Check for
updat

Review Article on Controversies and Considerations of Penile Surgery

Enhanced recovery strategies after penile implantation: a narrative
review

Jeffrey L. Ellis', Architha Sudhakar', Jay Simhan'?

lDepartment of Urology, Einstein Healthcare Network, Philadelphia, PA, USA; ‘Division of Urologic Oncology, Fox Chase Cancer Center,
Philadelphia, PA, USA

Contributions: (I) Conception and design: JL Ellis, J Simhan; (II) Administrative support: J Simhan; (IIT) Provision of study materials or patients:
None; (IV) Collection and assembly of data: A Sudhakar, JL Ellis; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors;
(VII) Final approval of manuscript: All authors.

Correspondence to: Jay Simhan, MD, FACS. Vice Chair, Department of Urology, Director of Urologic Trauma, Reconstruction and Prosthetics,
Einstein Healthcare Network; Associate Professor of Urology, Fox Chase Cancer Center, 1200 Tabor Road, Moss/3 Sley, Philadelphia, PA 19141,
USA. Email: jsimhan@gmail.com.

Abstract: Optimizing pain management strategies in penile implantation has historically been a challenge
to urologists assuming care of patients post-operatively. In addition to the complex pathophysiology of male
genital pain, the responsibility of opioid stewardship in the face of the ongoing narcotics epidemic presents
its own set of challenges to experienced implanters. Recent innovations in pre- and intra-operative analgesia
have provided some improvement in patient-reported pain outcomes. When used together in protocols
spanning each phase of operative care, multimodal analgesia (MMA) regimens provide superior patient
pain control and successfully decrease opioid usage compared to traditional opioid-based pain control. This
review will systematically present literature that discusses interventions in the preoperative and intraoperative
spaces aimed at optimally controlling pain. We will also highlight surgical techniques that have been
demonstrated to help ameliorate post-operative pain in penile implant recipients. We will discuss the impact
of MMA protocols across urology and further explore its larger impact on reducing opioid burden in the

ongoing epidemic.
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Introduction degree of patient satisfaction. The pathophysiology of

Th oid epidemi . blic health genital pain is multifactorial; as with any surgery aimed at
¢ oproid epidemic remains a public health emergency improving quality of life, managing patient expectations is

within the United States, devastating the population and paramount. Patients sometimes visit multiple practitioners

overwhelming the healthcare system. There is a well-
demonstrated link between opioid addiction and post-
operative opioid prescriptions. As a result, medical providers
have looked to alternative methods of managing surgical
pain relief. With this conceded, urology faces a unique
challenge in managing post-operative pain from inflatable
penile prosthesis (IPP) procedures. These procedures are

becoming increasingly common and popular for their high
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to find relief for their genital pain, which can strain the
physician-patient relationship.

This review focuses on novel methods of pain
management with limited opioid use in patients undergoing
IPP procedures. We will review strategies for pain
management in the pre-operative and intraoperative
phases of care, including innovations in surgical technique
to decrease post-operative pain. We will also explore
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multimodal analgesia (MMA) protocols and assess their
impact on pain management paradigms in IPP surgery.
We present the following article in accordance with the
Narrative Review Reporting Checklist (Available at http://
dx.doi.org/10.21037/tau-20-1220).

Background

In 2014, the United States and Canada became the highest
per capita opioid consumers in the world (1). As the rates of
opioid prescriptions increased, so did the associated negative
health consequences allowing opioid misuse to emerge as
one of the leading public health crises among young and
middle-aged adults. Drug overdose-related deaths have
more than tripled in the past decade, and opioid-related
overdoses have accounted for almost two-thirds of those
deaths (2). The burden of opioid misuse, however, extends
beyond these fatalities; one investigation in 2010 found that
opioid dependence may be responsible for nearly 1 million
disability-adjusted life-years annually in the United States
alone (3).

