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e Uterus tx indications

* Brief history

e Status in the World

* Where are we now, as Turkey?
* Future pespectives



Uterus transplantation

Uterine Factor Infertility

* UFI estimated to have a prevalence as high as 1/500 reproductive-
aged women

* The prevalence of absolute UFI ~ 20,000 women of fertile age/ 100
million population




Table 1 Causes of uterine factor infertility that may be treatable by
uterine transplantation

No uterus
Congenital uterine absence (Miillerian agenesis/Mayer-Rokitansky-
Hysterectomy
< Cervical/uterine malignancy >
Leiomyoma
< Obstetric bleeding >
Atony

Malplacentation (placenta accreta/percreta)
Uterine rupture

Uterus present

Leiomyoma

Adenomyosis

Multiple miscamiage/implantation failure _

Radiation damage

Uterine malformation

Vo i ocie:—
Partly bicomuate uterus

Hypoplastic uterus

Cervical incompetence with multiple miscamages

Post multiple conisation procedures

Post rachelectomy procedure
Intrauterine adhesions not treatable by hysteroscopic resection




» Gestational surrogacy = genetic child

—>Not legal e.g. in Turkey

* Adoption



Jones et al.

[ Both commercial and altruistic are allowed
i~ Bl only altruistic is allowed

[[] Unregulated

[[] state dependent regulation

Figure 1. International variation of surrogacy law.



e Uterine transplantation is life propagating
* the first type of ephemeral organ transplantation

e Multidisciplinary approach
* Transplant team (surgeon, immunologist, nephrologist)
* Gyn oncologist
* |CU specialist
* Psychologist
* Psychiastrist
* MFM speacialist
Bioethicist



* UTx classified as a vascularized composite allograft
transplantationsuch as hand and face

e Akdeniz University

* 5 face transplants
e 4 double hand
2 uterus transplantation










Brief History




Arch Surg—Vol 92, Jan 1966

Replantation ot Uterus and Ovaries
in Dogs, With Successtul Pregnancy

Degerli Hocamiz

Prof. Dr. Sadan ERASLAN

SADAN ERASLAN, MD; ROBERT J. HAMERNIK, MD;
AND JAMES D. HARDY, MD, JACKSON, MISS

>

Fig 2—Left, Salpingogram which shows patency of uterine horns. Right, Aortogram
of pregnant amimal. Arrotwe indicates level of arterial anastomosis.

Fig 1.—Left, Incision of peritoneum and vagina
with ovaries for total removal of organ. Right
Completion of mobilization of uterus and ovaries.
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Fig 4. —Anmnal with puppies six wecks following
delivery. This represents second postreplant preg-
nancy for this animal, abortion having followed ex-
ploratory laparotomy in first instance.
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START OF UTERUS
TRANSPLANTATION
1st EXPERIENCES

Germany
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(2012)
SWEDEN*

e 17 LD-Utx, 10 Livebisths
el I L (First Livebirth from LD-UTx in 2014)
1 DD No Lx\\'ebuth IS
. CZECH REPUBLIC*
e 10 (SLD-5DD) Utx, 3 Livebisths
- 4LD-Utx. 2 Livebisths

‘M e

- _ N S T

ey oo
FRANCE® 2 DD-Utx. 2 Livebirths

2LD-Utx, 1 Livebirth

(First technically successful Ukx in 2011)

f'\I\IQ)
LEBANON
1 LD-Utx 1 Livebirth ’

2000)
S. ARABIA
(First LD-UTx in hispory - faiave)

»

(2015)
CHINA

31D-Utx, 1 Livebirth

)'

Year in parenthesis — timing qf first UTx andor ciinkai trial

] T ouNITriIeT With puMroned cinmmecal trials



Table 2. Uterus transplantation trials and cases, with rates of surgical success and major post-operative complications of live donors.

