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Abstract
Purpose of Review This review summarizes the latest reports in inflatable penile prosthesis (IPP) complication management.
Recent Findings IPP complications are rare, and reports are limited to retrospective studies. However, recent multi-institutional
studies and use of national databases have provided further insight into risk factors for complications. Guidance on complication
management is largely limited to techniques recommended by experts within the field.
Summary American Urological Association guidelines place IPP implantation as a first line erectile dysfunction treatment.
However, the majority of cases are performed by low-volume (≤ 4 cases/year) surgeons. Herein, we summarize the IPP literature
and our personal experience to provide guidance on managing IPP complications.
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Introduction

Inflatable penile prosthesis (IPP) is a reliable treatment
for erectile dysfunction (ED) with the high patient satis-
faction rates [1]. While IPP surgical volume is known to
correlate with improved surgical outcomes and patient
satisfaction, low-volume surgeons (≤ 4 cases/year) per-
form more than 75% of the cases in the USA, with an-
drology subspecialists performing only 10% of the cases
[1–3]. With the update on the AUA ED guidelines, sur-
gical correction of ED is now considered first line with-
out having to compel patients to fail less invasive but less
reliable options such as intracavernosal injections and
PDE5 inhibitors [4••]. Therefore, as IPP surgery is likely
to continue to play a prominent role in a urologist’s ar-
mamentarium, we write this article to help prevent and
provide guidance in prevention and damage control of
intraoperative and postoperative IPP complications.

Intraoperative Complications

As Benjamin Franklin once said, an ounce of prevention is
worth a pound of cure. This is true for all surgery, but is
essential in IPP surgery where complications result in sig-
nificant morbidity and cost. In the following sections, we
will present multiple vignettes of intraoperative and post-
operative complications that can be encountered during
IPP surgery. We will provide tips on how to best avoid
them, and when necessary the appropriate steps to provide
damage control.

Cylinder Complications

Crossover

At many points following dilation, crossover can be identified.
You may be clued in when there is discrepancy in corporal
measurements, you have difficulty placing the second cylinder
proximally, or upon cycling the device, you find one side of the
penis is unevenly large whereas the contralateral side is thin.
All of these are intraoperative findings associated with prox-
imal or distal crossover; however, even still, these findings can
be subtle, and you may find yourself seeing a patient in follow-
up with continued penile pain and de novo curvature.
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Distal crossover is more likely to occur when the penis is
not on stretch and the dilator or Furlow passer is not guided in
a posterolateral direction. While each cylinder head is palpat-
ed on the correct side, more often than not, a crossover injury
involves the cylinder crossing over the septum to the contra-
lateral side and then back to the ipsilateral side. Often, cross-
over occurs at the point of initial Furlow insertion tool use
prior to directing the instrument laterally. Fortunately, when
diagnosed intraoperatively, correction of this is relatively easy
[5]. The cylinders should be removed. A Hegar dilator should
be placed on the side where both cylinders had previously
occupied. Once done, the contralateral side should be redilated
and the cylinder is placed using the Furlow passer. Lastly, the
Hegar dilator is removed and last cylinder is placed per stan-
dard protocol.

In a rare case where a patient presents to the clinic with
obvious crossover, the easiest and most practical approach to
repairing this would require revision through an infrapubic or
penoscrotal approach. While this approach may be more com-
fortable to the everyday urologist as it does not require any
additional learned techniques, Antonini and colleagues [6•]
provide an alternative method for managing distal crossover
and impending lateral extrusion. Performing a distal anchor-
ing stitch begins with a lateral subcoronal incision made on
the side where the cylinder has crossed over. Dissection is
performed through the tunica of the corpora where the distal
cylinder is delivered. The corpora is then dilated in the correct
trajectory, and the cylinder is passed using the Furlow passer
and a new 4-0 PDS suture through the distal cylinder hole.
Unlike uncomplicated IPP placement where the suture is re-
moved following appropriate cylinder placement, a cruciate
incision is made on the glans allowing the distal suture to be
tied down as a buried stitch, anchoring the cylinder in the
appropriate position.

