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ABSTRACT

Introduction: The corpora cavernosa are cylindrical vessels containing fluid under pressure. Thus, if cavernous wall
resistance decreases, the radiusincreases and internal pressure decreases (LaPlace’slaw). We reasoned that if we decrease
the corpus cavernosum radius, by excising a strip from each tunica abuginea, intracavernous pressure would increase
during erection.

Materialsand Methods: Wetreated with this procedure, four patients (mean age 41.5) with long-standing erectile dysfunc-
tion due to veno-occlusive dysfunction, non-responders to phosphodiesterase-5 inhibitors and intracavernous PGE1
injection.

Results: Two months post-surgery, intracavernous PGE1 (40 mcg) induced asatisfactory erection in two patientsand a45%
and 58% tumescencein the other two. PGE1 responders al so responded to 100 mg sildenafil. After 100 mg sildenafil and 20
mg tadal afil, the two non-responders had erections that enabled penetration but were short lasting.

Conclusion: The procedure described could be more effective than cavernous revascularization operations. The results
seem to confirm the mathematical assumptions.

Key words: erectile dysfunction; elastic fibers; tunica albuginea; corpora cavernosa
Int BrazJ Urol. 2007; 33: 785-94

INTRODUCTION gery has also proven to fail in the majority of cases
(3).

Conservative surgical treatment (non-pros- Because the in- (arterial) and out- (venous)
thetic) of erectile dysfunction (ED) targets the fac- flow of blood within the corpus cavernosum is regu-
torsthat most likely cause erectilefailure and aims at lated by the trabecular smooth musclesand thetunica
restoring physiologic conditions. Unfortunately, thisgoa albuginea (TA) elastic properties, revascularization
has only partly been achieved. For instance, thelong- surgery will be unsuccessful if these componentsare
term outcome of corpus cavernosum microsurgical damaged (4).
revascularization (1), which is aimed at augmenting The severe reduction in elastic fibersin the

endocavernous pressure during tumescence and pe- TA of ED subjects seemsto affect TA function (5,6).
nile rigidity, has been disappointing (2). Venous sur- Reduced TA elasticity could reduce TA resistance
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when intracavernous pressure as high as during erec-
tion (7). Infact, the corporacavernosaare cylindrical
vessels that contain fluid under pressure. According
to Laplace' slaw, thelarger the vessel radiusthe larger
thewall tension required to withstand agiven internal
fluid pressure. Hence, an increase in the corpus
cavernosum radius, consequent to reduced TA elas-
ticity, would result in adecrease in internal pressure.
Decreased TA elasticity may a so reduce venous com-
pression so leading to veno-occlusive dysfunction
(VOD) and ED. Shafik et a. proposed asurgical tech-
nique involving the overlapping of the tunica albug-
inea to reduce the volume of the cavernous cylinder
with encouraging results (8).

Here we describe a different surgical tech-
niquefor ED in patientswith VOD dueto areduction
in the elastic fibers of the TA.

MATERIALSAND METHODS

For this treatment we selected four patients
(mean age 41.5; range 24-57 y) who had suffered
from severe ED due to veno-occlusive dysfunction
(VOD) for more than 1 year, did not respond to the
highest doses of phosphodiesterase-5 inhibitors nor to
intracavernous PGE1 20 mcg, and refused penile pros-
theticimplantation. All patientsunderwent medical his-
tory, IIEF, physical examination, blood serum tests,
nocturnal penile tumescence (NPT) test for three
consecutive nights, penile PGE1 Doppler flowmetry,
pharmacocavernosometry. NPT test was considered
normal when at |east one erection event, lasting longer

than 10 min and with arigidity of more than 70% at
the base and at the tip, was recorded (9,10). Cavern-
ousartery Doppler flowmetry was carried out in basal
condition and after intracavernous stimulation with
PGE1 (10 mcg) (11). Pharmacocavernosometry was
performed according to Goldstein and Padma-Nathan
(12).

