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Abstract

:

Cloacal exstrophy is the most severe congenital anomaly of the exstrophy–epispadias complex and is characterized by gastrointestinal, genitourinary, neurospinal, and musculoskeletal malformations. Individualized surgical reconstruction by a multidisciplinary team is required for these complex patients. Not infrequently, patients need staged surgical procedures throughout childhood and adolescence. Following significant improvements in medical care and surgical reconstructive techniques, nearly all patients with cloacal exstrophy now survive, leading to an increased emphasis on quality of life. Increased attention is given to gender identity and the implications of reconstructive decisions. Long-term sequelae of cloacal exstrophy, including functional continence and sexual dysfunction, are recognized, and many patients require ongoing complex care into adulthood.
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1. Introduction


Cloacal exstrophy (CE) is a rare congenital malformation characterized by exstrophy of the urinary bladder and cecal plate through an abdominal wall defect, anal atresia, colonic hypoplasia, omphalocele, and anomalous genitalia [1]. It is known as OEIS syndrome (Omphalocele–Exstrophy–Imperforate Anus–Spinal Anomalies Complex) in the current nomenclature. Patients can have all or some of the issues involved, but it is one of the most complex congenital pelvic malformations in a spectrum of anomalies known as the exstrophy–epispadias complex (EEC), which also includes epispadias and bladder exstrophy [1,2]. In comparison, bladder exstrophy typically does not impact the gastrointestinal tract and is rarely associated with spinal anomalies. Epispadias comes in a wide spectrum (from glans to penopubic junction) but is typically isolated to GU anomaly.



Although first characterized in 1709 by Littre and again in 1812 by Meckel [3,4], the prognosis for CE was initially extremely poor with most affected patients dying during infancy secondary to sepsis, gastrointestinal and nutritional issues, and neurologic sequalae [5,6]. The first case of long-term survival following a three-stage operative intervention was reported in 1960 [7]. Due to significant improvements in medical care and surgical reconstructive techniques, survival has since considerably increased, with nearly 100% of patients now surviving [5,8]. Therefore, the focus of modern management has moved to optimizing quality of care and quality of life, including an emphasis on appropriate gender assignment, urinary and fecal social continence, and improved mobility and function [8].




2. Epidemiology


Historically, the estimated prevalence of CE was 1 in 200,000 to 400,000 live births [9,10]. More recent studies have suggested higher frequencies [11,12], especially when stillbirths and elective terminations of pregnancy for a fetal anomaly are taken into account (up to 1 in 44,000 births in the country of Wales) [12]. Studies have provided conflicting results on whether CE occurs more frequently in males or females [11,13,14]. This is in contrast to the male predominance witnessed in both bladder exstrophy and epispadias [13]. Potential risk factors for CE have been suggested, including in vitro fertilization and other assisted reproductive techniques [15,16,17], maternal smoking and smoke exposure [14,18], medical radiation [18], and maternal use of clomiphene citrate [19]. CE recurrence within families [20] and increased CE occurrence among conjoined and monozygotic twins [21,22,23,24] has been observed, suggesting that there may be an underlying genetic component [9].




3. Embryology and Genetics


Although the cause of CE is not fully understood, several theories on the embryologic origins of CE, and EEC overall, have been proposed. Classically, CE is hypothesized to occur secondary to complications of cloacal membrane development [25,26]. During the fourth week of gestation, overdevelopment of the cloacal membrane prevents medial migration of the mesoderm between the ectoderm and endoderm, leaving the cloacal membrane without mesenchymal support. As a result, the cloacal membrane is unstable and prone to rupture, and normal development of the lower abdominal musculature and pelvic bones are disrupted [1,2]. Notably, the timing and location of cloacal membrane rupture are thought to determine the phenotype along the EEC spectrum. Early rupture of the cloacal membrane prior to fusion of the genital tubercles and descending of the urorectal septum (which eventually divides the gastrointestinal from the genitourinary tracts) results in CE [8]. Conversely, rupture that occurs following urorectal septum development leads to bladder exstrophy or epispadias [2].



