements 
specifi c to injection therapy of PD. Guideline 
Statements 8, 10, and 12 refer to the use of intra-
lesional collagenase, interferon alpha, and vera-
pamil in the treatment of PD, respectively. 
Guideline Statements 9, 11, and 13 address the 
need for clinicians to counsel their patients 
regarding the side effects of these treatments. 
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 Guideline Statement 8 states that intralesional 
collagenase clostridium  histolyticum   may be 
used to treat patients with stable PD with curva-
ture between 30° and 90°, and intact erectile 
function. It notes that the drug has only been 
studied in patients with dorsal plaques, and 
emphasized that collagenase does not treat pain 
associated with PD, or treat erectile dysfunction. 
It also recommends that patients be counseled 
regarding expectations of treatment. Specifi cally, 
the guidelines cited the  IMPRESS I and II trials   
in which the average reduction in curvature in the 
collagenase treatment arm at 1 year was 17°, 
while the average decrease in the placebo arm at 
1 year was 9.7°. The statement evidence strength 
of Guideline Statement 8 was Grade B, as it was 
based on high quality  randomized controlled tri-
als (RCTs)  , but the fi ndings of the trial have yet 
to be reproduced. 

 Guideline Statement 10 deals with the use of 
IFN a-2b in the treatment of PD. It reads that cli-
nicians, “may administer intralesional IFN a-2b” 
to PD patients, noting that, based on the single 
 RCT  , it was used on patients with stable curva-
ture greater than 30° and without calcifi ed 
plaques. It also states that IFN a-2b may be ben-
efi cial in treating curvature, plaque size, pain, 
and some vascular outcomes. Finally, it empha-
sizes that patients should be advised that average 
improvement in penile curvature was 13.5°. The 
strength of the evidence was Grade C, as the 
panel noted there was only one RCT of “moder-
ate” quality and “somewhat divergent” fi ndings 
in the other studies looking at treatment with 
interferon. 

 With regard to  verapamil  , Guideline Statement 
12 gives intralesional therapy with the drug a 
conditional recommendation. The panel empha-
sizes that the majority of trials using intralesional 
verapamil failed to have appropriate control 
groups, especially considering the natural history 
of PD with spontaneous resolution in a minority 
of cases. It states clinicians should, “carefully 
consider” the appropriateness of this treatment 
modality given its uncertain effi cacy and avail-
ability of other treatment that are “clearly more 
effective.” It rates the strength of evidence Grade 
C, based on the confl icting fi ndings from the two 
RCTs with intralesional verapamil, the lack of 

appropriate control groups in many of the stud-
ies, and the lack of replicated studies confi rming 
results from the published trials. 

 Guideline Statements 9, 11, and 13 all con-
sider the potential complications of the above 
treatments. The statements instruct clinicians to 
counsel patients regarding the risks of specifi c 
adverse events particular to each intralesional 
therapy. With regard to intralesional collagenase, 
Guideline Statement 9 describes common adverse 
events to include penile ecchymosis, penile 
swelling, and penile pain. These events occurred 
in 80.0 %, 55.0 %, and 45.4 % of patients, respec-
tively, during the  IMPRESS I and II trials  . Serious 
adverse events occurred in 1.1 % of collagenase- 
treated patients during these trials, in the form of 
penile hematoma and corporal rupture. 

 The most common adverse events associated 
with intralesional  interferon   treatment include 
sinusitis, fl u-like symptoms (e.g., fevers, chills, 
arthralgia), and minor penile swelling and ecchy-
mosis. Guideline Statement 11 states these 
adverse events occur in 40–100 % of patients, 
and are self-limiting. It suggests these adverse 
events can be mitigated with oral hydration, and 
treated with over-the-counter, nonsteroidal, anti- 
infl ammatory medications. 

 Finally, the potential adverse events of intral-
esional  verapamil   are perhaps the least severe 
and most vague. Guideline Statement 13 states 
that patients should be counseled regarding pos-
sible penile bruising, dizziness, nausea, and pain 
at the injection site.     

    Summary 

 There is much to learn about Peyronie’s disease. 
Its true prevalence, detailed pathophysiology, and 
best combination of treatment even among exist-
ing therapies are all yet to be defi ned. Intralesional 
injection therapy with calcium antagonists, inter-
feron, or collagenase clostridium histolyticum is 
a minimally invasive treatment modality that is 
proven safe and reasonably effective in the treat-
ment of PD. Intralesional injection therapy with 
stem cells, while still in its infancy, offers hope 
for a more targeted treatment of the disease in the 
future.     
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          Overview and Historical Perspective 

 Peyronie’s disease is an anatomic deformity that 
causes abnormal penile curvature, undesired 
cosmetic appearance, erectile dysfunction, pain-
ful erections, and much psychological strife for 
many men. It is  defi ned   by scarring and plaque 
formation of the anatomy of the tunica albuginea 
of the penis. The earliest descriptions of the 
condition in the Western literature are attributed 
to Guilielmus of Salicetum (1210–1276) and 
Theodoric Borgognoni (1205–1298) who are 
said to have described  penile curvature      in medi-
cal and anatomical textbooks. Gabriele Falloppio 
described Peyronie’s disease in   Observationes 
anatomicae    during his time as professor and 
chair of anatomy and surgery at the University of 
Padua. Falloppio was a major contributor to the 

fi eld of anatomy most notably male and female 
reproductive organs [ 1 ]. It was not until 1743 
though that the disease process was coined 
Peyronie’s. François Gigot de la Peyronie was 
credited with describing the penile disorder after 
examination of an erect penis with upward curva-
ture. What he found was an induration of the cor-
pora cavernosa that he described as “rosary beads 
of scar tissue” [ 2 ]. 

 Peyronie’s disease is likely to be well under 
reported. The  symptomatic incidence   is approxi-
mately 1–5 % while asymptomatic incidence is 
0.4–1 %. Newer reviews found the prevalence 
can be as high as 8.9 % [ 3 ]. The disease usually 
manifests in middle age men with an average age 
of 53 years. Schwarzer and colleagues [ 4 ] pub-
lished the results of a questionnaire based on the 
response of 8000 men with a 55.4 % response 
rate. This population based cohort consisted of 
men living in Germany aged 30–80 years old. 
The authors found a prevalence of 3.2 % for the 
new appearance of a palpable plaque. The preva-
lence by age was 1.5 % for men aged 30–39 
years, 3 % for men aged 40–49 years, 3 % for 
men aged 50–59 years, 4 % for men aged 60–69 
years, and 6.5 % for men aged 70 or older. In 
addition, 84 % of males reported penile angula-
tion and 47 % reported painful erections. A triad 
of plaque, angulation, and pain was reported in 
32 % whereas 41 % reported ED. 

 The disease process has been separated into 
two different phases. The fi rst is an “active” 
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 phase   or a time of infl ammatory changes usually 
associated with painful erections and worsening 
deformity. The second is the “ inactive  ” or quies-
cent phase which is characterized by stability of 
disease and stable plaque deformity. Kadioglu 
et al. [ 5 ] have reported characteristics from 307 
men with PD, of whom 63 patients opted for no 
treatment and presented for follow-up. In that 
group, 67 % of men had no change in deformity, 
30 % progressed and 3 % reported complete 
improvement. 

 There have been many proposed associations 
with Peyronie’s including but not limited to beta 
blockers and phenytoin, PDE5 inhibitors, and 
intracavernosal injections for erectile dysfunction, 
external genitalia trauma or buckling injury during 
sexual intercourse with a resultant infl ammatory 
reaction and fi brosis, urethral instrumentation or 
trauma, diabetes mellitus, tympanosclerosis, 
plantar fascial contracture, and Paget’s disease 
[ 6 ,  7 ]. The only consistent link has been with 
 Dupuytren’s contracture      which is seen in 30–40 % 
of men with Peyronie’s disease no other associa-
tion has been confi rmed. 

 During the active phase medical treatments 
have focused on plaque disruption, plaque 
dissolution, immune system modulation, reduc-
ing infl ammation, and reducing oxidant stress 
very early in the disease course prior to the onset 
of plaque fi brosis and calcifi cation that typically 
occurs after 1–2 years. Some of the  medical 
therapies      that have been used for the treatment of 
PD include oral preparations, such as vitamin E, 
colchicine, para-aminobenzoate, tamoxifen, car-
nitine, or various herbal preparations.  Topical 
therapies      include intralesional injection therapy 
with verapamil, collagenase, interferon alpha-2b 
or corticosteroids as well as extragenital therapies 
with shock-wave lithotripsy, short-wave dia-
thermy, laser therapy, and ultrasound or radiation 
therapy [ 8 – 19 ]. In the recent  AUA guideline   it 
has been noted that a few of the above oral thera-
pies are without effi cacy and are not recom-
mended in the treatment plan. It is proposed that 
they may delay the use of more potent treatment 
options. Those not recommended include vitamin 

E, tamoxifen, procarbazine, omega-3 fatty acids, 
or a combination of vitamin E with  L - carnitine. It 
should also be noted that ESWT or RT is not rec-
ommended at this time but may benefi t patients 
found to have pain associated with Peyronie’s. 
Surgical therapy has been reserved for men who 
have failed medical treatment and are found to be 
in the quiescent phase of the disease process.  

    Penile Anatomy 
and Pathophysiology 

 A brief review of  penile anatomy   is essential in 
understanding the pathophysiology and surgical 
correction of Peyronie’s disease. Beneath the 
skin is the dartos fascia which overlies Bucks fas-
cia. Contained in Buck’s fascia is a single corpus 
spongiosum lying ventrally between the paired 
corpora cavernosa. The corpora cavernosum is an 
intricate network of capillaries which supply the 
blood fl ow necessary for erection. The corpora 
cavernosa are covered by a thick lining of con-
nective tissue known as the tunica albuginea. 
This is a thick tissue composed of mostly Type I 
collagen and to a lesser degree elastin, Type III 
and IV collagen. This combination provides elas-
ticity and strength. 

 There have been many proposed etiologies 
which include mechanical stress, microvascular 
trauma, and infl ammatory pathways. The  patho-
physiology   is poorly understood and likely is 
related to a combination of factors. It has been 
shown that excessive bending during erection or 
blunt trauma to the erect penis may result in 
bleeding into the subtunical spaces or delamina-
tion of the tunica at its point of attachment to the 
inner circular layer of the tunica albuguinea, with 
resultant accumulation of fi brinogen, fi brin, and 
clot in the subtunical layers and subsequent ini-
tiation of an infl ammatory reaction [ 20 ]. This is 
then followed by the recruitment of infl ammatory 
cells (neutrophils, platelets, and macrophages) 
and subsequent release of various cytokines, 
autocoids, and vasoactive factors that induce a 
fi brotic reaction [ 21 ,  22 ].  
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    Patient Presentation and Evaluation 

  The most common presenting symptom is penile 
deformity and can be found in 94 % of patients 
with Peyronie’s disease. Less commonly patients 
 present   with penile pain or penile lump which 
account for 40 and 21 % respectively [ 23 ]. 
Evaluation of the Peyronie’s patient should begin 
with a thorough history and physical exam. 
History should focus on timing of onset, prior 
penile surgery, urethral instrumentation, trauma, 
and comorbid disease including Dupuytren dis-
ease. It is also important to focus on causes of 
erectile dysfunction such as vascular disease and 
diabetes mellitus as most Peyronie’s patients will 
have report some element of erectile dysfunction. 
Physical exam of the penis and hands to elicit any 
element of Dupuytren is essential. The penis 
should be examined on stretch and length should 
also be documented. It is also prudent to have 
patient bring photographs of his erect penis to 
identify the direction and degree of curvature. 
Radiographic images may demonstrate calcifi ed 
plaques but more commonly used is penile 
duplex Doppler ultrasound with pharmacologic 
challenge. Ultrasound in combination with phar-
macologic stimulation (i.e., intracavernosal 
alprostadil injection) is useful for documenting 
hemodynamics, complexity of curvature, erectile 
function and can demonstrate the size and loca-
tion of the plaque in relation to the corpora 
cavernosa.   

    Surgical Management 

 In deciding the treatment for this disease appro-
priate patient selection is paramount. As dis-
cussed above there are two phases of disease. 
Medical therapy should be employed during the 
active phase. Once the patient has formed a stable 
plaque the disease has entered the quiescent 
phase. Stable disease is defi ned as the state in 
which the deformity is no longer progressive and 
the symptoms have been clinically unchanged for 
at least 3 months. Surgical management is 

reserved to correct the deformity and either 
restore or preserve erectile function. Refer to 
Fig.  23.1  for treatment guidelines. A number of 
surgical techniques have been devised and modi-
fi ed for the correction of this disease.

      Nesbit Procedure 

   First described in 1965 for congenital curvature 
and later in 1977 for Peyronie’s disease the 
 Nesbit procedure      has been a longtime technique 
in the urologist repertoire. There have been 
many modifi cations over the years from the 
originally described procedure. These modifi ca-
tions have increased patient satisfaction rates 
and have increased the simplicity of the proce-
dure. The procedure entails a subcoronal inci-
sion followed by degloving of the penis to its 
base. A small piece of tunica opposite the plaque 
and angulation is then excised and the tunica 
defect is closed. Finally Bucks fascia is closed 
over the corporotomy site [ 24 ,  25 ]. As discussed 
many modifi cations have been made to the ini-
tial description of the Nesbit procedure and will 
be discussed below. Licht et al. looked at data 
on 30 patients who had undergone a modifi ed 
Nesbit procedure which was compared to 
patients who had undergone either a standard 
Nesbit procedure or plaque excision with syn-
thetic patch grafting by the same group of sur-
geons. The modifi ed Nesbit procedure showed 
no statistically signifi cant difference in penile 
curvature elimination, patient satisfaction, rates 
of postoperative impotence or need for subse-
quent surgery. However, there was an overall 
higher rate of penile curvature elimination (79–
93 %) and patient satisfaction (79–83 %) when 
compared to standard Nesbit procedure [ 26 ]. 
The largest drawback of the Nesbit and modi-
fi ed Nesbit procedures is the perceived penile 
shortening. Also of concern is erectile dysfunc-
tion and reoccurrence. It is sometimes diffi cult 
to assess “penile shortening” as many patient 
affected by Peyronie’s already perceive shorten-
ing. In actuality many of the studies show that 
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there is no objective shortening in many of these 
cases. In one of the largest studies ever con-
ducted 359 men with Peyronie’s disease under-
went the Nesbit procedure. Of those men only 
17 had signifi cant shortening, defi ned as greater 
than 2 cm. Of those 17, fi ve have already under-
gone a Nesbit operation and only six had prob-
lems with sexual intercourse [ 24 ]. Rolle et al. 
reviewed 50 patients undergoing the Nesbit pro-
cedure for either congenital curvature or 
Peyronie’s disease. They found that of the 
Peyronie’s’ disease subgroup 14/18 complained 

of penile shortening while only three patients 
were unsatisfi ed due to shortening. Regarding 
erectile satisfaction  International Index of 
Erectile Function   5 scores improved with statis-
tical signifi cance from an average of 17.83 ± 4.17, 
whereas postoperatively it was 19 ± 4.63 [ 25 ]. 
As these studies demonstrate perceived penile 
shortening is inevitable but most importantly 
patients are happy and satisfi ed with the results. 
What you cannot argue is that in the Nesbitt and 
procedures like the Nesbit, there is no restoring 
or lengthening offered. 

Peyronie’s disease

Chronic phase

•  Stable disease (12 months without pain)

•  Compromised or inability to engage in coitus

•  Plaque calcification

•  Severe penile shortening
•  Severe penile shortening

•  Severe penile curvature

•  Severe deformity

•  IPP alone

•  IPP with modeling

•  IPP and grafting

•  IPP and shortening procedure

•  >2cm tunical defect after
plaque incision

•  Curvature <60° •  Curvature >60°

•  Predicted length <20%

•  No destabilizing deformity

•  Nesbit procedure
•  Incision and grafting procedures

•  Excision and grafting procedures

•  Graft materials

Autologous grafts

Allografts

Xenografts

Synthetic grafts

•  Modified Nesbit procedures

•  Destabilizing deformity

•  Acute phase

•  Medical and minimally
invasive therapies

•  Chronic phase not meeting the
criteria for surgery

Reconstructive surgery Inflatable penile prostheses (IPP)

•  ED responsive to medical therapy

•  ED nonresponsive to
medical therapy

•  No erectile dysfunction (ED)

•  Wants the most reliable and fastest results

•  Failure of medical and minimally invasive therapy

Tunical shortening surgery
Tunical lengthening surgery

  Fig. 23.1    Surgical algorithm for patients with chronic phase PD.  IPP  infl atable penile prostheses (Used with permis-
sion from Carson CC, Levine L. Outcomes of surgical treatment of Peyronie’s disease. BJUI 2014; 113: 704–713)       
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    Summary Points 
 –     Nesbit and modifi ed Nesbit procedures are 

used for males with mild–moderate curvature 
and adequate penile length.  

 –   These procedures show excellent patient and 
patient partner satisfaction scores.  

 –   Perceived penile shortening is seen in a high 
percentage of patients undergoing this 
procedure.        

    Plication Technique 

    Plication surgery      does not require excision or 
incision of the healthy tunica albuginea. The 
tunica opposite the site of plaque and angulation 
is sutured in a transverse fashion thus eliminating 
the penile curvature. By incising Buck’s fascia 
the neurovascular bundles can be visualized and 
avoided. Popularized by Essed and Schroeder in 
1998 when they described placing non-adorable 
sutures in an ellipse fashion contralateral to the 
plaque. When passed through Buck’s fascia and 

tied down they straighten the penis [ 27 ]. 
Commonly a “16 dot” technique is used 
(Fig.  23.2a, b ). Every four dots refer to placement 
of one suture. Points of suture entry and exit 
should be placed approximately 1 cm from each 
other and 2–3 cm lateral to the corpus spongio-
sum. These methods can be modifi ed based on 
the location and degree of curvature. In a large 
review of 132 patients undergoing the “16 dot” 
technique Gholami et al. found 93 % reported 
straightening while the other 7 % complained of a 
slight curvature and only 3 % complained of 
worse erectile function. Most common complaint 
not unsurprisingly was penile shortening, but this 
was only documented in 41 % of patients [ 28 ]. 
Another technique employed by Yachia is mak-
ing a longitudinal incision in the tunica followed 
by horizontal closure avoiding excision of tunica. 
This would lead to a reduction in the injury to the 
neurovascular bundle and glans hypoesthesia that 
is sometimes seen post Nesbit procedures [ 29 ]. 
Lopes et al. conducted a large retrospective 
review of patients who underwent Yachia 

  Fig. 23.2    ( a ,  b ) 16-Dot Procedure: Planned suture 
entry sites marked with pen. Erection attained 
throughout operation with papaverine. ( a ) 16-Dot repair 
of ventral curvature. Peridorsal vein sutures without 
dissection of neurovascular bundles. ( b ) 16-Dot repair 

of dorsal curvature with periurethral sutures of 2-0 
Ticron (All used with permission from Gholami S, Lue 
T. Correction of Penile Curvature Using the 16-DOT 
Plication Technique: A review of 132 Patients. Journal 
of Urology 2002;167:2066–2069)       
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corporoplasty. They found 88.4 % of 117 patients 
reported excellent satisfaction. In this large 
review all patients reported perceived penile 
shortening but only three reported this as a cause 
of sexual dysfunction [ 30 ]. Other complications 
of plication technique include pain from the 
suture, pain with erection, decreased penile sen-
sation and hematoma. Non-absorbable sutures 
should be used and patient should be aware that 
he may feel a small bump where the suture is 
tied. Similar to the Nesbit procedure this tech-
nique is reserved for a select group of patients. 
This procedure is reserved for the less complex 
curvatures and patients with adequate penile 
length. One advantage of this procedure is the 
ability to perform under local anesthesia. It has 
limited morbidity and can be completed quickly, 
it does not preclude from doing more extensive 
surgery in the future if there is a return of 
curvature.

      Summary Points 
 –     Plication techniques are typically reserved for 

those men with mild–moderate curvature and 
adequate penile length. The authors have had 
excellent results using the 16 dot technique for 
curvatures as much as 90°. Placement of a 
small, 2–3 mm incision in the tunica at suture 
entry points is a simple modifi cation that 
allows burial of the knot to minimize uncom-
fortable sensation of the knot by the patient.  

 –   Postoperative complications may include: 
penile shortening, impotence, loss of penile 
sensation, and palpable knots at suture site.  

 –   Procedure can be performed under local anes-
thesia with a short operative time.        

    Incision/Excision Techniques 

    Plaque incision/excision techniques      are reserved 
for more complex deformities. Patients with 
hourglass deformity, large ventral/dorsal curva-
tures (>60°), those with large plaque deformities 
and those with inadequate length benefi t most 
from this surgical option. The procedure broken 
down to its simplest components are removal of 
the diseased tissue with replacement with a graft 

of surgeon’s choice (Fig.  23.3 ). Grafting material 
will be discussed later in this chapter. The inci-
sion technique involves making of multiple cor-
porotomy defects and replacing these scarred 
areas with more pliable tissue. These techniques 
are sometimes referred to as tunical lengthening 
procedure. They carry a higher rate of erectile 
dysfunction but serves as excellent strategies for 
straightening in the more complex patient. The 
more tissue excised leads to increased rates of 
postoperative erectile dysfunction as the venooc-
clusive mechanism is disrupted with excision 
techniques. The success rates seem to be variable 
among the different grafts used.