The opioid epidemic has gained national awareness, with
both state and federal governments declaring it a public
health crisis. Part of the difficulty in managing this crisis
stems from the popular use of opioids for postoperative pain
management. Over 70% of surgical patients receive opioids
following low-risk surgical procedures, with a majority of
prescriptions involving either oxycodone or hydrocodone (4).
In one study, 14.7% of patients at an outpatient tertiary
academic medical center reported using opioids without a
prescription following surgery (2). This number exceeds the
national prevalence of opioid misuse, which hovers at 1.9%
among US adults. Further, multiple studies have shown that
opioids prescribed during or after surgery can trigger long-
term use, regardless of whether patients are opioid-tolerant
or have been exposed to opioids in the past (5). This has
prompted medical practitioners to search for novel methods
of managing pain relief to contain the scope of the epidemic.

IPP insertion is the gold standard surgery for erectile
dysfunction and has been endorsed by the latest iteration
of the AUA guidelines as a potential first line treatment
for erectile dysfunction (6). Annual IPP implantation cases
rose in the US from 17,540 in 2000 to 22,420 in 2009,
and the numbers continue to climb (7). Improvements in
prosthetic design and surgical implantation techniques
have resulted in longer device functional capacity and
quality of life scores among patients, making this procedure
popular and increasingly common (8). Still, post-operative
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pain continues to be a significant issue among patients
undergoing IPP surgery, effecting up to 11.9% of patients
at 5-year follow-up (9). Diabetes is highly co-morbid with
erectile dysfunction and patients undergoing IPP surgery
with uncontrolled blood glucose levels have been suggested
to experience higher levels of post-operative pain and more
frequent emergency room or clinic visits within 30 days
of the operation (10). In an investigation into reasons for
reoperation, 12.1% of IPP re-operations were found to be
due to chronic pain associated with the index operation at
a median re-operation time of 13.4 months (11). Half of
these patients did not have an identifiable cause of their
post-operative pain (i.e., contraction of the tubing, cylinder
kinking), highlighting the importance of maximizing peri-
operative pain control (11). A single institution Mayo
Clinic investigation found that IPP patients had the 4"
highest post-operative opioid prescription rate across the
common urologic procedures, demonstrating a clear need
for effective pain management in these patients (12).

Preoperative analgesia

The aim of preoperative analgesia is targeting the
activation of the pain pathway prior to onset of surgical
stimuli. Pain is often a response to tissue injury, which
signals the inflammatory and nociceptive pathways and
is susceptible to blockade and modulation by a variety of
different mechanisms. Non-steroidal anti-inflammatory
drugs (NSAIDs) are particularly effective in preoperative
analgesia by inhibiting key enzymes involved in generating
the initial inflammatory response. A model for the timing
of preoperative NSAID administration suggests that using
analgesics before surgery minimizes central stimulation of
c-fibers, reducing postoperative pain intensity (13). They
act by inhibiting cyclooxygenases, a group of enzymes
responsible for metabolizing arachidonic acid. COX-2
is an inducible enzyme involved in pathways of pain and
inflammation, while COX-1 is constitutively active in
tissues. Selective inhibition of the COX-2 pathway provides
analgesia without the side effect profile of non-selective
COX inhibition. Parecoxib, a selective COX-2 inhibitor has
been shown to be effective in managing postoperative dental
pain with decreased incidence of gastroduodenal ulcers
compared to nonselective COX inhibitors (14). Savitha
and colleagues found NSAID administration decreased
the use of intraoperative morphine in patients undergoing
lumbar spinal surgery (15). In the urologic space, Mehta
and colleagues studied the utility of pre-operative celecoxib
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administration on patients undergoing testicular surgery
and compared it to their control group. In their cohort
of 34 men, patients who received pre-operative celecoxib
had significantly lower visual analog scale (VAS) scores
throughout the follow-up period of 7 days and significantly
less opioid consumption than the control group (16).

