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Objective: This study aimed to compare the anatomical and functional outcomes of the modified McIndoe vaginoplasty for Mayer- 
Rokitansky-Küster-Hauser (MRKH) syndrome using swine small intestinal submucosa (SIS) graft or homologous skin grafts.
Methods: A total of 115 patients with MRKHs who underwent neovaginoplasty between January 2012 and December 2021 were 
included in the study. Among them, 84 patients received vaginal reconstruction with SIS graft, whereas 31 neovaginoplasty underwent 
a skin graft procedure. The length and width of the neovagina were measured, and sexual satisfaction was evaluated using the Female 
Sexual Function Index (FSFI). The operation details, cost, and complications were also assessed.
Results: The SIS graft group had a significantly shorter mean operation time (61.13±7.17min) and less bleeding during the operation 
(38.57±9.46mL) compared to the skin graft group (92.1±9.47min and 55.81±8.28mL, respectively). The mean length and width of the 
neovagina in the SIS group were comparable to the skin graft group at 6 months follow-up (7.73±0.57 cm versus 7.6±0.62cm, P=0.32). 
The SIS group had a higher total FSFI index than the skin graft group (27.44±1.58 versus 25.33±2.16, P=0.001).
Conclusion: The modified McIndoe neovaginoplasty using SIS graft is a safe and effective alternative to homologous skin grafts. It 
results in comparable anatomical outcomes and superior sexual and functional outcomes. Overall, these results suggest that the 
modified McIndoe neovaginoplasty using SIS graft is preferred for MRKH patients who require vaginal reconstruction.
Keywords: neovaginoplasty, Mayer-Rokitansky-Küster-Hauser syndrome, skin graft, swine small intestinal submucosa biological 
graft

Introduction
Mayer-Rokitansky-Küster-Hauser syndrome is a congenital malformation that affects approximately 1 in 4000–5000 females and 
results in the variable absence of the upper two-thirds of the vagina while retaining normal secondary sexual characteristics.1 As 
a result, affected women often experience primary amenorrhea and/or periodic pelvic pain and may seek neovaginoplasty to 
improve sexual function and psychological well-being. Several therapeutic methods are currently available, including the non- 
surgical Frank intermittent pressure method2 and surgical approaches using a variety of such as autologous, allogeneic, and 
artificial materials- skin graft,3 peritoneum,4 buccal mucosa,5 sigmoid,6 amnion,7 and regenerated cellulose biomaterials.8 

Successful vagina reconstructive procedures should result in a functional vagina with sufficient length and width, minimal 
scarring, require no long-term dilatation, and provide acceptable sexual satisfaction. However, there is no consensus on the ideal 
material or technique.
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The McIndoe vaginoplasty, first employed by McIndoe in England,9 is a commonly used surgical technique that involves the 
creation of a canal covered by skin grafts in the anterior portion of the pelvic region, between bladder/urethra and rectum.

Swine small intestinal submucosa (SIS) is collagen-based extracellular matrix (ECM) material that has been used in 
various medical applications, including body wall repair,10–12 vascular grafts,13,14 hernia repair15 and some other use.16,17 

SIS also serves as the growing base of host tissue and fosters the differentiation of autologous cells, resulting in new 
growth tissue that closely resembles host tissue.

In this retrospective study, we summarized our experience of modified McIndoe vaginoplasty using SIS graft and 
compared this technique with traditional McIndoe vaginoplasty using skin graft in terms of operative time, bleeding 
amount, long-term anatomical effect, and sexual satisfaction. We reported satisfactory sexual and functional outcomes in 
46 patients who underwent neovaginoplasty using either a skin graft or a scar-free method using an SIS graft.

Materials and Methods
Patients
Between January 2012 and December 2021, 115 patients with Mayer-Rokitansky-Küster-Hauser syndrome (MRKHs) 
were treated for vaginal agenesis in our Department of Gynecology. Of these, 84 patients underwent vaginal reconstruc-
tion using SIS grafts, while 31 underwent vaginoplasty using a skin graft. The age of patients ranged from 16 to 40 years. 
All patients had a 46XX karyotype and had normal external genitalia and secondary sexual characteristics despite various 
degrees of vaginal agenesis. Sonography and magnetic resonance imaging assessed the general condition of ovaries and 
primordial uteri with/without functional endometrium. Urinary abnormalities were assessed by intravenous pyelogram. 
The clinical characteristics of the patients were recorded in Table 1. Before the operation, the mean vaginal depth was 
1.29±0.84cm in the SIS group and 1±0.82cm in the skin graft group (Table 2). Informed consent was obtained from all 
patients before surgical procedures, and the final decision regarding the choice of procedure was made by the patient after 
receiving detailed counseling on the benefits and risks of the alternative methods. This study was approved by the 
Institutional review board of the Ethics Committee of the Ninth People’s Hospital of Shanghai Jiao Tong University 
School of Medicine, consistent with the Declaration of Helsinki and all patients signed the consent form.