   Grafts fall under one of four categories, autol-
ogous, allografts, xenografts, or synthetic. 
Autologous grafts include temporalis fascia, 
tunica vaginalis, penile skin “islands” and vein 
grafts to name a few. Venous grafting has moved 
to the forefront of these options. ElSakka reported 
the use of deep dorsal vein grafts but this later 
was found to not provide enough donor tissue. 
For this reason saphenous vein grafting has 
become the predominant vein of choice. In one 
study of 112 patients with saphenous vein graft 
there was 92 % satisfaction rate this compares to 
58 % with rectus sheath and 88 % with dermal 
grafting [ 31 – 33 ]. Straightening rates were high in 
all these procedures with venous grafting having 
96 % rate of straightening. Oral mucosa has also 

  Fig. 23.3    Plaque excision and vein grafting (Used with 
permission from Tsafrakidis P, Blake C, Pearcy R, Persad 
R. Peyronie’s disease. Trends Urology, Gynecol. Sexual 
Health 2009; 14: 17–21)       
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been used with promising results. Buccal muco-
sal grafts, also used for urethroplasty, offer an 
elastic and reduced contracture rate. From this 
Saleem proposed the use of lingual mucosal 
grafts as they report similar effi cacy and lower 
graft site complications [ 34 ]. The risk of comor-
bidities associated with autologous grafting must 
be considered in any grafting procedure. 

  Allografts   and  xenografts   have moved for-
ward in their use in the surgical world. Some of 
the more common material used is small intesti-
nal mucosa, fascia lata, and pericardium. 
Whether from cadaveric or bovine donors the 
data are variable but both are viable options with 
further research needed in comparison studies. 
Synthetic grafts (Gortex and Dacron) have been 
limited by their perigraft fi brosis, substantial 
postoperative infl ammation around the grafted 
site with subsequent recapitulation of the plaque 
and possible further curvature [ 35 ]. It is impor-
tant to remember grafting techniques are 
reserved for the most complex of Peyronie’s dis-
ease patients. At 5 year follow up studies the sat-
isfaction scores decreased from 86 to 60 % due 
to ED (22.5 %) and penile shortening (35 %) [ 17 , 
 36 ]. Perceived penile shortening was reported in 
40 % of patients. However, there were no differ-
ences between the mean preoperative penile 
length and the 32 month postoperative measured 
penile lengths [ 37 ]. 

    Summary Points 
 –     Incision or excision is the surgical technique 

preferred for more complex deformities, inad-
equate penile length or large plaque deformi-
ties. The authors prefer to avoid plaque 
excision and the need for grafting whenever 
possible and have had excellent success with 
the plication procedures without excision/
grafting for curvatures as severe as 90°. 
Avoidance of plaque excision/grafting has the 
advantage of lower chances of long-term erec-
tile dysfunction and/or sensory defi cits due to 
nerve damage.  

 –   Patient satisfaction scores drop off at 5 years 
due to erectile dysfunction and penile 
shortening.  

 –   When grafts are indicated, processed/steril-
ized cadaveric pericardium (i.e., Tutoplast, 
Bard) may be used.        

    Penile Prosthesis 

   It is estimated that 20–30 % of patients with 
Peyronie’s disease also suffer from concomitant 
erectile dysfunction. The etiology of erectile dys-
function in this patient population may be direct 
results of veno-occlusive disease (83.9 %) or sec-
ondary to arterial blood fl ow anomalies (48.2 %) 
[ 38 ]. For men with PD who suffer from concomi-
tant ED,  penile prosthesis      surgery can achieve 
penile straightening through mechanical stretch-
ing of the fi brotic tunica albuginea lining the cor-
pora and simultaneously providing a rigid penis 
for satisfactory sexual intercourse. Penile remod-
eling has been well documented since the late 
1980s. Penile remodeling involves forcible coun-
ter fl exion in the opposite direction of the curva-
ture causing rupture of the fi brotic plaque. Wilson 
et al. describe their remodeling technique which 
involves cross clamping of the cylinders with 
maximal distention of the corporal cylinders. 
This effectively prevents pump damage from 
excessive back pressure. The modeling position 
is held for 90 s and then additional fl uid is added 
to the cylinders and repeated for another 90 s 
[ 39 ]. It is important to note that remodeling tech-
nique was not possible until the introduction of 
infl atable prosthesis devices that provided enough 
rigidity against deformity to act as a fulcrum for 
disrupting the plaque. Two modeling sessions are 
usually adequate and if a residual curvature of 
greater than 20° is noted, incision of the central 
portion of the plaque may be carried out down to 
the exposed cylinder with modeling repeated, a 
Nesbit or graft procedure performed [ 40 ]. 
Complications related to penile prosthesis inser-
tion with modeling may include urethral perfora-
tion (3 %), prosthesis infection (3 %), and failure 
of modeling (8 %). The two most commonly used 
penile prostheses used to treat Peyronie’s disease 
are  American Medical System 700™ CX   
(Marlborough, MA) and the  Coloplast Titan ®    
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(Minneapolis, MN). In a comparison study of 
both models Chung et al. found excellent patient 
satisfaction with both. Of the patients surveyed 
after procedure 79 % of patients scored 4/5 of 
overall satisfaction and 82 % would undergo the 
operation again and recommended infl atable 
penile prosthesis to others [ 41 ]. This treatment 
modality can also be combined with the above 
procedures to remedy the most complex 
Peyronie’s disease. In a retrospective review done 
by Chung et al. they found excellent results in 
patients that underwent infl atable penile 
 prosthesis surgery with synchronous penile plica-
tion. All 15 patients who responded to postsurgi-
cal surveys reported improvement in curvature 
and erections adequate for sexual intercourse. 
Although 11/15 reported penile shortening all 15 
reported improvement in their condition [ 42 ]. 
Infl atable penile prosthesis has been shown to 
have excellent results for patients with Peyronie’s 
and concomitant erectile dysfunction. It is an 
excellent treatment option and when combined 
with either grafting or Nesbit procedure can treat 
a wide variety of the Peyronie’s population. See 
Fig.  23.4a–c .

      Summary Points 
 –     Penile Prosthesis implantation is the optimal 

treatment modality in men with erectile dys-
function and Peyronie’s disease.  

 –   Penile straightening can be achieved in 
86–100 % of patients by employing penile 
prosthesis insertion with modeling, plaque 
incision, and PTFE graft. In the authors’ expe-
rience, the combination of modeling and 
implant placement has been effective in all 
cases and grafting has not been necessary.  

 –   The technique of modeling carries the risk of 
urethral perforation (3 %), prosthesis infection 
(3 %), and failure of modeling (8 %).  

 –   Either Coloplast Titan or American Medical 
System 700CX show equivalent patient satis-
faction rates as infl atable prosthesis for this 
patient population.         

    Postoperative Care 

 Penile rehab after surgery has been proposed to 
assist with the healing process and promote 
erectile function. Rehabilitation is not a new 

  Fig. 23.4    ( a – c ) Penile appearance ( a ) before plication, 
( b ) after plication, and ( c ) after infl atable penile prosthesis 
(IPP) insertion reveals complete correction of dorsal 
Peyronie’s curvature with plication and correction of erec-
tile dysfunction (ED) with implant (All used with permis-

sion from Chung P, Scott J, Morey A. High Patient 
Satisfaction of Infl atable Penile Prosthesis Insertion with 
Synchronous Penile Plication for Erectile Dysfunction 
and Peyronie’s Disease. Journal of Sexual Medicine 2014; 
11: 1593–598)       
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concept and has been used is post radical 
prostatectomy in patients to help with erectile 
 problems   some patients may see after that sur-
gery. Rehab includes manual therapy as well as 
pharmacologic intervention. It has been sug-
gested that massage and stretching techniques 
to be performed 2 weeks after surgery. Carson 
and Levine have also a suggested 6-week course 
of bedtime phosphodiesterase inhibitor therapy 
is also recommended and should be initiated 
7–10 days after surgery [ 43 ]. It is also postu-
lated that  vacuum erection device can be used 
to prevent graft shrinkage, penile shortening, 
and recurvature.  

    Conclusion 

 Peyronie’s disease is one that affects a large pop-
ulation of men. The exact prevalence is unknown 
as it can be a diffi cult topic for men to discuss 
with their doctors. Early in the disease process 
medical and noninvasive treatments have been 
used with variable success rates. Even fewer 
patients have spontaneous resolution of their dis-
ease process. Most men with the disease will 
enter a stable phase where surgery becomes a 
possible curative measure. Throughout the years 
a variety of surgical procedures have been used to 
manage the variety of disease presentations. The 
armamentarium of the urologist must include 
techniques tailored to each patient. The various 
modifi cations of the original Nesbit procedure 
have proven excellent treatments for a select 
group of patients. This includes those with <60 % 
curvature, adequate penile length, no hourglass 
deformity and good preoperative erectile func-
tion. Grafting procedures are reserved for the 
most complex curvatures, and the high rate of 
post-op erectile dysfunction must be discussed. 
There is a multitude of grafts available with vari-
able results. The use of lingual grafts and xeno-
grafts are promising. Synthetic grafts seem to 
cause the most complications and their use should 
be only in rare cases. Penile implants are unique 
in that they can be used to cure patients that suf-
fer from Peyronie’s and erectile dysfunction. The 

procedures discussed above can be combined to 
cure the vast population of Peyronie’s disease 
patients. Each technique when applied to the cor-
rect patient offers excellent results.     
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          Introduction 

 Priapism is an uncommon pathologic condition 
of the penis resulting in prolonged penile erec-
tion in the absence of sexual arousal and desire. 
The etymology of the term comes from the Greek 
origin of Priapus, the god of fertility [ 1 ]. The 
 clinical signs and symptoms   of priapism are a 
persistent erection lasting many hours, and may 
be accompanied by pain, swelling, and skin 
changes depending on the etiology. There are 
three major subtypes of priapism: ischemic, 
recurrent ischemic, and nonischemic. The com-
mon presentation of a persistent erection belies a 
fundamental difference in the pathogenesis, man-
agement, and urgency of these subtypes. 

 While nonischemic priapism may present as a 
painless, persistent erection—it is not considered 
a medical emergency as oxygenated blood 

continues to fl ow to the penis [ 2 ]. Classically, its 
presentation is that of a recurrent condition asso-
ciated with a prior history of pelvic trauma or 
radiation. Patients are rarely in distress. Ischemic 
priapism in contrast is a medical emergency and 
is associated with tissue necrosis and fi brosis. 
These complications are exacerbated the longer 
the condition is left untreated. Thus, timely diag-
nosis and management are critical to reduce the 
sequelae of cavernosal tissue ischemia. Patients 
typically present in moderate distress with local-
izing pain to the penis. They may report a history 
of recent pharmaceutical or recreational drug 
usage, and may delay seeking treatment out of 
embarrassment [ 3 ]. This chapter focuses on the 
diagnosis and management of priapism in the 
clinical setting with an emphasis on ischemic 
priapism.  

    Erection Physiology 

  To understand the  pathogenesis   of an abnormal 
and prolonged erection, we must fi rst review the 
current understanding of the normal erection 
pathway. At baseline, a complex balance between 
fl accidity and erection is maintained through 
opposing inputs of vasorelaxation and vasocon-
striction from the parasympathetic and sympa-
thetic system [ 4 ]. When the penis is fl accid, the 
vascular and smooth muscle tone is maintained 
through various vasoconstrictive factors including, 
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but not limited to, Rho kinase and phosphodies-
terase type 5 (PDE5) [ 5 ]. This tonic contractile 
state may be inhibited with genital stimulation, 
psychosexual excitement, or rapid eye move-
ment sleep [ 6 ]. When penile erection is induced, 
there is smooth muscle relaxation of the caver-
nosal arteries through a nitric oxide- dependent 
pathway, allowing for increased arterial blood 
fl ow leading to cavernosal tissue engorgement. 
This engorgement subsequently compresses 
venous outfl ow sustaining the erectile response 
[ 7 ]. The nature of the nitric oxide (NO) signal-
ing pathway involved in erection physiology has 
been an area of intense study over the past several 
decades. It has been revealed that erection stimu-
lation involves vascular and neurogenic pathways 
regulated by endothelial and neuronal isoforms 
of the NO synthase enzyme, the primary media-
tor of NO synthesis. These enzymes catalyze the 
conversion of  L -arginine to NO, which diffuses 
locally and stimulates cGMP- dependent vaso-
dilation [ 8 ]. Termination of the response occurs 
with hydrolysis of cGMP by PDE5, returning the 
penis to the fl accid state [ 9 ].   

    Classifi cation of Priapism 

 Classifi cation of priapism provides a framework 
for evaluation, management, and study of these dis-
orders. There are three main subtypes of priapism: 
ischemic, recurrent ischemic, and nonischemic. 

    Ischemic Priapism 

 Ischemic priapism, also known as low fl ow or 
veno-occlusive  priapism  , is the most common 
presentation of priapism with 95 % of presenta-
tions being ischemic in nature [ 10 ,  11 ]. It is 
 characterized      by absent or low cavernous blood 
fl ow, tenderness to palpation, and rigidity. This 
refl ects a compartment-like syndrome with 
compression of the venous sinusoids preventing 
drainage [ 2 ,  12 ]. A variety of  etiologies      have 
been described, including neurologic condi-
tions, pharmacologic exposures, trauma, spider 
bites, hematologic disorders, and idiopathic pre-
sentations. A more extensive list of etiologies is 
provided in Table  24.1 .

   Table 24.1     Causes      of priapism   

 Etiology  Examples 

 Hematologic disorders  Sickle cell disease, thalassemia, glucose-6- phosphate dehydrogenase 

 Medications  Vasoactive erectile agents (papaverine, phentolamine, prostaglandin E1, combination 
therapy), alpha-adrenergic receptor antagonists (prazosin, terazosin, tamsulosin) 
antianxiety agents (hydroxyzine), anticoagulants (heparin, warfarin), antidepressants 
and antipsychotics (trazodone, bupropion, fl uoxetine, sertraline, lithium, clozapine, 
risperidone, olanzapine, chlorpromazine, thioridazine, phenothiazines, 
antihypertensives (hydralazine, guanethidine, propranolol) 

 Recreational drugs  Alcohol, cocaine, marijuana 

 Hormones  Gonadotropin-releasing hormone, testosterone 

 Infectious/venom  Scorpion sting, spider bite, rabies, malaria 

 Metabolic  Amyloidosis, Fabry disease, gout 

 Neoplastic (regional 
infi ltration or metastatic) 

 Kidney, bladder, prostate, urethra, penis, testis, colorectal, lung 

 Neurogenic  Syphilis, spinal cord injury, cauda equina syndrome, autonomic neuropathy, lumbar 
disc herniation, spinal stenosis, stroke, brain tumor, spinal anesthesia 

 Anxiety disorders  General anxiety disorder, obsessive-compulsive disorder, post-traumatic stress 
disorder, panic disorder 

 Anesthesia  General or regional 

 Trauma (nonischemic)  Straddle injury, coital injury, pelvic trauma, intracavernous injection needle injury 

 Iatrogenic (nonischemic)  Penile revascularization surgery, intracavernous needle injury, shunt surgery 
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      Hematologic disorders      associated with isch-
emic priapism include sickle cell disease, glucose- 
6-phosphate defi ciency, hereditary spherocytosis, 
and hematologic malignancies [ 13 ].  Sickle cell 
disease (SCD)   deserves particular mention as it is 
a risk factor for major ischemic priapism and 
recurrent ischemic priapism, and is a major cause 
for emergency room visits [ 10 ]. A certain subset 
of SCD patients is at increased risk of priapism 
episodes due to polymorphisms in genes that reg-
ulate vascular tone, endothelial NO metabolism, 
coagulation, and cell hydration [ 14 ].   

 The longer an episode of ischemic priapism is 
left untreated, the greater the potential for long- 
term injury. Thus ischemic priapism is a medical 
emergency that requires urgent evaluation. 
Histopathologic studies demonstrate that irre-
versible corporal damage starts occurring around 
4–6 h [ 15 ,  16 ]. At 24 h, the  prolonged      ischemia 
results in tissue necrosis, fi broblast proliferation, 
and fi brosis [ 12 ]. These changes ultimately can 
lead to erectile dysfunction, with signifi cant 
social and psychological consequences [ 17 ].  

    Recurrent Ischemic Priapism 

 Recurrent ischemic priapism (RIP), also called 
 stuttering priapism  , is a form of ischemic pria-
pism characterized by repeated episodes of isch-
emic priapism with intervening periods of 
detumescence [ 2 ]. This condition also has a vari-
ety of  etiologies      including neurologic disorders, 
sickle cell disease, and systemic illnesses predis-
posing patients to recurrent bouts of ischemic 
priapism. The  natural history of RIP      is heteroge-
neous with most episodes lasting less than 3 h 
and occurring during sleep, yet some may have 
major episodes occur on a regular basis [ 18 ,  19 ]. 
Indeed, approximately 30 % of patients experi-
encing RIP eventually progress to major priapism 
episodes [ 20 ]. Typically, these patients seek treat-
ments to prevent future episodes.  

    Nonischemic Priapism 

 Nonischemic priapism, also known as high-fl ow 
or  arterial  , is a persistent erection in which unreg-
ulated cavernosal arterial infl ow results in a 

persistent erection in the absence of sexual 
stimulation. It occurs in less than 5 % of priapism 
presentations [ 1 ,  2 ,  21 ]. This condition is usually 
not painful and the penis is not fully rigid. Its  eti-
ology      is traditionally believed to be due to injury, 
trauma, or vascular malformations that result in 
alteration of the cavernous arterial blood supply. 
Fistula formation allows blood from the cavern-
ous artery or other source to enter the lacunar 
spaces rather than the helicine arteries resulting 
in unregulated penile engorgement [ 22 ]. Other 
etiologies have also been reported with hemato-
logic disorders and SCD where no clear history 
of or identifi able trauma or vascular malforma-
tion is noted [ 23 ]. The  natural history of      nonisch-
emic priapism is one of spontaneous resolution 
with complications being rarely reported [ 2 ].   

    Workup and Evaluation 

 The diagnostic evaluation of priapism should be 
carried out promptly and expeditiously so thera-
peutic maneuvers may be instituted immediately 
if warranted. Priapism should be handled as a 
urologic emergency until the diagnostic evalua-
tion is completed. The goal of the initial assess-
ment lies in distinguishing between ischemic and 
nonischemic variants. Workup and evaluation 
should include a focused history, physical exami-
nation, and laboratory testing. Imaging may also 
be useful in evaluating and prescribing treatment 
regimens. 

    History and Physical Exam 

  History and physical examination   will provide 
the majority of the diagnostic clues as to the eti-
ology of the priapism. Key components of the 
history include onset, duration, presence of pain, 
pharmacotherapy, history of previous priapism 
episodes, prior surgeries or traumas, comorbid 
conditions (sickle cell disease or hematologic 
disorders), prior treatments, baseline erectile 
function, and alleviating maneuvers attempted. 
Physical examination should include close 
inspection of the genitalia, perineum, and abdo-
men [ 2 ]. The phallus is palpated and examined to 
assess for rigidity and tumescence, skin changes, 
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and tenderness. In nonischemic priapism, the 
corpora are typically tumescent but may not be 
completely rigid. Ischemic priapism exam fi nd-
ings classically include rigidity and tenderness of 
the cavernosal bodies with sparing of the glans. 
The groin should be inspected as well for signs of 
prior trauma, surgeries. A general exam may 
uncover signs of hematologic malignancy or 
chronic disease.  

    Laboratory Testing 

   American Urological Association (AUA) guide-
lines   on priapism recommend blood gas analysis 
from corporal aspiration to confi rm the diagnosis 
of ischemic priapism. Corporal blood is obtained 
using a large gauge (16 or 18 G) needle inserted 
directly into the corpus cavernosum mid-shaft 
and aspirated. To prevent equilibration with room 
air, the blood gas is immediately sent for analy-
sis. This may be combined with therapeutic aspi-
ration and/or irrigation efforts. 

 Typical fi ndings on corporal blood gas analy-
sis in the setting of ischemic priapism reveal: aci-
dosis with a pH < 7.25, hypoxia with a 
pO 2  < 30 mmHg, and hypercarbia with a 
pCO 2  > 60 mmHg. In contrast, cavernous blood 
gases in men with nonischemic priapism are sim-
ilar to the blood gases of arterial blood (pH 7.40, 
pO 2  > 90, pCO 2  < 40) [ 2 ]. 

 Other serum  laboratory testing   may aid in 
determining the etiology of the priapism episode. 
A complete blood count can provide clues regard-
ing acute infections or hematologic abnormali-
ties, such as sickle cell, blood dyscrasias, or 
platelet abnormalities. Hemoglobin electropho-
resis and reticulocyte count can further identify 
sickle cell disease or trait and other hemoglobin-
opathies [ 24 ]. Drug toxin screens through urine 
or blood can be helpful as psychoactive drugs 
(either legal or illegal) may cause priapism.   

    Imaging 

  Blood gas testing and color  duplex   ultrasonogra-
phy are the most reliable methods of distinguish-
ing ischemic and nonischemic priapism [ 12 ]. 

