Perry et al. BMC Urology (2024) 24:208 B MC U I'O|Ogy
https://doi.org/10.1186/512894-024-01593-7

. . : : ®
Preclinical and clinical evidence for using G

perinatal tissue allografts in nerve sparing
robot assisted radical prostatectomy to hasten
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Abstract

Introduction Localized prostate cancer (PCa) is one of the most common malignancies in the United States. Despite
continued refinement of robot assisted radical prostatectomy (RARP) surgical methods, post-surgical erectile dysfunc-
tion and urinary incontinence remain significant challenges due to iatrogenic injury of local nervous tissue. Thus,

the development of therapeutic strategies, including the use of biologic adjuncts to protect and/or enhance recovery
and function of nerves following RARP is of growing interest. Perinatal tissue allografts have been investigated as one
such biologic adjunct to nerve sparing RARP. However, knowledge regarding their clinical efficacy in hastening return
of potency and continence as well as the potential underpinning biological mechanisms involved remains under-
studied. Thus, the objective of this literature review was to summarize published basic science and clinical studies
supporting and evaluating the use of perinatal allografts for nerve repair and their clinical efficacy as adjuncts to RARP,
respectively.

Methods The literature as of May 2024 was reviewed non-systematically using PubMed, EMBASE, Scopus, and Web
of Science databases. The search terms utilized were “robotic prostatectomy’, “prostate cancer’, “nerve sparing’,“peri-

i
" "

natal tissue’, “allograft’, “potency”, and “continence”alone or in combination. All articles were reviewed and judged
for scientific merit by authors RP and JM, only peer-reviewed studies were considered.

Results Eight studies of perinatal tissue allograph use in RARP were deemed worthy of inclusion in this nonsystem-
atic review.

Conclusions Incontinence and impotence remain significant comorbidities despite continued advancement in sur-
gical technique. However, basic science research has demonstrated potential neurotrophic, anti-fibrotic, and anti-
inflammatory properties of perinatal tissue allografts, and clinical studies have shown that patients who receive

an intra-operative prostatic perinatal membrane wrap have faster return to potency and continence.
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Background

Clinical significance of prostate cancer

Prostate cancer (PCa) is one of the most common malig-
nancies in the United States, with a lifetime incidence
rate of one-in-nine men [1]. Additionally, 2.4% of all can-
cer deaths in men can be attributed to PCa-related condi-
tions [1]. According to an estimate from the Surveillance,
Epidemiology, and End Results (SEER) database, which
includes patients aged 65 and older who are insured by
Medicare, $22.4 billion dollars were spent on PCa health-
care in the US in 2020 [2].

Prostate cancer surgery

Robotic-assisted radical prostatectomy (RARP) first
began in the 2000’s and demonstrated benefits compared
to open prostatectomy, including decreased blood loss,
transfusion rate, and length of stay [3]. However, despite
the advances and advantages of RARP over its predeces-
sors, long-term functional outcomes, specifically erectile
function and urinary continence, have continued to be a
common source of post-operative morbidity [4]. Erectile
function is controlled by nerve bundles from the pelvic
plexus, which run posterolateral to the prostate in a layer
of fat and fascia potentially injured during prostatectomy
[3]. Rates of erectile dysfunction one year post-RARP
vary significantly between studies, but is estimated to be
between 10 and 46%. [5] Urinary incontinence after pros-
tatectomy is multifactorial: resecting the prostate also
removes the internal urethral sphincter and iatrogenic
injury damages nerves that control the external urethral
sphincter [6]. Continence rates at one year post-RARP
vary between 40 and 95% depending on how continence
is defined: zero unwanted urine leak versus only one pad
needed per day [7]. Using a patient-centered approach,
studies have routinely demonstrated the negative effects
of prostatectomy on quality of life [8]. Thus, there is sig-
nificant motivation to improve erectile function and
continence outcomes after RARP via the development
of new therapeutic strategies. To develop such strategies
to hasten return to sexual and urinary function following
RARP, a basic understanding of the physiologic mecha-
nisms underpinning erectile function, urinary continence
and associated pathophysiology is warranted.

Physiology of erectile function and urinary incontinence
Erectile function is largely derived from proper conduc-
tion of nerve impulses from the cavernous nerves (CN).
Nerve signals induce nitric oxide (NO) mediated arterial
dilation and sub-tunica vein compression, resulting in
tumescence [9, 10].

