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Methods for neovagina creation in women with Mayer-Rokitansky-Kiister-
Hauser syndrome for subsequent uterus transplantation

Roman Chmel Jr*®, Zlatko Pastor?, Marta Novackova?, Nikoleta Chubanovova?, Roman Chmel?

Mayer-Rokitansky-Kister-Hauser syndrome is a rare female congenital anomaly that presents with an inability to
have coital sexual intercourse and absolute uterine factor infertility. Both surgical and nonsurgical approaches have
been described for the treatment of vaginal agenesis to allow satisfactory coitus. Transplantation of the uterus has
the challenge of achieving pregnancy and delivery of her own genetic and biological children in a woman without a
natural uterus. Women of reproductive age with a congenital form of absolute uterine factor infertility are considered
appropriate recipients of a uterus in the experimental phase of uterus transplantation trials. A neovagina in the normal
anatomic position covered by natural non-keratinized mucosa is one of the main assumptions for surgical and repro-
ductive success in transplant recipients. More than 70 uterine transplants have been performed to date, and more
than 25 childbirths have been achieved by several research centers in the recipients of a uterus with uterine agenesis.
In women with Mayer-Rokitansky-Kiister-Hauser syndrome, skin-graft neovagina, Vecchietti’s vaginoplasty, and self-
dilation using Frank’s and Ingram’s methods are appropriate techniques to create a neovagina if transplantation of

the uterus is intended in the future.
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INTRODUCTION

Mayer-Rokitansky-Kiister-Hauser syndrome (MRKHS)
is a rare congenital anomaly characterized by agenesis of
the uterus and upper two-thirds of the vagina in women
with a normal female karyotype. The incidence is esti-
mated to be 1:4,500 births in female sex newborns!. As
the ovaries undergo normal development, women with
MRKHS have normal female secondary sexual charac-
teristics. The syndrome is usually revealed only during
adolescence, presenting with primary amenorrhea and/or
unsuccessful attempts of vaginal intercourse. MRKHS is
classified into two clinical types. The typical form (type I)
is associated with a symmetrical developmental disorder
of the caudal parts of the Miillerian ducts, which means
that both the uterus and upper part of the vagina are
absent and rudimentary uterine horns are often present,
while other organ anomalies are not associated. Together
with uterovaginal agenesis, malfunctions in the other or-
gans occur in the atypical form (type I1I) of MRKHS,
particularly in the renal, skeletal, and cardiac systems. The
most severe form of type Il is represented by Miillerian
Renal Cervical Somite (MURCS) syndrome??.

There are a plethora of techniques to create neova-
gina in women with MRKHS, but standardized therapy
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has not yet been established. The optimal neovagina has
original anatomic placement and is covered by natural
non-keratinized mucosa*. In women with MRKHS, re-
cent advances in assisted reproductive techniques have
helped achieve genetic motherhood by either gestational
surrogacy or uterus transplantation (UTx), which, being
in an experimental phase, may fulfill maternal desires in
some women with both congenital and acquired absolute
uterine factor infertility (AUFI). The first Czech child af-
ter UTx from a deceased donor was born in August 2019,
followed by a second childbirth in November 2019 from
the uterus of the newborn’s grandmother’. The presence
of a formed vagina is considered to be an a priori condi-
tion for subsequent UTx in women with AUFI.

The primary aim of the treatment of vaginal agenesis
is to create neovagina that is functional, both in terms of
its length and sexual satisfaction in the couple, and sub-
sequently, to increase woman’s overall quality of life and
well-being. Based on our recent research on sexuality and
interest in reproductive options in women with MRKHS
(ref.*®), the objective of this study was to describe the
most common methods of neovagina creation for differ-
ent aspects of subsequent UTX, particularly with respect
to post-transplant vaginal stenosis of the uterine-vaginal
anastomosis and reproductive success.
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METHODS

This study is based on literature review of nonsurgi-
cal and surgical methods for neovagina creation with
respect to subsequent uterus transplantation using the
Web of Science, Google Scholar and Medline data-
bases with keywords: absolute uterine infertility factor,
Mayer-Rokitansky-Kiister-Hauser syndrome, neovagina,
uterus transplantation. The analysis of the literature was
performed in context with the authors’ own long-term
experience in the treatment of women with MRKHS,
particularly regarding methods of neovagina creation and
experimental uterus transplantation.

