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Introduction: Radical prostatectomy (RP) is a standard surgical treatment for clinically localized prostate
cancer. Erectile dysfunction (ED) and penile shrinkage are common complications. Vacuum Erectile Device
(VED) therapy uses negative pressure to distend the corporal sinusoids and to increase blood inflow into
the penis. It is the second most commonly used method for penile rehabilitation after RP. However, the
underlying mechanisms are still unclear. This paper is designed to review the scientific evidences of VED
therapy after RP and discuss the possible mechanisms.

Methods: We reviewed published papers of post-prostatectomy penile rehabilitation using VED. We
analyzed the scientific evidences of VED therapy and discussed the possible underlying mechanisms.
Results: There are existing clinical evidences for VED therapy to improve ED and preserve penile size.
Emerging basic scientific evidence is available and further study is still needed to understand the mechanisms
at the molecular level.

Conclusions: Current clinical evidences support the safety, tolerability, effectiveness and benefits of
early VED therapy after RP. The available basic scientific evidences demonstrate that VED therapy for
penile rehabilitation is achieved by increasing arterial inflow, anti-apoptotic, anti-fibrotic and anti-hypoxia

mechanisms.
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Introduction

Prostate cancer is the most common solid organ cancer in
men and is ranked second as a cause of death in America (1).
Radical prostatectomy (RP) is a standard surgical treatment
for clinically localized prostate cancer (2). However,
erectile dysfunction (ED) following prostatectomy remains
a significant quality of life issue for men undergoing
prostatectomy. It is estimated to affect 26-100% of patients
after surgery (3). Penile shrinkage after RP is another
common issue. It was documented that penile length
shortening occurs in 68% to 71% of men undergoing RP (4)
and is usually accompanied by ED (5).
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Fraiman et /. conducted research which included
100 ED patients after nerve-sparing radical retropubic
prostatectomy (NSRRP) and reported that there was a
significant decrease in penile size in men with ED after
NSRRP. The flaccid and erect measurements of length and
circumference decreased 8% and 9%, respectively after
surgery. The most substantial change occurred between
the first 4 and 8 months postoperatively (6). Munding et a/.
showed that the stretched penile length decreases after RP at
3 months follow-up in 22/31 patients; 48% had considerable
shortening greater than 1.0 cm (7). Savoie et 4/. studied
124 men and evaluated penile length before and 3 months
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after RP in a prospective study and found significant
decrease in the flaccid, stretched and circumferential
measurements of the penis at 3 months (8).

Penile rehabilitation post RP is widely applied in clinical
practice to improve patient quality of life (9,10). Penile
rehabilitation methods include the use of phosphodiesterase
type 5 inhibitors (PDES5i), the vacuum erectile device
(VED), intracavernosal injection/intraurethral suppository,
or combination therapy (9). Current studies show that VED
therapy plays an important role in penile rehabilitation
post RP. Teloken er al. took a survey of 301 physicians
from 41 countries, who were members of the International
Society for Sexual Medicine (ISSM) in 2009. 83.7%
of the physicians performed penile rehabilitation post
RP. The rehabilitation strategies were: PDES5i 95.4%;
ICI 75.2%; VED 30.2%; MUSE 9.9% (11). Another
survey was conducted during the American Urological
Association (AUA) annual meeting in 2011 which included
618 urologists. The study showed that 85.8% of them
performed penile rehabilitation after RP and VED has
become the second most commonly used method (12).

VED uses negative pressure to distend the corporal
sinusoids and to increase blood inflow to the penis (13).
Depending on its purpose, VED could be used with the aid
of an external constricting ring which is placed at the base
of penis to prevent blood outflow, maintaining the erection
for sexual intercourse. Also, VED could be used without
the application of a constriction ring, just to increase blood
oxygenation to the corpora cavernosa (14). This direct
artificial erection can circumvent the limitation of oral
agents, which requires intact and functioning cavernosal
nerves to produce erections. This can be a significant factor
even in men undergoing bilateral nerve sparing RP, as
neuropraxia still occurs and can diminish the effectiveness
of PDES5i (15). VED therapy has the additional benefit of
being non-invasive, and more cost-effective with lower risk
for systemic side effects than other alternatives for penile
rehabilitation (14,16).

However, the underlying mechanisms of VED therapy are
still unclear. This paper is designed to review the scientific
evidences of VED therapy post RP and discuss the possible
mechanisms.

Mechanisms of ED post radical prostatectomy

Erectile function impaired immediately following RP is
thought to be due to the damage to the cavernous nerves,
which is known as neuropraxia (17). Neuropraxia can be
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caused by mechanically induced nerve stretching that may
occur during prostate retraction, thermal damage to the
nerve caused by electrocautery, ischemia of the nerves
secondary to disruption of blood supply while attempting
to control surgical bleeding, and local inflammatory
effects associated with surgical trauma (17). Even in the
most meticulous nerve-sparing dissection, some degree of
neuropraxia is unavoidable because of the close proximity
of the nerves to the prostate gland. These nerves tend to
recover slowly; it may take as long as 18-24 months for
them to reach a new baseline functional status (18). Absence
or decreased erection with loss of penile size ensues before
recovery of the cavernous nerve (6,19).