Urinary continence and micturition are controlled by
sensory, parasympathetic, and sympathetic fibers from
the hypogastric, pelvic, and pudendal nerves which travel
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adjacent to the prostate, urethra, and bladder [6, 11].
These nerves innervate the internal and external urethral
sphincters to control urinary continence.

Mechanisms of erectile dysfunction and urinary
incontinence associated with RARP

Due to the fragility of the nerves that control erections
and continence, iatrogenic nerve injury is believed to be
the primary contributing factor leading to erectile dys-
function following RARP [3]. Nerve injury is thought to
be caused by surgical traction, thermal injury from elec-
trocautery, inadvertent dissection or clamping of the
nerves around the prostate, and ischemia due to hemo-
stasis. Additionally, local inflammation due to the surgery
itself may have detrimental implications on nerve func-
tion [12-14]. Ultimately, these injurious events can lead
to neuropraxia and locally increased production of pro-
inflammatory cytokines and reactive oxygen species [15].
With regards to erectile function, even the temporary
loss of erections decreases NO production and release,
which reduces blood flow and ultimately causes veno-
occlusive and hypoxic changes [16, 17]. These changes
are marked by apoptosis and fibrosis within the tissues
of the corpus cavernosum [18, 19]. Studies have shown
that resultant decreases in oxygen tension can be accom-
panied by biochemical changes in the penile tissue. For
example, concentrations of oxygen-dependent prosta-
glandin E1 (PGE,) and E2 (PGE,) are reduced [10, 20].
Importantly, PGE’s are known suppressors of the pro-
fibrotic growth factor transforming growth factor beta-1
(TGE-B1) [17, 21]. Consequently, TGF-p1-induced col-
lagen synthesis and collagen content has been shown to
increase concomitant with decreased cavernous smooth
muscle cell content due to apoptosis [18]. Additionally,
decreases in the number of nerve cells via apoptosis and
their diminished staining for nitric oxide synthase has
also been observed following CN injury [19]. Thus, even
temporary erectile neuropraxia after RARP can result in
permanent cavernosal fibrosis via the PGE and TGF-B1
pathways.

Post-prostatectomy incontinence is often due to a
degree of both bladder and sphincter dysfunction [22].
However, urodynamic studies have demonstrated that
sphincter deficiency appears to be the primary contrib-
utor to incontinence, as de novo bladder dysfunction
(i.e. detrusor instability, decreased bladder compliance,
detrusor over/under activity) following RARP is rarely
the sole etiology [22, 23]. Sphincter dysfunction follow-
ing RARP is believed to be due to local iatrogenic tis-
sue injury of the sphincters and injury to the nerves that
control their function. Although improved preservation
of anatomic structures (including membranous ure-
thral supporting structures, bladder neck preservation
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and maintenance of urethral length) has been achieved
through innovations in surgical technique [22], removal
of the prostate still damages the internal urethral sphinc-
ter, leaving the external urethral spinctor as the primary
continence control point [6]. Additionally, the proxim-
ity of the neurovascular supply to the prostate and the
complex plate-like structure of the neurovascular bundle
in this location make it challenging to avoid neurogenic
damage altogether [6, 24].

Taken together, iatrogenic injury to the nerves that
control erectile function and continence are believed
to be one of the primary contributors to de novo post
prostatectomy erectile dysfunction and possibly inconti-
nence. One major development in improving post-RARP
functional outcomes is the advent of nerve sparing tech-
niques, in which the periprostatic, interfascial nerve fib-
ers are visually preserved during surgery [25]. The main
benefit of nerve sparing RARP is improved potency and
continence outcomes, although this conclusion is lim-
ited by the subjective nature of determining degree of
nerve sparing [26, 27]. Not every patient is a candidate
for nerve sparing surgery, as extraprostatic extension
or high-risk disease increases the risk of positive can-
cer margins if nerve sparing is attempted [28]. Although
novel nerve sparing techniques and rehabilitation pro-
tocols help patients regain sexual potency and urinary
continence over time, therapeutic strategies targeting
expedited biological repair and regeneration of nerves
could hasten return to function following RARP [10].
One promising and recent biologic approach to expedit-
ing return to potency and continence is the utilization of
commercially available perinatal tissue derived allografts.
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These grafts have been used to wrap the neurovascular
bundle intraoperatively at the end of nerve sparing RARP
[29].

