
Introduction

With the progress of assisted reproductive technology
(ART), more and more infertility patients receive effective
treatment. However, these patients with absolute uterine
factor infertility (UFI) remain untreatable. Women with
UFI due to the absence of the uterus or a non-functional
uterus currently have no opportunity of having children.
Recent studies suggest that these patients accounted for
about 3%-5% of the general population [1-3]. UFI can be
divided into the congenital and acquired types. The con-
genital type includes the Mayer–Rokitansky–Küster–
Hauser syndrome (MRKHs) [4, 5] with the total absence
of the uterus and the upper part of the vagina, which occurs
in 1/4,500 in women, corresponding to around 1.5 million
patients worldwide [6, 7] of uterus hypoplasia and uterus
malformations. The acquired type includes hysterectomy
due to malignant uterine tumor such as cervical cancer and
benign diseases such as leiomyoma and postpartum hem-
orrhage. Particularly, leiomyoma is likely to be the most
frequent cause of the benign tumor, and the incidence of
leiomyoma in the reproductive-aged women is as high as
10% [8]. These women could not deliver a child and resort
to gestational surrogacy. However, gestational surrogacy is

not allowed in many countries due to ethics or religion,
such as China. Uterine transplantation (UTx) is an impor-
tant option for these women with UFI [9, 10]. It could graft
a functional uterus for delivering children. Based on recent
developments in transplantation techniques and immunol-
ogy, the transplantation field has expanded to life-enhanc-
ing tissue transplant, such as hand, face, and uterus [11]. In
total 11 cases of UTx have been performed in humans and
Fageeh et al. reported the first human UTx attempt in Saudi
Arabia in 2000 [12]. The transplantation recipient was a
26-year-old female who lost her uterus six years earlier due
to postpartum hemorrhage, and the donor was a 46-year-
old patient with multiloculated ovarian cysts, underwent a
modified hysterectomy to preserve tissue, and vascular in-
tegrity, but the uterus only survived for 99 days after trans-
plantation, Several reasons may been revealed such as acute
thrombosis in vessels which resulted infarction in the uter-
ine body. Furthermore, the acute vascular occlusion ap-
peared to be caused by inadequate uterine structure support,
which led to probable tension, torsion, or kinking of the
connected vascular uterine grafts. The second case of uterus
transplantation was performed in Turkey in 2011 from a
multiorgan donor [13, 14]. The recipient subsequently un-
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Summary

Objective: Uterus transplantation (UTx) provides a available treatment for women with absolute uterus-related infertility. The aim of
this study was to develop surgical techniques for UTx and to observe the long-term graft survival in the swines. Materials and Meth-
ods: Ten female swines received uterus auto-transplantation surgery after general anesthesia. The operative time, ischemic time, and vas-
cular injury in each swine were recorded. The bicornual uterus with vaginal canal and main vessel were removed, bake-table preparation
was performed with cooled at4 °C, and perfused with heparin saline with continuous flushing. The uterus was placed in original pelvic
position. The uterus arteries and veins were end-side anastomosed with external iliac arteries and veins in the host swines. Results: One
case was randomly selected as the preliminary experiment. The remaining nine cases showed that the uterine arteries and veins were
anastomosed successfully and only eight cases attained long-term survival. The host in another case died four days after surgery from
suspicious embolism postoperation. The blood flow of uterus arteries was observed by Doppler ultrasonography at four days after the
operation and no congestion was found. The second-look laparotomy at six months after surgical was subsequently performed and the
uterus showed a normal morphology and size. However, the pregnancy was unsuccessful due to the shorter observation time, and the
severe adhesion and tubal obstruction after surgery may have affected pregnancy of those swines. Conclusion: These preliminary ex-
periences suggest that the uterine auto-transplantation using the end-side vascular anastomosed method is feasible. The accumulation
of basic data and experiences from swine experiments can provide important guidance for establishment of UTx in humans.
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derwent two pregnancies, with early miscarriages occur-
ring both times. The causes of pregnancy failures may be
ascribed to the decreased vascular plasticity, placentation
defects, and the loss of innervations. These factors may
negatively affect the pregnancy potentials in the uterine al-
lograft. The first two single cases were unsuccessful and
were not based on the animal experiments preparations.
Subsequently, nine transplantations were performed within
a clinical UTx trial in Sweden between 2012–2013 [15–
17]. The first live birth after UTx was reported in 2014, and
so far, in total, four healthy babies have been born from this
cohort [18]. Thereby human UTx has become a proof-of-
concept as a therapeutic reality for women with absolute
uterine factor infertility.