Trials (city)* From  Type of case # cases # Surgical # LD cases # LD post-op Reference
year successes complications
Sweden 2012  Laparotomy LD 9 7 (78%) 9 1(11%) Brannstrom et al. (2014)
USA (Cleveland) 2016 DD 8 6 (75%) n/a n/a Richards et al. (2021)
Czech Republic 2016  Laparotomy LD 5 4 (80%) 5 2 (40%) Fronek et al. (2021)
DD 5 3 (60%) n/a n/a
USA (Dallas) 2016  Laparotomy LD 13 8 (62%) 13 2 (15%) Testa et al. (2020)
Robotic LD 5 5 (100%) 5 2 (40%)
DD 2 1 (50%) n/a n/a
Germany 2016  Laparotomy LD 4 4 (100%) 4 0 (0%) Brucker et al. (2020)
India 2017  Laparoscopy LD 4 4 (100%) 4 0 (0%) Puntambekar et al. (2018, 2019)
Sweden 2017  Robotic LD 8 6 (75%) 8 1(13%) Brannstrom et al. (2020a,c)
Single cases (city)* Year  Type of case # cases  #Surgical #LD cases # LD post-op Reference
successes complications
Saudi Arabia 2000  Laparotomy LD 1 0 (0%) 1 0 (0%) Fageeh et al. (2002)
Turkey 2011 DD 1 1 (100%) n/a n/a Ozkan et al. (2013)
China 2015  Robotic LD 1 1 (100%) 1 0 (0%) Wei et al. (2017)
Brazil (Sao Paulo) 2016 DD 1 1 (100%) n/a n/a Ejzenberg et al. (2019)
Lebanon 2018  Laparotomy LD 1 1 (100%) 1 0 (0%) Akouri et al. (2020)
France 2019  Robotic LD 1 1 (100%) 1 1 (100%) Ayoubi et al. (2022)
Spain 2020  Robotic LD 1 1 (100%) 1 0 (0%) Carmona et al. (2021)
Brazil (Barretos) 2021  Robotic LD 1 1 (100%) 1 0 (0%) Vieira et al. (2021)
All cases Type of case # cases  #Surgical #LD cases # LD post-op
successes complications
Laparotomy LD 33 24 (73%) 33 5 (15%)
Robotic LD 17 15 (88%) 17 4 (24%)
Laparoscopy LD 4 4 (100%) 4 0 (0%)
< DD 17 =22 (71%) n/a n/a
Totals All types m @'S (77%) w 54 9 (17%)

* City indicated if more than one city in a country. Ll),h\\md'cmu Mr.




Livebirths of Uterus Transplantation
By February—2023, search from peer-reviewed publications and/or internet databases

identifi 40 UTx women fo ble pregnancy course

and five women gave birth to consecutive sibling upplemental

table).

Supplemental Table. Antenatal and neonatal outcome in uterus transplantation

Donor Cause of Donor Recipient Antenatal Indication Gestational Birthweight Height HC Apgar Neonatal NICU Gestational
type infertility age complication for delivery age (week) gr () (cm) (cm) Score* complication stay age at
LD/ DD (vear) Z (day) discharge

(week)
22 PTL, PE, PPROM 760 (9) RDS (CPAP), SGA,
Non-directed (10w), IUGR, sepsis, BPD,
oligohydramnios inguinal hernia,
hip dysplasia
DD MRHK 37 34 GDM, PTL, PPROM 1720 (99) RDS (CPAP), LGA, 47 3557
Non-directed 36h), hypothyroidism b lycemia
LD MRHK 52 35 PE, single kidney, M PE 316/7 1775 (52) 40,0 - 9-10-10 RDS, jaundice 16 33277
Mother anemia
LD MRHK 58 28 anemia, OC M ocC 3447 2335 (45) 44,0 - 9-10-10 RDS 5 352/7
Mother
LD MRHK 54 320 - M per protocol 35177 2700 (76) 46,0 - 8-8-8 RDS 7 36 1/7
Mother
LD MRHK 54 32 - F, per protocol 3707 2600 (30) 44,0 - 9-10-10 - -
Mother
LD MRHK 50 32 PE, single kidney, M PE,OC 345/7 3074 (94) 47,0 - 3-7-10 RDS, LGA 2 350/7
Mother PPROM, OC, p. previa PPV at delivery
LD MRHK 61 27 PE, single kidney F PE 353/7 2552 (58) 46,0 - 9-10-10 - -
Mother
LD MRHK 61 27 - M per protocol 356/7 2745 (55) 48,0 - 9-10-10 - 2 36 1/7
Mother
LD MRHK 53 27 - F per protocol 37117 2676 (34) 45,0 - 9-10-10 - -
Mother
LD MRHK 53 27 - F per protocol 380/7 3078 (52) 47,0 - 9-10-10 - -
Mother
LD MRHK 62 33 minor vaginal M per protocol 36 1/7 2894 (62) 48,0 - 9-10-10 mild RDS L) 370/7
Mother hemorrhage CPAP
LD MRHK 34 30 sCreaf, SCH M sCreat 33177 1995 (44) 43,0 31 8-9 RDS 33 376/7
Non-directed (CPAP)
LD MRHK 36 28 - F per protocol 36 6/7 2920 (76) 340 49 9-9 clitoromegaly Newborn nursery
Non-directed anterior caudally
displaced urethra
LD MRHK 36 28 - F per protocol 380/7 3370 (74) 50,5 34,5 9-9 - -
Non-directed
DD MRHK 33 36 GHT F per protocol 38017 3470 (82) 48,5 36,5 9-9 - -
Non-directed
LD MRHK 39 25 GDM F per protocol 356/7 2860 (74) 44,0 33 8-8 RDS 7 36 6/7
Non-directed (CPAP)
LD MRHK 35 24 PTL, single kidney, F PTL 306/7 1770 (83) 43,0 28 7-8 RDS 38 362/7
Non-directed I (CPAP)

