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Mayer-Rokitansky-Kuster-Hauser (MRKH) syndrome refers to the congenital aplasia
or severe hypoplasia of the structures that derive from the mullerian ducts, including
the upper vagina, uterus, and fallopian tubes. It is estimated to occur in one in 4,000 to
5,000 births.1 Developmental abnormalities of some of these structures can be found in
other entities, but they have a central role in MRKH. Although a plausible explanation
for the classic findings of a rudimentary or absent uterus and vagina in an individual
with an XX karyotype would be the abnormal activation of mullerian-inhibiting
substance, which would be further conducive to the inhibition of the development
of paramesonephric structures in females, there has not been molecular evidence of
this so far.2,3
There are multiple genes implicated in the normal development of the mullerian,
renal, and bone structures, but two groups appear to be the strongest candidates:
the HOXA genes and the WNT4 genes.4–6 Since HOXA10 represents the area of the
developing uterus, HOXA11 the lower uterine segment and cervix, and HOXA13 the
vagina, it is biologically plausible that altered expression of these genes would result
in the anomalies found in MRKH. Interestingly, the HOX genes are also associated
with the normal development of the kidneys, bone, and vascular structures, which
would reinforce the hypothesis of dysregulation of developmental genes involved in
the embryonic origin of the female reproductive tract.4–6
Due to the difficulty in classifying the various clinical presentations, multiple
authors have proposed systems that either reflect the embryologic correlate of the
abnormality7 or the predominance of particular clinical findings.8 In general, it is
accepted the existence of a typical form (fallopian tubes, ovaries, and renal system normally developed), atypical form (with malformations in the ovary or renal
system), and the MURCS association (mullerian, renal, and cervico thoracic somite
malformations).2,9 The latter refers to associated anomalies in the renal system and
in the axial skeleton, although vascular anomalies have also been described.10 In this
review, we will describe the most commonly recommended diagnostic modalities
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Abstract: The congenital aplasia or severe hypoplasia of mullerian structures is infrequent.
However, the features of normal female endocrine function paired with the absence of a functional
uterus and vagina makes it a fascinating entity. The diagnosis and work-up in these patients has
become very efficient, thanks to the use of imaging, and there are multiple successful procedures
for the creation of a neovagina. In recent years, infertility treatment options through in vitro
fertilization have also become available as part of the long-term care of these patients.
Keywords: vaginal agenesis, neovagina, MRKH, mullerian agenesis
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and management options, and summarize the current data
regarding treatment results in terms of sexual function and
social and reproductive issues.
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Clinical presentation and work-up
The typical initial presentation in MRKH is primary amenorrhea in an otherwise normally developed adolescent female.
When physical examination findings are consistent with
absent or hypoplastic vagina, the immediate differential
diagnosis includes MRKH and complete androgen insensitivity syndrome, which is due to an inactivating mutation in
the androgen receptor. Differences that can help differentiate
these entities are summarized in Table 1.
Once the diagnosis of MRKH is suspected, imaging studies have a central role in unveiling the degree and extension
of gynecologic and extra-gynecologic abnormalities. In a
large review of cases, Oppelt et al had found that associated
malformations were present in almost half of patients, with
the renal and skeletal systems as the most frequent.2,11 Renal
anomalies were present in 30% of cases, and among those,
renal agenesis was present in more than half of them.
The main options among imaging studies are ultrasound
and magnetic resonance imaging (MRI). Ultrasound is easily accessible and readily available in many settings, but
it is not always effective in identifying underdeveloped
mullerian structures and ovaries, which are usually located
high in the pelvis, often at the level of the pelvic brim.
The presence of extra-pelvic ovaries has been reported in
16%–19% of the patients.12,13 For surgical planning, MRI
is the most useful method, but it is more expensive than
ultrasound.14 There is agreement in multiple studies that MRI
alone is the modality of choice for further evaluation of all
uterine anomalies, and this includes MRKH.2,11,15–17
Table 1 Differential diagnosis between MRKH (Mayer-RokitanskyKuster-Hauser) and AIS (androgen insensitivity syndrome)
MRKH

AIS

Genotype XX
Normal female serum T levels
Normal female pubic and
axillary hair
Normal female height

Genotype XY
Normal male T levels
Decreased pubic and
axillary hair
Increased height compared
with female counterparts
Intra-abdominal testicles

Normal ovaries located high
on the pelvic side wall
No increased risk of gonadal
malignancy