Proximal crossover occurs due to improper dilation and
leads to inability to place both cylinders proximally. This is
often associated with narrow fibrotic proximal corpora.
Following dilation, we recommend performing the “field goal
test” that can identify both proximal crossover and proximal
perforation [5]. If found, repeat dilation should be performed
in a similar fashion as recommended above for distal perfora-
tion. If there are still difficulties placing the second cylinder,
consider placing a narrow device that will more easily fit in the
true dilation tract.

Distal Perforation/Urethral Meatus Injury

After dilating the corpora, you see blood emanating from the
urethral meatus. Irrigation is injected into the corporotomy,
and rather than seeing the corporotomy balloon with irriga-
tion backflowing through the contralateral corporotomy, irri-
gation leaks around the catheter, or more subtly, the glans
swells.

Distal perforation or urethral meatus injury occurs in the
setting of aggressive dilation, placing a cylinder too large for
the corporal cavity, chronic pressure from the cylinder, or
during modeling for Peyronie’s disease [7]. The tunica
albuginea of the corpora is thinnest at the distal end. When
dilating a fibrotic corpora (e.g., in the setting of ischemic
priapism), the physician pushes harder, and when the resis-
tance yields, the momentum pushes the dilator into the ure-
thra. If severe, this can present intraoperatively as seen above;
however, if it is perforation excluding the urethra, this can
present intraoperatively as swelling glans on irrigating the
corpora or delayed as new onset hematuria, urethral extrusion,
or impending lateral of distal glans extrusion.

Avoiding a distal perforation requires a deft touch, and
repetition. While some surgeons use the Hegar dilator for
IPP placement, we prefer to use the Brooks dilator. In our
experience, the bullet-shaped Brooks dilator places all of the
resistance at the tip where dilation occurs rather than along the
entire length of the cylinder. This allows the surgeon to have a
better feel and control of the force needed to dilate even the
most fibrotic corpora. Protecting the urethra during dilation by
applying pressure to the glans and a posterolateral angulation
of the dilator are necessary to dilate safely.

Severe fibrosis often may require additional maneuvers
such as serial dilation, use of special cavernotomes, scissors,
or even corporal excavation [8, 9, 10•]. These special instru-
ments may not be a part of the everyday urologist’s surgical
equipment, and therefore in patients who you expect to
encounter severe fibrosis, the patient may benefit from
referral. However, even in “straightforward” cases, over a
quarter of these will require special instruments or techniques,
and therefore, it is important for the general urologist to have
tricks up his or her sleeve to complete the case [10•]. Distal
injury can always be avoided by serially extending the
corporotomy distally (with placement of additional stay
sutures) when resistance to distal dilation is attempted, even
all the way to the glans, like opening up the belly of a trout.

When treating a patient with expected corporal fibrosis,
first, consider use of either preoperative penile traction or
vacuum-assisted device to potentially stretch/soften the corpo-
ra prior to surgery [11–13]. Then, you must know the minimal
dilation size required for placing an IPP. For Coloplast’s Titan
cylinders, they recommend dilation to 11 mm proximally and
9 mm distally. For Boston Scientific’s CX and LGX, corpora
need to be dilated to 10 mm proximally and 9 mm distally. For
each company’s downsized cylinders, the Coloplast NB and
Boston Scientific CXR, proximal and distal dilation needs to
be at least 9 mm. Last, when dilating distally, rather than
placing extra force to get the maximum length of dilation, in
our experience, we have found that slightly under dilating and
then oversizing the device will allow the pressure from device
cycling and patient use to properly seat the cylinder within the
corpora. With the use of these steps and avoiding aggressive
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dilation in the setting of fibrosis, you can save yourself from
future pain.

Unfortunately, even in the best of hands, distal perforation
and urethral injury can happen. When identified, only the
most experienced prosthetic surgeon should consider urethral
repair and continuing on with implantation. While there are
reports of using a suprapubic tube or creation of a proximal
hypospadias to salvage the case, we would advocate a more
conservative approach [14, 15].

