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Abstract

Introduction. It is unclear how pelvic floor supporting structures might be

affected by the absence of the vagina. It was the aim of this prospective study to

analyze the magnetic resonance imaging morphology of pelvic support prior

and after a Vecchietti procedure in women suffering Mullerian agenesis

(Mayer–Rokitansky–K€uster–Hauser syndrome). Material and methods. Twenty-

six women with a diagnosis of Mayer–Rokitansky–K€uster–Hauser syndrome

associated vaginal agenesis were recruited prospectively prior to the

laparoscopic creation of a neovagina according to the Vecchietti procedure. The

primary outcome measure was the magnetic resonance imaging morphology of

supporting structures. Secondary outcome measures were anatomical and

functional vaginal length. Follow up was conducted six months after surgery.

Results. Twenty-six women were analyzed. Mean age was 19.8 � 4.4 years

(�SD) and mean body mass index was 23.7 � 4.3 kg/m2 (�SD). All were

Caucasian. Supporting structures consistent with cardinal and uterosacral

ligaments were visible on magnetic resonance imaging in all cases (100%).

There were no levator ani defects. The vaginal apex could be visualized

postoperatively in 12 women (46.2%) reaching up to Level I. The vagina was

visible in both Level II and III with normal relations to the pelvic walls in all

cases. On gynecological examination, vaginal length was 8.8 � 2.1 cm

(mean � SD) anatomically and 10.2 � 2.2 cm (mean � SD) functionally.

Conclusions. The preoperative presence of pelvic support structures into which

the vagina is lengthened by the surgery likely explains the uncommon

occurrence of vaginal prolapse in women who had the Vecchietti procedure.

Abbreviations: MD, Mullerian ducts; MRI, magnetic resonance imaging;

MRKHS, Mayer–Rokitansky–K€uster–Hauser syndrome; MR, magnetic

resonance.

Introduction

The Mayer–Rokitansky–K€uster–Hauser syndrome

(MRKHS) is a rare disease but it is still the second most

common cause of primary amenorrhea and affects at least

one in 4500 females (1,2). It is characterized by congeni-

tal absence of the uterus and the upper two-thirds of the

vagina in women with a normal female karyotype. Due to

functional ovaries, women affected have physiological

hormone levels and normal secondary sexual characteris-

tics (3,4). The MRKHS may occur in isolation (type I) or
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can be associated with renal or skeletal malformations

and, to a lesser extent, auditory and cardiac defects (type

II) (5). At present, the etiology and pathogenesis of

MRKHS remain unclear.

The creation of a functional neovagina that enables the

woman to have sexual intercourse is currently considered

the primary therapeutic goal in women with congenital

vaginal agenesis (6,7). As one of the centers specializing

in the diagnosis and treatment of MRKHS and other mal-

formations of the female genital tract, we developed and

optimized a laparoscopically assisted technique using

vaginoabdominal blunt perforation and intraabdominal

traction to create a neovagina in a standardized, con-

trolled manner (8). In a proof-of-principle study in 101

women we demonstrated that our procedure produced

better functional results and caused fewer complications

than the standard laparoscopic Vecchietti procedure with

vesicorectal tunneling (8). A long-term study including

240 women has shown that our technique creates a neo-

vagina of adequate size and secretory capacity for normal

coitus, requiring no prolonged dilation postoperatively,

even in the absence of sexual intercourse. The procedure

is fast, effective and minimally traumatic, has a very low

long-term complication rate and provides very satisfac-

tory long-term functional results (9).

Although prolapse can occur after most of the treat-

ments (10–18) (McIndoe, Sigmoid, self-dilation, Shears)

it is very uncommon. Why the vagina rarely prolapses, is

unknown. No prolapse has been described so far after the

Vecchietti procedure and its modifications. The anatomi-

cal supports of the normal vagina are well known (19)

but whether these structures exist in women with

MRKHS and how the elongated vagina relates to them is

unknown.