Gonads removal recommended
after puberty due to increased
risk of malignancy

Note: Milder forms of AIS might present a less affected phenotype.
Abbreviation: T, testosterone.
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An overall correlation above 95% between MRI and
laparoscopic findings has been reported in a case series of
214 patients with MRKH,18 which included 75% patients
with bilateral uterine rudiments, 15% with unilateral uterine
rudiments, and 10% with complete uterine agenesis. In 85%
of cases where uterine rudiments were removed, the presence
of endometrial tissue was adequately diagnosed by MRI.
Additionally, MRI was able to diagnose the presence of normal ovaries in more than 97% of patients. Likewise, during
laparoscopic evaluation in patients undergoing the Vechietti
procedure for treatment, there were mullerian remnants in
87% of cases, of which 26% had some endometrial tissue.
In settings where MRI is not readily accessible, clinical
exam with ultrasound has been found to be almost equivalent
in the ability to make the initial diagnosis, with the caveat
that ureteral anomalies and skeleton anomalies may not be
adequately diagnosed.16,19 Computed tomography is rather
avoided because it rarely offers any advantage over MRI in
these cases and includes radiation.
Laparoscopy is sometimes necessary, particularly when
there are pelvic symptoms due to the presence of uterine
horns and mullerian remnants with functional endometrium;
however, it is not preferred as a diagnostic tool because it
is invasive and requires general anesthesia. Additionally, if
surgical management is planned for treatment, there might
be an opportunity to do further assessments at that time.

Non-surgical and surgical
approaches to the creation of
a neovagina
Following the diagnosis of MRKH, these young women often
experience anxiety and psychological distress surrounding
their diagnosis. It is imperative that the physician adequately
counsels the patient prior to embarking on any treatment
options. The sensitivity and compassion with which these
patients are initially treated with will have lasting effects on
them. The timing of the creation of a neovagina is elective,
but treatment should be deferred until late adolescence to
allow informed consent and compliance.20 There is agreement among pediatric surgeons, pediatric urologists, and
gynecologists about refraining from creating a vagina for
girls with MRKH during childhood. Long-term follow-up
has shown that vaginas created during childhood have high
failure rates and require additional procedures for the creation
of a functional vagina. Even in rare cases where parents of
girls with MRKH may seek consultation for surgical correction during childhood to “resolve” the anomaly, it is recommended that any technique for creation of a functional vagina
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be postponed until the mid to late teens, when the patient can
comfortably decide for herself, and is willing to be compliant
with her role in the process.21 Multiple web-based resources
are available for helping patients and families, such as www.
MRKH.org and www.youngwomenshealth.org.
The range of treatment options includes both non-surgical
and surgical approaches (Table 2). Vaginal dilation therapy is
widely considered as the first line treatment.22 Because of the
physically low complication rate and an overall success rate
of 75%–85%, vaginal dilation as first choice treatment seems
to be justified.23–27 The most commonly used non-surgical
method includes Frank’s dilator method and the Ingram
method. The Frank method was published by Frank in 1938
and includes an initial demonstration of the introduction of
a vaginal mold as a dilator device by the physician, which is
then done by the patient for 20 minutes daily, progressively
increasing the length and width of the dilator. This method
requires the presence of a short vaginal dimple to start, and
typically takes 6 months to reach a functional depth and
width. Some commonly cited barriers to success have been
identified such as cramping and fatigue of the patient, lack of
comfort, privacy issues, and lack of time to dilate daily.23
In the early 1980s, Ingram sought to overcome these
obstacles by using the patient’s own body weight and gravity
to assist with the dilation, describing a method with progressively increasing dilators attached to a bicycle seat, where
patients provide perineal pressure by sitting and slightly leaning forward. The patients are asked to do this in 15–30-minute
intervals for at least 2 hours per day.28 In a similar fashion as
the Frank method, the dilators increase in size progressively.
The advantages of any of these methods include no hospitalization, patient control, cost-effectiveness, and minimal
morbidity and complications. Furthermore, if these methods
prove ineffective or the patient is unable to complete the
Table 2 Treatment options for the creation of neovagina
Non-surgical
treatment

Surgical treatment

Frank method
Vaginal dilators with
progressive caliber
Ingram method
Vaginal dilators
attached to a seat

Traction-based methods
–	Vechietti (laparotomic or laparoscopic)
Graft-based methods
– Abbe-McIndoe (vaginal approach, various
tissues used, skin graft most common)
– Intestinal (combined vaginal and laparotomic
or laparoscopic approach)
– Davydov (combined vaginal and laparoscopic
approach using peritoneum)