Classically, the teaching for distal urethral injuries is to
abort the case and live to fight another day. After a period of
healing, at least 3 months, it is then safe to perform an implan-
tation. For small injuries, the urethra does not need to be
closed and we recommend temporary catheter drainage of
no more than a week. Previously, Mulcahy [16] reported that
the urinary stream pulls fluid into the urethra rather than
allowing urinary extravasation into the corporal space. For
larger defects that are amenable for closure, a two-layer clo-
sure should be attempted. After the urethral defect has been
addressed, you have the option of leaving a unilateral cylinder
in the uninjured corpora. This may provide enough rigidity
and girth for some patients for satisfactory use [17]; however,
we caution doing this in the setting of modeling as the trauma
that led to the perforation potentially places the contralateral
corpora at risk. For urethral injuries unrelated to dilating or
away from tips of the cylinder (e.g., during initial dissection),
an argument can be made for two-layer urethral repair and
continuing with the implantation.

In the delayed setting, the patient may present with penile
pain, a palpable/visible cylinder tip under the foreskin or ure-
thral mucosa, or exposed through the skin. If the prosthesis is
not exposed and there are no signs of inflammation or infec-
tion, the cylinder can be repositioned within the corpora as
described above for crossover with a lateral corporotomy [6•,
16]. If the prosthesis is exposed without signs of infection, the
single cylinder can be removed with the tubing capped leaving
a unilateral working prosthesis. If clinically infected (e.g., red,
purulent drainage), the entire prosthesis should be removed as
described later in this review.

Proximal Perforation

When dilating proximally, you reach a shelf or trampoline of
tissue without feeling the inferior pubic rami. It is important to
dilate to the bone, and therefore you push a little harder or you
use a smaller dilator and all of a sudden you feel a give. Now
dilation is easy but goes on indefinitely.

Proximal perforation is relatively easy to do; fortunately,
new techniques provide simple solutions [18]. Prior to
discussing these, we will provide a few tips on prevention.
Dilation should be smooth without sudden movement. Use
of preplaced corporotomy sutures allows counter tension for
dilation, and when dilating, the natural curvature of the

corpora should be considered. Therefore, when you reach
the trampoline of tissue, rather than pushing harder, the dilator
should be deflected slightly lateral to make the final bend. In
cases of fibrotic corpora, the tendency is to use a thinner dila-
tor. While sequential dilation may be necessary, the smaller
the dilator, the greater the force administered on the tip, and
therefore the easier it is to perforate [19].

Nevertheless, with enough IPP cases, proximal perforation
will eventually happen and therefore understanding tech-
niques to repair this is important as failure to do so can lead
to proximal migration of the cylinders postoperatively.
Previously, the standard repair techniques included placing
the patient in lithotomy to perform a perineal dissection and
formal closure of the corpora. This was overly cumbersome
and added morbidity to the surgery. To avoid closure, a graft
windsock was developed to be fixed to the corpora [20].
However, this led to an exceedingly high infection rate likely
due to the avascular region between prosthesis and graft.
Alternatively, some have advocated for tube fixation to lock
the prosthesis in place [7].

In 2010,Wilson [21] presented his rear tip sling that created
a hammock similar to the windsock technique without adding
any graft material. A 00 prolene suture is placed through one
side of the corporotomy, through the rear tip of the cylinder or
rear tip extender, and then passed through the opposite side of
the corporotomy. With the sling in place, the cylinder is
inserted into the corpora. The glans sutures are held on tension
to ensure the cylinder is seated distally. The cylinder is then
inflated, and the suture sling is tied. Once tied, the tension
from the sling prevents proximal migration of the cylinder.
Postoperatively, the patient should reframe from using the
device for 6 weeks to allow the corpora to scar over.

Cylinder Herniation/Aneurysm

Your patient returns in follow-up with the complaint that,
when using his device, he feels a bulge on the side of his penis.
You evaluate and determine that the cylinder or corpora has
developed a herniation or aneurysm.

Cylinder herniation or aneurysm can occur in the setting of
either a weakened corpora or cylinder aneurysm associated
with wear and tear. Unfortunately, there is not much that can
be done to protect from this complication beyond ensuring
appropriate sizing of cylinders and promoting regular and ear-
ly activation to avoid buckling caused from capsule formation
[22]. When identified, the device should be revised. You have
the option of resecting the diseased corpora with primary or
graft closure. However, whether or not this is done, the revised
prosthesis should be an AMS CX to utilize the safety of con-
trolled expansion, although device aneurysm with the CX has
been reported [23]. The use of a Coloplast device’s potential
infinite girth expansion or the AMS LGX could lead to repeat
herniation.
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Glans Necrosis

You are seeing your patient on postoperative day 1, and you
notice the glans is dusky with blistering.