The purpose of the present study is to analyze the

magnetic resonance imaging (MRI) morphology of sup-

porting structures prior to and after the Vecchietti proce-

dure in women suffering Mullerian agenesis (MRKHS)

and to correlate findings with clinical measures such as

postoperative anatomical and functional vaginal length in

this unique cohort of women.

Material and methods

The methods of recruitment and MRI have been

described earlier in a secondary analysis regarding the

magnetic resonance (MR) visibility of the rectovaginal

septum (20).

All MRKHS women scheduled for the Vecchietti proce-

dure were prospectively enrolled (n = 26). Inclusion crite-

ria were diagnosis of MRKHS and opting for a

laparoscopic creation of a neovagina according to the

Vecchietti procedure at our institution. Exclusion criteria

were gynecologic surgery within the last six months or

contraindications for MRI; however, none of the recruited

women met the exclusion criteria.

Prior to surgery, all participants were examined clini-

cally including a measurement of the vaginal length by

palpating during gynecologic examination, and demo-

graphic data were obtained. Written consent was acquired

for all women.

As described previously, scans were acquired prior to

and six months after surgery with women resting (not

straining). For image analysis, unenhanced multiplanar,

2D, T2-weighted turbo spin-echo MRI sequences were

obtained using a 1.5-T scanner (Achieva, Philips Medical

Systems�, Best, The Netherlands) using a 4-channel

SENSE body coil in supine position (20). Axial and

coronal images [echo time (TE) 90 ms, repetition time

(TR) at least 4000 ms, two averages, slice thickness

4 mm, gap 0.4 mm, field of view 28 cm, matrix

424 9 340 mm2] as well as sagittal images (echo time

90 ms, repetition time at least 4000 ms, four averages,

slice thickness 4 mm, gap 0.4 mm, field of view 25 cm,

matrix 256 9 256 mm2) were obtained. Postoperatively

a vaginal obturator was used to maintain the vaginal

length and diameter until epithelialization was complete

for at least six months. At the time of the postoperative

MRI scan women could choose whether to use the

obturator. Some of the women felt more comfortable

having the obturator inside their vagina during the scan,

whereas others were concerned about removing the

probe.

Scans were reviewed by the first (M.H.) and second

(J.O.L.D.) author, three interrater differences were solved

by discussion and experience of the second author

(J.O.L.D.). The MRI analysis was performed without any

bias since the procedure itself had been performed by dif-

ferent authors (S.Y.B. and K.K.R.). There was no option

of blinding the scans prior to analysis since the postoper-

ative situation could be identified clearly on the scans.

The levator ani defect status was judged according to a

previously described scoring system (21), visibility and

morphology of supporting structures such as the pelvic

sidewall and the endopelvic fascia, cardinal and uterosa-

cral ligaments prior to the Vecchietti procedure and post-

operatively, their close relation to the created neovagina

Key Message

Support structures in each level are visible in women

with Mayer–Rokitansky–K€uster–Hauser syndrome

prior to and after the Vecchietti procedure and are

closely related to the neovagina.
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was based on prior work with the pelvic support struc-

tures. All three levels of support were analyzed separately

(19).

After a follow up of six months, women were sched-

uled again for the postoperative MRI scan using the same

protocol as described above. In addition, anatomical and

functional vaginal length was evaluated using a finger and

a ruler with and without gentle inward pressure. Women

were asked about the sexual history after surgery using

the Female Sexual Function Index questionnaire as a brief

self-reported measure of female sexual function with a

six-domain structure. Numbers lower than 26.55 indicate

a risk for sexual dysfuction (22,23).

Statistical analyses

Descriptive statistics included means and standard devia-

tion as appropriate. A 4 9 4 cross tab had been used in

addition to the Chi-square test using IBM SPSS Statistics

Version 22 (IBM Corp., Armonk, NY, USA).

Ethical approval

The study was approved by the local ethical committee

(274/2009BO1, 27 October 2009).