Patients included were not smokers, nor af-
fected by diabetes or other endocrine diseases.

In all patients, the diagnosis of VOD was
confirmed by abnormal NPT test (Table-1), normal
arterial function at Doppler flowmetry (Table-2), dys-
functional pharmacavernosometry with absence of
erectile response at increasing intracavernous doses
of PGEL up to 60 mcg.

After rglecting penile implantation, patients
were proposed cavernous body reduction technique
as a “last resource” procedure. They were asked to
sign an informed consent form and the authorization
of the Hospital Ethics Committee was obtained.

Before undergoing surgery, all patientsunder-
went abiopsy of thetunicaalbugineawith the biopsy-
guntechnique(6,13,14). The TA specimenswerefixed
in 10% buffered formalin solution and embedded in
paraffin, and a 5-u section was stained with hema-
toxylin and eosin, and Weigert’s stain (for elastic fi-
bers). Elastic fibers were counted on 10 to 12 fields
(40 X magnification) on five serial sections (10to 12
fields for each section). Routine counting techniques
were used, namely, mitotic counting, or more specifi-
cally, AQNOR counting (15). All patients showed a
severereduction of the TA elastic fibers, i.e., between
27.77 and 49.32 for each high power field (6,13).

Table 1 — Results of RigiScan nocturnal tumescence monitoring. The erectile episodes rate during 3 nights of registration
(frequency), the duration of the best erectile episode (duration/min.) and the base and tip rigidity percentage of the best

erectile episode, before (pre) and after (post) surgery.

Age Frequency Duration/min Rigidity
Pre Post Pre Post Tip Base
Pre Post Pre Post
Pte. 1 2 1 2 3 12 523 6838 591 702
Pte. 2 30 2 3 6 10 604 656 65.7 734
Pte. 3 46 4 3 2 n 3H7 581 390 60.8
Pte. 4 57 1 3 5 14 553 710 584 701
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Table 2 — Echo Doppler flowmetry evaluation.

Arterial Diameter/mm

Flow Rate, cm/sec

Beforel njection After Injection Peak Diastolic Resistancelndex
Pte. 1
Right art. 043 085 4533 1344 0.70
L eft art. 043 085 44.66 1330 0.70
Pte. 2
Right art. 0.39 0.80 4123 1155 068
L eft art. 040 081 4100 1140 067
Pte.3
Right art. 041 0.79 4545 ac’ 071
L eft art. 041 0.79 4512 1250 065
Pte. 4
Right art. 045 04 4500 1350 0.77
Left art. 045 04 4500 1351 0.77

Eight to 10 weeks after surgery, the four pa-
tients underwent a NPT test and a PGE1l
intracavernoustest with real-timerigidometry, and then
were allowed to assume PDES5 inhibitors and attempt
asexua intercourse. Follow-up visitstook place 3 and
6 months after surgery.

Surgical Procedure

Under general anesthesia, a subcoronal inci-
sionisperformed and the penisis skinned to the base.
Buck’s fasciais longitudinally opened with scissors
along both lateral faces of the shaft, from penisbasis
to balanopreputia sulcus, approximately 1 cmdorsally
to the spongy body of the urethra. The cleavage plane
beneath the fascia is hilaterally developed, circum-
flexes veins are ligated and the surface of the tunica
albuginea is exposed. A haemostatic tourniquet is
placed at the penisbase and erectionisinduced through
intracavernous salineinfusion. Thestrip to beremoved
fromthe TA, 0.5t0 1 cmwide and just aslong asthe
shaft is, are then marked on both faces by a demo-
graphic pencil. Thetourniquet isremoved consenting
detumescence and then placed again to reduce bl eed-
ing. The TA is incised with a #11 blade aong the
marked traces (Figure-1). The stripsare then detached
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from the underlying cavernoustissue with blunt-tipped
scissors (Figure-2) and removed (Figure-3). The TA
marginsare sutured by aPDS4-0 running suture (Fig-
ure-4). Buck’s fasciais closed through a biosyn 3-0
interrupted suture. Dartos fascia and skin are recon-
structed with biosyn 4-0 interrupted sutures.

