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Abstract: Uterus transplantation (UTx) is a rapidly evolving treatment for uterine factor infertility.
New centers offering this treatment must decide whether to utilize living donors, deceased donors,
or both. Although limiting UTx to deceased donors eliminates the surgical risks for living donors,
an adequate supply of suitable deceased uterus donors in the United States is an emerging concern.
Previous studies describing the paucity of deceased uterus donors failed to consider key donor
characteristics, potentially overestimating the available organ pool. To estimate the United States’
supply of deceased donor uteri; we extrapolated detailed clinical and demographic information
from the regional donor datasets available from three organ procurement organizations to the
national Organ Procurement and Transplantation Network donor pool. We estimate there are
approximately 3700 possible and 400 optimal uterus donors annually in the United States. Given
these projections and the number of women with uterine factor infertility in the U.S. who pursue
parenthood through alternative strategies, we conclude that, as uterus transplant transitions from
research to established clinical care, demand could quickly exceed the deceased donor supply. The
liberalization of deceased donor selection criteria may be insufficient to address this imbalance;
therefore, fulfilling the anticipated increased demand for uterus transplantation may require and
justify greater use of living donors.

Keywords: uterus transplant; deceased donor; living donor; donor availability

1. Introduction

Uterus transplantation (UTx) is a rapidly evolving treatment option for individu-
als with uterine factor infertility (UFI). The first successful surgical transplantation of a
deceased uterus to a recipient was performed in Turkey in 2011, although the first live
birth from a UTx occurred in 2014 from a living donor in Sweden and in 2017 from a
deceased donor in Brazil [1–4]. Following early feasibility studies, there have been over
37 uterus transplants and 25 live births since 2016 in the United States (US) alone [5–7].
There have also been 45 additional uterus transplants performed, with 19 associated live
births, recorded in the first report of the Registry of the International Society of Uterus
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Transplantation [3]. UTx is now performed outside of clinical trials in some US centers,
given its demonstrated safety, efficacy, and reproducibility [3,8,9]. However, less than 1%
of applicants to US clinical trials offering UTx have actually undergone transplantation.
Gestational surrogacy is the only alternative reproductive therapy permitting patients with
UFI to have a biological child—a treatment not without its own drawbacks, including
considerable care coordination, a limited pool of surrogates, prohibitive costs, legal restric-
tions that vary regionally, and personal or cultural concerns. Despite these limitations,
we estimate that over 900 individuals with UFI attempt to achieve parenthood through
the use of a gestational carrier per year [10]. Given the number of individuals with UFI
currently seeking fertility care to parent a biological child via surrogacy, and the more than
5000 individuals who applied to the three US-based UTx clinical programs, coupled with
the ongoing success of UTx, growing demand for this procedure is imminent. It is critical
that US transplantation centers have an accurate estimate of the number of donors that
may be available for this life-propagating procedure.

Prior estimations of deceased donor availability for UTx in the US likely overestimated
the available donors as they were extrapolated from national data with limited medical
details about the donor. Estimations were based on donor sex and age alone, without
consideration of other critical selection parameters such as a history of gynecologic disease
and/or significant medical comorbidities [11]. A subsequent French analysis similarly
raised concerns about a small available national deceased donor pool [12]. Though these
studies are informative, there are country-specific considerations, including unique distri-
bution channels for organ allocation and the need for explicit consent for uterine donation,
and practical considerations, including the vast geography of the US, that would benefit
from a country-specific analysis. Accurate estimates of potential deceased UTx donors will
be essential for the advancement of the field to inform the establishment of UTx centers,
the performance of organ procurement organizations, and United Network for Organ
Sharing (UNOS) allocation policies [13]. In this study, we provide a detailed estimate of the
potential, appropriate, and optimal deceased uterus donors in the United States based on
regional and national organ procurement data.