Penile imaging using color duplex ultrasonography 
can be valuable in diagnosing ischemic priapism 
in the emergent setting [ 25 ]. Color duplex ultra-
sonography presents a noninvasive alternative to 
cavernosal aspiration and may be utilized inde-
pendently or to supplement the corporal blood-
gas analysis fi ndings when results are ambiguous 
[ 3 ]. Utilizing color duplex ultrasonography in the 
emergent setting does require that the operator is 
comfortable in the examination of the caverno-
sal arteries. Patients with ischemic priapism will 
have decreased or absent cavernosal arterial fl ow 
while nonischemic patients will demonstrate 
normal to high arterial fl ow velocities. Frog-leg 
or lithotomy positioning during ultrasonography 
allows for examination of the entire penile shaft 
in addition to the perineum. Such positioning 
allows for identifi cation of anatomical malforma-
tions such as fi stulae, straddle or scrotal injuries. 
Repeat ultrasonography can be useful to assess 
therapeutic response after interventions as over-
lying edema can sometimes make physical exam-
ination unreliable. 

  Penile arteriography   can be helpful in select 
cases to identify the presence and localize an 
arteriolar-sinusoidal fi stula in nonischemic pria-
pism. This information can facilitate emboliza-
tion, but is rarely used in an emergent setting. 
Color duplex ultrasonography has largely sup-
planted penile arteriography except in the setting 
of embolization [ 2 ].    

    Management 

    Ischemic Priapism 

    Ischemic priapism      of longer than 4 h duration 
requires prompt medical attention and if 
untreated, has an increasing potential for injury 
over time. Diagnostic evaluation should be per-
formed as expeditiously as possible and once 
the diagnosis of ischemic priapism is estab-
lished, stepwise (least to more invasive) thera-
peutic maneuvers should be implemented. An 
outline of the management algorithm is demon-
strated in Fig.  24.1 . The objective of manage-
ment is to correct the compartment syndrome, 
reestablish blood fl ow and relieve pain. Prior to 
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seeking medical attention, patients often report 
using maneuvers such as exercise (“steal syn-
drome”), warm or cold compresses, oral hydra-
tion, and ejaculation with widely varying levels 
of success [ 26 ]. Although there is no evidence-
based recommendation regarding these meth-
ods, they can be used early on if historically 
successful and patients do not delay seeking 
timely medical attention.

   During the acute episode, regardless of under-
lying disorder, the compartment syndrome must 
be addressed as expeditiously as possible with 
direct intracavernous treatment. Appropriate sys-
temic treatment based on the etiology may be 
used concurrently, but should not be used solely 
to the exclusion of therapies directed at the 
penis [ 2 ]. Initial intervention should use thera-
peutic aspiration (with or without irrigation) and/
or intracavernous injection of sympathomimet-
ics. The aspirate may be sent for blood gas analy-
sis. This can be combined with irrigation through 
the use of a three-way stopcock, allowing 
mechanical disruption of the consolidated clot. 
This approach aims to limit the ischemia from the 
compartment syndrome through decompression 
and restoration of blood fl ow to the corpora. 

 To increase the effi cacy of resolution, injec-
tion of phenylephrine, a potent vasoactive 
selective alpha-1-adrenergic agonist (dosed 
100–200 μg every 5 min until detumescence, 

with 1000 μg/h maximally) may be performed 
in combination with aspiration and irrigation 
[ 27 ,  28 ]. Resolution following sympathomimetic 
injection with aspiration has resolution rates of 
43–81 %, compared to aspiration with or with-
out irrigation alone (24–36 %) [ 2 ]. This process 
may be repeated several times prior to mov-
ing on to more invasive surgical interventions. 
Though several sympathomimetics have been 
used historically, phenylephrine is preferred due 
to its highly selective alpha-1-adrenergic activ-
ity with limited beta-adrenergic activity [ 8 ,  16 , 
 29 ,  30 ]. Though risk of systemic side effects is 
minimal with intracavernous injection of phen-
ylephrine, patients are routinely monitored with 
repeat blood pressure measurements and cardiac 
monitoring. Patients with a cardiac history or 
major cardiac risk factors may be more at risk for 
systemic side effects. Success and resolution is 
achieved when there is penile detumescence, pain 
is improved, and aspirate appears more consis-
tent with freshly oxygenated blood. Adjunctive 
studies including penile ultrasound may be used 
for equivocal cases. The patient may need to be 
monitored and reexamined periodically for pos-
sible recurrent priapism or side effects from the 
treatment. Systemic therapies, if started, should 
be continued until the underlying etiology has 
been fully addressed. If the aspiration/irrigation 
maneuvers with or without sympathomimetics 

  Fig. 24.1    Management algorithm for priapism       
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fail, surgical options should be considered next. 
Though there is no clear consensus on when 
second- line options should be implemented and 
fi rst-line treatments discontinued, clinical judg-
ment should be employed to determine when 
fi rst-line options are proving ineffective. Some 
advocate pursuing fi rst-line options for at least 
1 h before progressing to second-line therapies. 
Exceptions to this rule include continuous pria-
pism episodes lasting greater than 72 h. Almost 
all studies indicate that prolonged ischemic dam-
age of 72 h duration invariably results in erectile 
dysfunction, and fi rst-line interventions have lim-
ited effi cacy in this setting [ 1 ,  21 ,  31 ].    

    Recurrent Ischemic Priapism 

   Recurrent episodes of ischemic  priapism      can be 
due to a systemic disorder that predisposes the 
patient to recurrent episodes of prolonged penile 
ischemia, and a comprehensive evaluation 
should be conducted. Diagnosing the underlying 
etiology and instituting appropriate therapeutic 
interventions are key to preventing future epi-
sodes. In the acute setting of a major priapism 
episode, the primary management is similar to 
that of ischemic priapism management. If the 
etiology is known to be associated with a sys-
temic illness, such as sickle cell disease, concur-
rent systemic therapies such as oxygen and 
exchange transfusions may be administered con-
currently in the acute setting, but should not 
delay penile targeted therapies. 

 Preventative therapies are the main difference 
in the management of RIP. Insights into the 
pathophysiology of RIP in sickle cell disease 
suggest aberrations in NO signaling with down-
regulation PDE5 as a primary mechanism under-
lying priapism. Low-dose PDE5 inhibitors (e.g., 
sildenafi l 50 mg) taken daily and unassociated 
with sexual stimulation have demonstrated some 
benefi t in reducing RIP episodes. The rationale 
for this approach is the restoration of NO balance 
with improved PDE5 function. Androgen inhibi-
tion is another approach used to prevent RIP epi-
sodes. Antiandrogens such as ketoconazole or 
trophic agents such as leuprolide acetate have 

been used in this context. They are contraindicated 
in younger patients though who have not achieved 
full sexual maturation and patients worried about 
their fertility. The evidence to support hormonal 
modulation is limited to small studies or case 
reports. Furthermore, these medications can have 
negative systemic side effects associated with 
androgen inhibition including gynecomastia, 
bone loss, and decreased libido. Self-injection is 
another option for RIP patients, whereby they 
self-inject phenylephrine after 1–2 h to terminate 
the erectile response before it becomes a major 
priapism episode.    

    Surgical Management of Ischemic 
Priapism 

    Surgical management      of ischemic priapism has 
the same goals and objectives as the fi rst-line 
therapies, notably to correct the compartment 
syndrome, reestablish blood fl ow, and relieve 
pain. Additionally, surgical management also 
offers additional options for patients where dam-
age to cavernosa due to prolonged ischemia is too 
extensive and will result in permanent erectile 
dysfunction, such as early implantation of a 
penile prosthesis. These authors advocate a step-
wise approach, with increasing invasiveness uti-
lized, as sometimes the patient-reported history 
may be inaccurate. 

 Surgical management should be considered 
after fi rst-line therapies fail, or if the clinical his-
tory and review of prior therapies suggest that 
surgical management should be offered initially. 
The  International Society of Sexual Medicine 
(ISSM)   recommends that penile shunting proce-
dures be considered for priapism episodes lasting 
>72 h. Observation with supportive pain medica-
tion after failure of penile targeted therapy is an 
alternative to more invasive surgical therapies, 
but does not address the goals of relieving the 
compartment syndrome and reestablishing blood 
fl ow. Such an approach essentially allows the 
ischemia to run its course, which may take sev-
eral days, and permanently damage the erectile 
mechanism, though some may argue that the 
damage has already been done at this time point. 
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There is generally some collateral blood fl ow to 
the superfi cial and bulbar arteries which makes 
necrosis of the entire penis uncommon. In gen-
eral, the authors feel that surgical shunting 
maneuvers offer a good balance of benefi ts ver-
sus risk to make it worth attempting initially and 
allow more rapid resolution of the pain, if not 
sequelae from the compartment syndrome. All 
interventions should be accompanied by a well- 
documented discussion of the indications, risks, 
and benefi ts of the procedure and the high risk of 
permanent erectile dysfunction due to the natural 
history of this condition which increases with the 
duration of the priapism episode, irrespective of 
intervention. This discussion carries increased 
importance due to disproportionate amount of 
litigation in this area [ 1 ]. 

  Shunting procedures   treat ischemic priapism 
by establishing a communication between the 
sinusoids of the corpora cavernosal and the glans, 
corpus spongiosum or vein for drainage of blood 
[ 32 ]. The choice of shunting procedure is mainly 
dependent on the experience and familiarity of 
the provider with the technique. The distal shunts, 
corpora-glanular, are generally preferred because 
of the lower degree of technical diffi culty and the 
low risk of complications [ 33 ]. 

 Examples of distal shunts include: the Winter 
[ 34 ], the Ebbehoj [ 35 ], Al-Ghorab, the Burnett 
[ 33 ,  36 ], and the Lue T-shunt techniques [ 37 ]. 
These variants include percutaneous and open 
approaches. All serve to establish a window in 
the tunica of the corpora and create a controlled 
communication between the corpora and the 
spongiosum of the glans, allowing for an alterna-
tive path for egress of blood. The Burnett and Lue 
shunts also include cannulation, which involves 
the insertion of a dilator down the length of the 
corpora, which mechanically disrupts some of 
the consolidated clot, and allows for more effi -
cient egress of blood. Distal shunts overall have 
high effi cacy rates [ 12 ]. Although there are no 
head-to-head randomized trials comparing the 
various techniques, it is believed that the, 
Al-Ghorab, Burnett, and Lue may be more effec-
tive due to the larger window established between 
corpora and spongiosum, allowing for more effi -
cient egress of blood [ 32 ]. 

 Proximal shunts differ from distal shunts in 
that a window in the corpus cavernosum is made 
at the level of the crura and drainage is to the cor-
pus spongiosum or a vein. The approach is usually 
transscrotal or transperineal. Examples include 
the Quackels (corporospongiosal) or Grayhack 
(corporosaphenous) shunt [ 38 ]. Though all 
shunting procedures carry risks of erectile dys-
function (ED), infection, fi stula formation, stric-
ture disease, urethral injury or cavernositis, the 
risk of complications is generally felt to be higher 
with proximal shunts [ 2 ]. Additionally, reported 
resolution rates have been lower though a large 
part of this is felt to be due to patient selection 
and time to treatment, as proximal shunts were 
typically reserved for cases in which distal shunts 
have failed. 

 Early  penile prosthesis   implantation is another 
surgical option selected based on the likelihood 
of permanent ED [ 39 ]. This assessment is based 
primarily on history and duration of the priapism 
episode as ischemic priapism episodes lasting 
continuously for >36 h almost universally result 
in permanent ED. Interventions that achieve par-
tial restoration of blood fl ow but ultimately fail 
may alter the time frame, and thus, the ISSM rec-
ommends using 72 h from the initial event as a 
cutoff for strongly considering early penile pros-
thesis implantation. The advantages of such an 
approach are reduced fi brosis and maintenance of 
penile length. Prior shunting attempts are not a 
contraindication to early or delayed penile pros-
thesis implantation.    

    Nonischemic Priapism 

    Nonischemic priapism      is not considered a uro-
logic emergency, though the diagnostic evalua-
tion should be carried out expeditiously to 
confi rm this diagnosis. Given the different 
pathogenesis of this disease, with oxygenated 
arterial blood fl owing to the corpora cavernosa 
in a high-fl ow fashion, the therapeutic maneu-
vers are also different. The spontaneous resolu-
tion rate of nonischemic priapism is as high as 
62 %, and thus, patients can be observed in many 
cases and managed as outpatients [ 2 ]. Corporal 
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aspiration plays a primarily diagnostic role, and 
therapeutic aspiration/irrigation with sympatho-
mimetics is not recommended by the AUA. Penile 
duplex of cavernosal arteries can also confi rm 
this diagnosis. Given the high resolution rate, 
and non-emergent nature of this condition, ini-
tial management by observation is certainly rea-
sonable and many urologists advocate this 
approach. Selective arterial embolization can be 
discussed and the risks and benefi ts weighed. 
Selective arterial embolization involves identifi -
cation of the arterial fi stulous formation and then 
the use of non-permanent or permanent materi-
als to embolize and occlude the fi stula. The AUA 
feels that absorbable, non-permanent materials 
are preferable to permanent materials as resolu-
tion rates are similar (74 % vs. 78 %), but carries 
a much lower erectile dysfunction rate (5 % vs. 
39 %). Examples of absorbable materials include 
autologous clots and gelatin sponges. Surgical 
management consists of penile exploration and 
direct surgical ligation of the fi stulae. It is felt to 
be an option of last resort as results appear infe-
rior to that of embolization with effi cacy rates of 
63 % and ED rates of 50 % and higher risk of 
complications. Furthermore, the AUA recom-
mends that surgery should be performed with the 
use of color duplex ultrasonography.     

    Conclusion 

 Most presentations of priapism will be that of 
ischemic priapism, and thus this condition should 
be treated as a medical emergency until a diag-
nostic evaluation has been carried out. Initial 
evaluation should focus on distinguishing 
between nonischemic and ischemic priapism. 
Once a diagnosis has been established a stepwise 
therapeutic plan should be implemented to relieve 
the compartment syndrome, reestablish blood 
fl ow and relieve pain. Increasingly invasive 
maneuvers may need to be employed and peri-
odic reassessment should be instituted. Further 
work understanding the pathophysiology of this 
condition may allow better preventive options 
available to the practitioner.     
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          Introduction 

 The normal  male sexual cycle   consists of four 
stages: desire, arousal, orgasm, and resolution. 
As Masters and Johnson originally reported, each 
of these stages is associated with distinct physi-
ological changes in the male [ 1 ]. Ejaculation, 
which normally occurs during the  orgasm    phase  , 
is a highly complex, integrated process essential 
for the normal delivery of semen into the female 
reproductive tract during intercourse. Ejaculation 
disorders can lead to impaired reproductive 
potential in men and may necessitate the use of a 
variety of advanced diagnostic and therapeutic 
maneuvers. The  impact of   ejaculatory dysfunc-
tion is not confi ned to detrimental effects on men 
trying to achieve a pregnancy, as a recent study 
by Rosen et al. showed [ 2 ]. In a  survey   of 12,815 
US and European men aged 50 years or older, the 
authors found that ejaculatory disorders are 

common, affecting 30.1 % of men between 50 
and 59 years of age. A majority (50.2 %) of these 
affected men reported bother due to their ejacula-
tory problems. The authors noted that despite the 
pervasive focus among many clinicians on erec-
tile dysfunction when assessing a patient’s sex-
ual health, ejaculatory problems are almost as 
common and should also be considered. For 
these reasons, physicians should be capable of 
identifying and treating the broad spectrum of 
ejaculatory disorders; this is essential in order 
to effectively care for the large numbers of 
affected men.  

    The Physiology of Ejaculation 

 Ejaculation  in human men   occurs simultaneously 
with orgasm. The concurrent timing of ejacula-
tion with the rewarding sensory experience of 
orgasm, from an evolutionary perspective, serves 
to facilitate sexual behavior and human repro-
duction [ 3 ]. Despite the close temporal link 
between orgasm and ejaculation, these are two 
distinct and unique physiologic events.  Orgasm   
is largely a central nervous system process that 
can be generated by cerebral stimulation without 
any accompanying genital input [ 4 ]. Thus, it is 
possible for men to experience orgasm in the 
absence of ejaculation. Clinically, this is illus-
trated in men who have undergone radical retro-
pubic prostatectomy, with surgical extraction of 
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their ampullary vas deferens, seminal vesicles, 
and prostate gland. Despite the absence of these 
accessory sex glands that play a central role in 
ejaculation, patients who have undergone radical 
prostatectomy are typically capable of achieving 
orgasm postoperatively [ 5 ]. 

 Ejaculation consists of two phases: emission 
and expulsion. Each phase is coordinated by ana-
tomical structures functioning together in a 
highly integrated fashion and is separately dis-
cussed below. 

     Emission Phase   

  The anatomical structures involved in emission 
include the epididymis, vas deferens, seminal 
vesicles, prostate gland, prostatic portion of the 
urethra, and bladder neck. These structures have 
both sympathetic and parasympathetic innerva-
tion with nerve fi bers that arise predominately 
from the pelvic plexus. These nerve fi bers are 
located in the retroperitoneum, traveling along-
side the rectum and also lying posterolateral to the 
seminal vesicles [ 6 ]. Pelvic plexus nerve fi bers 
come superiorly from the hypogastric and pelvic 
nerves, and inferiorly from the caudal paraverte-
bral sympathetic chain [ 7 ]. Emission is initiated 
when afferent stimulatory input, primarily arising 
from sensory fi bers within the glans penis, is inte-
grated at the level of the spinal cord [ 8 ]. 
Sympathetic nerves (T10-L2) mediate the release 
of several neurotransmitters, including norepi-
nephrine, causing epithelial cell secretion and 
smooth muscle cell contraction throughout the 
excurrent ductal system [ 9 ]. As a result, accessory 
gland secretions are admixed with spermatozoa 
and ejected into the posterior urethra.   

     Expulsion Phase   

  The anatomical structures involved in seminal 
expulsion include the bladder neck, urethra, and 
striated pelvic muscles. Expulsion is a spinal 
cord refl ex triggered once inevitability, or “the 
point of no return,” is reached during sexual 
activity. During expulsion, the bladder neck 

smooth muscle fi bers, under sympathetic fi ber 
stimulation, forcibly contact to prevent retro-
grade ejaculation. Next, the striated pelvic fl oor 
muscles, in particular the ischiocavernosus and 
bulbocavernosus muscles, contract in an inter-
mittent, rhythmic fashion, and the external ure-
thral sphincter relaxes. While these muscles are 
innervated solely by the somatic nervous system 
(S2–4), the expulsion phase of ejaculation does 
not appear to have any component of volitional 
control. In the setting of tight bladder neck con-
traction, the series of striated pelvic muscular 
contractions leads to antegrade propulsion of 
semen through the prostatic, bulbar, and penile 
urethra and out the urethral meatus. To date, the 
specifi c trigger for the expulsion phase has not 
been clearly elucidated. Early work in a rat 
model suggested that the presence of semen in 
the bulbous urethra is the predominant factor 
that triggers seminal expulsion [ 10 ]. Subsequent 
works describe the presence of a spinal ejacula-
tory generator that leads to the expulsion of 
seminal fl uid once a critical level of spinal acti-
vation has been achieved [ 11 ]. The spinal ejacu-
latory center is believed to integrate stimuli 
from peripheral and central sites, with efferent 
output through both parasympathetic and 
somatic pathways [ 12 ]. In 2002, Truitt and 
Coolen reported that neurons having a role in 
generating ejaculation are located within lamina 
X and the medial portion of lamina VII of lum-
bar segments 3 and 4. These neurons receive 
descending input from the nucleus paragiganto-
cellularis, the medial preoptic area, and the 
paraventricular nucleus of the hypothalamus, 
each providing supraspinal modulatory effects 
on the spinal ejaculatory generator [ 13 ]. While 
descending cortical input may infl uence ejacu-
lation, it is not essential for ejaculation to occur. 
Men with complete spinal cord transection 
superior to the tenth thoracic segmental level 
(superior to the location of the spinal ejacula-
tory generator) exemplify this point; in these 
men, the ejaculatory refl ex is typically still fea-
sible. Penile vibratory stimulation is routinely 
used in such patients to induce the ejaculatory 
response for reproductive purposes, in order to 
collect sperm for assisted reproductive tech-
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niques, such as intrauterine insemination or 
in vitro fertilization. The intact function of the 
spinal ejaculatory generator neurons is essential 
for normal ejaculatory function, as their abla-
tion leads to the complete loss of ejaculatory 
function [ 12 ].    

    Premature Ejaculation 

 Premature ejaculation (PE) is a highly prevalent 
condition; based on data from the National Health 
and Social Life Survey, this condition affects 
21 % of men between 18 and 59 years of age in 
the USA [ 14 ]. This disorder is classifi ed into two 
categories: primary PE, which is present from the 
time a male fi rst becomes sexually active and sec-
ondary PE, which is acquired later in life. 

     Etiology      

 The specifi c cause of PE is not known. A number 
of etiologies have been proposed, including a 
variety of psychological and organic causes. 
Dunn and colleagues performed a cross-sec-
tional population survey in 1999 and found that 
anxiety was strongly associated with the pres-
ence of PE. While the authors acknowledge that 
the direction of this and other associations from 
their study need to be clarifi ed, their results sug-
gest that psychological factors such as anxiety 
could possibly have a causative role in sexual 
problems such as PE [ 15 ]. In contrast to psycho-
sexual causes, organic causes have also been 
postulated to cause PE. Waldinger et al. pro-
posed that PE is a neurobiological disorder due 
to serotonergic hypoactivity. 

 Studies of male rats have shown that serotonin 
(5-hydroxytryptamine or 5-HT), and various 
serotonin receptors, play a role in the process of 
ejaculation [ 3 ]. Activation of 5-HT 1B  and 5-HT 2c  
receptors delays ejaculation, while activation of 
5-HT 1a  receptors facilitates ejaculation. Some 
authors have related decreased central seroto-
nergic activity (increased 5-HT 1a  sensitivity or 
decreased 5-HT 2c  sensitivity) to PE.  