RESULTS

Nonsurgical treatment

As the primary therapeutic goal in women with vagi-
nal agenesis is to ensure normal sexual intercourse by cre-
ating an anatomically appropriate and sexually functional
neovagina, the decision regarding the timing and initiation
of treatment for neovagina creation should be preceded by
detailed psychological and sexological examinations. The
method of neovaginal formation should be offered only
to psychologically and emotionally mature adolescents
or young women willing to begin vaginal intercourse im-
mediately after the treatment.

In MRKHS women with only partial vaginal agenesis,
attempts at sexual intercourse affects the formation of
vagina in terms of length and width. Howeyver, if the depth
of the vaginal dimple is insufficient, dilation therapy is
recommended. A success rate of 95% has been demon-
strated in a study of 245 women with MRKHS using vagi-
nal dilators’.

The most common dilation therapy is Frank’s method,
which was first described in 1938, and neovagina was
created using dilators of gradually increasing length and
width®. This method is based on the effect of local pres-
sure on the vaginal dimple. To achieve an adequate effect,
self-dilation should sustain for at least 2 h daily. After
approximately 6 months of dilation, sufficient functional
dimensions of the vagina are usually achieved. Frank’s
dilation method is lengthy and should be utilized by highly
cooperative patients. This nonsurgical method provides
the optimal length for neovagina, and therefore, may be an
optimal technique for subsequent UTx. Moreover, candi-
dates’ level of compliance is assessed before transplanta-
tion using self-dilation, as a high level of compliance is
necessary to initiate the complex long-term treatment of
AUFT using UTX; this is important in the experimental
phase, when several aspects are unknown and are cur-
rently being researched in human trials.

Ingram’s method was introduced in the 1980s as an
alternative to Frank’s technique, which uses a woman’s
own body weight together with the effect of gravity®. The
dilation is performed by the patient sitting in a slight for-
ward bend on a bicycle seat, thereby creating pressure on
the perineum. To succeed, multiple sessions of 30 min
every day are required.
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The advantages of both the dilation techniques include
minimal morbidity and a low rate of complications. The
treatment itself is patient-driven and relatively easy to per-
form; and, it is performed in an outpatient setting, with a
favorable cost-benefit rate.

Patients’ non-compliance due to the duration of
therapy, the risk of accidental urethral dilation, and post-
dilation vaginal prolapse are few potential disadvantag-
es of both nonsurgical methods of neovagina creation.
Moreover, the treatment regimen can psychologically af-
fect the women, including shame and embarrassment, as
the therapy reminds them of their congenital handicap'.
In contrast, an important advantage of this technique is
the avoidance of intraabdominal pelvic adhesions, such as
intestinal vaginoplasty, that can arise frequently after sur-
gical methods and can be an obstacle to successful UTx.

If nonsurgical methods fail, surgical creation of neo-
vagina is still possible. In such cases, it is advantageous
that the patients undergoing dilation procedures should
be compliant with mandatory dilation after surgical cre-
ation of neovagina. Howeyver, the criteria for failed dilation
are not defined in terms of overall duration of the treat-
ment and optimal timing of the onset of dilation.

Moreover, the frequency of dilation is more important
than the overall duration of therapy. Three vaginal dila-
tions daily for 10-30 min can help achieve anatomical
success faster than that with one prolonged dilation daily;
however, the functional success rate does not differ!!. The
length of the dilated neovagina usually does not correlate
with the onset of coital sex, but gently penetrative vaginal
intercourse can accelerate the dilation of the neovagina
and should begin when the patient is ready.

Surgical treatment

The surgical approach is preferred when the dilation
of the neovagina fails. There are two surgical techniques
for neovagina creation in women with MRKHS. The first
technique is a traction method, such as the Vecchietti’s
procedure, while the second comprises several graft-
based procedures using various types of grafts to form
the neovagina. There is no consensus on the preferred
surgical method; however, patients should be referred to
centers specialized in reconstructive neovaginal surgery.
Laparoscopic-assisted techniques are currently more ac-
ceptable than laparotomy procedures, particularly due
to their minimally invasive nature and cosmetic reasons.
Robot-assisted laparoscopy also ensures safe surgery with
minimal risk of postoperative complications'?. Pros and
cons of each method of neovagina creation are summa-
rized in Table 1.

