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Abstract

Background : Uterine transplant (UT) represents an opportunity to treat absolute uterine
infertility. However, the use of uterine veins for venous return, in addition to ovarian veins,
significantly increases the risk of ureteral wounds in the living donor and UT time for the
recipient. Our aim was to demonstrate that dual ovarian venous return is sufficient for graft
viability and survival.

Methods : Uterine orthotopic auto-transplant was performed under general anaesthesia in six
Yucatan minipig sows. The uterus graft was implanted with termino-lateral anastomoses
between the ovarian and external iliac veins, and between the uterine and external iliac
arteries, respectively.

Results : The macroscopic physical aspect of the graft was adequate in 83% of the sows (5/6)
30 min after reperfusion with a surgical time of 439+54 min (mean anastomosis time: 153+49
min). Two sows died the day after surgery. In the four remaining sows, two uteri were
necrotic and two were adequately vascularized on Day 7.

Conclusions : the learning curve was relatively fast, the sole use of bilateral ovarian venous
return is possible and might reduce post-surgery morbidity in human living donors as well as
UT time for the recipient.

Keywords : uterine transplant, Yucatan minipig, auto-transplant, absolute uterine infertility.
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Introduction

Uterine transplant (UT) offers women with absolute uterine infertility (AUI) the
opportunity to bear and give birth to a child. It received worldwide attention after a successful
procedure by a Swedish team headed by Pr. Briannstrom resulted in the birth of a healthy child
in 2014[(1)]. To date, more than 76 UTs have been performed worldwide allowing the birth
of 19 children and several pregnancies that are currently ongoing[2], UTx Cleveland congress
2019.

The uterine graft can be harvested either from a living or brain-dead donor without impact on
UT feasibility or the child’s health[1,3,4] . In the Swedish princeps study[5], venous return of
the uterine graft was primarily achieved by the utero-ovarian veins, sometimes supplemented
by the ovarian veins. In a Brazilian case involving a brain-dead donor[6], venous return was
quadruple with the use of two uterine and two ovarian veins. However, the variable
anatomical pathway of uterine veins and their thin walls makes dissection tricky and puts the
living donor at risk of ureteral wounds. This risk is real: some authors[7-9] have reported the
need to implant a double J catheter, while Briannstromm et al. [5] described a uretero-vaginal
fistula requiring reimplantation by pyelostomy. In 2018, Chmel et al. [8] also described a
ureteral wound during uterine removal surgery.

In addition to the risk of ureteral wound for the donor, performing four anastomoses (two
uterine veins and two ovarian and/or utero-ovarian veins) significantly increases the duration
of the implantation procedure for the recipient (11 h for the Swedish series[5], 10 h 30 min for
the Brazilian team[6]). The average duration of a termino-lateral vascular suturing was 36 min
in the Swedish series. Thus, if venous return could be obtained without the uterine veins, not
only would the risk for ureteral wound and the duration of uterine removal be minimized for
the donor, but the surgical time of the UT would also be reduced for the recipient. However,
before advocating the use of single venous return via the ovarian veins, it is necessary first to
ascertain that the uterine graft is viable in an animal model, and that women undergoing such
a procedure can bear a child.

The aim of this preclinical study was thus to validate the viability of a uterine graft after
transplantation using bilateral ovarian venous return only in a minipig model of uterine
orthotopic auto-transplantation. Graft viability was evaluated on the basis of visual
macroscopic criteria, as well as biological and histological analyses performed 30 min and 7
days after UT (Day 7).

Materials & methods

This study was carried out in strict accordance with the recommendations of the European
Community (Directive 2010/63/EU ; Agreement No A35-622). The protocol was approved by
the Regional Committee on the Ethics of Animal Experiments of Brittany(Protocol Number :
01894), and validated by the Ministry of National Education, Higher Education and Research
(approval number : 2017083120283994-V2-APAFiS #11100). All surgery was performed
under general anesthesia, and all efforts were made to minimize suffering.



Animals

The experimental animals were nine multiparous Yucatan minipig sows. They came from
breeding of INRA (Saint Gilles). The sows were sheltered in cages (2.3m by 2m), with some
ropes and a rubber duck-board for environmental enrichment. Water was in open access and
food was distributed once a day (ration adapted to the weight of the animal). Food was
withdrawn 24 h before surgery and reintroduced the day after transplantation.