     Diagnosis      

   One of the fi rst defi nitions for PE was offered by 
Masters and Johnson, who described it as the 
inability of the male partner to delay ejaculation 
long enough for the female partner to achieve 
orgasm 50 % of the time [ 16 ]. Since that time, the 
defi nition has evolved. The  Diagnostic and 
Statistical Manual of Mental Disorders (DSM)   is 
the American Psychiatric Association’s classifi -
cation and diagnostic document. While the 
DSM-5 was published in May 2013, the DSM- 
IV- revised version 4 (DSM-IV-TR) was the docu-
ment used as a reference in many of the seminal 
studies regarding PE. The DSM-IV-TR high-
lights the individual and interpersonal distress 
caused by male climax earlier than desired by the 
male. The key aspects of the DSM-IV-TR defi ni-
tion include:
    1.    Reduced control over ejaculation.   
   2.    A decrease in the patient’s and/or partner’s 

satisfaction with sexual intercourse.   
   3.    Distress or bother in the patient and/or partner 

regarding the PE.    
  This DSM-IV-TR defi nition has been widely 

utilized clinically, and the  Premature Ejaculation 
Diagnostic Tool (PEDT)   is a fi ve-item question-
naire developed specifi cally to apply the DSM- 
IV- TR criteria for PE. In 2006, Waldinger and 
Schweitzer reported on the limitations of the 
DSM-IV criteria for PE diagnosis, noting that it 
resulted in a low, positive predictive value [ 17 ]. 
Symonds et al. subsequently published an article 
arguing the opposite, stating the PEDT is a reli-
able and valid PE diagnostic tool [ 18 ]. 

  Many investigators favor the use of  intra-
vaginal ejaculation latency time (IELT)   to 
diagnose PE. IELT is defi ned as the time from 
vaginal intromission to the onset of ejaculation 
[ 19 ]. Advantages include that IELT is, at least 
in theory, a reproducible, objective measure. 
However, a 2005 article by Patrick et al. high-
lighted some of the limitations of IELT [ 20 ]. 
The authors assessed 207 men with PE and 
1380 men without PE. At the time of the fi rst 
study visit, subjects were asked to estimate their 
own IELT. After this visit, the patient and his 
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partner were provided with a stopwatch and 
journal in which to document each episode of 
sexual intercourse. The IELT was measured and 
recorded by the female partner. For men with 
PE, the median measured IELT was 1.8 min, 
while the mean estimated value was 2.0 min. 
For men without PE, the median measured IELT 
was 7.3 min, while the mean estimated IELT was 
9.0 min. This study highlights the fact that men 
with and without PE tend to overestimate their 
IELT, and it also sheds light on the time of ejacu-
lation in both normal men and men diagnosed 
with PE [ 20 ]. While no fi rm IELT defi ning PE 
has been determined, some authors consider an 
IELT < 2 min as characteristic of PE.  

 Normative IELT data have been provided by a 
recent multinational, community-based, age- 
ranging study using IELT assessed by stopwatch 
[ 21 ]. The authors found that IELT decreased with 
age and varied among countries. The distribution 
of IELT was positively skewed, with a median 
value of 5.4 min (0.55–44.1 min). Waldinger 
et al. suggested that men with an IELT < 1 min 
(0.5 percentile of subjects) have “defi nite” PE, 
while men with IELT’s 1–1.5 min (0.5–2.5 per-
centile of subjects) have “probable” PE [ 22 ]. 

 The Sexual Assessment Monitor is a new 
device developed by Dinsmore and colleagues to 
measure the time from the start of vibration to 
ejaculation. This device has been shown as safe 
and effective, and has been validated to collect 
IELT data in both healthy volunteers and men 
with PE [ 23 ]. 

  In 2003, the  Second International Consultation 
on Sexual Dysfunction (ICSD)   met to develop 
evidence-based guidelines for a variety of disor-
ders of sexual function. At this meeting, PE was 
defi ned based on three criteria:
    1.    Brief ejaculatory latency.   
   2.    Loss of control over ejaculation.   
   3.    Psychological distress to the patient and/or his 

partner [ 24 ].    
  The specifi c defi nition of PE generated at this 

meeting was, “ejaculation with minimal stimula-
tion and earlier than desired, before or soon after 
penetration, which causes bother and distress and 
over which the sufferer has little or no voluntary 
control [ 25 ].” While the ICSD noted that men 

with IELT < 2 min qualify as having PE, they 
stipulated that diagnostic criteria required all 
three components: decreased IELT, inability to 
delay/control ejaculation, and marked associated 
distress over their condition. The Fourth 
International Consultation on Sexual Medicine 
will be held in June, 2015 in Madrid, Spain and 
will be hosted by the International Society of 
Sexual Medicine.  

 In 2004, the American Urological  Association   
published “AUA Guideline on the Pharmacologic 
Management of Premature Ejaculation” [ 26 ]. 
This document was reviewed and the validity 
confi rmed by the AUA in 2010. The panel mem-
bers conducted a literature review and found a 
lack of standardization in PE studies, with a wide 
variety of PE defi nitions, study criteria, and phys-
iological measurements. The panel determined 
that a meta-analysis was thus inappropriate, par-
ticularly in consideration of the variety of PE out-
comes measures and populations studied. The 
panel’s recommendations were thus developed 
based on consensus combined with a review of 
the limited evidence available. 

 The guidelines’ fi rst recommendation states, 
“The diagnosis of PE is based on sexual history 
alone. A detailed sexual history should be 
obtained from all patients with ejaculatory com-
plaints.” The authors highlighted the importance 
of eliciting a number of clinical factors from the 
patient, including the frequency and duration of 
PE, the degree of stimulation resulting in PE, the 
impact of PE on sexual activity, factors that exac-
erbate or alleviate PE, and the frequency and 
nature of sexual activity. The guidelines stipulate 
that special laboratory or physiological testing is 
 not  indicated unless the history or physical exam 
reveals the presence of other complicating medi-
cal factors in need of additional investigation.    

    Treatment 

 Therapies for PE include psychological, behav-
ioral, and pharmacological approaches. In 
 general, men with lifelong PE likely have lower 
ejaculatory thresholds compared to unaffected 
men, and thus may benefi t most from medical 
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therapies [ 27 ,  28 ]. In contrast, men with a history 
of acquired PE are more likely to be better treated 
with cognitive or behavioral therapy [ 29 ]. Among 
the psychological approaches, psychotherapy has 
been reported as a primary therapy, but there is a 
lack of well-designed clinical trials assessing the 
effi cacy of this intervention. 

    Behavioral Techniques 
  Behavioral techniques      include the “stop and start 
technique” and the “squeeze technique.” With the 
“stop and start technique,” patients are instructed 
to manually stimulate themselves in a controlled 
fashion and involve their partner in the manual 
stimulation once controlled arousal has been 
achieved. The couple then proceeds on to inter-
course [ 16 ]. The “ squeeze technique  ” is very 
similar to the “stop and start technique,” except 
the penis is manually squeezed during the times 
when stimulation is stopped [ 30 ]. The obvious 
advantage of behavioral techniques is that they 
are nonpharmacologic and thus avoid possible 
side effects associated with medical therapies. 
While some authors report success with behav-
ioral approaches, these treatment modalities are 
overall poorly studied and lack long-term effi -
cacy [ 31 ].  

    Pharmacological Therapies 
   A number of  pharmacological therapies      have 
been utilized to lengthen IELT for men with 
PE. These therapies include both topical and oral 
agents, and dosing varies from on-demand to 
daily schedules. 

 The  ICSD      recognized three pharmacologic 
treatment options for PE:
    1.    Topical anesthetics (lidocaine or prilocaine).   
   2.    Daily treatment with serotonergic antidepres-

sants (paroxetine 20–40 mg, sertraline 
50–100 mg, fl uoxetine 20–40 mg, or clomip-
ramine 10–50 mg).   

   3.    On-demand treatment with antidepressants.    
  The ICSD Guidelines stated that none of the 

above drugs have been approved for the treat-
ment of PE by regulatory agencies, and the 
majority of studies to assess their effi cacy are 

limited by inadequate design (As discussed 
elsewhere in this book, dapexetine was subse-
quently approved for use in Europe.). 

   Topical Therapies 
  Topical therapies      address the issue of “penile 
hypersensitivity.” Local anesthetic medications 
are available in topical gel, cream, or spray forms. 
Busato et al. conducted a double-blind, random-
ized, placebo-controlled study assessing topical 
lidocaine–prilocaine; they reported a signifi cant 
increase in IELT from 1.49 to 8.45 min in the 
treatment group versus 1.67–1.95 min in the pla-
cebo group [ 32 ]. In this particular study, no sys-
temic side effects were reported. Possible side 
effects do include skin irritation or numbness and 
erectile dysfunction [ 33 ]. Additionally, transfer 
of these topical medications from the treated 
male to his partner is another possible bother-
some side effect potentially limiting the use of 
this mode of therapy. Hence, the ICSD noted that 
while topical therapy is moderately effective, 
penile hypoesthesia is a signifi cant adverse side 
effect in the male. In the female, transvaginal 
absorption with possible vaginal numbness and 
female anorgasmia may limit effi cacy for the 
couple if a condom is not used.  

   Oral Therapies 
 A number of oral therapies are used to treat 
PE. This includes the phosphodiesterase type 5 
(PDE-5) inhibitors, as well as the selective sero-
tonin reuptake inhibitor (SSRI) agents. Neither of 
these classes of drug was developed specifi cally 
for the treatment of PE, and the use of these med-
ications for patients with PE is thus done in an 
off-label fashion. However, the AUA Guideline 
on the Management of Ejaculatory Dysfunction 
recommends, “In patients with concomitant PE 
and ED, the ED should be treated fi rst.” The 
rationale for this approach is that PE sometimes 
improves concomitantly with improvement in the 
ED. The authors note that in this setting the 
intense stimulation needed to achieve and 
 maintain an erection, or the anxiety associated 
with ED, may cause secondary PE. 
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   PDE-5 Inhibitors 
 The use of  PDE-5 inhibitors      has been found to 
provide limited effi cacy for the treatment of PE 
in men without concurrent ED. Nitric oxide 
(NO), which is augmented by the use of PDE-5 
inhibitors, exerts both central and peripheral 
effects on emission. Hull et al. reported that sys-
temic administration of a nitric oxide synthase 
inhibitor ( N -nitro- L -arginine-methyl ester) led to 
a decrease in latency to the fi rst emission and 
increased the overall number of emissions [ 34 ]. 

 These same authors reported that NO causes a 
decrease in peripheral smooth muscle activity, 
likely mediated by a decrease in sympathetic ner-
vous system activity, thus leading to inhibited 
seminal emission. They concluded, based on 
their collective fi ndings, that NO may help pre-
vent PE. 

 The PDE-5 inhibitors have been evaluated 
clinically in numerous studies for the treatment 
of PE, both as monotherapy and also in combina-
tion with SSRI agents. In 2005, McMahon et al. 
reported the results of an 8-week, double-blind, 
placebo-controlled, parallel group study of silde-
nafi l citrate in men aged 18–65 years with PE 
[ 35 ]. The authors reported that while IELT was 
not signifi cantly improved, subjects on sildenafi l 
did report increased confi dence, increased the 
perception of ejaculatory control, increased over-
all sexual satisfaction, and decreased refractory 
time to achieve a second erection. The authors 
suggested that the lack of a signifi cant increase in 
IELT suggests a lack of direct central or periph-
eral effect of sildenafi l on ejaculation function. 
They also noted that the perceived improvement 
in ejaculatory control and confi dence may have 
been related to the improved erectile functioning 
and reduced performance anxiety. 

 McMahon et al. subsequently published a sys-
tematic review of the effi cacy of PDE-5 inhibi-
tors in the treatment of PE in 2005 [ 35 ]. They 
found that 13 of the 14 published studies did not 
fulfi ll evidence-based medicine criteria for ideal 
PE drug trial design (double-blind, placebo- 
controlled study, differentiation of lifelong and 
acquired PE subgroups, exclusion or categoriza-
tion as a separate subgroup men with concurrent 
ED or other sexual disorders, and consistent and 

objective physiological measurements or use of 
sensitive, validated outcome assessment instru-
ments as study endpoints). The one study that did 
fulfi ll these ideal design criteria reported that the 
treatment with sildenafi l failed to increase base-
line IELT in men with PE. The authors concluded 
that there is no convincing evidence to support 
any role for the use of PDE-5 inhibitors in men 
with lifelong PE and normal erectile function. 
They did, however, acknowledge that there is 
limited evidence for the role of PDE-5 inhibitors 
either alone or in combination with on-demand 
or daily SSRI agents for men with PE  and  con-
current ED. They proposed that the mechanisms 
of action in these men include: the ability to 
maintain an erection after ejaculation, reduction 
of the erectile refractory period with reliance on a 
second, subsequent erection which may be better 
controlled, reduction in performance anxiety 
with resultant better erections, and/or a decrease 
in erectile threshold to a diminished level of 
arousal, facilitating a relatively greater level of 
arousal to achieve ejaculation threshold.  

    Selective Serotonin Reuptake Inhibitor (SSRI)   
Agents 
   The  SSRI   class of medications has been used 
widely to treat PE. Serotonin is active in the 
nerve synapse, and low levels are known to cause 
depression. The tricyclic antidepressant (TCA) 
and SSRI agents were developed for the treat-
ment of depression. While the TCA agents pre-
vent the reuptake of both serotonin and 
norepinephrine, the SSRI agents are more spe-
cifi c and work by inhibiting the reuptake of sero-
tonin into the presynaptic nerve terminal. These 
agents thus prolong or promote serotonin’s 
effects. Therefore, it is not surprising that many 
patients who were administered SSRI agents, 
which were developed for the treatment of 
depression, complained of increased time to 
reach ejaculation on this therapy. 

 The  ICSD   reported that daily paroxetine 
provides the most robust delay in ejaculation, 
and delay with daily use of any of these agents 
is noted by the second week of therapy. 
Regarding effi cacy of on-demand therapy with 
antidepressants, the ICSD was unable to provide 
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conclusions due to the limited number of stud-
ies, insuffi cient number of patients, and inade-
quate study designs. 

 At the time of the publication of the AUA 
Guideline on the Pharmacological Management 
of PE document, as well as at this time, there is 
no pharmacological agent approved by the US 
Food and Drug Administration (FDA) for the 
treatment of PE. As is stated in the AUA 
Guideline, PE can be treated successfully with 
several different SSRI agents. The off-label use 
of the SSRI agents, fl uoxetine, paroxetine, sertra-
line, and the TCA agent clomipramine, were 
noted in the Guideline to have demonstrated 
enhanced benefi t over placebo in the treatment of 
PE. Other agents, such as nefazodone, citalo-
pram, and fl uvoxamine, were reported to be inef-
fective in treating PE. 

 The  AUA   panel charged with developing the 
Guideline could not conclude whether daily dos-
ing or on-demand dosing was superior. The 
authors also noted that medical therapy only pro-
vides symptomatic relief, and not cure of 
PE. Adverse events are a potential concern when 
using antidepressant pharmacological agents. 
While adverse event profi les have not been 
widely studied in the setting of PE therapy, those 
associated with the use of SSRIs and TCA agents 
in patients with depression include: dry mouth, 
drowsiness, nausea, and decreased libido. The 
most concerning adverse event is called “seroto-
nergic syndrome.” In mild cases, patients experi-
ence headache, dizziness, sweating, and nausea, 
while in severe cases patients may experience 
delirium, hyperthermia, and rigidity. Generally, 
the dosages of these medications used in treating 
men with PE are lower than dosages used to treat 
depression; nonetheless, these potential adverse 
events remain a concern and should be discussed 
with patients prior to initiating therapy. 

 Special mention should be made of dapoxetine 
hydrochloride, another SSRI agent. Dapoxetine 
hydrochloride, a short acting SSRI is being stud-
ied for the specifi c indication for PE. In 2006, 
Pryor et al. published an article in  Lancet  summa-
rizing the effi cacy of dapoxetine in two identically 
designed 12-week, randomized, double- blind, 

placebo-controlled Phase III clinical trials [ 36 ]. Both 
studies evaluated men with moderate to severe 
PE who received placebo, dapoxetine 30 mg, 
or dapoxetine 60 mg as needed 1–3 h prior to 
intercourse. Both dosages of  dapoxetine   resulted 
in prolonged IELT when compared to placebo 
( p  = 0.0001), and both dosages were associated 
with only mild side effects [ 36 ]. Safarinejad 
published the results of a double- blind, placebo-
controlled, fi xed-dose, randomized study of 
dapoxetine in the treatment of PE in 2007 [ 37 ]. 
He reported that daily dapoxetine has moderately 
better results in terms of IELT and intercourse sat-
isfaction when compared to placebo. Dapoxetine 
did not provide men with long-term benefi t after 
withdrawn. In November 2005, the FDA denied 
the application of dapoxetine in the treatment of 
PE [ 38 ]. However, in January 2012, the European 
Medicines Agency Committee for Medicinal 
Products for Human Use authorized the market-
ing of dapoxetine in the member states of the 
European Union. An article by Waldinger et al. in 
the  Journal of Sexual Medicine  questioned what 
the authors termed the “statistically signifi cant 
but clinically small ejaculation-delaying effects 
of dapoxetine” [ 38 ]. The authors also questioned 
several aspects of the methodology of the Phase 
III clinical trials, including the importance of 
patient reported outcomes of perceived control 
over ejaculation and satisfaction with sexual 
intercourse, over more objective measures such 
as IELT. 

 In summary, both the AUA and ICSD guide-
lines recommend specifi c antidepressants and 
topical anesthetics for the pharmacologic man-
agement of PE. Only the ICSD, however, high-
lights the benefi ts of psychological and behavioral 
interventions.        

     Miscellaneous Approaches      
 In closing, some investigators have reported 
efforts to block nerve receptors for penile tactile 
stimuli via selective dorsal penile nerve division 
and hyaluronic acid gel injection. Both of these 
approaches have been reported to prolong IELT, 
but clearly need further investigation given their 
very limited evaluation to date [ 39 ].    

25 Ejaculatory Disorders



342

    Delayed Ejaculation (Inhibited 
Ejaculation and Anejaculation) 

 Delayed ejaculation ( DE)   is a poorly understood 
disorder of ejaculation with complex etiologies 
and multiple treatment options. There is a paucity 
of randomized, placebo-controlled, blinded 
research on the topic with only consensus and 
expert opinions on treatment exist. This section 
of the chapter discusses etiology, diagnosis, and 
treatment associated with DE. 

     Terminology   

  DE can be defi ned as personal distress caused by 
the persistent or recurrent delay, diffi culty or 
absence of orgasm after suffi cient sexual stimula-
tion [ 40 ]. A similar defi nition also added the 
caveat that the DE cannot be attributed to general 
medical conditions, drugs, medications, or other 
axis I disorders [ 41 ]. There are fi ve axes of psy-
chiatric evaluations that identify different aspects 
of disorders and disability attributed to a diagno-
sis in DSM-IV-TR. Axis I—all psychological 
diagnosis; Axis II—personality disorders and 
mental retardation; Axis III—general medical 
conditions and physical disorders; Axis IV—psy-
chosocial and associated environmental factors; 
Axis V—a global assessment of function. DE 
thus, is a medical and/or psychological condition 
that is not associated with other types of psychi-
atric diagnosis (i.e., paraphilias, psychotic disor-
ders, etc.). 

 There are no commonly accepted standard 
times to defi ne delayed ejaculation. Median  intra-
vaginal ejaculation latency time (IELT)   is 5.4 min 
in normal subjects from around the world with a 
range of 4–10 min following intromission [ 20 ]. 
Men who report distress or cease sexual activity 
due to fatigue or irritation after two standard 
deviations of the mean IELT (21–23 min) would 
be considered pathologic [ 42 ]. 

 Primary DE is also known as congenital 
DE, global DE, or lifelong DE which occurs 
from the fi rst sexual experience through their 
lives.  Anejaculation   (absence of the ejaculation 
refl ex) and  aspermia   (lack of release of an ante-

grade ejaculate) often accompany primary DE. 
Secondary DE or, acquired DE is intermittent or 
situational being restricted to different forms of 
stimulation resulting in ejaculation, usually out-
side of partnered sex. An example of secondary 
DE would be the ability to have an ejaculation 
with masturbation or oral sex but not with coitus. 

 Retrograde ejaculation is the expulsion of 
semen backward into the bladder rather than for-
ward and out through the urethral meatus. 
Retrograde ejaculation can be caused by an, 
incompetent bladder neck, a history of prior blad-
der neck surgery such as TURP or medications 
such an alpha antagonists. In retrograde ejacula-
tion an orgasm commonly occurs and the intra-
vaginal orgasmic time is not disrupted. Antegrade 
ejaculation is the normal, forward propulsion of 
semen. Aspermia is defi ned as the absence of an 
antegrade ejaculate, which can cause fertility 
problems but is  not   necessarily accompanied by 
anorgasmia. Likewise, a decrease in ejaculate 
volume with satisfactory timing of ejaculation is 
not considered DE and may be refl ective of retro-
grade ejaculation.   