2. Material and Methods

Although the American Society for Reproductive Medicine (ASRM) provided early
guidance for the recommended criteria uterus donors should meet, specific requirements
vary by center and evolving experience challenges some initial recommendations [8]. To
build our model, we triaged characteristics to define “possible”, “appropriate”, and “opti-
mal” uterus donors based on ASRM recommendations and the growing body of clinical
experience. In our model, “possible” uterus donors are at minimum female and donating
after brain death (DBD). The ischemic tolerance of human uterine grafts remains undefined,
unlike more commonly transplanted organs such as the kidney or liver [14]. Therefore,
deceased donors donating after circulatory death (DCD) are currently excluded, given the
increased warm ischemic time and other challenges associated with organ transplantation
from this group [15]. “Appropriate” donors are “possible donors” who are of reproductive
age (18–50 years) without active hepatitis or diabetes [16]. “Optimal” donors are “appro-
priate donors” who are less than 45 years old (given the risk of age-related cardiovascular
disease compromising the vascular integrity of the graft), non-smokers, parous, and with-
out gynecological disease (e.g., stage III/IV endometriosis, cervical dysplasia) or pregnancy
contraindications (e.g., previous obstetrical complications, endometrial ablation, or Ash-
erman syndrome). The final criterion defining an “optimal” donor is specialized consent.
Uterus transplants are currently classified as vascularized composite allograft (VCA) trans-
plants. VCA transplantation is a relatively nascent field encompassing diverse multi-tissue
allografts including the face, upper limb, larynx, abdominal wall, penis, and the uterus.
Although VCAs are classified as organs, organ donation consent in most registries does
not routinely include consent for VCA-designated organs. The Organ Procurement and
Transplantation Network (OPTN) policy defining VCAs as “human organs” implemented
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in 2014 sought to increase transparency and equity in the procurement and distribution of
these grafts [17]. In accordance with this policy, the OPTN requires a separate and specific
authorization for any VCA donation by the donor or surrogate decision maker following
solid organ donation consent [18,19].

To further examine efforts to increase the available donor pool, we calculated the
number of added donors when “increased-risk” donors were included. We identified
donors with a Public Health Service increased risk (PHS-IR) designation, e.g., those at
increased risk for hepatitis B, C, and human immunodeficiency virus (HIV) [20]. These
donors were initially excluded, and a separate analysis was performed, further categorizing
donors as “appropriate” and “optimal” in this subgroup.

The OPTN national annual report lacks the clinical and demographic details required
to determine the number of donors in the “optimal” category. Therefore, regional pro-
curement organizations, which include more granular information about donors, were
utilized to generate a more detailed understanding of the size and composition of the
“possible”, “appropriate”, and “optimal” donor pools nationally. To estimate the number
of regional donors in each category, we reviewed clinical and demographic data from three
procurement organizations (Gift of Life Donation Program [GLDP], Philadelphia, PA, USA;
LifeGift, Houston, TX, USA; Southwest Transplant Alliance [STA], Dallas, TX, USA). These
specific organizations were selected because of their close geographic proximity to active
US uterus transplant centers. To assess national availability, we used annual data provided
by the OPTN. Sufficient donor information was provided by the OPTN to determine the
number of “possible” and “appropriate” donors nationally; however, in order to estimate
the number of “optimal” donors available nationally we extrapolated from the data gen-
erated based on the regional datasets. The OPTN data system includes information on
all donors, wait-listed candidates, and transplant recipients in the US, submitted by the
members of the OPTN.

This study was deemed exempt by University of Pennsylvania and Baylor University
Medical Center Institutional Review Boards.

3. Results
3.1. Regional Data

The 2017 regional data from Houston, Dallas, and Philadelphia indicated 565 deceased
organ donors in the GLDP registry, 381 in LifeGift, and 385 in STA, for a total of 1331 male
and female donors (Figure 1A). Donor demographics were largely comparable between the
three OPOs. Overall, one third of donors in these registries were female and donated after
brain death, meeting the criteria for “possible” uterus donors (437/1331). The proportion of
reproductive-aged donors was 51% in GLDP, 58% in LifeGift, and 60% in STA, and PHS-IR
donor prevalence was the highest in GLDP (53%) compared to LifeGift (26%) and STA
(23%). While 10% (135/1331) of donors met the “appropriate” criteria, only 3% (37/1331)
were “optimal” candidates. Most donors or their surrogate decision makers provided
special authorization for VCA transplantation in the regional OPO organizations (29/33,
88% in GLDP; 45/54, 83% in STA; and 40/48, 83% in LifeGift).