The sow’s anatomy was first studied in four subjects that were not included in the study (Fig
1A). Three sows were used in a sham group for which manipulation of the uterus was
performed only without any dissection. Six other sows were used for the UT procedure per se
between April 2017 and October 2018 (mean age: 6.0+2.6 years; mean body weight:
65+11 kg; number of gestations: 9+5). The venous return of the uterus is ensured by two
uterine and two ovarian veins (Fig 1B). The uterine arteries originate from the internal iliac
artery and cross the ureter at the cervico-vaginal junction. The uterus is drained by a venous
arch composed of the uterine vein which runs along the uterus and flows into the internal iliac
vein. The ovarian veins flow into both the lumbar-ovarian pedicles and the uterine veins by
the utero-ovarian veins. The ovaries are vascularized by the ovarian arteries and drained by
the ovarian veins.



Fig 1. Anatomical specimen of a control Yucatan minipig sow’s uterus

After hysterectomy (A) and schematic representation of the native uterus (B, left) and post-transplant vascular
anastomoses (B, right). EIA: external iliac artery; EIV: external iliac vein; ITA: internal iliac artery; IIV: internal
iliac vein; OV: ovarian vein; UOV: utero-ovarian vein; UA: uterine artery; UR: ureter; UV: uterine vein.

Anaesthesia and analgesia

In the course of the experimental protocol, two anaesthesia and analgesia strategies were used
consecutively and in different animals. This was a consequence of the extended duration of
the surgical procedure and the inability to maintain central perfusion within adequate
boundaries in the pig with the exclusive use of isoflurane as a primary anaesthetic agent[10].

Initial anaesthesia strategy. Five sows underwent this anaesthesia protocol. All were
fasted 12h before surgery. Pre-anaesthesia was induced by the intramuscular injection of
Zoletil 100 mg (15 to 20 mg/kg, Rhone VIRBAC). The suppression of the pharyngotracheal
reflex was obtained by inhalation of isoflurane through a facial mask (3-5% v/v, Baxter,
France).—Analgesia was achieved during surgery with fentanyl (18 pg/kg/min IV) and
continued upon awakening with morphine hydrochloride (10 mg in toto, SC, Aguettant).
Additional doses of morphine were given according to the PLATTER (Plan, Treat, Evaluate,
Return) approach with the help of a pain assessment questionnaire designed in our facility for
pain management after porcine abdominal surgery[11]. This questionnaire is derived from the
4Avet composite pain measurement tool[12]. Preventive antibacterial therapy (Amoxicillin
150 mg IM) was applied at the end of surgery and maintained for 3 days or more according to
changes in body temperature.



Secondary anaesthesia strategy. In the first five animals, we observed a poor overall
recovery rate together with depression of cardiovascular parameters including a mean arterial
pressure lower than 7 mmHg associated with intractable tachycardia after several hours of
anaesthesia (>4 hours). Such a clinical picture has been already described in pigs during long
surgical procedures performed with isoflurane as the primary anaesthetic agent irrespective of
its delivery scheme[13]. Therefore, we decided to switch to target control anaesthesia (TCA)
using propofol as the primary anaesthetic agent as this solution preserves spO> and improves
the ventilation-perfusion ratio. Furthermore, it protects haemodynamic stability while
maintaining a stable depth of anaesthesia[14]. TCA was achieved using home-made software
based on the Gepts weight adjusted model[ 15] modified for the pig. The desired concentration
of propofol in the target tissue was set to 5.5 pg/ml of brain.

Surgery

Median laparotomy was performed with the sows lying in a dorsal decubitus reverse
Trendelenburg position. The bladder was drained and the whole digestive tract was pushed
towards the thorax to make the uterus accessible. The ureters were isolated and preserved and
an extended hysterectomy was performed. The round ligaments were sectioned to allow
access to the uterine arteries that were dissected from their point of origin to the cervical
portion. The uterine veins were sectioned at their origin. The ovarian veins were dissected
along the uterus for about 6 centimetres and the lumbar-ovarian pedicles were sectioned. The
external iliac vessels were exposed in preparation for the vascular anastomoses during uterus
re-implantation. A colpotomy with electrocautery was performed. The last step was to clamp
and cut the uterine arteries and then the ovarian veins. All the surgical steps were timed, and
intra-operative complications recorded.

