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Reservoir placement for the inflatable penile prosthesis has evolved over time with surgical safety and functional outcomes driving
innovative changes. This state of the art review describes contemporary placement options for the inflatable penile prosthesis
reservoir, including traditional space of Retzius placement and other alternate reservoir placements. The space of Retzius remains a
familiar location for virgin placements while submuscular placement has gained popularity for its versatility and lower risk of
visceral injury. The lateral retroperitoneal location can be considered for a patient with a hostile pelvis. A comparison of
complications and functional outcomes highlights benefits and drawbacks of each location. This review aims to equip the
prosthetic urologist with modern techniques and a surgical armamentarium that can address any reservoir placement.
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INTRODUCTION
The inflatable penile prosthesis (IPP) remains the gold standard
surgical management for erectile dysfunction [1]. The device as
known today contains three components– cylinders, pump, and
reservoir. Of these, the pump and cylinders are “patient facing”
and receive much attention in sizing and positioning. The
reservoir remains hidden and unnoticed. Still, reservoir placement
is the surgical step that gives implanters appropriate pause, due to
potentially devastating complications associated with a reservoir
placement gone awry.
The introduction of the IPP in 1973 by F. Brantley Scott and

colleagues revolutionized management of erectile dysfunction [2].
Since that time, incremental changes have resulted in the device
as known today, boasting high patient satisfaction [3–6] and
device longevity [7–9]. With the introduction of lockout valves, a
new frontier for reservoir placement was born [10]. Subsequently,
manufacturers have adapted the shapes of their reservoirs to limit
palpability in alternate locations (Fig. 1). These innovations
decreased the risk of auto-inflation and laid the foundation for
alternative reservoir placements beyond the traditional space of
Retzius location.
This state of the art review will describe contemporary reservoir

placement sites and offer considerations for patient selection and
safe placement.

METHODS
We performed a literature review on November 8, 2024 utilizing
Medline/PubMED and Embase databases from 1981 to 2024
including search terms Inflatable Penile Prosthesis, Reservoir, and
Complications. This resulted in 204 English language articles
which were reviewed for content by the authors. Ultimately 81
articles pertaining to IPP reservoir location and complications were
identified and reviewed in depth in order to summarize the
contemporary literature pertaining to IPP reservoirs. A subset of

these articles with observational or comparative clinical data was
compiled for narrative comparison by reservoir location.

Approach considerations and risks of reservoir placement
Complications and safety. When selecting a reservoir location,
two features warrant consideration: safety and functionality. The
first of these, safety, has been the primary impetus for the
development of alternative reservoir locations. Any prosthetic
surgeon is acutely aware of the proximity of the pelvic viscera and
vasculature to a trans-inguinal reservoir (Fig. 2). This was
objectively demonstrated by Henry and colleagues who docu-
mented distances between the external inguinal ring and pelvic
structures in 28 cadavers. The bladder lays 5–8 cm medially when
empty and just 2–4 cm medial when full. The iliac vein was located
2.5–4 cm laterally [11]. After abdominal surgery, scar tissue may
alter these relationships or bring bowel closer to the inguinal ring
as well.
The true incidence of pelvic visceral injury after reservoir

placement is difficult to ascertain, in part because most IPPs are
placed by low volume implanters (<5 implants/year) and are not
likely accurately represented in the current body of academic
literature [12]. One contemporary series of 872 cases reported a
rate of 0.5–1.9% depending on the approach utilized [13]. A
separate series of 536 patients reported 2–5% reservoir related
complications depending on approach [14].
Meanwhile, case series have reported intraoperative injury to

the bladder [15–18], bowel [19], and pelvic vasculature [19, 20].
Bladder injuries, if recognized, have been managed successfully
with closure of the cystotomy and repositioning of a fresh
reservoir to the contralateral side [16, 17] (Fig. 3). Vascular
complications may include venous compression resulting in lower
extremity swelling, venous thromboembolic complications
[20–24], or gross hemorrhage necessitating emergent vascular
repair, typically requiring a larger counter incision and vascular
surgery consultation.
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Functionality and innovation. While these intraoperative compli-
cations are of paramount concern to surgeons, equally important
from a patient perspective is the postoperative, functional
outcome. One of the earliest examples of alternate reservoir

location was a response to a functional problem. German
surgeons in the 1990s regularly placed reservoirs intraperitoneally
to avoid capsule formation associated with autoinflation [25].
Autoinflation refers to the unintentional transfer of fluid from

the reservoir to the cylinders which results in unwanted cylinder
inflation. This is typically due to the formation of a restrictive
capsule around the reservoir, reservoir placement in a high
pressure location, or stress induced by patient activity. With a
historical prevalence as high as 11% [10], the introduction of
lockout valves lowered contemporary rates to 1.3–3% [10, 26].
The lockout valve was first introduced in 2000, within the