An 18F Foley catheter isleft in place for 24
hours and a compressive bandage is applied for two
days. During surgery asingle bolusof antibiotics, 2 g
ceftazidime, isadministered. Toinhibit nocturnal erec-
tions, a 20 mg bedtime dose of diazepam isadminis-
tered inthefirst 7 days and an intramuscular 100 mg
dose of cyproterone acetate is administered once a
week for three weeks.

RESULTS

The postoperative course was uneventful in
al patients. Two patients reported some pain during
moderate spontaneous tumescence while sleeping
during the first 20 days after surgery. The pain disap-
peared spontaneously.

All patients reported a relevant spontaneous
penile tumescence while sleeping or upon awaking
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Figure 1 — Incision of the tunica albuginea on the left corpus
cavernosum. A longitudinal bandin thetunica (of about 0.5 cm) is
prepared.

Figure 2 — The band in the tunica albuginea is excised. The
erectile tissue is separated from the tunica with the tip of a scis-
SOrs.

four weeks after surgery. Eight to ten weeks after
surgery the NPT test showed a clear improvement in
al patients (Table-1) and the PGEL (40 mcg) test with
real-timerigidometry showed: intwo patients, asatis-
factory erection both inrigidity (> 70%) and duration
(> 10 min); inthe other two patients, arigidity of 45%
and 58% lasting 15-20 min.

At the 3 monthsfollow-up visitsthetwo PGE1
responders reported good erection with sildenafil cit-
rate 100 mg or tadalafil 20 mg, subjectively perceived
as satisfactory in terms of both rigidity and duration.
The two low-responders to intracavernous PGEL in-
jection had partial responseto 100 mg sildenafil or 20

Figure3— \entral face of theleft corpus cavernosum. Aband in
the tunica albuginea has been removed.
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Figure4— Continuous suture by PDS4-0 of thetunica albuginea
on the ventral face of the | eft corpus cavernosum.

mg tadal&fil, reporting partial erection barely sufficient
for vaginal penetration and of insufficient duration for
a satisfactory sexual intercourse.

Overadll, al patients were satisfied with the
surgery. None reported functional or psychological
consequences due to the reduced penile cross-sec-
tion. All declared that they did not feel any difference
and that they would undergo the operation again.

COMMENTS

During penile erection, tumescence is caused
by smooth muscle relaxation, which exposes the lacu-
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nar spacesto systemic systolic arterial blood pressure
thusinducing blood engorgement of corporacavernosa.
As penile volume maximizes secondary to cavernous
tissueand, principally, tunicaa bugineacompliance, fur-
ther increment in intracavernous blood pressure will
trandate into increased rigidity. Penilerigidity isthen
mainly influenced by intracavernous pressure (16).
However it has been shown that awide range of pres-
sure can be associated with penilerigidity, and if most
patientsachievefull rigidity whenintracavernouspres-
sure approaches 60-90 mmHg, in some cased rigidity
is observed at 40-50 mmHg pressure, while in some
other pressure exceeding 120 mmHg are needed. Pe-
nile geometry is considered an important factor in ex-
plaining such variability, and it has been clearly sug-
gested that both length and diameter influence the
intracavernous pressure needed to achieverigidity, and
that at agiven length, in presence of abigger diameter
ahigher pressureisrequired (17,18).

Our preliminary experience with this novel
technique seems to support arationale for a cavern-
ous body reduction in patients with severe erectile
dysfunction non responsive to oral or injectable ED
drugs. All four patientsimproved their erectile func-
tion after the procedure, although only in two cases
the response was considered satisfactory at the post-
operativered -timerigidometry. Fromaclinical view-
point, patientsregained good or partial responsivity to
PDES inhibitor that in two cases tranglated in satis-
factory sexual activity.