Surgery
The modified McIndoe neovaginoplasty using SIS grafts

Table 2 Perioperative Data Related to Vaginoplasty in Mayer-Rokitansky-Küster-Hauser 
Syndrome Patients Using SIS Graft or Skin Graft

Parameter Vaginoplasty Using  
SIS Graft (n=84)

Vaginoplasty Using  
Skin Graft (n=34)

P-value

Operation time (minutes) 61.13±7.17 92.1±9.47 0.001
Amount of bleeding (mL) 38.57±9.46 55.81±8.28 0.001

Intraoperative complications (n) 1 0

Total cost (CNY) 43045.11±2359.98 23500.94±2020.29 0.001

Note: Data are mean±SD (range) or n.

Table 1 Clinical Characteristics of the MRKH Patients in Two Groups

Parameter Vaginoplasty Using  
SIS Graft (n=84)

Vaginoplasty Using  
Skin Graft (n=31)

P-value

Age (year) 24.12±3.78 23.52±3.38 0.415

Vaginal length before surgery (cm) 1.29±0.84 1±0.82 0.105

Urinary abnormality (n) 5 (5.9%) 3 (9.7%) 0.522
Primordial uterus with functional endometrium (n) 4 (4.8%) 2 (6.5%) 0.718

Note: Data are mean±SD (range) or n.
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Patients were placed in a lithotomy position during the surgical procedure under general anesthesia. A small transverse 
incision, 2–3cm in size according to different patients, was made at the anatomical vestibule of the vagina. Subsequently, 200 mL 
of normal saline was injected between the urethra orifice and posterior perineum to enable further division. The neovaginal cavity, 
measuring 10cm in depth and 3 fingers in width along the anatomical vaginal route (Figure 1c–e), was created by blunt and sharp 
dissection with adequate hemostasis to prevent hematoma after the operation. To avoid accidental rectal injury during dissection, 
one finger of the operator was inserted into the patient’s anus.

COOK Biotech Incorporated’s small swine intestinal submucosa biological graft, also known as a biological tissue 
regeneration material, was used in the procedure. The selected size was 7*20cm. The graft was soaked in normal saline 
for 5–10 mins, then folded and sutured into a tube measuring 10cm long and 3.2cm in diameter with one end closed using 
3/0 absorbable suture material (Ethicon, Somerville, NJ, USA) (Figure 1a and b). Next, the shaped SIS graft was 
wrapped around a vaginal mold was placed into the neovaginal cavity. Next, the closed end was fixed to the top of the 
neovagina using 3–0 absorbable Ethicon while the open end was sutured to the vestibular mucosa (Figure 1f). Finally, 
a rubber drainage strip was inserted between the graft and the vaginal cavity to drain the effusion from the wound.

A non-toxic polymer mold of various sizes was inserted into the vaginal cavity based on the depth and width of neovagina 
(Figure 1g). Finally, the mold was fixed with gauze and tapes remained in the vagina for seven days postoperatively.

The traditional McIndoe neovaginoplasty using skin grafts
Most steps for creating the neovaginal cavity and placing the vaginal mold were similar. However, a 12*10cm split- 

thickness skin graft harvested from the lateral thigh was used instead of using the SIS graft. The skin graft was sutured 
and similarly fixed to the neovaginal cavity (Figure 2a and b).

Follow-Up
All the post-operative patients were monitored monthly for the first three months. During this time, the depth and width 
of the neovagina and the appearance of the vaginal mucosa were assessed through visual and speculum examination. 
Patients in the SIS group were requested to wear mold for 12 months, while patients in the skin graft group were asked to 
wear it for 3 months. For patients with a sex partner, their sexual function was assessed utilizing Female Sexual Function 
Index (FSFI), a self-reported questionnaire commonly used to evaluate female sexual health.