Results

Regarding demographics, mean age was 19.8 � 4.5 years

(� SD), mean body mass index (BMI) was 23.7 � 4.3 kg/

m2 (� SD). All 26 women were Caucasian. Prior to surgery,

vaginal length could be determined as 1.0 � 0.9 cm

(mean � SD), whereas after the Vecchietti procedure the

vaginal length was 8.8 � 2.1 cm (mean � SD) anatomi-

cally and 10.2 � 2.2 cm (mean � SD) functionally. Mean

follow up for all 26 women was 6.6 � 1.2 months (�SD)

according to the study design. All 26 participants had MR

scans preoperatively and postoperatively, 18 without a vagi-

nal obturator (69.2%) and eight with an obturator

(30.8%).

Normal MR anatomy of the M. levator ani was visible

in all 26 cases without defects (defect status 0 for all 26

cases). Apical supporting structures (Figure 1) (cardinal

Figure 1. Overview. Axial magnetic resonance images preoperatively and postoperatively (same subject); with and without vaginal obturator

(different women). B, bladder; CL, cardinal ligament; EAS, external anal sphincter; LA, M. levator ani; P, pubis; PB, perineal body; R, rectum; U,

urethra; USL, uterosacral ligament; V, vagina; VO, vaginal obturator. See the vaginal apex reaching all the way up to Level I (right scan on the

bottom, marked with an asterisk). Sagittal scan for orientation.
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and uterosacral ligaments) could be identified in all 26

cases (100%).

The following results could be found regarding MR

morphology according to the different levels of support:

Level I. In Level I, the neurovascular structures that

constitute the cardinal and uterosacral ligaments were vis-

ible pre- and postoperatively in all cases. The vaginal apex

could be visualized in Level I overall in 12 women

(46.2%) with close relation to the supporting structures

(see Figure 1, right scan on the bottom). The vagina

reached this level more often with an obturator in place

(6/8, 75%) than without (6/18, 33.3%, p = 0.049). See

Figure 2 for details.

Level II. In all 26 women the vagina could be seen

postoperatively in lateral relation to the levator ani mus-

cle similar to the relations seen in normal women (Fig-

ure 3).

Level III. No differences could be found pre- or

postoperatively in Level III (Figure 4). There was a close

relation between the anal canal, the perineum, the vagina

(or the vaginal indentation preoperatively) as well as the

urethra.

There was no correlation between visibility in levels of

support and functional or anatomical vaginal length.

Postoperatively, the anatomical vaginal length was

8.8 � 2.1 cm. Functional vaginal length was

10.2 � 2.2 cm (mean � SD). At follow up, none of the

women presented with anatomical signs of prolapse

according to the Baden–Walker system (n = 26: Stage 0)

(24). There were no postoperative complications. Six

months postoperatively, 17 of the 26 women reported sat-

isfying sexual intercourse as evaluated from their detailed

sexual history; the others were not yet sexually active.

However, only six of those fully completed the Female

Sexual Function Index questionnaire with a total mean

Female Sexual Function Index score of 29.3 (range 23.5–
32), which is within the normal range.

Discussion

As our principal findings, MRKHS women do have intact

supporting structures of the pelvic floor. Both levator ani

muscle and cardinal and uterosacral ligaments at their

deepest part, which are also referred to as the mesorectal

fascia, are clearly visible in those women with vaginal age-

nesis prior to any surgical procedure. In addition, the

Vecchietti procedure creates a neovagina with adequate

anatomical and functional lengths that allow women to

(a) (c)

(b) (d)

Figure 2. Level I. Axial (a,b) and sagittal (c,d) MR images preoperatively and postoperatively (same subject); without vaginal obturator. The red

lines in the sagittal scan (c,d) define the levels of support. The axial scan plane was acquired at level I. B, bladder; CL, cardinal ligament; EAS,

external anal sphincter; LA, M. levator ani; P, pubis; PB, perineal body; R, rectum; U, urethra; USL, uterosacral ligament, including the deep

uterosacral ligaments, also referred to as the mesorectal fascia; V, vagina. *Rectovaginal septum. Notice the vagina (dotted white line) in scan (d)

reaching Level II but not Level I in this subject. [Color figure can be viewed at wileyonlinelibrary.com].
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have sexual intercourse. Postoperatively, MRI visualizes

the close relation between those supporting structures

and the neovagina, potentially allowing tissue fibers to

interact.

