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Uterine transplantation and donation in transgender individuals;  
proof of concept
According to the Center for Disease Control 
(CDC)’s yearly Behavioral Risk Factor 
Surveillance System (BRFSS) report, approxi-
mately 25 million individuals worldwide, includ-
ing 1–1.4 million adults in the United States 
identify as transgender (Flores et  al., 2020; 
Meerwijk & Sevelius, 2017). Estimated to com-
prise roughly 0.4–0.6% of the population, these 
numbers have been rising consistently, with a 
reported two-fold increase between the years 
2011–2016 (Flores et  al., 2020; Meerwijk & 
Sevelius, 2017). In recent years, decreased social 
stigmatization, improved insurance coverage, and 
expanded access to gender-affirmation surgery 
(GAS) (through the Affordable Care Act and 
commercial insurance plans (Baker, 2017; 
Wiegmann et  al., 2021)) have resulted in an 
increase in the number of transgender individ-
uals pursuing medical and surgical interventions 
(Berli et  al., 2017; Wiegmann et  al., 2021). For 
appropriately selected transgender individuals, 
GAS is safe, effective, and medically necessary 
(Coleman et  al., 2012; Wierckx et  al., 2011).

Transgender women (TGW) may select from 
a variety of well-established therapeutic options 
which range from counseling and social role 
modifications, medical management in the form 
of gender-affirmation hormone therapy (GAHT), 
and a variety of GAS procedures. Among TGW 
treated with GAHT, approximately half will 
eventually undergo GAS (Kailas et  al., 2017; 
Sineath et  al., 2016). This includes genital sur-
gery such as orchiectomy, penectomy, and vag-
inoplasty. In a recent study, Nolan et  al. (2019) 
reported that 28% of TGW had undergone GAS 
procedures, 5–13% of these surgeries involved 
genital surgery. Of the TGW who had not yet 
undergone genital GAS (gGAS), 45–54% of 
respondents expressed interest in doing so in 
the future.

Infertility is often a consequence of both 
GAHT (temporary) and GAS (permanent), and 
fertility preservation should be discussed prior 
to medical and/or surgical interventions (Defreyne 
et  al., 2020; Jones et  al., 2021). Current fertility 
preservation options for TGW including sperm 
cryopreservation, surgical sperm extraction, and 
surgical biopsy of testicular tissue. However, a 
relatively small percentage of TGW pursue fer-
tility preserving options reportedly due to finan-
cial barriers and the reluctance to delay transition 
(Chen et  al., 2017; Nahata et  al., 2017). Studies 
demonstrate that approximately half of TGW 
desire biological children (De Sutter et  al., 2002). 
For some TGW, the inability to fulfill their repro-
ductive aspirations may lead to an enduring sense 
of incompleteness and grief (Jones et  al., 2021). 
Additionally, while current fertility options pro-
vide TGW the ability to contribute in production 
of an embryo with sperm donation, they do not 
allow for the opportunity to experience pregnancy 
and/or live birth. The ability to bear children 
may help TGW fulfill both physical and psycho-
logical goals.

Absolute uterine factor infertility (AUFI)

Absolute uterine factor infertility (AUFI) refers 
to a condition in which a cisgender woman can-
not carry a pregnancy due to either lack of a 
uterus or a malfunctioning uterus (Johannesson 
et  al., 2018). Causes of AUFI include congenital 
absence of  the uterus,  such as  in 
Mayer-Rokitansky-Küster-Hauser (MRKH) syn-
drome (1/5000 cisgender women) or acquired 
absence of the uterus following hysterectomy. In 
the US alone, 600,000 hysterectomies are per-
formed annually. Globally, around 1.5 million 
women are affected by AUFI (Dahm-Kähler 
et  al., 2016).
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Figure 1.  Historic timeline of the uterine transplant (UTx).