However, recent studies and cases have challenged this theory [8,12]. Monozygotic and conjoined twins where only one twin was affected have been reported [23]. Late rupture (i.e., during second trimester) of the cloacal membrane has been observed in several prenatally diagnosed patients with CE [27]. Covered variants of CE have also been described [28,29]. Finally, successful induction of CE in chick embryos suggests an alternate embryologic etiology of CE [30,31].



In recent years, increased attention has been paid to the molecular and genetic etiologies of CE. Reports of recurrence within families [20] and increased CE occurrence among conjoined and monozygotic twins [21,22,23,24] suggest that there is a genetic contribution to CE development. Further support for a genetic etiology is provided by recent identification of copy number variations, susceptibility regions, and genes in CE by array-based, candidate gene association, and genome-wide association studies [9].




4. Prenatal Findings and Diagnosis


CE can be diagnosed using fetal ultrasonography (US) or magnetic resonance imaging (MRI) [1,32]. Diagnostic criteria for prenatal US were proposed in 1998 based on a multi-institutional study: major criteria (seen in >50% of cases) include non-visualization of the bladder, a large midline infraumbilical anterior wall defect or cystic anterior wall structure (i.e., persistent cloacal membrane), omphalocele, and lumbosacral anomalies [33] (Figure 1). Additionally, minor criteria (seen in <50% of cases) were defined to include lower extremity defects, renal anomalies, ascites, widened pubic arches, a narrow thorax, hydrocephalus, and a single umbilical artery [33]. The prolapsed ileum associated with CE may appear like an ‘elephant trunk’ on prenatal US [34]. Until recently, rates of prenatal diagnosis of CE were reported to be ~50% despite these characteristic US findings [14]. This may, in part, stem from confusion with isolated omphalocele, bladder exstrophy, and other midline abdominal wall defects [14,35]. A recent single institutional registry study determined that identifying the location of umbilical cord insertion relative to the abdominal wall defect, either by fetal US or MRI, is critical to accurately differentiating between CE and bladder exstrophy (inferior insertion suggests CE) [35].



Two recent studies suggest that current rates of prenatal diagnosis of CE are considerably higher than previously reported. Review of a multi-institutional database demonstrated a prenatal diagnosis rate of 82.2% for CE between 2000 and 2020 [32]. A large single institution study found a similar prenatal diagnosis rate (78.6%) for this time period [36]; it was further noted that rates have increased from 56.3% during 2000–2006 to 88.9% during 2014–2020 [36]. An accurate prenatal diagnosis permits education, counseling, and preparation of expectant parents [37]. Additionally, it provides time to plan and coordinate a safe pregnancy, timing and location of delivery, optimal neonatal management, and operative planning [1,8,36]. Following prenatal diagnosis, patients may be most appropriately taken care of by an experienced multidisciplinary team, especially as earlier presentation to such centers has been shown to impact rates of successful closure [36].




5. Anatomy and Associated Anomalies


The classic anatomic presentation of CE includes an omphalocele of varying size, exstrophy of two small hemibladders with a central exstrophic cecum, imperforate anus, and anomalous genitalia [38,39] (Figure 2). The exstrophic cecum is frequently accompanied by a prolapse of the terminal ileum, leading to the appearance of an elephant’s trunk deformity [8]. Anomalies outside of the classic CE complex, frequently involving the gastrointestinal tract, genitourinary system, spine, and musculoskeletal system, occur in 90% of patients [40] and can be the source of significant morbidity [1]. Preterm delivery is not uncommon with a recent single institution review reporting delivery at a median of 33 weeks for their CE population [41]. The sequalae of premature delivery, as well as pulmonary hypoplasia in some patients with large omphaloceles, can lead to additional morbidity and occasionally mortality [41,42].



5.1. Gastrointestinal Anomalies


Associated anomalies of the gastrointestinal tract can be a source of significant morbidity and mortality [43]. Congenital short bowel syndrome has been observed in up to 25% of patients, underscoring the importance of ileal and colonic preservation [8,44]. Other findings include intestinal duplications (including of the appendix, ileum, and colon), gastroschisis, ectopic perineal anus, malrotation, and duodenal atresia [40,43,44].




