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Background: A major challenge in face transplantation (FT) is the limited donor
allograft pool. This study aimed to investigate the feasibility of cross-sex FT (CSFT)
for donor pool expansion by: (1) comparing craniomaxillofacial metrics following
CSFT versus same-sex FT (SSFT); and (2) evaluating the public and medical pro-
fessionals’ perception of CSFT.

Methods: Seven cadaveric FTs were performed, resulting in both CSFT and SSFT.
Precision of bony and soft tissue inset was evaluated by comparing pre- versus post-
operative cephalometric and anthropometric measurements. Fidelity of the FT
compared to the virtual plan was assessed by imaging overlay techniques. Surveys
were administered to medical professionals, medical students, and general popula-
tion to evaluate opinions regarding CSFT.

Results: Five CSFTs and 2 SSFTs were performed. Comparison of recipients ver-
sus post-transplant outcomes showed that only the bigonial and medial intercan-
thal distances were statistically different between CSFT and SSFT (P = 0.012 and
P = 0.010, respectively). Of the 213 survey participants, more were willing to
donate for and undergo SSFT, compared with CSFT (donate: 59.6% versus 53.0%,
P=0.001; receive: 79.5% versus 52.3%, P < 0.001). If supported by research, will-
ingness to receive a CSFT significantly increased to 65.6% (P < 0.001). On non-
blinded and blinded assessments, 62.9% and 79% of responses rated the CSFT
superior or equal to SSFT, respectively.

Conclusions: Our study demonstrates similar anthropometric and cephalomet-
ric outcomes for CSFT and SSFT. Participants were more reticent to undergo
CSFT, with increased willingness if supported by research. CSFT may represent
a viable option for expansion of the donor pool in future patients prepared to
undergo transplantation. (Plast Reconstr Surg Glob Open 2020;8:¢3100; doi: 10.1097/
GOX.0000000000003100; Published online 24 September 2020.)

INTRODUCTION

Facial transplantation (FT) has undergone significant
changes over the past 15 years, as it transitioned from its
experimental stage to its establishment as a reconstructive
option for devastating facial deformities. The indications
for FT candidacy continue to evolve, and so too does the
selection criteria for donor allografts.'” The shortage of
donor facial allografts has led to prolonged transplant
wait times.® This is due to the need for rigorous immu-
nologic, anatomic, and colorspecific donor-recipient
matching, as well as cultural and societal beliefs, and
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educational gaps leading to reluctance to donate facial tis-
sue. The focus in FT research is shifting in addressing the
composition of the donor pool and emphasizing selection
criteria as a priority. To date, 46 FTs have been reported,
all of which were same-sex FT (SSFT).**"'' Our group
postulates that cross-sex FT (CSFT) can increase the avail-
ability of donors. Although a clinical CSFT has never been
attempted, sex-mismatched solid organ transplantation
(SOT) is common, and cross-sex upper and lower extrem-
ity vascularized composite allotransplantation (VCA) have
been performed.'”'” However, currently there is a lack
of evidence supporting or refuting CSFT, and concerns
related to skeletal and soft tissue discrepancies due to
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sex-specific characteristics remain.' Furthermore, there is
limited understanding of how CSFT would be perceived in
the community. This two-part study compares the anthro-
pometric and cephalometric outcomes between CSFT
and SSFT to determine the anatomic feasibility and preci-
sion of sex-mismatched FT. The second part investigates
the public opinion of CSFT and assesses the impact of
research and education on perceptions regarding CSFT.

METHODS
Following Institutional Review Board approval, a two-
part study methodology was designed. First, a cadaveric
study was conducted simulating both CSFT and SSFT. A
survey was then distributed to participants, assessing their
opinions on CSFT.