While NSAIDs serve to reduce pain sensitization in
the peripheral pathways, another class of drugs known
as gabapentinoids is aimed at targeting pain through the
central pathways. Gabapentinoids include pregabalin and
gabapentin, which act by binding the alpha-2 subunit of
voltage-gated calcium channels in the spinal cord and
brain to reduce activation. However, these drugs have a
wider side effect profile than NSAIDs and are associated
with higher risks for sedation and dizziness (13). Their
roles in postoperative pain management thus far have been
limited to small RCT studies, and an established dosing
regimen is yet to be defined. Agarwal and colleagues
investigated the utility of a 150 mg dose of preoperative
pregabalin in decreasing severity of postoperative pain
and postoperative fentanyl requirements in patients
undergoing laparoscopic cholecystectomy (17). They found
that patients who received a single pre-operative dose had
lover VAS scores throughout the first 24 hours post-op
and had less post-operative fentanyl consumption (17). A
separate investigation by Peng and colleagues studied the
use of multiple low doses of pregabalin to manage pain
requirements in patients undergoing the same laparoscopic
cholecystectomy procedure. Patients were administered
pregabalin at 50 mg, 75 mg, or placebo 1 hour prior to
surgery and every 12 hours after the operation for a total
of 3 doses (18). Pain scoring after the procedure was
significantly lower in the groups receiving multiple doses,
supporting an alternative regimen compared to the one
used by Agarwal’s team (18). Gabapentinoids have also
been examined in conjunction with NSAIDs, combining
the desensitization effects of both agents. Karaca and
associated investigated this combination in patients
undergoing laparoscopic cholecystectomy. In their cohort,
patients receiving 150 mg pregabalin and 400 mg IV
ibuprofen prior to surgery reported lower postoperative
pain scores and decreased fentanyl consumption compared
to patients receiving only pregabalin (19). Additionally, the
use of rescue analgesia was higher for patients taking only
pregabalin (19).

Acetaminophen is another commonly used drug in
preoperative analgesia. Unlike NSAIDs, acetaminophen does
not actively inhibit enzymes involved in the inflammatory
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pathway. Instead it has a similar anti-pyretic and analgesic
effect by reducing circulating prostaglandins. When
combined with 600 mg gabapentin, preoperative doses
of 1,000 mg acetaminophen have been shown to reduce
postoperative pain 8 hours following the procedure and limit
narcotic use in patients undergoing anorectal surgery (20). A
study in 12 year old children undergoing adenotonsillectomy
found that patients who received 15 mg/kg acetaminophen
experienced less postoperative pain upon arrival to the post
anesthetic care unit (PACU) compared to patients who
received only ibuprofen or a placebo (21). Acetaminophen
combined with ibuprofen has been shown to decrease post-
operative opioid consumption when the combination is
given in the pre-operative setting for patients undergoing
orthopedic surgery (22). Preoperative administration of
NSAIDs and other pain modulators have been shown to
be an effective method for postoperative pain management
across a spectrum of different surgical procedures.

Intraoperative analgesia

Steps taken to control pain in the operating room have
been shown to have a massive impact on post-operative
pain scores as well as overall patient satisfaction with the
procedure. Interventions performed in the OR to maximize
analgesia can be loosely categorized into two groups:
application of loco-regional analgesic agents and surgical
techniques designed to improve pain control. Both play
a distinct role in maximizing pain control outcomes in
prosthetic surgery.

There have been numerous series describing intra-
operative use of local anesthesia to maximize pain control
during penile prosthesis surgery. Table 1 summarizes the
findings of the key studies detailing IPP intra-operative pain
management strategies. Nagao and colleagues described
their technique for inserting non-inflatable prosthetics
while employing only a dorsal penile nerve block with
10 mL of bupivacaine in their series of 20 patients (33).
At a mean follow-up of 3.4 years, they did not report a
single case of chronic penile pain precluding their patients
from engaging in intercourse (33). Ghanem and Fouad
reported a series of 159 patients undergoing outpatient
penile prosthetic implantation while receiving only a dorsal
penile nerve block for anesthesia (23). They found that
only 5% of their cohort needed additional intra-operative
local anesthesia and an additional 1.8% required general
anesthesia for difficulty dilating the corpora (23). They
did not report any findings regarding post-operative pain
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Study Year Intervention

Sample size Outcome measures

Ghanem (23) 2000 Infra-pubic block, penile ring block 159 Requirement of additional
anesthesia

Hsu (24) 2004 Proximal dorsal nerve block with crural block 137 VAS score

Hsu (25) 2013 Acupuncture plus proximal dorsal nerve block or crural block 128 VAS score, requirement of addi-
tional anesthesia