5.2. Genitourinary Anomalies


Genitourinary anomalies are estimated to occur in 42–60% of patients with CE [8,40]. Abnormalities of the kidneys are common (48% of patients), including unilateral renal agenesis, renal ectopia, malrotation, collecting system duplication, congenital cysts, and ureterovesical junction obstruction [40,45]. Ureteral atresia and bladder duplication have also been described [8,40]. Functional renal impairment can also be present, though this appears to be related to postnatal injury as baseline renal volumes are similar between infants with and without CE [8,46]. Children with solitary kidneys require close follow-up and renal protection. Following urinary reconstruction, the upper tracts are at risk of damage from high pressure bladder dynamics, pyelonephritis, and vesicoureteral reflux. Vesicoureteral reflux has been reported in 50 to 60% following reconstruction and may need to be addressed at time of urinary reconstruction [47]. The prevalence of pelvic ectopic kidney is 16–30%. Acute renal dysfunction in pelvic ectopic kidneys are of particular concern during bladder closure due to an abrupt increase in abdominal/pelvic pressure following pubic bone approximation during second-stage OEIS closure (e.g., compartment syndrome) [48].



In boys, the phallus is frequently small and bifid with wide division of the scrotum [6,49]. Intravesical location of the phallus (which may be mistaken as aphallia) has also been described [50,51]. Historically, gender reassignment was often undertaken in the setting of a diminutive phallic structure, which frequently led to significant psychological impacts [49]. Undescended testicles are common, and anomalies of the vas deferens have been described, including absence and duplication [8]. The practice of gender reassignment has largely been abandoned, and there have been advancements in reconstruction.



In girls, separated clitoral halves and wide division of the labia are typical [6,45]. Further, Müllerian anomalies are very common, occurring in 87% of patients with CE [45]. Uterus didelphys is the most frequently encountered anomalies (70% in a recent study) [45,52]. It is usually associated with vaginal duplication. Vaginal anomalies include duplication, agenesis, atresia/hypoplasia, and lateral displacement [52]. Cervical duplication [52] and rarely ovarian duplication [40] may also occur.




5.3. Neurospinal Anomalies


Complex spinal dysraphisms are present in nearly all patients with CE with two recent institutional studies showing rates of 97–98% [53,54]. Lipoma-based defects are the most common [53,54]. The occurrence of myelocystocele, myelomeningocele, low-lying conus with tethered cord/fatty filum, diastematomyelia, and meningocele have also been described [53,54]. Given the high rates of spinal dysraphism in this population, screening is highly recommended with any abnormal findings prompting neurosurgical evaluation. Additionally, nearly a third of patients have been found to have an intracranial abnormality, including hydrocephalus, Chiari malformation, and craniosynostosis [55]. Patients with a spinal dysraphism are at particular risk for a concomitant intracranial anomaly [53].




5.4. Musculoskeletal Anomalies


CE is associated with anomalies in the pelvis, vertebral column, and extremities. The pelvis in CE has a large diastasis between the pubic rami, sometimes upwards of 6 cm, as well as external angling of the anterior and posterior segments and external rotation and abduction of the iliac wings [6,56]. Frequently, there is shortening of bone in the anterior pelvis by over 40% [56]. Hip dysplasia has been found in 16% of patients and should thus prompt physical examination and plain radiographs in the CE population [57]. Vertebral anomalies may include scoliosis, kyphosis, hemivertebrae, sacral abnormalities, and vertebral duplication [40]. Lower limb orthopedic malformations include club foot, equinovarus deformity, and various anomalies of the digits [6,8].




5.5. Differential Diagnosis


Particularly in the prenatal setting, an accurate diagnosis of CE can be challenging. The anterior abdominal wall defect, most commonly an omphalocele, may be noted, but additional imaging findings concerning for CE may not be recognized [36]. Using prenatal imaging alone, the differential diagnosis may include an isolated omphalocele, bladder exstrophy, and covered CE. Using both prenatal US and fetal MRI, bladder exstrophy can be misdiagnosed as CE due to visualization and misinterpretation of the everting bladder plate with bowel loops posterior to the plate [35]. Recognizing location of umbilical cord insertion relative to the abdominal wall defect is critical in differentiating between bladder and cloacal exstrophy prenatally [35]. Postnatal physical examination findings can typically lead to the correct diagnosis, with the exception of covered CE variants, which can be exceptionally difficult to diagnose [58]. The presence of the characteristic set of malformations in CE (omphalocele, two hemibladders with exstrophic cecum, imperforate anus) permits differentiation from an isolated omphalocele and bladder exstrophy.