Uterine transplantation (UTx) has been pro-
posed as a unique solution for AUFI. Though still 
considered experimental by many, multiple insti-
tutions have demonstrated that UTx can be per-
formed safely and successfully. Since the first UTx 
performed in Saudi Arabia in 2000 (Fageeh et  al., 
2002), over 10 countries have performed UTx, 
including large clinical trials in Sweden (Brännström 
et  al., 2020; Johannesson et  al., 2015), Dallas, TX 
(Testa et  al., 2020), and the Czech Republic 
(Fronek et al., 2021). Currently, more than 70 UTx 
have been performed worldwide resulting in more 
than 23 livebirths (Jones et  al., 2019). While UTx 
in cisgender women has been performed, to our 
knowledge, UTx in TGW has not been successfully 
performed. Perhaps the first and only recorded 
attempt at UTx in a TGW occurred in Germany 
in 1931. Lili Elbe, portrayed in the film “The 
Danish Girl,” was a TGW who underwent UTx. 
Due to organ rejection and infection, Elbe died 
three months after surgery (Worthen, 2019).

UTx proof of concept for transgender 
recipients

The clinical and technical aspects of UTx were 
first tested in non-primates; subsequent tests in 
primates then followed. In 2012, the first human 
trial of UTx from living donors was performed 
at the University of Gothenburg in Sweden 

(Brännström et  al., 2014; Johannesson et  al., 
2015). The Gothenburg University Group 
described their surgical procedure as:

Uterine Donor: total abdominal hysterectomy and 
upper vaginectomy with preservation of the major 
feeding arteries and veins.

Uterine Recipient: implantation of the donor uterus in 
the pelvis, including anastomosis of the donor vaginal 
rim to the recipient’s vaginal vault.

Vascular Anastomoses: two major uterine arteries and 
uterine veins (or ovarian veins) of the donor uterus 
are anastomosed to the external iliac vessels of the 
recipient using microsurgical techniques.

In 2014, the first live birth from a woman who 
received a living donor UTx in the Gothenburg 
trial was announced (Brännström et  al., 2015). 
Subsequently, Baylor University Medical Center 
in Dallas, Texas, USA reported a 55% live-birth 
rate per attempted UTx and a 79% live-birth rate 
per technically successful UT (Johannesson et  al., 
2021). In 2016, a Brazilian team reported a suc-
cessful UTx from a deceased donor (Ejzenberg 
et  al., 2019). In 2017, The Cleveland Clinic 
reported their successful UTx transplant also 
using a deceased donor. The use of deceased 
donors expanded the potential pool of uterine 
donors (Flyckt et  al., 2020) (see Figure 1).

Given the success of UTx in cisgender women, 
the question as to whether TGW are candidates 
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for this procedure has been raised (Jones et  al., 
2019). Technical considerations in women who 
are genetically XY include: (1) an android pelvis 
(narrow) rather than a gynecoid pelvis (wide); 
(2) the presence of neovagina (i.e., skin-lined or 
intestinal) rather than vaginal epithelium; (3) 
potential differences in vascular anatomy; and (4) 
the lack of ligamentous support for the uterus. 
While some degree of surgical adaptation is nec-
essary, none of these barriers seem insurmount-
able (see Figures 2 and 3).

In 2019, Jones et  al. published a report dis-
cussing issues pertaining to the vascular anasto-
moses, the vaginal anastomosis, and the 
ligamentous support of the uterus in TGW (Jones 
et  al., 2019). In terms of the pelvic vasculature, 
the external iliac arteries (recipient vessels) are 
similar size in both TGW and cisgender women. 
In addition, the vaginal anastomosis would be 
possible in TGW following construction of a 
neovagina. In fact, some of the previous cisgender 
UTx recipients were diagnosed with vaginal agen-
esis/MRKH syndrome. These individuals required 
either dilation of the vestigial vaginal remnants 
or vaginoplasty using skin grafts or intestinal 
segments prior to UTx (Herlin et  al., 2020). The 
anastomosis of the neovaginal skin grafted lining 
(McIndoe vaginoplasty) to the donor’s vaginal 