Over the past 15-years, multiple uterus transplant studies
have been performed in different animal species, such as
rabbits [19-20], swine [21-25], and non-human primates
[26-28], and sheep [29]. Pregnancy and delivery after allo-
graft with the use of immunosuppressive agents and auto-
transplantation have been shown in some animals, such as
sheep, cynomolgus and monkeys [30, 31]. Study on swine
as an animal model of uterine transplants is rarely reported,
as the operations for vascular anastomosis in swine are
more difficulty. However, the size of uterine vessels and
the deep pelvis swine model are similar to the human one
and it would be beneficial to simulate the clinical condi-
tions. In the present study, the authors explored surgical
techniques for uterus auto-transplantation and observed the
long-term survival of the transplanted organ after opera-
tion. They focused on the surgical procedures and ischemic
preservations during the uterus auto-transplantation. The
swine model is needed to enrich our knowledge and expe-
rience for the future clinical application of UTx in humans.

Materials and Methods

Animals: The study was approved by the animal ethics com-
mittee of PLA General Hospital (NO. 2015-D10-09). Ten healthy 
adult female swines were used in this study. They were 8-24 
months of age, weighing between 30-60 kg, and sexually mature 
for several months before the experiments. The swines were fed 
with granulated full-fodder twice a day and the water is free avail-
able.

Anethesia: Ten swines were anesthetized by intramuscular in-
jection (i m). Injection of midazolam (5-10 mg) and ketamine (4 
mg/kg). The swines received an i.m of 3% mebumalnatrium (5 
mg/kg). The anesthesia was maintained using halothane inhala-
tion. An oxygen mixture was provided to secure the haemoglobin 
saturation above 97%. The abdominal regions were shaved and 
the animals were positioned in the supine position. The abdomi-
nal region and vagina were disinfected with iodine tincture and 
covered with sterilized drapes. The swine received an i.v. infu-
sion of 0.9% Nacl 500 mL to compensate the fluid losses and 
an i.v. infusion of penicillin 250 mL to prevent infection during 
the experimental procedure.

Retrieval of the uterus: All surgical procedures were performed 
under sterile conditions, and the surgeons used auxiliary magni

fying glass microscope for vascular anastomosis operation. A mid-
line incision from the pubic bone up to the level of the second
mammary gland was performed by scalpel and monopole
diathermy (40 W power), and then the abdominal cavity was en-
tered. The intestines were packed into the upper abdomen with
used wetted gauze, and the laparotomy incision was held open by
a self-retaining retractor. The anatomical characteristics of the in-
ternal genital organs and vascular of the swine differed from these
of the humans (as shown in Figure 1).

The uterus and fallopian tube with ovaries were exposed. The
bicornual uterus was funicular and tortuous with the size of ap-
proximately 26 cm. The size of the bilateral ovaries was approx-
imately 1.5×2.0 cm. The vessels associated with blood flow in the
uterus were the uterine arteries, deep uterine veins, ovarian arter-
ies, and a large number of microvascularity. The initial steps of the
retrieval surgery included the dissection of the bladder peritoneum
from the anterior portion of the cervix and the mobilization of the
bilateral uterine artery and related vein. These deep uterus veins
were found in the deeper region of pelvis below the uterine artery
and vein. The uterine arteries and veins were selected as vascular
grafts in this experimental procedure. The uterus and both fallop-
ian tubes were cut off from the ovaries and the fallopian tubes fas-
cia (Figure 2). All minor vessels which should be divided were
coagulated by monopole diathermy (40 W power), and the vagi-
nal canal was incised. The vascular pedicles of the uterus arteries
and veins were prepared via vascular clamp. The uterus was re-
moved from the abdominal cavity with connected blood vessel
pedicles and vaginal-canal and both fallopian tubes.

