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loacal malformations: lessons learned from 490 cases
arc A. Levitt, MD, Alberto Peña, MD

rom the Division of Pediatric Surgery, Colorectal Center for Children, Cincinnati Children’s Hospital Medical Center,

niversity of Cincinnati College of Medicine, Cincinnati, Ohio.
In this review we describe lessons learned from the authors’ series of patients born with the most complex
of congenital anorectal problems, cloacal malformations, with the hope to convey the improved understand-
ing and surgical treatment of the condition’s wide spectrum of complexity learned from patients cared for
over the last 25 years. This includes a series of 490 patients, 397 of whom underwent primary operations,
and 93 who underwent reoperations after attempted repairs at other institutions. With regard to the newborn,
we have learned that the clinician must make an accurate neonatal diagnosis, drain a hydrocolpos when
present, and create an adequate, totally diverting colostomy, leaving enough distal colon available for the
pull-through, and a vaginal replacement if needed. A correct diagnosis will avoid repairing only the rectal
component. For the definitive reconstruction, all patients in the series were managed with a posterior sagittal
approach; 184 of whom also required a laparotomy. The average length of the common channel was 4.6 cm
for patients who required a laparotomy and 2.5 cm for those who did not. Hydrocolpos was present in 139
patients (30%). Vaginal reconstruction involved a vaginal pull-through in 308 patients, a vaginal flap in 44,
vaginal switch in 48, and vaginal replacement in 90 (33 with rectum, 15 with colon, and 42 with small
bowel). A total of 220 underwent total urogenital mobilization, which was first introduced in 1996.
Complications included rectal prolapse in 26, vaginal stricture or atresia in 18, urethrovaginal fistula in 13,
and urethral atresia in 6. A total of 53% of all cases have voluntary bowel movements. The others are kept
clean with a mechanical daily emptying (an enema) as part of a bowel management program. Indications for
reoperations included persistent urogenital sinus after initial repair in 39 patients. Fifty-one had problems
such as rectal prolapse, stricture, retraction, dehiscence or atresia, 29 had a mislocated rectum, 34 had vaginal
stricture, retraction, dehiscence, atresia, or stenosis, 16 had urethrovaginal or rectovaginal fistulae, and 5 had
urethral stricture or atresia. The series was divided into 2 distinct groups of patients where common channel
measurement was known (n � 400): group A were those with a common channel �3.0 cm (n � 225, 56%)
and group B had a common channel �3 cm (n � 175, 44%). The separation into these 2 groups has
important therapeutic and prognostic implications. Patients in Group A can be repaired posterior sagittally
with a reproducible operation. Because they represent most patients, most well-trained pediatric surgeons
should be able to repair these types of malformations, and the prognosis is good. Patients in Group B (those
with a common channel �3 cm), usually require a laparotomy, have a much higher incidence of associated
urological problems, and often require special maneuvers for vaginal reconstruction. Surgeons who repair
Group B malformations require special training in urology; the operations are prolonged and technically
demanding, and the functional results are not as good as in group A.
© 2010 Elsevier Inc. All rights reserved.
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In a cloaca, the vagina, urethra, and rectum are fused
ogether inside the pelvis, creating a common channel that
pens into a single orifice at the position where the urethral
pening is normally located. Cloacae represent a wide spec-
rum of defects, but the common denominator is the presence

f a single perineal orifice. On the more severe side of the
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129Levitt and Peña Cloacal Malformations
pectrum, one may find patients with a common channel �5
m. The length of the common channel varies from 1-10 cm,
ith an average of approximately 3 cm.
A total of 30% of these patients have a very dilated

agina filled with fluid, urine, and/or mucus, called hydro-
olpos.1,2 The reason why the dilated vagina retains fluid is
mystery, as the common channel is almost never atretic.
ikely there is a valve mechanism that interferes with emp-

ying of the fluid. Most of the patients with hydrocolpos also
ave a duplicate Mullerian system (Figure 1).

The hydrocolpos may produce 2 important complica-
ions; first it may compress the trigone of the bladder,
roducing ureterovesical obstruction, megaureter, and hy-
ronephrosis (Figure 2), and second, the hydrocolpos if left
ndrained may become infected, leading to a pyocolpos that
ventually may perforate. The resulting inflammation may
car the vagina and affect the future reconstruction.