While glans necrosis is an infrequent complication, once
identified, the surgeon should have no hesitation towards de-
vice explantation. Previous reports have identified risk factors
for glans ischemia to include peripheral vascular disease, dia-
betes, smoking, radiation, subcoronal incision, sliding tech-
nique, and compressive dressing [24•]. Deflating the device
and removal of any compressive dressing may improve distal
blood flow. However, in every case of explantation, the glans
recovered to allow future implantation. In settings where the
urologist elected to observe, glans necrosis occurred in over
80%.

Reservoir Complications

When placing the abdominal reservoir, the ideal location is a
place that can be safely and reliably accessedwithout applying
excessive pressure on the reservoir [25]. The traditional posi-
tion for reservoir placement is through the external inguinal
ring and into the retropubic space or space of retzius. We
recommend having the lock out valve or neck of the reservoir
peeping out of the external ring for easier future retrieval.With
the advent of robotic surgery, the peritoneal veil is violated
during prostatectomy and not reestablished increasing the risk
of complication in the retropubic space (small bowel obstruc-
tion, fistula, etc.) Therefore, a new ectopic location in the high
submuscular position behind the rectus muscles is increasing-
ly used [26, 27]. Below, we describe several reservoir compli-
cations that a urologist may face.

Bladder Injury

Bladder injury is a rare complication. Intraoperatively, this
presents as hematuria. However, postoperative device erosion
into the bladder may present as pain, recurrent UTIs, dysuria,
or an infected device.

While rare, several basic steps can help avoid intraopera-
tive bladder injury during orthotopic reservoir placement.
First, the bladder must be decompressed with a catheter.
Henry et al. [28•] demonstrated in cadaveric models that when
the bladder is filled to 200 cc, the bladder was 2.4 cm from the
external ring in comparison with 6.4 cm when decompressed.
Different surgeons have used various instruments to perforate
into the space of retzius (Metzenbaum, Jorgenson, or nasal
speculum) [29–31]. All of these different techniques are to
help avoid intraabdominal injury. We favor the use of the
surgeon’s index finger to burrow through the layers of the
posterior fascia, as we feel this is least likely to result in injury.

Alternatively, in the setting of a fluid leak, the reservoir
capsule can contract. During revision, if the in situ reservoir
is reused or new reservoir is placed within the same capsule,
reservoir inflation may cause capsule rupture and subsequent
bladder laceration [32]. While it is safe to use a previous
reservoir space during revision surgery (without fluid leak
with similar size reservoir), copious irrigation and careful res-
ervoir filling is recommended.

In the setting of an intraoperative bladder injury, the blad-
der should be repaired and the reservoir placed in the contra-
lateral space or in an ectopic location. If identified in a delayed
fashion or due to erosion into the bladder, the device should be
treated similar to an eroded cylinder [33]. If clinically infected,
the device should be explanted. If there are no signs of infec-
tion, bladder repair with replacement of a new reservoir in
either the contralateral space or ectopic location is appropriate.

Vascular Complication

After perforating through the external ring, the Metzenbaum
scissors pierce deep and laterally. The patient is experiencing
significant hemorrhage.

What some have described as “bleeding you can hear,”
vascular injury is a significant complication that requires ag-
gressive repair. If it is a small venous branch, a combination of
pressure and fibrinogenic products should be able to stop the
bleeding. However, if the major vessels are injured, quick
exposure of the pelvis (midline incision), consultation of a
vascular surgeon, immediate resuscitation with type and cross,
and notification of anesthesia for potential significant hemor-
rhage are imperative.

As mentioned above, we use the surgeon’s finger to enter
the space of retzius to avoid reservoir complications. In our
hands, if a finger cannot break through the fascia, we elect for
an ectopic placement. If instruments are used to perforate
through transversalis fascia, Trendelenburg should be used
to increase the space between the external ring and the pelvic
vessels [28•].

Postoperatively, the patient develops unilateral lower ex-
tremity swelling and pain ipsilateral to his retropubic reser-
voir. Duplex ultrasound diagnoses a DVT.