This is the first study describing the MR anatomy of

basic fundamentals of pelvic floor support in a unique

cohort of MRKHS women. To better understand the

results, it might be worth discussing the embryological

aspects of both urogenital sinus and levator ani muscle,

as follows.

Urogenital sinus

MRKHS is suggested to result from a non-fusion of the

Mullerian ducts (MD) with the Wolffian ducts. This

explains why in the majority of cases the fallopian tube

together with a small rudimentary uterine horn extends

only as far as the connection with the round ligament

(25).

The initial segment of the MD is an independent for-

mation. After connection with the Wolffian ducts, the

MD splits off from it during the caudal development

in direction of the urogenital sinus (25). Around

postovulatory day 57, the MDs reach the dorsal wall of

the urogenital sinus and fuse to form the uterovaginal

(more correctly cervicovaginal) canal (25). It is generally

known and presented in several common, contemporary

textbooks of embryology, that the caudal part of the

vagina, the urethra, vaginal vestibule and the local glands

develop from the urogenital sinus and not from the MD.

This is why MRKHS women are usually only diagnosed

in adolescence, as they cannot be distinguished from

healthy females in terms of external genitalia. Accord-

ingly, we do not see differences in level III in our

MRKHS women compared with healthy women (26).

The vaginal rudiment can be a shallow indentation with a

relatively wide urethra, which is the commonest case, but

conditions range from hypoplasia to rudimentary vaginas

separated from the introitus by a hymen (25).

Levator ani

During early fetal development, the levator ani muscle

can already be subdivided into three portions: the pubo-

coccygeus, the iliococcygeus and the puborectalis. Differ-

ences between the male and female levator ani muscles

(a) (c)

(b) (d)

Figure 3. Level II. Axial (a,b) and sagittal (c,d) MR images preoperatively and postoperatively (same subject); without vaginal obturator. The red

lines in the sagittal scan (c,d) define the levels of support. The axial scan plane was acquired at level II. B, bladder; EAS, external anal sphincter;

LA, M. levator ani; P, pubis; PB, perineal body; R, rectum; U, urethra; V, vagina. *Rectovaginal septum. In the axial scan (a) the area where the

vagina is missing is labeled with two asterices. Notice the vagina (dotted white line) in scan (b) and (d) reaching Level II but not Level I in this

subject. (b) Notice the typical vaginal morphology with its connection to the pelvic sidewall as also seen in healthy controls. [Color figure can be

viewed at wileyonlinelibrary.com].

ª 2018 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 97 (2018) 830–837834

MRI of pelvic support in MRKHS-women M. Huebner et al.



are already marked before birth (27). The cloacal sphinc-

ter and the levator ani are derived from the third and

fourth sacral myotomes (28). The levator ani primordium

at the sixth week is recognizable in form of some promy-

oblasts and myoblasts scattered throughout mesenchymal

tissue around the rectum. At the end of the second

month the medial part of the levator ani is adhering to

the longitudinal muscular fibers. Some myoblasts are

more medially interposed between the urogenital sinus

and the primitive rectum (29). There is no evidence that

the development of the levator ani is dependent on the

MD. As the levator ani morphology in our MRKHS

women does not differ from that in other women, it is

not the development of the M€ullerian tract that is respon-

sible for the difference between males and females.