cuff has been successfully reported (Herlin et  al., 
2020). In addition, ligamentous support of the 
donor uterus was obtained by fixation of the 
donor uterine round ligaments to the recipient’s 
pelvic sidewall (Bretschneider et  al., 2018). While 
there were concerns regarding pregnancy in UTx 
patients with a neovagina, at least five of the 
UTx recipients underwent an initial vaginoplasty 
and successfully carried a pregnancy and gave 
birth (Brucker et  al., 2020; Herlin et  al., 2020; 
Johannesson et  al., 2015; Puntambekar et  al., 
2018). This includes two transplants in the 
Swedish trial (cases with surgically created neova-
gina for vaginal agenesis). In terms of fertility 
and obstetric considerations, TGW would undergo 
similar protocols and monitoring to that of cis-
gender women. This editorial represents the first 
in what we anticipate will be a series of detailed 
publications on this topic.

Ethical considerations in UTx for transgender 
recipients

Ethical considerations regarding UTx in TGW 
have been raised (Alghrani, 2016, 2018; 
Robertson, 2017). The 2013 updated Montreal 
Criteria (Lefkowitz et  al., 2013), which provide 
one ethical framework for UTx, require 

Figure 2. U terine transplant (UTx) donor anatomy.

Figure 3. U terine transplant (UTx) recipient anatomy.
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recipients to be “genetically female.” While these 
guidel ines  aim to “protect”  pat ients 
(non-maleficence), others argue that excluding 
TGW violates their right to gestate (autonomy) 
(Mookerjee & Kwan, 2020). Furthermore, tech-
nical considerations such as vascular anastomo-
ses, immunosuppression, fertility hormonal 
therapy, and the mode of child delivery (cesarean 
section), differ only slightly, if at all, between 
cisgender and transgender women (Mookerjee & 
Kwan, 2020). Balayla et  al. (2021) state that the 
exclusion of TGW from the Montreal Criteria 
stems from “Moore’s criteria” pertaining to 
requirements for surgical innovation (Moore, 
2000). The implication is that UTx should not 
be offered to TGW until: (1) experimental 
research in non-human species has been per-
formed; and (2) enough time following successful 
UTx in cisgender women has elapsed (what con-
stitutes “enough time” is not clear). We believe, 
as do other experts, that the necessary criteria 
have been met, and TGW should not be excluded 
from receiving a uterine transplant (Balayla 
et  al., 2021; Murphy, 2015). Similarly, TGM 
should not be excluded from serving as UTx 
donors. The principles of medical ethics provide 
for the autonomy of individuals to make deci-
sions regarding their health and to prevent indi-
viduals from being unfairly disadvantaged when 
accessing care (Beauchamp & Childress, 2009).

TGM as living uterine donors

Transgender men (TGM) may undergo hyster-
ectomy (often with oophorectomy and/or partial 
or full colpectomy with colpocleisis) as part of 
their transition (Coleman et  al., 2012; Safa 
et  al., 2019). While hysterectomies for TGM 
comprise 1% of hysterectomies performed annu-
ally, it is a safe procedure with similar or lower 
rate of complications compared with cisgender 
women (Bretschneider et  al., 2018). As many 
TGM seeking hysterectomy are young and 
healthy, they represent a possible group of vol-
unteers for uterus donation. Currently, following 
hysterectomy-oophorectomy, the organs are dis-
carded after routine pathologic evaluation. 
Considering the number of individuals who 
identify as transgender, both TGW and TGM 

may represent a significant population of poten-
tial UTx recipients and donors.

TGM are aware of the challenges of surgical 
transition and may be motivated to participate as 
altruistic uterine donors. In a study assessing the 
interest of uterine donation in TGM undergoing 
hysterectomy and bilateral salpingo-oophorectomy, 
respondents were interviewed regarding their atti-
tudes toward uterus donation. Of 31 TGM respon-
dents, 96.7% had positive attitudes initially and 
84% wanted to volunteer for uterus donation after 
hearing detailed procedural information (Api 
et  al., 2017). Prior to hysterectomy/oophorectomy, 
TGM will have undergone various preoperative 
assessments related to their surgical transition. As 
such, TGM may be more prepared for uterine 
donation as compared to previous cisgender 
women who served as altruistic donors in earlier 
studies.

