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Abstract. Background and aim: Absolute uterine factor infertility (AUFI) is a form of infertility whereby 
conception and/or maintenance of pregnancy is impossible as a result of uterine absence or its completed 
dysfunction. It affects 1/500 women of reproductive age while the incidence is about 8% of infertile couples. 
Uterus transplantation (UTx) has been gaining ground as a viable option to enable women with AUFI to 
have biological children and as an alternative to surrogacy, a highly controversial practice still banned in many 
countries. Methods: The authors have set out to strike a reasonable balance between UTx benefits and the still 
numerous risks, whether clinical or ethical, associated with such an innovative form of transplant, which is 
not life-saving, requires immunosuppression throughout pregnancy and the organ to be removed right after 
childbirth. For the purpose of this Focus-on, the authors have laid out an analysis of uterus transplantation 
(UTx) taking into account its potential in terms of enabling patients with AUFI to achieve motherhood and 
its ethical viability, by virtue of its unique traits as a life-giving/enhancing intervention. Results: While still 
far from achieving mainstream status, considerable strides have been made in UTx outcomes, with many live 
births already recorded. Procedures from living donor are reportedly more effective in terms of success rates. 
Organ tissue engineering has been explored and developed with promising results. Conclusions: UTx entails 
various risks and ethical quandaries which have to do with reproductive autonomy and rights. New human 
attempts and clinical trials of UTx should be performed to further optimize the procedure in relation to safety 
and effectiveness. Techniques such as tissue engineering could lead in the medium-long term to a wholly bio-
engineered uterus to be used for transplantation, relying on scaffolds from decellularized organs or tissues that 
can be recellularized by several types of autologous somatic/stem cells. Such advances hold promise in terms 
of solving UTx-related complications and organ supply difficulties. (www.actabiomedica.it)
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Introduction

Absolute uterine factor infertility (AUFI) is a 
form of infertility whereby conception and/or mainte-
nance of pregnancy is impossible as a result of uterine 
absence or its complete dysfunction. It affects 1 out of 
500 women of reproductive age, while the incidence is 
about 8% of infertile couples (1).

For the purpose of this Focus-on, the authors have 
laid out an analysis of uterus transplantation (UTx) 
taking into account its potential in terms of enabling 
patients with AUFI to achieve motherhood and its eth-
ical viability. The unique distinctive traits of UTx make 
a risk-benefit assessment particularly challenging. Al-
though it is not a life-saving transplant, UTx can in 
fact make it possible to give life and to “enhance” the 
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well-being and quality of life of women or couples. In 
light of those fundamental elements, in addition to the 
clinical and surgical complexities which UTx entails, a 
broad-ranging search was conducted via search engines 
and databases such as Pubmed/MEDLINE, Web of 
Science, Scopus, ResearchGate, including research data 
and findings instrumental in laying out as thorough an 
assessment as possible. The search led to the identifica-
tion of 52 sources spanning the 2005-2021 period.

AUFI may be congenital, such as in Mayer–Roki-
tansky–Küster–Hauser (MRKHS) Syndrome - a ge-
netic disorder characterized by agenesis of the uterus 
and upper part of the vagina in females with normal 
ovarian function and normal secondary sexual charac-
teristics - or acquired, for iatrogenic reasons (hyster-
ectomy can be performed in consequence of diagnosis 
endometrial and cervical cancer, uterine fibroids, un-
controlled postpartum bleeding) (2-4). A dysfunctional 
uterus may also be due to anatomical or physiological 
defects (intrauterine adhesions such as in Asherman’s 
Syndrome, severe adenomyosis, congenital uterine mal-
formation). Moreover, when serious complications take 
place as a result of fundal pressure (5, 6), uterine rupture 
during induced labor (7, 8), infection-related adverse 
outcomes (9, 10), or other developments (11), UTx may 
offer an opportunity to restore fertility. Nonetheless, for 
such an option to be sound and tenable from a medi-
colegal standpoint, adherence to recommendations and 
best practices for both diagnostic and therapeutic inter-
ventions needs to be fully documented (12). 

