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Background: Cloacal malformations represent a uniquely complex challenge for surgeons. The surgical approach
to date has been based on the common channel (CC) length with two patient groups considered: less than or
greater than 3 cm, which we believe is an oversimplification. We reviewed 19 patients, referred after surgery
done elsewhere. Eight had postoperative urinary complications, 3 had constant urinary leakage and had been
left after surgery with a urethra b1 cm, .5 with an original 3 to 5 cm common channel, who had undergone
total urogenital mobilization (TUM), experienced peri-operative urethral loss needing a vesicostomy, and later,
a Mitrofanoff. These patients together with a review of the cloacal and urological literature led us to design a
new algorithm where urethral length is a key determinant for care.
Methods:We prospectively collected data on 31 consecutive cloaca patients referred to our team (2014 to 2016)
and managed according to this new protocol. The CC length, urethral length, surgical technique employed, and
initial outcomes were recorded.

Results: Of 31 primary cases, CC length was 1 to 3 cm in 20, 3 to 5 cm in 9, and greater than 5 cm in 2. In the 1 to
3 cm and the 3 to 5 cm groups, a urethra less than 1.5 cm led us to perform an urogenital separation. We only
performed a TUM if the urethra was greater than 1.5 cm. Using this protocol, we performed a urogenital separa-
tion in 1 of 20 in the 1 to 3 cm CC group, 6 of 9 in the 3 to 5 cm CC group, and 2 of 2 in the greater than 5 cm CC
group. Seven patients underwent separation, who with the previous approach, would have had a TUM. Thus far,
no urinary leakage or urethral loss has occurred in any patient, but follow-up is less than 3 years.
Conclusion:Urethral length appears to be a vitally important component in cloacal reconstruction. A short urethra
left after repair can lead to urinary leakage. A TUMdone under thewrong circumstances can lead to urethral loss.
We describe a new technical approach to cloacal repair which considers urethral length but recognize that long
term urological outcomes will need to be carefully documented.
Type of study: Clinical cohort study with no comparative group.
Level of evidence: Level 4.

© 2017 Elsevier Inc. All rights reserved.
The significant challenge for surgeons repairing cloacal
malformations is created by the need to correct a common orifice of
the urologic, gynecologic and gastro-intestinal tracts into three recon-
structed perineal openings. The goal of the operation is to separate the
rectum from the common urogenital tract and place it within the mus-
cle complex to aid fecal continence. In addition, the reconstruction of
the urogenital tract should be done in such a way as to promote urinary
continence, long term renal health, sexual function and potential
g (R.J. Wood).

script.
fertility. The understanding of both the anatomy and the technical as-
pects of the repair of cloacal malformations have advanced greatly
since the initial attempts at repair, when all patients underwent urogen-
ital separation [1]. The advent of the total urogenital mobilization
(TUM) in 1997 [2], was a fundamental step in this development. In ad-
dition, the introduction of the cloacagram [3,4], brought further clarity
to the anatomy. Based on this literature, the surgical strategy has been
guided by the length of the common channel alone [2,5], with patients
divided into 2 groups: short (less than 3 cm) and long (greater than
3 cm) common channels [2,3,5,6].

We believe that this approach is an oversimplification of the ana-
tomic problem and that urethral length must also be considered.
When examining the large reported series of cloacal repairs, nomention
is made of long-term functional bladder outcomes. [5,6] A careful
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Table 1
Cloaca series; demographic, anatomic and surgical summary.

Patient Age in years Common Channel length Urethral length Procedure

1 0.9 1.9 2 TUM
2 0.8 2.4 3 TUM
3 2.2 3.2 2.4 TUM
4 1.1 2.1 3.1 TUM
5 1.3 2.0 1.5 TUM
6 0.9 2.0 1.8 TUM
7 0.7 1.0 1.3 TUM
8 0.9 2.8 2 TUM
9 0.5 1.2 3. TUM
10 9.2 1.2 2.5 TUM
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review of the literature reveals that rates for urinary incontinence are
high; 26% in the 1 to 3 cm group (N = 225) and 72% in the greater
than 3 cm (N = 175) [5]. In another large series, only 22% (N = 50)
voided spontaneously, 12% were kept dry with clean intermittent cath-
eterization (CIC), 46% required urologic reconstruction and 20%
remained incontinent [14]. While there are a few other reports of pre-
served urinary continence after TUM, these are based on very few pa-
tients [9,15] and no validated outcomes tools were used.