Overview of perinatal tissues and their historic clinical use
as allografts
The perinatal tissues include the amniotic (AM) and cho-
rionic (CM) membranes which sequester amniotic fluid
(AF) (Fig. 1). Together, these tissues physically protect
the developing fetus and afford immunological segrega-
tion from the mother’s immune system [30]. The AM is
the innermost membrane immediately adjacent to the
AF and is composed of distinct layers including (from
lumen to deep) an epithelial layer, a basement membrane,
a compact layer and the intermediate (i.e. spongy) layer
[31, 32]. The CM is approximately four times thicker
than the AM and is comprised of a reticular layer, base-
ment membrane and trophoblast layer which is adjacent
to the maternal decidua tissue [33]. Both the AM and
CM contain extracellular matrix (ECM), including pro-
teoglycans, glycosaminoglycan, collagen types I and 1V,
glycoproteins, elastin, fibronectin and laminin in differ-
ent quantities and ratios [34]. The umbilical cord (UC) is
also considered a perinatal tissue which is comprised of
two arteries and one vein that are surrounded by a hya-
luronic acid and chondroitin sulfate connective tissue
known as Wharton’s jelly [35]. Together, these elements
are encased within a single layer of AM (Fig. 1). The UC
is twice as thick as AM/CM and also contains laminin,
fibronectin and type I collagen [36].

During gestation, the AM, CM and UC contain viable
cells including amniotic epithelial cells and mesenchymal
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Fig. 1 (Center) Representative schematic of the perinatal tissues (specifically amnion, chorion and umbilical cord) with respect to the developing
fetus. (Left) Hierarchical structure of the amnion (blue) which includes the epithelial layer, basement membrane, a compact layer, and a fibroblast
layer. An intermediate spongy layer (grey) separates the amnion and chorion. The chorion (red) consists of a reticular layer, basement membrane,
and trophoblast layer. Right: (Right) The umbilical cord contains two umbilical arteries, one vein. These elements are surrounded by Wharton's jelly

(WJ) which together, are encased within a layer of amnion
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stromal cells [37, 38]. These cells synthesize and deposit
pleiotropic growth factors, cytokines, and other bioactive
peptides which are subsequently sequestered within the
tissue ECM. Studies have demonstrated that the bioactive
factors within the membranes have anti-inflammatory,
anti-fibrotic, anti-adhesive and pro-regenerative effects
and thus may have a therapeutic benefit in wound healing
[31, 39-41].

The first published manuscript highlighting the clinical
use of perinatal membrane allografts was for skin trans-
plantation in 1910 by Davis at Johns Hopkins [42]. In
1940, De Rotth presented the use of amniotic allografts
to replace damaged conjunctiva [43]. Perinatal tissue
grafts are often processed for clinical use via dehydration
and terminal sterilization. Careful cleansing and dehydra-
tion of the allografts allows for the tissues to retain their
therapeutic effects while removing pathogens from the
tissue [41]. These tissues have since been used in a variety
of clinical applications including dermatologic, ophthal-
mic, orthopedic, and dental [44, 45]. Currently, perinatal
tissue allografts are most often used in wound healing
applications including diabetic foot ulcers, venous leg
ulcers, skin burns, and other chronic wounds [44, 46].
In regard to urology, perinatal tissues are starting to be
explored in therapeutic approaches for a variety of con-
ditions, including as nerve wraps in nerve sparing RARP
[47-50].

Main text

Study selection and data acquisition

This nonsystematic literary review was performed in May
2024 using PubMed, EMBASE, Scopus, and Web of Sci-
ence databases. The search terms utilized were “robotic

» o« ” o«

prostatectomy’, “prostate cancer’, “nerve sparing’, “peri-
natal tissue’, “allograft’, “potency’, and “continence” alone
or in combination. After removal of duplicates, all articles
were reviewed and judged for scientific merit by authors
RP and JM. Exclusion criteria were non-peer reviewed
studies, abstract-only articles, non-English language arti-
cles, and studies that did not include either continence or
potency outcomes. All studies included in this literature
review adhered to ethical guidelines and received appro-

priate approvals regarding human subject participation.