Furthermore, patients at risk for ovarian hyper-
stimulation (OHSS) can resort to vitrification tech-
niques (13) for cryopreserving their oocytes, within 
the framework of in vitro fertilization (IVF) antagonist 
protocol (14, 15). Following the diagnosis of AUFI, 
women often suffer major psychological distress (16) 
because of the loss of reproductive function and the 
awareness of permanent and irreversible infertility.

Women with AUFI currently have three options 
to achieve motherhood: surrogacy, adoption and UTx. 
Of these, UTx can make it possible to achieve biologi-
cal, social and legal parenthood, despite the risks it still 
entails. UTx also represents an alternative to gesta-
tional surrogacy, an ethically and legally controversial 
technique which is banned in most countries (17, 18) 
and entails legal challenges as well (19, 20).

UTx is the only option to restore reproductive 
anatomy and functionality (21). The first Living Donor 
(LD) UTx (LD-UTx) was performed in Saudi Arabia 
in 2000: the donor was a 46-year-old woman with be-
nign multiloculated ovarian cysts who underwent hys-
terectomy, and the recipient a 26-year-old woman who 
lost her uterus following a post-partum hemorrhage. 
The patient developed acute vascular thrombosis 99 
days after transplantation, at which point an hyster-
ectomy was performed. Macroscopic and microscopic 
histopathological examination revealed acute throm-
bosis in uterine body vessels. Both Fallopian Tubes re-
mained viable with no evidence of rejection. The acute 
vascular occlusion appeared to be caused by inadequate 
uterine structure support, which led to probable ten-
sion or torsion of the connected vascular uterine grafts.

The first live birth was achieved in Sweden in 
2013: a 35-year-old woman affected by MRKH 
Syndrome received uterus from a living 61-year-old 
multiparous woman. IVF was carried out before trans-
plantation. One year after UTx (22, 23), the recipient 
underwent single embryo transfer resulting in preg-
nancy. Triple immunosuppression was administered: 
tacrolimus, azathioprine and corticosteroids, through-
out the pregnancy. The patient was admitted with pre-
eclampsia at 31+5 weeks and a male baby with normal 
birthweight for gestational age (1775 g) and with AP-
GAR scores 9, 9, 10 was delivered via cesarean section 
16 hours later. 

Ethical issues

UTx is a complex procedure which entails mul-
tiple medical, ethical and legal issues. Both Living 
Donor (LD) and Deceased Donor (DD) UTxs have 
been successfully performed. A set of proposed criteria 
required for a woman to be ethically considered a can-
didate for uterine transplantation was issued in 2012: 
“The Montreal Criteria”, meant to provide a detailed 
analysis as to the ethical feasibility of uterine trans-
plantation, and centered around three core elements: 
the recipient, the donor and the health care team (24).

An organ transplant is generally considered ethi-
cally acceptable when it permits the patient to go on 
living. UTx does not meet that standard, but rather 
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degree of safety and effectiveness of UTx procedures 
seems to depend on many variables. 

