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Abstract

Introduction dHACM is a source of factors including cytokines that allow anti-inflammatory and proliferative elements to
be utilized for wound and ulcer management. We present our experience of using dHACM in a cohort of patients undergoing
nerve-sparing (NS) robot-assisted laparoscopic prostatectomy (RALP). Our objective is to investigate the functional and
oncological outcomes of NS after placing amniotic or dehydrated human amnion/chorion membrane (lHACM) on preserved
neurovascular bundles (NVBs). From 2013 to 2019, our institution performed transperitoneal multi-port da Vinci robotic
prostatectomy. The NVBs are spared by releasing their fascial planes posteriorly, followed by an anterior release of the plane
at a similar level. Once the retrograde release of the NVB is performed then 599 patients underwent placement of dHACM
graft (AmnioFix by MiMedx, Marietta, GA, USA). The graft was cut into two 4 X 1 cm pieces and laid over the NVB as a
wrap. In order to inform the urological community of oncological and functional outcomes, we excluded patients with less
than 12 months follow up (n=64), benign prostatic hyperplasia (n=>5), and unilateral NS (n=1). 529 (88%) patients were
included in this study who underwent a partial or full bilateral NS with dHACM. 529 patients were followed-up for a median
(IQR) of 42 months (25-89). Demographics include median (IQR) age 57 years (52-62), median preoperative SHIM score of
24 (21-15), and AUASS of 5 (2-11). Full NS was performed in 74% (391/529). Pathological staging was pT2=399 (75%),
pT3a=107 (20%), pT3b=19 (4%) and pT4=4 (1%) with N1 =3 (0.6%). The number of patients with PSM was 86 (16%),
and the overall BCR in the entire cohort was 10%. Postoperatively, 434 (82%) were sexually active. Median time to potency
was 119 (37-420) days and time to continence was 42 (23-91) days. Regarding full vs partial NS: median post op SHIM score
18 (13-20) vs 15 (6-20), median time to potency 92 (35-365) days vs 184 (42-560) days, and median time to continence
42 (23-91) days vs 44 (30-92) days. Age > 55 vs <55 years: median post op SHIM score 18 (12-20) vs 15 (10-20), median
time to potency 167 days (42-549) vs 80 (35-288) days, and median time to continence 42 (25-116) days vs 42 (29-76)
days. In our series the application of amniotic membrane/dHACM has led to acceptable post RALP outcomes. The BCR
rate of 10% in addition to the recovery of potency at a median time of 3 months and continence at 6 weeks is an encouraging
result of dHACM. Our findings indicate that dHACM allowed for an even faster period for continence recovery which was
independent of grade of NS. Future comparative studies may further assess the impact of new amniotic membrane types on
the functional and oncological outcomes after RALP.
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Introduction

Prostate cancer is the second most commonly diagnosed
tumor among men in the United States, with 250,000 new
cases estimated for 2021 according to the American Can-
cer Society. Environmental factors along with genetics can
predispose patients to prostate cancer, and those under-
going definitive surgical management of prostatectomy
may have potency and urinary continence impacted [1].
To mitigate this, meticulous surgical technique along with
adjuncts should be investigated and employed.

For more than 50 years, amniotic membranes have been
used in managing chronic wounds, corneal surfaces, ortho-
pedic and neurosurgical clinical settings [2]. Challenges in
storage and preservation of fresh human amnion were over-
come by processing through dehydration and cleansing, to
retain regulatory molecules. Therefore, dehydrated human
amnion/chorion membrane (dHACM) has shown benefit in
treating diabetic ulcers, burns and dermal injuries by reduc-
ing pain, inflammation and scar formation [3]. Functioning
as a source of growth factors and cytokines [2], the ability
of these grafts to improve post prostatectomy recovery was
hypothesised. The complex role of biological activity from
studies on this product in vitro and in vivo, involve angio-
genesis and extracellular matrix deposition among others.

After the discovery of the neurovascular bundle (NVB)
by Walsh and Donker in 1981 [4] radical prostate sur-
gery outcomes improved. Patients undergoing degrees of
nerve-sparing (NS) prostatectomy rather than wide local
excision resulted in recovery of erectile function. In order
to preserve the function of these nerve structures, high
volume expertise in dissection with rigorous postoperative
penile rehabilitation is crucial but finite [5]. Forty years
after Walsh’s discovery, our Unit has utilised dHACM in
a cohort of patients undergoing NS robot-assisted laparo-
scopic prostatectomies (RALP), in order to be a compari-
son with other surgical approaches [6].

The utility of dHACM was previously examined in NS
RALPs as proof of concept in functional recovery, when
compared to matched cohorts [7-9]. This study provides
the descriptive analysis of our experience since we com-
menced using dHACM, to aid urology community when
similar adjuncts are used in the future.