Pre-clinical evidence of perinatal tissue-derived membrane
allografts for nerve protection, repair and regeneration
Despite promising clinical findings, the potential mecha-
nisms underpinning the therapeutic potential of perinatal
tissue allografts have yet to be fully elucidated. Preclinical
studies may provide initial clues as to the mechanisms
by which these allografts may protect and help promote
accelerated repair, regeneration and functional recovery
of damaged nervous tissue.
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To the best of the authors’ knowledge, the earliest
and only known pre-clinical study evaluating the use
of perinatal tissues to stimulate and support genitou-
rinary nerve repair was reported by Burgers et al. [51]
The authors transected a 5 mm segment of the cavern-
ous nerves of sexually active male rats and subsequently
anastomosed the gap with interpositional membranes or
autologous nerve grafts. Membranes included AM allo-
grafts or polymeric membranes with or without nerve
growth factor (NGF) [51]. Results demonstrated that
rats receiving the AM graft displayed improved sexual
behavior compared to both the nerve injury control rats
and rats that received polymeric at 2-months post-op
[51]. Moreover, the percentage of AM-treated rats that
were able to achieve erection was statistically greater
than the injury control and comparable to rats treated
with polymeric grafts containing NGF [51]. The authors
speculated that therapeutic benefit derived from the AM
was due to either the release of neurotropic growth fac-
tors and/or the laminin-containing ECM that have been
shown to support neuron growth [51]. Taken together,
this study demonstrated that AM was able to stimulate
and support regrowth of injured genitourinary nerves.

Although pre-clinical research focusing on the efficacy
of perinatal tissue derived allografts to promote repair
and regeneration of the genitourinary nerves is limited,
studies evaluating their ability to promote repair of other
peripheral nerves are increasing. These investigations
point to several potential cellular mechanisms by which
perinatal membrane derived allografts may support nerve
repair and regeneration. For example, Lui et al. demon-
strated that AM supports neuron growth and maturation
in vitro [52]. Moreover, the authors demonstrated that
wrapping AM around injured sciatic nerves prevented
the formation of adhesions, reduced pro-inflammatory
messenger RNA (mRNA) expression in local cells, and
promoted a pro-regenerative / anti-inflammatory phe-
notype in local macrophages [52]. The authors also noted
that the AM treated nerves had more dense and evenly
distributed axons concomitant with increased pres-
ence of proliferating Schwann cells compared to injured
controls [52]. Similarly, Mohammed et al. and Milgili-
che et al. demonstrated the neuro-regenerative effects
of perinatal tissue allografts using in vivo pre-clinical
peripheral nerve injury models [53, 54]. Wolfe et al. dem-
onstrated that wrapping repaired peripheral nerves with
AM had fewer adhesions, significantly less perineural
fibrosis, and improved nerve function at earlier time-
points compared to injured controls and nerves wrapped
with collagen [55]. Lemke et al. illustrated that the use of
AM allografts as a nerve wrap decreased the occurrence
of fibrosis and adhesions, while suppressing local tissue
inflammation compared to untreated controls in a rat
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sciatic nerve perineural fibrosis model [56]. Furthermore,
use of AM allografts decreased the occurrence of demy-
elination and hastened nerve recovery and regeneration
[56]. Reduced fibrosis of peripheral nerves treated with
perinatal membrane allografts have also been observed in
other peripheral nerve transection models [57].

Taken together, these preclinical studies suggest that
perinatal tissue allografts may possess physical and bio-
logical characteristics that can protect and support heal-
ing and regeneration of injured nerves and hasten return
of nerve function and health. This may be due to both
the neurotrophic growth factors and anti-inflammatory
cytokines contained within them [58, 59]. Additionally,
the allografts can serve as protective barriers to adhe-
sions and thus may protect against tissue tethers which
may impart traction injuries on the nerve bundles.

Clinical evidence of perinatal tissue allograft efficacy

as an adjunct to RARP

Since 2015, eight clinical studies have been published
demonstrating the efficacy of perinatal tissue allografts in
radical prostatectomy treatments (Table 1) [60].

