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Abstract We performed a successful penis allo-
transplantation on 11 December 2014. Sharing the lessons
learned might help more patients in need to be treated this
way. We divided the project into manageable segments that
was each overseen by an expert. The ethical review and
conduct paved the way for a publically acceptable and
successful project. Screening for a psychological stable
recipient is important. The most difficult part of the project
was finding a donor penis. This was successfully negotiated
with the family of a brain dead donor by creating a neo-
phallus for the donor, thereby maintaining the dignity of the
donor. Working with transplant coordinators that are sym-
pathetic to aphallic men is crucial. Surgeons versed in
microvascular techniques is a critical part of the team.
Transplant immunologists have to adapt to treat composite
tissue transplantation patients.
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Graphical Abstract

1 Introduction

Vascularized composite tissue allotransplantation (VCA) is
an established frontier in reconstructive surgery [1]. Our
team performed a successful penis transplantation on 11
December 2014, after a period of planning and research. A
similar procedure had previously been attempted at an
institution in China, but failed due to the patient’s partner
insisting removal of the graft that had superficial skin
necrosis early post-operatively [2].

This was a challenging project to complete successfully.
We share the lessons that were learned so as to hopefully
enable other centres to follow suit and ultimately contribute
to helping a distressed and vulnerable patient population in
need of penis transplantation.
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1.1 Lesson 1. Correct indication

The only appropriate indications for penis transplantation
are loss of the entire pendulous penis or absence of a penis
in a patient that should have one, as is in major congenital
malformations. Offering this procedure to males who per-
ceive their genitalia as too small would be inappropriate; the
risks associated with the procedure itself and also a lifetime
of immune suppression treatment may lead to serious
complications and eventually even leave the recipient
aphallic. Furthermore, with the dire donor penis shortage
organs should be used to assist those patients in real need.
(Figs. 1 and 2)

1.2 Lesson 2. Divide the project up into segments and
have an expert oversee each segment

From the start, we divided the project into separate seg-
ments, commencing right at the stage of Ethics Review
Board submission. Expert consultants from the following
disciplines were co-opted in order to maximise the chance
of success:

Fig. 1 Penile allograft at the end of surgery. Note the urinary catheter
that should have been placed suprapubically
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* Forensic pathologist—To advise on the legal issues
surrounding the transplantation of a penis from a
deceased donor.

* Ethicist—with a mandate to make sure all proceedings
adhere to good ethical practice.

* Transplant coordinator

* Psychologist—For ongoing input in both the pre- and
post-operative periods

* Transplantation nephrologists—To Manage the immu-
nosuppressive regimens. Our renal team adapted well to
the novelty of caring for the participant.

* Plastic surgeons versed in microvascular surgery.

* Media liaison office—Provided by our academic
institution (University of Stellenbosch)

* Pathologist and dermatologist—Tasked with acquaint-
ing themselves with the unique aspects of VCA
rejection.

* Team of nurses trained in the care of immunosuppressed
transplant patients

1.3 Lesson 3. Ethical issues are a minefield

We benefitted much by having a dedicated applied ethicist
on the team. Careful consideration during the planning

Fig. 2 The penile allograft at 20 months post-operatively
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phase of our study allowed us to anticipate potential pitfalls,
two of which are worth mentioning here:

1) Minimise therapeutic misconception: Therapeutic
misconception indicates a participant’s failure to
appreciate the difference between research and
treatment. This can include an overestimation of
clinical benefit from an experimental intervention, as
well as underestimation of potential risk of harm
[3, 4]. We implemented a rigorous informed consent
process. Our participant was counselled over a 2-year
period, prior to transplantation, and this allowed us
the opportunity to promote and assess our partici-
pants’ understanding of the risks involved and to
promote truly informed and voluntary consent to the
experimental procedure.

2) Appropriately mitigate risk: Our ethicist’s inputs
heightened awareness of, and spelled out risk
mitigation steps for the emotional, social and
psychological risks that our research participants
might experience, in addition to the physical risks
(including the myriad of potential side effects of long
term immunosuppression). Based on these inputs our
first transplant participant was selected to minimize
risk. A number of participants were eligible for
scientific reasons, but at substantially higher risk of
physical and psychological harm. This particular
patient was considered physically and psychologically
suitable for VCA and was selected as the first research
participant based on his favourable lower-risk profile.