All patients were affected with VOD, and
presented good arterial function. We think these pa-
tients may prove to be the best candidate for this pro-
cedure, although someefficacy in casesof arteriogenic
dysfunction might be shown.

Cavernous body reduction is a simple and
quick procedure, with minimal side effects. Never-
theless, it can be proposed only to avery limited sub-
group of patients, i.e. patients with severe ED non
responsiveto pharmacol ogicd treatment, where agood
arterial function can be documented, who refuse pe-
nile prosthesisbut not “conservative” proceduresthat
could possibly improve the drug-assisted erection.
Patients have also to accept a permanent reduction
of penisgirth, although in our experience this can be
barely perceived after the procedure.
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CONCLUSION

As penile geometry is an important factor in
determining erectile function, a tunica albugineare-
duction can improve erectilefunction in patientswith
severe ED from veno-occlusive dysfunction. This
experimental procedure can be proposed as a “last
resource’ technique in patients affected with severe
ED, who are bothered enough to warrant a surgical
approach but refuse penile implantation. Further ex-
perience is needed to better define short and long-
term results of this procedure, and to identify the pre-
operative factors that can indicate or contraindicate
itsapplication.
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EDITORIAL COMMENT

The authors report an interesting experience
with a new surgical technique (cavernous body re-
duction) in 4 patients suffering from severe erectile
dysfunction (ED) non-responsiveto oral or injectable
ED drugs. In all the patients the diagnosis of veno-
occlusive dysfunction (VOD) was confirmed by ab-
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normal nocturnal penile tumescence (NPT) test, dy-
namic Doppler flowmetry, blood examination and
pharmaco-cavernosometry.

Before undergoing surgery, all patientsunder-
went a biopsy of tunica albuginea (TA) with the bi-
opsy-gun technique; the TA specimens showed a se-
vere reduction of TA elastic system fibers.
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Thetechnique described by the authorsisin-
spired by Shafik’swork. Shafik et al. proposed a sur-
gical techniqueinvolving the overlapping of TAtore-
duce the cavernous cylinder volume with encourag-
ing results. Theaim of thiswork isto highlight therole
of TA in the erectile mechanism; in fact, we agree
that TA isnot apure holder of corporacavernosa, but
itsintegrity iscrucia for the physiology of erection.

We just propose some considerations about
patients' inclusion criteria. Thediagnosis of veno-oc-
clusive dysfunction in patients affected by ED with-
out any other possible cause is moreover a big chal-
lengefor andrologists.

e The selected patients have suffered from ED for
more than 1 year, but it is not clear if the sexual
dysfunctionisan acquired or acongenital disease;
in fact, the onset of severe acquired ED due to
reduction of elastic fiberscould berelated to other
systemic or metabolic affections. Have endocrine
blood examinations been performed? Aswell as
an important step in the management of
andrological patient, an androgen deficiency, also
partial, could beresponsiblefor adiminished tro-
phismin many organs, including TA.

e The relationship between reduction of TA elas-
ticity, TA resistance and the corpus cavernosum
radiusit isnot clear. TA elasticity, aswe believe,
isacrucial point to induce detumescence with a
ten fold increase of its thickness.

e TheAuthorsdo not report any consideration about
psychol ogical assessment concerning sexological
aspects. We believethat thisevaluation hasapre-
ciserolein order toidentify patientswith high lev-

EDITORIAL COMMENT

The article “Cavernous Body Reduction in
Four Patients with Erectile Dysfunction Due To In-
sufficient Venous Occlusion and a Deficit of Elastic

elsof anxiety or depression. Infactitiswell known
that these conditions determines a series of bio-
chemical changesin brain and body; particularly
sympathetic hyperactivity with increased blood lev-
elsof catecholaminesinducesvasoconstriction and
increased penile smooth muscletone. In these pa-
tients pharmaco-cavernosometry can give false
results. Moreover, these patients are frequently
affected by deep disorders. It would have been
interesting to perform anocturnal polysomnogram
test that, together with nocturnal peniletumescence
test, could lead to amore certain diagnosis.