Approximately 40% of patients have a double Mullerian
ystem consisting of 2 hemiuteri and 2 hemivaginas. This
eptation disorder may be partial or total and symmetric or
symmetric (Figure 1). In the asymmetric type, the double
ullerian system phenomenon is frequently associated with
unilateral atresia of the Mullerian structure. When this

oes unrecognized, it may produce an accumulation of
enstrual blood at the age of puberty, as well as retrograde
enstruation into the peritoneal cavity. The presence of

ouble Mullerian systems also has important obstetrical
mplications.3

Associated defects are common. Most vital to recognize
re the urological abnormalities which include absent kid-
ey, vesicoureteral reflux, horseshoe kidney, ectopic ure-
ers, double ureters, hydronephrosis, and megaureters as a

igure 1 Most of the patients with hydrocolpos also have du-
licate Mullerian systems. (Reprinted from Peña A. Atlas of sur-
ical management of anorectal malformations; with permission
rom Springer Verlag.)
esult of vesicoureteral reflux or ureterovesical obstruction. V
Treatment of cloacas represents a significant technical
hallenge, with the goals that a patient should have urinary
ontrol, bowel control, sexual function, and obstetrical po-
ential. These goals, of course, are sometimes achieved, and
ometimes partially achieved. Even for the most severe
ases, we are firm in our philosophy that all patients with
norectal and urogenital malformations should be clean of
tool in the underwear and dry of urine after the age of 3;
hese patients were either born with a benign malformation
hat was adequately reconstructed allowing them to realize
heir continence potential, or were born with a malformation
ith a bad functional prognosis, but can be maintained

rtificially clean of stool (subjected to a successful bowel
anagement program) and dry of urine (subjected to intermit-

ent catheterization) through the native urethra or through a
eourethra (continent diversion).

eonatal management

he diagnosis of a cloaca is a clinical one made by identi-
ying a single perineal orifice. The perineum has other
mportant characteristics that help predict the internal anat-
my and the final functional prognosis. A “good-looking”
erineum consists of a well-formed midline groove and a
ell-located and clear anal dimple, indicating that the pa-

ient has a good sphincter. A “bad-looking” perineum has a
ingle perineal orifice but in addition, a “flat bottom,” with
o traces of a sphincter mechanism and most likely, a poor

igure 2 The hydrocolpos may compress the trigone of the
ladder, producing ureterovesical obstruction, megaureter, and hy-
ronephrosis. (Reprinted from Peña A. Atlas of surgical manage-
ent of anorectal malformations; with permission from Springer

erlag.)
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unctional prognosis. Sometimes one finds hypertrophic
olds of skin in the area of the single perineal orifice, which
ives a false impression of a phallus which is likely why
ome patients are misdiagnosed with disorders of sexual
evelopment.

The first 24 hours after birth, like in all other babies with
n anorectal malformation, should be used to rule out the
resence of associated problems that may represent a risk to
ife.1 The most important one, in patients with a cloaca, is
rinary tract obstruction. The baby must have a kidney and
ladder ultrasound study to rule out the presence of hydro-
ephrosis and megaureters and also a pelvic ultrasound to
valuate for the presence of hydrocolpos. A plain abdominal
adiograph in a baby with a single perineal orifice may show
n image of a pelvic mass, which most likely represents a
ydrocolpos that must be drained soon. An ultrasound study
hat shows hydronephrosis, megaureter, and a cystic pelvic
ass, most likely represents a hydrocolpos that is compress-

ng the trigone of the bladder and is causing the bilateral
egaureters and the hydronephrosis.
Hydrocolpos as a cause of megaureter and hydronephro-

is often goes unrecognized.2 Patients with hydronephrosis
nd megaureter may be subjected to an unnecessary and
nindicated ureterostomy, vesicostomy, and/or nephros-
omy. Most of the time, drainage of the hydrocolpos alone
akes care of the problem of megaureter and hydronephro-
is. Only in those patients who have, in addition, vesi-
oureteral reflux and difficulty emptying their bladder, often
ue to a long and narrow common channel, does vaginos-
omy alone not help, and a vesicostomy is needed. If the
atient has a hydrocolpos, the first step should be drainage
f the hydrocolpos prior to making decisions concerning
ny urological procedures.