However, donor and recipient outcomes in LD-
UTx along with the birth of a healthy baby are common 
standards defining a successful procedure. The primary 
objectives are a surgically successful graft, a function-
ing transplant with established inflow and outflow to 
the graft, regular menstruation, Embryo Transfer (ET) 
started within 3-12 months following UTx, accord-
ing to local protocols, and childbirth (30). The overall 
surgical success rate in LD-UTx has so far been 78% 
and, comparing laparotomy with minimal invasive 
surgery – conventional laparoscopy or robotic-assisted 
laparoscopy - the accumulated data show surgical suc-
cess rates of 89% and 73%, respectively (31). As with 
all surgical procedures, potential complications include 
clotting, bleeding and death are. Common intra- and 
postoperative complications ascribable to total abdom-
inal hysterectomy include hemorrhage (1%), transfu-
sion (2–12%), infection including fever of unknown 
origin (10–20%), surgical site (6.6–24.7%), wound 
site (4–8%), pelvis (3.2–10%), urinary tract (1.1–5%), 
pneumonia (0.4–2.6%), bladder injury (1–2%), intes-
tinal injury (0.1–1%), ureteral injury (0.1–0.5%), and 
vesicovaginal fistula (0.1–0.2%) (32). A 2018 study by 
Puntambekar   et al. (33) has shown the feasibility of 
laparoscopic-assisted uterus donor retrieval, highlight-
ing how it may yield all the advantages linked to mini-
mally invasive approaches, including lower morbidity 
rates. The pros of such an approach are indeed note-
worthy: more effective dissection of the vessels, shorter 
operative time, and less tissue handling affecting the 
harvested uterus and vessels. Damages and infection 
were avoided by making a small abdominal incision 
for the retrieval of the uterus and vessels. End to side 
anastomosis of the harvested vessels to external iliac 
vessels was carried out to transplant the organ in the 
recipients. Lastly, supports of the donor uterus were 
attached and anchored to the recipient’s. Six-month 
follow-up data were acquired, in addition to surgical 
intra- and postoperative measurements and postopera-
tive investigations were conducted.

The difficulties associated with the dissection along 
the internal iliac vein were prevented through the use of 
ovarian veins acting as outflow channels. The donor in-
ternal iliac artery was also harvested, which contributed 

it can enable women to achieve motherhood and im-
prove their quality of life. It has therefore been de-
scribed as “life-giving” or “life-enhancing” (25-27). 
Life-saving organ transplants from deceased donors 
are morally based on core ethics principles, particularly 
beneficence. By virtue of that, saving a life may justify 
the desecration of a dead body. In addition, costs are 
lower and there are obviously no risks to the donor 
during postmortem organ removal. However, organs 
can only be removed from deceased individuals if con-
sent to donation (27) was granted by them or their le-
gal guardians holding power of attorney. When organs 
are used for life-enhancing, rather than life-saving, 
transplants, ethical concerns are bound to arise. De-
spite that, many countries have permitted such kinds 
of donation, such as vascular composite allografts for 
face and arm transplantation. Why should UTx not 
be ethically tenable on the same grounds? After all, 
psychological repercussions and mental distress may 
be quite severe in women with AUFI. When infertility 
results from cancer or its treatment, some patients in 
fact describe their loss of fertility as causing as much 
emotional pain as the cancer itself (28). On the con-
trary, LD-UTx may provide non-vital organs with a 
higher success rate than DD.UTx. Clearly, the only 
purpose served by LD-UTx is altruistic in nature: for 
this reasons donors should be thoroughly counseled as 
to the medical and psychological risks involved. 

Surgery procedure: success and postoperative 
complications of LD and DD UTx

Over 62 UTx surgeries have been performed 
globally thus far, with 24 successful births. Numerous 
trials and case reports involving either LD- and DD-
UTx have been released. As for LD-UTx, 27 proce-
dures have been reported in Europe (17 LD-UTx in 
Sweden, 5 in Czech Republic, 4 in Germany and 1 in 
Spain), 18 from USA, 4 from India; single case reports 
have been released from Saudi Arabia, China and Leb-
anon (29). On the other hand, fewer DD-UTx cases 
have been reported: 5 cases from Czech Republic, 4 
cases from two separate trials in the USA, one from 
Brazil and one from Turkey. Based on a comparison of 
different methodologies among trials and studies, the 
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Common late surgical complications are the de-
velopment of stenosis in the end-to-end anastomosis 
between the vaginal rim of the graft and the vaginal 
vault of the recipient, and infections. Graft rejections 
are frequent, and they are treated with temporary ad-
dition of steroids or an aggressive immunotherapy 
– such as Immunoglobulin – in severe forms. Immu-
nosuppressants may cause nephrotoxicity, increased 
risk of diabetes, atherosclerosis, malignancy, anemia, 
leukopenia and infections. Planned cervical biopsies 
have been performed to detect rejections based on a 
clinical score that distinguishes severe, moderate, mild 
and borderline uterine rejections. Recipient follow-up 
should continue even after the hysterectomy of the 
transplanted uterus, and should include psychological 
counseling and medical examinations focused on po-
tential long-term side effects of immunosuppressants.