LD MRHK 32 20 - M per protocol 37217 3140 (62) 47,0 35 8-8 hypoglycemia 6 3817



Non-directed ] | | | | ]
LD MRHK 32 20 PTL F PTL 36 6/7 -
Non-directed
LD MRHK 39 31 - M per protocol 3707 2960 (51) 47,0 35 8-9 TTN 3 37317
Non-directed (no need for O,)
LD Hyster- 43 31 p. accreta, PE F PE 36 6/7 2400 (18) 46,5 33 8-9 - Newborn nursery
ectomy Non-directed
leiomyoma
LD MRHK 30 31 GHT, polyhyd: i M perp 1 3707 3025 (29) 50,0 34 4-9 TTN 4 374/7
Non-directed PPV at delivery
LD MRHK 38 33 PTL, p.previa, vaginal M PTL, p.previa 324/7 2350 (88) 45,0 32 7-8 RDS (CPAP), 29 365/7
Non-directed bleeding preterm apnea
anemia
LD MRHK - M PPROM 37017 =
LD MRHK 38 | 30 | PTL F PTL 356/7 2325(29) 50,0 | 32 8-8 Apnea, O, therapy 3 36 1/7
Non-directed and stimulation
DD MRHK - F - 342/7 1930 (26) - 9-9 -
DD MRHK GDM, GHT PPROM GHT, GDM 34277 2480 - 8-9-9 -
DD MRHK ? 30 GHT, sCrea?t M sCreat 346/7 2600 (80) - 7-8 7 350/7
DD MRHK - - 371/7 3022 - 8/9 -
LD MRHK 53 30 GDM, p.previa F per protocol 353/7 2115 (20) 9-10-10 - -
Mother Vesicovaginal fistula, -
recurrent UTI, sCreat
before pregnancy
DD MRHK 19 24 GDM (insiilin use), M per protocol 346/7 2740 (75) 7-9-9 - -
Non-directed vaginal stenosis, -
sCreat, leukopenia,
Cl.difficile colitis with
perforated appendicitis
LD MRHK 48 26 GHT F per protocol 3627 2300 (19) - 10-10-10 - -

LD MRHK 23 23 PTL, PPROM M PTL 351/7 2180 (21) 45,0 - 9-10-10 hypoglycemia, 3 354/7
Mother hypothermia, (2376 gr)

1700 (14)

IUGR

LD 50 24 PTL, anemia F PTL 35177 2620 (70) 47
Mother
T N O N
Twin

PTL, PE, sCreat

1845 (54) adrenal cyst,

COVID, inguinal

DD MRHK 37 30 COVID E Fever 34017 1700 (14) - Resp-assistance 1




Utx transplants

* Mostly live donor

e Live donor complication rate 2 10 % (requiring further correcting
surgery)

e RKMH, pp hysterectomy

* globally, 71% of Utx grafts have survived

* Pregnhancies complicated by preeclampsia, cholestasis
* 76% of deliveries <37 weeks gestation