An echocardiogram should be done to rule out cardiac
onditions, esophageal atresia must be ruled out with pas-
age of a nasogastric tube, and a spinal ultrasound is indi-
ated to evaluate for the presence of tethered cord. A plain
bdominal radiograph will show the characteristics of the
umbar and thoracic spine as well as the sacrum, and a sacral
atio can be calculated.

Babies with a cloaca need a colostomy, and a descending
olostomy with a tiny mucous fistula completely separated
rom the proximal stoma is ideal. The patient must be left
ith a good length of distal colon long enough for the future
ull-through, and even for a vaginal replacement if needed.
e are strongly opposed to the opening of loop colostomies

n these babies, because that type of stoma frequently allows
he passage of stool into the distal bowel with direct fecal
ontamination of the urinary tract. If the patient has evi-
ence of hydrocolpos, the surgeon must drain it at the same
ime, which is best done with a pigtail catheter that is
xteriorized through one of the lower quadrants. (A curled
atheter is less likely to fall out during the initial several
onths of life when the inflammation recedes and the va-

ina moves away from the abdominal wall.) Because most

f the patients with hydrocolpos have bilateral hydrocolpos, d
window is needed in the septum between the 2 hemiva-
inas to use a single tube to drain both.

A newborn with a cloaca that has a colostomy and is not
oing well postoperatively usually has an undrained ob-
tructed urinary tract, with or without hydrocolpos. There-
ore, the first study in such patients should be an ultrasound
hich can evaluate for hydronephrosis, megaureter, a large
ladder, or hydrocolpos, or, in the case of a loop stoma or
f both stomas are being bagged together, distal stool spill-
ge may lead to urinary tract infection.

When the patient is well treated, the colostomy is adequate,
nd the urinary tract and hydrocolpos are well drained, recov-
ry is rapid. The patients can go home and within several
onths will be ready for the main repair.

efinitive reconstruction

efore 1982, the primary surgical treatment of cloacas was
ot performed with a systematic approach. The related pub-
ications were few, with rather poor descriptions of impro-
ised types of operations. Dr Hardy Hendren made signif-
cant contributions to the surgical repair of patients born
ith cloacas.4 He initially referred to these defects as “im-
erforate anus with urogenital sinus.”5 His main contribu-
ions in cloacal management were in secondary operations
nd in methods to deal with the myriad urological problems.

In June 1982, the posterior sagittal approach was used by
he senior author for the first time to repair a cloaca.6

ortuitous at the time, that first cloaca was what we now
onsider a “benign type” of malformation, meaning that the
ommon channel was relatively short (�3 cm) and therefore
t was able to be repaired. That patient today has urinary
ontrol, bowel control, sexual function, and subsequently
as successfully delivered a baby by cesarean section.

During the first few years after 1982, the approach for the
epair of cloacas, the posterior sagittal anorectovaginoure-
hroplasty, consisted of separating the rectum from the uro-
enital tract like in all other malformations, followed by the
eparation of the vagina from the urethra and bladder, re-
onstruction of the common channel as a neo-urethra, mo-
ilization and dissection of the vagina so that it could be
ulled down to be placed posterior to the urethra, and
erformance of a pull-through of the rectum placing it
ithin the limits of the sphincter. That approach was highly

uccessful in a certain type of cloaca that we now refer to as
benign,” but was not successful in more complex types.

The main lesson learned during the last 3 decades, in
anaging nearly 500 cases, is that cloacal malformations

epresent a broad spectrum of defects. It has been an eye-
pening, constant learning experience. The more experience
e develop, the more we understand that the spectrum

eems to be wider and wider. This learning process has
llowed the design of surgical maneuvers applicable to
ifferent anatomical variants of these defects, which we will

escribe in this review.
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131Levitt and Peña Cloacal Malformations
In 1996, for the first time, the senior author used an
nnovative surgical maneuver called, “Total Urogenital Mo-
ilization,” which dramatically reduced operative time and
ead to better cosmetic and functional results.7 Total uro-
enital mobilization often is not enough to repair more
omplex types of defects and, therefore, a “Transabdominal
xtended Total Urogenital Mobilization procedure,” is
eeded, which allows for the repair of cloacas with common
hannels of 3-5 cm. Yet, even with the use of an “extended
ransabdominal” approach, some cloacas require further
echnically demanding maneuvers, including the complete
eparation of bladder and urethra from the genital tract. To
o that, the bladder must be opened and feeding tubes
assed into the ureters to help avoid injury to them. In
ddition, in some patients, we need to carve the pubic
artilage to create a shorter trajectory for the urethra and
agina so they can be pulled down behind the pubis and
utured next to the clitoris. In some cases, a maneuver called
he “Vaginal Switch” is needed. In another group of cases,
e have totally or partially replaced the vagina with rectum,