Uterine tissue engineering: future perspective

Due to the rejection rate after organ transplanta-
tion and the side effects of immunosuppressants, uter-
ine tissue bioengineering has been explored as future 
viable option. Technological progress has paved the 
way for engineered grafting materials based on the pa-
tient’s own cells to reduce rejection incidents (38, 39). 
Ovarian- and follicle-related bioengineering applica-
tions have gained attention as a therapeutic option for 
infertility caused by conventional anti-cancer treat-
ments: fertility preservation is particularly challenging 
in leukemia patients, for whom cryopreserved ovarian 
tissue transplantation is unsafe due to the risk of rein-
troducing malignant cells (40).

Furthermore, engineered three-dimensional uter-
ine tissue has been used in infertility care for many years: 
this system served to perform decidual differentiation- 
and embryo implantation studies. In an interesting 
study by Ding L. et al.(41), bone marrow derived from 
mesenchymal stem cells – cultured on collagen scaffolds 
– was used in vivo for the functional regeneration of 
injured rat uterus. The healing process was adequate and 
made possible by the proliferation of the host’s endo-
metrial and muscle cells and vascular regeneration.

Embryo development also took place within 
the graft area. Young et al. (42) performed Allo- and 

to easing the tension exerted on vascular anastomosis. 
While larger studies are needed to confirm such dy-
namics, the technique could be reproducible through 
the selection of vessels to be harvested (34).

The first human UTx using ovarian veins for ve-
nous drainage, and also the first case of robot-assisted 
uterus procurement UTx was elaborated on by Wei L. 
et al in 2017. Within the setting of a UTx clinical trial 
for women with AUFI, a 21-year-old patient underwent 
UTx. The patient had been diagnosed with MRKH and 
had vaginal reconstruction 3 months earlier via biologi-
cal membrane. In order to reduce the need for immu-
nosuppression, the recipient underwent two IVF cycles, 
freezing her gametes, prior to the UTx procedure. The 
cryopreserved oocytes were set to be thawed one year 
after the UTx, to be transferred into the transplanted 
uterus. The donor robot-assisted uterus procurement sur-
gery took about 6 hours, with recipient surgery lasting 8.

The time between applying the arterial clamp and 
chilling in the ice basin (i.e. the first phase of warm 
ischemia) totaled 3 minutes, while the time between 
removal of the graft from the ice basin and removal of 
the arterial clamp (i.e. second phase of warm ischemia) 
lasted 1 hour. Lastly, cold ischemia (i.e., time from ini-
tiation of organ flushing for as long as the organ was 
kept on ice) lasted 3 hours. Both the donor and the 
recipient experienced very minor blood loss, hence no 
transfusion was necessary for either surgery. Doppler 
showed dominant uterine artery blood flow (35, 36).

Complications are mostly due to the complexity 
of the operation: the longer procedure time for living 
uterus donation (10–13 hours), whether by laparotomy 
or robotic, compared to simple total abdominal hyster-
ectomy may increase the likelihood of complications. 
Ureteral injuries are the most frequent complication. 
Moreover, long-term surgical complications in living 
donor women could lead to sexual dysfunction, and a 
high risk of ovarian failure and early menopause (37), 
although data are still inconclusive in that regard.