As part of the informed consent process, it is 
important to consider additional risks posed to 
TGM who are acting as altruistic donors. While 
the hysterectomy performed to procure a uterus 
is more surgically complex (potential increased 
risk of ureteral injury) compared to that of a 
hysterectomy performed as part of GAS, this dis-
cussion is considered in the informed consent 
process. Additionally, the successful use of the 
ovarian or utero-ovarian veins (as opposed to the 
uterine veins) helps to mitigate the risk of uret-
eral injury (Testa et  al., 2018; Wei et  al., 2017). 
As many TGM will undergo simultaneous oopho-
rectomy, retrieval of an elongated ovarian venous 
pedicle facilitates vascular anastomoses and 
should reduce the risk of ureteral injury.

TGM donors may be nulliparous and/or taking 
androgen medications prior to uterine donation. 
These issues raise the concern of transplanting a 
uterus of “unproven function.” Hysteroscopy prior 
to donation can exclude anatomic issues such as 
intracavity malformations (i.e., Asherman syndrome) 
or a septate uterus. Additionally, a team from the 
Czech Republic demonstrated that uteri from nul-
liparous, deceased donors can result in successful 
live births (Fronek et  al., 2020). Also, in a survey 
of 41 TGM who became pregnant and gave birth, 
61% had or were currently using testosterone (Light 
et  al., 2014). The impact of androgens on endome-
trial function is not permanent, and endometrial 
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function should normalize following cessation of 
the androgens (Light et  al., 2014).

Institutional planning for UTx program

Institutional and programmatic requirements for 
vascularized composite allotransplantation (VCA) 
have been well-described (Gordon & Siemionow, 
2009; Meyer-Marcotty et  al., 2010; Pomahac, 
2012; Siemionow & Gordon, 2010a, 2010b). Many 
of these (same) considerations may be applied to 
a UTx program. The specifics pertaining to uter-
ine transplantation will be detailed in future 
publications.

Assess interest

At inception, our team assessed community and 
patient interest regarding UTx. Our efforts were 
motivated from overwhelmingly positive feedback 
from both the cis- and transgender communities. 
In a recent study, Jones et  al. (2021) found that 
more than 90% of TGW who were polled regard-
ing UTx, indicated that an UTx would improve 
their quality of life, enhance feelings of feminin-
ity, and alleviate dysphoric symptoms. Other 
institutions (Baylor, Cleveland Clinic, and a 
German UTx group) reported that of interested 
UTx recipients, 0.5%, 2%, and 1.4% of interested 
respondents were TGW (Arian et  al., 2017; 
Johannesson et  al., 2018; Taran et  al., 2019).

Subsequent to this, informal discussions were 
undertaken with transgender individuals (both 
TGW and TGM) who expressed interest in serv-
ing as UTx recipients and donors, respectively. 
Discussions with professionals in transgender 
health (physicians, mental health professionals, 
legal experts, ethicists, and other experts) as well 
as members of the transgender community were 
also undertaken. Various forums were arranged 
(e.g., journal clubs, zoom meetings, conference 
calls) to facilitate discussion and communication 
between the participants.

Multidisciplinary team

UTx is a multidisciplinary effort that requires 
collaboration across specialties (see Table 1).

This includes plastic and reconstructive sur-
geon(s) with experience in both microsurgery 

and GAS, transplant surgeon(s), urological sur-
geon(s), and obstetric/gynecological surgeon(s) 
experienced in robotic and/or laparoscopic 
hysterectomy-oophorectomy. Fertility specialists 
and endocrinologists help to develop a plan to 
verify uterine functionality, gamete selection, and 
embryo transfer. As all pregnancies in recipients 
of UTx are considered high-risk, maternal fetal 
medicine (MFM) physicians, neonatologists, and 
pediatricians are required. Radiologists assist with 
donor and recipient evaluation, both prior to and 
following transplantation. Psychiatrists and psy-
chologists with expertise in transplantation, trans-
gender healthcare, and fertility are also required. 
The mental health team participates in the 
pre-operative assessment process as well as pro-
vides weekly or bi-weekly counseling to support 
the UTx recipients and to identify potential 
stressors which may affect care.