Cadaveric Study

A total of 7 mock en-bloc total face and scalp trans-
plants were performed using 14 cadaveric human mod-
els. Specimens were selected at random and paired
before FT to randomize anthropometric characteristics,
resulting in both GSFT and SSFT. Before each cadaveric
FT, craniofacial computed tomographic (CT) scans of
the donor and recipient were obtained. The craniofacial
CT scan data were uploaded to the computerized sur-
gical planning (CSP) software (3D Systems; Rock Hill,
SC). Computerized modeling with superimposition
of the donor and recipient was performed to optimize
the location of the nasofrontal, bilateral zygomatic, and
genial osteotomies (Fig. 1). Once the surgical plan was
validated, custom-fit cutting guides were 3D-printed. Pre-
transplant cephalometric data were obtained using the
pre-operative CT images and anthropometric measure-
ments were collected by the operating surgeons. Bony
and soft tissue parameters included head circumference,
right and left palpebral apertures, biparietal distance,
fronto-occipital distance, bizygomatic distance, bigonial
distance, medial and lateral intercanthal distances, right
and left external auditory meatus to ipsilateral lateral
canthus distances, upper and lower facial heights, sella-
nasion—point A (SNA) angle, sella-nasion—point B (SNB)
angle, and mandibular angle (Fig. 2).
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Once all the pre-operative data were obtained, two
teams composed of four surgeons each worked simultane-
ously on the donor allograft procurement and the recipi-
ent preparation for transplantation. The surgical details
and techniques used were previously reported.'’ Following
completion of the FTs, post-operative data were obtained
on the post-transplant cadavers via soft tissue measure-
ments and CT scans. Finally, the craniofacial CT images
were utilized to assess the fidelity of the computerized
surgical plans compared with the actual transplantation
outcomes, using overlay techniques and heat map analysis
(Fig. 3). Precision of bony and soft tissue elements follow-
ing allograft inset between the CSFT and SSFT groups was
evaluated via anthropometric and cephalometric analyses.

Survey Development and Distribution

Surveys were tailored and distributed to three distinct
groups of participants, including medical professionals,
medical students, and members of the general public in
New York City. Medical professionals were composed of
plastic surgery attendings and residents, non-plastic sur-
gery attendings, and non-physician medical professionals
such as nurses or therapists. All participants were atleast 18
years old and could speak and read English. Demographic
data such as age, sex, religion, and race were recorded.
Participants’ willingness to donate and receive CSFT and
SSFT was evaluated. Additionally, participants were asked
to rate aesthetic outcomes of cadaveric FT images. First,
participants were blinded to donor and recipient sexes
and asked to rate aesthetic outcomes of one CSFT and one
SSFT on a five-point Likert scale. Next, participants were
un-blinded and asked to rate a different CSFT and SSFT.
Finally, the participants were asked to determine which
outcomes were superior between the CSFTs versus SSFTs
(Fig. 4).

Data Analysis

Statistical calculations were performed using Statistical
Package for the Social Sciences (SPSS) software (ver-
sion 25.0, IBM Corp., Armonk, NY). Paired ttests and
McNemar’s tests were used for comparative analysis where
appropriate. Statistical significance was set to a value of

Recipient

Cephalometric measurements can be obtained, as demonstrated here with the medial intercanthal
distance (A). The preoperative CT scans data can be uploaded to the computerized surgical planning
(CSP) software to determine the optimal osteotomy locations (B). Reprinted with permission from and
copyrights retained by Eduardo D. Rodriguez, MD, DDS.
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Fig. 2. Bony parameters measured as visualized in frontal (left) and lateral (right) views. ANS, anterior
nasal spine; MxPI, maxillary plane; PNS, posterior nasal spine. 1. Biparietal distance; 2. Lateral intercan-
thal distance; 3. Medial intercanthal distance; 4. Bizygomatic distance; 5. Bigonial distance; 6. Sella-
nasion-A angle; 7. Sella-nasion-B angle; 8. Upper facial height; 9. Lower facial height; 10. Mandibular
angle. Reprinted with permission from and copyrights retained by Eduardo D. Rodriguez, MD, DDS.

p<0.05. Graphs were generated using Microsoft Excel
16.33 (Microsoft, Redmond, WA).