olon, or small bowel. Finally, there is a group of cloacas
ith an extremely long common channel (�5 cm), in whom

he common channel is left intact and can become the
eourethra, and later be used as a conduit for intermittent
atheterization. For such cases, we start with a laparotomy
o separate the vagina(s) and the rectum from the trigone or
he bladder neck.

As we learned more about the complexity of cloacal
alformations, we developed a serious concern about the

eproducibility of some of the techniques used to repair
hem. However, more than 50% of cloacas have a common
hannel �3 cm.8 This means that they can be repaired by
eans of a posterior sagittal approach, using the “Total
rogenital Mobilization” without opening the abdomen, a

eproducible maneuver which can be learned by most pediatric
urgeons. By contrast, cases with a common channel �3 cm
ave a much more involved reconstruction and should be
epaired by those specially dedicated and experienced in
ealing with cloacas (Tables 1 and 2).

Figure 3 shows our decision-making algorithm in the
epair of cloacas. Before surgery, we review a contrast study
f the cloaca which now can be done in 3-D9 (Figure 4). We
trongly recommend that the general pediatric surgeon do
he vaginoscopy and cystoscopy in a separate setting outside
f the newborn period. With endoscopy and a cloacagram
he general pediatric surgeon will be able to:

Table 1 Cloaca common channel lengths

Common channel length No. patients

1 cm or less 43
1-3 cm 182
3-5 cm 128
�5 cm 47
Common channel not known 90
Total 490
f

determine whether they can perform the operation or
whether the patient should be referred to a specialized
center,
determine whether it will be necessary to open the abdo-
men for the reconstruction. This represents important
information for the anesthesiologist and the entire oper-
ating team. It helps with equipment needs, predicting
operating time, etc,
predict the functional prognosis, and
determine whether the patient needs a bowel preparation,
and whether vaginal replacement with bowel is likely to
be necessary.

ubtypes of cloacal malformations

loacas with a common channel 1 cm or less (n � 43)

n instances of very short common channel cloaca, we
ecommend a relatively straightforward procedure that we
all a posterior sagittal anorectal vaginoplasty. The urethra
s left untouched. We separate the rectum from the vagina as
n cases of vestibular fistulas, then, rather than separating
he vagina from the urinary tract or performing a total
rogenital mobilization, we mobilize only the lateral and
osterior walls of the vagina, enough to be able to suture the
dges of the vagina to the skin of the neolabia. In this
anner, we avoid disturbing the urethra or the common wall

etween the vagina and urethra. The cosmetic effect of this
peration is excellent. The results in terms of bowel and
rinary control are similar to those of patients with recto-
estibular fistula and are excellent when the sacrum and
pine are normal. These patients may be left with a mild

Table 2 Two major groups of cloacas

Group A Group B

Common channel Short, �3 cm Long, �3 cm
Type of operation Only posterior

sagittal
Posterior sagittal
and laparotomy

Length of procedure 3 hours 6-12 hours
Postoperative
hospitalization

48 hours Several days

Incidence in our
series

56% (n � 225) 44% (n � 175)

Voluntary bowel
movements

66% 36%

Urinary continence 74% 28%
Intraoperative
decision-making

Relatively easy,
reproducible
operation

Complex, delicate,
and technically
demanding*

*Bladder/vagina separation, ureteral catheterization, vesicostomy,
bladder neck reconstruction or closure, vaginal switch, vaginal replace-
ment (with rectum, colon, or small bowel).
emale hypospadias, which is irrelevant because they do not
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eed intermittent catheterization and because the urethral
eatus is readily visible.

loacas with a 1-3 cm common channel (n � 182)

ost cloacas are of this type (Figure 5). These patients
ave, in general, a good prognosis. Less than 20% of them
equire intermittent catheterization after reconstruction.
owel function depends on the quality of the sacrum and

pine.
We repair these malformations any time from 1 to 12

onths of age, and ideally, if the baby is growing and
eveloping normally, between 1 and 3 months of life. Most
f our patients, however, come from other institutions and,
herefore, we have experience doing this procedure at dif-
erent ages.