reservoir of the Mentor Alpha 1 device. (Mentor Corporation, Santa
Barbara, CA, USA) [10]. Mentor was later purchased by Coloplast
Corporation (Humlebaek, Denmark) which currently maintains a
lockout valve within their cloverleaf reservoir. American Medical
Systems (AMS, Minnetonka, MN, USA), now Boston Scientific
(Marlborough, MA, USA), introduced a lockout valve in the pump
of their device in 2006 [26]. The development of lockout
valves permitted higher ambient pressure on the system and
ushered in the latest evolution of IPP surgery- alternate reservoir
placement (ARP).
The appeal of ARP, typically submuscular and separated from

the pelvic viscera by the transversalis fascia, lay in the avoidance
of injury to pelvic structures. Theoretically, this movement away
from the pelvic viscera and towards the abdominal wall could
increase the functional risks of reservoir palpability, herniation, or
revision. To better accommodate ARP, device companies
responded with low profile reservoirs: conceal (2010, Boston
Scientific) and cloverleaf (2011, Coloplast). In 2015, the FDA
granted Coloplast changes to labeling to indicate ectopic
(alternate) reservoir placement [27]. A number of ARP techniques
have now been described and are employed with increasing
frequency by prosthetic urologists. The remainder of this review
will describe contemporary IPP reservoir placement options and
compare the safety and functionality outcomes reported with
each (Table 1).

Contemporary reservoir placement options
Orthotopic / space of retzius. Traditionally, prosthesis reservoirs
were placed in the retropubic Space of Retzius (SOR), which
presumably avoided the risk of injury to intraperitoneal structures
and provided a low pressure environment that reduced risk of
auto-inflation. This was first described in 1973 with entrance into
the retropubic space via the external ring and inguinal canal or via
direct suprapubic cut down [26]. Numerous modified techniques
to enter this space have been described, including finger
dissection and blunt penetration of the transversalis fascia, or
more sharply using scissors or a nasal speculum [28].

Fig. 1 Inflatable penile prosthesis reservoirs. a Coloplast Cloverleaf reservoir comes in 2 sizes (75 cc and 125 cc) approved for retropubic and
ectopic placement (used with permission from Coloplast Corporation). b Boston Scientific AMS Conceal reservoir (left) compared to the AMS
Spherical reservoir (right). AMS spherical is made in both 65 cc and 100 cc sizes, the AMS Conceal comes in 100 cc size only. (used with
permission from Boston Scientific Corporation).

Fig. 2 Proximity of pelvic viscera to prosthetic reservoirs. Note the
right sided balloon abutting both the bladder and iliac vessels. On
the left, a previously drained and retained balloon can be seen
abutting the iliac vessels.

Fig. 3 Cystoscopic view of reservoir erosion into the bladder.
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As previously discussed, the proximity of pelvic viscera and
vasculature to the SOR constitutes the primary risk of reservoir
placement. This risk is increased by contemporary pelvic surgeries
such as prostatectomy, cystectomy, and renal transplant which
may alter or obliterate the SOR [29]. A retrospective review of SOR
reservoir placements in 115 patients with prior prostatectomy
reported no visceral or vascular complications and concluded that
SOR placement after prostatectomy remained safe, though
potentially more challenging due to scar tissue [30]. Meanwhile,
cystectomy opens the pelvis to abdominal contents, resulting in
higher reservoir placement risk. A handful of studies have
examined reservoir placement following cystectomy with all
avoiding the SOR and opting for submuscular [31] or lateral
retroperitoneal locations [32].
SOR remains a familiar, functional, and popular location for

reservoir placement. In the author’s practice this location remains
an appropriate option for IPP placement without prior pelvic
surgery, hernia repairs, or altered anatomy. In such cases, we
prefer ARP. For very thin patients, the SOR location is preferred
due to a lower risk of palpability [33] (Table 2).

Alternate reservoir placement / submuscular. ARP has become
increasingly popular with efforts to reduce the risk of visceral and
vascular complications during prosthesis placement. A recent
systematic review included 70 articles and over 9500 patients, of
which, 67% underwent ARP. There were no statistical differences
in safety, efficacy, or patient satisfaction between SOR and ARP
reservoir location [34].
Admittedly, the submuscular space is a more nuanced location

to navigate compared to SOR and as such learning appropriate
technique is important for replicable outcomes. (Fig. 4) This was
demonstrated by a cadaveric study performed by Ziegelmann
et al. [35]. Following high submuscular (HSM) reservoir placement,
20 cadavers were assessed for true reservoir landing location.