Statistical Analysis
Clinical data were analyzed using SPSS 22.0 software. The data were expressed as mean±standard deviation (SD). In 
addition, the Student’s t-test or nonparametric Mann–Whitney U-test was used to compare quantitative variables. 
A P-value less than 0.05 was considered statistically significant.

Results
Clinical Outcomes
All patients tolerated the surgical procedure well. A total of 84 patients underwent vaginal reconstruction using SIS, 
while 31 underwent neovaginoplasty using skin graft. There were no significant differences in the baseline data recorded 
in Table 1 between these two groups. However, the skin graft group had a longer operating time and more bleeding due to 
the harvesting of a split-thickness skin graft compared to the SIS group (92.1±9.47 min versus 61.13±7.17 min, P=0.001 
and 55.81±8.28mL versus 38.57±9.46mL, respectively, P=0.001). Conversely, the total cost of hospitalization was much 
higher in the SIS group due to the use of SIS graft (43045.11±2359.98CNY versus 23500.94±2020.29CNY, respectively, 
P=0.001). In addition, both groups of patients with functional endometrium underwent laparoscopic hysterectomy before 
vaginoplasty. For detailed results, please refer to Table 1 and Table 2.

Anatomical Outcomes
All the patients completed follow-up and effect evaluation at four different time points within 12 months post-surgery, 
with the final follow-up occurring in the 12th month after the procedure. During the speculum examination, the depth 
of neovagina in the SIS group or skin graft group was measured at 7.73±0.57cm and 7.6±0.62cm, respectively 

Therapeutics and Clinical Risk Management 2023:19                                                                          https://doi.org/10.2147/TCRM.S415672                                                                                                                                                                                                                       

DovePress                                                                                                                         
559

Dovepress                                                                                                                                                               Xu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 1 The surgical procedure of vaginal reconstruction for patients with MRKHS using SIS grafts. (a) A piece of swine small intestinal submucosa biological graft. (b) 
Shape the SIS graft into a cylinder. (c) Make incision at the mucous membrane between the urethra orifice and posterior perineum. (d) Divide the tissue between urethra 
and rectum to make a neovagina cavity. (e) Expand the neovagina cavity to 10cm in depth and 3 fingers in width. (f) Fix the SIS graft to neovagina cavity. (g) Place mould after 
operation.
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P=0.317, and with a width of three fingers. The vaginal mucosa in the SIS graft patients appeared ruddy, smooth, soft, 
moist, and elastic. In the SIS group, we observed that it took four to six months for the neovaginal mucosa to 
regenerate in the SIS group (Figure 3a–e) fully. During this period, the mucosa gradually changed from bright red to 

Figure 2 The surgical procedure of vaginal reconstruction for patients with MRKHS using skin graft. (a) Skin graft harvest. (b) Shape the skin graft into a cylinder.

Figure 3 The colposcopy images of the neovaginal mucosa regenerative process of a patient after vaginal reconstruction using SIS graft. (a) A month later. (b) Three months 
later. (c) Six months later. (d) Nine months later. (e) Colpolypus of another patient.
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ruddy, ultimately resembling normal vaginal mucosa, and the vault of neovagina was the last to regenerate. Six 
patients in the SIS group developed multiple vaginal polyps, 1–3 in number and 0.5–1cm in diameter, during mucosal 
regeneration and underwent polypectomy at an outpatient department under local anesthesia. We recommended 
patients in the SIS group wear a vaginal mold constantly for at least 6 months except for cleaning once daily. 
After six months, they only need to wear it while sleeping. If the patients had a sexual partner and engaged in regular 
sexual activity twice a week, they could stop wearing the mold after 12 months. In the split-thickness skin graft 
group, patients were instructed to wear the mold continuously for 3 months and only at night for the following 3 
months.

Functional Outcomes
During follow-up, sexual activity was reported by 51 patients (60.7%) in the SIS group and by 21 patients (67.7%) in the 
skin graft group within 6 to 24 months and 3–24 months after surgery, respectively. The sexual function was evaluated 
using the FSFI questionnaire and the results are shown in Table 3. The total FSFI score in the SISI group was 27.44±1.58 
(range 24.5 to 30.8), with three patients scoring over 30 and one reporting a low total FSFI score below 25. The total 
FSFI score in the skin graft group was 25.33±2.16 (range 20.3 to 28.2), with no patients scoring over 30 and three 
patients reporting low total FSFI scores below 25 (Table 3). According to the FSFI questionnaire, the patients in the SIS 
group scored significantly higher in lubrication, orgasm, and satisfaction scores compared to those in the skin graft group 
(5.28±0.25 versus 4.45±0.36, P=0.000, 4.52±0.55 versus 4.02±0.51, P=0.001, 4.85±0.61 versus 4.42±0.63, P=0.012, 
respectively).