Methodology
Study population and technique

Institutional review board approval was granted for this
study between 2013 and 2019, to perform a transperitoneal
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multi-port RALP utilizing a da Vinci surgical system.
dHACM was guided into the operative field and implanted
in 635 patients. The NS approach is performed by retro-
gradely releasing the NVB from their fascial plane dur-
ing the posterior dissection. Following this, an athermal
anterior release of the plane at a similar level connects the
two dissection points, followed by a complete retrograde
release of the NVB with limited traction [10]. This series
is from a single surgeon (V.P.), with dHACM graft placed
over each NVB after the posterior musculofascial ‘Rocco’
reconstruction and before the vesico-urethral anastomosis.

Definitions

Potency was defined as the ability to achieve and maintain
erections for penetrative intercourse, with or without the use
of PDE-5 inhibitors. Continence was defined as the absence
of uncontrolled leakage of urine. Biochemical recurrence
(BCR) is a post RALP PSA of >0.2 ng/mL.

Adjuvant treatment refers to initiation of therapeutics
before a post RALP PSA threshold of 0.2 ng/mL; salvage
treatment refers to initiation of therapeutics after BCR
occurs.

Inclusion/exclusion criteria

Patients who underwent surgery more than 1 year ago were
included in the study. Patients aged 40—75 years who were
pre-operatively potent with Sexual Health Inventory for Men
(SHIM) scores of 20 or above and underwent full or partial
bilateral NS RALPs were also included. Patients with pre-
operative erectile dysfunction (ED) or SHIM less than 20
did meet inclusion criteria to have dHACM. Patients with
locally advanced disease on staging investigations (MRI or
CT) and/or previous bladder outflow obstruction surgery
were excluded from the study.

To inform the urological community of oncological and
functional outcomes, we excluded 64 patients with less than
12 months follow-up recorded, 5 individuals who had benign
prostatic hyperplasia, and 1 individual who underwent uni-
lateral NS with accompanying allograft. Taking into account
these exclusions, 529 patients (88% or 529/599) underwent
a partial or full bilateral NS and were included in this study.

Statistical analysis

Continuous variables are reported as median and interquar-
tile range (IQR), and categorical as absolute and percentage
frequencies.

Patients were analysed based on full or partial degree
of NS, and age > or <55. These groups were compared
using Wilcoxon rank-sum test for continuous and Fisher’s
exact test for categorical variables. Cumulative incidence
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functions (CIFs) for functional outcomes were estimated
using the Kaplan—Meier method and were compared
between groups using the log rank-test. Unadjusted and
adjusted hazard ratios (HRs) were estimated using uni- and
multi-variable Cox regression models. The hypothesis of
statistically significant HRs was investigated using the Wald
test. Statistical significance was set at p<0.05 for a two-
tailed test. The statistical analyses were performed using
Stata version 16 (Stata Corp., College Station, TX, USA)
and R version 4.0.5 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

In this study, 529 patients were followed-up for a median
period of 42 months. Table 1 shows a median PSA of 5.1 ng/
mL and age of 57 years old. The median preoperative SHIM
score was 24 and median American Urological Association
Symptom Score (AUASS) was 5. Full NS was performed in
74% (391/529), no patient had a non NS procedure.

Histopathological & oncology outcomes

Table 2 demonstrates the most common pathological stage
was pT2 in 75%. Overall, 55% (292/529) of patients under-
went pelvic lymph node dissection of which the pathology
revealed NO in 289 and N1 =3 patients. Positive surgical
margins (PSM) were seen in 16%, and BCR in 10% of the
entire cohort. Of the patients with PSM, 19% (16/86) had
BCR; and those with adverse tumor pathological staging

Table 1 Patient demographics and operative data for total cohort

Parameters Median (IQR)
Age (years) 57 (52-62)
BMI (Kg/m?) 27 (25-29)
PSA (ng/mL) 5.1 (3.9-7)
Preoperative SHIM 24 (21-25)
Preoperative AUA symptom score 5(2-11)
Charlson comorbidity index
0-1 N=289 (55%)
2-3 N=228 (43%)
>4 N=12(2%)
Pre-operative ISUP Grade
Group 1 N=242 (46%)
Group 2 N=190 (36%)
Group 3 N=59 (11%)
Group 4 N=33(6%)
Group 5 N=5(1%)

113 (102-125)
100 (50-100)

Operative time (mins)
Estimate blood loss (mls)
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Table 2 Histopathology & Parameter Number (%)
oncology data
PSM, n (%) 86 (16%)
pT stage, n (%)
pT2 399 (75%)
pT3a 107 (20%)
pT3b 19 (4%)
pT4 4 (1%)
PN stage, n (%)
N1 3(0.6%)
NO 289 (55%)
NX 237 (45%)
Persistent PCA 11 2%)
BCR 52 (10%)
Adjuvant therapy 8 (1.5%)
Salvage therapy 34 (6.4%)

(>T3a) 18% (24/130) had BCR. Rates of adjuvant and sal-
vage therapy are shown in Table 2.