Vecchietti’s vaginoplasty

This type of vaginoplasty was originally described by
Vecchietti in 1965 (ref.'®). It is probably the most popular
technique for surgical creation of neovagina in Europe.
It is considered a surgical version of the Frank’s method,
as it combines both surgical and dilation approaches. In
1994, laparoscopic modification of this procedure was
described by supporters of Vecchietti’s technique'®.
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Table 1. Pros and cons of different neovagina creation methods in relation to subsequent uterus transplantation.

Method of neovagina creation

Pros

Cons

Dilation

Normal vaginal epithelium

Minimal morbidity

Low rate of complications

Patient-driven treatment

Relatively easy to perform in an outpatient
setting

Favorable cost-benefit rate

Avoidance of intraabdominal pelvic adhesions

(important for subsequent uterus transplant)

Non-compliance due to the duration of
therapy

Painful dilation

Accidental urethral dilation
Post-dilation vaginal prolapse

Vecchietti‘s vaginoplasty

Normal vaginal epithelium

No postoperative intraabdominal adhesions
Presence of a normal vaginal microbiome
Relatively short duration of postoperative

Risk of intraoperative injury to the bladder
and rectum

dilation
High anatomical success rate

Abbe-Mclndoe’s vaginoplasty No abdominal surgery

Optimal length of neovagina achieved

No natural vaginal epithelium

Cosmetic consequences after skin grafting
Vaginal infection

Intravaginal hair growth

Intestinal vaginoplasty Quality of lubrication

Highest length of neovagina

Intraabdominal pelvic adhesions (crucial

obstacle for subsequent uterus transplant)
Highly invasive method

Stenosis of the vaginal introitus requiring

dilation

Vaginal discharge

Davydov’s method Optimal size of neovagina

Postoperative deep pelvis adhesions
Vaginal discharge
Risk of vaginal stenosis

Williams’s vaginoplasty Simple procedure

Optimal surgical effect

Long-term postoperative dilation
Inappropriate axis of neovagina
Risk of intravaginal hair growth and scarring

The surgical method involves creation of neovagina
by gradual stretching. The traction device is placed supra-
pubically and then connected to the threads introduced
transperineally, crossing the vesicorectal space. Under
laparoscopic control, Vecchietti’s thread-bearing needle is
introduced and passed subperitoneally until reaching the
vesicorectal space. An olive-like bead is positioned with
threads on the perineal side of the vaginal dimple, and the
opposite side of the Vecchietti’s needle is brought back
with two threads through the abdominal wall. Threads
are attached to the traction device on the anterior ab-
dominal wall. A cylinder-shaped phantom connected to
the traction mechanism is gradually tightened, causing
an invagination in the vesicorectal space to grow both
in length and width. The integrity of the bladder and
rectum should be checked immediately with cystoscopy
and rectoscopy control. The traction should be applied
sensitively because excessive traction can cause necrosis
of the vaginal epithelium. The Vecchietti supporting de-
vice is usually removed when the neovagina is 7-8 cm
long. Thereafter, the women are instructed to perform
dilation for several hours every day during the first post-
operative month. Estrogen-based vaginal creams are ap-
plied to stimulate vaginal epithelialization. Intensive use
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of dilators usually ceases one month after surgery, and
vaginal sexual intercourse is allowed when the neovagina
is covered by normal vaginal mucosa that is essential for
UTx; also, the presence of a normal vaginal microbiome
is considered important, particularly for the reproductive
success of the treatment of AUFI using UTx together with
assisted reproductive technologies.

The Vecchietti procedure is effective and safe, with
a low complication rate*. Based on the principles of
the surgery and due to previous experience with UTX in
recipients with Vecchietti-based neovagina in the Czech
Republic and Germany, Vecchietti’s vaginoplasty is ap-
propriate for the surgical and reproductive success of
subsequent UTx (ref.'®").