Back-table graft preparation

Once explanted, the uterus was immediately perfused with a Ringer’s lactate solution
containing Choay heparin® 25 000 IU/L (Sanofi, Gentilly, France) and xylocaine 20 mg/L
(Aguettant, Lyon, France) for 60 minutes (17mL/min) at 4°C. The uterus was then put on an
ice-chilled tray. The uterine arteries and ovarian veins were prepared for transplantation under
a binocular microscope (x3.5).

Uterine transplantation: orthotopic re-implantation of the uterus

The sow was injected with 12,500 IU intravenous heparin. Warm ischemia time began as
soon as the back-table graft perfusion was stopped. Termino-lateral vascular anastomoses
were performed between the external iliac vein and the ovarian vein bilaterally. The external
iliac vein was clamped before venotomy and the suture was performed using three continuous
stitches of prolene 7-0 (polypropylene, Ethicon, Ph. Eur.) after triangulation of the ovarian
vein to perform a termino-lateral anastomosis. The ovarian vein was clamped upstream to the
suture to prevent warming of the graft when unclamping the external iliac vein. The ipsilateral
uterine artery was then anastomosed on the external iliac artery. The external iliac artery was
clamped before arteriotomy with ablation of an arterial patch. The uterine artery was
spatulated and sutured by two simple continuous sutures of 7-0 prolene (polypropylene,



Ethicon, Ph., Eur.) to achieve a termino-lateral anastomosis. The arterial clamps were then
removed, and additional sutures were made if there was leakage. During vascular
anastomosis, heparin flushes were performed in situ (i.e., by an intravascular Cathlon®
catheter through the anastomosis). The contralateral vascular anastomoses were performed in
the same manner. The ovarian veins and then the uterine arteries of the graft were unclamped
simultaneously on both sides after suturing the vein and contralateral artery. The UT
procedure was finalized by the re-anastomosis of the uterus using two simple continuous
sutures of vicryl 1-0 (polyglactin 910; Ethicon; Ph. Eur.) on the vagina. The abdominal wall
was closed in two places by vicryl 1-0 sutures (polyglactin 910, Ethicon, Ph. Eur.) (Figure
1B). The macroscopic physical aspect of the graft was evaluated 30 minutes after reperfusion
applying three criteria: graft recoloration when declamping the uterine arteries (compared
with initial blanching on the back-table); bleeding from the cut on the uterine horn; and
visualisation of the pulsatility of the uterine arteries (a 3-grade score was used to indicate the
absence/presence of the sign, i.e. -, +, ++). All three criteria were necessary to qualify the UT
as a success.

Postoperative monitoring and animal care

A jugular venous catheter was inserted at least 15 days before surgery (1.02 mmx2.16 mm)
under general anaesthesia to assure post-operative care. After surgery, the sows were housed
in individual cages. A postoperative pain management protocol was followed as indicated in
the anaesthesia and analgesia section for 3 days. Depending on the health status of the animal,
IV infusion of Ringer’s lactate (1000 mL daily), glucose 30% (100 mL daily) and intralipid
(100 mL daily) were performed together with phloroglucinol (40 to 120 mg daily depending
on the animal’s overall condition) for additional pain management in the absence of
morphine. Rectal temperature, and water and feed consumption were recorded every day for
further analyses. A postoperative anticoagulation protocol (enoxaparine sodium: Lovenox 0.4
[U/day subcutaneous) was applied the day after surgery and then daily for 8 days.

Terminal surgery

In both groups, the uterus was explanted between Days 7 and 10 under general anaesthesia
and according to the previously described protocol. The macroscopic aspect of the graft was
evaluated applying the same three criteria that were used 30 min after reperfusion the day of
surgery. At the end of the procedure, the animals were euthanized by IV injection of T61
(MSD, Intervet Beaucouzé, France).

Biological analyses

In the experimental group, blood samples were collected from the left external iliac vein
before removal of the uterus and 30 min after transplantation. In the control group, blood
samples were collected before manipulation and 30 min after, as well as 7 days later. For both
groups, a tube containing 4 mL of blood was centrifuged (3500 rpm for 10 min) and the
plasma was frozen before creatine phosphokinase (CPK) analysis. A second tube containing 1
mL of blood and 1 mL of perchloric acid was frozen for lactate and glucose analyses.