RESULTS

Anthropometric and Cephalometric Analysis

Of the 14 cadavers, nine were males and five were
females. A total of five CSFT (four female-to-male, one
male-to female) and two SSFT (both male-to-male) were
performed (donor mean age: 67 (range: 54-80); recipient
mean age: 64.8 (range: 38-76)). There was no significant
difference in operative time (CSFT: mean 373 minutes;
SSFT: mean 337 minutes; p=0.730). Soft and hard tissue
measurements are shown in Table 1. When comparing
pre-operative donor and recipient anthropometric and
cephalometric characteristics, no significant difference
was noted for most parameters, with the exception of the
difference in lateral intercanthal distance (CSFT: 3.4 +
1.8%; SSFT: 12.0 + 6.3%; p=0.025) and SNB angles (CSFT:
1.8 £ 2.0%; SSFT: 22.8 + 19.8%; p=0.039). When compar-
ing recipients and post-transplant outcomes, the only
significant differences observed were with the bigonial
(CSFT: 18.1 +£4.4%; SSFT: 5.5 + 0.4%; p=0.012) and medial
intercanthal distances (CSFT: 12.8 + 4.7%; SSFT: 26.6 +
1.3%; p=0.010). On craniofacial CT overlay and heat map
analysis, there was no significant difference between CSFT
and SSFT in final positioning of the allograft skeletal seg-
ments in the recipient, all of them being within 2mm of
the computerized plan (Fig. ).

Survey Study Analysis

Actotal of 213 participants were surveyed, including 100
drawn from the general population (46.9%), 51 medical
students (23.9%), and 62 medical professionals (29.2%).
One hundred and eighteen respondents identified as
males (55.4%) and 95 identified as females (44.6%).

There was a significant difference in age, religion, and
race between the general public versus the medical group
(medical students and professionals). Demographic char-
acteristics are detailed in Table 2.

Participants were more willing to donate their face
for SSFT than for CSFT (SSFT: 59.6%; CSFT: 53.0%;
p=0.001). This trend was similar when evaluating willing-
ness to donate on behalf of a loved one (SSFT: 37.1%;
CSFT: 31.8%; p=0.008). Overall, for both CSFT and SSFT,
participants were more likely to donate a facial allograft
on behalf of themselves versus on behalf of a loved one
(SSFT: 59.6% (self); 37.1% (loved one); p<0.001; CSFT:
53.0% (self); 31.8% (loved one); p<0.001). Assessment
of participants’ willingness to receive a FT revealed that
79.5% were willing to receive a SSFT, but only 52.3%
would undergo a CSFT (p<0.001). When asked whether
this would be different if further research demonstrated
feasibility of CSFT and equivalent outcomes to SSFT,
participants’ willingness significantly increased to 65.6%
(p<0.001) (Fig. 6). There was no significant difference in
responsiveness towards acceptance of CSFT between the
plastic surgery and non-plastic surgery groups (p=0.414).

Non-blinded assessment of the FT aesthetic outcomes
showed that 62.9% of the participants rated the CSFT
superior or equal to SSFT, with a mean score of 3.2 (Likert
scale 1-5) for both (p>0.05). When blinded, the ratings for
CSFT were significantly higher than for SSFT, with 79% of
the participants rating the CSFT superior or equal to SSFT
(SSFT: 3.1; CSFT: 3.7; p<0.001) (Fig. 7). Participants’ sat-
isfaction with the aesthetic outcomes of CSFT were sig-
nificantly higher when blinded, compared to non-blinded
(8.7 vs. 3.2, p<0.001).