The surgical technique is mainly based on a
volumetric reduction of corpora cavernosa and im-
pliesanirreversible ateration of penile anatomy.

Our mgjor objections to the authors are the
following:

e Follow up is too short to obtain certain results
(moreover they are not successful as reported by
theauthorsthemselves); infact apartial and brief
success of the technique could be related to liga-
tion of circumflexes veins (as reported in litera-
ture).

e At that moment the patients did not accept penile
prosthesis implant; but were they informed that
cavernous body reduction could compromise, in
the future, thiskind of surgery?

Inconclusion, thisarticleisreally interesting
for an innovative approach to ED patients non-re-
sponders to oral or injectable drugs. But a short fol-
low up may have biased the findings of the authors. It
would be interesting to be informed about the future
clinical condition of these patients.

Dr. Marco Grasso

Department of Urology, Desio Hospital
San Raffaele Hospital, Milan

E-mail: marco.grasso@aovimercate.org

Fibersinthe TunicaAlbugined’ isvery similar to the
published article“ Shafik A, Shafik 1, El Sibai O, Shafik
AA: Tunicaalbugineaoverlapping: anovel technique
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for thetreatment of erectile dysfunction. Andrologia.
2005; 37: 180-184". Thistechnique in our study was
applied on nine patientsinstead of four patientsinthis
study; we assumed that authors would increase the
number of patientsin order to providethe readerswith
better statistical analysis or to prolong the follow up
period for more eval uation of the outcome. Thetitleis
deceiving, in which it appears as a new technigue.
Theaim of work isnot clear weather to our technique

REPLY BY THE AUTHORS

We presented our surgical technique for the
first timeat the National Congressof the Italian Soci-
ety of Urologistsin June 2004 and reported theinitial
data(1). The Shafik et al. publication came out ayear
later. Shafik’s surgical technique, although part of a
similar rationale and one, therefore, that supports our
theories which have already been published on sev-
eral occasions, involves overlapping of the albuginea
rather than the removal of a piece of tissue. Overlap-
ping, in our opinion, leadsto thickening of the corpus
cavernosum and reduced longitudinal expansion of the
penisduring erection.

Thefour patientsoperated on all suffered from
erectile deficit of organic origin as was revealed by
the diagnostic tests carried out and by the lack of re-
sponse to the vasoactive drugs administered. No psy-
chological assessment would have atered the diag-
nosisand soit was not considered appropriateto carry
out psychological tests. There may have been a psy-
chological component overlaying the obviousorganic
etiology but thiswould not have affected the therapy
in any way. The endocrine blood examination of all
patients was performed. No endocrine or metaboalic
disease was identified.
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[according to Shafik technique] or to compare with
other techniques. The discussion is poor in compari-
sonto our articleon 2005. In fact, our novel technique
is based on histopathologic study demonstrating the
pathogenesis of tunica abugineain venogenic erec-
tiledysfunction patients, inwhich thetechniqueisdeal -
ing with the pathology. Since our aforementioned ar-
ticlewe reached 24 patients underwent that technique
and we are about to publish the results.

Dr. Ali A. Shafik

Associate Professor of Surgery
Cairo University

Cairo, Egypt

E-mail: shafik@ahmedshafik.com

We were the first to demonstrate (2-5) and
then other authors did the same (6,7) that patients
presenting with erectile dysfunction (ED) are affected
by a damaged tunica albuginea (TA) with reduced
elastic fibers. Numerous authors have demonstrated
the function of the elastic fibersin the microstructure
of the tunicaalbuginea. It appearsthat areduction in
the elastic fibersin the tunicaalbugineaof the corpus
cavernosum affectsthe veno-occlusivefunction of the
tunica. Why patients with ED have reduced elastic
fibers is not yet known. It may be that it is an ac-
quired syndrome, but we do not know.