As for surgical success in DD-UTx performed via 
a midline laparotomy, anastomosis technique may be 
easier: utero-ovarian veins can be easily acquired, as 
can segments of the internal iliac arteries and veins to 
elongate the graft vessels. Utero-ovarian veins may be 
reached with a graft. The overall surgical success in DD 
UTx procedures is 64%, lower than LD-UTx (36).
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lower endometrial receptiveness and influence men-
strual cycles (48, 49). Although not within the scope 
of this writing, it is worth noting that preliminary data 
gathered from robotic hysterectomy procedures (50) 
combined with the concomitant robotic colpectomy 
seem to point to robotic surgery as a good option in 
the female-to-male transition surgery. Still, further 
controlled studies involving larger samples and longer 
follow-up are needed to back up such a conclusion, al-
though the infrequency of such procedures may delay 
the acquisition of conclusive data (51).

Given the preliminary success of UTx programs 
worldwide and rising demand, UTx is expected to 
grow relatively fast, since it can constitute a viable 
therapeutic option for AUFI (52).

Conflict of Interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article.

References

1.	Benjamin P Jones, Niccole Ranaei-Zamani, Saaliha Vali et 
al. Options for acquiring motherhood in absolute uterine 
factor infertility; adoption, surrogacy and uterine transplan-
tation Obstet Gynaecol 2021; 23: 138–147. 

2.	Capozzi VA, Rosati A, Rumolo V, et al. Novelties of ultra-
sound imaging for endometrial cancer preoperative workup. 
Minerva Med 2021; 112: 3-11. 

3.	Cavaliere AF, Perelli F, Zaami S, et al. Fertility Sparing 
Treatments in Endometrial Cancer Patients: The Potential 
Role of the New Molecular Classification. Int J Mol Sci 
2021; 22: 12248. 

4.	Gullo G, Etrusco A, Cucinella G, et al. Fertility-Sparing 
Approach in Women Affected by Stage I and Low-Grade 
Endometrial Carcinoma: An Updated Overview. Int J Mol 
Sci 2021; 22: 11825.

5.	Malvasi A, Zaami S, Tinelli A, et al. Kristeller maneuvers or 
fundal pressure and maternal/neonatal morbidity: obstetric 
and judicial literature review. J Matern Fetal Neonatal Med 
2019; 32: 2598-2607

6.	Hofmeyr GJ, Vogel JP, Cuthbert A, Singata M. Fundal 
pressure during the second stage of labour. Cochrane Data-
base Syst Rev 2017; 3: CD006067.

7.	Zaami S, Montanari Vergallo G, Malvasi A, et al. Uterine 
rupture during induced labor after myomectomy and risk of 
lawsuits. Eur Rev Med Pharmacol Sci 2019; 23:1379-1381

8.	Habeš D, Střecha M, Kalousek I, Kestřánek J. Uterine rup-
ture during pregnancy. Ceska Gynekol 2019; 84: 345-350.

Xeno-reassembly of human and rat myometrium from 
cells and scaffolds: pregnant rat- and human myome-
trium sample were decellularized and then recellular-
ized with various human and rat myocyte cell lines to 
be evaluated  in vitro. These constructs were cultured 
for up to 51 days in vitro and later showed some con-
tractility in an organ bath, indicating elementary uter-
ine functionality. However, no vascular repopulation 
was observed. 

As it is well known, patients with PCOS (Poly-
cistic Ovarian Syndrome) that undergo in vitro fertili-
zation, may need inositol supplementation to improve 
fertilization and chances of getting pregnant (43-45), 
to better prevent gestational diabetes in pregnancy 
(40, 41) and to avoid climacteric symptoms in case of 
UTx in menopausal transition (46).

Conclusion

Infertility is a social problem that must be ad-
dressed by reproductive specialists through a gender 
approach (47). UTX is nowadays the only option to 
restore reproductive anatomy and functionality in 
women with AUFI. Although associated with consid-
erable risks, UTx can enable women to achieve biolog-
ical, social and legal parenthood. Further research and 
clinical trials should be performed to further optimize 
the procedure in terms of safety and efficiency. Uterine 
tissue engineering, while promising in terms of future 
prospects, is still at an early experimental stage.