DISCUSSION

To our knowledge, this is the first study evaluating
the feasibility of CSFT combining both objective data
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Fig. 3. A comparison of the computerized surgical plan (CSP) and actual transplant outcomes. CSP
demonstrating the planned skeletal subunit fixation at the nasofrontal, bilateral zygomatic, and genial
segments (A) versus the actual outcomes (B). CT overlay techniques allow outcomes comparison by
superimposition of the planned and actual craniofacial anatomy (C and D). Reprinted with permission
from and copyrights retained by Eduardo D. Rodriguez, MD, DDS.

with cadaveric measurements and subjective analysis by
assessing the public and medical professionals’ attitude
towards CSFT. Our findings indicate that CSFT and SSFT
offer similar anthropometric and cephalometric out-
comes, thereby demonstrating its anatomic feasibility.
Nonetheless, participants were more reticent to undergo
CSFT, albeit with increased willingness if further research
were to support it. Overall, our study suggests that CSFT
may be a viable solution to the existing donor shortage.

Sex-specific Facial Characteristics: A Challenge for CSFT
One of the major concerns with CSFT stems from the
inherent differences between the male and female facial
characteristics, potentially leading to a physical mis-
match. Several studies have delineated the distinct facial

4

features in females and males.”**® For example, com-

pared with females, males have a larger craniofacial skel-
eton overall, more square-shaped face, longer jaw with
more anterior projection and delineation via sharper
gonial angle, broader chin, more significant frontal boss-
ing, wider forehead, larger nose, straighter eyebrows and
less prominent cheeks. Due to sex-specific anthropomet-
rics, concerns exist that CSFT would yield a hybrid and
disproportionate craniofacial skeleton. However, using
an animal and cadaveric models, Gordon et al. found on
cephalometric analysis that CSP and CAD/CAM technol-
ogy allowed for preservation of skeletal harmony, with
proportions comparable to those previously reported
with SSFT." This observation is in line with our cadaveric
study findings.
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The following photos will show the pre- and post-operative results of cadaveric face transplants.
Please indicate how satisfactory vou find the results, with 1 being not at all satisfactory and 5 being

very satisfactory.
Case 1.

RECIPIENT

Case 2.

RECIPIENT

POST-TRANSPLANT

How satisfactory do you
find these results?
1 (Not at all satisfactory)

COC0O0O0

2
3
4
5

(Very satisfactory)

POST-TRANSPLANT

How satisfactory do you
find these results?

Q 1 (Not at all satisfactory)
Q2
Q3
Q 4
O 5 (Very satisfactory)

Do you find the results for Case 2 (bottom row) better, worse, or the same than the results for Case 1

(top row)?

Q Case 2 is better than Case 1
Q Case 2 is worse than Case 1
Q Case 2 is the same as Case 1

Fig. 4. Image showing the survey excerpt. Participants were asked to rate the outcomes of various CSFTs and SSFTs. Only the blinded
portion of the assessment is shown here. Reprinted with permission from and copyrights retained by Eduardo D. Rodriguez, MD, DDS.

Soft- and Hard-tissue Discrepancies: Role of Secondary
Revisions after CSFT

The cephalometric and anthropometric measure-
ments indicate similar outcomes with CSFT and SSFT,
supporting the technical feasibility and anatomic compati-
bility of CSFT. The only significant differences were noted
with the bigonial and medial intercanthal distances on
soft and hard tissue analyses respectively. Surgical preci-
sion was greater in CSFT for medial intercanthal distance
but worse with regard to bigonial distance. A combina-
tion of factors likely contributed to these discrepancies.

First, the bigonial distance may have had the largest
discrepancy in CSFT due to inherent differences of the
facial allograft, in that bony components of the mandibu-
lar symphysis were included within the allograft, but not
that of the mandibular body or angle. This resulted in dis-
ruption of the suspensory ligaments along the mandible
subjecting the bigonial distance to minor soft tissue dif-
ferences. Any suboptimal soft tissue dissection, soft tissue
shifting of the allograft and swelling of tissues associated
with the cadaver thawing process may have influenced
the bigonial distance. However, it remains unclear why

5
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Table 1. Soft- and Hard-tissue Measurements in Donor, Recipient, and Posttransplant Cadavers