Of note, 6% (86/1331) of OPO deceased donors were DBD and PHS-IR reproductive-
aged females. Inclusion of all PHS-IR donors yielded 46 additional “appropriate” can-
didates (3% of all deceased donors). Inclusion of only the lowest risk PHS-IR donors
(excluding those with active intravenous drug use) yielded 10 additional candidates (1% of
all deceased donors).
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Figure 1. Panel (A) demonstrates the theoretical regional deceased donor uteri that would be available
based on the “possible”, “appropriate”, and “optimal” criteria presented in this manuscript. Panel
(B) similarly shows the projected number of available deceased donor uteri. The striped boxes in
both panels demonstrate the additional number of available uteri if Public Health Service increased
risk (PHS-IR) designated donors were to be eligible.

3.2. National Data

Annual OPTN data from 2019 indicated 19,256 US organ donors, of which 62% were
deceased (11,870) (Figure 1B). Almost 80% of deceased donors were DBD (9152/11,870)
and approximately 40% of DBD donors (3708/9152) were female. Nationally, we estimate
at most only 3708 “possible” (32%) and 1080 “appropriate” (8%) uterus donors annually.
Given that the granular data required to determine if donors meet the criteria to be consid-
ered “optimal” is not captured in the OPTN annual report, we extrapolated our regional
findings to the publicly reported national data. Assuming that 3% of all deceased donors
are “optimal” uterus donors, as was observed regionally, only 356 “optimal” uterus donors
would be available nationally each year.

Of the 11,870 deceased donors, 737 are DBD, PHS-IR reproductive-aged females.
Inclusion of all PHS-IR donors would yield 385 additional candidates, whereas the inclusion
of only the lowest-risk PHS-IR donors would yield 119 additional candidates.

4. Discussion

Our estimates of “possible”, “appropriate”, and “optimal” deceased uterus donors
complement prior donor supply estimates and portend a future in which UFI treatment,
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like many interventions reliant on organ transplantation, could be inaccessible due to
inadequate organ supply [11]. As demand increases, a data-driven approach to increase
organ availability is paramount. Based on this study, we demonstrate that, among de-
ceased donors, female sex and reproductive age most significantly limit the donor pool
in regional and national OPOs. Efforts to expand the donor pool include broadening age
restrictions to include older donors. However, this may sacrifice graft survival and function
for only modest gains. Although births have occurred after uterus donation from living,
parous donors in their sixties [3,21], there has also been a reported case of a uterus from a
61-year-old donor that demonstrated a profound resistance of the uterine arteries following
removal and poor intraoperative perfusion testing, ultimately leading to abortion of the
transplantation [9]. Age-related vascular pathology may cause immediate graft failure
or potentially impair vascular-dependent uterine functions, including implantation, pla-
centation, and fetal growth, due to the high risk of vessel narrowing or thrombosis [16].
In our experience, the average age of deceased uterus transplant donors in the US was
29 years and the oldest donor was only 45 years old. Living donors are often older than
deceased donors, as they must have completed their own childbearing. However, there
is more opportunity to thoroughly assess candidates for cardiovascular disease or risk
factors and obtain advanced vascular imaging to identify age-related vasculopathy [7,22].
Deceased donors do not have the opportunity to undergo invasive vascular testing. Given
this, we instead chose to adopt a conservative age cutoff of 45 years for optimal donors,
given that the known lifetime risk of developing cardiovascular disease approaches 50%
among women aged 50 and above [23].

Parity requirements reduce the number of available donors most significantly within
the “optimal” stratum. The importance of parity is greatly debated, as live births have
occurred using nulliparous donors [24]. However, given the significant resources required
to undergo UTx, some assurance that the organ previously achieved an uncomplicated live
birth is reasonable.

There is limited information about donors who consent to and complete VCA organ
transplantation and those who decline VCA organ transplantation [25,26]. There is also
little understanding of the implications additional authorizations incur on the consenting
process or overall donor pool size. At the regional level, we observed more than 80% of
eligible donors and surrogate decision makers ultimately provided a specific authorization
for VCA donation. UTx has largely benefited from its formal designation as a VCA, and
an organ regulated by the OPTN. However, specific authorization may produce another
unnecessary barrier, without the benefits of risk mitigation that are needed for other
VCA transplants. Unlike face or limb transplants, uterus donation does not alter the
appearance of the donor, nor does it carry the future risk of violating donor anonymity
by posthumous facial or fingerprint recognition, begging the question of the need for
specialized authorization. Currently, the Department of Motor Vehicles is responsible for
most donor registrations and does not provide an opportunity to specifically authorize
VCA donations. As the number of uterus transplants continues to rapidly eclipse the
number of other VCA transplants performed in the United States, there may be a need to
reevaluate the relevance and necessity of specialized consent [25].