Hopefully, our ability to complete solid organ 
transplantation via a minimally invasive approach 
will be greatly enhanced by technological advances 
such as the da Vinci Robotic Surgical System. Both 
LD- and DD-UTx constitute viable options. The lat-
ter obviously entails no surgical risk to the donor, less 
complex surgical procedure, and higher likelihood of 
recovering large arteries and veins, leading to better 
anastomosis, which is essential in terms of enhanc-
ing the blood flow, with better chances of a healthy 
pregnancy. Nonetheless, DD-UTx has so far been less 
successful. Studies have ascribed its lower success rate 
to protracted ischemic spells and injuries intensify-
ing alloimmune responses. Moreover, inflammation 
linked to Ischemia/Reperfusion Injury (IRI) could 



Acta Biomed 2022; Vol. 93, N. 2: e20221386

23.	Johannesson L, Dahm-Kähler P, Eklind S, Brännström 
M. The future of human uterus transplantation. Womens 
Health (Lond) 2014; 10: 455-467.

24.	Lefkowitz A, Edwards M, Balayla J. Ethical considera-
tions in the era of the uterine transplant: an update of the 
Montreal Criteria for the Ethical Feasibility of Uterine 
Transplantation. Fertil Steril 2013; 100: 924-926.

25.	Brännström M. Uterus transplantation and beyond. J Mater 
Sci Mater Med 2017; 28: 70. 

26.	Zaami S, Marinelli E, di Luca NM, Montanari Vergallo G. 
Ethical and medico-legal remarks on uterus transplanta-
tion: may it solve uterine factor infertility? Eur Rev Med 
Pharmacol Sci 2017; 21: 5290-5296. 

27.	Bruno B, Arora KS. Uterus Transplantation: The Ethics of 
Using Deceased Versus Living Donors. Am J Bioeth 2018; 
18: 6-15. 

28.	Umani Ronchi F, Napoletano G. Uterus Transplantation 
and the redefinition of core bioethics precepts. Acta Biomed 
2021; 92: e2021435. 

29.	Jones BP, Saso S, Yazbek J, et al. Uterine Transplantation: 
Scientific Impact Paper No. 65 April 2021. BJOG 2021; 
128: e51-e66. 

30.	Ejzenberg D, Andraus W, Baratelli Carelli Mendes LR, et 
al Livebirth after uterus transplantation from a deceased do-
nor in a recipient with uterine infertility. Lancet 2019; 392: 
2697-2704.

31.	Brännström M, Johannesson L, Dahm-Kähler P, et al. First 
clinical uterus transplantation trial: a six-month report. Fer-
til Steril 2014; 101: 1228-1236.

32.	Brännström M, Belfort MA, Ayoubi JM. Uterus transplan-
tation worldwide: clinical activities and outcomes. Curr 
Opin Organ Transplant 2021; 26: 616-626. 

33.	Puntambekar S, Telang M, Kulkarni P, et al. Laparoscopic-
Assisted Uterus Retrieval From Live Organ Donors for 
Uterine Transplant: Our Experience of Two Patients. J 
Minim Invasive Gynecol 2018; 25: 622-631.

34.	Puntambekar S, Puntambekar S, Telang M, et al. Novel 
Anastomotic Technique for Uterine Transplant Using 
Utero-ovarian Veins for Venous Drainage and Inter-
nal Iliac Arteries for Perfusion in Two Laparoscopically 
Harvested Uteri. J Minim Invasive Gynecol 2019; 26: 
628-635. 

35.	Wei L, Xue T, Tao KS, et al. Modified human uterus trans-
plantation using ovarian veins for venous drainage: the first 
report of surgically successful robotic-assisted uterus pro-
curement and follow-up for 12 months. Fertil Steril 2017; 
108: 346-356.e1.

36.	Wranning CA, Mölne J, El-Akouri RR, Kurlberg G, 
Brännström M. Short-term ischaemic storage of human 
uterine myometrium--basic studies towards uterine trans-
plantation. Hum Reprod 2005; 20: 2736-44.