Twenty percent of reservoirs were found unintentionally located
within the SOR, retroperitoneum, or peritoneal cavity. In clinical
practice, Gross et al. identified 2 cases of intraperitoneal
placement in their series of 2687 virgin IPP patients, both patients
had a low BMI (<18.5) and a history of tobacco use [33].
Several ARP techniques have been described over the decades,

however the most common is submuscular placement (Fig. 5).
This was originally described by Wilson et al. in 2002 and is
accomplished through either a lower abdominal counter incision
or through the inguinal ring by placing the reservoir in the space
anterior to the transversalis fascia and below the rectus muscle
[10]. A HSM location traditionally positions the reservoir approxi-
mately 7–8 cm above the inguinal ring is thought to decrease
palpability and risk of herniation [36, 37]. Placement into this
location is most commonly aided by a long grasping clamp passed
through the ring both to develop the space and then place the
reservoir [38] (Fig. 6).
ARP above the transversalis fascia decreases the risk of

catastrophic visceral and vascular complications. In a retrospective
review of 872 prosthetic cases, HSM placement was associated with
a deep pelvic injury rate of 0.5% compared to 1.9% for SOR
placement (p= 0.14) [13]. Other studies have reported a complete
absence of visceral or vascular injuries with HSM placement [37, 39].
Further, Baumgarten et al. described a modified “Five Step
Technique” to ensure accurate placement above the transversalis
fascia, far from the external ring and found that this technique
reduced rates of reservoir herniation from 5.3% to 1% [37]. A
separate review of 2687 patients found a reservoir herniation rate of
0.09% in the SOR group vs 1.34% in ARP patients (p > 0.05) [28].
Similarly, a prospective multicenter study of 744 patients reported a
reservoir hernia rate of 0.5% in SOR vs, 1% in ARP [39].
Measures to reduce herniation risk have included a purse string

suture prophylactically placed at the inguinal ring [39], low
transfascial fixation in which reservoir tubing is passed through

Table 2. Reservoir placement options and patient selection.

Pro Con Consider for…

Orthotopic/space of
retzius

Familiar
Low Pressure

Proximity to pelvic viscera
and vasculature

Virgin IPP, Palpable inguinal ring, Very thin
patients

Alternative/submuscular Separation from pelvic
viscera and vasculature
Appropriate for most patients

Potentially more palpable
Some anatomic variability in
actual landing spot

Virgin IPP, Prior pelvic surgery, inguinal mesh/
obliterated inguinal ring
Counter Incision if inguinal approach
compromised

Lateral retroperitoneal Avoid pelvis Requires additional incision
Less familiar approach and
location

Significant pelvic anatomic abnormalities (eg.
neobladder, prior major pelvic trauma or
surgery)

Fig. 4 Misplaced submuscular reservoirs. a Laterally displaced beneath the external oblique muscle (b) intraperitoneal location.
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the external fascia [40], and Tubing, Hitch, and Lasso, Intussuscep-
tion Anchor which tacks the tubing to the fascia using a permanent
suture and an extra tubing collar [41]. Another reliable method to
avoid reservoir herniation is avoidance of the inguinal ring by way of
a counter incision, Van Dyke et al. reported no herniations in cases
utilizing a counter incision compared to 2.8% herniation rate in
transinguinal HSM cases [42].
Another concern with more superficial submuscular placement of

a reservoir is palpability of the device and detriment to patient
satisfaction (Fig. 7). In reality, ARP may be associated with some
palpability but in many cases it does not seem to significantly
contribute to patient bother. In a retrospective review of 158 HSM
implants, 80% were not palpable, 16% were minimally palpable by
patient report and 20% were palpable to the surgeon. Overall, they
reported a 1.3% revision rate due to bothersome palpability [43].

In a 2015 study, patients that underwent HSM reservoir
placement reported 85.9% of patients were satisfied and there
were no reported issues with palpability or autoinflation in either
group [39]. Further, Osmonov et al. demonstrated an 88%
satisfaction rate in the HSM group versus an 81% satisfaction
with SOR (p < 0.001). Interestingly, 64.3% of the HSM group
reported palpability immediately after surgery, which decreased
to 20% 3 months after surgery [44]. Other high volume implant
institutions have performed ARP with flat reservoirs and report
minimal palpability with patient satisfaction rates as high as 94%
[13, 45]. Stember et al. published their outcomes of ARP in 2239
patients and found that 3.4% of patients reported a palpable
reservoir, though revision rate for palpability was only 0.4% [46].
With these data in mind, the European Society for Sexual Medicine
has issued statements that ectopic reservoir placement can be
considered an alternate method of reservoir placement during IPP
and that device palpability does not appear to be associated with
revision rates [47].
Revision rates for ARP compared to SOR reservoirs appear

favorable [39, 48]. Baumgarten et al. published a study of 733
patients that underwent either HSM or SOR reservoir placement
and the HSM group had a 2.3% revision rate for hernias and
delayed bowel obstruction vs 4.6% revision rate in SOR group for
one bladder erosion, two vascular injuries, and three herniations
(p= 0.22) [37]. Similarly, Hernandez et al. published their 5-year
multi-institutional experience in 2019 that analyzed 612 patients
that underwent HSM placement versus 362 patients with reservoir
placement in SOR, and noted no significant difference in rates of
revision (p= 0.44) [49].