When the 3D cloacagram (Figure 4), vaginoscopy, and
ystoscopy show that the patient has a common channel of
-3 cm, we can be confident that we can repair that malfor-
ation using only the posterior sagittal approach with total

Figure 3 Algorithm for the
rogenital mobilization, without opening the abdomen. The v
peration takes approximately 3 hours. The cosmetic and
unctional result is excellent.

The patient is placed in prone position, with the pelvis
levated. A posterior sagittal incision is used, running from
he lower portion of the sacrum down to the single perineal
rifice. We divide the skin, subcutaneous tissue, parasagittal
bers, and the entire sphincter mechanism precisely in the
idline. The common channel is opened exactly in the
idline which exposes the internal anatomy of the malfor-
ation. Placing a mosquito clamp in the single perineal

rifice helps guide the midline incision of the posterior
spect of the common channel.

The first step, as in all cloacas, consists of separating the
ectum from the vagina. When the patient has 2 Mullerian
ystems, the rectum is found in the middle of both hemiva-
inas, opening usually in a little orifice located in the pos-
erior aspect of the vaginal septum. Multiple 5.0 silk stitches
re placed around the rectal opening to apply uniform trac-
ion. Special emphasis is placed on creating a plane of
issection in the common wall between the rectum and the

al reconstruction of a cloaca.
agina(s). After the rectum and vagina(s) are fully sepa-
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133Levitt and Peña Cloacal Malformations
ated, a circumferential dissection is performed, dividing the
ands and vessels that hold the rectum in the pelvis. As we
rogress with this dissection, we keep gaining length until
e have enough rectum to comfortably reach the perineum

o be able to place it within the limits of the sphincter.
Before 1996, the vagina was separated from the urinary

ract,6 which was a technically demanding maneuver, took
any hours, and led to a significant number of urethrovag-

nal fistulas because of that separation8 in 1996, the total
rogenital mobilization was utilized7 (Figure 6). For this,
e place multiple 5.0 silk sutures in the edges of the com-
on channel and the lateral walls of the vagina to apply

Figure 4 3-D Cloacagram.

igure 5 Cloaca with a short common channel. (Reprinted from
eña A. Atlas of surgical management of anorectal malformations;
bith permission from Springer Verlag.)
niform traction. Another set of sutures is placed in a
orizontal, transverse manner, about 5 mm above the clito-
is. The common channel is divided distal to the transverse
ine of sutures between the clitoris and the sutures using the
eedle tip cautery. The incision includes the full thickness
f the common channel. A plane of dissection exists be-
ween the pubis and the common channel. The suspensory
igaments of the urethra are visualized and divided with
autery as well as their lateral attachments on both sides of
he vagina. When these suspensory ligaments of the vagina
nd urethra are divided, one sees a characteristic retropubic
at pad. These ligaments extend onto both lateral walls of
he vagina and must be divided, with preservation of the
lood supply of the vagina. By dividing them, we gain
pproximately 2 cm of length in the common channel. We
hen go to the posterior part of the vagina(s) and divide the

igure 6 (A, B) Total urogenital mobilization. (Reprinted with
ermission.7)
ands found posterior and laterally, which gains another
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entimeter. As a consequence, in most instances, the total
rogenital mobilization allows for the mobilization of the
agina and urethra with a common channel of 3 cm. Occa-
ionally, cloacas with a 4-5 cm common channel can be
epaired using this posterior sagittal maneuver.