One of the first clinical series using dehydrated human
amnion-chorion membrane (dHACM) as a protective
wrap around the NVB during nerve sparing RARP was
reported by Patel et al. [61] In this observational, retro-
spective, propensity score matched analysis, two patient

Page 5 of 10

groups (n=>58/group) were matched for age, body mass
index (BMI), hypertension, diabetes, smoking history,
Sexual Health Inventory for Men (SHIM) scores, PSA
levels, Gleason scores, pre-operative American Urologi-
cal Association symptom (AUA) scores, and D’Amico
classifications. Group 1 patients received the dHACM
graft wrapped around the NVB and group 2 served as
controls. Post-operative potency was defined as the abil-
ity to maintain an erection with or without the use of
Phosphodiesterase-5 (PDE-5) inhibitors while conti-
nence was defined as the use of zero safety pads per day.
All patients completed a minimum follow-up period of
8-weeks. Results indicated that the mean time to conti-
nence was significantly shorter for group 1 (1.21 months)
compared to group 2 (1.83 months; p=0.033) [61]. Addi-
tionally, the mean time to potency was significantly
shorter in group 1 (1.34 months) compared to group 2
(3.39 months; p=0.007). [61]

Krol et al. presented a case study of a 67-year-old male
who underwent a bilateral, nerve sparing RARP with
NVBs allograft wrapping prior to posterior reconstruc-
tion [62]. This case study utilized dehydrated umbili-
cal cord tissue, the only example of use of this material
type in the literature. At 1 month postoperatively, the
patient reported minimal stress urinary incontinence
and the ability to achieve erections with 75% rigid-
ity. At 1.5 months after surgery, the patient reported

Table 1 Summary of eight published studies examining the use of perinatal tissue allografts in radical prostatectomy

Publication . Allograft Full/ Partial | Definition of Definition of Continence Rates. Potency Rates
Authors Study Design Sample Size g : " Follow-Up Other Findings
Year Description | Nerve Sparing | - Contience Potency Control Intervention P-value | Control Intervention Povalue '_
Wiean time (o continence (p=0.033)
Contro: 1.83 months
Retrospective —— Abiitytoachieve and Intervention: 121 months
Iysis of =58 (control)* i ? :
Patel et al 2015 andlysisof =58 (control) amnion  |Full nerve sparing| Nopads/day | M2 AN AN SO | 5 onths | 74.1% 81.0% 0373 | 517% 65.5% 032 [Meantimetopotency (p=0.007):
prospectively | =58 (intervention) 27" with Control: 339 months:
collecteddata orwithout FDESi Intervention: 1.34 months
” (AUAsymplom scores: 1 month: 16,
Dehydrated Tmonth 1pad/ day Erections with 75%rigidity without FDESi oo
Koletal. | 2021 Casestudy | n=t(intenvention) | umbiical |Fulnenesparing  NA NA 3months | NA [ 1pad/muttipledays | NA | NA [ Erectionswith 100%regditywithout PDES | NA [g
cord 12months nopads/ day Erections with 100%regicity without FDE-5i
3months 67.8% 72.0% 005 |MeanTime toFotency (p<0.05);
o™ Dehydrated 6months 76.0% 820% 0006 | onror 89S0
tche =71 it | Time tofi ificant] mont % % ion:
Rezianetal. | 2019 | matched =700 control) amnion  [Full nenvesparing|  NA ime tofirst sigrificant NA NA NA Intervertion: 60.85 days
ongiucinal cohort | n=700(ntervention) | 71e" erection omonths % 00% 0001
analysis
12months 87.0% 93.0% <0001
1month | 44.0% 65.0% 0018 [when ::"“e"cewas ;‘9? ”w:s
. llogral
B Cropreserved . z2ro pad usage, use ofa
Retrospective chart |  n=100 (control 3months | 70.0% 830% 003
Ahmedetal.| 2019 rospective char —:00 "im” {) umbilical  |Full nerve sparing]  Oor 1 pad NA NA NA N [resuitedinstatistically better
review n=100 (ntervention) | " ¢ Gmonths | 84.0% 00% 021 contience rates a al fime-points
it
12montns | 87.0% 97.0% 0.009 |comparedto controls
Tmonth | 202% 0% 2001 Vean time to potency fll nerve
sparing (p=0.029):
Retrospective 3months | 57.6% 65.1% 0.028 Control: 2 TBmonths
Ogeya-Pnies| analysis of n=705(control) | Dehydrated | Fullor partial VA Abllitytoachieveand [ s | 67,49, 73.6% 0.007 VA A A Mleme:venh::n. 219 mom:sal
i = i an time topotency partial nerve
etal. pfﬁsp:e;:;l::lly n=235 (intervention) | amion chorion | nerve sparing withor withoot FOESi|_9months 72.9% 9% 0.044 iy Op;)' y par
collected data .021):
Control: 392 months
12months | 78.7% 804% 0463 Intervention: 3.05 months
NS12% Nedian time o Continence
3months | 618% (p=0.01)
Al A2766% Control: 1.64 months
R n=183 (control) | CYoPreserved A1:91.0% Intervention (A1): 1.41 months
st | (e | Sidte months | 79.7% o Intervention (A2): 1.45 months
Bliotetal. | 2021 s A1) Fullnervesparing|  Nopads NA NA | Na NA NA
prospectively | g4 Gintervention A1:946%
collecteddata 0 9months | 87.5%
2 Cryopreserved £2:84.3%
umbilical cord A982%
12montns | 91.0%
2. 805%
Nedian time to continence (AT
§ . . i patients):
Retropective | Doyited | Fulorpertial | ABsenceol | Abiitytoachieveand 96% O pad usage 82% sexually active rtervention: 42days
Noeletal. | 2022 observational | =529 (ntervention) [ | Ve | WO | nconrolled | maintainanerection | 212months | NA | 17%1padusage | NA | NA 19% mechanical support NA  |\ediantimetopotency (Al
analysis P9 | leakage  |withorwithout PDESi 1.0%2pad usag 47% PDES use patients):
Intervention: 119 days
" (Overall confinence rate during
Rilot / proof-of Dehydrated | FUllorPartial Capable 3 2% 28;6:; ﬁfrfﬂ;ﬂsﬁue follow-up:
ot | of e 9
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further improvements in continence and erections with
100% rigidity. The authors highlighted that patients who
received tissue allografts had a faster time to recovery of
continence and potency compared to the reported histor-
ical averages of 2.66 and 7.72 months, respectively. [62]