37.	Ratajczak JM, Hladun T, Orchel G. Iatrogenic ureterovagi-
nal fistula after laparoscopic hysterectomy: a case report. Prz 
Menopauzalny 2021; 20: 48-51.

38.	Del Rio A, Negro F, Piersanti V, Tini A. Uterus transplant 
update: innovative fertility solutions and the widening 

9.	Zaami S, Montanari Vergallo G, Napoletano S, et al. The 
issue of delivery room infections in the Italian law. A brief 
comparative study with English and French jurisprudence. J 
Matern Fetal Neonatal Med 2018; 31: 223-227

10.	Mahmood A, Fazal ur Rehman, Chughtai F. A survey of 
infection control practices in the delivery room and nursery 
to investigate and control the high rate of neonatal sepsis: 
an experience at a secondary care hospital. J Pak Med Assoc 
2008; 58: 237-40.

11.	Frati P, Foldes-Papp Z, Zaami S, et al. Amniotic fluid embo-
lism: what level of scientific evidence can be drawn? A sys-
tematic review. Curr Pharm Biotechnol 2014; 14:1157- 62

12.	Montanari Vergallo G, Zaami S. Guidelines and best prac-
tices: remarks on the Gelli-Bianco law. Clin Ter 2018; 169: 
e82-e85. 

13.	Papatheodorou A, Vanderzwalmen P, Panagiotidis Y, et 
al. How does closed system vitrification of human oocytes 
affect the clinical outcome? A prospective, observational, 
cohort, noninferiority trial in an oocyte donation program. 
Fertil Steril 2016; 106: 1348-1355. 

14.	Gullo G, Petousis S, Papatheodorou A, et al. Closed vs. 
Open Oocyte Vitrification Methods Are Equally Effective 
for Blastocyst Embryo Transfers: Prospective Study from a 
Sibling Oocyte Donation Program. Gynecol Obstet Invest 
2020; 85: 206-212. 

15.	Zaami S, Busardò FP. Elective egg freezing: can you really 
turn back the clock? Eur Rev Med Pharmacol Sci 2015; 19: 
3537-3538.

16.	La Rosa VL, Valenti G, Sapia F, Gullo G, Rapisarda MCR. 
Psychological impact of gynecological diseases: the impor-
tance of a multidisciplinary approach. It J Gynaecol Obstet 
2018; 30: 2.

17.	Piersanti V, Consalvo F, Signore F, Del Rio A, Zaami S. 
Surrogacy and “Procreative Tourism”. What Does the Fu-
ture Hold from the Ethical and Legal Perspectives? Me-
dicina (Kaunas) 2021; 57: 47.

18.	17.Phillips AM, Magann EF, Whittington JR, Whitcombe 
DD, Sandlin AT. Surrogacy and Pregnancy. Obstet Gynecol 
Surv 2019; 74: 539-545.

19.	Zaami S. Assisted heterologous fertilization and the right 
of donorconceived children to know their biological origins. 
Clin Ter. 2018 Jan-Feb;169(1):e39-e43. 

20.	Montanari Vergallo G, Marinelli E, di Luca NM, Zaami S. 
Gamete Donation: Are Children Entitled to Know Their 
Genetic Origins? A Comparison of Opposing Views. The 
Italian State of Affairs. Eur J Health Law 2018;25:322–37.

21.	Prapas Y, Ravanos K, Petousis S, et al. GnRH antago-
nist administered twice the day before hCG trigger com-
bined with a step-down protocol may prevent OHSS in 
IVF/ICSI antagonist cycles at risk for OHSS without 
affecting the reproductive outcomes: a prospective ran-
domized control trial. J Assist Reprod Genet. 2017; 34: 
1537-1545.

22.	Matoba Y, Kisu I, Sera A, Yanokura M, Banno K, Aoki D. 
Current status of uterine regenerative medicine for absolute 
uterine factor infertility. Biomed Rep 2019; 10: 79-86. 



Acta Biomed 2022; Vol. 93, N. 2: e2022138 7

horizons of bioengineering. Eur Rev Med Pharmacol Sci 
2021; 25: 3405-3410.

