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Abstract
Aim of the study  Colon vaginoplasty (CV) is often performed for cloacal malformation (CM). We used mice to study the 
vitality of spermatozoa after contact with colonic mucosa as a factor contributing to infertility.
Methods  Spermatozoa isolated from the epididymides of C57BL/6J male mice (n = 23) were syringed directly into the 
vaginas (Vag-group) or colons (Colo-group) of female mice (n = 45). Vitality was determined by assessing motility using 
computer-assisted sperm analysis, viability by staining with SYBR-14 and propidium iodide, and fertility by in vitro ferti-
lization, prior to deposition, and at 5, 10, 30, and 60 min after deposition.
Main results  Motility was significantly decreased in Colo only at 10 and 60 min. Viability of Colo spermatozoa was signifi-
cant at all assessment times, except at 10 min. Normal fertilization was observed with all Vag spermatozoa, but with Colo, 
there was arrest of embryo development with spermatozoa collected at 5 and 10 min, and no fertilization with spermatozoa 
collected at 30 and 60 min.
Conclusions  The vitality of spermatozoa is compromised by contact with colonic mucosa which could contribute to infertil-
ity in CM after CV, because their ovaries and fallopian tubes are considered to be normal.
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Introduction

Cloacal malformation (CM), defined as confluence of the 
rectum, vagina, and urethra into a single common channel, 
is rare; reported incidences range from 1: 20,000–50,000 
live births [1]. CM is treated by posterior sagittal anorecto-
plasty (PSARP) and total urogenital mobilization (TUM). 
The severity of the vaginal defect directly influences the 
choice of procedure for vaginal reconstruction, and multiple 
surgical techniques have been described which fall into one 
of three categories, skin-flap vaginoplasty, or pull-through 

vaginoplasty. In CM with a common channel longer than 
3 cm, vaginal replacement is usually required, and colon 
is the most common choice (colon vaginoplasty; CV) [2].

However, there is a scarcity of reports on long-term fol-
low-up and quality of life in CM and reports concerning fer-
tility and pregnancies in patients with CV are largely lacking 
in the literature. In fact, despite reportedly normal ovaries 
and fallopian tubes in CM, none of our cases has reported 
pregnancy to the best our knowledge.

We studied the vitality of spermatozoa, i.e., their motility, 
viability, and fertility, before and after exposure to colonic 
mucosa in mice, as a contributing factor to infertility after 
CV.
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Materials and methods

Spermatozoa suspension

The cauda epididymides of 10-week-old C57BL/6J male 
mice (n = 23) were removed and incised with a pair of 
micro-spring scissors and clots of spermatozoa obtained 
by gentle milking with forceps. Harvested spermatozoa 
were placed in 15 µL of TYH medium and incubated at 
36 °C [3, 4] to make a spermatozoa suspension that was 
deposited directly into the vaginas (Vag-group) or the 
colons per ani (Colo-group) of 9-week-old C57BL/6J 
female mice (n = 45) using a syringe. Each mouse received 
15 µL of suspension. To optimize contact between the sus-
pension sample and the vaginas and colons of recipient 
female mice, the vaginas and colons were washed with 
TYH medium before deposition. In addition, in the Colo-
group, recipient female mice were fasted for 24 h prior to 
deposition to prevent fecal contamination. Deposited sus-
pension samples were collected in 20 µL of injected PB1 
[5] after being in contact with colonic mucosa for 5, 10, 
30, and 60 min. These test samples were assessed for over-
all vitality, motility, viability, and fertility as described 
below.

Overall vitality of spermatozoa in collected 
suspension samples

Motility was assessed using light microscopy. The con-
centration of spermatozoa was calculated by counting the 
number of spermatozoa with a disposable hemocytometer 
(C-Chip; NanoEnTek Inc., Seoul, Korea). C-Chip consists 
of nine large squares, each measuring 1 × 1 mm, and four 
corner squares are divided into 16 small squares. The num-
ber of spermatozoa in each of the 16 small squares at each 
corner was counted manually.

Motility: computer‑assisted sperm analysis (CASA) 
system: IVOS®II

Motility of spermatozoa in test samples was also assessed 
using a computer-assisted sperm analysis system (CASA, 
IVOS®II Hamilton-Thorne Research, Beverly, MA, USA) 
[6]. A 30 µL sample of spermatozoa suspension diluted 
with PB1 was placed on a cell counting chamber (LejaR 
standard counting chamber). The percentage of motile 
spermatozoa, classified as those moving at a velocity of 
5 µm/s in any direction, were calculated.