After we mobilize the urogenital sinus, we then split the
ommon channel in the midline, into 2 lateral flaps. By
oing this, we can suture the urethral meatus to the tissue
ehind the clitoris. The 2 flaps developed from what used to
e the common channel, now become part of the neolabia.
he lateral walls of the vagina(s) are sutured to the neolabia
nd a normal-looking introitus is created. The electrical
timulator is then used to determine the limits of the anal
phincter. The perineal body is reconstructed between the
osterior limit of the vagina and the anterior limit of the
phincter. The rectum is then placed within the limits of
he sphincter and in front of the levator mechanism.

loacas with a 3-5 cm common channel (n � 128)

hen the contrast study and the endoscopy demonstrate
hat the patient has a common channel length of 3-5 cm, we
erform a total body preparation because we know that it
ill most likely be necessary to open the abdomen, in

ddition to using the posterior sagittal approach, to repair
he malformation. The operation begins with the patient in
he prone position and pelvis elevated. With a posterior
agittal incision, the internal anatomy of the malformation is
xposed; the rectum is separated from the urogenital tract,
nd a total urogenital mobilization is performed, as de-
cribed previously. Occasionally, we are happily surprised
o find that it is possible to reconstruct the urethra, vagina,
nd rectum without opening the abdomen. However, most
f the time, total urogenital mobilization is not enough to
epair the malformation. In such cases, the patient is turned
o the supine position and the abdomen is opened with a
idline infraumbilical incision.
We then perform what we call an “Extended Transab-

ominal Urogenital Mobilization.” Traction is applied to the
ome of the bladder; the lateral attachments of the bladder
re divided to obtain better exposure. The midline incision
s extended all the way down to the pubis. Between the
ladder and posterior aspect of the pubis, one can see the
pace that was created from below with the total urogenital
obilization. The urogenital complex is then brought up

hrough this space between bladder and pubis. At this point,
e divide all the pelvic avascular attachments of the bladder

nd urethra. Through the laparotomy, these attachments are
asily seen. Usually this maneuver allows us to gain extra
ength on the urogenital mobilization. If that is enough to
omplete our repair, we then pull back through the urogen-
tal complex and repair the urethra and vagina as described
reviously.

arving of the pubic cartilage
If the extended transabdominal urogenital mobilization is
ot enough to achieve a tension-free anastomosis between m
rethra and clitoris and vagina and neolabia, carving of the
ubic cartilage is indicated. Under normal circumstances,
he urogenital sinus is located behind the pubic cartilage. It
uns below the cartilage and up, anterior to the cartilage to
onnect to the clitoris. Resecting approximately 50% of the
osterior aspect of the pubic cartilage does not compromise
elvic stability but allows a more direct trajectory of the uro-
enital sinus. This maneuver may allow a tension-free anasto-
osis between urethra and vagina with the clitoris and neola-

ia. If that is not enough, then the next step must be the
eparation of the vagina from the urinary tract.

eparation of vagina(s) from the urinary tract
This is the most technically demanding maneuver of the

ntire cloacal repair. This procedure used in the past for all
ases before total urogenital mobilization was developed,
as usually done through the perineal incision, which was
ery difficult. Now that we can deliver the total urogenital
obilization into the abdomen, the separation of these

tructures is much easier but still technically demanding. It
s done through a laparotomy, with the bladder and vagi-
a(s) fully mobilized. The bladder is opened in the midline
nd feeding tubes are introduced through each of the ureters
ecause in cloaca patients both ureters pass through the
ommon wall between the vagina and the bladder. The
eparation of these 2 structures may include the skeletoniz-
ng and dissection of both ureters. A plane is created in the
iddle of the wide common wall that exists between the

agina(s) and the urinary tract. This common wall extends
rom the urethra and includes bladder neck, trigone, and part
f the bladder. To achieve a good repair, it is necessary to
eparate these structures with minimal or no damage.

After the separation, the surgeon can plan the type of
econstruction that is best for the patient’s specific anatom-
cal variant. The first possibility is that after the separation,
ne finds that the vagina(s) reaches the perineum. This is the
deal time to remove the vaginal septum that separates the 2
emivaginas and tubularize available vaginal tissue in prep-
ration for the pull-through.

The total separation of vagina(s) and urinary tract carries
he risk of devascularization of the distal urethra. It is
ecessary to be sure that the urethra that is sutured imme-
iately behind the clitoris has a good blood supply.