In addition to this literature reviewwe also retrospectively analyzed
the medical records of 19 patients with a cloacal malformation referred
to us for evaluation and care after their definitive reconstruction had
been done elsewhere. We recognize that this is a unique referral
group and that we do not know the denominator of all repaired cloaca
patients. Eight of this group had a postoperative urinary complication.
We focused our review on the length of the common channel as well
as the surgical techniques employed at the time of their repair and
length of urethra theywere left with after surgery. In 3 of the 8 patients,
constant urinary leakage was present, and we found that they had a
short urethra (b1.0 cm), after initial TUM, a situation whereby their
bladder neckwas too close to their perineum. This persistent leakage re-
quired bladder neck tightening (n = 1) or permanent closure plus
mitrofanoff (n= 2). The other 5 patients had been operated for a com-
mon channel of 3 to 5 cm and experienced intra or postoperative ure-
thral loss. In each case a total urogenital mobilization (TUM) was
initially performed but was converted to a urogenital separation during
the procedure. In all cases, because the TUMdid not reach and a urogen-
ital separation was performed after the TUM, the urethra had both an
anterior and posterior dissection. This led to urethral loss that we as-
cribe to a diminished blood supply. All of these patients were converted
to a vesicostomy and later aMitrofanoff for intermittent catheterization.

Based on the literature review and our analysis of referred patients,
we were led to consider another approach. A review of the urology lit-
erature showed us that urethral length is well described as a fundamen-
tal part of decision making and surgical planning in the repair of a
urogenital sinus with or without congenital adrenal hyperplasia. [8,9]
Not only does this factor into the classification system introduced by
Rink et al. [10] but it is thought to be the single most important factor
in determining surgical complexity and clinical outcomes for such pa-
tients [8]. This concept, we believe, should have similar application to
cloaca surgery which has similar urethral challenges.

The length of the urethra is relevant in the following situations:
(1) In the group of patients in whom the common channel length is
short, less than 3 cm in length, but who in addition, have the rare asso-
ciation of a short urethra (1.5 cm or less). (Fig. 1) (2) In patients with a
mid-length (3 to 5 cm) common channel who also have a short urethra,
(less than 1.5 cm).

A new algorithm for the care of these patients is shown in Fig. 3. Our
hypothesis was that the urological morbidity could be reduced with
Fig. 1. Short common channel with inadequate urethra.
improved patient selection for total urogenital mobilization (TUM)
based on urethral length and not only common channel length.

1. Methods

Weprospective collected data on 31 primary cloaca patients referred
to ourmulti-disciplinary team between April 2014 and July 2016 for re-
pair. We recorded the urethral length, common channel length, the op-
erative technique employed and outcomes on all patients.

All patients had an examination under anesthesia in which the child
undergoes a careful physical examination, a cystovaginoscopy, exami-
nation of the perineum, 3D cloacagram and urodynamics. We followed
a standardized data collection during the cystovaginoscopy inwhichwe
assessed the gynecologic structures (number of vaginal cavities, pres-
ence of a vaginal septum, vaginal length from common channel conflu-
ence), the urological structures (bladder capacity, urethral length,
bladder neck function, location of ureteral orifices, presence of ectopic
ureters, presence or absence of cystitis cystica) and colorectal structures
(insertion of the rectum into the common channel). This information is
complemented by a 3D cloacagram that is performed during the same
anesthetic which gives us an improved spatial understanding of the clo-
acal defect by distending its hollow structures. Furthermeasurements of
urethral length, bladder distention and the existence of vesicoureteral
reflux and position of the rectum in relation to the sacrum and coccyx
were also collected from the 3D cloacagram. The examination was per-
formed by the same surgical team that performed the operative repair.
Having urology, gynecology and colorectal surgery at the assessment
gave the whole team first-hand information which aided surgical
planning.

The surgical approach was determined by the algorithm we have
designed, that can be seen in Fig. 3.

2. Results

In the 31 consecutive primary cloaca patients who presented for re-
pair to our team during the 2 years (April 2014 and July 2016), there
11 1.3 2.1 2.5 TUM
12 0.7 2.2 1.8 TUM
13 3.7 2.9 2.8 TUM
14 1.5 2.1 2.1 TUM
15 2.6 1.1 2.4 TUM
16 2.6 2.3 2.5 TUM
17 2.1 2.9 1.6 TUM
18 0.9 2.8 1.8 TUM
19 0.9 2.2 1.9 TUM
20 0.8 2.9 1 Separation
21 4.5 3.2 1.5 TUM
22 1.3 3.5 1.5 TUM
23 6.0 4.1 1.8 TUM
24 1.9 3.8 0.5 Separation
25 1.7 4.4 1 Separation
26 7.7 4.3 1.1 Separation
27 9.1 3.8 0.8 Separation
28 6.8 3.6 0.4 Separation
29 8.1 3.5 0.5 Separation
30 3.2 5.5 0.5 Separation
31 1.6 6.1 0.7 Separation