Histological analyses

A biopsy of the left horn was performed before the hysterectomy, 30 min after reperfusion,
and between Days 7 and 10. In the control group, biopsies were performed before, 30 min
after manipulation and on Day 7. The samples were fixed in 4% buffered formalin at pH7.
After 24 h of fixation, the samples were cut in 4-um paraffin sections. Haematoxylin-eosin
staining was then performed. Leukocytes in the stromal tissue, the aspect of the epithelial
stroma, detachment of the glandular cells, retraction of the nucleus were categorized in three
classes: normal, inflammatory or necrotic.

Study endpoints and statistical analyses

The primary study endpoint was the macroscopic visual inspection of the uterus 30 min after
reperfusion. Secondary study endpoints were the macroscopic visual inspection of the uterus
on Day 7, as well as the histological and biological data. The durations of the different
surgical steps (anaesthesia, surgery, cold and warm ischemia) were expressed as mean *
standard deviation. Biological data are represented as box-plots. Statistical analyses were
performed with R software (R Core Team 2018; R: A language and environment for statistical
computing, R Foundation for Statistical Computing, Vienna, Austria; URL https://www.R-
project.org). To compare the operating times, the coefficient of determination was calculated
and a Pearson test performed. Non-continuous data were compared using the non-parametric
Mann-Whitney test for the independent data and Wilcoxon test for dependent data. A p-value
below 0.05 was considered significant, and a p-value comprised between 0.1 and 0.05 was
considered as a trend.



Results

Surgery

The durations of the different surgical steps are reported in Table 1. We observed shorter
operating times for all stages of the UT surgery with each repeated procedure, which indicates
a surgical learning curve. No intra-operative surgical complications were reported. The
anaesthesia and analgesia protocols were modified as from the fifth procedure as described
above. In Sow 5, the opioid dose was increased which led to a massive drug release after
awakening and provoked a respiratory arrest. As a consequence, anaesthesia maintenance was
modified for Sow 6 and performed with propofol instead of isoflurane, which stabilized
anaesthesia and awakening.

Sow Surgery | Anaesthesia | Hysterectomy | Cold ischemia | Warm ischemia
time time time time time
1 510 570 230 74 160
2 435 495 155 55 175
3 450 510 150 75 225
4 480 540 183 82 165
5 400 455 170 60 105
6 360 405 135 65 90
Mean + SD | 439 + 54 496 £ 59 170 £ 34 69+ 11 153 +£49
Coefficient of 0.67 0.68 0.40 0.02 0.45
determination
p 0.05 0.04 0.18 0.82 0.14

Table 1. Duration of the different surgical steps during the uterine auto-transplant procedure in the
Yucatan minipig model.
All durations are expressed in minutes as mean + standard deviation.

Primary study endpoint

The surgical success rate was 83%: the three criteria used for the macroscopic visual
assessment of uterus, i.e. recoloration after initial blanching, bleeding from the cut, and
uterine artery pulsatility (Fig 2) was reported in five of the six UT procedures.




Fig 2. Primary study endpoints recorded 30 minutes after uterine auto-transplant in the Yucatan minipig
model.

The + symbol indicates a positive outcome, ++ a very positive outcome, and - the absence of the judgment
criterion.

Secondary study endpoints

No significant differences were observed between the lactate, CPK, and glycemia
concentrations in the external iliac vein 30 min after reperfusion between the control group
and the UT group or between before and 30 min after the UT procedure. (Fig 3). Day 7 blood
sampling from the left external iliac vein was not technically feasible (pelvic inflammation) in
the experimental group.
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Fig 3. Biochemical parameters

From the external iliac vein 30 min after manipulation in the control group, before and 30 minutes after uterine
auto-transplant in the Yucatan minipig model, including the lactates levels (A), glucose levels (B), the CPK
(Creatine Phospho-Kinase) levels (C), and the lactate/glucose ratio (D).

No differences were found in terms of morphological change or inflammation when data were
compared before and 30 min after UT (Fig 4). Day 7 data analysis was not performed because
of the death of two sows on Day 1. For Sow 1, no blood cells were detected in the vessels on
the histological sections performed 30 min after UT, which confirmed the macroscopic

criteria of absence of revascularisation of the uterus after re-implantation and vascular
anastomoses.
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Fig 4. Hematoxylin-eosin staining of histological slices
From the left uterine horn biopsy performed before (A) and 30 minutes after (B) uterine auto-transplant in the
Yucatan minipig model. Sow 2 was taken as a representative example of the situation