Figure 1. — The anatomical of the swine′s internal genital organs,
Swine UTx model has larger bicornuate.

Figure 2. — Excised uterus. F: fallopian tube; UA: uterus artery;
UV: uterine vein.
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Back-table preparation: The uterus was removed from the 
pelvis of the swine, and then was put in a sterile basin with -4 °C 
cold saline about 250 mL for cold ischemic storage (Figure 3). The 
ischemia time was classified into warm ischemia time (organ re-
trieval and vascular anastomosis) and cold ischemia time (organ 
storage). Ischemia time and perfusion time were recorded. The 
fluorinated plastic outer core (outer diameter: 0.74 mm, inner di-
ameter: 0.52 mm) of a 26 G needle was inserted into the distal 
ends of the uterus artery divisions of the internal iliac arteries. Ap-
proximately 20 ml heparinized saline (2 mL:12,500 IU) was used 
to flush the residual blood from organ to avoid thrombus forma-
tion. The distal ends of the uterus veins were loosen vascular 
clamp to allow drainage. All operation procedures were performed 
using the magnifying glass microscope (magnification × 20). The 
uterus was kept in ice-cold saline until transferred to the original 
pelvic.

Uterus auto-transplantation: The uterus was repositioned in 
situ after the back-table preparation. The vaginal canal was su-
tured to the stump by interrupted (1–0 polyglactin) sutures. Vas-
cular anastomosis of the uterus was performed under magnifying 
glass microscope (magnification × 20) using microscopic instru-
ments. The external iliac artery and vein were dissected between 
a distance of about 2.5-3.0 cm. The vascular clamps were placed

on both ends of the isolated segments of the external iliac vein
and artery. The external iliac vessels (the vein and artery) of the
uterus were anastomosed end-to-side (Figure 4) by interrupted su-
tures (7-0 polyglactin). After the bilateral arterial and venous were
anatomized, the uterine blood flow was evaluated based on the
pulsations of the uterine arteries. The uterine color changed from
whitish to reddish, the blood flow past the venous and arterial
anastomosis sites at the end of the experiment by bisection or after
operation. Both sides were removed from the vascular clamps and
the anatomized sites were observed carefully. Any larger leakage
was subdued by placement of additional sutures. The authors fixed
vaginal canal in post pelvic wall to prevent uterus prolapsing from
the mesosalpinx and residual suture (1-0 polyglactin).

Results

Surgical parameters result: The uterine auto-transplan-
tations of the ten swines were performed at different times
in the animal laboratory of the PLA general hospital. Nine
swines received uterus auto-transplantation except the first
case which was set as the preliminary experiment. The sur-
gical time, ischaemic time. and vascular injury of each
swine were examined and recorded (Table 1). The mean-
time of surgery of the auto-transplanted swines was 365 ±
38.1 minutes. The time of vascular dissectional was 125 ±
12.9 minutes. The back table preparation time included the
cold ischemia time and perfusion time. The time of back-
table preparation and vascular anastomosis were 46.5 ± 3.1
min and 117.5 ± 23.7 minutes, respectively. All nine cases
showed that the uterus arteries and veins vascular were
anastomosed successfully and only eight cases attained
long-term survival. The host in another case died four days
after surgery from suspicious embolism postoperation.

Assessment of the transplanted uterus using Doppler ul-
trasonography: four days after surgery, the Doppler ultra-
sonography revealed that the uterine arterial and venous
blood flows were stable in all the eight cases. The bilateral
uterine arteries can transmit blood flow and the animal sur-
vived for more than six months after surgery. The peak sys-
tolic velocity (PSV) of the bilateral uterine arterial blood
flow was 28 cm/s (left) and 36.3 cm/s (right) (Figure 5).