Fig. 2. Long common channel with short urethra.
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were 20patientswith a common channel of 1 to 3 cm. Nineteen of these
underwent TUM, 1 patient underwent urogenital separation because
the urethra was only 1 cm in length. There were 9 patients who had
common channels of 3 to 5 cm. In 6 of these, we determined preopera-
tively that wewould perform a urogenital separation due to a short ure-
thra (less than 1.5 cm) leaving the common channel to be the neo-
urethra. With preservation of the common channel as the neo-urethra,
these patients were left with a urethra of 3.5–5.7 cm. In 3 of these pa-
tients a total urogenital mobilization was successfully performed and
was chosen because the urethral length, after splitting of the common
channel, was able to be left as at least 1.5 cm. There were 2 patients
with common channels greater than 5 cm and urethral length less
Fig. 3. Algorithm for clo
than 0.5 cm. These were both repaired with a urogenital separation,
thus preserving the entire common channel length for urethra. Thus 7
patients underwent urogenital separation who using the prior strategy
would have undergone a TUM. No patients experienced peri-operative
urethral loss and no patients have constant leakage of urine. See Table 1.

One patient in the 3 to 5 cm group developed a urethral-vaginal fis-
tula. This fistula was below the urinary sphincter and thus far has been
of no clinical consequence. To respond to this complication we have al-
tered our technique to include both SIS (Surgisis Cook SIS – Porcine
small intestinal submucosa – biological scaffold) sewn directed onto
the posterior urethral repair and an ischiorectal fat pad [7] placed di-
rectly over the SIS to further augment separation of the urethral and
vaginal repairs. We have not had any fistulae since.

3. Discussion

Patients with a common channel less than 1 cm in length (Type 1
cloaca) require no urethral repair. As previously described the urethra
should be left untouched and an introitoplasty and PSARP should be
performed (posterior sagittal anorectal vaginoplasty) [5]. We agree
with prior reports that for those patients with a short common channel
cloaca (1 to 3 cm) Fig. 4 a TUM almost always works well [5], however
there are rare cases of a short urethra in this group and that is why we
believe that an assessment of urethral length is important in all cloaca
patients. For long common channels (greater than 3 cm), reconstruction
strategies are needed involving complex decision making related to the
urethra and vagina [5,6]. The group of patients with common channels
between 3 and 5 cm, in our view, present the most significant recon-
structive challenges. This specific anatomic type has not been well de-
scribed in the literature and it is for these patients, that we believe,
the urethral length is so vital. Surprisingly, the length of the urethra is
not mentioned at all in several recent reviews [3,5,6], with the discus-
sion focused only on the length of the common channel as the key de-
terminant for planning and surgical reconstruction. No mention is
made of the length of the urethra from the common channel to the blad-
der neck and therefore what the length of urethra will be at the end of
the repair, when the common channel is split as part of a TUM.
aca management.



Fig. 4. Short common channel cloaca with adequate urethra.
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We recommend that the preoperative assessment, in addition to the
common channel length, include the length of the urethra aswell as the
likelihood of the urethra reaching the perineum if an extended or trans-
abdominal TUMwere to be done. This is best performed by a combina-
tion of cystoscopy and vaginoscopy and 3D cloacagram [13]. If the ure-
thra is less than 1.5 cm, or theurethramay not reach using a TUM, then a
preoperative decision should be made to separate the urogenital tract
and thus leave the common channel as neo-urethra. Making this deci-
sion preoperatively is very important because if a TUM is performed,
in the presence of a short urethra, urinary leakage may result and
then, further surgery to deal with a leaking bladder neck will be neces-
sary. In addition, if a TUM is attempted and the urethra does not reach,
then a urogenital separation becomes necessary with mobilization of
the circumferentially dissected urethra. This should be avoided as it
can lead to urethral loss. By contrast, the preoperative decision to sepa-
rate means that both the anterior urethra and anterior bladder neck re-
main untouched. We believe that the morbidity associated with
urethral loss and incontinence can be avoided with this approach.

