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ltrastructural Changes of
orpora Cavernosa in Men With Erectile
ysfunction and Chronic Renal Failure

uido Bellinghieri,* Giuseppe Santoro,† Domenico Santoro,* Bruno Lo Forti,‡

incenzo Savica,* Pietro Favazzi,§ Ludovico Magaudda,† and Arthur H. Cohen�

Erectile dysfunction (ED) is a common and often distressing side effect of renal failure.
Uremic men of different ages report a high variety of sexual problems, including sexual
hormonal pattern alterations, reduced or loss of libido, infertility, and impotence, thereby
influencing their well-being. The pathogenic mechanisms include physiologic, psychologic,
and organic causes. To determine the contribution of morphologic factors to impotence we
studied the ultrastructure of the corpora cavernosa in 20 patients with end-stage renal
disease who were treated with chronic dialysis and compared the findings with 6 individ-
uals with no clinical history of impotence. Our results indicated that in male uremic patients
with sexual disturbances there were major changes in smooth muscle cells. This was
characterized by reduction of dense bodies in the cytoplasm, thick basement membranes,
and increased interstitial collagen fibers with resultant reduction of cell-to-cell contact. In
addition, there was thickening and lamination of basement membranes of endothelial cells
and increased accumulation of collagen between nerve fibers. These alterations were more
evident in patients with longer time on dialysis and were independent of type of primary
renal disease. We hypothesize that ED in dialysis patients is not related to the primary
disease but to the uremic state.
Semin Nephrol 24:488-491 © 2004 Elsevier Inc. All rights reserved.
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rectile dysfunction (ED) has been defined as the inability
to achieve or maintain an erection sufficient to allow

atisfactory sexual intercourse.1 Erection is the result of neu-
ovascular and hormonal mechanisms and is related to the
ntegrity of penile tissue.2 The vascular mechanism is well
nderstood and surgical revascularization procedures for the
reatment of impotence are well established. Because 50% of
he patients who undergo penile vascular surgery do not
xperience improvement in symptoms, it has been postu-
ated that factors other than those of vascular origin might
ave an important role in the pathophysiology of impotence.3

ndeed, in patients with vasculogenic (severe arterial and
enous dysfunction) impotence, the prominent ultrastruc-

Division of Nephrology.
Department of Biomorphology.
Division of Surgery, University of Messina, Messina, Italy.
Dottorato Scienze Nefrologiche, Seconda Università di Napoli, Napoli, Italy.
Department of Pathology, Cedars Sinai Medical Center, Los Angeles, CA.
ddress reprint requests to Guido Bellinghieri, University of Messina, Divi-
ssion of Nephrology, Viale regina margherita, 69, Messina, I-98122, Italy.

88 0270-9295/04/$-see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.semnephrol.2004.06.002
ural finding was a decrease in and deterioration of smooth
uscle cells.4

The corpora cavernosa are a sponge-like system of irregu-
arly shaped vascular spaces fed by afferent arteries and
rained by efferent veins; they are composed of smooth mus-
le cells, interstitial matrix, and numerous nonmyelinated
nd preterminal autonomic nerves. An appropriate orienta-
ion of the smooth muscle cells with respect to blood vessels
nd a proper molecular association of cells and the extracel-
ular matrix are necessary for adequate corporeal smooth

uscle cell function and proper cell-to-cell and cell-to-ma-
rix association for transfer of metabolites.

In patients with ED, there is a progressive quantitative
ecrease of smooth muscle that results from degenerative
hanges and atrophy of smooth muscle cells with gradual
eplacement by collagen.5 The introduction of sildenafil for
herapy of ED has completely changed the approach to eval-
ating these patients.6 However, it should be appreciated that
ildenafil requires structurally intact penile tissue to cause a

atisfactory erection.
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ED is common in patients with uremia; it is present in 30%
f patients with chronic renal failure and in 50% of patients
ndergoing dialytic treatment.8 Recent studies have docu-
ented that sildenafil is an effective and safe treatment for ED

n most patients on chronic dialysis.7-9 Consequently, we
roposed a new algorithm for the evaluation and treatment of

mpotence.10 ED has been related to several disturbances
ommon in uremic patients; these include peripheral neu-
opathy, autonomic nervous system dysfunction, peripheral
ascular disease, drug toxicity, and psychologic factors.11,12

lthough many of these problems have been investigated, the
ole of corpora cavernosa structure in determining abnormal
unction remains unclear. We hypothesize that sexual dys-
unction, in patients with ED and end-stage renal disease,
ould be related in part to the structural changes in the cor-
ora cavernosa; we therefore conducted an electron micro-
cope study in men with ED on chronic hemodialysis to
nvestigate the contribution of structural abnormalities of the
orpora cavernosa.