Secondary laparotomy: In all the eight cases, the sec-
ondary laparotomy was performed around six months after
primary surgery as severe adhesion was found in the pelvis
and uterus. The size of the uterus was normal. The uterus
was adhered to the bladder fascia and the wall of pelvis.
Bilateral cornual uterus was adhered to the pelvic sidewalls.
Both sides of the ovaries have been wrapped on the fallop-

Figure 3. — The uterus was removed from the swine, placed in a
sterile basin with -4°C cold saline about 250 ml for cold ischemic
storage.

Figure 4. — Vascular anastomosis of the uterus. Bilateral vein and
the artery of the uterus with external iliac vein were anastomosed
by end-to-side in three cases.

Table 1. — Surgical parameters result.
N=9

Surgery time (min) 365±38.1
Vascular dissectional time (min) 125±12.9
Backtable preparation time (min) 46.5±3.1
Vascular anastomosis time (min) 117.5±23.7
Data are expressed as median±SD
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ian tube. It was difficult to separate the uterine artery from
the external iliac vessels due to the adhesion or scar (Fig-
ure 6).

Overall results: Ten cases uterus transplants were per-
formed including the first case as the preliminary experi-
ment. In nine cases, the uterus arteries and veins were
anatomized successfully. However, only eight cases at-
tained long-term survival. The host in another case died
four days after surgery from suspicious embolism postop-
eration. The laparotomy exploration found ascites and in-
testinal necrosis. Therefore, the cause of death could be
ascribed to the uterine necrosis. Six months after trans-
plantation surgery, secondary laparotomy suggested that the
uterus in the eight cases had normal morphology and size.
However, the pregnancy was unsuccessful due to the
shorter observation time, and the severe adhesion and tubal
obstruction after surgery may affect pregnancy of those
swines.

Discussion 

The present study was limited to ten cases of auto-uterus
transplantation in the swines. However, the establishment
of animal model is significant in swine. The uterus is lo-
cated in the pelvic in humans, and the vascular anastomo-
sis is difficult. Rejection may be serious as the transplant
organ contains mucosal tissue. The application of im-
munosuppressant post-operation is crucial and the perina-
tal need to be monitoring. Furthermore, UTx remains to
be controversial. As the UTx sought only to improve
human quality-of-life rather than to prolong life [32-34], it
would be necessary to assess the risk and benefits of UTx
procedure as well as social needs. The first live birth from
the patient who underwent uterine transplantation occurred
on September 4, 2014, in Sweden. The researcher also ini-
tiated an animal-based UTx research project in 1999 [16].
The animal experimental research in UTx had been per-
formed 15-years prior. These data from animal studies pro-

vided a reference for clinical applications in others species
other than humans.

In this study, the authors performed uterus auto-trans-
plantation in swine. As the operational procedure and
anatomical architecture in the pelvis of swine are similar
to humans, and the animal costs is economic. Further ac-
cumulation of data is needed to improve the safety and sta-
bility of the technology for clinical applications. Therefore,
the results would be meaningful in humans. However, there
are also several disadvantages that because the swine breed-
ing cycle is long and postoperative due to adhesive tubal
obstruction would impair pregnancy. Thus, UTx experi-
ments are still poor in swine model, Avison et al. [22] per-
formed the only study on allogeneic UTx, in which
considered this animal model is feasible. Evidences in
swines is needed for establishment of surgical procedures
such as microvascular anastomosis, cold ischemic storage,
and perfusion.