Note: Most surgical methods require the continued use of non-surgical methods or
frequent intercourse to maintain results.
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treatment, the option of surgical intervention would still be
available. The fact that the patient may become more familiar
with the use of a mold is regarded to be an advantage, because
the mold must also be used extensively after surgery. The
patient’s skills and motivation to use a mold can be assessed
during the period of dilation; if a surgical option needs to
be considered, the lack of the patient’s postoperative cooperation may lead to failure of almost any further therapy.24
The same cannot be said of surgical approaches, since the
presence of scar tissue may not allow for enough dilatation
and appropriate size of the neovagina in cases of failure or
complications. Although there are clear advantages with the
non-surgical methods, disadvantages include the length of
time required to achieve a functional vagina, discomfort, and
increased risk of vaginal prolapse.23
The various surgical methods are divided into subcategories
for ease of discussion: traction methods and graft-based
methods. Surgical traction methods have been described
and thoroughly used, such as the Vecchietti procedure.29
With laparoscopic assistance, an acrylic “olive” is attached
to the vaginal dimple and a thread that courses through the
female’s vesicorectal space and into the pelvis then through
the anterior abdominal wall with attachment to a traction
device. The tension is increased on the device to increase
the stretch on the vagina every other day as an outpatient.30,31
After a functional length of 7–8 cm is obtained, the bead is
removed and dilators are used to maintain the length. This
approach uses surgical methods to create a vagina through
tissue stretch, much like the Frank and Ingram methods, but
because it requires careful dissection, it is only recommended
for surgically naïve tissue.
A variety of tissues including skin grafting, use of a bowel
segment, or more recently the use of bioengineered tissue
have been described for the creation of a neovagina. The
Abbe-McIndoe procedure is the most well-known among
these procedures,32 and utilizes a vaginal approach with a split
thickness tissue graft taken from the anterior thigh or buttock.
The graft is then placed over a vaginal stent and introduced
into the previously dissected space between the bladder and
rectum. The vaginal stent that serves as a mold for the graft
stays in place for the first 7 postoperative days. After the
initial healing from the surgery, the patient has a functional
vagina. This approach requires continued dilation or frequent
intercourse to prevent stricture formation. An interesting
modification of the original McIndoe procedure has been
reported with the use of autologous in vitro cultured vaginal
tissue, then neovaginoplasty with the autologous vaginal tissue as the graft material.33 In a report of 23 cases, all patients
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completed the Female Sexual Function Index questionnaire
at 12 months after surgery, with scores consistent with a
satisfactory quality of sexual life. There is ongoing, promising research on development of autologous cell lines derived
from the vaginal mucosa for autologous transplant in the
treatment of patients with vaginal agenesis.34
An intestinal vaginoplasty can be performed using a
segment of sigmoid colon, ileum, or jejunum. With this
approach, there is a low risk of tissue shrinkage and little
need for long-term vaginal dilation. The tissue produces
“lubrication”; however, the discharge at times can be excessive. Harvesting the segment of bowel usually requires a
laparotomy – although laparoscopic approaches have been
reported with bowel resection and anastomosis which can
be associated with increased morbidity.35,36
The Davydov procedure relies on epithelization of the
vagina by using an autologous peritoneal grafting technique.
The concept was first described by Ott in 1897, but it underwent several modifications, including the use of laparoscopy
for the dissection and mobilization of the peritoneum of the
Douglas pouch. Vaginally, a space is created similarly as
for the other grafting procedures, until the peritoneum is
reached. The mobilized peritoneal sac is then opened and
pulled downward to connect with the vaginal epithelium.
The peritoneum is finally closed abdominally, over a vaginal
stent that stays in place for 7 days. The postoperative care is
similar to the other grafting techniques, requiring regular use
of vaginal dilators to prevent obliteration. A recent review
of the long-term results of this approach in a comparison
with the Frank non-surgical treatment showed that the most
common complications of the surgical approach were rectal
injury and obliteration of the neovagina.24
In one of few prospective randomized controlled trials
comparing different techniques, it was found that although
both the intestinal graft and the Davydov procedure achieve
a similar vaginal length, the latter is associated with less
discomfort and less vaginal secretion complaints than the
bowel graft procedure.37
The decision of which surgical method to offer is often
based on the surgeon’s personal experience and preference.
Referrals to centers with expertise should be sought and
recommended to the patient because the primary surgery is
the most likely to succeed.21 Multiple studies have shown that
subsequent surgeries increased the chance of operative morbidity with injury to surrounding organs and poor functional
outcome. Interestingly, outcomes of surgical treatment were
not changed by the previous use of non-surgical techniques
or attempted intercourse.24
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Reproductive issues and psychological
well-being
The vast majority of the literature suggests that patients with
MRKH, although subjected to social and personal distress due
to the inability to have normal intercourse and bear children,
can have a satisfactory sexual function once treated, and can
have the option of building a genetically related family with the
use of in vitro fertilization (IVF) and a gestational carrier.38–41