aterials and Methods
e evaluated the prevalence of ED in a group of 180 patients

reated with chronic bicarbonate dialysis 3 times weekly.
his evaluation was performed using a 15-item sexual func-

ion questionnaire: the international index of erectile func-
ion.13 The international index of erectile function represents
brief and reliable measure of erectile function. The sexual

unction questionnaire was self-administered to all uremic
atients. Responses to the score questions of the international

ndex of erectile function were recorded using 5-point cate-
oric scales, with high scores indicating more favorable out-
omes. The mean scores of patients with ED were signifi-
antly lower than the mean scores for healthy controls for all
5 questions (all P values � .01). According to the score of
his test we selected 20 patients with ED, mean age 43 years
ld (� 8 y), who were treated with chronic dialysis for a
ean period of 6.5 years (� 5 y). The patients had been

reated unsuccessfully with sildenafil and intracavernous
rostaglandin E1. Our standard investigation included de-
ailed sexual histories, physical examination, measurement of
he biochemical and hormonal profile (prolactin, leuteinizing
ormone, follicle stimulating hormone, progesterone, and
estosterone), pharmacologic color Doppler ultrasound in-
estigation of the cavernous arteries, and nocturnal penile
umescence (NPT) rigidity monitoring with the Rigi Scan
evice (Dacromed, Minneapolis, MN). All these investiga-

ions were unrelated to the development of ED. The primary
iseases leading to end-stage renal disease were diabetes (7
atients), hypertension (5 patients), chronic glomerulone-
hritis (4 patients), autosomal-dominant polycystic kidney
isease (2 patients), urinary tract infection (1 patient), and
hronic interstitial nephritis (1 patient).

After informed consent, fine-needle biopsy examination of
he corpora cavernosa was performed. Control penile tissue
as obtained from 6 individuals with a mean age of 46 years
ld (�7 y) who had no clinical history of ED, diabetes, hy-

ertension, renal dysfunction, or any surgical intervention a
Nesbit procedure) for correction of congenital or acquired
enile curvature.
The standard biopsy technique included superficial anes-

hesia by infiltrating the skin of the penis with 1 mL of lido-
aine 2%. The needle (tru-cut type) G21 was introduced
hrough the albuginea in the right cavernous body and pulled
roximally. A specimen of 1.5 � 12 mm was obtained. Bi-
psy specimens were processed for transmission electron mi-
roscopy; fixation was in 4% glutaraldehyde in phosphate
uffer 0.2 mol/L, pH 7.4, at 4°C for 3 hours. After rinsing in
uffer, the tissue was postfixed in 1% OsO4 in 0.2 mol/L
hosphate buffer with a pH level of 7.2 to 7.4, dehydrated in
raded alcohol and acetone, and flat embedded in Durcupan.
ltrathin sections were cut on a LKB Ultratome V (LKB,
ashington, DC) and stained with uranyl acetate and lead

itrate.

esults
n the control group, the smooth muscle cells of the corpora
avernosa had normally distributed intracellular filaments,
ense bodies, peripherally located vesicles, and were sur-
ounded by intact basal lamina of normal thickness. The
asement membrane of capillaries were thin and single lay-
red (Fig 1A). In contrast, capillaries from patients with ED
howed basement membranes considerably thickened and
ith multiple layers (Fig 1B). Moreover, there were de-

reased numbers of smooth muscle cells with an increase in
ntervening connective tissue, predominantly collagen. Base-

ent membranes surrounding these cells were greatly and
niformly thickened (Fig 2). The sarcoplasma had reduced
lectron-opaque contractile myofilaments and lacked dense
odies; there was a marked decrease in or absence of glyco-
en. The cytoplasm contained numerous vacuoles. Abundant
ollagen fibrils interposed between the smooth muscle cells
ere orientated randomly. The increase in the interstitial

omponent resulted in a marked decrease in cell-to-cell con-
acts. The diabetic patients showed the most pronounced
asement membrane changes in vessels; they were character-

zed by greatly thickened and multilayered basement mem-
ranes of capillaries. Patients of different ages showed almost
imilar changes, but in a subgroup of patients with a longer
ime on dialysis we observed a greater degree of damage in all
issue elements of the corpora cavernosa.