Planning the reconstruction of vagina, urethra, and rec-
um after total separation of the structures, the surgeon faces
ne of several scenarios.

aginal switch (n � 48)
The first possibility will be that the patient has anatom-

cal characteristics that make her suitable for a surgical
aneuver called the “vaginal switch.” These patients have

eparated hemiuteri with a vaginal septum and 2 large
ydrocolpi. If the distance between one hemiuterus and the
ther is longer than the vertical length of both hemivaginas,
hen the patient may be a candidate for the vaginal switch

aneuver. As can be seen in Figures 7 and 8, the maneuver
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acrifices one of the hemiuteri and carefully preserves the
vary and its blood supply. The vaginal septum is removed.
oth hydrocolpi are tubularized into a single vagina, and
hat used to be the dome of one side (the place where we

esected the hemiuterus) becomes the lowest part of the
ew, switched down vagina. If, early in the operation, one
ealizes that the anatomy belongs to this category, one has
o completely separate only 1 hemivagina from the urinary
ract and try to preserve the blood supply on the opposite
ide. In this maneuver, the blood supply of the entire
witched vagina will depend on the preservation of the
lood supply of the opposite hemivagina.

If the distance between both hemiuteri is not long
nough, then both hemivaginas must be separated com-

igure 7 Vaginal switch maneuver. The distance between 1
emivaginas, which is ideal for a vaginal switch procedure. (Rep

igure 8 Both hydrocolpi are tubularized into a single vagina, an

ecomes the lowest part of the new switched down vagina. (Reprinted w
letely from the trigone and urinary tract as discussed pre-
iously, and a plan for an interposed segment of bowel
etween native vagina and perineum is required.

aginal replacement (n � 90)
For cloacas requiring a vaginal replacement, our order of

reference in terms of choice of tissue for the replacement
re rectum, descending colon, sigmoid colon, and finally
mall bowel.

aginal replacement with rectum (n � 33). There are several
ays to replace the vagina with rectum. If the patient has a
ery dilated rectum, we can divide it longitudinally, pre-
erving the blood supply of both portions, the segment that

terus and the other is longer than the vertical length of both
with permission.8)

used to be the dome of 1 side (where we resected the hemi-uterus)
hemiu
d what

ith permission.8)
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s going to be the neovagina and the one that will remain as
ectum. The vagina and the rectum are both tubularized.
oth structures are rotated 90° in opposite directions to
void the overlap of suture lines. If the patient has no
nternal genitalia, then the vagina is created for sexual
urposes only and is not anastomosed to any internal struc-
ures. If the patient has internal genitalia, then an anasto-
osis between the upper portion of the neovagina (original

ectum) and the original native short vagina must be
erformed.

In patients with a nondilated rectum but with plenty of
vailable rectal length, we can plan on using the most distal
art of the rectum as a neovagina and mobilize the upper
ectum as a neorectum. It is imperative to preserve the blood
upply of the distal rectum. One must keep in mind that
he mesentery of the rectum is completely different from the
esentery of the rest of the gastrointestinal tract. In the

mall bowel and colon, the mesentery reaches the bowel on
he mesenteric side only. The rectum, by contrast, is com-
letely surrounded by fatty tissue with vessels. To preserve
he blood supply of the distal rectum, it is necessary to
reate a plane of separation between the bowel wall itself
nd the fatty tissue with vessels. The dissection between
esorectum and bowel wall is carried out all around the

ectal wall at the place where we previously planned rectal
ivision, leaving the distal part as neovagina and the prox-
mal part as neorectum. Before making the decision to
ivide the rectum, we must be absolutely sure that we have
nough proximal bowel length to reach the perineum with-
ut tension. If the patient has no internal genitalia, the
eovagina (original rectum) is closed blind on its upper end
nd will be used only for sexual purposes.

aginal replacement with colon (n � 15). If the rectum is
ot adequate for vaginal replacement, then our next choice
s colon. We have typically used the sigmoid colon when
vailable (Figure 9) or the descending colon, which has a
ice vascular arcade of vessels. A good option is to take the
olostomy down and use the part that used to be the colos-
omy to replace the vagina. The pedicle of the left colon
raft often reaches the perineum more easily than the
igmoid.