Donor-to-recipient Differences

Recipient-to-posttransplant Differences

Cross-sex Same-sex Cross-sex Same-sex
Mean Mean Mean Mean
Distance/ Mean Distance/ Mean Distance/ Mean Distance/ Mean
Angle, Relative Angle, Relative Angle, Relative Angle, Relative
mm/ Difference, mm/ Difference, mm/ Difference, mm/ Difference,
degree % degree % P degree % degree % P
Soft tissue
Head circumference  56.6 +40.9 89+59 26.0+9.8 44+20 0368 20.3+30.7 3.0+44 289+13 49+0.6 0.599
R palpebral aperture 56+4.0 135+10.7 15+15 36+3.7 0277 34+33 75+7.0 1.2+1.6 3.0+4.1 0.442
L palpebral aperture 5.0£6.6 123+17.5 5.1+6.7 126+16.7 0984 55+29 12.2+6.5 52+4.0 129+9.9 0.908
Biparietal 4.7+4.1 3.0+26 48+28 3.0+1.8 0981 31+35 2.0+2.2 3.5+1.3 22+09 0.874
Fronto-occipital 9.4 +6.2 4.7+29 10.2+5.1 53+29 0809 45+6.5 24+£36 47+09 24+0.3 0.996
Bizygomatic 10.8+5.8 10.2+5.5 7.3+56 5.8+4.4 0371 83+47 79+4.7 33+£27 2.7+£23 0.216
Bigonial 7.2+72 6.3 +6.5 22+1.9 1.7+15 0392 21.1+52 18.1+44 7.0+0.7 55+04 0.012*
Medial intercanthal 1.5+1.0 8.1+49 23+04 115+47 0443 1.8+26 99+14.7 25+34 14.1+19.4 0.761
Lateral intercanthal 6.2 +4.8 2.3+2.0 6.5+5.3 21+1.8 0317 5.8+49 59+4.6 20.7+1.7 18.7+0.8 0.014
R ext. auditory meatus  8.0+50 9.7+56 87+04 11.7+15 0.652 124+88 16.3+124 151+15.8 19.5+19.5 0.798
to lateral canthus
L ext. auditory meatus 6.6 +10.3 7.3+11.0 41+1.5 5.0+1.9 0795 17.9+76 23.1+11.6 16.2+134 20.0+16.5 0.782
to lateral canthus
Hard tissue
Biparietal 5.5 +4.0 38+26 45+57 17.2+155 0.081 1.7+1.0 1.2+0.7 1.1+0.5 0.8+0.4 0.477
Fronto-occipital 9.8+4.9 52+24 11.3+10.3 28.0+24.6 0.059 0.8=x0.5 04+03 03+04 02+0.2 0.280
Bizygomatic 5.5 +3.3 5.4+3.0 1.5+1.8 26+0.1 0267 7.4+38.7 7440 127+62 128+74 0.241
Bigonial 51+54 58+6.6 49+63 11.7+27 0303 1.7+1.0 19+1.1 1.3+1.5 1.3+1.6 0.617
Medial intercanthal 26+22 141+11.1 15.0+17.4 216.6 +284.6 0.117 2.3+0.7 123+47 48+0.1 26.6+13 0.010%
Lateral intercanthal 3.0+1.5 3.4+18 37+41 120+6.3 0.025%* 20+1.1 22+1.2 1.3+1.3 14+1.4 0472
Upper facial height 3.5+2.0 71+4.1 72+31 56.7+539 0.009 04+04 08+0.7 1.6+1.7 382+33 0.136
Lower facial height 45+25 6.5 +3.8 52+39 27.7+234 0.068 25+1.8 3.5+2.6 2.0+1.0 2.8+1.4 0.709
SNA, degree 2.6+2.1 3.1+24 1.5+22 182+13.7 0.122 29+14 36+1.8 1.0+£0.9 1.2+1.2 0.152
SNB, degree 1.4+1.6 1.8+20 3.7+48 228+198 0.039%* 21+16 28+22 1.2+1.6 1.5+£2.0 0.491
Mandibular angle, 6.9+49 27.1+£238 11.3+£0.0 99.1+80.9 0.096 34+37 145+19.3 35+37 17.6+20.6 0.854
degree

*Statistical significance.

