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ABSTRACT

OBJECTIVES: Mayer-Rokitansky-Kuster-Hauser (MRKH) syndrome is the most common cause of uterine
and uterine tubes absence/underdevelopment and the second most common cause of primary amenorrhea.
It is characterized by a congenital agenesis of the uterine tubes, uterus, cervix, and upper part of the
vagina. This study presents our 10 years of experience with the diagnostics and therapeutic management of
patients with MRKH syndrome. We also focused on the description of anatomical deviations of the female

reproductive organs.

MATERIALS AND METHODS: We studied a cohort of 16 patients hospitalized with MRKH syndrome between
2011-2020. We analysed the age at diagnosis, clinical signs and symptoms, diagnostic techniques, methods
of neovagina creation, and anatomical anomalies of the female reproductive organs.

RESULTS: The mean age of our patients at the time of diagnosis was 16.75 years. The most frequent clinical
manifestations were primary amenorrhea (56.25 %), pelvic pain (31.25 %) and coitus-associated problems.
We used two methods of neovagina creation. In six patients we used the non-surgical Frank’s dilators
method. The vaginal length at the beginning of the dilation was 1.5-2 cm. In 4 patients the vaginal length
was under 1 cm, so we performed surgical neovagina creation using the laparoscopic Vecchietti method.
An-other two patients could create the vagina via regular sexual intercourse. Based on magnetic resonance
imaging and ultrasound examination, the following anomalies were observed: complete agenesis of the
uterus (50 % of cases), fibrous band (25 %) and rudimentary uterus (25 %).

CONCLUSIONS: Satisfactory results in the attempt to create a neovagina can be obtained by both non-
surgical and surgical methods. Modern medicine provides many therapeutic measures, which make it
possible for the affected women to have a normal sexual life (Tab. 1, Fig. 3, Ref. 37). Text in PDF www.elis.sk
KEY WORDS: Miillerian agenesis, Mayer-Rokitansky-Kuster-Hauser syndrome, congenital anomalies of

uterus, diagnosis, treatment, classification discrepancy.

Introduction

Development of the female internal reproductive organs is a
complicated process from several embryonic perspectives. The
first important aspect to consider is the fact that the primordia
of both the male and female reproductive organs start to develop
in each embryo regardless of sex. Both sets of ducts develop on
the surface of the mesonephros during a period referred to as the
indifferent stage of sexual development. In females, the absence
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of anti-Millerian hormone and SRY gene conditions the regres-
sion of the Wolffian ducts and permits further differentiation of
the Mullerian ducts. Secondly, after the regression of the Wolffian
ducts, the paired Mullerian ducts must undergo a partial fusion,
an extremely important process in the proper development of the
unpaired uterus and upper two thirds of the vagina. This fusion is
followed by the resorption of the midline fused segments in the
uterus, uterine cervix and upper vagina. The non-fused superior as-
pect of each Miillerian duct develops into the left and right uterine
tube (1-3). This complicated development of the Miillerian ducts
is controlled by various genes, for instance Pax2, Lim1 (Lhx1),
Emx2, Wnt4, or Wnt9b. Their mutations can result in partial or
complete agenesis of the Miillerian ducts, which results in under-
development or even non-development of the uterus, upper por-
tion of the vagina, and, in some cases, the uterine tubes (4). This
Muillerian agenesis is also known as Mayer-Rokitansky-Kuster
-Hauser (MRKH) syndrome and has a reported incidence of one
in 4,000-5,000 female live births (5).

MRKH syndrome can be classified into two types. In the typi-
cal form, the caudal parts of the Mullerian ducts are affected in a
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symmetric pattern. This results in the absence of the uterus and the
upper portion of the vagina, while the uterine tubes remain normal
and no extragenital abnormalities are present. The atypical form
in characterized by asymmetric hypoplasia of the uterine primor-
dia, with or without dysplasia of the uterine tubes, and frequent
co-existence of renal and ovarian defects (6). MRKH syndrome
usually manifests during adolescence with primary amenorrhea,
but can be delayed until adulthood with infertility or sexual dys-
function as the signs of the condition (7).