Complications
During surgery, only one patient in the SIS group suffered a rectal injury, which was immediately repaired without any 
fistula formation. No such case occurred in the skin graft group. In addition, no urethra or bladder injury was observed in 
either group. The major postoperative complications were vaginal shrinkage (n=1 in the SIS group) and granulation 
tissue formation (n=6 in the SIS group). The case of shrinkage was resolved using dilation, while outpatient procedures 
under local anesthesia were performed to excise granulation tissues. No shrinkage cases occurred in the skin graft group 
within 12 month follow-up period. The detailed results are shown in Table 4.

Discussion
The SIS graft comprises type I collagen, type III collagen, type IV collagen, fibronectin, mucopolysaccharides, and 
leukopolysaccharides, each playing a unique role in tissue repair.18–20 SIS grafts possess several characteristics: (1) SIS 
graft has a porous structure that allows host cells to adhere and increase into the graft. As the SIS graft degrades, tissue 
collagen deposition and differentiation promote tissue regeneration and reconstruction in the defect area. (2) SIS grafts 

Table 3 Comparison of the Sexual Functional Outcomes in the Two Groups

Parameter Vaginoplasty Using  
SIS Graft (n=51)

Vaginoplasty Using  
Skin Graft (n=21)

P-value

Total FSFI score 27.44±1.58 25.33±2.16 0.001

>30 3 0

25–30 47 18
<25 1 3

Desire score 3.81±0.43 3.83±0.62 0.896

Arousal score 4.08±0.38 4.02±0.43 0.604
Lubrication score 5.28±0.25 4.45±0.36 0.000

Orgasm score 4.52±0.55 4.02±0.51 0.001
Satisfaction score 4.85±0.61 4.42±0.63 0.012

Comfort score 4.91±0.47 4.63±0.59 0.060

Note: Data are mean±SD (range) or n.
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are cells and blood vessel-free, resulting in a transient immune response dominated by TH2 lymphocytes, leading to good 
histocompatibility without immune rejection.21 (3) The growth of host tissues and the degradation of the biological mesh 
occur simultaneously after implantation. The biological mesh is eventually entirely replaced by host tissue, thereby 
repairing the organ function without foreign matter remaining in the body.15 Therefore, we utilized SIS grafts in the 
modified McIndoe technique.

Numerous surgical or nonsurgical methods have been reported and evaluated in women with vagina agenesis caused 
by Mayer-Rokitansky-Küster-Hauser syndrome.3–5,7,8,22 However, an “ideal” method significantly superior to others and 
can be recommended universally as the “gold standard” has not yet been identified. Successful reconstruction is essential 
for a patient’s physical and mental well-being.23 The choice of method should consider multiple factors, such as patient 
preparedness, economic concerns, expectations, and the surgeon’s training. Patients should be thoroughly informed about 
potential complications, costs, and advantages/disadvantages of alternative methods. The ultimate goal of patients and 
physicians is to create a neovagina with sufficient length and width, normal anatomic axial direction, and adequate 
moisture for satisfactory sexual activities.