Abbe-McIndoe’s vaginoplasty and its modifications

This surgical method was pioneered by Abbe in 1898,
but was described by McIndoe in 1938. It requires cre-
ation of a tunnel in the rectovesical space. Tissue dissec-
tion is performed between the urethra and urinary bladder
anteriorly and rectum posteriorly with the Douglas pouch
being the upper and posterior bound. A split-thickness
skin graft is placed on a vaginal stent with the dermal part
facing outside and inserted into the dissected rectovesical
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space. The margins of the skin graft are sewn to the pre-
pared perineal margins. This method requires no transab-
dominal approach. A vaginal stent with the channel inside
helps to clean the neovagina daily. Approximately 10 days
postoperatively, the vaginal stent is removed. However,
as an autologous skin graft is needed, McIndoe’s vagino-
plasty leaves a scar on the anterior part of the thigh or
gluteal region. Moreover, the risk of neovaginal squamous
cell carcinoma has been reported!®. The vaginal mold has
to stay intact for approximately three months, and later,
patients are advised to use the mold during the night for
the following three months. Six months postoperatively,
the mold has to be inserted three times weekly until the
patient can have regular sexual intercourse. A cream with
protein extract can be applied to enhance epithelialization
of the neovagina. The McIndoe’s technique has a risk of
vaginal infection and requires skin grafting, and thus, may
not be optimal for neovagina creation before the intended
UTX, although reproductive success in recipients of the
transplanted uterus with neovagina has been achieved”.

Different modifications of the Mclndoe’s tech-
nique have been described till date. The use of amniotic
membranes is a promising and immunologically safe
alternative, with no rejection problems®. An innova-
tive modification of the McIndoe’s technique using au-
tologous in vitro cultured vaginal tissue was described in
2015 (ref.?"). Using this method, patients undergo muco-
sal biopsy from the vaginal vestibule before treatment.
Further, the vestibular cells are extracted by enzymatic
dissociation, placed on a special medium, and cultured
in vitro. Thereafter, mucosal tissue development requires
2-3 weeks. The dilation of the neovagina begins 10 days
postoperatively. Moreover, as autologous tissue is used,
there is no risk of rejection, and women with this type
of neovagina can have a satisfactory sexual life because
of the feeling that their vagina is made up of own vaginal
tissue??.

Intestinal vaginoplasty

Using an open or laparoscopic abdominal-perineal sur-
gical approach, an approximately 15 cm segment of the
sigmoid colon or small intestine is mobilized on the vas-
cular pedicle, preserving the blood supply. The continuity
of the bowel is restored using end-to-end anastomosis. The
proximal end of the graft is closed, and the distal part is
moved to the perineum after dissection of the rectovesical
space. The lumen of the newly created neovagina is filled
with gauze for several days postoperatively. A noticeable
advantage of this method is that it does not require long-
term regular vaginal dilation. However, stenosis of the
muco-cutaneous junction, decreased quality of sexual life
due to excessive mucous neovaginal discharge, ulcerative
colitis of the intestinal graft, and occurrence of squamous
cell carcinoma or adenocarcinoma have been reported .
Moreover, due to significant morbidity (particularly neo-
vaginal stenosis and infection due to intestinal bacterial
flora), intestinal vaginoplasty is considered inappropriate
in women with MRKHS willing to undergo UTx in the
future. Therefore, this method is currently reserved for pa-
tients with complex anomalies of the genitourinary tract.
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Davydov’s method

This surgical procedure uses the patient’s peritone-
um as the lining of the neovagina?. Similar to the other
techniques, the vesicorectal space is dissected until the
peritoneum is reached. The laparoscopically mobilized
peritoneal sac is opened, pulled downward through the
preformed vesicorectal pouch, and then stitched circum-
ferentially with the vaginal edges. The apex of the vagina
is created with the suture of the peritoneum and large
bowel serosa. A vaginal mold is inserted for 6 weeks, fol-
lowed by daily vaginal dilation for 30 min till the woman
is sexually active. Davydov’s technique using laparoscopic
approach is effective and safe when performed by special-
ized surgeons®"*8. However, when the neovagina creation
fails postoperatively, deep pelvis adhesions may prevent
both reoperation to recreate the neovagina and successful
transplantation of the uterus. Therefore, this operation
could be unsuitable in women with MRKHS interested
in subsequent UTx.