This study presents our 10 years of experience with the diag-
nostics and the following therapeutic management of the patients
with the MRKH syndrome. All the patients were examined at the
largest department of gynaecology and obstetrics in the Slovak
republic (circa 5.5 million inhabitants). We also report the descrip-
tions of anatomical deviations of the female reproductive organs
found in our patients.

Patients and methods

We studied a cohort of 16 consecutive patients, who had been
investigated for MRKH syndrome at the Department of Gynaecolo-
gy and Obstetrics, Faculty of Medicine, Comenius University in
Bratislava and University Hospital Bratislava, Slovakia, between
January 2011 and December 2020. Informed consent was obtained
from all the patients involved in the study. We analysed the age
at diagnosis, clinical signs and symptoms, techniques used in the
diagnostic process, age of the consultation for neovaginal creation,
methods of neovagina creation, and anatomical anomalies of the fe-
male reproductive organs. Success of treatment was defined by crea-
tion of a neovagina that would enable normal sexual intercourse.

Results

Consultations and examinations were performed in the pres-
ence of at least one, but preferably both parents. We carried out
the consultations in multiple sessions. At the beginning of the first
session, during which the definitive diagnosis was established, we
focused on detailed anatomical description of the syndrome and its
characteristics. Discussing the negative aspects of the condition,
we gently formulated the question regarding the inability to have
sexual intercourse. Promptly after these types of questions, we
tried to give the patients hope by explaining the modern options
of neovagina creation — both surgical and non-surgical methods.
From our experience, the first session is not suitable for a detailed
explanation of the procedure and the necessity of patient coopera-
tion during the neovagina formation. This is discussed only when
the time comes. One of the greatest psychological distresses for the
patient is the realization that due to the absent uterus, they won’t
be able to bear a child. We tried to give the patients hope in this
regard by addressing this with an adoption, which is the most viable
option in Slovakia. We also informed the patients about the ges-
tational surrogacy. However, the legal aspects of gestational sur-
rogacy in the Slovak Republic are not resolved. We always try to
give our patients hope that they will be capable of having normal
sexual intercourse and will be allowed to raise a child. This stra-
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tegy was perhaps the reason, why we didn’t encounter any serious
psychological problems in our cohort.

Age
The age range in our cohort was 9-20 years at the diagnosis.
The mean age was 16.75 years.

Clinical signs and symptoms

The most frequent clinical manifestation of the MRKH syn-
drome, which led the patients to contact a gynaecologist, was pri-
mary amenorrhea. It occurred in nine cases (56.25 %). The age
range for this sign was 16-19 years. The second most frequent
clinical manifestation was pelvic pain. It occurred in five cases
(31.25 %). The age range for this symptom was 9-18 years. Coitus-
associated problems (reflexive spasm of the vaginal opening and
the ensuing difficulty of penile-vaginal penetration) occurred in
one 20-year-old patient. This patient hadn’t been concerned with
primary amenorrhea until that time. The last patient of our cohort
was diagnosed with MRKH syndrome upon examination for a
non-specific sign of the syndrome. A paediatric gynaecologist
examined this 10-year-old with suspected vulvitis acuta. During
visual inspection of the external genitalia, imperforate hymen was
suspected. Subsequent ultrasound examination revealed absence
of the uterus.

Diagnostic techniques

The basic diagnostic method for MRKH syndrome is ultra-
sound examination. It was performed in all 16 patients in our co-
hort. In seven patients (37.5 %), definitive diagnosis was estab-
lished by ultrasound examination exclusively. In another seven
patients, the diagnosis was established by a combination of ultra-
sound and magnetic resonance imaging (MRI). MRI scan was
performed in case of inconclusive ultrasound findings, but also to
search for associated anomalies in other organ systems, if a pa-
tient presented with additional signs or symptoms, for example
low back pain or other symptoms indicating a possible issue in
the organs of the urinary system. One 18-year-old patient with a
pelvic pain was diagnosed during a diagnostic laparoscopy and
one 17-year-old patient with a primary amenorrhea was diagnosed
by computer tomography (CT) scan. These two patients had not
been examined by a gynaecologist before and had not previously
undergone gynaecologic ultrasonography. In both cases, the pa-
tients presented with acute abdomens. The MRKH syndrome was
diagnosed unexpectedly during diagnostic laparoscopy or CT scan.
This highlights the fact that MRKH syndrome can be occasionally
diagnosed incidentally.