Razdan et al. performed a retrospective matched lon-
gitudinal cohort analysis of 1400 patients who under-
went bilateral nerve sparing RARP to determine the
impact of wrapping the CNVs with dehydrated AM allo-
grafts on early return to sexual potency [63]. Patients
in the intervention (AM; n=700) and control (no AM;
n=700) groups were matched for age, BMI, AUA score,
PSA, clinical stage, baseline sexual function, Charlson
comorbidity index and nerve sparing status. Study results
indicated that patients receiving AM allografts demon-
strated an earlier return to potency compared to controls
(60.85+61.2. days vs. 9553+76.2 days). Additionally,
the number of patients achieving potency every month
was significantly higher in the AM group compared to
controls, and by the end of the 1-year follow-up, signifi-
cantly higher potency rates were observed in the AM
group compared to controls (93.1% vs. 87.1%) [63]. Time
to potency recovery was also significantly less in the AM
group.

Ahmed et al. conducted a retrospective review of 200
patients who received bilateral, nerve sparing RARP
[64]. The patients were split into two matched groups of
statistically similar preoperative characteristics includ-
ing BMI, age, comorbidities, smoking history, Gleason
scores, and clinical stages. Out of these patients, 100
were treated with a cryopreserved UC allograft wrapped
around the neurovascular bundles to assess acceleration
of continence recovery rates. Post-operatively, all patients
were assessed for continence based upon pad usage (0 or
1 safety pads per day) at 3, 6, 9, and 12 months postop-
eratively. Results indicated that the use of the allografts
hastened return of continence at each time point com-
pared to those who did not receive allografts at 1 month
(65% vs. 44%; p=0.018), 3 months (83% vs. 70%; p=0.03),
and at 12 months (97% vs. 87%; p=0.009) [57]. When
continence was defined as 0 pad usage, the percentage of
patients exhibiting continence was statistically greater in
the UC allograft group compared to controls at all time-
points investigated (1 month: 55% vs. 30%; p=0.003,
3 months: 68% vs. 52%; p=0.021, 6 months: 84% vs. 64%;
p=0.001, 12 months (90% vs. 80%; p=0.048). [64]