Fig. 5. A comparison of the computerized surgical plan with the actual positions of allograft skeletal

0 mm 1

2

3

4

s5mm

segments after CSFT and SSFT. The predominance of green and yellow colors on craniofacial CT overlay

and heat map analysis demonstrate high fidelity with the virtual plan, with discrepancies not exceeding

2mm (bottom panel). Frontal view (B); % views (A and C). Reprinted with permission from and copy-
rights retained by Eduardo D. Rodriguez, MD, DDS.
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Table 2. Demographic Distribution of Study Participants

Demographic Characteristic N (%)

Participants

General population 100 (46.9%)

Medical students 1(23.9%)
Medical professionals 62 (29.2%)
Age,y
18-30 70 (32.9%)
31-40 44 (20.7%)
41-50 25 (11.7%)
51-60 27 (12.7%)
61-70 36 (16.9%)
71-80 7 (3.3%)
81-90 4 (1.9%)
Sex
Male 118 (55.4%)
Female 95 (44.6 %)
Religion
Catholic 65 (30.5%)
Protestant 32 (15.0%)
Jewish 23 (10.8%)
Muslim 6 (2.8%)
Buddhist 5 (2.3%)
Hindu 11 (5.2%)
Other 20 (9.4%)
Agnostic 19 (8.9%)
Atheist 23 (10.8%)
Prefers not to answer 9 (4.2%)
Race/Ethnicity
White 103 (48.4%)
Hispanic 33 (15.5%)
Asian 34 (16.0%)
African American 32 (15.0%)
Other 9 (4.2%)
Prefers not to answer 2 (0.9%)
Registered Organ Donor
(general population and medical students)
Yes 65 (43%)
No 86 (57%)
Occupation (medical professionals)
Attending: plastic surgery 20 (32.3%)
Attending: nonplastic surgery 17 (27.4%)
Resident: plastic surgery 11 (17.7%)
Nonphysician medical professional 7 (11.3%)
Did not answer 7 (11.3%)
Years of experience with craniofacial injuries
(medical professionals)
<1 7 (11.5%)
1-5 29 (47.5%)
6-10 10 (16.4%)
11-20 7 (11.5%)
>20 8 (13.1%)

this difference was pronounced in the CSFT. The medial
intercanthal distance precision in GSFT may be due to
the result of including the medial canthal tendons intact
in continuity with the osseous portion of the allograft.
Again, it appears to be unclear why CSFT would have a
more precise result than SSFT. Although our study reveals
discrepancies, they remain minor in the context of the
global precision of the bony and soft tissue elements of
FT. In the clinical setting, CSFT recipients may undergo
secondary revision procedures to address aesthetic and
functional concerns such as blepharoptosis and maloc-
clusion, and the aforementioned theoretical discrepan-
cies can subsequently be addressed. Though revising a
facial allograft poses a unique set of challenges, includ-
ing potential vascular compromise, poor wound healing
in the setting of immunosuppression and the potential to
trigger an episode of acute rejection,””* this would not
be any different from the widely documented and com-
monplace management of secondary revisions already

100
*
90
80
*
70 W SSFT
m CSFT

m CSFT if supported by
research

Participants (%)

79 5
M e
506
60 53.0
50
40
30
20
10
0

Donate Face  Receive Face

Fig. 6. Participants’ willingness to donate and receive facial
allografts. Participants expressed significantly increased willingness
to receive a CSFT if further research supports it. Astersik (*) denotes
statistical significance. Reprinted with permission from and copy-
rights retained by Eduardo D. Rodriguez, MD, DDS.

4

3
2
1

Non-blinded Blinded

Fig. 7. Participants’ratings of cadaveric face transplants on a 5-point
Likert scale. Astersik (¥) denotes statistical significance. Reprinted
with permission from and copyrights retained by Eduardo D.
Rodriguez, MD, DDS.