While venous thromboembolism can occur following any
urologic surgery, venous compression from the pelvic reser-
voir leading to DVT has been described [34]. Once diagnosed,
previous reports have utilized an IVC filter prior to reservoir
repositioning [35]. This rare complication highlights the need
to avoid overfilling the reservoir to prevent unnecessary com-
pression of the pelvic vasculature or bladder.

During removal of a reservoir placed by an outside urolo-
gist, cautery is used to chase the tubing deep into the pelvis.
Growing somewhat frustrated, you decide to pull a little bit
harder on the reservoir tubing, and out it comes, with a piece
of adherent iliac vessel and a torrent of blood.
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In many instances, removal of reservoirs can be more dan-
gerous than primary placement. We do not hesitate to use a
drain and retain strategy when we have not placed the original
reservoir in a noninfected setting [36]. In an infected setting,
greater attempts to retrieve the reservoir should be undertaken.
However, if the patient is too sick, it also can be left behind
and pursued at another time. We also would recommend con-
sidering preoperative imaging for operative planning and
identifying the location of the reservoir. As seen in Fig. 1,
reservoirs may migrate to unexpected locations, and removal
may require a separate incision and/or help from colorectal
colleagues.

A patient calls in 3 days post prosthesis complaining of new
onset severe scrotal swelling, pain, and partial breakdown of
the incision. The patient is asked to come to the office and a
large hematoma with blue and yellow discoloration all the
way up to the umbilicus is found. The pump is nonpalpable
and the patient tender.

Scrotal hematoma after IPP probably occurs in 1–5% of
patients. Known strategies to prevent hematoma include im-
mediate partial inflation of the cylinders, scrotal pressure
dressing, and closed suction drainage (which has not been
shown to increase risk of infection) [37, 38•]. In fact, some
implanters leave a closed suction drain in place for a planned
3 days post procedure to minimize hematoma. The vast ma-
jority of hematomas can be observed, with some requiring up
to 3 months to completely resolve. Small hematomas can sur-
round the pump often prolonging the time to patient use.

Hematoma exploration and evacuation should be per-
formed urgently in instances where old black blood is visible

and draining out of the wound. The hematoma is a two-way
street and provides an excellent culture medium for infection.
Hematoma exploration can be performed for nondraining he-
matomas at the surgeon’s discretion in instances where they
want to facilitate earlier device use. We recommend waiting at
least 10 days in this instance to let the clot consolidate.

Infectious Complications

You receive a call from the patient. He is having new worsen-
ing pain, his penis and scrotum are swollen, and he is having
intermittent fevers.

With the advent of antibiotic-coated penile prosthesis, de-
vice infection has become much less common [39]. Signs of
infection can be obvious as noted in the vignette, but infection
with less virulent skin organismsmay present withmild symp-
toms including prolonged pain, pump, or tubing that has be-
come adherent to the skin, wound breakdown, or serous
wound drainage.

Device infection ultimately results from intraoperative con-
tamination. Multiple factors can be adopted to improve sterile
technique including use of chlorhexidine-alcohol-based site
prep, copious antibiotic irrigation during surgery, antibiotic-
coated prosthesis, no-touch technique, and surgical efficiency
[2, 40–42]. However, when faced with an infected prosthesis,
certain steps need to be made to salvage future function.

In patients who present as described above with obvious
infectious symptoms (i.e., erythema, fever, leukocytosis, and
purulent drainage), the device is likely infected with a virulent
organism such as E. coli, Pseudomonas, or yeast. In this set-
ting, aggressive IV antibiotics should be initiated and the de-
vice removed urgently. These patients are not the ones that
warrant heroic salvage reimplantation, as it likely would result
in further infection. The infection should be allowed to con-
valesce with staged reimplantation. In the interim, use of a
vacuum erection device may reduce penile length loss associ-
ated with infection and make future dilation easier.
Additionally, given the expected severe fibrosis and risk for
infection with repeat implantation, referral to a high-volume
center is recommended.

However, if the patient presents with more localized symp-
toms such as pump adherence to the skin, clear drainage from
the wound, or visible components without purulence, salvage
therapy is potentially warranted. While the majority of cases
are explanted without replacing the cylinders, salvage surgery
should be considered to maintain implanted status and prevent
penile shortening [43, 44•]. When salvaging the implanted
state, the patient should be treated with IV antibiotics for at
least 48 h to destroy any periprosthetic bacteria. The entire
device is removed, and all spaces are copiously irrigated with
a series of antibiotic and antiseptic fluids [45]. With this tech-
nique, Dr. Mulcahy has reported salvaging over 80% ofFig. 1 Preoperative CT scan demonstrating intraperitoneal reservoir
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locally infected prostheses. More recently, Gross et al. [46•]
report even higher success rates using primarily malleable
implants as they are less likely to get reinfected considering
they lack the increased surface area of the pump, tubing, and
reservoir.