The use of PHS-IR donors has been approved by UTx programs as another potential
opportunity to reduce organ non-utilization, although, at this time, a UTx from a PHS-
IR donor has not been reported [27–29]. The ongoing opioid epidemic coupled with
rising rates of intravenous drug overdose has led to a higher proportion of increased-risk
donors [30]. Although PHS-IR donors carry increased risks of recently acquired viral
infections and may inadvertently cause transmission despite negative serologic testing,
the advent of nucleic acid testing (NAT) significantly reduces this risk [31]. An OPTN
study suggested greater non-utilization of otherwise high-quality organs as a result of this
designation. Non-utilization of these organs likely has a marginal risk reduction benefit;
comparable rates of unexpected HIV, HBV, and HCV transmission and graft survival were
noted independently from the deceased donor’s a priori designated risk [28]. Regardless
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of risk, our analysis suggests that liberalization to include PHS-IR donors will still not
sufficiently increase the organ supply.

Donor body mass index (BMI) limits and cytomegalovirus (CMV) status are stipulated
by some UTx programs, but these considerations were not included in the present analysis
to estimate the available donor pool. The relevance of donor BMI remains controversial.
Given that 40% of all US women are obese (BMI 30 kg/m2 or greater), incorporating BMI
cutoffs would likely further restrict organ availability without a proven benefit [32]. Of the
12 deceased donor uterus transplants performed in the United States (as of late 2021), the
mean BMI was 28.5 kg/m2 and 58% were obese. Similarly, the implications of CMV dis-
cordance for recipients remain understudied, particularly after a uterus transplant [33,34].
CMV reactivation or seropositivity have unique risks for pregnancy and offspring [35] and
may contribute to suboptimal delays in post-operative embryo transfer. The seroconversion
of a CMV-negative recipient following the transplantation of a uterus from a CMV-positive
donor has been reported [36]. The recipient was successfully treated with ganciclovir and
after negative PCR testing went on to have a healthy, unaffected livebirth—evidence that
discordance and seroconversion can be successfully managed after transplantation [36].
Based on OPTN data, approximately 70% of deceased organ donors are CMV-positive.
Though small, findings from our cohort of US deceased donors mirror this estimation; 9 of
12 donors (75%) were CMV-positive (Table 1).

Historically, most deceased donor uterus transplants have involved regional matches
to avoid increased ischemia time due to long-distance transport. The optimal cold is-
chemia time limits for UTx have not been established. Specialized centers can better match
supply and demand if procurement teams can travel farther to retrieve organs. The Cleve-
land Clinic and University of Pennsylvania expanded their donor radius beyond local
OPO and have both recovered uteri from OPOs in nearby states, resulting in successful
transplantations and live births.

Evidence of limited optimal donor availability is clearly seen in the time recipients
spent awaiting a uterus transplant in the US (Table 1). The median days on the waitlist was
135, although this ranged from 1 to 610. Moreover, one third of the recipients waited over a
year to receive a deceased donor UTx.

Though the focus of this study was to rigorously estimate the deceased donor pool
and evaluate efforts to optimize its size, the most effective strategy to address the mis-
match between supply and demand is likely the inclusion of living donors. In fact, the
initial successful human uterus transplant trial in Gothenburg included exclusively living
donors; worldwide, more than 80% of UTx procedures have been performed using living
donors [35]. The inclusion of living donors affords medical staff time to comprehensively
evaluate the donor, including a complete obstetric/gynecologic history, preoperative imag-
ing of the intrauterine cavity and uterine vasculature, and to schedule the surgery at the
convenience of the donor, recipient, and surgical team. The major disadvantage of using
living donors is the risk of complications to the donor. Reviews estimate the risk of Clavien–
Dindo Grade IIIb complications to the donor (those requiring intervention or repair under
anesthesia) are between 11.1% and 17.2% [35,37]. However, it is reasonable to assume that
uterus transplantation will mirror the evolution of other organ transplants and that donor
complications will decline with increasing center experience [5,38]. Regardless, the use
of living donors must be pursued with caution, proper planning, and informed consent
before they can bridge the gap between supply and demand.