1.4 Lesson 4. Psychological issues must be addressed in
the recipient

The screening process used for our possible penis transplant
recipients was similar to that used in our renal transplant
program. However, we were very cognisant of the potential
additional risk associated with receiving someone else’s
penis as far as conflicting the ego and disturbing of the self-
image are concerned. A subsequent “ripple-effect” on the
ego has previously been described and is associated with the
very real risk of inducing psychosis. Although this may also
occur as a consequence of renal (or any other organ)
transplantation, the risk is higher in the case of a urogenital
organ such as the penis [5—7]. In addition, the high-dose of
steroids that was given as induction of immunosuppression,
is known to be a separate risk factor for the development of
acute psychosis [8].

1.5 Lesson 5. Practice on a cadaver

Despite the fact that we had been fully trained as urologists
and are clinically active as part of a tertiary care urology

service, we benefitted significantly from a focused dissec-
tion on a cadaver model. Harvesting of the dorsal neuro-
vascular bundle below the symphysis pubis demonstrated
the difference in vessel diameter between the proximal and
the distal parts of the penis. We also realized that harvesting
the penis so proximally allowed for approximately 3 cm of
corpora cavernosa, as well as approximately 2 cm of urethra
and corpus spongiosum to be removed, leaving an elon-
gated vascular pedicle that would offer very valuable
mobility during anastomoses.

1.6 Lesson 6. Reconstruct a phallus for the brain dead
donor

The crucial turning point in our project we think was when
we to offered the families of the potential penis donor the
option of having a phallus created from the lower abdom-
inal skin, following removal of their deceased relative’s
penis. It was clear that this gesture brought a definite change
to the relatives’ perception of penis donation: where families
would previously reflexively refuse donation of their
deceased relative’s penis, they were now actually thinking
before saying “no” with one family eventually agreeing. Our
interpretation of this phenomena is that it is seen as
restoring the dignity of the brain-dead donor in the eyes of
the family. It appears that no family would agree to their
relative entering the grave without his penis, or at least the
semblance of a penis.

1.7 Lesson 7. Cool the harvested penis by direct
intracorporeal injection of a standard transplant
solution

The dissection of the dorsal neurovasculature and transec-
tion of the corpora induced spasm of the dorsal and caver-
nosal arteries, which resulted in our being unable to
cannulate the vessels for the purpose of infusing the cooled
organ preservation solution (Custodial™). We therefore
proceeded to inject the Custodial ™ solution directly into the
copora cavernosa from the left side of the penis. Clear fluid
could be seen flowing from the severed ends of the spon-
giosum, cavernosal bodies and dorsal veins of the penis. If
clear fluid fails to extrude from the spongiosum then an
additional injection of cooled Custodial™ could be per-
formed directly into the glans penis—this should irrigate the
entire corpus spongiosum and may even overcome possible
vascular drainage differences in the donor penis [9, 10].

1.8 Lesson 8. Surgical principles that help
Consider using the deep inferior epigastric blood vessels to

supply blood to the graft penis early on in the surgery,
ignoring the native dorsal penile vessels. We wasted several
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hours trying to dissect out the recipient’s dorsal neurovas-
cular complex, only to ultimately find the structures to have
been obliterated as a complication of the previous infective
process that was the original cause of penile loss. Utilising
the deep inferior epigastric vessels supplied suitable dia-
meter blood vessels with good flow and with a lot less
effort.

The donor penis must be harvested underneath the pubic
symphysis taking care to preserve the dorsal neurovascu-
lature at its largest diameter. The donor penis, after having
been cooled to 4 degrees Celsius, can then be prepared for
transplantation on the bench by dissecting the dorsal neu-
rovascular bundle free for a distance of about four centi-
metres. The proximal corpora and urethra are then trimmed
but a slightly extended urethra is left to enable wide spa-
tulation and tension-free anastomosis with the native ure-
thra. We wused interrupted sutures for the urethral
anastomosis but in future will use a bi-layer of continuous
mucosal sutures as well as a continuous suture to the outer
corpus spongiosum as this will facilitate drainage via the
corpus spongiosum itself.