Lack of erections will then lead to poor oxygenation of
the corporal bodies, eventually progressing to cavernosal
fibrosis, and ultimately causing a venous leak seen clinically
as venogenic ED (20). In an experimental model, significant
over-expression of hypoxia-related substances, such as
Hypoxia-inducible factor (HIF-1-a) and transforming
growth factor beta-1 (T'GF-B1), were found in rats that
had undergone bilateral excision of the cavernosal nerves
compared with controls (21). When human penile smooth
muscle cell is exposed to a prolonged hypoxic environment,
TGF-B1 dependent endothelin-1 (ET-1) synthesis is increased.
ET-1 is a potent constrictor of penile smooth muscle and a
profibrotic peptide (22). Studies also showed that low oxygen
tension in human cavernosal tissue inhibits production of
prostaglandin-E1 (PGEL). PGELI inhibits collagen formation
by inhibiting TGF-p1 which induces collagen synthesis.
With the inhibition of PGE1, TGF-B1 is allowed to induce
connective tissue synthesis (20). The trabecular smooth
muscle is then replaced with collagen, which leads to the
loss of the veno-occlusive mechanism (23,24).

A reduction in arterial inflow was also reported by
several authors. This is associated with the ligation of
accessory internal pudendal arteries during prostatectomy
(25,26). Combination of nerve damage with decreased
arterial inflow may intensify hypoxia and ultimately lead to
apoptosis which is an underlying cause of post RP induced
ED. User er al. performed bilateral neurotomy of the rat
penis and found that there was significant apoptosis in the
subalbugineal smooth muscle cells. With apoptosis in the
region of the subtunical venular plexus, a defect in the veno-
occlusive mechanism of the corpus cavernosum occurs (27).
McVary et al. recently confirmed that a 12-fold increase
of apoptosis happened in penile smooth muscle in rats
whose cavernous nerves were disrupted (28).The current
understanding of ED after RP is summarized in Figure 1.
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Figure 1 The flowchart shows the possible mechanisms of erectile

dysfunction after radical prostatectomy

Mechanisms of penile shrinkage after radical
prostatectomy

The mechanisms of penile shortening are unclear. The
most common explanation given by urologists to patients is
that the extirpation of the prostate results in shortening of
the urethra by several centimeters, which results in penile
shortening. However, this explanation was criticized as
having no scientific foundation (29). User et 4l. reported
penile wet weight and DNA content were significantly
decreased at each time point after bilateral cavernous nerve
transection in an animal study. They suggested that the
penile wet weight loss and DNA content decrease related to
the apoptotic mechanisms (30). There are some commonly
accepted theories including cavernosal nerve injury
induced denervation structural alterations, hypoxia related
ultra-structural changes in penis and sympathetic hyper-
innervation (16,29).

Science of VED therapy after RP
Clinical evidence

Zippe et al. confirmed the safety and tolerability of VED
use as rehabilitation for patients after RP (31,32). Studies
have shown that VED therapy improves erectile function
in 84-95% of patients (16,31,33,34). Raina er a/. found 17%
vs. 11% recovery of erectile function with daily use of VED
compared to non-VED use; and only 23% VED users vs.
85% non-VED users reported penile shrinkage in a 9-month
study with total of 109 patients who underwent nerve-
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sparing or non-nerve-sparing RP (35).

It is suggested that penile rehabilitation with VED
should began early after RP. Kohler ez 4/. found early use
of VED (1 month after RP) improved sexual function
recovery and helped the preservation of penile length. In
their study, 28 men undergoing RP were randomized to
early intervention (1 month after RP, group 1), or a control
group (6 months after RP, group 2) using a traditional
VED protocol (10 minutes of VED usage without the
constriction band). International Index of Erectile Function
(IIEF) questionnaire and penile length data were collected
at baseline, 1, 3, 6, 9, and 12 months. The mean follow-up
was 9.5 months. The IIEF scores were significantly higher
in group 1 than group 2 at 3, 6 months after RP. Compared
to group 1, Stretched penile length was significantly
decreased at both 3 and 6 months, by approximately 2 cm in
group 2 (16). Dalkin et 4l. also strongly recommended early
intervention with the daily use of VED after RP. In their
study, 42 men who underwent nerve-sparing RP had penile
measurements before surgery and 3 months after surgery
by a single investigator to evaluate penile shortening. Daily
use of VED was begun at the day after catheter removal,
and continued for 90 days. Penile shortening >1.0 cm was
considered significant. 39 of 42 men completed the study. 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. Compared to prior studies where
48% of men after surgery had a significant reduction in
penile length, early intervention with the daily use of a
VED resulted in a significantly lower risk of loss of penile
length (36).