Because of their different embryologic origin, ovaries are usually normal and it is possible to obtain oocytes with ovarian
hyperstimulation and subsequent transfer of the embryos to a
woman who is willing to be a gestational carrier.38,40,42 Since
there is no need to coordinate the embryo transfer with the
endometrial dating, ovarian hyperstimulation can be conducted
with random start protocols, in a similar way as urgent oocyte
cryopreservation protocols for oncological patients.43 Previously, there have been reports on the use of ovulation monitoring to ascertain the menstrual cycle timing and allow the use
of conventional protocols for ovarian hyperstimulation.42 The
response to treatment in terms of number of oocytes retrieved,
fertilization rate, and embryo quality has been reported to be
slightly lower than average; likewise, pregnancy rates reported
so far have been below the average for infertile patients. Additionally, the unique anatomy of the pelvis in MRKH might
require the retrieval of oocytes by a transabdominal route
instead of the usual transvaginal approach.40 In summary, the
number of reported pregnancies after IVF in MRKH patients
is still small but has emerged as an attractive option for women
who were previously hopeless about having children. Although
these children of patients with MRKH are typically normal,
in the setting of the relative uncertainty of the etiology of
MRKH, it would be important to follow-up on the health of
the offspring born after such procedures.44
A recent, extensive review on particular quality of life
issues in MRKH patients,45 found that in patients who are able
to undergo treatment with creation of a neovagina, there is
a restoration of self-confidence. Still, others had found that,
compared to matched controls, patients with MRKH scored
significantly worse in questionnaires measuring phobic
anxiety and self-esteem, as well as in inventories reflecting
eating disorders.46 Although these results were found in a
small study, the fact that patients were well past the time of
the initial diagnosis indicated that the use of brief assessments
of psychological distress should ideally be done at regular
intervals after the time of diagnosis and after treatment.
The successful creation of a functional neovagina addresses
what often manifests as “sex role insecurity”, due to the initial
question that the absence of uterus and vagina poses about the
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ability to fulfill the female sex role, personally and socially.
Interestingly, there is scant guidance for practitioners and
patients about how to best manage information disclosure
issues to the patient and, as often appropriate, to the family,
which might be important in patients who are typically very
young at the time of diagnosis and treatment consideration.
As a general rule, once the diagnosis is made, it is important
to emphasize to patients that, with treatment, it is possible for
them to have sexual intercourse and build healthy sexual relationships. The American College of Obstetrics and Gynecology
recommends that patients be given a brief, written explanation
of their condition, including a description of additional organ
anomalies. This information could be very useful in cases
where patients need to undergo urgent care by practitioners
who might not be familiar with MRKH.22 Although a successful
treatment of the anatomical abnormality is central to the
achievement of sexual well-being, the addition of psychological
support and adequate information contribute to the fulfillment
of the complexities of female sexual response.47,48 Of note,
studies that had questioned the partner’s perception of the
newly created vagina have found that there’s a high level of
satisfaction and that partners were not able to tell whether the
vagina was artificially created or not.49 Additionally, it has
been reported that the length of the neovagina is not generally
correlated with sexual satisfaction from the patient’s
perspective.24 Many articles in the literature of the treatment
for MRKH associate sexual outcomes with vaginal length,
but as an example of the dissociation between this measure
and patient satisfaction, the bowel vaginoplasty offers the
longest overall average vaginal length and, nevertheless, has
the lowest overall subjective sexual satisfaction scores.50 In the
same review of cases, authors found that the full-thickness flap
method has been reported with some of the highest subjective
sexual satisfaction at 97.8% (69 out of 72) in patients currently
sexually active; however, this method had the least number of
respondents engaging in sexual activity posttreatment (69.2%).
Overall, these results underscore the difficulty in assessing the
results of different approaches, and reconciling measures of
treatment success with patient satisfaction.

Summary
Although there is still much to learn about the etiology of
MRKH, steady progress has been made in the last decades
regarding efficient diagnostic modalities and appropriate
medical management. Non-surgical approaches for the
creation of a neovagina are at the center of therapeutic options,
and should be recommended also for most patients who
undergo surgical treatment, in order to preserve functional
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results. Treatment in childhood or early adolescence is not
recommended, because of unacceptable complication rate and
because full understanding and engagement from the patient
is required for optimal results. Fertility options through IVF
using autologous oocytes and a surrogate gestational carrier
are increasingly available at referral centers. Continued surveillance of psychological well-being of these patients should
be considered. Finally, because this condition is rare, there are
limitations to obtaining data from long-term follow-up studies,
which in turn hampers the ability to offer evidence-based
options when counseling MRKH patients. Efforts toward the
creation of international centers of excellence for the care of
women with complex congenital anomalies with development
of associated databases may help to facilitate more accurate
comparisons of current management options.
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