A transplant immunologist, pathologist, infec-
tious disease physician, and lab technicians expe-
rienced in donor/recipient compatibility 

Table 1. E ssential UTx team members.
Teams Skills/Roles

Plastic and reconstructive 
surgeon(s)

•	 Experience with microsurgery 
and GAS

•	 Experience with robotic and/or 
laparoscopic 
hysterectomy-oophorectomy

Transplant surgeon(s)
Urological surgeon(s)
Obstetric/gynecological 

surgeon(s)
Obstetric/gynecologist(s) •	 Facilitate embryo implantation

•	 Monitor high-risk pregnancy
•	 Provide care for neonate and 

mother post-birth

IVF specialists
Fertility psychiatrists
Maternal fetal medicine
Neonatologists
Pediatricians
Institutional psychiatrist, 

psychologist
•	 Assess for preexisting mental 

health concerns
•	 Perform psychological assessment 

measures throughout study
•	 Provide education and support 

for the donor and recipient

Institutionally approved 
psychologist

Social worker

Transplant research coordinator •	 Assess pre-operative 
immunologic compatibility 
between donor and recipient

•	 Advise on immunosuppression 
regimen

•	 Post-transplant rejection and 
infection monitoring

•	 Provide education and support 
for the donor/recipient

•	 Donor and recipient radiologic 
evaluation

Transplant immunologist
Pathologist
Transplant tissue lab technician
Infectious disease expert
Radiologist

Anesthesia team •	 Advise on sedation/intubation, 
blood loss, pain management

•	 Provide post-operative 
monitoring and care

ICU staff
Critical care physicians
Physical therapy and 

rehabilitation
Ancillary staff: •	 Assist with care, education and 

support for the donor and 
recipient

Nurses, hospital workers, clinical 
research staff
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Figure 4. A lgorithm for institutional planning of a uterine transplant (UTx) program.

assessment, immunosuppression protocols, and 
rejection/infection monitoring are required. 
Additionally, a transplant research coordinator and 
clinical research staff who assist with education 
and support for the donor and recipient are also 
recommended. Additional team members include 
anesthesiology, critical care physicians, social 
work, physical therapy, and rehabilitation. These 
specialists comprise the core team, however, addi-
tional support will undoubtedly be required.

Literature review

Prior to proceeding, a literature review was con-
ducted. Relevant issues identified included: the 
surgical approach to organ procurement and 
insetting of the uterus (i.e., open incision, lapa-
roscopic, and/or robotic), operative details (i.e., 
ischemia time, length of surgery, selection of 
recipient and donor vessels), donor characteristics 
(i.e., living/deceased, nulliparous/multiparous, 

pre/post-menopausal), recipient characteristics 
(i.e., age, indication, medical and/or mental health 
co-occurring conditions, social stability, etcetera), 
operative risks (i.e., ureter injury), potential post-
operative complications (i.e., rejection, thrombo-
sis), pregnancy/fetal outcomes (i.e., maternal 
complications, fetal complications, etcetera), eth-
ical issues, and mental health considerations. 
Team members evaluated the success and failure 
of the greater than 70 previous UTx cases. While 
no reports of UTx in TGW were identified, many 
publications opine on the technical and ethical 
considerations that inform decision-making (see 
Figure 4, algorithm for institutional requirements).

Expert advice

The Rush University team contacted colleagues 
at Baylor University (Baylor Dallas Uterine 
Transplant Study (DUETS)) to serve as expert 
consultants. Advice and consultation were sought 
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regarding the Baylor experience (including insti-
tutional review board (IRB) protocols). The 
Baylor physicians were invited to attend and assist 
with the first UTx performed by our team.