The age of consultation for neovaginal creation

From the whole cohort, 13 patients underwent consultations
for neovaginal creation, accounting for 81.25 % of cases. The age
range of these patients was 17-23. The majority (9 cases, 56.25 %)
were between 17-19 years of age at the time of consultation coin-
ciding with the time of coitarche. Before treatment, we discussed
treatment course, complications, and benefits with all the patients
in detail. Every patient was offered a psychological consultation.
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Fig. 1. Transverse sections of a magnetic resonance scan of the lesser pelvis in a patient with
MRKH syndrome. The uterus and upper vagina are absent.
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Fig. 2. Sagittal and transverse sections of a magnetic resonance scan of the lesser pelvis in a
patient with MRKH syndrome. The uterus is absent.
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Fig. 3. Sagittal and transverse sections of a magnetic resonance scan of the lesser pelvis in a
patient with MRKH syndrome. The uterus is absent.

Seventy-five percent of the patients accepted this offer, 25 % re-
fused it. The vaginal length was between 1-2 cm. From the three
patients, who didn’t undergo consultation, the first was 9 years old,
the second was 10 years old, and finally the third (a 21-year-old)
hadn’t considered starting her sex life yet.

The methods of neovagina creation

In six patients (37.5 %) we chose a non-
surgical Frank’s dilators method. The vagi-
nal length at the beginning of the dilation
was 1.5-2 cm. In four patients (25 %) the
vaginal length was under 1 cm, so we chose
to perform surgical neovagina creation with
a traction vaginoplasty using the laparo-
scopic Vecchietti’s method. In summary,
from the 13 patients, who went through
the consultation for neovagina creation, 10
patients underwent the procedure (62.5 %).
From among the three patients, who decided
against the procedure, two were capable
of creating the vagina via a regular sexual
intercourse. We have no information about
the last patient in this regard.

The average length of the vagina in the
patients, who underwent the Frank’s method
was 5 cm after 5 months of therapy and 8
cm after a year from the beginning of the
therapy. This approach was a success in all
our patients without any failures.

Regarding Vecchietti’s method, in three
patients the length of the vagina was 8 cm
after 1 month from the surgery and in one
case the length was 5 cm after 1 month from
the surgery. After 2 months, the vagina was
8-9 c¢cm long in all four cases and was fully
epithelized. This approach was a success in
all our patients.

None of the patients reported dissatis-
faction with the treatment results of either
of the two methods of neovagina formation.
We can state that all the patients were satis-
fied with the treatment results.

Anatomical anomalies of the female repro-
ductive organs

Based on MRI and ultrasound exami-
nation, the following anomalies were ob-
served: complete agenesis of the uterus in
eight cases (50 %) (Figs 1 - 3), fibrous band
in four cases (25 %) and rudimentary uterus
in four cases (25 %). The ovaries were nor-
mally developed and located in the normal
position in 14 cases (87.5 %). In one case
(6.25 %) the right ovary was absent. In one
other case (6.25 %) both ovaries were dislo-
cated cranially. This patient also had a right-

sided dystopic kidney. These two patients with ovarian abnormali-
ties were diagnosed with type Il MRKH syndrome, the rest of the
cohort had type | MRKH syndrome. None of the patients had a
positive family history for MRKH syndrome. Table 1 summarizes
the findings in our cohort of the patients with MRKH syndrome.
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Tab. 1. Summary of findings in our group of patients with the MRKH syndrome.