Raynor (26) 2012 Dorsal penile nerve block 30 VAS score

Cotta (27) 2016 Peri-incisional block, bilateral cord blocks, injection into 37 Postoperative pain scores and

reservoir space, corpora and pump space with liposomal

bupivacaine

Giirkan (28) 2016

Xie (29) 2018

Brennan (30) 2019 Anesthetic implant dip

Tong (31) 2018 Dorsal penile nerve block with pudendal nerve block, MMA 57
protocol
Lucas (32) 2020 Dorsal penile nerve block with pudendal nerve block, MMA 203

protocol

Spinal anesthesia +/- ultrasound-guided penile nerve block 40

Dorsal penile nerve block and penile ring block 131

standardized morphine equivalent
use

Postoperative morphine
consumption and VAS score

VAS score
49 VAS score

VAS score and morphine
equivalent use

VAS score and morphine
equivalent use

MMA, multimodal analgesia; VAS, visual analog scale.

control. While these early series’ may be simple in design,
they helped lay the foundation for more sophisticated
investigations into ideal intra-operative anesthesia that have
now become commonplace in prosthetic surgery.

Other implanters have looked at alternative types of
local anesthesia to achieve better intra-operative and post-
operative pain control. Hsu and colleagues studied the
pudendal nerve block with dorsal penile nerve block in 21
patients and compared it to the crural block with peripenile
infiltration in 137 patients undergoing both malleable and
inflatable penile prosthetic surgery (24). They found that
the patients receiving a crural block less frequently had
post-operative pain although they required similar amounts
of booster analgesia in the OR, and severity of pain as
measured by post-operative VAS scores did not differ
between the two groups (24). The same group reported
their findings using acupuncture-assisted analgesia in
various penile surgeries including prosthetic implantation
in 1,481 men. Compared to other penoscrotal surgeries,
patients undergoing penile implantation had the highest
post-operative VAS scores and the majority of patients
(80.5%) required booster analgesia. This perhaps indicates
that this technique may need some refining prior to broad
implementation despite its innovation (25).
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The most compelling evidence for local anesthetic
use comes from studies that directly compared its
implementation to a control group. Raynor and colleagues
looked at a cohort of 30 men randomized to receive a
dorsal penile nerve block or placebo prior to undergoing
penile implantation surgery. They found that VAS scores
were lowest at all assessed time intervals but patients who
received a dorsal penile nerve block had significantly lower
VAS scores immediately post-operatively and 4 hours
subsequently thereafter (26). Cotta and colleagues did a
comparative analysis investigating the use of liposomal
bupivacaine in a peri-incisional and bilateral cord block
versus standard bupivacaine or no local anesthesia in
patients undergoing prosthesis implantation. While there
was no difference between the mean overall pain scores,
patients who received standard bupivacaine or no local
anesthesia required significantly more morphine equivalents
than patients who received the liposomal bupivacaine (27).
While this shows some promise to curb opioid use,
liposomal bupivacaine is substantially more expensive than
the standard of care and the patients who received it had a
significantly higher per patient medication cost during the
investigation ($285.54 vs. $5.16) (27). Giirkan and associates
looked at an ultrasound-guided penile nerve block for
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patients undergoing implantation using spinal anesthesia
versus a control group who received no local anesthesia.
Using this approach, patients who received the penile nerve
block has lower VAS scores and less opioid consumption
at all measured time intervals up to 24 hours (28). Xie and
colleagues assessed the analgesia achieved using bupivacaine
or ropivacaine in a dorsal penile nerve block plus penile ring
block versus a control group receiving no local anesthesia
for during implant surgery. VAS scores were assessed
through post-operative day (POD) #7. In the immediate
post-operative period, VAS scores were significantly lower
for patients who received any type of local anesthesia
compared to the control group however, there was no
difference between the group receiving bupivacaine and the
cohort receiving ropivacaine (29). There was no difference
among groups from POD #2-7 in VAS scores or usage of
oral opioid medication (29).

Other investigators have assessed the addition of
adjunctive agents to the local anesthetic mixture to
maximize pain control. Griffith and Valenzuela looked at 85
men undergoing IPP placement and administered a mixture
of lidocaine, ropivacaine, sodium bicarbonate as well as
dexamethasone as part of their peri-operative pudendal
nerve, penile ring, and external inguinal ring block (34).
All patients were discharged home without opioid pain
medications and only 11% of the cohort required an opioid
prescription filled after discharge (34). They report that
at POD #7-10, none of their patients were taking opioid
medication (34).