Williams’s vaginoplasty

This surgical technique is simple to perform and starts
with a U-shaped incision in the skin across the perineum
till the medial side of the labia to the level of the external
meatus of the urethra®. The tissue is mobilized, and the
first layer of stitches is placed between the inner skin mar-
gins. To support the neovagina, a second layer of stitches
is performed between the subcutaneous fat and perineal
muscles. At the end of the procedure, an approximately
5 cm neovaginal channel is created, and the external skin
of the labia majora is sutured to form a short vertical
vagina. Long-term dilation is necessary after the surgery.
Optimal surgical success can be achieved, particularly in
women with an impressionable vaginal dimple. However,
an inappropriate axis of neovagina, together with the risk
of vaginal hair growth and scarring, are the main disad-
vantages that hinder subsequent UTx.

DISCUSSION

The encouraging results of the first Swedish human
UTx trial with the first transplant performed in 2012
and the first child born from the transplanted uterus
subsequently in 2014 brought hope to many women with
MRKHS worldwide to fulfill their maternal desires'*3°.
The first promising results of the above experimental UTx
trial raised new issues, including suitable modalities for
the neovagina creation in women with MRKHS as poten-
tial candidates for subsequent UTX. It is difficult to define
the success of the neovagina creation therapy, but it can
be considered for anatomical and functional satisfaction
with surgical and nonsurgical modalities. Moreover, the
creation of the neovagina primarily allows coital sex, al-
though it also helps to improve the feeling of femininity
and quality of life in women with uterovaginal agenesis.
A Czech study on sexuality in women with MRKHS af-
ter Vecchietti’s vaginoplasty revealed that 97% of their
male sexual partners failed to recognize that they had
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a surgically created neovagina®. This could be a sign of
overall successful therapy. Therefore, as there is no de-
fined minimal length of the neovagina associated with
functional satisfaction in women with MRKHS, success
should be simply defined as the creation of neovagina al-
lowing comfortable sexual activity. According to Masters
and Johnson, the nulliparous vagina is 7-8 cm from the
introitus to the posterior vaginal fornix when not stimulat-
ed, but it may lengthen by 3-4 cm during sexual arousal®.
Based on preliminary results of UTx studies, the length of
the neovagina in UTx candidates is an important aspect
of both surgical and reproductive success.

A holistic approach to the management of women
with MRKHS is essential. While anatomical correction
using any of the above techniques is an important aspect
of the therapy, psychological and sexological support is
crucial to improve the emotional well-being and quality
of life in women with MRKHS and newly created neova-
gina. Therefore, women with this rare congenital anomaly
should be treated at specialized multidisciplinary centers.

Approximately 75 UTx have been performed world-
wide, but no trials have been conducted to compare the
suitability of the different methods of neovagina creation
in women with MRKHS for surgical and reproductive
results of the subsequent UTx (ref.*). The first review on
this topic focused on anatomical criteria essential for the
success of subsequent UTx was reported by German re-
searchers in 2019 (ref.3?). As research activities in the field
of UTx are accelerating rapidly and more than 25 children
have been born after UTx in several centers worldwide,
the criteria for the optimal method of neovagina creation
in potential recipients of the uterus for surgical and repro-
ductive success should be studied continuously.

The foremost UTx from a living donor in Saudi Arabia
was performed in a woman with her own vagina after
hysterectomy because of the life-threatening intrapartum
hemorrhage??, but the absolute majority of the further
uterine transplants were performed in women with con-
genital absence of the uterus and vagina. The second UTx
from a nulliparous deceased donor was performed in a
young woman with MRKHS in Turkey. The recipient of
the uterus had the neovagina created using a free jeju-
num segment, and she experienced several missed abor-
tions without final reproductive success**. The origin of
the neovagina was unlikely to be the reason for missed
abortions, although this speculation lacks evidence. Some
Czech and German recipients of transplanted uterus with
MRKHS had the neovagina created using surgical tech-
niques'®, whereas in those at the other UTx centers, such
as Cleveland and Dallas, USA, the neovagina was created
exclusively by self-dilation?>-3¢. Based on the initial Czech
UTx research regarding both sexuality and interest in UTx
in a group of women with MRKHS with surgically created
neovagina using the laparoscopic Vecchietti method*®,
the gynecological requirements for the forthcoming UTx
study were vaginal length of at least 7 cm, natural vaginal
axis, and normal vaginal epithelium. Finally, in the Czech
group of 10 recipients with transplanted uterus, a total of
six women underwent laparoscopic-assisted Vecchietti-