A controlled, matched propensity score analysis per-
formed by Ogaya-Pinies et al. assessed expedited recov-
eries of potency by using dehydrated amnion/chorion
membrane graft (lHACM) as a wrap around the neu-
rovascular bundles after bilateral nerve sparing RARP
procedures [65]. The study also examined the impact
of using the dHACM on patients undergoing partial
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nerve sparing procedures. Study groups included 235
patients who received dHACM during their prosta-
tectomy (group 1) and 705 patients controls (group 2).
Overall, the mean time to potency was significantly
shorter for group 1 (2.37 months) compared to group 2
(3.94 month; p<0.001). The potency recovery rates with
respect to time for group 1 versus group 2, respectively
were as follows: 37% vs. 26.2% (p<0.001) at 1 month,
65.1% vs. 57.8% (p<0.001) at 3 months, 73.6% vs. 67.4%
(p<0.001) at 6 months, 77.9% vs. 72.9% (p<0.001) at
9 months, and 80.4% vs. 78.7% (p<0.001) at 12 months.
In regard to potency outcomes by degree of nerve spar-
ing, the investigators found that the time to potency was
significantly shorter in patients receiving dHACM after
full nerve sparing procedures (2.19 months) as compared
to patients with full nerve sparing without dHACM
(2.78 months; p=0.029). Similarly, time to potency was
significantly shorter in patients receiving dHACM after
partial nerve sparing procedures (3.05 months) as com-
pared to patients with partial nerve sparing without
dHACM (3.92 months; p=0.021). [65]

Elliot et al. performed a retrospective analysis evaluat-
ing the use of AM or UC tissue allografts (n=162) placed
intra-operatively over the bilateral NVBs versus controls
that did not receive grafts (n=181) [4]. Results demon-
strated a statistically significant (p=0.01) earlier return
to continence in patients who received cryopreserved
AM grafts (Al: 1.41 months) or cryopreserved UC grafts
(A2: 1.45 months) versus controls (C: 1.64 months) [4].
The proportion of patients exhibiting continence for
those receiving cryopreserved AM or UC grafts com-
pared to controls were as follows: 1 month (Al: 81.2%,
A2:76.6%, C: 61.8%), 6 months (Al: 91.0%, A2: 84.3%, C:
79.7%), 9 months (Al: 94.6%, A2: 84.3%, C: 87.5%) and
12 months (A1: 98.2%, A2: 89.5%, C: 91.0%), respectively.

More recently, Noel et al. measured the medium-term
functional outcomes in patients undergoing nerve spar-
ing RALP treated with intra-operative dHACM allograft
placement [29]. Five hundred twenty-nine patients were
included in the study and underwent either partial bilat-
eral nerve sparing (n=138) or full bilateral nerve sparing
(n=391) RALP. Functionally, 82% of patients were sexu-
ally active following the procedure, defined by the abil-
ity to maintain erections for penetrative intercourse, and
96% regained continence, which was defined by zero pad
usage. The median time to potency was 119 days, while
the median time to continence was 42 days. When age
was compared, patients <55 years old showed a median
time to potency of 80 days vs. patients>55 years old with
167 days (p=0.005). Partial vs. full nerve sparing pro-
cedures were also compared, in which median time to
potency for full nerve sparing patients was 92 days vs.
184 days in partial nerve sparing (p=0.03) [29].
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Finally, Barski et al. performed a proof of concept
study exploring early functional outcomes in 14 patients
undergoing open, nerve sparing radical prostatectomy
that had both methylene blue and dHACM applied [66].
Methylene blue, a tinctorial dye and antioxidant [67, 68],
was used to visualize the prostatic neuro-vascular plexus
while amnion was placed around the nerves as well as at
the dorsal portion of the vesico-urethral anastomosis.
Results demonstrated that 40%, 70%, and 80% of patients
recovered continence (defined as no pad) at 3 weeks,
3 months, and 12 months post-op, respectively. [66] The
investigators also reported improved vesico-urethral
anastomotic healing as indicated by no signs of scarring
and the beginning of epithelialization in the urothelial
mucosa as compared to controls evaluated with postop-
erative cystoscopy [66].

Taken together, the aforementioned clinical investiga-
tions indicate that the use of perinatal allografts as wraps
around the NVB during RARP may quicken return to
potency and continence in patients with localized PCa.

Discussion / Synthesis

Prostatectomy continues to be a mainstay of treatment
for intermediate to high-risk prostate cancer and, despite
the past several decades of advancements in surgical
technique, there continues to be significant post-oper-
ative incontinence and erectile dysfunction morbid-
ity [69]. Animal models and other pre-clinical studies
have repeatedly elucidated how AM allografts support
neurologic healing, diminish inflammation, and reduce
fibrosis, although the exact mechanisms are not yet fully
understood. The clinical studies reviewed in this article
repeatedly demonstrate not only a statistically significant
reduction in time-to-return for continence and potency,
but also a clinically significant reduction time-to-return
of several weeks to several months for both continence
and potency.