First Successfull Uterus Tx From Cadaver

* Turkey in 2011
e Deceased donor
* MRKH synd

* Postop 20 days menstruation

'Y//




External iliac arteries and veins and Uterine arteries and uterin veins
End to side anastomoses

Sacrouterine ligament

Round ligament

Vagino-neovaginal anastomoses

Vesicouterine peritoneal reflection

The entire procedure =8 hours

2 hours—>allograft procurement

30 minutes for transfer and the
(remaining time for uterus implantation)







Immunosuppressive protocol
* Induction phase

e ATG: 100-300mg/day for 10 days
* prednisolone: 1000 mg IV on day 1; then slowly tapered to 20 mg/day

* The maintenance

* tacrolimus (Prograf, 0.2 mg/kg/day with blood levels between 15 and 20
ug/ml in the first month, 12-15 pg/ml in the second month )

* Mycophenolate mofetil (Cell Cept, 2 g/day)
* prednisolone: 10 mg/day

Induction therapy Maintenance therapy

Intraop Day1 Day 2 Day3 | Day 4 Day5 Day 6 Day 7 Day 8
Thymoglobulin 1.5 mg/kg 60 mg
Methylprednisolone 1g 200 mg 160 mg 120 mg I 80 mg 40 mg
Tacrolimus 3mgevery12h 4 mgevery12h 5mgevery12h 6 mgevery12 h
Mycophenolate mofetil 720 mgevery 12 h
Prednisone 20 mg 20 mg 20 mg




Totally 7 pregnancy
* 1 live birth

* 1 chemical pregnancy

* 5 missed abortus(7-8-9 week)
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 ET after revision surgery
* Pregnancy progressed well beyond 9 w
* PPROM at 19 weeks



Cervical length 24 weeks
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* Delivery at 28 weeks
* IUGR, preeclampsia?
* PPROM







Newborn

e 760. gr ( 5 percentil)

 APGAR 5-7-8

e pH: 7.27

* NICU = discharge at 79th day

* 35 months old with normal development
milestones
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2nd Uterus Transplant in Turkey

e 27 July 2021
* Donor, 37y, G4P4, brain death, SAH (multiorgan donor)
* Recipient, 32y, RKMH

* Operation technique
e Addition of ovarian veins
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* Post operative bleeding =2 re-operation
* Mild rejection third month (pulse steroid)
* 6 months after Utx —> ET



* Pregnancy + at first attempt

* At 28 w PPROM

* Regular contractions, vaginal bleeding

* Genital warts

e ¢/s birth 29 weeks

e 1720 g female fetus

* NICU = discharge at 47th day

* 11 months old with normal development milestones
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ORIGINAL ARTICLE

Birth of a Healthy Baby 9 Years After a Surgically Successtful
Deceased Donor Uterus Transplant

Omer Ozkan,”BX Ozlenen Ozkan,” Nasuh Utku Dogan,T Mustafa Bahceci,i Inane Mendilcioglu, i
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Objective: To describe surgical procedures, previous failed pregnancies,
methods for overcoming pregnancy failure and, most importantly, birth of
a healthy infant, in a uterus transplantation from a deceased donor.
Background: Majority of uterus transplants have involved live donors, but
several advantages make deceased donor transplantation a practicable option,
principally by eliminating surgical risks to the live donor.

(Ann Surg 2022;275:825-832)

bsolute uterine factor infertility affects 3% to 5% of all repro-
ductive women, and no treatment for this condition has been
available until recently.! Surrogacy and adoption are alternative
methods for overcoming uterine-related infertility, although surro-
oacv is not leeal in manv conntries. and adontion does not establish a



EDITORIAL

The History of Uterus Transplantation, Rewritten

Giuliano Testa, MD, MBA,BX Greg J. McKenna, MD, and Liza Johannesson, MD, PhD

U terus transplantation is a fertility treatment that allows women affected by absolute uterine
infertility to experience pregnancy and give birth. Until the report by Dr. Ozkan and his group,
the first live birth following uterus transplant had been announced in 2014 by Brinnstrém et al,' and
the first birth after a deceased donor uterus transplant by Ejzenberg et al® in 2018. However, the 232
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Review
The Ozkan Technique in Current Use in Uterus Transplantation:
From the First Ever Successful Attempt to Clinical Reality