Aside from different strategies of administering local
anesthesia, there are several surgical techniques employed in
the OR that can help minimize post-operative pain after IPP
surgery. Brennan and colleagues investigated the utility of
dipping the implant in ropivacaine prior to implantation in
22 men and compared post-operative pain scores to a control
group of 27 men receiving a dorsal nerve block with penile
ring block (30). Men in both groups had similar VAS scores
in the recovery room as well as throughout follow up (30).
Suarez-Sarmiento and associates assessed the effects of
leaving a prosthesis inflated post-operatively on post-
operative pain scores as well as surgical drain output in 91
men. They found that men with cylinders left inflated had
higher post-operative phallus pain scores and while drain
output was increased in patients with a deflated implant,
they found no difference in infection rate or hematoma
formation (35). While few other studies exist examining
surgical techniques and their effect on post-operative
pain control, these simple modifications seem to provide
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improved analgesia for implant patients.

Multimodal analgesia

The aim of MMA is to reduce postoperative pain by acting
on multiple pathways modulating the pain response at
different points of time. Theoretically, a combination of
NSAIDS, opioids and regional nerve blocks are used block
initiation and attenuation of pain signals in the nervous
system (36). Surgeons have historically focused on treating
pain at the downstream receptors, after the opioid receptors
have already been signaled. MMA, however, uses pre-
emptive and intraoperative analgesia to prevent central
and peripheral nervous system sensitization to tissue
injury (37). Compared to an approach that targets a single
pathway, multimodal analgesic therapy limits the need for
postoperative opioid use and prevents their undesirable
side effects (37). There have been several comprehensive
reviews discussing the components of MMA regimens in
the anesthesia and general surgical literature however, its
application in the urologic space is relatively new (38,39).
The first MMA regimens described in urology were
implemented outside of prosthetics. Ben-David and
associates implemented an MMA protocol in patients
undergoing radical retropubic prostatectomy that included
pre-operative NSAID administration and intra-operative
paravertebral blockade with ropivacaine (40). They
compared this regimen to their standard of care comprised
of wound infiltration with bupivacaine and post-operative
IV ketorolac administration. In their cohort of 100 men,
they found that patients who received MMA had lower
VAS scores at all intervals assessed, shorter length of
hospitalization, and less opioid use during their hospital
course (40). Matulewicz and colleagues described an MMA
protocol for patients undergoing radical cystectomy that
included placement of transversus abdominus plane (TAP)
catheters for continuous infusion of ropivacaine (41).
They compared this to a standard of care cohort that
received epidural anesthesia and found that in their cohort
of 171 men, patients who received the TAP catheters had
significantly lower narcotics usage in the early post-operative
period (POD #0-3) and throughout the study as well as a
shorter length of stay compared to the control arm (41).
Audenet and associates examined a multimodal protocol in 52
patients undergoing robotic cystectomy with extracorporeal
diversion. In their protocol, patients received acetaminophen,
gabapentin, and celecoxib preoperatively, a transversus
abdominis or a quadratus lumborum block, and a post-
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operative regimen that included acetaminophen, gabapentin,
and ketorolac and compared the protocol to patients
that received a conventional, opioid-based regimen (42).
The patients receiving the non-opioid regimen received
a much lower dose of morphine equivalents in the
hospital and had a significantly shorter length of stay
without a significant difference in pain scores (42). In the
endourologic space, Gridley and associates implemented
an MMA protocol for patients undergoing ureteroscopy
that included pre-emptive analgesia with gabapentin and
acetaminophen, intraoperative NSAID and anticholinergics,
and postoperative NSAID, acetaminophen, alpha-blocking
medication as well as anticholinergics (43). As compared
to their conventional, opioid-based cohort, they found
that patients receiving MMA had less discharge opioid
prescriptions and total opioid use while observing no
difference in the frequency of post-operative phone calls
for pain or encounters for post-operative pain (43). These
protocols employed in separate urologic subspecialties
demonstrate the feasibility of managing pain using a
multimodal approach as compared to a conventional,
opioid-based approach.