As AM allografts continue to be used in more patients,
the question emerges as to which pre-operative patient
factors result in the most improved post-surgical out-
comes. The studies reviewed here differ in their inclusion
criteria. Several studies restricted the treated population
to older patients, patients with pre-operative erectile and
continence function close to normal, or patients with
bilateral nerve sparing surgery, whereas others did not
limit the treated population in such ways. In the context
of this limitation, the data was mixed concerning which
patient factors were associated with the most functional
improvement. The studies generally concluded that using
the allograft in bilateral nerve sparing offered the most
improvement compared to unilateral nerve sparing.
However, with regards to age, Ahmed et al. (UC allograft)
found that patients>60 had the most improvement with
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the allograft [64], however Razden et al. and Noel et al.
(both dHACM allograft) found that younger patients
benefitted the most from the graft [29, 63]. There was no
consensus if patients with better pre-operative erectile
and continence function who received the allograft had
improved post-operative outcomes.

The studies included in this review differed in the type
of allograft utilized. dHACM has been commercially
available the longest and thus has been the most stud-
ied, but Ahmed et al. and Krol et al. used either cryo-
preserved or dehydrated UC allografts, respectively. [62,
64] However, new perinatal tissue allografts continue to
become available, including a multi-layer, minimally pro-
cessed graft that includes the intermediate layer in addi-
tion to the amnion and chorion, which has not yet been
clinically studied [70].

The influence of AM allograft placement on biochemi-
cal recurrence (BCR) of PCa is a consequential ques-
tion, especially in the time since Alvim et al. found faster
relapse in prostate tumor cell models treated with AM
allografts compared to control [71]. Overall, clinical stud-
ies of AM allografts have shown similar-to-lower rates of
BCR in AM or UC treated groups compared to control
[4, 29, 63, 72]. Thus, although there are in-vitro concerns
that perinatal tissue allograft use could increase prostate
cancer recurrence rates, this has not been substantiated
by any in-vivo studies. However, as an emerging field,
further study into the influence of perinatal tissue allo-
graft use on BCR rates is warranted.

The studies presented in this review collectively have
significant limitations. Most notably, several differ-
ent allograft materials are represented in these stud-
ies, including dHACM, dehydrated UC, cryopreserved
UC, and dehydrated amnion. Thus, although all of these
materials are classified as perinatal tissue allografts, the
significant heterogeneity in specific allograft type limits
the generalizability of the outcomes. We theorize that as
the perinatal allograft technology progresses, allograft
material and preparation will begin to standardize across
the industry. All the studies in this review are retrospec-
tive; some studies use propensity score matched analyses
or retrospective matched longitudinal cohort analysis to
improve study validity, but none of the studies resemble
a randomized, controlled trial. Additionally, follow-up
times are between 1 to 3.5 years, which is viable to study
functional outcomes but much too short to make robust
conclusions for oncologic outcomes. Furthermore, none
of the literature examined surgeon nerve sparing RARP
experience as a confounder of functional outcomes; we
postulate that patients with experienced and adept sur-
geons would benefit less from allograft placement com-
pared to patients of less-experienced nerve sparing
surgeons, although this is merely a hypothesis. To date,
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no vigorous cost—benefit analysis of AM allografts has
been conducted, although there is significant potential
for cost-savings if allograft use can reduce post-prosta-
tectomy treatment for erectile dysfunction and inconti-
nence. Although the allografts discussed in this review
were provided free-of-charge for investigational pur-
poses, similar materials used commercially in wound
healing cost $900-$2700 per graft. Since the emerging
field of AM allograft placement in prostatectomy still
lacks prospective, randomized controlled studies, this
represents a noteworthy avenue for further study.

Conclusions

This review of current perinatal tissue allograft use in
prostatectomy literature demonstrates that allograft use
improves post-operative impotence and incontinence
outcomes, which is further strengthened by the under-
lying biologic plausibility elucidated in basic science
research. The emerging field has the potential to improve
post-prostatectomy outcomes, but needs more robust
clinical trials to truly prove its safety and efficacy.
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