iscussion
uman corpora cavernosa are constituted by abundant

mooth muscle cells embedded in a collagenous extracellular
atrix with a rich blood supply and relatively sparse neuro-
al components. The corporeal extracellular matrix consists
ainly of an abundance of type I and type IV collagen, with
lesser amount of type III as well as laminin; type I and type

II collagen are characteristic of the interstitial connective
issue, whereas type IV collagen and laminin are components
f the basal lamina of basement membrane.14

Erection and detumescence of human corpora cavernosa

re hemodynamic events regulated by alternating relaxation
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nd contraction of the smooth muscle cells and to the alter-
ate dilatation and contraction of the penile arteries.2 It has
een suggested that the smooth muscle cell relaxation is de-
ermined by decreased adrenergic tone together with in-
reased release of cholinergic and/or nonadrenergic/noncho-
inergic neurotransmitters, neuromodulators, or hormones.
n the other hand, detumescence is achieved by the opposite

vents: contraction of the corporeal smooth muscle cells,
ecrease in arterial blood flow, and return of normal venous
utflow.15 To achieve adequate corporeal smooth muscle cell
unction and proper cell-to-cell and cell-to-matrix associa-
ion for transfer of metabolites, appropriate orientation of the
mooth muscle cells with respect to blood vessels and proper
olecular association of cells and the extracellular matrix are
ecessary. Alterations of any of these components may lead
o ED.

igure 1 (A) Normal capillary. The basement membrane is thin and
ingle layered (arrow) (magnification, �12,500). (B) Capillary from
atient with ED. The basement membrane is thickened consider-
bly and has multiple layers (arrow) (magnification, �11,500).
Ultrastructural studies previously have documented that �
ifferent behavioral (smoking, alcoholism) and/or medical
onditions (hypertension, diabetes, and so forth) produce
imilar degenerative tissue responses.5 Investigators assess-
ng amount of muscle, presence of myofilaments, lipid drop-
ets, pseudovacuoles, mitochondrial aggregation, external
amina thickening, and cell-to-cell separation by collagen did
ot observe any consistent changes that could be related to a
ingle or specific cause of impotence. Similarly, in another
tudy performed on 29 impotent patients it was not possible
o determine the relationship between the ultrastructural ap-
earances and the causes of impotence.16

It has been suggested that smooth muscle cells and other
tructural components of the erectile tissue such as collagen
nd elastin can be injured by renal failure–associated hypox-
a.17 Indeed, we previously had observed subjective and ob-
ective improvements in sexual function during recombinant
uman erythropoietin therapy.18 We postulated that correc-
ion of anemia, through an improvement of hypoxia, increase
f blood viscosity, and general well-being, would improve
exual function.

Many investigators believe that primary ED represents ab-
ormal smooth muscle function rather than a consequence of
ollagen content or distribution.4,19 Our findings of abnormal
mooth muscle cell morphology including increased density
f cytoplasmic inclusions, decreased filaments, and de-
reased dense bodies indicate that these cells would be inca-
able of the relaxing-contractile process and are in agreement
ith the previously mentioned observation.4,19 We also doc-
mented thickening of the basement membranes of smooth
uscle cells with resultant separation of these cells by in-

reased collagen, features that lead to a decrease in the cell-
o-cell contact, an important component of the process lead-
ng to ED.

The value of a small biopsy examination in establishing the
athologic process has been discussed previously in the lit-
rature. Some investigators observed that the degree of the
athology is not site-dependent, whereas others described
ifferences between right and left corpora cavernosa.5,19,20

igure 2 Portion of artery. The smooth muscle cells are surrounded
y very thick basement membranes (arrow) (magnification,

6,750).
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espes et al,21 analyzing the percentage of smooth muscle
ells in biopsy specimens taken at different sites of corpora
avernosa, affirmed that vascular impotence is a diffuse pe-
ile disease and that quantification of these cells at any site
an be used to select patients for vascular reconstructive sur-
ery.

Our patients represent a select group of uremic subjects
ffected by ED, despite the primary process leading to ure-
ia. The diabetic group also may have changes consequent to
ajor larger vessel damage, although the abnormalities that
e observed in all groups were the same. This suggests to us

hat impotence in uremic patients is not related to the pri-
ary process but to some manifestation of the uremic states.
urther studies on uremic patients or animal models will
erhaps assist us to understand better the effects of uremia on
he corpora cavernosa, to establish the value of intracorporeal
iopsy examination in selecting treatment for impotent pa-
ients, and, possibly, how to prevent or symptomatically treat
hese changes.
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