According to the American College of Obstetricians and Gynecologists (ACOG) Committee, Frank’s nonsurgical 
progressive dilation technique remains the first-line approach for MRKHS patients.24 However, the problems associated 
with the relatively long dilator use and the relatively low sexual functional outcomes cannot be ignored.25,26 In particular, 
the high risk of non-compliance due to time-consuming and tedious daily dilation may be the major issue of nonsurgical 
methods.27 Therefore, surgical techniques are a promising second-line choice for patients who have failed the nonsurgical 
method or cannot maintain compliance. Among various surgical methods of vaginoplasty, the McIndoe technique and 
Davydov’s operation are the most popular and widely adopted. Davydov’s method, which may perform through 
laparoscopic technique or laparotomy alternatively, can achieve adequate neovagina length and sexual function. 
However, it is relatively traumatic and requires more advanced surgical skills and abdominal surgery. In a study 
conducted by Dong et al between 2010 and 2013, 28 patients with MRKHS were compared using two methods of 
laparoscopic-assisted peritoneal vaginoplasty, including Davydov’s method.28 The results showed that the operation time 
was 73±11 minutes, with an intraoperative blood loss of 63±10 mL, and anal exsufflation time after surgery was 28±6 
hours in the Davydov group. The length of neovagina was 9.6±0.5 cm; the Female Sexual Function Index scale score was 
28.5±1.7. On the other hand, the classic McIndoe technique involves taking a skin graft from the patient’s thighs, one of 
the most frequently performed surgical procedures for MRKHs. While it is a reliable, safe, and effective treatment that 
provides satisfactory and functional vaginas in most patients, it leaves an obvious scar on the body surface and requires 
assistance from a plastic surgeon. Some less commonly used techniques include bowel vagina reconstruction using 
sigmoid or ileum segments, the gradual dilatation Vecchietti technique, and Sheares vaginoplasty using perineal skin flap. 
Although bowel vaginoplasty creates a self-lubricated vagina without needing prolonged dilation, this technique is 
significantly more complex and traumatic, with a higher risk of complications and recurrence.29 The Vecchietti technique 
requires special devices,30 and the Sheares vaginoplasty has been associated with cosmetic concerns about damage to the 
vulvar appearance.31 Therefore, a surgical approach that is less traumatic, less complex, more versatile, and associated 

Table 4 Comparison of the Anatomical Outcomes of the Two Groups After Surgery (6 Months 
After Surgery)

Parameter Vaginoplasty Using  
SIS Graft (n=84)

Vaginoplasty Using  
Skin Graft (n=31)

P-value

Depth of vagina after surgery (cm), n (%) 7.73±0.57 7.6±0.62 0.317

≤6 1 0
6–8 72 28

≥8 11 3

Complications, n (%) 7 (8.3%) 0
Shrinkage 1 (1.2%) 0

Granulation tissue 6 (7.1%) 0

Note: Data are mean±SD (range) or n.
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with favorable outcomes would be the optimal choice. Our modified McIndoe technique satisfies these requirements and 
provides satisfactory and functional vaginas in most patients while minimizing complications and preserving the patient’s 
aesthetic appearance.

In this study, we aimed to improve the surgical procedure for neovaginoplasty by replacing the traditional skin graft 
with a biological graft to achieve satisfactory anatomical and functional results with minimal scars. The modified 
McIndoe using SIS graft was compared with the traditional skin graft method based on various parameters. Because 
the SIS graft should take a long time to complete the mucous membrane of the vagina, especially at the tip of the vagina, 
this process often takes 6 months or longer, and according to the SIS patch vaginoplasty performed before 2012, the 
increased mold placement time of the surgical SIS group could effectively prevent the premature removal of the vagina. 
So patients in the SIS group requested to wear the mold for 12 months, while patients in the skin graft group were asked 
to wear it for 3 months, this could not influence the results. The SIS graft group showed advantages over the skin graft 
group, with significantly less bleeding volume and operative time. No statistically significant differences were observed 
in postoperative morbidity. However, the major drawback of neovaginoplasty using SIS graft is the higher cost of the SIS 
graft. And we found that there were some polyps specifically that grew in the SIS graft, the main reason may be that 
Polyp is a vegetation produced by mucosal tissue, while SIS graft provides mucoalized vagina, the friction with the mold 
may cause repeated stimulation, and finally lead to small polyps on the top. Even, the SIS graft still showed a great 
advantage.

We also compared the vaginal depth and FSFI index during follow-up in the two groups. The mean depth and width 
of the artificial vagina in both groups did not show significant differences. Shrinkage was maintained low due to the 
correct mold placement under our guidance. Regarding functional outcomes, the modified McIndoe neovaginoplasty 
using SIS graft showed higher total FSFI scores and subseries in lubrication, orgasm, and satisfaction. The main reason 
may be biological SIS grafts provide a more lubricant and moister neovagina compared with the skin graft. The total 
FSFI scores in our study are comparable to most of the previous studies of vaginoplasty in China32 but lower than some 
reports aboard.3 The variation may be due to differences in race and culture.

The limitation of the present study is its non-randomized design. Further randomized studies are necessary to compare 
the two surgical methods. Additionally, future studies could explore further comparisons of other common procedures, 
such as the Davydov procedure and other methods. Psychological studies to evaluate postoperative mental health 
problems in patients are also necessary.
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