It is absolutely imperative to have surgeons on the team
who are experienced in performing microvascular
anastomoses.

As was evident in our case, it is not essential to perform
anastomosis of the cavernosal arteries, provided that good
perfusion of the corpora cavernosa is attained by dorsal
penile arterial supply. Intra-operatively we visualized
copious amounts of bright red blood flowing freely from the
severed spongiosal- and cavernosal ends after completion of
the dorsal penile arterial anastomoses. This indicated ade-
quate cavernosal blood flow despite having no anastomoses
of the cavernosal arteries. The recipient’s normal erectile
function which started around 3 weeks post-operatively,
further attests to this.

1.8.1 Use state-of-the art equipment

The dissection of the donor and recipient vessels and nerves
require specialized microsurgical equipment that allow
handling of structures with 1 mm diameter. This includes
instruments, clamps, cannulas (to flush the lumen of the
vessels), sutures and optical equipment (loupes, micro-
scope). To improve speed and patency of the venous ana-
stomosis we recommend the use of a GEM Microvascular
Anastomotic COUPLER™ ring (Synovis Micro Companies
Alliance Inc., Birmingham, Alabama). Besides clinical
monitoring we propose the use of a Licox® monitor
(Integra LifeSciences, Plainsboro, NJ), which measures the
graft oxygen partial pressure and allows early detection of a
vascular thrombus. Thrombectomy and reanastomosis can
then be performed immediately to salvage the transplant as
occurred in our participant.
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1.8.2 Be prepared for anatomical variants

A superficial dorsal vein was not present in the donor penis
and the recipient dorsal penis vessels were not patent. Plan
alternative blood supply options before the operation and be
flexible during the procedure to optimise arterial supply and
venous outflow.

1.9 Lesson 9. Avoid using a trans-urethral catheter post-
operatively—rather use a suprapubic catheter for
bladder drainage

We encountered a problematic post-operative wound hae-
matoma and infection, which was likely complicated by the
presence of a urinary catheter in the urethra.

1.10 Lesson 10. Immunosuppression by the most
experienced tranplant immunologists available

Composite tissue transplantation is still in its infancy
compared to solid organ transplantation and much remains
to be learned about the optimum use of immunosuppression
in this form of transplantation [11-13]. Our immunosup-
pression regimen was premised on the skin being the most
immunogenic component of the composite, although there
is evidence that the risk of acute rejection of the skin is
mitigated when it forms part of composite tissue transplant
[14]. Nevertheless, we opted to maximise prophylactic
immunosuppression, with induction therapy consisting of
antithymocyte globulin and high dose steroids followed by
maintenance with tacrolimus, mycophenolate mofetil and
prednisone. These are some of the agents currently in use in
composite tissue transplants [12]. The choice of polyclonal
over monoclonal antibodies was purely an economic one,
dictated by our unaffordability of the latter. The adequacy
of our immunosuppression is attested to by the lack of any
acute rejection. The graft was regularly monitored visually
for any signs of rejection, especially initially. A future
consideration is the implantation of a distal sentinel skin
flap that can be biopsied without too much discomfort to the
patient and that could be an early alert to acute rejection
[15].

Having established that we had evidently avoided acute
rejection, the question of whether we had over-
immunosuppressed our recipient arose, when the patient
developed an unusual fungal infection of his foot. This was
a rare phaeohyphomycosis infection by the ubiquitous
saprophyte Alternaria alternata and occurred 8 months after
the transplant. The infection responded well, albeit slowly,
to treatment. Controversy still prevails regarding the most
appropriate treatment for this opportunistic infection,
although a combination of topical treatment, surgery and
systemic antifungal treatment may be required; in a recent
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review systemic itraconazole was the most commonly used
antifungal agent [16]. The disease is generally localised and
seldom systemic. To date only a single possible mortality
related to this infection has been reported [16, 17]. In view
of this and the risks of using the various ‘conazoles’
(especially drug-drug interactions) and amphotericin B
(especially its nephrotoxicity) we opted to treat the patient
with surgery and a broad spectrum topical antifungal agent.
The risks alternariosis are higher in solid organ transplants
other than kidney transplants that are immunosuppressed
more intensely [17]. To reduce the risk of infections, we
would consider deescalating immunosuppression earlier in
future rather than the delayed protocol we had followed in
this patient.