     Epidemiology   

 DE is a rare condition. The true incidence and 
prevalence of DE is likely underreported due to 
its varied etiologies and incomplete sexual histo-
ries obtained by practitioners as well as the dispa-
rate non-standardized terms used to describe the 
entity as demonstrated above. Primary anorgas-
mia was found in 15 per 10,000 in 1948 [ 43 ]. 
Delayed ejaculation occurred in 2–11 % in the 
general heterosexual population, and upward of 
20–39 % in homosexual and HIV-infected males 
[ 44 – 47 ]. A 2003 London study found an inci-
dence of 2.5 % of the male general population 
were unable to have an ejaculation ≥75 % of the 
time [ 48 ]. An American sexual dysfunction 
national health survey that included 1410 men 
found that 8 % felt they had been unable to have a 
climax or ejaculation for a 2 month period over 1 
year [ 14 ]. Men are living longer and are taking 
more medications that can potentially affect ejac-
ulation. The recalcitrant nature of DE likely 
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results in underreporting. This condition also 
suffers from a lack of understanding and a pau-
city of quality treatments.  

    Clinical Impact 

  The  impact   of DE on men can be quite detri-
mental. A cross-sectional study of 331 hetero-
sexual men aged 18–65 found that men with DE 
had additional medical and sexual problems 
(hypertension, diabetes, obesity, hyperlipid-
emia, tobacco use, mood disorders, alcohol 
abuse, etc.) [ 49 ]. Medical conditions predicted 
scores on both DE and low libido. In addition, 
performance anxiety was associated with DE. It 
was not clear whether DE resulted from stress 
in home/work life or vice versa, but we know 
that psychological stress has been shown to 
cause DE [ 14 ]. Sexual dissatisfaction, anxiety, 
depression, performance anxiety, relationship 
distress, shame, low self- image, intimacy 
avoidance, and relationship dissatisfaction all 
can be associated with DE [ 16 ,  50 – 54 ]. 
Relationship quality and level of intimacy are 
key factors in the sexual experience that can 
bring support, happiness, and satisfaction. DE 
impacts the patient and the partner necessitat-
ing cooperation of both in the treatment for 
mutually satisfying sexual experiences.   

    Etiology 

 DE is a complex medical condition with a multi-
tude of etiologies. Genetically predetermined 
ejaculatory thresholds in combination with psy-
chosocial, biologic, behavioral, and cultural 
infl uences contribute to DE [ 55 – 57 ]. Age, con-
genital, anatomic, neurogenic, infection/infl am-
mation, endocrine, pharmacologic, and 
psychological issues all play a causative role in 
DE development (Table  25.1 ).

      Age 
  Age   causes progressive atrophy of sexual organs, 
decreased testosterone production, and decreased 
intensity of orgasm [ 58 ]. Neurogenic pathologies 
that compromise the nervous system and signal 

transduction may be responsible for this aging 
effect. The fast conduction within the peripheral 
nervous system progressively deteriorates in the 
third decade of life [ 46 ]. Diffi culty achieving the 
sensory threshold needed for ejaculation stems 
from myelin collagen infi ltrates, dermal atrophy, 
and degeneration of Pacinian corpuscles which are 
sensory units within the dermis [ 59 ,  60 ]. As a 
result, IELT typically increases in older men [ 61 ]. 

 Older patients have more comorbid diseases 
that contribute to DE. Some commonly seen dis-
ease states include depression, peripheral vascular 
disease, diabetes, and psychiatric pathology. 
Lifestyle factors such as smoking, obesity, alcohol 
use, inactivity, and loneliness (such as loss of a 
partner) can be potent inhibitors of ejaculation and 
overall sexual function and satisfaction [ 62 ,  63 ].  

    Congenital 
  The three most common  congenital   abnormali-
ties that may affect ejaculation are Wolffi an duct 
abnormalities, Mullerian duct cysts, and prune 
belly syndrome. Mullerian duct cysts are caused 
by persistence of embryonic paramesonephric 
ducts that form a cystic structure within the pros-
tate that can cause obstruction and decreased 
ejaculate. 

 Genetic disorders can also cause an absence of 
structures like the vas deferens or seminal vesi-
cles in carriers of cystic fi brosis (CFTR) gene. 
Wolffi an duct abnormalities can lead to missing 
or abnormal components of the genital tract, 
including the bladder neck and ejaculatory ducts. 
Those born with imperforate anus who have 
undergone repair were found to have ejaculatory 
failure which often attributed to nerve damage 
from surgery [ 46 ]. In prune belly syndrome, ejac-
ulation and emission problems occur in part from 
prostatic hypotrophy and bladder neck disorders. 
Retrograde ejaculation and climacturia 
 (ejaculation with urine leak with orgasm) have 
been described [ 40 ].   

     Anatomic/Trauma   
 Surgical procedures are performed on many 
men to treat certain disease states in the pel-
vis that can affect the genital tract. Treatments 
such as transurethral resection of the prostate 
and transurethral incision of the bladder neck/
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prostrate can cause retrograde ejaculation and 
DE. A post- ejaculatory urinalysis is needed to 
distinguish between the two conditions. Radical 
prostatectomy for cancer results in removal of 
the prostate gland and seminal vesicles, and 
as a result no antegrade ejaculation will occur. 
Other deep pelvic surgeries such as cystecto-
mies and perineal resections can affect sexual 
functions through disruption of pelvic ganglia. 
Retroperitoneal lymph node dissection can 

result in problems in emission from disruption 
of the sympathetic chain.  

    Neurogenic 
   Neurogenic   causes of DE can be divided into 
medical disease states and trauma. Diabetes and 
multiple sclerosis are strongly associated with 
DE [ 50 ,  64 ,  65 ]. DE and problems with emission 
and ejaculation occur in up to 33 % of diabetic 
men [ 52 ]. A survey of male patients with multi-
ple sclerosis demonstrated up to 45 % being 
affected by DE [ 66 ]. 

 Ninety-fi ve percent of men with complete 
upper motor neuron lesions are not able to ejacu-
late [ 67 ]. The ability to ejaculate increases pro-
gressively with descending spinal injuries. 
Ejaculatory dysfunction can occur with damage 
to the sympathetic ganglia resulting from para- 
aortic lymphadenectomy. Sperm banking should 
be discussed with young men who will undergo 
this procedure as seminal emission can be com-
pletely disrupted rendering post ejaculatory urine 
processing impossible [ 40 ]. Prostate surgery, pel-
vic surgeries and even radiation to these areas can 
affect the nervous system responsible for ejacula-
tion as well as erections. 

 Men who have primary DE may also have a 
degree of hyposensitivity to the glans penis and 
overall decreased excitability perhaps secondary 
to decreased nerve density and/or deposition in 
sexual organs. Men with primary DE often have 
greater success ejaculating with masturbation 
than with partnered sex [ 68 ]. This is different 
than men with PE who typically have greater suc-
cess (increased IELT) with partnered sex [ 40 ].   

     Infective/Infl ammation   
 Orchitis, epididymitis, and severe prostatitis can 
all lead to DE when pain leads to subsequent fear 
of pain with ejaculation. Urethritis, epididymitis, 
tuberculosis of the genitourinary tract, and schis-
tosomiasis can all cause obstruction and cicatri-
zation or scarring of the ejaculatory ducts. This 
can present as hematospermia, which usually is 
benign. However, 8 % of men under 30 years old 
with hematopsermia were found to have other 
serious conditions present in an international 
study [ 69 ]. When investigating ejaculatory pain 
with transrectal ultrasound, calcifi cations from 

   Table 25.1    Etiologies of anorgasmia, anejaculation, and 
delayed ejaculation   

 Aging male 
psychogenic 

 Degeneration of penile 
afferent nerves inhibited 
ejaculation 

 Congenital  Genetic abnormalities 
 Mullerian duct cyst 
 Wolffi an duct abnormalities 
 Prune Belly syndrome 
 Imperforate anus 

 Anatomic causes  Bladder neck reconstructive 
surgery 
 Transurethral resection of 
prostate 
 Bladder neck incision 

 Neurogenic causes  Diabetic autonomic 
neuropathy 
 Multiple sclerosis 
 Spinal cord injury 
 Radical prostatectomy 
 Proctocolectomy 
 Bilateral sympathectomy 
 Abdominal aortic 
aneurysmectomy 
 Para-aortic 
lymphadenectomy 

 Infective/infl ammation  Urethritis 
 Orchitis 
 Prostatitis 
 Genitourinary tuberculosis 
 Schistosomiasis 

 Endocrine  Prolactin disorders 
 Hypogonadism 
 Hypothyroidism 
 Hyperthyroidism 

 Medication  See additional table 

 Psychological  Acute psychological 
distress 
 Relationship distress 
 Psychosexual skill defi cit 
 Disconnect between arousal 
and sexual situations 
 Masturbation style 

  Data from refs. [ 40 ,  46 ,  50 ,  52 ,  123 ]  
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tuberculosis or other etiologies including idio-
pathic causes can be identifi ed. Often prostatic, 
seminal vesicle, and ejaculatory duct stones can 
be cited as sources of pain and or evidence of 
possible infection. Treatment of the underlying 
cause can restore normative function. Please see 
the section on Painful Ejaculation later in this 
chapter for a more through explanation of diag-
nosis and treatment of this condition.  

    Endocrine 
 The hormonal milieu is important  for   normal 
ejaculation. Hypogonadism was comorbid with 
DE at a rate of 26 % in a group of over 2400 men 
with sexual dysfunction [ 70 ]. Androgen recep-
tors are present throughout the whole body 
including the areas of the brain associated with 
orgasm and arousal. Pelvic musculature may be 
dependent on testosterone mediated pathways 
[ 50 ]. Testosterone levels are related to ejacula-
tory disturbances where higher levels can be 
found in those with premature ejaculation and 
lower levels in delayed ejaculation [ 71 ]. Several 
studies have examined the role of testosterone 
levels in various ejaculatory disorders and have 
found that levels vary widely. This hormonal 
mismatch can be associated with DE resulting in 
decreased quality of life [ 72 ,  73 ]. However, a 
recent multicenter, randomized, double blind, 
placebo control trial revealed T normalization in 
hypogonadal men showed no signifi cant improve-
ment in ejaculation dysfunction including anejac-
ulation, delayed ejaculation, reduced ejaculate 
volume, or ejaculation satisfaction [ 74 ]. The 
authors state that androgen defi ciency is not the 
sole contributor to ejaculatory dysfunction. They 
also speculate that perhaps testosterone levels 
were not titrated high enough to see an overall 
benefi t in the trial. 

 DE might also be associated with thyroid hor-
mone levels. Thyroid hormones are believed to 
have a possible role in controlling contractions of 
the seminal vesicles and ejaculatory musculature. 
Hyperthyroidism is associated with premature 
ejaculation and hypothyroidism is associated 
with DE [ 75 ]. 

  Prolactin   may be a surrogate marker of seroto-
nergic activity, hence elevated prolactin levels 

limit not only be linked to low testosterone levels, 
but also to ejaculatory dysfunction [ 50 ,  76 ]. 
Prolactin and dopamine are inversely related. As 
dopamine rises (as what happens with climax and 
orgasm) prolactin is suppressed. After orgasm, 
prolactin spikes while dopamine is suppressed. 
Prolactin is thought to be partly responsible for 
the refractory period in men after orgasm [ 77 , 
 78 ]. Routine hormonal testing investigating per-
turbations of testosterone, prolactin and thyroid 
levels should be considered in patients with ejac-
ulatory dysfunction and corresponding disease 
symptomatology (See Appendices  25.1  and  25.2  
for suggested treatment algorithms.).  

    Pharmacology 
 DE can occur as a side effect of  pharmacological 
therapy  , thus it is imperative to routinely investi-
gate patient medications as a part of the workup 
for DE. A well known and common side effect of 
the selective serotonin receptor inhibitors (SSRIs) 
is a sevenfold increased risk of DE. Hence,  SSRIs   
are commonly used in an off-label fashion for the 
treatment for premature ejaculation as described 
earlier in the chapter [ 79 ,  80 ]. IELT is delayed 
with these drugs due to the serotonergic tone and 
receptor activation on the central nervous system 
[ 50 ]. There are also many other medications that 
can result in DE (Table  25.2 ).

   Anti-psychotic medications such as risperi-
done, olanzapine, clozapine, and quetiapine can 
all cause sexual dysfunction in the form of 
decreased libido, arousal, and anorgasmia. These 
medications can result in decreased dopaminergic 
tone in the hypothalamus and hyperprolactinemia 
from excess prolactin secretion [ 81 ].  Quetiapine   
is thought to have less prolactin stimulating effect. 
Amantadine, bromocriptine, and cabergoline are 
medications that help control for hyperprolactin 
states. Regulation of prolactin may help correct 
testosterone levels which may help restore normal 
sexual function and ejaculation.  

     Psychological   
  Dissatisfaction, performance anxiety, and rela-
tionship distress can be both causes and effects of 
DE [ 54 ,  56 ,  82 ]. Although some may enjoy lon-
ger coital practices, delay in ejaculation may not 
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only cause potential discomfort for the patient in 
terms of penile pain and abrasions; but also for 
the partner who may feel that the patient does not 
love them or fi nd them attractive. It is not uncom-
mon for men to “fake” orgasm to help their part-
ner feel accepted and secure when in fact, the 
male is actually experiencing DE. Distress 
increases when infertility results from lack of 
ejaculation within a relationship [ 56 ]. 

 Multiple proposed psychological underpin-
nings of DE include fear of pregnancy, fear of 
“defi ling” a partner through ejaculation, sup-
pressed anger, and unwillingness to accept plea-
sure [ 55 ,  56 ]. Four diverse psychological theories 
based on empirical support explaining DE 
involve: (1) insuffi cient stimulation (mental and 
physical), (2) masturbation (too frequent, idio-
syncratic style, and incongruence between fan-
tasy and reality), (3) psychic confl ict (fear, 
anxiety, guilt from religious upbringing, loss of 
self with ejaculation, etc.) and (4) subtle desire 
disorder concealed as ejaculatory dysfunction 
(autosexual orientation, partner’s touch is 
 inhibiting, compulsion to satisfy partner, etc.) 
[ 83 ] (See Appendix  25.2  for sexual therapies.). 

 Physical and mental/emotional stimulation are 
important components of the normal male sexual 
cycle. DE can result if suffi cient stimulation is 
not achieved in both of these areas. In one study 
of males with a malleable penile prosthesis there 
was a 10 % prevalence of DE [ 84 ]. This study 

demonstrates that although penile erections could 
be simulated, orgasm and ejaculation were still 
impaired. Despite the overly simplistic miscon-
ception that male sexual arousal is defi ned solely 
by erectile quality, a pathologic “disconnect” 
between the quality of mechanically induced 
erections (from VED, penile implants, etc.) and 
cognitive arousal often exists. 

 In a recent United States epidemiological 
study by the  Global Online Sexuality Survey  , 
it was found that 76.1 % of the 1133 English 
speaking men with mean age of 52 years with 
Facebook accounts admitted to masturbation 
[ 85 ]. Other studies indicate that 92 % of all men 
masturbate [ 43 ,  86 ]. Although masturbation has 
not been linked to any signifi cant problems for 
the general population, the frequency, intensity, 
style, and fantasy associated with the practice 
has been attributed to ejaculatory problems. 
Idiosyncratic masturbation style refers to an indi-
vidual’s technique that involves the combination 
of pressure, speed, duration, and intensity needed 
to achieve an ejaculation and orgasm which is not 
reproducible with a partner using hands, mouth, 
and/or vagina [ 83 ,  87 ]. Men who practice this 
type of masturbation have a higher rate of sexual 
dysfunction [ 86 ,  88 ]. Some in the popular media 
has proposed that masturbation with pornogra-
phy use and addiction can subsequently lead to 
sexual dissatisfaction and delayed ejaculation 
[ 89 ]. Recent studies have demonstrated that 

   Table 25.2    Medications known to affect male ejaculation   

 Alcohol  Clomipramine  Lorazepam  Phentolamine 

 Alprazolam  Desmethylimipramine  Mirtazapine  Phenelzine sulfate 

 Aminocaproic acid  Fluoxetine a   Mesoridazine  Prazosin 

 Amitriptyline  Fluvoxamine  Methadone  Protriptyline 

 Amoxapine  Guanadrel  Methyldopa  Reserpine 

 Baclofen  Guanethidine  Naproxen  Sertraline a  

 Bethanidine  Haloperidol  Nortriptyline  Thiazide diuretics 

 Butaperazine  Hexamethonium  Pargyline  Thioridazine 

 Chlordiazepoxide  Imipramine  Paroxetine a   Trazodone 

 Chlorimipramine  Iproniazid  Perphenazine  Trifl uoperazine 

 Chlorpromazine  Isocarboxazid  Phenothiazine 

 Chlorprothixene  Labetalol  Phenoxybenzamine 

   a All selective serotonin reuptake inhibitors (SSRIs) 
 Data from refs. [ 40 ,  46 ,  50 ,  52 ,  123 ]  
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pornography- related masturbation in coupled 
men is associated with decreased sexual desire 
[ 90 ]. This could potentially lead to DE based on 
lack of mental/emotional stimulation. 

  Psychic confl ict   is a cluster of issues that 
causes psychological opposition to ejaculation, 
mostly from fear. Fear of becoming a father, fear 
that the female genitals may harm them, shame 
from religious beliefs, fear of hurting, or anger 
towards their partner can all manifest in DE and 
sexual dysfunction [ 83 ]. Anxiety disorders and 
loss of sexual confi dence can also occur in these 
individuals. 

 Subtle desire disorder is a group of disorders 
that mimic other diagnoses, making the treatment 
more diffi cult. An example of this condition would 
be a man with DE who enjoys self-sex more than 
partnered sex (autosexual orientation). Affected 
individuals are commonly inhibited by partners’ 
touch and/or may feel the need to please their part-
ners due to the diminutive effect of partnered sex 
compared to autoarousal and ejaculation. In the 
absence of mental/emotional arousal, these men 
may experience natural erections that have 
decreased penile sensation leading to DE [ 83 ].    

     Assessment   

  When evaluating for DE, patients should all have 
full medical and sexual histories performed along 
with detailed physical exams. Urologists may 
feel uncomfortable with the level of sexual detail 
that is warranted in obtaining a full sexual his-
tory. Understanding the cultural context and his-
tory of the disorder; the quality of the sexual 
response cycle (desire, arousal, ejaculation, 
orgasm, and refractory period); details of the 
ejaculatory response, sensation, frequency, and 
sexual activity/techniques; the partners’ assess-
ment of the disorder and if the partner suffers 
from any sexual dysfunction her/himself; and the 
overall satisfaction of the sexual relationship are 
all important to garner during history taking [ 91 ]. 
Investigation by a sexual therapist is often 
required to help get a complete psychological 
evaluation. It is incumbent for the urologist to 
diagnosis medical pathologies that cause or 

contribute to DE such as assessing the hormonal 
milieu, anatomy, and overall medical conditions. 
Good communication between sexual therapist 
and medical practitioner is paramount to success-
ful diagnosis and treatment of DE. 

 Appendix  25.1  provides an algorithm which 
helps to differentiate between retrograde ejacula-
tion, delayed ejaculation, and ejaculatory duct 
obstruction, with subsequent treatment recom-
mendations in Appendix  25.2 .   

    Treatment 

 The workup and treatments for DE vary based on 
its defi nition and etiology. Knowing that a patient 
has secondary DE would trigger an investigation 
into his medications, quality of his sexual rela-
tionship and partners’ health.  Partner’s health   is 
an important factor as DE may be caused by fear 
of hurting her or decrease in sexual attractiveness 
if she had a mastectomy, hysterectomy or other 
types of disfi gurements. Patients with anatomical 
abnormalities (unilateral or bilateral absences of 
vas for example) may need additional imaging 
looking for corresponding renal abnormalities or 
transrectal ultrasound to evaluate for ejaculatory 
structure defects. Signs of infection (prostatitis, 
hematospermia, lower urinary tract symptoms) 
should be evaluated with treatment of underlying 
medical conditions. Similarly,  neurologic condi-
tions   such as spinal cord injury or multiple scle-
rosis should be addressed [ 42 ]. If a man is able to 
ejaculate with masturbation only it would be 
important to assess for an idiosyncratic mastur-
batory style [ 56 ]. 

 A recent study by Mulhall et al. shows the 
importance and relative success with goal 
directed medical therapy targeted towards etiolo-
gies of DE. These authors found that 34 % of men 
had DE pathology due to  SSRI      therapy, among 
which 82 % of those who had SSRI cessation 
improved and 34 % of those who had medication 
adjustment improved. These authors also found 
that 35 % of men with DE had abnormal penile 
sensation, of which 60 % got better with penile 
vibratory stimulation (Please see Penile Vibratory 
Stimulation later in this chapter for details.). 
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Fifteen percent of men with DE were hypogo-
nadal, and 24 % of them improved with hormonal 
treatment.  Psychogenic issues   were the root 
cause in 16 % of men with DE [ 92 ]. Of note, 
when a psychogenic cause is found, sexual ther-
apy traditionally has had a much higher success 
rate than treatment of non-psychogenic causes 
[ 55 ,  56 ]. 

 Treatments for DE can be broken down into 
medications, penile vibratory stimulation, psy-
chological (sexual therapy, masturbation retrain-
ing, etc.), and the “sexual tipping point” model 
that incorporates the balancing of the biologic, 
psychological, social, and behavioral aspects that 
contribute to the disorder. 