Viability: SYBR‑14 and propidium iodide

The proportion of viable spermatozoa in test samples was 
assessed by means of a dual staining technique using the 
stains SYBR-14 and propidium iodide. SYBR-14, which 
permeates intact plasma membranes, causes viable sper-
matozoa to fluoresce green. Propidium iodide, which per-
meates only damaged plasma membrane, causes nonviable 
spermatozoa to fluoresce red [7]. Deposited suspension 
samples collected in 20 µL of injected PB1 from vaginas 
and colons (test samples) were diluted to 45 µL with PB1, 
5 µL of 50-fold dilution of SYBR-14 in PB1 was added 
and incubated at 37 °C for 5 min followed by 5 µL of 
propidium iodide and incubated again at 37 °C for 5 min. 
After staining, 10 µL of test spermatozoa solution was 
placed on a C-Chip for manual cell counting. The percent-
age of viable spermatozoa was calculated under fluores-
cence stereomicroscopy equipped with filter sets.

Fertility: in vitro fertilization

C57BL/6J female mice superovulated with 10 IU of preg-
nant mare’s serum gonadotropin (PMSG) (Peamex; San-
kyo Lifetech Inc., Tokyo, Japan) followed by 10 IU of 
human chorionic gonadotropin (hCG) (Sigma-Aldrich, 
Missouri) approximately 48 h later. Mice were sacrificed 
14 h after the hCG injection for collection of oocytes. 
Cumulus–oocyte complexes (COC) were released by open-
ing the ampulla of the oviduct with a dissecting needle. 
COC were transferred to a dish in a drop of TYH medium 
and 25 µL of spermatozoa suspension diluted with PB1 
was added. Each dish was placed in an incubator (37 °C 
5% CO2 in air). 5 h after insemination, the oocytes were 
washed in fresh TYH medium in a washing dish to remove 
any parthenogenetic oocytes. Dishes were observed for 
pronuclear stage eggs, i.e., fertilized eggs, 6 h after insem-
ination. Developmental stages used for classification were 
2-cell, 4-cell, morula, blastocyst, and hatched blastocyst 
(Fig. 1). The percentages of pronuclear stage eggs were 

Fig. 1   Pronuclear stage eggs were classified as fertilized eggs. After 
fertilization, progress of development was classified according to the 
4-cell, morula, blastocyst, and hatched blastocyst stages
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calculated. Subsequent development was monitored and 
the percentage of embryos at each stage was calculated.

Statistical analysis

Data were expressed as mean ± standard deviation. Statis-
tical evaluation of differences between Vag and Colo was 
performed using the Chi-squared test for unpaired compari-
sons using JMP® 14 (SAS Institute Inc., Cary, NC, USA). 
Statistical significance was defined as P < 0.05.

Results

All spermatozoa suspensions collected from Vag and Colo 
mice contained spermatozoa in concentrations ranging from 
1 to 5 × 105/mL, which was comparable to concentrations of 
spermatozoa obtained from normal C57BL/6 epididymides.

Motility

The mean proportion of motile spermatozoa prior to deposi-
tion was 39.4 ± 1.7%. While motility decreased over time in 
both Vag and Colo, motility in Colo was significantly lower 
at 10 and 60 min (p < 0.05). Differences were not statistically 
significant at 5 and 30 min (p = 0.14, 0.77, respectively). The 
decrease in motility was greater and more rapid in Colo, 
plummeting to only 0.8 ± 0.3% at 60 min compared with a 
more gradual decrease in Vag from 10.0 ± 2.7% at 10 min to 
6.0 ± 1.6% at 60 min (Fig. 2).

Viability

Mean viability prior to deposition was 62.0 ± 3.4%. While 
viability decreased over time in both Vag and Colo, viabil-
ity in Colo was significantly lower at all assessment times 

except in suspensions collected after 10 min (p < 0.05). 
While viability in Vag basically did not change from 5 
to 60  min (31.2 ± 2.8%–38.9 ± 5.5%), viability in Colo 
decreased over time, and was only 10.8 ± 2.0% at 60 min 
(Fig. 3).

Fertility

Maximum fertility in mice would appear to require concen-
trations of spermatozoa of 105–107/mL [8]. Fertility with 
spermatozoa obtained directly from the epididymides of 
mice was 31.0 ± 3.4%. Normal fertilization was observed 
with all Vag spermatozoa, with development observed to 
the hatched blastocyst stage. In contrast, while normal ferti-
lization was observed with Colo spermatozoa that were col-
lected after contact with colonic mucosa for 5 and 10 min, 
there was arrest of embryo development after fertilization 
to blastocyst and morula stages, respectively, and with Colo 
spermatozoa that was collected after contact with colonic 
mucosa for 30 and 60 min, there was no fertilization at all. 
Development rates to the 4-cell, morula, blastocyst, and 
hatched blastocyst stages with 5 min Colo spermatozoa 
(45.0%, 13.3%, 13.3%, and 0%) were lower than for 5 min 
Vag spermatozoa (71.1%, 68.7%, 68.7%, 44.4%, respec-
tively), and were also lower with 10 min Colo spermatozoa 
(58.3%, 50.0%, 0%, and 0%, respectively) compared with 
10 min Vag spermatozoa (72.0%, 72.0%, 67.0%, 32.0%, 
respectively).