Functional outcomes

Table 3 demonstrates overall functional outcomes for this
cohort, with 434 (82%) patients being sexually active.
Mechanical support in the form of vacuum erection device
was 19% and PDES5-i use of sildenafil or tadalafil was 47%.
Continence data by the number of pads used per day was 0
pad usage in 507 patients (96%), 1 pad usage for 9 patients
(1.7%) and 2 pads for 5 patients (1%).

A subgroup analysis by age (below/above 55 years) and
NS degree (full vs partial). Statistically significant differ-
ences between groups were noted in SHIM score, erection
score and sexually activity or not.

Table 4 is the result of median time to regain continence
and potency for the total cohort, by age and by NS degree
with adjusted HR. The comparison was also performed by
estimating cumulative incidence functions for age group,
seen in Figs. 1 and 2.

Discussion

This study updates the urological community on the
functional and oncological outcomes of a large series of
patients undergoing placement of amniotic membrane/
dHACM at the time of RALP. The use of this adjunct was
previously investigated by the senior author and other
Institutions with regard to its early outcomes in prostate
cancer surgery [9]. Studies of lower limb wound care and
the role of amniotic membranes have concluded that it
accelerates healing; a process of regulated haemostasis,
inflammation, remodelling and recruitment of leukocytes,
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Table 3 Functional outcomes for all patients, by age and by NS category

Parameters All patients <55yo >55 yo P-value for age Partial NS Full NS P-value for
n=529 (n=207) (n=322) (n=138) (n=391) NS degree
Sexually active n (%) <0.001 0.004
Yes 434 (82%) 186 (90) 248 (77) 102 (74%) 333 (85%)
Median erection rating (0—10) 7 (5-8) 8(7-9) 7(4-9) <0.001 7 (3-8) 7 (6-9) 0.002
Median SHIM score 18 (12-20) 20 (15-21) 15 (9-20) <0.001 15 (6-20) 18 (13-20) 0.047
PDE-5i use 248 (47%) 113 (55%) 135 (42%) 0.006 56 (41%) 192 (49%) 0.11
Mechanical support 99 (19%) 36 (17%) 63 (20%) 0.6 26 (19) 73 (19%) 1
AUA score (n=408)* 1(0-3) 1(0-4) 11-3) 0.8 1(1-3) 1(0-3) 1
*408 patients had recent AUASS collected
Table 4 Median time to potency and continence based on all patients, by age and by NS category
Parameters All patients <55yo >55 yo HR (95% CI) Partial NS Full NS HR (95% CI)
(n=207) (n=322) p value (n=138) (n=391) p value
Time to Potency 119 (37-420) 80 (35-288) 167 (42-549) 0.75 (0.63-0.92) 184 (42-560) 92 (35-365) 1.460 (1.12-1.76)
(IQR) P=0.005 P=0.03
Time to Continence 42 (28-91) 42 (29-76) 42 (25-116)  0.81 (0.67-0.97) 44 (30-92) 42 (23-91) 1.16 (0.95-1.42)
(IQR) P=0.019 P=0.1
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Fig. 1 Cumulative incidence functions for urinary continence by age

platelets, fibroblasts, vascular smooth muscle cells among
others. dHACM is made up of preserved human placenta
with an extracellular matrix protein that provides growth
factors, cytokines and chemokines [11]. dHACM is also
being investigated in renal cancer surgery, with current
trials assessing its impact post partial nephrectomy (Clini-
calTrials.gov Identifier: NCT03323021). In vitro biocom-
patibility with endothelial, cardiac myocytes and cord
blood mesenchymal cells showed in vivo application when
neovascularization in a porcine model was feasible, after
a multi-layered sheet of amniotic membrane was applied
[12]. Surgical scientists are challenged to investigate how
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Fig.2 Cumulative incidence functions for potency by age

these molecular frameworks impact the recovery from
oncologic surgery and tumor biology.