Another important consequence of our immunosuppres-
sion was the transient decline in renal function blood levels.
Tacrolimus dose was adjusted to maintain serum trough
levels 10-15 ng/ml. After 10 months a marked elevation of
the serum creatinine was noted and in the absence of any
risk factors for declining renal function, the dose of tacro-
limus was reduced and levels were maintained at 5-10 ng/
ml. With this adjustment in tacrolimus dose, the renal
function improved, but the long-term impact on kidney
function of the tacrolimus is of concern in this young man
[18, 19] as end stage kidney failure can occur in up to 28%
of recipient of non-renal transplants [20]. The options we
have are to reduce the risk of kidney injury is minimising
calcineurin inhibitors—in our kidney transplant patients we
reduce the dose of calcineurin inhibitors at 3 months,
although this approach is refuted by the finding by Nanki-
vell et al. [18] that the correlation calcineurin inhibitors dose
and the renal pathological injury is poor. The alternative is
to switch to calcineurin inhibitors sparing regimen that
includes and mammalian target of rapamicin inhibitors, but
these are associated with an increased of acute rejection
[21].

1.11 Lesson 11. Obtain buy-in from hospital
management

In the prevailing economic environment in South Africa it
was very challenging to obtain adequate funding for all
aspects of this project, and the majority of the cost would
have to be regarded as forming part of a clinical incident.
This represents a significant additional financial burden on
our already constrained hospital budget, which could have
caused hospital management to refuse to allow for this
(essentially experimental procedure) to be performed in
their hospital. We had frank and open discussion with the
hospital management in 2011 that eventually led to their
agreement to bear the cost of this project, when other
sources of funding could not be obtained.

1.12 Lesson 12. Work with transplant coordinators who
are sympathetic to aphallic men

We found that not all transplant coordinators were sympa-
thetic towards the project or the potential recipients—for
unknown and possibly deeply-rooted personal reasons. We
speculate that this may be due to the coordinators’ percep-
tion of the need for normal sexuality or the fear that asking
for a donor penis may jeopardise the interview with a
deceased’s family when asking for the donation of other
solid organs. Working with coordinators who do not
approve of the project and have not fully bought into it, is
sure to make finding penile donors extremely difficult.
Fortunately, our team had a transplant coordinator who
proved to be passionate about helping the recipients and she
was the only person who engaged all of the potential
donors’ families to discuss possible donation.

1.13 Lesson 13. Handling the media

We were surprised and overwhelmed by the media attention
that this operation created because we considered the hype
to be out of proportion to the complexity of the surgery or
the project. It does, however, underscore the public interest
in transplantation—in particular when genitalia are
involved. From attempts at facial transplantation in the
United Kingdom we learned that the media could easily
cause a public outcry in response to such a dramatic pro-
cedure, which may bring the project to a halt [22-24]. We
avoided publicising details of the operation to assure our-
selves of the success of the procedure and to deal calmly
with the clinical issues The 3-month delay meant we could
announce the success of the procedure with a fair amount of
certainty. Having one media spokesperson for the team
(team leader) and a media liaison officer are essential. All
interviews should be monitored so that conflicting reports
do not cause public confusion. It is important that the media
officer screen all requests for interviews in order to avoid
media houses taking a light-hearted or sexually perverse
angle on the procedure.

2 Conclusion

Off all the factors listed above the most challenging for us
was finding a donor penis. Potential donor families should
be engaged respectfully by a motivated transplant coordi-
nator. Protecting the dignity of the brain-dead donor by
offering a skin phallus should be communicated and
prioritized very early. Reconstructing a skin phallus for the
donor that protected the donor’s dignity was the crucial
turning point in our project.
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