The importance of collaborationwith urology on themanagement of
cloacal malformations cannot be over emphasized, and this urethral
issue is a great example. It is our contention that urethral length needs
Fig. 5. Operative view showing urogenital separat
to be a fundamental component of the cloaca assessment, which if
overlooked may lead to incorrect choices during surgical repair and
can lead to long-term morbidity, with implications on renal health
and urinary continence. While the similarities in the anatomy of uro-
genital sinus and cloaca led us to this point, it is important to remember
the fundamental differences in bladder function between these two
groups. Urogenital sinus patients, almost always, have normal bladder
function, but many cloaca patients have abnormal bladder function.
We settled on the urethral length of greater than 1.5 cm consistent
with the recommendations for the UG sinus patients.

In our literature review on cloaca malformations we found only men-
tion of one strategy to deal with the 3 to 5 cm length common channel
malformation; an extended total urogenital mobilization [5] in which
the entire urogenital complex is delivered up into the abdomen, length
gained, and then pulled through. This is called a “transabdominal total
urogenital mobilization” [5]. It is specifically this strategy that we caution
against, because if this does not work to allow the urethra and vagina to
reach the perineum, the only choice at that point is to separate the vagina
or vaginas from the urinary tract. This leads to a situation whereby the
urethra has been circumferentially dissected and leaves the urethra sub-
ject to loss or severe dysfunction due to ischemia. The patient may then
require bladder neck reconstruction or closure and a Mitrofanoff.

We believe that the classification for cloacal malformations needs to
be expanded (Fig. 3) to include, a description of the urethral length in
addition to the common channel length in cases. We propose that if
the ultimate urethra would be greater than 1.5 cm (Fig. 4), a TUM
should be employed. If the urethra will end up being less than 1.5 cm
(Fig. 2), a urogenital separation should be used. In mid-length cloaca
malformations (3–5 cm), the default strategy should not be a
transabdominal total urogenital mobilization (TUM) as has been previ-
ously described [5]. Instead an assessment of the urethral length and the
likelihood of the urethra reaching the perineum needs to be done prior
to surgery. In cases where the urethra is short (b1.5 cm) or there is
doubt that the urethra will reach, a separation of the vagina from the
common channel (Figs. 5,6,7) as is recommended for 5 cm or greater
common channel cases should be performed [5,6]. This separation of
the vagina from the common channel is reminiscent of the original clo-
acal repair in which the vagina was always separated [1,11,12]. In key
cases, when there is concern for urethral length (Fig. 4), this idea re-
mains a valid strategy.
ion, leaving common channel as neourethra.



Fig. 6. Operative view showing vagina entering the common channel. The vagina is then separated from the posterior aspect of the common channel.
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Long-term outcomes of this new strategy are still not available but in
the short termwehave not seen any significant postoperative complica-
tions and thus far, no patients leak urine and no patients have experi-
enced perioperative urethral loss. We will be able to report our long
term results in 2–3 years, once enough time has passed to be able to as-
sess the patient's functional outcomes.

The main concern with urogenital separation has been the develop-
ment of postoperative urethra-vaginal fistulae. Thiswas one of themain
reasons that the TUMwas developed [2,3]. The incidence of this compli-
cation has been previously reported as 7 to 11% [2]. We had one such
case and now employ several surgical strategies to help prevent it. We
use (1) a biological scaffold (SIS) placed on the posterior aspect of the
repair of the urethra at the (common channel), (2) an ischiorectal fat-
pad, (previously described in the treatment of recto-vaginal fistulae
[7]) mobilized and placed over the repair and the SIS patch and (3) in
cases in which the separation has involved a laparotomy, we pass a cir-
cle silicone stent through the repaired channel (neo-urethra), into the
bladder and out the right or left lower quadrant of the abdomen. Finally,
(4)we place a supra-pubic catheter or vesicostomy (if one is not already
present) to allow for adequate drainage of urine. The circle stent (with
no Foley balloon at the bladder neck), reduces bladder spasms. In addi-
tion, a wire can be passed through the stent, and a postoperative
Fig. 7. Artistic drawing of the urogenital separation. Keys: UG: Urogenital Sinus. SIS: Porcine S
Anorectoplasty.
cystoscopy can be performed over the wire prior to removal of urethral
access. If the urethra is found to be incompletely healed, the stent can be
replaced without losing access to the urethra which can allow for fur-
ther healing. These techniques, which have been described in other sit-
uations, we believe will help prevent both fistula development and
urethral stenosis and loss.

We believe that functional urologic outcomes have a significant im-
pact on the patient's long-term quality of life and for this reasonwe per-
form urodynamics, both pre- and postoperatively, on all patients with
cloacal repairs. In addition we record Vancouver scores [16] in every
case to assess functional urinary outcomes.

4. Conclusion

We herein report a new strategy and its technical details for cloacal
repair. In the future we will report on both the anatomic and functional
outcomes of these patients as we longitudinally follow patient reported
and urodynamically documented outcomes.