preventing social-related complications of

Age at diagnosis

Range = 9 — 21 years; Mean = 16.75 years

the MRKH syndrome. Modern medicine

Primary amenorrhea

Clinical symptoms leading to Pelvic pain
gynaecological examination Sexual dysfunction
Others

provides various options of infertility treat-

Repeated natural sexual intercourse
Non-surgical Frank‘s dilators method
Laparoscopic Vecchietti’s method

No procedure (too young or other reasons)

Method of neovagina creation

Complete agenesis of the uterus
Morphological findings — uterus
Rudimentary uterus

Fibrous band instead of the uterus

Normal
Cranially dislocated ovaries
Agenesis of the right ovary

Morphological findings — ovaries

56.25%

31.25% ment for MRKH syndrome patients. One of
6.25% the most promising are the in vitro fertiliza-
6.25% tion (I\VF) techniques coupled with gesta-
ggz/f tional surrogacy (13, 14). This approach has

2506 shown to be successful in patients with Mil-
25% lerian agenesis. Unfortunately, the legisla-
50% tion regarding the techniques of assisted re-
25% production and gestational surrogacy varies
25% between countries, as this concept involves
gég;‘z particularly complex medical, ethical, so-
6.25% cial, and legal issues. In some jurisdictions,

Discussion

MRKH syndrome, also known as Miillerian agenesis, is the
most common cause of uterine absence/underdevelopment and the
second most common cause of primary amenorrhea. It is charac-
terized by a congenital absence of the uterus, cervix, and the up-
per part of the vagina in otherwise phenotypically normal 46, XX
females (8, 9). MRKH syndrome is mainly sporadic; however,
familial cases have been described (probably the autosomal domi-
nant inheritance pattern, with incomplete penetrance and variable
expressivity) (8). In the present article, we focused on the descrip-
tion of diagnostic methods and subsequent techniques of neovagina
creation in our cohort of 16 patients, who have been diagnosed
with MRKH syndrome over the last 10 years.

Although the MRKH syndrome is not as rare congenital anom-
aly, we still deem its level of scrutiny insufficient. After search-
ing the PubMed database, which comprises more than 30 million
citations for biomedical literature from MEDLINE, like science
journals, and online books, we have found out that there are more
than 5400 publications dealing with the congenital anomalies of the
uterus. However, there are: 4 times more publications discussing
the congenital anomalies of the gut or lungs, 6 times more publica-
tions focused on the kidneys, 9 times more focused on the brain,
and 23 times more papers discussing the congenital heart defects.
When we include only those publications on the uterine congenital
anomalies, which discuss particularly the MRKH syndrome, the
number shrinks to 800. There are several possible reasons. Firstly,
in line with our results, the condition is usually diagnosed in early
adulthood (not directly after birth like the most of other congenital
anomalies), and the agenesis of the uterine tubes, uterus and vagina
is not life-threatening. On the other hand, the fertility problems, and
the inability of having normal vaginal intercourse usually causes
that the affected women experience a significant social depriva-
tion and can lead to anxiety (10), depressive disorders (11) and
sexuality-related distress, sexual dysfunction and painful inter-
course (12). According to Hatim (7) a multidisciplinary approach
including medical, psychological, and social support is essential
for the complex management of the MRKH syndrome. Adequate
information and sexual education are of utmost importance in
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these techniques are completely outlawed,
so the patients in these countries must con-
sider other, less controversial options like adoption (15). There are
also novel experimental methods like uterus transplantation, with
first reported live births from Brazil, Sweden or China (9, 16-18).