Our own experience, based on dozens of
surgical operations carried out by our team to try
and solve cases of veno-occlusive dysfunction ED,
involving massive ligature of the venous cavernous
area, including stripping of the penal dorsal vein,
and ligature of the crural and all circumflex veins,
has shown that results are very disappointing even
one month post surgery. What ismore, results pub-
lished by numerous other authors demonstrate the
failure of these surgical procedures both in the short
aswell asin thelong term (8-11). It is our opinion
that simple ligature of a vein in the corpus
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cavernosum cannot (unfortunately) improve erec-
tilefunction in any way.

Normally thearterial blood flow reaching the
two corpora cavernosathrough the right and left cav-
ernous arteries corresponds to the amount of venous
blood flowing back from the cavernouscircul ation leav-
ing the penisthrough the triple venous system.

One of the main vascular mechanisms, which
can determine the pressure increase inside the penis
and, lastly, the erection, is the trans-albugineal veins
compression. These veins are compressed by the TA
whilethe corporacavernosafill in, resulting inastrong
reduction of the blood drainage from the corpora
cavernosa. The penisfillsin as aconsequence of the
flow rate increase, since the excitement phase leads
to an increase in both the vessel diameter and the
systolic rate.

The flow rate is expressed by the following
formula Q = A*v [1] where ‘A’ is the vessel cross-
sectionand ‘v’ isthe mean rate. Sincev = DP*r2/8nl
[2] where ‘n’ is the blood viscosity, the replacement
of [1] with [2] yields Q = DP 3.14 r4/8nl (2 a) which
clearly helps to understand that even a slight vessel
ray increase could dramatically augment theflow rate.

The progressive pressure increase inside the
corpora cavernosa compresses the trans-TA venules,
reducing the flow rate and generating an imbalance
between the Qi (in- flow rate) and the Qu (out- flow
rate). Therefore Qi >> Qu.

Under normal conditions La Place’s law ex-
plainsthetension generated on the corporacavernosa
wall structure, i.e. on the TA, assuming that the two
corporacavernosacan be considered asinfinitely long
cylinders, so r2 = «, also deducing that p=t/rlor
dsothatt=p* rl

Thereisanimportant consequence of thislaw:
in order to reach an established pressureinside acon-
tainer, ahigher tensionisrequired if the curvatureray
ishigher.

It is then clear enough how fundamental the
role played by the TA isin the erectile phenomenon.
The baseline TA structure is made up of wavy loop-
ing collagen bands, and of elastic fibers bridging the
loopswhile providing elasticity to the collagen struc-
ture. During the erectile event, the loops would be
changed only dlightly in their fundamental structure.
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Nonetheless, there is still an increase in the corpus
cavernosum diameter, which isregulated by Young's
module, where we notice: DR = P*r2/ 2 E*s* (2-v)
[3] where ‘E’ is the elasticity coefficient and ‘v’ is
Poisson’s coefficient.

Thanksto thislaw, itisclear that, if pressure
remains stable, acylinder wall elasticity decrease cor-
respondsto acylinder curvatureray increase. By this
formula, P can beobtained, P=2E* s* Dr/r2* (2-
V) [4]. It is remarkable that a minimal cylinder ray
increase resultsin asubstantial reduction of theinner
cylinder pressure. It isobviousthat the higher the study
material elasticity, the higher the structureinner pres-
sure. A reduction of the elastic fibers inside the TA
would cause a change in the normal collagen loops
structure: their flattening would result in alonger pe-
riod, an overall increase in the cylinder structure ray
and a subsequent pressure drop by stable flow (erec-
tilefailure).

The authors do not believe that the cavern-
ous body reduction could compromise future penile
prosthesisimplant.
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