W SSFT  mCSFT

Score (1-5)

performed on FT recipients.”* Ultimately, discrepan-
cies of bigonial distance would be addressed with autolo-
gous fat grafting or conversely with suction lipectomy for
reduction, which have been described in the literature.
Although possible, alloplastic implantation for gonial aug-
mentation or serial injection of chemodenervating agent
may be less optimal and pose an unnecessarily high risk
to the facial allograft.”**** Similarly, the medial intercan-
thal distance can be adjusted post-transplant with medial
canthoplasties, and the need for ocular revisions has been
well described.”

Female-to-male versus Male-to-female Transplants: Are They
Equivalent?

Although CSFT has never been attempted in the clini-
cal setting, five sex-mismatched VCAs have been reported,
all being female donors to male recipients.”*'” Due to
the paucity of data in the VCA literature, knowledge on
cross-sex transplantation (CST) outcomes is currently best
derived from the SOT literature. Several small series and

7



single-center studies have demonstrated inferior short-
and long-term graft outcomes with female donors to male
recipient kidney transplants.”™ A large study including
over 100,000 kidney transplants corroborated this finding,
with worse graft outcomes and patient survival for male
recipients of female donors, compared with female recipi-
ents of male donors or male recipients of male donors."
Although the precise mechanism accounting for this dif-
ference is unknown and likely multifactorial, multiple
explanations have been proposed. Nephron underdosing
is often cited as a major contributor, with the female kidney
being smaller in size with less nephrons than the male kid-
ney, creating a functional mismatch of transplantation.**
Similar outcome differences were observed with heart and
liver allografts, which has led to other explanatory hypoth-
eses.”" Differences in immunologic response to trans-
plants between males and females could be explained by
the higher antigenicity observed in female kidneys sec-
ondary to higher antigen expression, ultimately leading to
higher rates of rejection episodes in female donor to male
recipient transplants.”"* Additionally, these immunologic
differences could be due to the distinct effect of sex hor-
mones on the vascular endothelium, with greater mono-
nuclear cell adhesion in an androgen-rich environment,
though the model used did not incorporate immunosup-
pression to study these effects.”®* It should be noted that
contradictory results have also been documented, with
studies reporting worse outcomes and greater risk of early
graft loss in female recipients of male kidneys, empha-
sizing the lack of consensus regarding sex-mismatched
SOT.” Ultimately, further immunologic studies and sub-
sequent outcome reporting may be needed to corroborate
any differences in female to male versus male to female
cross-sex VCA. Particular to FT, female-to-male VCA may
be a more viable option considering patients are more
likely to be male, female allografts may conform to size
mismatch, and hormonal influence of circulating testos-
terone levels may allow for a more natural transition to the
phenotype of the recipient.”*"

Enhancing CSFT Outcomes: Masculinization and
Feminization Procedures

Minor discrepancies between the donor and recipient
skin texture and facial hair distribution can be addressed
with make-up, laser hair removal, or hair transplantation.
However, the effect of circulating sex hormones in the
recipient should be accounted for, as it may affect skin
properties and hair growth, as demonstrated in the trans-
gender population undergoing hormonal treatment.”*°
In fact, in the VCA literature, a transplanted lower extrem-
ity from a female donor reportedly grew hair similar to
that of the male recipient in the presence of circulating
testosterone.'*'® Because of the potential for virilization
of the female facial allograft in a testosterone-rich envi-
ronment and preservation of the underlying male cra-
niofacial skeleton, performing a female donor to male
recipient CSFT may be preferable, with appropriate reten-
tion of masculinity.