Omer Ozkan *, Ozlenen Ozkan ! and Nasuh Utku Dogan 2

1
2

Department of Plastic Surgery, Faculty of Medicine, Akdeniz University, 07070 Antalya, Turkey
Department of Gynecology, Faculty of Medicine, Akdeniz University, 07070 Antalya, Turkey
Correspondence: omozkan@hotmail.com

Abstract: Uterus-related infertility affects 3-5% of all young women, including Mayer-Rokitansky-
Kister-Hauser (MRKH) syndrome, hysterectomy, or severe Asherman syndrome. For these women
with uterus-related infertility, uterus transplantation is now a viable option. We performed the first
surgically successful uterus transplant in September 2011. The Donor was a 22-year-old nulliparous
woman. After five failed pregnancy attempts (pregnancy losses), ET attempts were discontinued
in the first case, and a search for underlying etiology was performed, including static and dynamic
imaging studies. Perfusion computed tomography revealed an obstructed blood outflow, particularly
in the left anterolateral part of the uterus. In order to correct blood flow obstruction, a revision
surgery was planned. By laparotomy, a saphenous vein graft was anastomosed between the left



e 230 candidates evaluated
* 16 women on the waiting list
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Future Perspectives

* Deceased donor use
 Alternative venous outflow-use (esp Ovarian vein)
* Minimal invasive surgery

* Bioengineered Uterus



Artificial Uterus??? Robotic hsytetectomy?

Laparoscopic surgeries??

Transgender
women?? Transgender male

hysterectomies??
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Original Basic Science—General

Transplantation of the Uterus in the Male Rat

Liu Yang, MD," Tong Wang, MD," Lin Chen, MD," Xia Li, PhD,? Yajuan Song, MD," Zhou Yu, MD, PhD," and
Baogiang Song, MD, PhD

Background. Uterus transplantation (UTx) is one of the potential methods to cure absolute uterine factor infertility of
transgender. However, this mostly comes with many technological challenges. Methods. Left inguinal UTx was performed
in 13 castrated male rats. End-to-end anastomosis of donor common iliac vessels to recipient femoral vessels was used
for transsexual UTx. Sampling was performed on day 30 after transplantation. Grafts were used to analyze the histological
changes. TUNEL assay was applied to stain the apoptotic cells. Immunological rejection was judged by flow cytometry.
Results. Six uteri, 4 ovaries, and 4 upper vaginas were found at day 30 posttransplantation. Similar histological changes
to proestrus, estrus, and diestrus of female rats were examined in the transplanted uteri. The histological changes of trans-
planted vaginas showed similarity to proestrus, estrus, and metestrus of the female rats. Follicles of different stages and cor-
pus luteum with distinct morphological appearances were also observed. The TUNEL assay revealed a higher apoptosis of
granulosa cells in transplanted ovaries compared with normal ovaries. Conclusions. A rat model of transsexual unilateral
inguinal uterine transplantation in castrated rats was established, which will provide a reference for bilateral transsexual UTx
in animals and genetically 46 XY individuals who wish to become real women through transsexual UTx.

(Transplantation 2023;00: 00-00). j




* 14 robotic-assisted UTx retrievals
* 4 |aparoscopic assisted
e Sweeden, China, India, Spain

* China oophorectomy in the premenopausal donor to retriev ovarian
vein



tissue engineered rat livers

TECHNICAL REPORTS
medicine

Organ reengineering through development of
a transplantable recellularized liver graft using
decellularized liver matrix

Basak E Uygun!, Alejandro Soto-Gutierrez'#, Hiroshi Yagi'#, Maria-Louisa Izamis!, Maria A Gu &
Carley Shulman!, Jack Milwid!, Naoya Kobayashi®, Amo Tilles', Francois Berthiaume'#, Martin | @ U
Yaakov Nahmias!#, Martin L Yarmush!* & Korkut Uygun! :




n/naturemedicine

b Ao

TECHNICAL REPORTS

namure IR
medicine

Perfusion-decellularized matrix: using nature’s platform
to engineer a bioartificial heart

Harald C Ott!, Thomas S Matthiesen?, Saik-Kia Goh?, Lauren D Black?®, Stefan M Kren?, Theoden I Netoff® &
Doris A Taylor®*
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Molecular Human Reproduction, Vol.26, No.3, pp. 167-178, 2020
Advance Access Publication on January 25, 2020 doi:10.1093/molehr/gaaa009