Discussion

All CM have formidably challenging urologic/gynecologic/
anorectal anomalies that will profoundly influence their 
entire life. As surgery becomes less invasive and scars more 
cosmetic, functional issues, particularly those related to 

Fig. 2   Motility decreased from a pre-deposition value of 39.4 ± 1.7% 
in both Vag and Colo, but was significantly lower in Colo only after 
10 and 60 min (p < 0.05)

Fig. 3   Viability decreased from a mean pre-deposition value of 
62.0 ± 3.4% in both Vag and Colo. Viability in Colo was significantly 
lower at each assessment time except at 10 min (p < 0.05)
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sexual and reproductive function become relevant as CM 
patients marry and desire to have children like other women. 
Unfortunately, for the majority of pediatric surgeons, the 
aims of vaginal reconstruction are to provide a cosmetically 
satisfactory introitus, a conduit for normal menstruation and 
pain-free penetrative intercourse. In other words, structural 
integrity has priority over function, and fertility is not of 
concern to many surgeons planning vaginal reconstruction.

We could not identify any reports in the English language 
literature on whether there is a causal relationship between 
vaginal reconstruction and infertility in CM. Nevertheless, 
here, we report for the first time, a definite detrimental effect 
of colonic mucosa on the vitality of spermatozoa (in mice) 
which could be implicated as a cause of infertility in CV 
patients if there is in fact more infertility in CV patients.

As girls with CM grow, there may be accumulation of 
menstrual blood secondary to obstruction at puberty which 
causes severe abdominal pain with monthly exacerbations 
and potential for retrograde flow of menstrual blood into 
the peritoneal cavity. Fallopian tube damage or blockage 
is often caused by inflammation caused by such backflow 
which can also cause pelvic adhesions that can be as severe 
as the bands of scar tissue that may form after abdominal or 
pelvic surgery and bind organs.

Causes of female infertility may include: uterine or cer-
vical abnormalities, fallopian tube damage or blockage, 
postoperative pelvic adhesion, ovulation disorders, endo-
metriosis or primary ovarian insufficiency or other specific 
or multiple physical and physiological factors, including 
genetic alterations [9]. Aberrant epigenetic mechanisms have 
also been associated with reproductive infertility. Approxi-
mately, 40% of CM patients have duplicated Müllerian sys-
tems with two vaginas and two uteri [10]. Uterine duplica-
tion affects reproductive function, with a pooled spontaneous 
miscarriage rate of 32.2%, a preterm birth rate of 28.3%, a 
term delivery rate of 36.2%, and a live birth rate of 55.9% 
[11]. In the report of Rackow et al., uterine anomalies were 
associated with difficulty in maintaining a pregnancy but not 
an impaired ability to conceive [12].

Although there are many factors that might contribute 
to infertility and recurrent pregnancy loss, several authors 
have reported good reproductive outcomes in CM. Actu-
ally, of Hendren’s [13] 24 adult patients, seventeen have 
coitus, six had gone successfully through pregnancies. Five 
of these delivered by cesarean section and one vaginally. In 
the report Warne et al., there have been no pregnancies to 
date in their series [14]. In the report of Couchman et al., 
eight of 19 patients were reported to be sexually active, of 
whom one identified difficult penetration [15]. Three of the 
eight patients with sexual activity were attempting to con-
ceive with assisted conception methods and one patient had 
a complex preterm delivery. Of the Rintala et al., 14 of 27 
patients were reported to be sexually active [16]. Three had 

delivered healthy babies by cesarean section. In the report 
of Salvi et al., CM with long common channel had delivered 
the baby by cesarean section, but the detail of vaginal recon-
struction is not described [17].

Complications associated with CV include vaginal steno-
sis. Strictures occur at the junctional zone between the intes-
tine and perineal skin. All the dilatations were needed for 
strictures with routine home dilatation. Patients occasionally 
have painful intercourse due to a scar neuroma at the vaginal 
introitus. The rates of sexual activity in CV patients may be 
less than in other females.

While our study introduces new and important informa-
tion about compromised vitality of spermatozoa after con-
tact with colonic mucosa, any infertility in CV patients is 
actually treated conventionally using in vitro fertilization 
and blastocyst transfer [18].

Conclusion

Irrespective of the indications for CV, it is a procedure that 
is performed at a reasonable enough frequency for our find-
ings to be relevant to the quality of life of postoperative 
CV patients and by inference, CM patients. In other words, 
fertility issues may be related to the compromised vitality 
of spermatozoa seen after contact with colonic mucosa that 
we observed in mice in this study. However, we can offer 
no explanation for our findings; why should contact with 
colonic mucosa compromise vitality of spermatozoa? Is pH 
involved, or some aspect of mucus quality? Further investi-
gation is necessary to clarify the etiologic factors involved.
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