From the historical point of view, Matteo Realdo Columbo,
an Italian anatomist of the 16th century, was the first to describe
uterovaginal agenesis under the term “vulva rara”. The MRKH
syndrome is an eponym honouring great physicians and scien-
tists of the 19th and 20th centuries, namely August Franz Joseph
Karl Mayer, Karl von Rokitansky, Hermann Kiister and Georges
André Hauser, each of whom contributed to the discovery of this
condition (19). We also shouldn’t forget about a renowned Ger-
man physiologist and embryologist of the 19th century, Johann
Petrus Miller, whose teacher at the University in Bonn was the
aforementioned August Franz Joseph Karl Mayer. Miller was the
first to recognize the sexual differences and distinct embryonic
origins of the ductus deferens and uterine tube, and described the
role of the paramesonephric (“Millerian”) ducts in the process of
the formation of the female reproductive organs (20). Despite the
term “MRKH syndrome” has been widely recognized in literature,
it has not been included in the 2nd edition of internationally ac-
cepted embryological nomenclature Terminologia Embryologica,
which is supposed to contain the complete list of all congenital
anomalies. Terminologia Embryologica mentions the anomalies
of the uterine tubes (agenesis, atresia, or accessory tube), uterus
(uterine agenesis and different morphological anomalies in the
shape of the uterus), cervix uteri (cervical atresia) and vagina
(vaginal atresia and agenesis), but separately of each other. There
is no mention of any combination of these anomalies in this of-
ficial nomenclature (21). According to some classifications, the
MRKH syndrome belongs to a large group of disorders: agene-
sis or hypoplasia of the urogenital ridge (22). However, there
is a discrepancy between different classification systems of the
female genital anomalies, concerning either the opinions on the
embryonic background of the anomaly, or the recommendation
differences between The American Fertility Society and The Eu-
ropean Society of Human Reproduction, as highlighted by Acién
and Acién (23). These discrepancies reveal that the cataloguing
of developmental anomalies of the female reproductive system
needs further discussion.
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The most common signs/symptoms of the MRKH syndrome
are primary amenorrhea and pelvic pain (24), in accordance with
the present study. Young girls with vaginal agenesis are often
referred to gynaecologists at the beginning of their sex life after
experiencing difficulties during sexual intercourse. The most sig-
nificant in the diagnostic process are various imaging techniques,
which aim to visualize not only the gynaecological anomalies, but
also associated conditions. The first diagnostic measure is usually
ultrasonography, whose main advantages are its promptness and
non-invasiveness. It can reveal the missing uterus in the space
between the urinary bladder and the rectum (25). On the other
hand, ultrasonography may not always detect the uterine buds or
ovaries even in ectopic location, it can also falsely identify rec-
tovesical quadrangular structure as hypoplastic uterus; however,
the information about rudimentary buds is essential for the assess-
ment of the surgical treatment outcomes (26). Therefore, MRI is
considered the optimal imaging tool for the visualization of the
rudimentary uterus and associated abnormalities. It has superior
diagnostic accuracy without any additional burden (e.g., radiation)
so MRI should be offered to all the patients with the MRKH syn-
drome (27, 28). In two patients from our cohort, the diagnosis of
MRKH syndrome was accidental during diagnostic laparoscopy
or CT scan for surgical indications. It follows that in small num-
ber of cases, the diagnosis of MRKH syndrome can be established
by a sheer accident.

The treatment goal in these women is the creation of an artifi-
cial vagina, either non-surgically or surgically, which will allow a
normal sexual function. To date, no randomized controlled trials
have been conducted to evaluate and compare the long-term results
of the various neovagina creation methods, especially regarding
possible subsequent uterus transplantation (29).

Non-surgical methods involve a gradual dilation of the vagi-
nal dimple at the introitus. In some patients with the MRKH
syndrome, an adequate vagina can be formed after a repeated
natural sexual intercourse, and the use of dilators is a modifi-
cation of this technique (30). The success of these methods is
based on the fact that the perineum is embryologically pliable,
and the application of intermittent pressure can create a neocav-
ity (6). This requires time and strong motivation on the side of
the patient since the procedure is painful and self-administered.
For these reasons, compliance is usually very poor. In our study,
we used an active dilation method, the Frank’s method, first de-
scribed in 1938. Frank’s procedure is widely used because of its
satisfactory results (success rates of about 75-95 %). The advan-
tages of this method are its low morbidity, absence of surgical
complications and its cost-effectiveness. However, there are also
disadvantages: it requires long-term dilation (6 months), may be
tedious and painful, requires a high motivation, and finally yet
importantly, there is also a risk of vaginal apex necrosis. Other
complications of the Frank’s method include urethritis, cystitis,
fistulas, and secondary prolapse (29-32). From our cohort, two
patients were able to create a neovagina naturally after a regular
sexual intercourse, in three patients, we implemented Frank’s
method. Based on our results, we can recommend vaginal di-
lator therapy as the treatment of first choice for the neovagina

creation in MRKH syndrome patients. Our recommendation is
in line with Callens et al (32), who concluded that with reported
high success rates, vaginal dilation should remain the corner-
stone of treatment.