Other studies have reported comparable findings about the relatively limited pool of
uteri available from deceased donors, supporting our conclusion about living donors [11,12].
One study estimating available grafts in France suggested expanding donor criteria by
raising the BMI cutoff to 35 and the age limitations to 18–60. Notably, this analysis did
not include parity in their identification of ideal candidates. The current study shows that
parity was one of the greatest contributors to donor attrition in the optimal category. Even
their very ideal donor, which was restricted to a normal BMI, failed to incorporate parity.
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Table 1. Preoperative recipient and donor demographics with associated intraoperative surgical and postoperative outcomes.

Recipient Data Donor Data Preoperative Demographics Surgical Outcomes

Year of
Transplant

Days on
Wait List Age BMI Parity

Prior
Cesarean

Deliveries
Race Ethnicity Geographic

Region
CMV Status,

Recipient/Donor

Cold
Ischemia

Time (min)

Warm
Ischemia

Time (min)

Graft Survival
(at least
30 days)

2016 1 34 25.4 1 0 Other Hispanic Southeast +/+ 434 125 N

2017 114 24 31 1 Unknown White Not
specified Midwest +/+ 110 55 Y

2017 51 30 27.7 2 0 White Not
Hispanic Southwest +/+ 269 21 Y

2017 86 44 26.9 2 0 White Not
Hispanic Southwest +/+ 434 76 N

2018 51 29 34.4 4 0 White Not
Hispanic Northeast −/− 416 29 Y

2019 87 35 19.8 3 0 White Not
Hispanic Midwest −/− 468 50 Y

2019 469 27 29.7 1 Unknown Black Not
specified Midwest +/+ 216 35 Y

2019 376 21 30.8 0 0 White Not
specified Midwest +/+ 357 45 Y

2019 276 23 22.7 0 0 White Not
specified Northeast +/+ 329 31 N

2019 336 33 30.3 7 1 White Not
specified Midwest −/− 339 47 Y

2019 160 45 32.7 5 0 White Not
specified Midwest −/− 291 32 Y

2020 610 33 32.7 2 1 White Not
specified Northeast +/+ 326 24 Y
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There are important limitations to acknowledge in this analysis. We extrapolated
proportions from regional to national data, which does not account for the regional vari-
ability present in donor populations. We did observe a similar proportion of “possible”,
“appropriate”, and “optimal” donors in each of the OPOs studied, despite them covering
distinct regions; however, the difference in the proportion of PHS-IR donors in the two
regions demonstrates that regional differences exist and caution must be used in applying
these regional trends nationally. A more precise estimate of the national availability of
organs for uterus transplant would require OPOs to collect and record additional donor
characteristics that are currently not captured by the OPTN. Additionally, the number
of deceased donors available has consistently increased over time and it is possible that
this will alter the supply and demand ratio for uterus transplant in the future. Finally,
although this analysis includes important donor features that could impact their suitability
for uterus transplant, it is not all-encompassing; important aspects of donor management
including, but not limited to, donor downtime, length of hospital stay, the presence of
concomitant infections, and the use of medications to maintain hemodynamic stability
were not considered in this analysis.

In summary, the broader adoption of uterus transplantation may face the recurring
challenge experienced by other types of organ transplantation: demand threatens to exceed
organ supply. Our results showcase the importance of and opportunity for increasing organ
availability by minimizing deceased donor organ discard and promoting the broad sharing
of organs across geographic borders. Another potential way to minimize organ discard is to
include DCD donors in the pool of uterus donors. Despite these strategies, the incorporation
of living donors will likely be necessary to alleviate the supply constraints caused by an
exclusive deceased donor approach and to provide UTx to individuals living in regions of
the country without a regional UTx center (e.g., the west coast). This dilemma in uterus
transplantation is not unique to the US [11,35,38], and as a field we must heed the call to
develop organ allocation systems [13,39] to ensure equitable access to this life-generating
organ transplant.
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Abbreviations

BMI Body mass index
CMV Cytomegalovirus
GLDP Gift of Life Donation Program
HCV Hepatitis C Virus
NAT Nucleic acid testing
OPTN Organ Procurement and Transplantation Network
PHS-IR Public Health Service increased risk
STA Southwest Transplant Alliance
UTx Uterus transplantation
UFI Uterine factor infertility
US United States
UNOS United Network for Organ Sharing
VCA Vascularized composite allograft transplant
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