Post-operative outcomes

Sow 1 only resumed normal eating behaviour on Day 6. The animal was not painful and there
was no sign of abscess at the scar level. Sow 2 died the day after surgery. Haemoperitoneum
was found on autopsy but the vascular anastomoses were still intact. Sows 3 and 4 showed a
satisfactory postoperative follow-up, resuming eating and normal transit on Days 2 and 4,
respectively. Sow 3 stopped eating on Day 5. Sow 5 died during the night that followed the
UT due to a respiratory arrest that was probably caused by morphine intoxication. On
autopsy, the abdomen showed no evidence of haemoperitoneum and the vascular anastomoses
were still intact. Complete necrosis of the uterus was observed in Sow 3 during uterine
explantation on Day 7. It was not possible to access the vascular anastomoses because of
pelvic inflammation. Sows 4 and 6 had a viable uterus on Day 7, with normal colouration,
some bleeding observed from the «cut, and pulsatile uterine arteries.

12



Discussion

This preclinical study performed in a Yucatan minipig model of orthotopic UT with simple
ovarian venous return, without uterine venous return, showed a surgical success rate of 83%
in immediate reperfusion of uterus. This demonstrates that simple ovarian venous return
ensures sufficient venous drainage of the uterine graft and the viability of the graft in a new
animal model. Nevertheless, the long term of viability of uterus with simple ovarian venous
return have to be validated in this animal model.

While the choice of uterine arteries for perfusion of a uterine graft is consensual, the strategy
used to ensure venous return differs from one human UT study to another, with the use of
utero-ovarian veins[5], uterine veins[8], ovarian veins[16], or a combination of the
above[6,8]. Some procedures require up to four endo-lateral venous anastomoses for the
recipient. Increasing the number of vascular sutures for UT increases warm ischemia time,
hence increasing the oxidative stress in the graft. During the period of warm ischemia, oxygen
deprivation leads to a decrease in ATP production and to an increase in the production of free
radicals[17], which can induce cytoskeletal disorders. The transmembrane ion exchange is
made possible by ATP-driven proton pumps. Any disruption of ATP production will thus
cause an accumulation of both sodium and calcium ions in the intracellular compartment. The
accumulation of calcium ions is responsible for apoptotic cell death[18]. To preserve the
uterine veins, the parameters of the uterus have to be dissected which can cause
devascularization of the ureter and create fistula. This complication has been observed in four
living donors after uterine explantation[5,7-9]. Thus the reduction of operative morbidity
during uterus explantation in a living donor represents a major challenge for the development
of UT and requires modification of the original operative technique described by the Swedish
team[5]. One such modification could be to discard uterine venous return in favour of single
bilateral ovarian venous return. Such a strategy presents the double benefit of decreasing the
risk for ureteral wound and reducing the surgical time: the mean uterine explantation time in
the donor was 697+65 min in the Swedish princeps trial[5], compared with 180 min in the
Indian trial published in 2019 for which the dissection of the uterine veins were abandoned in
favour of the ovarian veins only[9]. This highly significant reduction in surgical duration
represents a major breakthrough and simplifies the uterine explantation technique in a living
donor. The aim of our study was to validate the proof of concept of this single bilateral
ovarian venous return in a UT animal model before advocating this technical simplification in
human medicine. Our idea has been validated by the successful completion of the UT
performed by the Indian team and the birth of a healthy child in October 2018 (unpublished
results). To our knowledge, our team is the first to publish a preclinical animal model to
validate the proof of concept of this operative strategy.

Before starting a UT programme in women, a pertinent animal model has to be developed to
better understand the difficulties of the surgical technique and all the factors surrounding the
transplant procedure. Surgical training in a large animal model is highly recommended and is
ethical: it increases the success rate (i.e., viable graft) at the start of a UT program in women
from 56% before animal training to 82% after animal training[19]. This could help prevent
negative surgical outcomes such as those reported by the US team of Baylor et al. [20] who
had to explant the uterus in the first three UTs they performed, or the Cleveland team who
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also had to explant the uterus early after surgery[21]. In the light of these examples, prior
animal experience could be highly profitable for any team who wish to start a human UT
programme. In addition, our study shows that there is a learning curve for UT, with a decrease
in vascular suture times (warm ischemia) as the trial progresses, from 160 min for the first
sow to 90 min for the sixth. Surgical experience gained with an animal model would thus also
benefit patients by shortening the whole procedure, reducing the time of warm ischemia and
thus the oxidative stress of the graft. In the literature available on the pig model, the average
time to perform anastomoses was similar to that in our study: 119 min for Wranning et al.
[22] and 144 min for Zhang et al. [23]. In human medicine, warm ischemia time is slightly
shorter, with an average of 83 min for Brinnstrom et al. [5], 89 min for the Chinese team of
Wei et al. [16], 62 min for the American team of Dallas[20], and 90 min for the Brazilian
team[6].