Animal study

To understand the mechanism of VED in penile
rehabilitation, we designed a rat specific VED based
on the principle of human VED (13). An underlying
mechanism exploratory study was carried out on rats
with bilateral cavernous nerve crush (BCNC) model.
Sprague-Dawley (SD) rats were randomly assigned into
three groups: sham, BCNC, and BCNC plus VED.
VED therapy began 2 weeks after BCNC surgery, 5 mins
twice daily from Monday to Friday for 4 weeks. The
study showed that VED therapy could decrease the HIF-
la, TGF-B1 and Terminal deoxynucleotidyl transferase
biotin-dUTP nick end labeling (TUNEL) expression
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and increase Intracavernous Pressure/Mean Arterial
Pressure (ICP/MAP), endothelial nitric oxide synthase
(eNOS), alpha smooth muscle actin (0-SMA) and masson’s
trichrome (M'T) expression in BCNC rat model. This
study first demonstrated the effectiveness of VED therapy
on ED in the nerve injury rat model. The beneficial effect
of VED therapy may relate to anti-hypoxia, anti-fibrosis
and anti-apoptosis mechanisms (37). A further study
was performed to estimate the effect of VED therapy
on penile length and cavernous oxygen saturation (SO2)
in the BCNC rat model. Penile length and diameter
were measured on a weekly basis. After 4 weeks of
therapy, penile blood was extracted by three methods
for blood gas analysis: Method 1, cavernous blood
was aspirated at the flaccid state; Method 2, cavernous
blood was aspirated at the traction state; Method 3,
cavernous blood was aspirated immediately after applying
VED. SO2 values were tested by the blood gas analyzer.
Our unpublished data showed that VED therapy is
effective in preventing penile shrinkage induced by
BCNC. Also, the penile SO2 was increased by VED
application compared to flaccid or traction groups.
The calculated blood constructs in corpus cavernosum
right after VED application were more arterial blood
than venous blood. This study further suggests that
VED therapy can effectively preserve penile size in the
cavernous nerve injury animal model. This study also
provided the direct basic scientific evidence that VED
therapy increases arterial inflow.
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The possible mechanisms of VED on treating ED
post RP

There are overlapping mechanisms of ED and penile
shrinkage after RP. Reduced erection and arterial inflow
with hypoxia are the main contributors of both ED
and penile shrinkage after RP. The tissue hypoxia and
structure change play a key role in the progression of the
disease. VED therapy targets this pathology pathway.
Physiologically, the VED uses negative pressure to distend
the corporal sinusoids and to increase blood inflow into
the penis (13), which causes penile passive engorgement.
Bosshardt e 4. confirmed that there is a passive congestion
of mixed arterial and venous blood, with extra-tunica tissue
making up a large component of the increased diameter.
Their data showed that mean SO2 of corporeal blood
immediately after VED induced erection was 79.2% in
the patient. 58% of blood with VED induced erection was
arterial and 42% of blood was venous in origin (38). Our
animal study confirmed their findings and suggested VED
application increases the arterial blood inflow to the penis
to reverse the hypoxia process.

Riana et al. suggested that the use of the VED helped to
inhibit abnormal collagen or scar formation in the hypoxic
penile conditions after RP (35). The increased arterial
inflow in the penis increased tissue oxygen levels, which
effectively alleviated the tissue hypoxia damage caused by
cavernous nerve injury. This may also inhibit the tissue
cell apoptosis and prevent the cavernosal tissue fibrosis. As
shown in our previous study (37), the VED can prevent
penile tissue apoptosis (I'UNEL) and fibrosis (T'GF-B1).
The smooth muscle (a-SMA, MT) and endothelium (eNOS)
were protected. Thus, the integrity of venous occlusive
mechanism was preserved and the erectile function was
improved (ICP/MAP). The improved erectile function
was also a favorable factor for penile size preservation.
Additionally, arterial blood may not only provide oxygen
to the corporal tissues, it may also carry other nutrients
such as certain growth factors to the tissues which may also
contribute to penile recovering. This concept needs to be
confirmed in future studies. The possible mechanisms for
VED therapy after RP are summarized in Figure 2.

Conclusions

There are clinical and basic scientific evidences showing
that VED therapy improves erectile function and preserves
penile size after cavernous nerve injury. The beneficial
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effect of VED therapy may be related to anti-hypoxic, anti-
apoptotic and anti-fibrotic mechanisms. However, well
designed clinical studies with long-term follow up are not
available at this time. Multi-center, randomized studies
to compare the effectiveness of VED vs. PDESi vs. penile
injection or transurethral use of vasodilators in penile
rehabilitation after RP should be considered.
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