Tips for the Second Urologist

Invariably, if you see enough IPP patients, you will come to
revise an IPP placed elsewhere. You expect certain prosthetic
anatomy, but you find an exorbitant amount of rear tips; the
protective tube coating on the AMS is adhered to the scrotal
contents, and after you remove the reservoir, small bowel
starts coming through the ring.

When attempting to revise an IPP placed elsewhere, con-
stant vigilance is necessary to prevent external sabotage.
Preoperatively, it is imperative to obtain the outside operative
report, and if unavailable, the manufacturer should be
contacted to know what size device and number of rear tips
used. Failure to identify a retained rear tip extender intraoper-
ativelymaymake cylinder placement more difficult or leads to
infection from retained biofilm. As stated earlier, pelvic and
abdominal imaging prior to revision may be beneficial.

During dissection to remove the cylinder, the tubing can be
cut and each individual cylinder inflated to guide the

corporotomy and prevent going too lateral or spiraling along
the corpora. This is important, as then finding the true corpora
for closure is imperative in preventing cylinder herniation. We
also recommend visualization of the distal seating of the de-
vice with test inflation as often the second surgeon is left
wondering if they caused a new distal abnormality.

Lastly, we recommend having specialized instruments, nar-
row cylinders, and multiple rear tip extenders available. A
small narrow device with multiple rear tips beats aborting
the case due to failure to progress.

Conclusion

Implanting an IPP device is a rewarding yet humbling expe-
rience. With any surgery, there are risks of complications, and
a frank discussion of appropriate expectations with surgery is
paramount in getting any patient and their family through the
unexpected. Herein, we reviewed multiple intraoperative and
postoperative complications the prosthetic surgeon may expe-
rience and have provided tips on how to avoid and repair
complications when they occur (Table 1). We hope that our
experiences and the humbling reports from fellow urologists
may provide you with the necessary tools to face any chal-
lenge during IPP surgery.

Table 1 Tips and tricks of complicated intraoperative IPP surgery

Damage scenarios Etiology/rationale Solutions

Urethral/spongiosal injury
on initial dissection

No urethral catheter, previous scrotal surgery Close injury in 2 layers, leave catheter 3–5 days,
continue with implant

Difficulty with corporal dilation Wrong surgical plane, fibrosis, worse distal
from priapism and proximal from previous
infection or vascular insufficiency

Deepen incision into corporotomies, extend corporotomy
length, use depth and angle of already dilated corporal
side if available

Proximal corporal perforation Vigorous dilation with small caliber dilators,
fibrosis from prior case, incorrect dilation
angle (typically too medial)

Avoid by lateral dilation at crura, account for patient
positioning (Trendelenburg etc.), rear tip extender sling
and continue

Urethral perforation from dilation Vigorous dilation with small caliber dilator
medially

Abort case, may leave one cylinder in place if already
present

Urethral injury from modeling Glans not protected, modeling multiple
times, oversized cylinder

Abort case, may leave one cylinder in place if already
present but assess for injury with nasal speculum in
urethra as force may cause bilateral injury

Difficulty with placement of cylinders Unrecognized proximal cross over, corporal
fibrosis from previous surgery, patient
anatomy

Repeat field goal test, leave dilator in one corpora with
placement of other, use narrow device if unable to
dilate to > 10

Erection is uneven in girth Unrecognized distal cross over Leave dilator in one corpora while performing repeat
dilation. Furlow should be passed with dilator in
uninjured side.

Bladder injury Reservoir placement with full bladder, removal
of old reservoir

Remove reservoir and repair bladder, place reservoir
on opposite side

Vigorous bleeding from reservoir site Occult pelvic vessel injury from reservoir
placement, removal of adherent old
reservoir

Equanimity, inform anesthesia and vascular surgery,
pressure, hemostatic agents, consider counter incision
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