" molecular

human ORIGINAL RESEARCH
o reproduction

Towards uterus tissue engineering:
a comparative study of sheep uterus
decellularisation

T.T. Tiemann'?3, A.M. Padma'-?2, E. Sehic'2, H. Bickdahl4, M. Oltean'">,
M.). Song'-%®, M. Briannstrém'27 and M. Hellstrém (0 !:2%

ng DNA/mg tissue



Recellularisation

SF-SCs + P1 SF-SCs + P2 D SF-SCs + P3

SF-SCs + P1 G

SF-SCs + P1
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ORIGINAL ARTICLE: REPRODUCTIVE SCIENCE @
CrossMark

Bioengineered uterine tissue
supports pregnancy in a rat model

Mats Hellstrom, Ph.D.,>® Juan M. Moreno-Moya, Ph.D.,>P Sara Bandstein, M.Sc.,®® Eva Bom, Ph.D.,>¢
Randa R. Akouri, M.D., Ph.D.,*P Kaoru Miyazaki, M.D., Ph.D.,9 Tetsuo Maruyama, M.D., Ph.D.,d
and Mats Brannstrom, M.D., Ph.D.2P

Transplant




ARTICLES

112.11111'6
https://doi.org/10.1038 /s41587-020-0547-7 blOteCh.nOlogy

") Check for updates

A tissue-engineered uterus supports live births
in rabbits

Renata S. Magalhaes, J. Koudy Williams, Kyung W. Yoo, James J. Yoo and Anthony Atala® <
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& frontiers | Frontiers in Surgery

@ Check for updates

OPEN ACCESS

EDITED BY
Gaetano Gallo,
Sapienza University of Rome, Italy

REVIEWED BY
Nicolo Fabbri,

Azienda Unita Sanitaria Locale di Ferrara, Italy
Sitaramaraju Adduri,

University of Texas at Tyler, United States
Gennaro Selvaggi,

University of Miami, United States

*CORRESPONDENCE
Flavio Henrique Ferreira Galvao Av. Dr. Arnaldo
433, sala 3210. Sao Paulo-SP, Brazil. 01246-903

rvee Brief Research Report
PUBLISHED 20 April 2023
001 10.3389/fsurg.2023.1086651

Multivisceral transplantation of
pelvic organs in rats

Flavio Henrique Ferreira Galvao'*, Jun Araki,

Ana Bruna Salles Fonseca’, Ruy Jorge Cruz Jr’, Cinthia Lanchotte’,
Daniel Reis Waisberg®, Eleazar Chaib’, Lucas Souto Nacif’,

Maria Clara de Camargo Traldi’, Estrella Bianco de Mello',
Wellington Andraus’ and Luiz Carneiro-D’Albuquerque’

Laboratory of Medical Investigation 37, Department of Gastroenterology, Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sao Paulo, Sdo Paulo, Brazil, 2Division of Plastic and
Reconstructive Surgery, Shizuoka Cancer Center Hospital, Shizuoka, Japan, *Department of Surgery,
University of Pittsburgh, Pittsburgh, PA, United States



FIGURE 1
Incision details in male (A) and female (B) donors. Graft dissection in male (C) and female (D) rats.



RE3
emale graft: RO, right ovary; LO, left ovary; RGV, right gonadal vessels; LGV, left gonadal vessels; A/V, aorta and vena Cava; RU, right ureter; LU, left
er; R, rectum; U, uterus; B, bladder; VA, vagina; AN, anus. (B) Male graft: RT, right testicle; LT, left testicle; RGV, right gonadal vessels; R, rectum; A,
a; V, vena cava; B, bladder; PE, penis; AN, anus.

FIGURE 4
The final appearance of pelvic floor transplantation in a male subject.




Conclusion

-Utx transplantation still risky and experimental
 Risks from immunosuppression

* at least three surgical procedures

> initial allotransplantation

> Caesarian section to deliver the child (and a second section if a
second child is desired)

> graft hysterectomy after the delivery.
* a high-risk pregnancy

* Utx recipients (Transgender women??)

* Tissue bioengineering (Artificial Uterus)
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