aginal replacement using small bowel (n � 42). The blood
upply of the small bowel is more delicate and more prone
o suffer occlusion with a mild twist of the pulled down
owel pedicle. When we decide to use small bowel, we
refer to use terminal ileum. An interesting observation is
hat the length of the mesentery at the cecum represents the
ength of the superior mesenteric axis (Figure 10). If one
akes the terminal ileum about 10 cm proximal to the ileo-
ecal valve, it is easy to see that the mesentery is longer than
t the cecum, and if we go even more proximal, the mes-
ntery is even longer. The longest mesentery of the small
owel seems to be located about 15 cm proximal to the

leocecal valve, and because of that, this part of the bowel is c
deal for vaginal replacement. Accordingly, we manipulate
he blood supply to be sure that the bowel reaches the
erineum. Again, one must be extremely meticulous pulling
own the bowel, because a little twist will produce isch-
mia. If the patient has internal genitalia, then, as previously
entioned, the small bowel (neovagina) is anastomosed to

he internal genitalia and to the new labia. By contrast, if the
atient has no internal genitalia, the neovagina’s upper part
s closed, and only an anastomosis to the neolabia is
erformed.

loacas with greater than 5 cm common channel
n � 47)

hen endoscopy demonstrates that the patient has an ex-
remely long common channel (�5 cm), separation of the
tructures (rectum, vagina, and urinary tract) can be done
ore easily at laparotomy than through the posterior sagittal

pproach., The anatomy is illustrated in Figure 11. The
ectum opens either into the bladder neck or the trigone, 2
ittle hemivaginas also open in the trigone or the bladder
eck in a perpendicular manner (with no common wall), and
he ureters open in that area as well. The separation of these
tructures may leave the patient without a bladder neck, or
ith a damaged structure. Good clinical judgment and ex-
erience are required to make a decision about reconstruct-
ng the bladder neck.

By approaching these patients through a laparotomy, one

igure 9 Vaginal replacement with sigmoid colon. (Reprinted
ith permission.8)
an leave the common channel intact for use as a conduit for
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137Levitt and Peña Cloacal Malformations
ntermittent catheterization; and that will work well as the
rethra, provided the bladder neck is adequately recon-
tructed.

Patients with cloacas almost always have a good bladder
eck and can hold urine in the bladder. Their main type of
ladder malfunction is an inability to empty.10 They have a
mooth, large, floppy bladder with a good bladder neck, but
annot empty the bladder; therefore, during the period of
lling of the bladder, the patient may remain completely
ry. After the bladder is completely full, they start dribbling
rine as an overflow phenomenon. Therefore, they are ideal

igure 10 (A, B) Vaginal Replacement with Small Bowel. (Re-
rinted with permission.8)
andidates for intermittent catheterization. c
Occasionally, laparotomy is indicated because of a very
igh rectum, and not because of the urogenital tract. Some-
imes, the rectum opens very high in between both hemiva-
inas and cannot be reached by the posterior sagittal ap-
roach, even after total urogenital mobilization has been
erformed. Therefore, one has to enter the abdomen just to
dentify the rectum and pull it down. This unique type of
ase might be ideal for laparoscopy.

ostoperative management

n some instances, we repair these malformations and pull
he colostomy down for vaginal replacement at the same
ime. In those cases, because the patient no longer has fecal
iversion, they are maintained with nothing by mouth, and
eceive parenteral nutrition for 7-10 days. Most of the time,
owever, the colostomy remains intact, and the patient can
at when their postoperative ileus has resolved. They usu-
lly stay in the hospital 2-5 days. A Foley catheter remains
n place for 2 to 3 weeks. Approximately 20% of these
atients may eventually require intermittent catheterization
nd, therefore, we leave the Foley catheter until the post-
perative swelling has receded and we can see where the
rethral meatus is located. Two weeks after the procedure,
e teach the parents how to dilate the anal orifice. Before

olostomy closure and under the same anesthesia, vaginoscopy
nd cystoscopy are performed to confirm that the urethra and
agina are patent and healthy in appearance and there is no
stula between them, and that there is no rectal or vaginal
rolapse. If any of these problems are noted, they have to be
aken care of before colostomy closure. Sometimes the urethra
s difficult to catheterize. In such cases it might be appropriate
o perform a vesicostomy, and delay intermittent catheteriza-
ion until the baby is older.

igure 11 Typical appearance of a 5.0 cm or longer common

hannel cloaca. (Reprinted with permission.8)
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onclusions

he newborn management and definitive reconstruction of
loacal malformations requires knowledge of the broad
pectrum of defects. With proper treatment, these patients
an undergo an excellent anatomical repair and can be clean
nd dry.
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