Cadaver dissection

Cadaver dissections were performed so as to 
review surgical anatomy and define the surgical 
roles of various team members. Members of the 
surgical team were invited to attend cadaver dis-
sections so as to develop interdisciplinary coor-
dination, optimize surgical planning, and address 
potential procedural concerns (Siemionow & 
Gordon, 2010a, 2010b). The program leader also 
met with surgical, nursing, and ICU staff, includ-
ing the OR nurse manager(s), surgical intensiv-
ist(s), and anesthesiologists so as to discuss the 
procedure and define roles.

IRB submission

When starting an UTx program, IRB approval is 
recommended. The IRB application included a 
description of the following: pre-transplant eval-
uation (screening/work-up), operative details 
(donor and recipient procedural steps), 
post-transplant care (patient monitoring, immu-
nosuppression, follow-up), and fertility and preg-
nancy plans (embryo transfer (ET)/pregnancy 
monitoring). In order to delineate and commu-
nicate the role of team members, the IRB was 
divided into recipient, donor and ET/IVF/preg-
nancy protocols. These sections included the fol-
lowing: the consent process, the participant 
inclusion/exclusion criteria, and the risks/benefits 
for the subjects involved. As discussed by 
Siemionow, depending upon the transplant status/
designation of the institution, preparation may 
require a 1–2-year timeline (Siemionow & 
Gordon, 2010a, 2010b). Following IRB approval, 
the UTx study should be registered as a new 
clinical trial on clinicaltrials.gov website.

UNOS/OPO support

Support from United Network of Organ Sharing 
(UNOS) and a local Organ Procurement 
Organization (OPO) is required when instituting 
an UTx program. In Chicago, the regional OPO 

is “Gift of Hope.” An OPO may require meetings 
in order to discuss the program and review uterus 
allocation. UTx recipients who are identified and 
selected are placed on the OPO list by the insti-
tution’s manager of quality and regulation. The 
OPO process includes blood group analysis, tissue 
compatibility testing, and assessment of donor 
characteristics. Waiting time for a compatible 
organ (uterus) from a cadaveric, living-related, 
or altruistic donor depends upon the recipient’s 
prior requested organ type and the availability of 
a suitable organ. Currently, a system for uterus 
allocation has not been established. As the field 
of UTx expands and as more allocating systems 
(i.e., regional, national) are available, the issue of 
prioritization must be re-visited.

There are efforts to establish a “United States 
Uterine Transplant Consortium” in order to facil-
itate access and ensure proper regulation 
(Johannesson et  al., 2020). Participation in this 
consortium and collaboration with other active 
centers is highly encouraged. UTx requires spe-
cific and unique educational initiatives as well as 
regulatory policies which are likely distinct from 
other VCAs (Johannesson et  al., 2020).

Funding considerations

Significant institutional support, including finan-
cial, is required to start an UTx program. Currently, 
UTx is considered experimental and is not reim-
bursed by third party carriers. While the UTx 
surgery and subsequent immunosuppression may 
not be covered by third party payers, the preg-
nancy, delivery, and neonatal care may be reim-
bursable. The resulting financial burden may be 
borne by the institution or through philanthropic 
funding. Logistical and administrative supports 
(sharing published or unpublished data, literature 
search, previously submitted IRB, protocols, con-
sent forms, etcetera) could be implemented 
through support of organizations like VCA, UNOS, 
or potentially under a unified umbrella of “United 
States Uterine Transplant Consortium.”

Conclusion

While current fertility options provide transgender 
women the ability to produce an embryo, they 
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do not allow for the opportunity of experiencing 
pregnancy and live birth. Based upon our clinical 
consideration, UTx in transgender women, and 
uterine donation from transgender men, are fea-
sible. UTx may address the fertility and repro-
ductive goals of transgender women while also 
providing a further extension of GAS (i.e., allow-
ing for the experience of pregnancy and live 
birth). A multidisciplinary approach encouraging 
collaboration with other active UTx centers are 
important steps for initiating and establishing an 
UTx program.
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