based neovagina creation, while another three had their
own vagina, and only one underwent a self-dilated neo-
vagina creation using the Ingram’s method’. Two recipi-
ents of the Vecchietti’s neovagina lost their uteri early
post-transplant due to thrombosis of the graft vessels. In
one recipient with her own vagina, early post-transplant
herpes simplex virus infection of the graft caused destruc-
tion of the uterine cavity and subsequent hysterectomy!®.
Clinically significant stenosis of the uterine-vaginal anas-
tomosis was confirmed early postoperatively in four out
of seven Czech recipients of functional transplanted uteri.
However, only one recipient with stenosis had surgically
created neovagina while two had their own vaginas, and
one self-dilated neovagina®. Based on this experience in
the Czech women, no specific type of vagina is a risk
factor for posttransplant vaginal stenosis formation.
Therefore, we can speculate that the stenosis of the uter-
ine-vaginal anastomosis is associated with disproportion
between the large cervix of the donor’s uterus and narrow
vaginal/neovaginal vault of the recipient'®.

Similar to the Czech approach, the German research
group from Tiibingen selected potential recipients for
UTx from the MRKHS candidates with self-dilation
or Vecchietti-based neovagina creation. In the German
group of recipients of the uterus, three out of four had
neovagina created surgically and only one by self-dilation.
Posttransplant stenosis of the uterine-vaginal anastomo-
sis, which could be an obstacle for both posttransplant
cervical biopsies to control histopathological signs of
subclinical rejection and non-traumatic introduction of
embryo transfer catheter to the uterine cavity have not
been reported by a German group'.

The recipients of uteri from living donors in the first
human UTx trial conducted in Gothenburg, Sweden, had
nonsurgically (self-dilation using Frank’s method) and sur-
gically (particularly skin-graft method) created neovagina,
but no early stenosis of the graft-to-vagina anastomosis
was described in this study'. However, in case of the first
childbirth after robot-assisted uterus procurement from a
living donor in the second Swedish UTX trial, the authors
confirmed severe posttransplant vaginal constriction with
the necessity of surgical correction. This 33-year-old re-
cipient of the uterus had MRKHS and had previously
undergone skin-graft neovagina surgery?’.

The recommendation of the American College of
Obstetricians and Gynecologists for neovagina creation
in women with MRKHS is based on nonsurgical dilation,
and the same approach is also the method of choice in
France?®. This should be the first-line approach, with sur-
gery reserved for patients with unsuccessful dilation ther-
apy or those refusing nonsurgical approach and preferring
surgery’. Researchers from the United States (Dallas and
Cleveland) have experience with uterine transplants in
recipients with previously self-dilated neovagina, and both
the groups have achieved reproductive success® .
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CONCLUSION

Abbe-McIndoe’s skin-graft technique, Vecchietti’s
vaginoplasty, and Frank’s and Ingram’s self-dilation tech-
niques are appropriate methods of neovagina creation for
both surgical and reproductive success of UTX in the treat-
ment of AUFI. However, despite the promising results
of experimental UTx studies to date, the primary goal
of treatment in women with MRKHS remains achieving
satisfactory sexual activity using the selected method for
neovagina formation. Moreover, only a few women with
MRKHS can anticipate achieving maternity in the future
through the complex treatment of AUFI using UTx and
assisted reproductive technologies.

Search strategy and selection criteria

A literature review of nonsurgical and surgical meth-
ods for neovagina creation with respect to subsequent
uterus transplantation using the Web of Science, Google
Scholar and Medline databases with keywords: absolute
uterine infertility factor, Mayer-Rokitansky-Kiister-Hauser
syndrome, neovagina, uterus transplantation, in the con-
text of the authors’ own experience with both neovagina
creation methods and experimental uterus transplanta-
tion.
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