There are several advantages and limitations of our Yucatan minipig model, and of the UT pig
model in general. The first limitation is anatomical: contrary to the woman’s uterus, the pig
has a bicornuate uterus with two well-developed uterine horns. However, the pig has the
advantage of presenting a vascular system that is very close to that of women, with a vascular
tree presenting the same distribution, which makes the pig model relevant for surgical
training. In addition, the Yucatan sow is much closer to humans in terms of size and body
weight (65 kg in our study), compared to the rabbit[24] or rodent[25] models, for example.
The ideal preclinical model for surgery remains the macaque[26-28] but there are severe
ethical restrictions in the use of non-human primates for experimentation, and they are much
more expensive to breed and house compared to minipigs. Another limitation of the macaque
model is its limited fertility, with monthly ovulation as well as a single and long pregnancy,
contrary to the pig model benefitting from a short gestation time (3 months, 3 weeks and 3
days) and large litter size (from 4-6 in the Yucatan minipig to 12-15 in the conventional pig).
The pig model could also be used to assess the embryo implantation in the uterus as well as its
development during gestation. Finally, another limitation of the pig auto-transplant model is
the long surgical time, which makes it sometimes difficult to stabilize the anaesthesia. Such
difficulties increase the risk of animal suffering as well as the need for higher doses of
analgesics. In our study this might explain the death of Sow 2 immediately after surgery due
to haemoperitoneum: low blood flow probably masked vascular anastomosis leakage, which
was detected after anaesthesia. After adapting our anaesthesia protocol with Sow 5, we
observed fatal post-surgical respiratory distress which was probably related to opioid
overdosing. The propofol anaesthesia protocol used for Sow 6 proved to be suitable for the
long surgical procedure in the Yucatan minipig model. In the literature, UT anaesthesia
protocols in sows are similar to that used initially in our study but other methodological
discrepancies make comparisons difficult. For example, contrary to our study, two previous
studies did not assess graft survival and the animals were euthanized right after
surgery[22,29]. In another study of UT in sows[23], the anaesthesia was maintained with
isoflurane and the graft survival was evaluated several days after surgery, but an allo-
transplant procedure was preferred with shorter surgery time for the recipient animal (359 min
in average), which makes comparison with our own data difficult. Despite a longer surgical
time in our auto-transplant model, which might have been associated with poorer peripheral
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vascularisation and a weakening of the uterine graft, we obtained a success rate of 83% on UT
re-implantation, which further pleads in favour of a simple bilateral ovarian venous return.
Weaknesses of the study is the post-operative follow-up. But few study showed experimental
design with long term uterus viability but rather no post-operative follow-up[22,29].
Furthermore, auto transplantation is a long surgical procedure for the same animal that
negatively impact post-operative follow-up. Indeed, there is no intensive care unit for animal
that check bleedings, blood pressure or temperature. Lastly, pig display coagulative state that
lead to add preventive anticoagulation treatment to decrease thrombose rate, specially graft
thrombose.

Conclusion

We found that the learning curve was relatively fast, this information is important for the
development of a transplant program. Bilateral ovarian venous return alone would appear
feasible for uterine graft viability in 2 sows, but long term of uterus perfusion have still to be
validated by others pre-clinical studies. This variability in success may be due to anatomical
variability in vessel size, that’s why this venous return can be used, but after a careful pre-
operative and per-operative evaluation. This opens the way to a technical simplification of the
uterine explantation from a living donor, decreases the risk of ureteral wound, and reduces the
duration of the surgery for both the donor and recipient. Furthermore, as the number of
vascular anastomoses is reduced, warm ischemia time is also reduced, thus maximzing the
chances of graft viability. Poor results can be explained by the anaesthesia difficulties, the
early experience of the team and the low number of animals. In the light of what is known,
animal experiments and the surgeons’ experience with a large animal model is a mandatory
prerequisite—from an ethical, medical and economic point of view—for any surgical team with
the ambition to start a UT program in women. Similarly, the clinical development of UT
would benefit from translational research programs in the same animal model used for
surgical training.
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