To our knowledge this is the first analysis of the MR

relationship of pelvic floor supporting structure levels and

a neovagina created with a Vecchietti-based laparoscopic

procedure. All 26 women were available at follow up,

despite the great traveling efforts associated with treat-

ment of a rare disease, as there are only a few centers in

the country. Nevertheless, we have to admit that although

a follow-up period of six months might be adequate to

evaluate the primary goal of procedures, i.e. to create a

neovagina to allow sexual intercourse, it might be too

short to look for the long-term prevalence of vaginal pro-

lapse, which might be a minor problem in this group of

women. In addition, in a group of nulliparous women at

the age of 20.4 � 4.4 years (mean � SD, time of the

postoperative MRI scan) the prevalence of prolapse is

very low anyway. Pregnancy and delivery-induced alter-

ations to the pelvic floor are not present in these women.

Nygaard et al. described a weighted prevalence of pro-

lapse in a nulliparous cohort of 0.6% (95% confidence

interval 0.0–1.5) and in a “young” group of women

between 20 and 39 years of 1.6% (95% confidence inter-

val 0.6–2.6) (30). In addition, the fact that women had

the choice of having the scan performed with or without

the obturator did not alter the results, since the support-

ing structures were visible in any case.

This is the first MRI analysis of women prior to and after

the surgical procedure, which makes this database unique.

Our study establishes that the levator ani muscle is

normal in appearance. So the question arises why pro-

lapse in Vecchietti women has never been described,

whereas it has been reported after several other

(a) (c)

(b) (d)

Figure 4. Level III. Axial (a,b) and sagittal (c,d) MR images preoperatively and postoperatively (same subject); without vaginal obturator. The red

lines in the sagittal scan (c,d) define the levels of support. The axial scan plane was acquired at level III. B, bladder; EAS, external anal sphincter;

LA, M. levator ani; P, pubis; PB, perineal body; R, rectum; U, urethra; V, vagina. *Rectovaginal septum. In the axial scan (a) the area where the

vagina is missing is labeled with two asterices. Notice the vagina (dotted white line) in scan (b) and (d) reaching Level II but not Level I in this

subject. (b) Notice the typical vaginal morphology with its connection to the pelvic sidewall as also seen in healthy controls. [Color figure can be

viewed at wileyonlinelibrary.com].
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techniques. However, it has to be clearly stated that the

follow-up period of six months is insufficient to answer

this question.

The support structures are present in these women pre-

operatively and the Vecchietti procedure simply extends

the vagina into these areas. Levator structure is normal

and not affected by the anomaly so there would be excel-

lent pelvic floor closure. Scar tissue at the apex as a result

of the peritoneal tunneling during the Vecchietti proce-

dure might enforce apical support of both cardinal and

uterosacral ligaments. Missing scar tissue might explain

why prolapse has been described quite often after self-

dilation (10).

The prevalence of prolapse after different treatment

options is reported in the literature. Swenson et al.

described a sacrospinous ligament suspension after recur-

rent sigmoid neovagina prolapse (18). Kuhn et al. showed

11 of 43 women with asymptomatic grade I cystocele,

rectocele or apical descent after neovagina according to

Shears eight years before (15). In our institution, we per-

formed laparoscopic sacrocolpopexy in two cases of pro-

lapse after self-dilation (25 years before) and sigmoid

vaginoplasty (24 years before) (13).

Vaginal agenesis does not mean absence of pelvic

organ support structures. The Vecchietti procedure pulls

the vagina close to those structures that already exist.

The fact that neovaginas rarely prolapse challenges many

principles of our understanding of pelvic organ support

and has general importance for our understanding of

prolapse in general. As the levator ani muscles are nor-

mal and can be expected to maintain pelvic floor clo-

sure, this would result in reduced loads on vaginal

attachments. In addition, if vaginal support is predicated

on the attachment of the vagina to surrounding struc-

tures, then the absence of the vagina might also signal

the absence of support structures. We demonstrate that

the cardinal/uterosacral complex is visibly present in

these women, consistent with its structure. These are

not ligaments but neurovascular mesenteries that also

supply the bladder. The Vecchietti procedure moves the

vagina into these pre-formed areas by potentially allow-

ing fibers to interact. As a future perspective, a long-

term analysis is planned.
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