The Vecchietti’s technique, developed by Vecchietti in the
1960s, is performed by application of two threads that course sub
peritoneally, cross the vesicorectal space, and connect to a trac-
tion device placed suprapubically with an acrylic olive placed
in the vaginal dimple. The constant traction exerted on the olive
by the traction device creates a deep invagination of the vesi-
corectal space in 7 to 8 days. Daily application of apposite dila-
tors for the following weeks allows the creation of a neovagina
comparable in size to a normal vagina (33). With an anatomical
success rate of 97-99 %, the neovagina retains an adequate size
even in the absence of regular sexual intercourse, and there is no
need for long-term dilation. The procedure is fast, effective, and
minimally traumatic, with low rates of long-term complications
(29). From our cohort, we chose this surgical procedure in four
patients, with satisfactory results in all cases. The neovagina cre-
ated in the Vecchietti’s procedure has been shown to have a mu-
cosa almost identical to that of a normal vagina, with a glycogen-
secreting epithelium and the presence of lactobacilli responsible
for lactic acid production (33). Interestingly, the study conducted
on a cohort of patients from the Czech Republic found out that as
many as 62 percent of the patients, who were treated surgically
with Vecchietti’s method were also willing to undergo uterine
transplantation (34). Another important aspect to consider is that
the patients, who underwent the surgical procedure had greater
vaginal lengths and higher sexual satisfaction and also a higher
sexual activity, compared to those treated with the non-surgical
approach (35). On the other hand, the Committee on Adolescent
Health Care clearly stated that: “Non-surgical vaginal elongation
by dilation should be the first-line approach” (36), underscoring
our conclusion in the previous paragraph. We have to add that the
four patients in our cohort treated with Vecchietti’s surgical tech-
nique were also offered the dilation therapy as the method of first
choice, in line with the recommendations of the Committee on
Adolescent Health Care. However, considering that their vaginal
length was under 1cm, all four patients expressed a concern over
the failure of this technique and ensuing psychological trauma.
They considered the Vecchietti’s surgical technique more trust-
worthy. Knowing how sensitive the neovagina creation is from
a patient’s perspective and what serious consequences the poten-
tial failure would bring, we decided to comply with the patients
wishes, accepted their request, and performed the surgery.

Conclusions and further perspectives

MRKH syndrome is a congenital anomaly caused by a combi-
nation of the genetic predispositions and the environmental factors.
It also has important social, psychological, and ethical aspects;
thus, it can be considered a multi-dimensional condition, whose
complex management requires a tight cooperation between vari-
ous medical professions. In the present study, we summarized the
current knowledge regarding the development of the female repro-
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ductive organs, diagnostic approaches and treatment modalities of
MRKH syndrome patients. Satisfactory results in the attempt to
create a neovagina can be obtained by both the non-surgical and
surgical methods. However, it is necessary to emphasize that one
of the major limitations in the assessment of the treatment out-
comes is the lack of data on long-term sexual satisfaction related
to vaginal length. We can summarize that the modern medicine
provides many therapeutic measures, which make it possible for
the affected women to have a normal sexual life.

Moreover, there are also techniques giving these patients a
chance to become biological mothers of their own children, so they
can live a life with all the important needs of a woman satisfied.
Nowadays, there are many growing fields like tissue engineering
which may also give a hope to MRKH patients trying to conceive.
An engineered uterus would be a perfect option, because it deals
with many classic problems of organ transplantation. However,
most of the research in this area has been conducted on animal
models, so a routine clinical application of this approach in human
subjects is still out of reach (37).
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