    Pharmocology 
 Pharmacologic agents have been used to treat DE 
with varied success. Unfortunately, there is no 
FDA approved medication to treat DE as the 
majority of cited research is based on case and 
cohort studies that have been non-randomized, 
non-blinded, and non-placebo controlled. Many 
drugs have been used as both treatment and/or 
antidotes to other medications causing DE. The 
majority of the drugs that are used for DE are 
classifi ed as anti-serotonergic, alpha-2 adrener-
gic antagonist or central dopaminergic medica-
tions. A recent survey of sexual health providers 
demonstrated an overall treatment success of 
40 % with most providers commonly using cab-
ergoline, bupropion, and oxytocin for treatments 
[ 93 ]. However, this survey measured anecdotal 
results of practitioners and there was no proven 
effi cacy or superiority of any drug due to a lack 
of placebo controlled, randomized, blinded, com-
parative trials. All  medications   that have been 
suggested for therapeutic intervention can be 
found in Table  25.3  along with suggested DE 
dosing, the overall indication of the agent and the 
side effects of these medications (black box 
warning, serious side effects, and most common 
side effects) [ 40 ,  42 ,  46 ,  50 ,  52 ,  91 ,  94 – 96 ].

     Cyproheptadine 
   This is a serotonin (5-HT) antagonist and antihis-
tamine used to treat allergic rhinitis and anorexia 
nervosa. It has demonstrated shorter refractory 
periods and increased sexual activity in male rats [ 97 ]. 

 Cyproheptadine      was successfully used as an 
antidote at doses of 2–16 mg as needed or chroni-
cally to help counter the effects of SSRIs in 
humans [ 98 ]. In non-controlled case studies, 
cyproheptadine may reverse the sexual side 
effects of DE or anorgasmia of citalopram, nor-
triptyline, fl uoxetine, fl uvoxamine, imipramine, 
and clomipramine [ 99 – 102 ]. This drug’s most 
frequent side effects include somnolence and 
poor tolerability. In addition, it may reverse the 
effects of the antidepressant or anti-obsessive 
properties of SSRIs [ 103 ].    

    Alpha-1-Adrenergic Agonists      
 Medications that act as agonists to the alpha- 1- 
adrenergic receptors have typically been used for 
nasal congestion, hypotension, and acute bron-
chospasm. Pseudoephedrine, ephedrine, and 
midodrine have been shown to aid in the emis-
sion process and result in antegrade ejaculation 
[ 96 ]. Their mechanism is thought to be from 
stimulation of the sympathetic tone and closure 
of the bladder neck.  Midodrine   was shown to 
have nearly 60 % effi cacy in treating and/or 
reversing anejaculation [ 104 ]. Patients with mul-
tiple sclerosis had the greatest response; those 
with bilateral sympathectomies had the least 
response.  

    Amantadine      
 This central dopaminergic agonist is used to treat 
the fl u, Parkinsonism, and extra pyramidal symp-
toms. In rats, chronic amantadine administration 
induced shorter refractory periods and increased 
sexual frequency with no change in arousal [ 105 ]. 
Taking this drug 5–6 h before sex in humans has 
been suggested to help treat DE caused by SSRIs 
at a dose of 100 mg [ 42 ,  106 ].  

    Cabergoline      
   Cabergoline is a dopamine 2 agonist that inhibits 
prolactin secretion and is used for the purpose of 
treating hyperprolactinemia. In Parkinson’s dis-
ease it was shown to enhance erections and 
orgasms with a decrease in refractory period [ 107 ]. 
In a single-blinded, placebo-controlled, crossover 
study between protirelin (prolactin stimulant) and 
cabergoline, cabergoline decreased the refractory 
period and lowered prolactin levels [ 108 ]. 
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This study also showed evidence of improvement 
in both ejaculation and libido. Other authors have 
found similar outcomes with anorgasmic men 
[ 96 ]. Some providers have described anecdotal 
success with cabergoline [ 93 ]. It is hypothesized 
that when prolactin levels are elevated or high nor-
mal at baseline, cabergoline can be a good fi rst 
choice. Low or normal prolactin levels prompt 
some providers to then use oxytocin as their fi rst 
line agent.    

    Oxytocin      
 Oxytocin is a non-peptide hormone that has been 
shown to have effect in many areas in men. In 
women it has been used to induce uterine contrac-
tion and lactation during nursing. In men it has 
been shown to increase ejaculation, paternal nur-
turing, long-term romantic bonds and attachments, 
stimulation of sexual desire and conditioning of 
the sexual experience in preparation of ejaculation 
and orgasm [ 109 ]. Oxytocin surges during male 
ejaculation, orgasm, and detumescence, returning 
to baseline by 10 min after surge [ 71 ].  

    Bupropion      
 This is a dopamine and norepinephrine reuptake 
inhibitor that is used to treat depression, smoking 
addiction, and attention-defi cient-hyperactivity 
disorder. It can be used as an antidote to the side 
effects of sexual dysfunction and DE associated 
with SSRIs and has been shown effective in 
humans [ 103 ,  110 ]. Daily or as needed bupropion 
resulted in a complete reversal or improvement of 
negative sexual side effects in 66–69 % of patients 
on SSRIs [ 111 ].  

    Buspirone      
 The anxiolytic buspirone binds to serotonin and 
dopamine 2 receptors. It has been used to treat the 
side effects of sexual dysfunction associated with 
SSRIs [ 112 ]. Buspirone was shown to be effective 
in patients with generalized anxiety and sexual 
dysfunction in ranges of 16–60 mg daily [ 94 ].  

    Yohimbine      and  Herbal Supplements      
 Yohimbine is a plant derivative herbal supple-
ment used for decreased libido and ejaculatory 
dysfunction. Rat models of ejaculatory exhaustion 
demonstrated nullifi cation of refractory periods 

and reinitiation of the ejaculation motor refl ex 
after intravenous yohimbine administration [ 113 ]. 
In another study, men treated with Fluoxetine for 
2 years were given yohimbine. This countered 
the effect of the SSRI on orgasm and ejaculation 
[ 114 ]. Multiple studies in humans have found 
yohimbine to help treat ejaculatory and orgasmic 
dysfunction along with other sexual dysfunction; 
however, these studies have not been performed 
in large blinded, randomized, or placebo-con-
trolled fashion [ 42 ,  50 ,  96 ,  98 ,  115 ]. 

 Yohimbine, horny goat weed, MACA root, 
tribulus terrestris, and saffron are all ancient 
herbal medicines that have been used for 
thousands of years in Chinese, Indian, ancient 
Egyptian, Roman, and Greek cultures to help 
treat all forms of ejaculatory dysfunction. The 
use of these particular medications has been 
tested in animal models and in human 
research, and these studies have shown some 
evidence towards decreased ejaculatory 
latency periods [ 116 ].  

    Bethanechol      
 Bethanechol is an FDA approved drug used for 
urinary retention, gastroesophageal refl ux dis-
ease, and as an adjuvant for tricyclic antidepres-
sants and phenothiazines. Bethanachol is a 
cholinergic agonist that increases detrusor and 
gastrointestinal motility and has been shown to 
help reverse the DE effects of protriptyline, 
amoxapine, and imipramine [ 46 ,  117 ,  118 ].  

   Apomorphine 
  Apomorphine      is a central and a peripheral stimu-
lator of postsynaptic dopamine 2 receptors used 
for hypomobility in Parkinson disease. Rat stud-
ies showed increased activity of the sympathetic 
branches of the hypogastric nerve innervating the 
vas deferens resulting in neuronal activity that 
occurs during sexual climax [ 119 ]. This has been 
shown to excite the nerve patterns in the lumbo-
sacral plexus associated with ejaculation. 
Although the drug is commonly administered 
subcutaneously, it seems to have equal effi cacy 
on sexual function intranasally in experiments 
[ 120 ]. Episodic doses in humans have been suc-
cessful in patients who were using it for sexual 
dysfunction including erectile dysfunction [ 121 ].  
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   Others 
 The intermittent use of other drugs has shown to 
help reverse the DE effect of SSRIs, which 
include  amphetamines      [ 122 ] and  loratadine      
(10 mg daily) [ 95 ]. In addition, alpha-1 adrener-
gic receptor agonists like imipramine and pseu-
doephedrine may be of limited utility for 
retrograde ejaculation [ 123 ].  Reboxetine      is a 
selective noradrenaline reuptake inhibitor that 
can be used as an alternative to SSRI for depres-
sion and is thought to have less sexual side 
effects. However, there are reports of spontane-
ous ejaculation with the use of this drug [ 124 –
 126 ]. Alterations of SSRI regimens in addition to 
antidotes can be effective in treatment of DE 
[ 127 ,  128 ]. Additional drugs that may help DE 
are ropinirole, pramipexole, and fl ibanserin [ 50 ]. 

    Penile Vibratory Stimulation (PVS)   
    Electro-ejaculation techniques have been used 
for many years to treat ejaculatory problems in 
neurogenic patients who present for infertility. 
Ejaculation can be obtained via stimulation to the 
pudendal nerves which helps to initiate the ejacu-
latory refl ex [ 129 ]. In DE patients,  PVS      has been 
used on the frenulum for certain time periods to 
help increase the sensation to the penis allowing 
for the ejaculatory refl ex to be triggered. It has 
been shown to work with secondary DE at a rate 
of 62 % [ 130 ]. For men with multiple sclerosis, 
PVS has also been shown to be helpful [ 131 ]. 
Combining PVS with medical therapy increases 
the effi cacy of DE treatment. However, to date 
there have been no studies that are either placebo- 
controlled or randomized [ 50 ].     

   Psychological 
  Psychological treatments   include but are not lim-
ited to: sexual education; retraining masturbatory 
practices; increased genital specifi c stimulation; 
role-playing on his own and in front of his part-
ner; anxiety reduction on ejaculation and perfor-
mance; and recalibrating the mismatch of sexual 
fantasies with arousal (such as with pornography use 
and fantasy stimulation compared to reality) [ 91 ]. 

Men and women can realistically evaluate their 
sexual practice and manage expectations by hav-
ing a basic understanding of the sexual cycle for 
their respective partners. Masturbation can be 
considered practice for the real performance for 
greater psychosexual arousal to orgasm for both 
parties [ 55 ]. Although fantasy can be harmful 
when not associated with appropriate sexual 
arousal, fantasy can be quite helpful if it allows 
blockage of critical thoughts that may be prevent-
ing orgasm and ejaculation. The reduction of 
anxiety as a component of DE is very important 
as performance anxiety often interrupts the natu-
ral ejaculatory and orgasmic progression [ 132 ]. 
A well-trained sexual therapist can be invaluable 
for these treatments to work. Other addressable 
psychopathologies that may be masquerading or 
comorbid with DE can be uncovered via sex ther-
apy. Female sexual dysfunction can contribute to 
DE in men so evaluation of this is a critical part 
of treatment. Referral to a properly qualifi ed ther-
apist, psychiatrist or psychologist is appropriate 
and often times warranted (See Appendices  25.1  
and  25.2 ).  

   Sexual Tipping Point Model 
 Dr. Michael A. Perelman has  written   extensively 
on the multifactorial etiology of DE and “The 
Ejaculatory Tipping Point” which is a dynamic 
process. Dr. Perelman theorizes that every man 
has a multidimensional predetermined ejacula-
tory threshold that will result in tipping the 
“scale” of balancing factors towards ejaculation 
and orgasm. In his model he has a scale balancing 
the excitatory and inhibitory factors between the 
physiologic and organic issues and the psychoso-
cial and behavior issues. Deciphering between 
the biogenic and psychosocial factors is the goal 
of both the patient and the clinician in helping 
achieve the desired outcome whether they suffer 
from premature ejaculation, delayed ejaculation, 
or anorgasmia [ 55 ,  133 ]. The sexual tipping point 
has been embraced as a holistic approach to ejac-
ulatory dysfunction as it incorporates all aspects 
of the disorder to help fi nd solutions [ 50 ].      
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    Painful Ejaculation 

     Etiology      

   Painful ejaculation is perhaps the least well- 
studied and characterized of the ejaculatory dis-
orders discussed in this chapter. This condition 
can have a dramatically negative impact on rela-
tionships, leading to the avoidance of sexual inti-
macy with one’s partner, sexual distress, sexual 
dissatisfaction, and ultimately, marital problems 
[ 134 ,  135 ]. A variety of causes have been cited, 
but the underlying etiology is not well under-
stood. Some authors suggest spasm of the blad-
der neck or dystonia of the pelvic fl oor 
musculature during orgasm [ 136 ], and others 
note that ejaculatory duct obstruction may be the 
underlying cause [ 26 ,  137 ]. This obstruction 
could arise from ejaculatory duct calculi, intrin-
sic stenosis, or external compression by a pros-
tatic cyst leading to ejaculatory duct compression 
and blockage. Antolak et al. have suggested that 
pudendal nerve compression and neuropathy 
may be the cause of ejaculatory pain in some men 
[ 138 ]. Finally, some authors have suggested that 
antidepressant medications may induce painful 
ejaculation as a side effect [ 139 – 143 ]. 

 The true incidence of painful ejaculation is 
unclear. Most studies assessing this condition 
employ retrospective questionnaires, and are thus 
subject to some form of bias. In 2003, Rosen 
et al. reported that 6.7 % of men participating in a 
large multinational survey of aging males noted 
pain or discomfort on ejaculation [ 2 ]. Roberts 
et al. found that 1.5 % of the 2115 respondents 
from Olmsted County, Minnesota experienced 
ejaculatory pain [ 144 ]. Another US study 
reported that 9.7 % of respondents (age 20- to 
74-years-old) noted perineal pain or discomfort 
with ejaculation [ 67 ,  145 ]. Finally, the authors 
who developed the National Institutes of Health 
Chronic Prostatitis Symptom Index found that 
ejaculatory pain was present in 58 % of men with 
prostatitis, 17 % of men with BPH, and 4 % of 
controls [ 146 ].    

     Diagnosis      

 The diagnosis of ejaculatory pain is largely 
based on subjective complaints; objective diag-
nostic information can be gathered in some 
instances. For example, in men with ejaculatory 
duct obstruction, transrectal ultrasound imag-
ing can be utilized to visualize ejaculatory duct 
anatomical abnormalities (such as calculi or a 
compressing cyst) and/or seminal vesicle dila-
tion (a possible sign of distal ejaculatory duct 
obstruction). Antidepressant medication-
related symptoms may be clarifi ed by convert-
ing to another medication or ceasing this 
therapy (in conjunction with the prescribing 
physician). In patients with suspected pudendal 
neuropathy, neurophysiological tests may help 
delineate pudendal neuropathy associated with 
perineal pressure [ 147 ]. Most of the purported 
causes of ejaculatory pain, however, are more 
challenging to diagnose and not associated with 
clear physical fi ndings or alterations in labora-
tory values. This fact can make pursuit of a 
clear therapeutic plan challenging for both the 
patient and the treating physician.  

     Treatment      

   The treatment of painful ejaculation should be 
based on objective fi ndings from the examination 
and laboratory workup. Prostatitis and urinary 
tract infections should be treated. Patients with 
ejaculatory duct obstruction should be consid-
ered for transurethral resection of the ejaculatory 
duct. Patients with seminal vesicle anomalies 
(i.e., seminal vesicle stone) suspected of being 
the root cause of the pain should be informed of 
the option of laparoscopic seminal vesicle exci-
sion, as this has been reported as providing dura-
ble relief in the setting of ejaculatory pain [ 148 ]. 
Finally, consideration should be given for enlist-
ing the assistance of physical therapists special-
izing in pelvic fl oor physical therapy. Anderson 
et al. reported encouraging results with trigger 
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point release and paradoxical relaxation training 
in 133 men with refractory chronic pelvic pain 
syndrome and sexual dysfunction (ejaculatory 
pain [56 %], decreased libido [66 %], erectile and 
ejaculatory dysfunction [31 %]) [ 149 ]. The 
authors noted signifi cant improvement in the 
above categories of sexual dysfunction, with 
70 % of patients reporting markedly or moder-
ately improved symptoms after trigger point 
release/paradoxical relaxation training. Thus, 
physical therapists can help elicit and treat under-
lying musculoskeletal anomalies, which may be 
the root cause of many patients’ complaints of 
ejaculatory pain.     

    Conclusions 

 The physiology of ejaculation is highly inte-
grated and relies on both the sympathetic and 
parasympathetic neural pathways. Ejaculatory 
dysfunction is fairly common and is a source of 
signifi cant bother for many of those affected. 
Ejaculatory dysfunction can entail a wide array 
of anomalies, including premature ejaculation, 
inhibited ejaculation (consisting of delayed ejac-
ulation and absent ejaculation), and painful ejac-
ulation. Patients should be evaluated through a 
thorough medical history, physical examination, 
and laboratory testing to help ensure proper diag-
nosis. Finally, with directed therapy, many disor-
ders of ejaculation can be successfully treated.      

    Appendices 

       Appendix 25.1 

 Algorithm of Disordered Ejaculation in Men. 
 ψ  = See Collaboration of Clinician and Sexual 
Therapist (Appendix 25.2). * = Medications in 
Table  25.3  can be tried in treatment of Retrograde 
Ejaculation (see Table  25.3 ). ^ = If patient on 
SSRI consider use of SSRI Antidote types of 
medications (see Table  25.3 ).  †  = Medications in 
Table 3 can be used for Prolactin abnormalities 
(see Table  25.3 ). 

 (Used with permission from Sadowski DJ, 
Butcher MJ, Kohler TS. Delayed Ejaculation: 
Medical and Psychological treatments and 
Algorithms. Current Sexual Health Reports. 
September 2015; 7(3): 170–179. Created using 
data in Rowland D, McMahon CG, Abdo C, 
Chen J, Jannini E, Waldinger MD, et al. Disorders 
of orgasm and ejaculation in men. The journal of 
sexual medicine. 2010;7(4 Pt 2):1668–86.)  

        Appendix 25.2 

 Collaboration of Clinician and Sexual Therapist 
(Used with permission from Sadowski DJ, 
Butcher MJ, Kohler TS. Delayed Ejaculation: 
Medical and Psychological treatments and 
Algorithms. Current Sexual Health Reports. 
September 2015; 7(3): 170–179. Created using 
data from Perelman, MA. Delayed ejaculation in: 
Principles and practice of sex therapy. Fifth edi-
tion. Binik YM, Hall KSK. (eds). New York, NY: 
The Guilford Press; 2014. 138–55.)    
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          Introduction 

 Erectile dysfunction (ED) is  defi ned   by the NIH as 
“the inability to attain and/or maintain an erection 
suffi cient to permit satisfactory sexual intercourse” 
[ 1 ]. ED is a common disease state that affects 
many men; its prevalence increases with age. In a 
2007 study on sexual health in the USA, 87.3 % of 
men aged 57–64 years were sexually active. 
However, the number of men aged 75–95 years 
who were sexually active was much lower at 
38.5 % [ 2 ]. ED is associated with multiple  risk fac-
tors   including age, hypertension, diabetes, hyper-
lipidemia, smoking, polypharmacy, and obesity. 
There has been a great deal of interest in ED as a 
marker for early subclinical cardiovascular disease 
in young men [ 3 ,  4 ]. 

 Given the importance of sexuality in human 
relationships, ED has been a topic of intense 
research interest. This complex disease can be 
studied at the biological, psychosocial, and epide-
miological levels. In this chapter, we explore char-
acteristics of quality research in general with 
particular focus on the current state of the art in ED 

research. We will also propose important avenues 
in advancing the fi eld of ED from biological, psy-
chological, and epidemiological perspectives.  

    General Principles of Research 

 Research has become the basis and guide of mod-
ern medicine. Within the last century, physicians 
have witnessed a paradigm shift in medical prac-
tice and education with the introduction of  evi-
denced based medicine (EBM)  . Rather than 
basing clinical decisions solely on prior training, 
intuition, and personal experiences, medical prac-
titioners have been encouraged to identify ques-
tions regarding patient care, gather relevant 
literature, and critically evaluate the data to guide 
management [ 5 ]. This practice is highly contin-
gent on the availability of quality studies. Clinical 
judgment, experience, and intuition will remain 
important components in the practice of clinical 
medicine when determining how to apply  EBM   to 
individual patients and when robust  EBM   guide-
lines are not available. 

    Study Design 

 EBM is based on the publication of sound science. 
The foundation of the  scientifi c method   (and by 
extension every scientifi c study) is the formulation 
of a clear and testable research hypothesis. A well-
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formulated hypothesis details the study target, 
the intervention or exposure being evaluated, and 
the outcomes that will be examined [ 6 ]. Once the 
 hypothesis   is generated, the researcher can select 
an appropriate study design which will either sup-
port or disprove the hypothesis. Typically this 
involves selecting a “ main outcome measure  ” that 
will be the focus of data collection. Broadly speak-
ing, studies may be divided into qualitative and 
quantitative designs. Research that involves both 
qualitative and quantitative elements is sometimes 
referred to as “ mixed methods     ” [ 6 ]. 

    Qualitative Research 
    Qualitative research      is designed to gather infor-
mation on behaviors and thoughts on individu-
als [ 7 ]. This research method relies heavily on 
interviews and in some cases small group dis-
cussions. These sessions are facilitated by an 
experienced interviewer who will in most cases 
adhere to a template of questions; these ques-
tions are a starting point for conversation with 
the participant(s). While the template is a start-
ing point, qualitative research relies on ques-
tions that are open-ended and will allow the 
participant(s) to articulate their personal views 
and feelings. This approach is often times called 
“semi-structured interviewing,” providing a 
rough framework to keep the conversation on 
point but permitting the subject to express them-
selves freely [ 6 ,  7 ]. 