Firstly, UTx requires removal of a pedicle of sufficient
length and width, and removal of the uterine artery as an
important vessel in UTx. It is the main blood flow feeding
artery to the uterus. The venous system prevents conges-
tion by drainage of uterine blood flow including the super-
ficial uterine vein, deep uterine vein, and ovarian vein [35,
36]. The present authors used uterine and deep uterus veins.
The size of the superficial uterine vein is smaller than uter-
ine deep vein, but sometimes the deep uterine vein is un-
available owing to different anatomical structures.
Moreover, its position in the pelvic floor and parallel with
cardinal ligament makes vascular anastomosis difficult to
perform. Therefore, the hemorrhage and ureteric injuries
may cause disadvantages and extend the surgical time [37].
However, the uterine vein is a tiny vessel in which the
thrombosis would developed over anastomosis lines. Thus,
the present authors were unable master this model in the
first two cases. They did not use the ovarian vein, because
of its inappropriateness in premenopausal women with
ovarian function in human uterus transplantation, as the
ovarian vein is a thick vessel which is simple to separate

Figure 5. — Postoperative Doppler ultrasonography. Color and
pulse Doppler methods. The PSV of the right uterine artery is 36.3
cm/s.

Figure 6. — Laparotomy findings six months after surgery. (a)
Uterus of a normal size. Severe adhesion at a site surrounding the
bilateral cornual uterus. (b) The size of the ovary and fallopian
tube were also normal, but bilateral fallopian tube circuity, and
both sides of the ovaries are wrapped on the fallopian tube.
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and has a long pedicle. Furthermore, the maintenance of 
the venous circulation is very important to avoid uterine 
thrombus formation, congestion, and uterine necrosis after 
transplantation. Uterine arteries were cleaved from vessels 
with the pedicle length of about 5-6 cm. The vein was about 
5.5 cm, which was the most appropriate length for re-anas-
tomosis of vessels. The arteries and veins with a wide di-
ameter were reconstructed by end-to-side anastomosis of 
these vessels with the unilateral external iliac artery and 
vein, respectively. Additionally, with the improved surgi-
cal procedure, vascular anastomosis methods could im-
prove the survival of the uterus. In the non-human primate, 
the artery reaching the internal iliac artery and the vein 
reaching the inferior vena cava/renal vein are removed. 
Furthermore, the end-to-end anastomosis of the unilateral 
internal iliac artery and end-to-side anastomosis of the ex-
ternal iliac vein are performed. In autografting in cynomol-
gus monkeys, end-side anastomosis to the external iliac 
artery is performed if the vascular pedicle of the uterine ar-
tery had sufficient length. Meanwhile, the end-to-end anas-
tomosis to the internal iliac artery is used if the vascular 
pedicle length is insufficient. The present authors used the 
end-to-side method to anatomize the external iliac vessels 
and artery and vein of the uterus of woven clip by inter-
rupted sutures. This suture method can decrease the for-
mation of thrombosis, decrease the separation of uterine 
arteriovenous length, and simple to suture.

Fixed uterine ligaments in pelvis is essential for strength-
ening the support structures of the uterus. If uterus is not 
fixed in the pelvis, the it may cause prolapse of the anasto-
mosed blood vessels. The first clinical UTx failed as the in-
adequate uterine structure support and tangle, torsion, and 
tension of the vasculature, which subsequently resulted in 
uterine embolization. Fixations of the round ligament to 
pelvic sidewalls, uterus ligaments to the lower posterior 
part of the uterus, suture of the bladder peritoneum, and re-
construction of cardinal ligaments are necessary. Because 
swine has a bilateral uterus with large size, the present au-
thors fixed vaginal canal in post pelvic wall. With the in-
creased anatomy knowledge about the uterus in swine, the 
stabilization of the learning curve for transplantation oper-
ation from retrieval of the uterus to auto-transplantation 
could improve the operation process and the isolation of 
the uterine artery/vein.

Conclusions

In conclusion, the uterine auto-transplantation experi-
ments were performed in swine with long uterine horns and 
the tiny size of the vessels, as the operational procedure 
was similar to humans because the anatomy in the pelvis. 
Further studies are needed to perform the allogeneic UTx in 
others species combined with effective immunosuppression 
and to explore the post-transplantation immune tolerance.
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