While other nonsurgical facial masculinization and fem-
inization techniques have been described, fundamental
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concepts of gender-affirming surgery could be integrated
into the allograft construct or applied as part of revi-
sion procedures.”” % For example, osteotomies can be
tailored during allograft design to implement glabellar
or gonial reduction. The role of canthoplasty in FT has
been previously discussed in detail, with temporary blink
impairment noted with periorbital and eyelid revisions."'
However, a formal facial feminization or masculinization
surgery during transplantation may lead to sub-optimal
aesthetic precision given the extensive facial edema pres-
ent at the time of transplantation, the unpredictable
soft tissue suspension and lie over the first 3-6 months of
recovery, and importantly the need to minimize ischemia
time during the transplantation. Performing a septo-rhi-
noplasty before allograft harvest would increase operative
time and bleeding, and any delicate cartilaginous work
may be disrupted during allograft harvest, transfer, and
inset. If deemed necessary, this procedure should be per-
formed in a delayed fashion given the extent of mucosal,
cartilaginous and bony work required. While it is possible
to implement gender-affirming surgical principles at the
time of transplantation, delivering precise outcomes may
be more effective in a delayed fashion. Ultimately, the tim-
ing of execution of these procedures should be at the sur-
geon’s discretion.

CSFT versus SSFT: Public Opinion

The importance of social acceptance is critical, and
we sought to evaluate the public’s perception on FT.
Participants were more willing to donate and receive a
facial allograft for SSFT than CSFT, reflecting the skepti-
cism around CSFT. Despite media coverage, a significant
portion of the general population remains unaware of its
existence, with persistent misconceptions surrounding
FT.*% Concerns regarding facial appearance, hormonal
effects on the allograft and preservation of one’s masculin-
ity or femininity may contribute to the reluctance towards
CSFT, as compared to SSFT. Participants were also asked
to rate their satisfaction with the outcomes of SSFT and
CSFT and to compare one versus the other. Both blinded
and non-blinded assessments showed that CSFT were per-
ceived at least equal to or superior to SSFT for a major-
ity of the participants. In fact, when the participants were
blinded, scores were significantly higher for CSFT, and
were equal to those of SSFT when non-blinded. This indi-
cates that CSFT can lead to satisfactory outcomes compa-
rable to, and potentially even superior to those with SSFT,
though continued efforts should address the implicit bias
discovered in this blinding protocol.

Educational interventions may address some of these
challenges. An educational video has previously been
shown to affect willingness to donate for FT, with an 18%
increase among participants in one study.” Likewise in this
study, participants expressed a significant increase in will-
ingness to donate for CSFT if further research could also
demonstrate similar outcomes to SSFT. With significant
efforts being made to increase VCA donation and expand
the donor pool, this again highlights the importance
of public education and awareness, as well as the need
to pursue CSFT research endeavors to support further
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evidence-based discussion. Although public interpreta-
tion of CSFT is encouraging, extrapolating aesthetic out-
comes from cadaveric simulation should be interpreted as
only preliminary data and interpreted with a high level of
scrutiny.

Limitations

Using a cadaveric model does not account for the
dynamic nature of a facial allograft and the variations in
post-transplant period. Additionally, this is a small cadav-
eric study with seven FTs performed at a single institution.
Survey participants were drawn from an urban popula-
tion in New York City, which limits generalization, as the
state of New York consistently has one of the lowest organ
donor registration rates.”% Finally, there was a significant
difference in age, religion, and race between the medical
and non-medical groups. This reflects the population of
medical providers and students at our institution, which
may differ from that of the general public. Nonetheless,
this study lays the foundation for potential success in
expanding the donor pool through CSFT.

CONCLUSIONS

Cross-sex face transplantation when compared with
SSFT shows comparable anthropometric and cephalomet-
ric outcomes, along with equal or superior publicly inter-
preted subjective outcomes. Cross-sex face transplantation
may represent a viable option for expansion of the donor
pool. Future investigations should evaluate the immuno-
logical outcomes of CSFT with animal studies involving
both sexes. Additionally, the psychological impact of CSFT
and allograft adaptation to a new hormonal milieu should
be assessed. Continuing research efforts, community out-
reach and education will be necessary to further validate
its feasibility, clarify misconceptions, and increase public
acceptance.
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