Historical concerns of amniotic allografts’ retrieval,
preparation, and storage before surgery, with tissue-borne
disease transmission is addressed by sterile preparation and
dehydration. The product storage and transportability means
that amniotic membranes has received renewed interest in its
effectiveness in a range of clinical practises [13]. In regards
to RALP, the dissection of NVBs off of the prostate requires
precision and correlation of biopsy histopathology to gross
anatomy for optimising degrees of NS [14]. Traction and
diathermy of the NVB can delay recovery of potency, where
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optimised techniques can be beneficial [15]. To enhance
recovery further, adjuncts such as human amniotic mem-
brane have reduced recurrence of perineural tissue adhe-
sions and associated fibrosis in previous trials. This acceler-
ates nerve function post trauma or surgery and could likely
prevent neuroma formation, in respect to peripheral nerve
injuries [16]. Furthermore, when the NVB is laid open on
the prostate bed, the dJHACM sheet can be applied as a wrap
directly so that it is secured in place by the small volume of
residual blood.

In regards to our patient demographics in Table 1, the
majority of dHACM products were utilised in those that met
criteria from our previous study such as SHIM > 20, bilateral
NS and age 40-75 [7]. Our median BMI of the cohort, did
challenge obesity being an independent factor in prolonging
the healing period with dHACM in wounds [17].

The overall PSM rate of 16% (for a 95% cohort
with <pT3a), is in keeping with a study[ 18] correlating PSM
rates to pT2 and pT3a, of 8.6% and 26.6% rate, respectively.
Patients with pathological staging of >T3a had BCR in 18%;
while studies on extracapsular extension (ECE) and semi-
nal vesicle invasion (SVI) predict BCR [19], this requires
further investigation with dHACM. Alvim et al. [20] inves-
tigated immunodeficient mice injected with human cell
lines for prostate (LNCaP) and bladder cancer (UM-UC-3)
concluding that utilization of dHACM in incomplete exci-
sion of tumors resulted in comparatively faster relapse and
regrowth. The undefined heterogeneity of interaction with a
human amniotic derived product in mice, have unmeasured
variables and may not substantiate a contra-indication of
dHACM in human clinical practise. Nonetheless, a long-
term cancer investigation of post RALP and amniotic mem-
brane patients is warranted due to absence of published lit-
erature in this arena.

In regards to functional outcomes, days to return of
potency was higher in the full NS group (p=0.003). How-
ever, return to continence or AUA scores was independent
of NS degree with dHACM, and reflects our technique of
preserving apical structures and the endopelvic fascia [21].
Our unit routinely performs a modified posterior ‘Rocco’
reconstruction of the rhabdosphincter which has impacts the
return of continence [22] with or without NS. We started
modified posterior ‘rocco’’ reconstruction before dHACM
was used in urologic oncology, and it is consistently used
since 2011.

Data with and without dHACM for functional outcomes
are not available, and so the next comparative step was in
patients who were younger or older than 55 years. Younger
patients had faster continence and potency recovery as rep-
resented by Figs. 1 and 2. This is substantiated by a sta-
tistically significant difference in parameters that repre-
sented sexual function in Table 3 (SHIM, PDES5i, erection
score, mechanical support). However, AUASS showed no

difference between age groups. AUSSS is considered an
objective assessment of treatment outcomes of prostate can-
cer in the literature [23].

Instances of slow recruitment and COVID-19’s impact
on additional centres having the opportunity to study this
product on a single or multi-institutional level is noted. This
study has several limitations, specifically pertaining to its
nature as an observational study with retrospective data and
no control group. However, this is the largest series with an
accompanying long follow up. As new departments begin
to investigate the utility of new allograft products [24], this
mature dataset will be a necessary reference. Surgical use
of novel amniotic membrane products will comparatively
suggest the benefits of a similar allograft from our cohort’s
experience. The exclusion criteria for patients receiving
dHACM in our institution included conditions that could
exacerbate erectile dysfunction such as diabetes or vascu-
lar disease. Furthermore, a medical history of drug/alcohol
abuse, autoimmune disease or prior hormonal therapy would
make patients ineligible. Therefore, variables that could
allow for a poor baseline SHIM and erectile function were
not available in our cohort, to assess the wider impact of
dHACM. Notwithstanding, diversity in demographic data,
multiple institutions, and risk factors for poor erections pre
RALP, should be compared in future trials.

Conclusion

Amniotic membranes offer capabilities of wound healing
and nerve regeneration in medical practise. In this study, we
demonstrated how the employment of the dHACM graft in
robotic prostatectomy for prostate cancer is safe. Our find-
ings indicate that the application of amniotic membrane/
dHACM allowed for the return of potency at an average time
of 3 months, with an overall shorter period for continence
recovery. This experience confirms previously published
studies, that amniotic membrane aids in functional outcome
recovery, while future studies should focus on the long
term impact of tumor biology post RALP. New amniotic
membrane products can enhance our understanding of this
adjuncts role in managing future uro-oncological patients.
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