Counter incision use in ARP. In settings of altered anatomy or
obscured inguinal rings, a counter incision (CI) is an alternative
approach to HSM placement. A lower quadrant incision is carried
down to fascia which is opened followed by spreading of the
rectus muscle to identify the submuscular space.
Grimberg et al. reported on a cohort of 534 patients, of which

51 (9.5%) underwent CI for reservoir placement. CI had a higher
median operative time with similar rates of infection, hematoma,
and device malfunction [50]. A separate retrospective study
compared a CI technique to a transinguinal approach in 456 virgin
IPP patients. Only 7.5% of their cohort required a CI with operating
time being significantly longer in the CI group, but with similar
rates of infection, postoperative morphine requirements, and
outpatient narcotic prescriptions. There were no reservoir hernia-
tions or vascular injuries in either group [42].

Lateral retroperitoneal and other less common locations. The
lateral retroperitoneal (LR) approach requires an incision just

Fig. 6 High submuscular reservoir placement. a The Foerster ring clamp securely holding the apex of the reservoir to guide accurate
placement in the high submuscular pocket. b Trajectory of the reservoir placement using the Foerster ring clamp, aim approximately 6–8 cm
cephalad to the external ring.

Fig. 5 Anatomy of high submuscular placement. High submus-
cular placement involves identification of the external inguinal ring,
anterior traction on the ring with a deaver, passage of the ring
clamp through the ring– below the deaver and above the
transversalis fascia to create a space, passage of the reservoir into
this space, and finally filling.
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medial to the anterior superior iliac spine where the external fascia
is entered, abdominal wall musculature spread, and underlying
peritoneum swept medially to identify a landing space overlying
the psoas muscle. In this way, it is similar to access for
retroperitoneoscopic surgery. LR placement was described in
2010 with 29 patients following radical prostatectomy. This series
demonstrated no complications or injuries, similar operative time
as controls, and no infections or mechanical failures at 28 months
of follow up [51]. The experience of Loh-Doyle et al. with IPP
placement after radical cystectomy has solidified this ARP location
as a potential tool for difficult cases [32]. In their largest series,
they retrospectively reviewed LR placement in 266 patients and
found no statistical difference in intraoperative RP-related out-
comes compared to SOR, but did have one reported intraopera-
tive bowel injury in the LR group. Both groups had 1 patient with
palpability or pain at the reservoir insertion site [52].
Less commonly, subcutaneous reservoir placement has been

employed [53]. Mykoniatis et al. briefly discussed the utilization of
subcutaneous reservoir placement in men with higher BMIs and a
thick abdominal fat layer to provide appropriate concealment of
the reservoir [54]. In 2016, Garber et al. published a retrospective
series that looked at palpability and herniation rates following
subcutaneous reservoir placement in 8 patients and found that
87.5% of patients and surgeons were unable to palpate the
reservoirs, though average BMI in this cohort was 39 kg/m2 [55].
Though it is a possible ARP location, its use in contemporary
implants is limited with submuscular position typically being a
readily available alternative.
ARP techniques are appropriate options in patients with prior

pelvic or inguinal surgeries and are now preferred by many high-
volume implant surgeons. In 2013, Karpman et al. surveyed 95
urologists, of which 81% were experienced implant surgeons. The
majority agreed that robotic prostatectomies make orthotopic
reservoir placement more difficult and the capacity to perform
ARP is advantageous and should be included in physician training
courses [56]. A separate survey of HSM reservoir perceptions
completed by 25 urologists from 8 states reported that HSM
reservoir placement was overall safer (p < 0.001) with a lower
risk of visceral (p < 0.001) and vascular (p < 0.001) complications,
a short learning curve (p= 0.008), and easily reproducible
(p= 0.002). Sixty-eight percent of surveyed surgeons preferred
HSM placement, with an increase to 78% when adjusted for high-
volume implanter responses only [57]. Still others have suggested
that ARP in the submuscular space should now be the default
location of choice for prosthetic surgeons due to its favorable
safety profile [25, 38].

CONCLUSIONS
Contemporary reservoir placement locations include orthotopic/
space of Retzius and alternate reservoir placement in the
submuscular or lateral retroperitoneal space. Each approach has
merits; knowledge and familiarity with each will equip the
prosthetic surgeon to deploy reservoirs in such a way as to
maximize both safety and functional outcome.
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