In prosthetic surgery, two investigations currently describe
an MMA protocol that has promising analgesic results. In a
single institution study, Tong and colleagues described a novel
protocol that included preoperative NSAID, gabapentin,
and acetaminophen administration, intraoperative dorsal
penile nerve and pudendal nerve blockade, and a post-
operative opioid-limiting analgesic regimen. When
compared to a cohort receiving a conventional opioid-
based regimen, the patients receiving MMA had lower
VAS scores at all time intervals assessed, used fewer
opioids while inpatient and on discharge, and required less
opioid medication refills during follow-up (31). The same
protocol was validated in a multi-institutional cohort of
men undergoing IPP implantation. In this investigation,
men who received MMA again had lower VAS scores in
PACU and through POD #1, required less opioids while
hospitalized, and had less refills for opioid medication (32).
To our knowledge, these investigations represent some
of the only rigorous characterizations of pain response
following penile implantation that help traverse the entire
recovery period.

Discussion

Successful pain control strategies in prosthetic surgery have
evolved over time with trends in pre-emptive analgesia,
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intraoperative techniques and finally, implementation of
MMA protocols. Table 2 summarizes all of the available
pharmacologic interventions that span each phase of
operative care in IPP surgery aimed to reduce pain. As
our knowledge deepens regarding the synergistic benefit
of intervention at each phase of care, protocols become
more robust. The increasing sophistication of analgesic
regimens in the prosthetic arena has led to more optimal
pain control and decreased opioid usage while in the
hospital and following discharge. Other reviews in this
space have outlined the body of literature and summarized
the positive effects of improved patient pain control and
satisfaction undergoing IPP placement (44,45). While
the benefits of reduced opioid consumption are clear,
maximizing pain control and decreasing patient length of
stay may have an additional benefit in our current healthcare
climate. In the setting of the present COVID-19 pandemic,
optimal utilization of healthcare resources is of paramount
importance. Implementation of MMA protocols in other
surgical fields and urologic subspecialties has been shown to
decrease length of stay without adversely impacting patient
satisfaction or pain control. Several studies have shown
the feasibility of performing IPP surgery in an ambulatory
surgery center (ASC) in appropriately selected patients
(46,47). Utilization of MMA protocols, particularly intra-
operative components can help facilitate successful pain
control such that well selected, index patients may not
require hospitalization at all. Now more than ever before,
healthcare resource allocation and conservation has renewed
significance and can be maximized by implanters performing
more IPP procedures in an outpatient in ASC setting.

Conclusions

As the opioid epidemic continues to cause significant public
health morbidity and mortality, surgeons and other regular
prescribers of opioid pain medication have an increasing
responsibility to minimize post-operative usage. This is
especially pertinent in prosthetic surgery where optimal
pain control has historically been challenging and led
to decreased patient satisfaction. There has been much
innovation in analgesic interventions in the pre-operative
and intra-operative phases of care. Recently, MMA has
shown promise in improving post-operative pain control
and curbing opioid medication usage in prosthetic urology.
All of these interventions will help decrease the overall
burden of the opioid epidemic and help allocate healthcare
resource more efficaciously.
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Table 2 Pain management options for penile implantation surgery

Ellis et al. ERAS in penile implant surgery

Phase of operation

Treatment options

Preoperative

Intraoperative

Postoperative

Neuromodulators

- Gabapentin 300 mg x1

- Pregabalin 50-150 mg
Non-steroidal anti-inflammatory drugs

- Meloxicam 7.5 mg

- Celecoxib 200 mg

- Ibuprofen 400 mg
Other medications

- Acetaminophen 975-1,000 mg
Local anesthesia

- Dorsal penile nerve block

- Penile ring block (+/- ultrasound guidance)

- Peri-incisional block with bilateral spermatic cord blocks
Regional anesthesia

- Pudendal nerve block

- Crural nerve block

- Spinal anesthesia
Intraoperative technique

- Anesthetic implant dip

- Sub-maximal device inflation
Neuromodulators

- Gabapentin 300 mg three times daily

- Pregabalin 50-150 mg two times daily
Non-steroidal anti-inflammatory drugs

- Meloxicam 7.5 mg daily

- Celecoxib 200 mg two times daily

- Ibuprofen 600 mg every 6 hours

- Ketorolac IV 7.5-15 mg every 6 hours
Other medications

- Acetaminophen 975-1,000 mg every 6 hours

Medications must be renal-dosed in select patients.
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