The repair of cloacal malformations remains a significant technical
challenge. A pre-operative assessment of both the length of the urethra,
as well as the likelihood of it reaching the perineum, is very important
(in addition to common channel length) and should be added to the
mall Intestinal Submucosa. TUM: Total urogenital mobilization. PSARP: Posterior Sagittal
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algorithm (Fig. 3) when one plans a repair. In addition, the use of the
total urogenital mobilization technique in patients with a urethra that
is less than 1.5 cm long is problematic. A decision to embark on a
“transabdominal total urogenital mobilization” should only be done
where there is adequate urethra and the surgeon is confident that the
urethra will reach the perineum. Separation of urethra and vaginamak-
ing the common channel become the neo-urethra is a useful strategy
that has a key role in certain types of cloaca malformations. Surgical
planningwhichneglects consideration of urethral length can lead to sig-
nificant urological morbidity.

References

[1] Hendren WH, Oesch IL, Tschaeppeler H, et al. Repair of cloacal malformation using
combined posterior sagittal and abdominal perineal approaches. Z Kinderchir
1987;42:115–9.

[2] Peña A. Total urogenital mobilization—an easier way to repair cloacas. J Pediatr Surg
1997;32:263–7.

[3] Levitt MA, Bischoff A, Peña A. Pitfalls and challenges of cloaca repair: how to reduce
the need for reoperations. J Pediatr Surg 2011;46:1250–5.

[4] Patel MN, Racadio JM, Levitt MA, et al. Complex cloacal malformations: use of rota-
tional fluoroscopy and 3-D reconstruction in diagnosis and surgical planning. Pediatr
Radiol 2012;42:355–63.
[5] Levitt MA, Peña A. Cloacal malformations: lessons learned from 490 cases. Semin
Pediatr Surg 2010;19:128–38.

[6] Bischoff A. The surgical treatment of cloaca. Semin Pediatr Surg 2016;25:102–7.
[7] Levitt MA, King SK, Bischoff A, et al. The Gonzalez hernia revisited: use of the

ischiorectal fat pad to aid in the repair of rectovaginal and rectourethral fistulae. J
Pediatr Surg 2014;49:1308–10.

[8] Marei MM, Fares AE, Abdelsattar AH, et al. Anatomical measurements of the urogen-
ital sinus in virilized female children due to congenital adrenal hyperplasia. J Pediatr
Urol 2016. https://doi.org/10.1016/j.jpurol.2016.02.008.

[9] Rink RC, Herndon CD, Cain MP, et al. Upper and lower urinary tract outcome after
surgical repair of cloacal malformations: a three-decade experience. BJU Int 2005.

[10] Rink RC, Adams MC, Misseri R. A new classification for genital ambiguity and uro-
genital sinus anomalies. J Urol 2006;175:1500–1.

[11] HendrenWH. Urogenital sinus and cloacal malformations. Semin Pediatr Surg 1996;
5:72–9.

[12] Hendren WH. Cloaca, the most severe degree of imperforate anus: experience with
195 cases. Ann Surg 1998;228:331–46.

[13] Reck-Burneo CA, Lane VA, Gasior A, Bates GA, Hogan M, Woo RJ, et al. The use of ro-
tational fluoroscopy and 3-D reconstruction in the diagnosis and surgical planning
for complex cloacal malformations. Submitted for publication to Journal of Pediatric
Surgery, 2016.

[14] Warne SA, Wilcox DT, Ransley PG. Long-term urological outcome of patients pre-
senting with persistent cloaca. J Urol 2002;168:1859–62 [discussion 1862].

[15] Palmer BW, Trojan B, Griffin K, et al. Total and partial urogenital mobilization: focus
on urinary continence. J Urol 2012;187:1422–6.

[16] Afshar K, Mirbagheri A, Scott H, et al. Development of a symptom score for dysfunc-
tional elimination syndrome. J Urol 2009;182:1939–43.

http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0005
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0005
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0005
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0010
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0010
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0015
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0015
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0020
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0020
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0020
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0025
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0025
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0030
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0035
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0035
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0035
https://doi.org/10.1016/j.jpurol.2016.02.008
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0045
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0045
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0050
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0050
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0055
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0055
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0060
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0060
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0065
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0065
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0070
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0070
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0075
http://refhub.elsevier.com/S0022-3468(17)30644-9/rf0075

	Cloaca reconstruction: a new algorithm which considers the role of urethral length in determining surgical planning
	1. Methods
	2. Results
	3. Discussion
	4. Conclusion
	References