39.	Hellström M, Bandstein S, Brännström M. Uterine Tissue 
Engineering and the Future of Uterus Transplantation. Ann 
Biomed Eng 2017; 45: 1718-1730. 

40.	Iske J, Elkhal A, Tullius SG. The Fetal-Maternal Immune 
Interface in Uterus Transplantation. Trends Immunol 2020; 
41: 213-224. 

41.	Ding L, Li X, Sun H, et al. Transplantation of bone marrow 
mesenchymal stem cells on collagen scaffolds for the func-
tional regeneration of injured rat uterus. Biomaterials 2014; 
35: 4888-48900. 

42.	Young RC, Goloman G. Allo- and xeno-reassembly of hu-
man and rat myometrium from cells and scaffolds. Tissue 
Eng Part A 2013; 19: 2112-9. 

43.	Gullo G, Carlomagno G, Unfer V, D’Anna R. Myo-ino-
sitol: from induction of ovulation to menopausal disorder 
management. Minerva Ginecol 2015; 67: 485-486. 

44.	Bezerra Espinola MS, Laganà AS, Bilotta G, Gullo G, Aragona 
C, Unfer V. D-chiro-inositol Induces Ovulation in Non-
Polycystic Ovary Syndrome (PCOS), Non-Insulin-Resistant 
Young Women, Likely by Modulating Aromatase Expression: 
A Report of 2 Cases. Am J Case Rep 2021; 22: e932722. 

45.	D’Anna R, Corrado F, Loddo S, Gullo G, Giunta L, Di 
Benedetto A. Myoinositol plus α-lactalbumin supplemen-
tation, insulin resistance and birth outcomes in women 
with gestational diabetes mellitus: a randomized, controlled 
study. Sci Rep. 2021; 11: 8866. 

46.	D’Anna R, Santamaria A, Giorgianni G, et al. Myo-inositol 
and melatonin in the menopausal transition. Gynecol En-
docrinol 2017; 33: 279-282.

47.	Gullo G, Cucinella G, Perino A, et al. The Gender Gap in 
the Diagnostic-Therapeutic Journey of the Infertile Couple. 
Int J Environ Res Public Health 2021; 18: 6184. 

48.	Chmel R, Pastor Z, Matecha J, Janousek L, Novackova M, 
Fronek J. Uterine transplantation in an era of successful 
childbirths from living and deceased donor uteri: Current 
challenges. Biomed Pap Med Fac Univ Palacky Olomouc 
Czech Repub 2020; 164: 115-120.

49.	Zaami S. Comment on the article by Del Rio et al. Uterus 
transplant update: innovative fertility solutions and the wid-
ening horizons of bioengineering. Eur Rev Med Pharmacol 
Sci 2021; 25(9): 3405-3410. Eur Rev Med Pharmacol Sci 
2021; 25: 6149-6153.

50.	Giampaolino P, Della Corte L, Improda FP, Perna L, 
Granata M, Di Spiezio Sardo A, Bifulco G. Robotic 
Hysterectomy as a Step of Gender Affirmative Surgery in 
Female-to-Male Patients. J Invest Surg 2021; 34: 645-650. 

51.	Laganà AS, Garzon S, Raffaelli R, Gullo G, Franchi M. 
Robotic Surgery in Female-To-Male Transition: A Possi-
ble Way for Further Improvement. J Invest Surg 2021; 34: 
651-652. 

52.	Richards EG, Farrell RM, Ricci S, Perni U, Quintini C, 
Tzakis A, Falcone T. Uterus transplantation: state of the art 
in 2021. J Assist Reprod Genet 2021; 38: 2251-2259. 

Correspondence
Received: 4 February 2022
Accepted: 9 February 2022
Giuseppe Gullo, MD
Department of Obstetrics and Gynecology, Villa Sofia 
Cervello Hospital, University of Palermo
90146 Palermo, Italy 
E-mail: gullogiuseppe@libero.it