 Qualitative research is used widely in the pre-
liminary phases of large scale quantitative 
research. It also plays an important stand-alone 
role in gathering information and opinions on 
topics of interest, particularly in specifi c popula-
tions that may be excluded from larger epidemio-
logical/clinical studies [ 7 ].    

    Quantitative Research 
    Quantitative research      emphasizes objective evalu-
ation of numerical data. This type of research may 
be further subdivided into observational and 
experimental designs [ 6 ]. Observational studies 
are widely employed in epidemiological research 
and can be further subdivided into cross-sectional, 
cohort, or case-controlled studies [ 8 ]. 

 In cross-sectional research, individuals are 
surveyed at one particular time point regarding 
their exposure to the phenomena of interest and 
the outcome measured; typically a number of 
other factors are also assessed to reduce the like-
lihood of spurious fi ndings from confounding 
factors [ 9 ]. Cross-sectional studies are useful for 
determining prevalence and studying associa-
tions between variables of interest. 

 Cohort studies follow a specifi c group over 
time and compare the incidences of the outcome 
of interest between the exposed and non-exposed 
groups [ 10 ]. This study design is more costly and 
time intensive than cross-sectional studies. 
However, longitudinal cohorts are useful in deter-
mining incidence rates and establishing natural 
progression and associations over time. 

 Case–control studies compare two groups 
selected based on the presence or absence of an 
exposure or parameter [ 10 ]. After groupings are 
made, differences between individuals who have 
and do not have the condition of interest can be 
elucidated, providing useful association data. 
This is perhaps the most “experimental” of the 
observational study designs with the caveat that 
the researcher has no control over the exposure. 
The case–control design is helpful to study dis-
eases that are relatively rare [ 11 ]. 

 The principle limitation of observational studies 
is their limited ability to establish causality as 
opposed to simple association [ 12 ]. Experimental 
studies, if well designed and executed, may provide 
the best quality data on actual causal factors for 
conditions of interest. In these studies, subjects are 
randomized into two or more groups and subjected 
to different interventions in a controlled manner 
[ 13 ]. Experimental studies are limited by the inher-
ent expense in design and execution. While ran-
domized, double blinded, placebo controlled trials 
are often held up as the highest level of evidence, a 
poorly designed experimental study may not be as 
valuable as a well-designed observational study. 

 Choosing the appropriate study design will 
maximize the ability to support or disprove the 
hypothesis. The quality of study design (regard-
less of type) is highly dependent on internal, 
external, and statistical validity (Table  26.1 ).  

Y.Y. Chan et al.



363

        Internal Validity 

   Internal validity   is the term used to describe 
how well the main outcome measure(s) accu-
rately assess the phenomenon under study [ 14 ]. 
For example, the  International Index of Erectile 
Function (IIEF)   has been established as a simple 
quantitative metric that accurately measures the 
presence and severity of ED from a variety of 
different causes in a variety of different popula-
tions of men [ 15 ]. The broad internal validity of 
this scale for assessment of erectile function has 
made the IIEF the most commonly used clinical 
metric for ED assessment in clinical research 
and practice. In making the diagnosis of ED, the 
IIEF has superior internal validity when com-
pared to binary response (yes/no) questions on 
evaluating for the presence of sexual dysfunc-
tion and permits a more nuanced, quantitative 
measure [ 15 ]. 

 In the fi eld of erectile dysfunction research, 
internal validity may be affected by factors such 
as the methods used to measure erectile responses 
in animal models, the defi nition of ED in human 

studies, use and applicability of measurement 
tools for ED, study duration, drug dosage, and 
study completion rates [ 16 ,  17 ].   

    External Validity 

  External validity   is the degree to which the mea-
sured outcomes are applicable to the general 
population [ 18 ]. This is infl uenced by character-
istics of the study population which is defi ned by 
the inclusion and exclusion criteria as well as the 
method of patient accruement. Accrual of a very 
large group of study participants does not neces-
sarily make a study externally valid; if the study 
group is not refl ective of the larger population of 
interest (due to disparities in race, socioeconomic 
status, etiology of ED, medical comorbidities, 
etc.), the results cannot necessarily be extrapo-
lated to the overall population; rather, the results 
may only apply to the population that is similar to 
the limited subset that was enrolled. 

 For studies on erectile dysfunction, external 
validity may be affected by use of human versus 

   Table 26.1    Internal, external, and statistical validity   

 Internal validity  External validity  Statistical validity 

  Defi nition  

 • Determines how well the 
manipulation of the independent 
variable (IV) caused the change 
in the dependent variable (DV) 
(i.e. causal relationship) 

 • Measure how well the cause–
effect relationship from an 
experimental study can be replicated 
and applied to the general population 

 • Determines if the observed 
relationship was a result of a cause–
effect relationship between independent 
and dependent variables or by pure 
chance 

  Threats  

 •  History : The time that passes 
by during the experiment can 
infl uence the fi nal outcome 
 •  Maturation : Study 
participants will mature or 
change during the experiment, 
and that will infl uence the fi nal 
outcome 
 •  Regression : Participants with 
extreme scores will regress to 
the mean 

 •  Selection and treatment : Study 
outcomes cannot be generalized to 
populations that do not have the 
same characteristics as the study 
population 
 •  Setting and treatment : Study 
outcomes cannot be generalized to 
populations outside of the setting 
characteristics of the study 
 •  History and treatment : Outcomes 
cannot be attributed to past events or 
generalized to future events 

 •  Low statistical power : Can increase 
the chance of committing type II error 
 •  Test assumptions : Implies that the 
data are adequate to test a specifi c 
cause–effect hypothesis 
 •  Heterogeneity : Greater variability of 
the study participants will increase the 
variance of the cause–effect relationship 
 •  Internal validity threats : Any threat 
to interval validity will impact the 
overall statistical conclusions of the 
study 
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animal tissues in basic science studies, the etiol-
ogy of ED in clinical studies, cultural and demo-
graphic factors, and patient co-morbidities [ 17 ].  

    Statistical Validity 

  S tatistical analysis   is based on assessment of 
probabilities rather than defi nitive statements of 
fact. A hallmark of science is that while hypoth-
eses may be rejected, no hypothesis can ever be 
completely proven with 100 % certainty [ 6 ]. In 
practice, scientists and researchers rely on statis-
tics to provide an estimate for the likelihood that 
a relationship is present between variables under 
study. The familiar “ p  value” is a percentage esti-
mate of the chance that an observation is due to 
chance alone. It is most common to accept that a 
 p  value of <0.05 as indicative of a signifi cant and 
real difference between groups; in this situation 
the chances that an observed difference between 
groups is due to chance alone is 5 % or less. This 
level of certainty is generally agreed upon as an 
acceptable margin for error and most fi ndings 
with  p  < 0.05 are accepted as likely true and sta-
tistically signifi cant [ 19 ]. 

 Because science is based on probability, it 
must be borne in mind that accepting a  p  value of 
5 % or less indicates that approximately 1 in 20 
studies will report a “signifi cant” fi nding that is 
due to chance alone. Stating that a relationship is 
present when in fact there is none is called a Type 
I (or false positive) error. A related possibility is 
that a study may fail to detect a relationship 
between variables when there is indeed a rela-
tionship. This is known as a type II (or false nega-
tive) error [ 20 ]. 

 Because there is an inherent possibility of 
Type I and II error in science, another critical pil-
lar of scientifi c research is replication. A single 
study, no matter how well designed, may be in 
error. However, it is very unlikely that numerous 
studies will report the same outcome unless a true 
relationship is present. The need for replication is 
the foundation for meta-analyses, a research pro-
cess in which studies on a related topic are com-
bined in order to produce a larger and more 
externally valid study group. Well-designed 

meta-analyses of quality studies are important 
tools for establishing EBM practices and guide-
lines for science and medicine [ 20 ]. 

 Statistical power is a critical concept and is 
related to external validity. Briefl y, a study’s 
power determines whether or not the sample size 
in a study is suffi cient to answer the research 
question. Because power analysis is designed to 
answer a research question it must include a clear 
statement of the testable, quantifi able hypothesis. 
In most cases there is also a “null hypothesis” 
which states that there is no difference between 
two groups under study [ 21 ]. The researchers 
must establish the expected difference between 
the study populations and also determine the 
acceptable likelihood of a type I or II error. It is 
standard practice to accept a 5 % risk of type I 
error and a 20 % risk of type II error although 
these parameters are subject to modifi cation 
depending on the nature of the research in ques-
tion [ 20 ]. Finally, it is also important to establish 
what statistical difference is clinically/scientifi -
cally relevant. 

 Caution must be exercised when interpreting 
data from research that does not include a care-
fully detailed power analysis conducted before 
study initiation. A “post hoc” analysis (done 
after data collection is completed) is suboptimal 
as well. Studies with small populations are at 
risk of being underpowered and hence not of 
suffi cient size to detect meaningful differences. 
Conversely, studies with very large populations 
may be overpowered; inclusion of very large 
groups in a study may lead to statistically sig-
nifi cant but clinically meaningless differences 
between groups. Overpowered studies may be 
used to justify conclusions that are not well sup-
ported [ 20 ]. 

 Optimizing internal, external, and statistical 
validity produces quality research that adds to 
our scientifi c knowledge and improves patient 
care. To optimize the quality of ED research we 
must evaluate the current state of our understand-
ing and design future research in line with sound 
scientifi c principles; this fundamental principle 
applies to all types of ED research, including 
bench research, qualitative interviews, clinical 
trials, and epidemiological surveys.    
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    Basic Science Studies in ED 

 The  etiology   of ED is multifactorial and includes 
psychogenic, neurogenic, vascular, and hormonal 
components. Of these various factors, vascular 
causes of ED are of particular interest as regula-
tion of blood fl ow to and from the penis is gener-
ally the common fi nal pathway of penile erection 
[ 22 ]. While  vascular status   is the fi nal arbiter of 
erections, basic science research on hormonal and 
neuronal modulators of erectile function is also of 
great interest. Studies involving cell cultures, 
organ baths, and animal models have offered great 
insight into these often intertwined and complex 
pathways and have enabled better understanding 
of ED pathophysiology and novel treatments. 

     Cell Cultures and Organ Baths   

  Cell cultures of penile cavernosal smooth muscle 
cells and endothelial cells provide controlled envi-
ronments to study the molecular factors and cel-
lular receptors involved in the regulation of penile 
vasculature. Ex vivo studies of rat cavernous 
smooth muscle cells have demonstrated that 
VEGF and IGF-1 secretions varied by age and cor-
related with smooth muscle cell migration [ 23 , 
 24 ]. This in turn has led to similar studies in human 
penile cavernosal smooth muscle cells which dem-
onstrated the prevalence of two splice variants of 
VEGF and its receptor Flt-1. The study showed 
that exposure to VEGF results in a two- to three-
fold increase in human penile cavernosal smooth 
muscle cells [ 25 ]. Further studies in human endo-
thelial cells have teased out the effects of VEGF 
on endothelial production of nitric oxide, a major 
molecular messenger critical to erectile function 
[ 26 ]. Cell culture studies have therefore offered 
greater insight into the molecular and signal trans-
duction pathways involved in penile erection and 
how such pathways are affected in diseased states 
such as chronic ischemia [ 27 ], vascular insuffi -
ciency [ 28 ], or hyperglycemia [ 29 ]. 

 These in vitro studies have provided molecular 
targets for future studies on the effects of angio-
genesis in erectile dysfunction. However, cellular 
studies are limited by their ex vivo nature and the 

non-physiological conditions in which they are 
conducted. For example, most studies are based 
on monocultures of cavernous endothelial or 
smooth muscle cells which limit their representa-
tion of in vivo states (i.e., decreased external 
validity). A co-culture system of cavernous endo-
thelia and smooth muscle cells has been devel-
oped and may partially offset this limitation [ 30 ]. 

 While cell cultures offer a molecular under-
standing of erectile dysfunction, organ baths have 
allowed researchers to further evaluate how such 
molecular changes affect smooth muscle biology at 
the tissue level, especially in diseased states. For 
example, obesity is a known risk factor for ED. 
Organ baths of corpus cavernosal tissue from mice 
fed with a high fat diet or the standard diet were 
utilize to study penile effects of obesity, an increas-
ingly prevalent human problem. Functional 
responses of the tissue to electrical fi eld stimulation, 
endothelium dependent, and endothelium indepen-
dent agents were evaluated. Tissues from obese rats 
had diminished relaxation and increased contractil-
ity in response to electrical fi eld stimulation and 
phenylephrine, respectively. Cellular cGMP levels 
were lower in the experimental group. Collectively, 
these data suggest that obesity may affect endothe-
lium dependent vasoreactivity, increasing the risk 
of erectile dysfunction in humans [ 31 ]. 

 Not only do organ bath studies help translate 
the effects of molecular pathways to structural 
changes, they also offer a medium to evaluate drug 
therapy. For example, the synergistic relaxant 
effect of the phosophodiesterase type 5 inhibitor 
(PDE5I) sildenafi l and the alpha blocker doxazo-
sin on cavernosal strips was explored using organ 
bath methodology [ 32 ]. Like cell cultures, organ 
baths are limited by their ex vivo study conditions 
but offer a medium through which the connections 
between molecular pathways and structural tissue 
changes may be studied.   

    Human Biopsy Specimens 
and Cadavers 

 Human biopsy or surgical  specimens   for patients 
with ED have revealed structural and molecular 
changes that contribute to the disease process. 
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In an analysis of the penile corpora cavernosa of 
patients with severe ED and men without uro-
genital conditions, researchers compared biopsy 
specimens taken from men undergoing infl atable 
penile prosthesis implantation to fragments of 
corpora cavernosa from autopsies of men who 
died of other causes. They revealed a statistically 
signifi cant reduction in elastic fi bers in the ED 
group but no signifi cant differences in the pres-
ence of collagen or smooth muscle fi bers [ 33 ]. In 
another recent study, researchers compared surgi-
cal specimens of patients who underwent open 
retropubic radical prostatectomy versus robot- 
assisted radical prostatectomy. These specimens 
were stained with neuronal nitric oxide synthase 
(nNOS) antibodies. The patients who underwent 
the open procedure with nerve sparing were 
found to have a signifi cantly high number of 
nNOS positive nerves which correlated with 
worsened erectile dysfunction, suggesting (albeit 
not defi nitely determining) that the robotic 
assisted procedure may be more precise in pres-
ervation of the neurovascular bundles. This study 
suggests that nNOS staining of prostate speci-
mens after prostatectomy may be helpful in pre-
dicting postoperative erectile dysfunction [ 34 ]. 
Follow up assessment of erectile responses in 
these men is necessary to establish the clinical 
validity of these suppositions. 

   Human cadavers   have offered insight into 
structural components that contribute to ED. In 
these studies, factors such as hormonal defi -
ciency, arterial insuffi ciency, psychosocial 
effects, and drug effects are inconsequential. 
Under such conditions, researchers can focus on 
aspects of the human anatomy that may predis-
pose to erectile dysfunction should this anatomy 
be disrupted by pelvic surgery or the penile blood 
supplies be interrupted by atherosclerotic dis-
ease. For example, a 2002 study evaluated 120 
human cadaveric penile specimens. Transverse 
sections were obtained at the level of the pubic 
bone, mid penile shaft, and at the sulcus coronar-
ies. Atherosclerotic stenosis was found in 65 % of 
the specimens of which 20.4 % occurred proxi-
mally, 37.1 % centrally, and 42.5 % distally. This 
observation helped explain the poor results seen 
from revascularization surgery, suggesting that 

only patients with solitary vascular lesions are 
likely to benefi t from penile revascularization for 
ED [ 35 ]. Further studies that couple human 
cadaveric histology with advances in computer 
technology have provided detailed maps of penile 
arterial anatomy. For example, a 2013 study eval-
uating penile specimens from fi ve human cadav-
ers used immunolabeled serial 2D sections as the 
basis for computer generated 3D anatomical 
reconstructions. This revealed anastomoses 
between the dorsal, cavernous, bulbo-urethral, 
and urethral arteries which may provide collat-
eral blood fl ow to the corporal cavernosa after 
radical prostatectomy and potentially aid in 
recovery of erectile function [ 36 ]. Given the wide 
variability in human anatomy, cadaveric studies 
have provided insight into the intricacies of 
penile anatomy, though the application of such 
knowledge to surgical therapy warrants further 
research.   

     Animal Models   

  Early studies of ED in the 1960–1990s utilized 
large animal models including dogs, monkeys, 
cats, and rabbits and provided the foundation for 
our current understanding of erectile hemody-
namics [ 37 ]. Through studies in the monkey and 
canine models, Lue et al. demonstrated that 
penile tumescence was the result of active relax-
ation of sinusoidal spaces, arterial dilation, and 
venous occlusion [ 38 ,  39 ]. Carati et al. evaluated 
the role of sympathetic innervations on erectile 
function in anesthetized dogs [ 40 ]. Mating behav-
iors in these larger animals are more easily quan-
tifi able as mating occurs over a longer time frame 
compared to that in rats and mice. Furthermore, 
the sizes of these animals enable researchers to 
study multiple endpoints as there are more vascu-
lar and erectile tissue samples available. 
Nonhuman primates, in particular, carry the 
unique advantage in that they are most similar to 
human beings with regard to sexual behavior and 
physiology. Progression of vascular disease 
caused by high cholesterol diets also simulate that 
of human beings, making results from such stud-
ies more applicable to their human counterparts. 
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However, these large models are generally expen-
sive to support and there are few facilities avail-
able to house them. Their lifespan is also longer 
than that of mice, making support time consum-
ing [ 22 ]. Furthermore, there has also been a 
recent push towards minimizing the use of non-
human primates in research [ 41 ]. These factors 
have generally limited their use in contemporary 
studies although they do represent the most exter-
nally valid animal model of human penile 
erection. 

 In recent years, large animal models and non-
human primates have generally been replaced by 
the rat and mice models. The rat model has been 
utilized in multiple studies and carries the advan-
tages of small size, low cost of use, and well- 
defi ned models for evaluating ED. Erections may 
be induced in rats by administering apomorphine, 
electrical stimulation of the cavernous nerves, or 
penile administration of vasoactive agents (e.g., 
prostaglandin E1, papavarine). Erectile function 
may be assessed by recording intracavernosal 
pressure on conscious or anesthetized animals 
[ 22 ]. The rat model has helped elucidate the roles 
of various pathways integral in the pathophysiol-
ogy and treatment of ED including that of nitric 
oxide and RhoA/Rho-kinase [ 42 ,  43 ]. Certain rat 
models including the Zucker obese/diabetic rats 
and the Brown-Norway model enable researchers 
to simulate the effects of diabetes and aging on 
erectile function. Such studies have helped eluci-
date the roles of protein kinase C and Rho-kinase 
in facilitating the vasoconstriction state of the 
penile smooth muscle in obesity [ 44 ] as well as 
the effects of age related alterations in VEGF 
mRNA expression [ 45 ]. They are also the study 
targets of gene therapy. Researchers have shown 
that transfection of diabetic Sprague Dawley 
male rates with adenoviruses containing protein 
kinase G1α restored PKG1 activity and improved 
erectile function in the experimental group com-
pared to control [ 46 ]. Despite their contributions 
to molecular, cellular, and therapeutic studies of 
erectile dysfunction, however, rat models remain 
limited in differences in their mating behaviors 
and overall lifespan. Furthermore, their life span 
ranges from 1 to 3 years, which is relatively short 
compared to that of humans [ 22 ]. 

 Similar to the rat, the mouse model for study 
of penile hemodynamics is inexpensive albeit 
somewhat harder to work with given smaller size. 
Mouse models are more easily subjected to 
genetic manipulation with gene knockouts (i.e., 
inactivation of genes of interest) [ 22 ]. For exam-
ple, studies on mutant mice with knockouts of 
neuronal nitric oxide synthase (NOS) or endothe-
lial NOS have identifi ed splice variants of neuro-
nal NOS as potential mediators of erectile 
function and as such, potential therapeutic targets 
[ 47 ]. Some studies have evaluated further down-
stream targets of the nitric oxide pathway includ-
ing the calcium activated potassium channel 
(BK Ca ). It was demonstrated that treatment dose 
sildenafi l had decreased effi cacy in these BK Ca  
knockout mice, suggesting that this potassium 
channel is important in the action of sildenafi l 
in vivo [ 48 ]. These genetic studies offer more 
direct evidence of the molecular effects of certain 
targets on ED and may lead to future therapies.   

    Future  Drug Targets   

  The knowledge we have gained from cell cul-
tures, organ baths, and animal models have led to 
various potential forms of medical therapy. The 
most widely used are the phosphodiesterase 5 
inhibitors. PDE5I promote cyclic GMP (cGMP) 
accumulation in patients with erectile dysfunc-
tion by inhibiting its degradation. The effi cacy of 
PDE5I, however, is blunted in patients who are 
defi cient in nitric oxide, including men with dia-
betes, nerve trauma from pelvic surgery, or 
advanced age [ 49 ]. For these patients, soluble 
guanylate cyclase activators are promising forms 
of drug therapy that produce cGMP by direction 
activation of guanylate cyclase without the 
requirement for nitric oxide. YC-1 is a direct 
soluble guanylate cyclase activator that operates 
through an allosteric binding site and has been 
shown to facilitate erectile function in rats [ 50 ]. 
Intracavernous YC-1 injections into rat corpus 
cavernosa produced erectile responses and dose 
dependent increases in intracavernous pressures 
[ 51 ]. Another soluble guanylate cyclase activator, 
BAY 60-4552, was found to be effective in 
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increasing erectile response in rats with bilateral 
cavernous nerve crush injuries. Male adult 
Sprague-Dawley rats with bilateral cavernous 
nerve crush injuries were treated with vardenafi l, 
BAY 60-4552, or the combination of the two 
drugs and the combination treatment restored 
erectile responses to that of the control with erec-
tile stimulation. This suggests a synergistic effect 
of the two drugs and the potential benefi t for 
combination therapy in patients with post-radical 
prostatectomy ED [ 49 ]. To date, the effects of 
YC-1 and BAY60-4552 in men with ED have not 
been published in the peer-reviewed literature. 

 While still in the preclinical stages, Rho- 
kinase inhibitors are also potential therapeutic 
agents of interest. Previous studies have revealed 
that binding of norepinephrine, angiotensin II, or 
endothelin-1 to G-protein coupled receptors led 
to the conversion of RhoA-GDP to RhoA- 
GTP. The latter migrates to the cytoplasmic 
membrane and activates  Rho kinase (ROCK)   
which phosphorylates and inactivates myosin 
light chain phosphatase, thereby maintaining 
cavernous smooth muscle contraction [ 52 ,  53 ]. 
Hannan et al. treated Sprague Dawley rats with 
bilateral cavernous nerve injuries with Y-27632, 
a ROCK inhibitor, twice daily for 2 weeks. The 
authors reported that treatment group had fewer 
apoptotic cells, decreased  ROCK   activity, higher 
nitric oxide synthase levels, and improved erec-
tile responses to cavernous nerve stimulation 
[ 54 ]. This may suggest a role of ROCK inhibition 
in post-prostatectomy erectile dysfunction. 
ROCK inhibition with another agent, fasudil, has 
also been shown to improve erectile function in 
diabetic rats, suggesting its potential use in neu-
rogenic diabetic erectile dysfunction [ 55 ]. 
SAR407899A, a potent and selective ROCK 
inhibitor, has been studied in a clinical phase II 
trial of 20 men with mild to moderate ED. The 
study was completed in 2009 but results are not 
yet published [ 52 ]. 

 In summary, basic science studies have pro-
vided a step-wise approach to the understanding 
of ED. Cell cultures have clarifi ed major molecu-
lar signaling pathways involved in ED. The 
effects of these pathways on penile structural 
changes were then further elucidated in organ 

baths and animal models, yielding potential 
therapeutic targets and paving the paths for ED 
therapy.    

    Clinical  Studies   in ED 

  Medical therapy for ED is of great interest. Of the 
various available drug therapies, PDE5I are the 
mainstay and fi rst line agents of choice for ED of 
virtually every etiology [ 56 ]. The vast majority of 
studies on clinical pharmacotherapy for ED have 
focused on PDE5I. 

 PDE5I competitively bind to Phosphodiesterase 
type 5 (PDE5), an enzyme which is responsible 
for degrading the cellular second messenger 
cGMP to 5-prime GMP. cGMP is the mediator of 
numerous cellular processes that lead to vasodi-
lation and hence plays an important role in pro-
moting penile erection. Inhibition of PDE5 has 
the effect of increasing intracellular concentra-
tions of cGMP, leading to relaxation of the 
smooth muscle cells of the corpus cavernosum. 
PDE5I such as sildenafi l, tadalafi l, vardenafi l, 
and avanafi l are recommended as initial therapy 
for ED based on proven effi cacy and safety from 
numerous trials [ 57 ]. 

 The utilization of  PDE5I   as prophylactic agents 
for prevention or reversal of ED has been of great 
interest as studies have yielded inconsistent results. 
Animal studies and several small non-randomized 
studies of penile rehabilitation (e.g., administra-
tion of routine dose PDE5I after prostatectomy) 
suggested improved erectile function over time 
[ 58 – 60 ]. However, larger, randomized, and pla-
cebo-controlled trials failed to show any sustained 
benefi t in terms of spontaneous erectile function 
after routine dose PDE5I after prostatectomy [ 61 , 
 62 ]. A recent randomized, prospective study of 
279 patients with localized prostate cancer treated 
with radiation evaluated the use of prophylactic 
sildenafi l on erectile function and patient satisfac-
tion. Using IIEF as a metric to evaluate erectile 
function and RAND SF-36 to evaluate quality of 
life, the authors showed that daily sildenafi l dos-
age was associated with improved overall satis-
faction scores and IIEF scores at 12 months [ 63 ]. 
A similar study evaluating the effi cacy of tadalafi l 
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as a preventive agent, however, showed no benefi t. 
This study similarly used IIEF as a metric for erec-
tile function but evaluated sexual and marital satis-
faction using the Sexual Adjustment Questionnaire 
and Locke Marital Adjustment Test [ 64 ]. 

 The search for novel drug therapies remains a 
great focus of current clinical studies in erectile 
dysfunction. Second generation PDE5 inhibitors 
including  udenafi l   and  mirodenafi l   have been 
launched in South Korea after evaluation in sev-
eral double blind, placebo controlled, and ran-
domized controlled trials [ 52 ,  65 ,  66 ]. The study 
of udenafi l in young, healthy South Korean men 
showed that the drug is generally well tolerated 
with minimal side effects of facial fl ushing, 
impairment of color discrimination, and nasal 
stuffi ness [ 65 ]. Evaluation of mirodenafi l showed 
increase in IIEF Q3 and Q4 scores in the treat-
ment group compared with the control group [ 66 ]. 
While these studies are instrumental in establish-
ing the safety profi le and effi cacy of these poten-
tially new forms of therapy, studies on the safety 
and side effect profi les of this drug in other popu-
lations will be of great interest. When establishing 
the safety profi le of udenafi l, healthy South 
Korean volunteers aged 19–32 were studied, lim-
iting one’s ability to apply the data to populations 
such as the multiracial, elderly population of the 
USA. The mirodenafi l study excluded men with 
spinal cord injury, history of radical prostatec-
tomy, psychiatric disease, coronary artery disease, 
and those with penile anatomical abnormalities, 
limiting our ability to apply the study data to these 
populations, many of whom are the ones who will 
eventually be prescribed these medications by 
practitioners. These efforts will be an extension of 
the external validity of the studies.   

    Epidemiological Studies in ED 

 Erectile dysfunction affects men of all ethnicities 
and backgrounds but is also more common 
among men with cardiovascular diseases and the 
Metabolic Syndrome [ 67 ]. Its prevalence in these 
patient populations and its role as a subclinical 
marker for these conditions have been areas of 
increasing study. Furthermore, the prevalence 

and associations of ED in populations that have 
not been the subject of ED research are areas of 
increasing attention. 

    Erectile Dysfunction  and Chronic 
Medical Problems   

  ED is common among men with type 2 diabetes 
and addressing this aspect of their health has 
been emphasized in recent studies [ 68 ]. An 
observational study of 220 men followed for type 
2 diabetes at a single center in Italy showed that 
52.9 % of the patients had erectile dysfunction 
and the prevalence of ED increased with the 
number of times these men’s hemoglobin A1c 
were greater than 7 % [ 69 ]. A survey of 3991 men 
whose data were present in the National Health 
and Nutrition Examination Survey from 2001 to 
2002 and 2003 to 2004 showed that patients with 
fasting blood glucose between 100 and 126 mg/
dL and greater than 126 mg/dL had higher odds 
of ED (OR 1.22 [CI, 0.83–1.80] and 2.68 [CI 
1.48–4.86] respectively). Similarly, patients with 
hemoglobin A1C greater than 6.5 % had an odds 
ratio of ED of 3.70 (CI 2.19–6.27) [ 70 ]. These 
studies have established a strong correlation 
between metabolic disease and ED, which may 
provide strong incentives for men with these con-
ditions to implement lifestyle changes. 

 Not only is ED prevalent in men with diabetes, 
it may be a marker of sub-clinical cardiovascular 
disease. Evaluation of 192 patients with ED 
revealed high blood pressures and insulin resis-
tance index, suggesting that this may be one of the 
early clinical signs of endothelial dysfunction that 
occurs in metabolic diseases [ 71 ]. In a longitudinal 
cohort study of 965 men without diagnosed car-
diovascular disease, researchers demonstrated that 
persistent ED was associated with increased 
Framingham cardiovascular risk, especially in 
men less than 50 years of age [ 3 ]. A meta-analysis 
of seven cohort studies also demonstrated that the 
relative risk for cardiovascular disease for patients 
with ED was 1.41 (95 % CI, 1.22–1.64) [ 72 ]. In a 
2015 cost analysis, Pastuszak et al. estimates that 
if men with ED were screened for cardiovascular 
disease, 5.8 million men with unrecognized 
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 cardiovascular risk factors may be identifi ed 
over 20 years. With screening and intervention, 
approximately 1.1 million cardiovascular events 
may be avoided which can save up to 21.3 billion 
dollars [ 73 ]. These studies implicate the role of 
erectile dysfunction as an early marker that may 
eventually prompt general practitioners to evaluate 
and treat previously unrecognized underlying car-
diovascular risk factors.   

    ED in Men Who Have Sex with Men 

 Little is known about sexual dysfunction in men 
who have sex with men ( MSM  ) but there has been 
increasing research in this population. In a 2009 
study, 79 % of 7001 MSM recruited from internet 
social networking, chat, and news websites 
reported the presence of low sexual desire, erec-
tion problems, and performance anxieties [ 74 ]. In 
a 2012 internet survey based study of 2640 men, 
researchers found that increasing age, HIV sero-
positivity, and lack of a stable sexual partner were 
associated with greater odds of ED [ 75 ]. These 
risk factors were similarly demonstrated in another 
internet based survey of Belgian MSM which 
showed that having a steady partner offered an 
odds ratio of 0.59 ( p  < 0.001) whereas increasing 
age had a OR of 1.04 ( p  < 0.0001) [ 76 ]. A majority 
of these studies are internet based. The anonymity 
may enable respondents to answer more sensitive 
questions than in person interviews. However, this 
medium limits the study population to men with 
internet access; questions also remain about other 
factors relevant to the external validity of anony-
mous internet based surveys.   

     Qualitative Studies   in ED 

 Gathering information from patients and/or their 
partners on feelings relating to ED and treatment 
are essential to guiding successful clinical inter-
actions. While quantitative data supply important 
information on effi cacy, qualitative data help 
clinicians understand patient perspectives and 
narratives about their condition. This may be useful 

to help build empathy and better counsel men and 
their partners about their condition. One example 
of the utility of qualitative research was a recent 
study by Carvalheira et al. which studied the rea-
sons for discontinuation of PDE5I therapy in men 
with ED. The most frequent reasons for discon-
tinuation included lack of effi cacy, psychological 
issues, and concerns about safety profi le [ 77 ]. 
PDE5I discontinuation is common; studies such 
as this help providers to understand why failures 
occur; this may help to facilitate salvage of ther-
apy or more rapid progression to alternative 
treatments. 

 Qualitative methods have also been used to 
study the feelings and thoughts of female partners 
of men with ED. McCabe et al. reported on the 
feelings and thoughts of women whose male part-
ners were treated for ED with a  PDE5I  . In this 
study the female participants reported a number 
of benefi ts post-treatment, including better com-
munication and emotional intimacy [ 78 ]. 

 Qualitative research may also help researchers 
better understand the perspectives of specifi c 
sub-populations of men dealing with ED. For 
example, a recent qualitative study on the experi-
ence of gay men with prostate cancer revealed 
interesting data on how gay couples may adapt to 
treatment related ED. Many of the themes of loss 
and frustration were present but the researchers 
were able to identify some novel adaptive prac-
tices that had not to date been extensively docu-
mented [ 79 ].  

    Optimizing Future Research 

 Fundamentally, what is most important to opti-
mize future research in ED is to adhere closely to 
the fundamentals of research articulated above. 
Adherence to principles of research must be tem-
pered by the real world issues of limited resources 
in terms of money, time, and institutional/societal 
support. “Perfect” studies are an unobtainable 
goal but researchers and clinicians should of 
course strive to control for limitations when 
possible and to acknowledge them when they are 
unavoidable. 
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    Optimizing Basic Science  Research   

  Basic science research is where paradigm shifts 
and completely novel treatments begin [ 80 ]. 
Without basic science research, none of the phar-
macotherapies that form the mainstay of ED man-
agement would be available. Hence, commitment 
to research on the physiology of erections and 
pathophysiology of ED remains essential [ 81 ]. 

 We have a thorough understanding of how the 
penis becomes erect at both the molecular and 
tissue levels. That said, an enhanced understand-
ing of the various molecular messengers that 
mediate vasodilation will likely improve our 
understanding of how ED happens and present 
targets for future therapies [ 82 ]. 

 When a promising molecular target is identi-
fi ed, it is necessary to determine if it is amenable 
to pharmaceutical intervention. Generally either 
suppression (in the case of molecules that oppose 
genitovasodilation) or activation (in the case of 
molecules that enhance vasodilation) are the 
interventions of choice. High throughput screen-
ing and computed aided  molecular modeling 
techniques   (sometimes known as  in silico studies  ) 
may enable intelligent drug design to expedite the 
drug discovery process [ 83 ,  84 ]. This software 
may also help predict in advance which com-
pounds are likely to be bioavailable and/or toxic. 
It is desirable that this sort of processing occur 
prior to additional steps in drug development as 
even animal studies incur substantial expense; it is 
ideal to screen out drugs that are unlikely to be 
clinically useful as early as possible [ 84 ,  85 ]. 

 Computer programs are useful for high 
throughput screening but limitations of our 
knowledge and the markedly higher complexity 
of living tissue means that studies on tissues and 
whole organisms will remain essential [ 84 ]. Cell 
cultures, organ bath studies, and other studies 
involving cells and tissues from living organisms 
serves as an intermediary step between in silico 
and in vivo research. Research of this nature may 
yield important information on physiology, phar-
macology, and real-world activity of agents under 
study for management of ED [ 32 ]. 

 Pharmaceutical management of ED remains 
the mainstay of clinical management at this 

time; however, there has been long-standing 
interest in restorative therapies that would obvi-
ate the need for on demand therapies [ 86 – 89 ]. 
Stem cells, gene therapy, and trophic cytokines 
have all been advanced as modalities that may 
restore natural penile erection. Use of cytokines 
and gene therapies are generally based on 
known pathophysiological processes that are 
potentially amenable to manipulation of cellular 
milieu and/or local gene expression, respec-
tively. Stem cells have long been thought to act 
by differentiation and replacement of diseased 
cells and tissues, although an increasing body of 
evidence seems to indicate that cytokine release 
is a more likely mediator [ 90 ,  91 ]. While initial 
results have been promising long-term studies 
on safety and durability of treatment response 
are essential. 

 Animal testing has been a mainstay of basic 
science research for centuries. It is likely that it 
will continue to play an important role [ 92 ]. 
However, serious concerns have been voiced 
about species-specifi c differences in physiology 
that may limit the applicability of fi ndings in 
non-human animals (i.e., limited external validity 
of animal models for erectile physiology and ED) 
[ 22 ,  93 ,  94 ]. Furthermore, changing social mores 
have increased pressure on researchers to limit 
the use of animals in research and to adhere to the 
highest possible standards of humane treatment. 
This includes limiting the number of animal used 
in research, providing comfort measures for ani-
mals subjected to procedures, and using euthana-
sia methods that minimize animal suffering both 
physically and (as best we are able to determine) 
psychologically [ 41 ].   

    Optimizing Clinical Research 

  A key limitation of  clinical research   is study 
group. It is well known that some populations 
(e.g. racial minorities, sexual minorities, socio-
economically disadvantaged persons) are less 
represented in research and as such are less likely 
to benefi t from the eventual fi ndings of said 
research [ 95 ,  96 ]. Recent studies suggest that this 
may not necessarily be due to lack of willingness 
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in these study populations, which has been a 
commonly held belief [ 97 ,  98 ]. This poses a sig-
nifi cant problem in terms of the external validity 
of research fi ndings. Hence, a critical consider-
ation for future clinical ED research is enroll-
ment of study populations that are refl ective of 
the larger population under study. There may still 
be a place for focused studies on specifi c popula-
tions but such studies must be acknowledged as 
refl ective of observations in only a select sub-set 
of the larger community [ 99 ]. 

 Before enrollment even begins on a clinical 
trial for ED, the researchers should lay the 
groundwork for study parameters as detailed 
above. Of particular importance is a clear state-
ment of a primary research hypothesis; all of the 
subsequent study design should be geared 
towards answering this single, refutable research 
question. Many published papers leave the 
hypothesis vague, stating that the desire is to 
“explore relationships” or “investigate a certain 
population.” While these may be reasonable 
goals, without a testable hypothesis that is ame-
nable to being rejected a truly rigorous scientifi c 
study cannot occur [ 100 ]. In a similar vein, with-
out statement of hypothesis, it is diffi cult or even 
impossible to perform a power calculation; with-
out a power calculation the reader (and the 
researcher for that matter) cannot possibly know 
whether the sample size was appropriate, neither 
too large (in which case spurious and clinically 
insignifi cant differences can be amplifi ed into 
statistical signifi cance) nor too small (in which 
case potentially important differences may be 
missed for lack of adequate sampling) [ 101 ]. It is 
highly advisable that researchers who do not 
have a strong background in statistical methods 
enlist the aid of a qualifi ed statistician early in the 
process of trial design. 

 Utilization of validated endpoints remains 
critical [ 102 ]. A salient case in point is older 
studies on ED after radical prostatectomy. These 
studies often relied on simple patient report 
(binary of “yes” or “no”) to determine presence 
or absence of ED. A respondent might report that 
he was able to engage in intercourse and hence be 
coded as not having ED; what was not necessarily 
taken into account was increased diffi culty 

engaging in penetrative intercourse in men who 
had previously had no diffi culty, decreased erec-
tile rigidity leading to lower satisfaction for the 
man and his partner, and a higher prevalence of 
sexual encounters during which the erection did 
not attain and/or maintain suffi cient rigidity [ 103 , 
 104 ]. It must also be considered that many 
patients typically wish to provide the “socially 
desirable” response when directly questioned and 
hence many men may deny the presence of ED 
even when it is present [ 1 ]. 

 It is preferable to use validated instruments 
such as the International Index of Erectile Function 
(IIEF) or related scales to quantify degree of erec-
tile and change over time [ 15 ,  105 ]. These metrics 
typically report continuous data that permit a more 
nuanced assessment of changes in sexual function 
over time or after treatment. While continuous 
variables are nuanced there remains a place for 
categorical assessments of erectile response; a 
commonly utilized binary response option are the 
Sexual Encounter Profi le (SEP) questions, par-
ticularly question 2 (which deals with attaining 
an erection suffi cient for penetration) and 3 
(which deals with maintaining an erection suffi -
cient for penetration [ 106 ]. 

 Finally, the research study should be controlled 
to account for confounding variables. Health, 
demographic, and psychosocial factors that con-
tribute to ED should be elicited and appropriate 
statistical analysis conducted so as to minimize the 
interference from these other variables [ 68 ,  107 ].   

    Optimizing Epidemiological  Research   

  Concerns about the external validity that apply to 
clinical research are also highly relevant, perhaps 
even more so, in epidemiological research [ 108 ]. 

 In the past, epidemiological research relied on 
mail and/or telephone contact. The advent of the 
internet and electronic mail (e-mail) has revolu-
tionized the practice of epidemiological research 
but introduced new limitations [ 109 ]. It is very 
easy for researchers to contact large groups of 
people with relative ease; by selection of interest 
groups and/or tailoring of invitations researchers 
may rapidly and cheaply accrue large study 
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populations. However, concerns remain about the 
veracity of participant responses. Validity becomes 
an even more critical issue since the absence of 
face to face interaction makes the potential for 
misinterpretation of study questions a very real 
and salient one [ 109 ]. 

 Solicitation of participants from disease 
focused websites may facilitate research but give 
a skewed notion of the prevalence of sexual issues. 
For instance, a recent study reported a very high 
prevalence of sexual concerns in men prescribed 
the drug fi nasteride. While the reported preva-
lence of problems was very high in the study pop-
ulation, the authors selected patients from a 
website that is designed for men who report prob-
lems from prior use of this drug class [ 110 ,  111 ]. 
Similarly, an historical study on the perceptions of 
women on partner circumcision status was drawn 
in large part from solicitations placed in an anti-
circumcision newsletter. Not surprisingly, a very 
high proportion of female respondents reported 
lower satisfaction during sexual activity with an 
uncircumcised male partner [ 112 ]. A Danish 
study reported higher prevalence of sexual prob-
lems in circumcised men and female partners of 
circumcised men [ 113 ]. The study enrolled a large 
and representative population of Danes but it is 
unclear whether the results could be extrapolated 
to regions where circumcision is more common 
(e.g., the USA) (Table  26.2 ). 

        Conclusions 

 Research in erectile dysfunction remains complex 
and dynamic at all levels. From cell cultures, organ 
baths, human biopsy specimens, and animal mod-
els, we have a strong understanding of the molecu-
lar, cellular, and structural factors that make the 
penis erect. The advent of gene and stem cell tech-
nology will now allow us to further use this knowl-
edge for specifi c drug therapies in diverse patient 
populations with different underlying etiologies 
for erectile dysfunction. The development of vali-
dated questionnaires such as the International 
Index of Erectile Function has helped us study the 
effi cacy of current therapies. However, our increas-
ing recognition of the limitations of these study 
metrics in more diverse patient populations will 
help us develop more precise studies in the future. 
Research in erectile dysfunction is rapidly expand-
ing, and it is without question that the future will 
yield interesting results.     
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