6. Postnatal Evaluation and Management


Immediately following birth, stabilization of the newborn, coverage of the exposed omphalocele, bladder, and bowel, and protection of the myelomeningocele should be prioritized. Options for coverage of the bladder and cecal plate mucosa include an occlusive plastic wrap or a hydrated silicone gel dressing (Figure 3). This aids in preventing abrasions from the diaper, keeping bladder plates moist, and decreasing infection risk [6,59]. The umbilical cord should be ligated with suture rather than an umbilical clamp as this can abrade the bladder, cecal plate, and prolapsed ileum [59,60]. Nutrition should be optimized to facilitate growth and development and postoperative wound healing.



A detailed physical examination should assess for associated anomalies and determine the presence of a phallus or vaginal tissue. Baseline laboratory studies, including hematologic status, renal function and serum electrolytes, and blood typing, should be obtained. Karyotyping should be considered if chromosomal sex is not clear during examination [60]. Initial evaluation should include a spinal US to assess for spinal dysraphism; spinal MRI may be advisable if lesions are unclear or anatomy needs to be further defined [59]. Additionally, anterior–posterior radiography of the pelvis provides information about distance between pubic rami [59]. Renal US should be performed for evaluation of the upper urinary tract. Multidisciplinary assessment and management of these infants should be undertaken and may involve pediatric urologists, pediatric surgeons, pediatric gynecologists, orthopedic surgeons, neurosurgeons, gastroenterologists, endocrinologists, nephrologists, and neonatologists depending on the associated anomalies identified [60].




7. Operative Management


Given the spectrum of anatomy, physiology, and associated anomalies seen in CE, each patient necessitates a personalized approach to their operative repair. Generally, this will include omphalocele repair, separation of the hindgut segment with colostomy, and bladder closure, which often necessitates the approximation of the pubic diastasis with osteotomy [60,61]. Several approaches and techniques have been proposed, including a one-stage approach versus a staged approach, potential need for osteotomy, and type of osteotomy. Separation of the urological and gastrointestinal systems within 48–72 h after birth has traditionally been recommended to minimize risk of omphalocele rupture, urinary tract infection, and metabolic issues secondary to colonic mucosa being exposed to urine [41]. The timing of the initial intervention is highly dependent on the stability of the patient as well as their associated anomalies. In particular, premature patients and those with pulmonary issues related to prematurity or pulmonary hypoplasia may need delay of the first stage of reconstruction. Delay of the separation of the bladder and cecal plate beyond the immediate postnatal period in these settings has been shown to be safe without increased risk of infection or metabolic complications but may have longer lengths of stay and use of parental nutrition while admitted [41].



If delay of repair is needed, special attention to the omphalocele and exstrophy plate is required. Dressings can be fashioned to protect the bladder plate and separate stool (Figure 3). In cases with an open spinal dysraphism or large myelocystocele, closure may be warranted prior to repairing the abdominal defect. Discussions with pediatric surgery, urology, and neurosurgery teams should prioritize the sequence of surgeries. Additionally, severe congenital cardiac anomalies may require intervention before the abdomen can be safely reconstructed.



With survival no longer being the main concern for most patients with CE, the focus has been able to shift to outcomes and quality of life. Surgical techniques and approaches have evolved with this in mind [39,47,62,63,64]. Many teams have moved from single-stage reconstruction to a staged approach with single-stage reconstruction only considered in rare cases with optimal anatomy [60,65]. A staged approach is safe and successful [66] with the odds of a successful primary bladder closure being four times greater for the staged approach than the single-stage approach [61]. The remainder of this review will focus on the modern approaches and techniques taken in the staged reconstructive approach.



7.1. Stage 1 Closure (Newborn)


The steps of the first stage of reconstruction include (1) separation of the cecal plate, (2) rescue of the hindgut, (3) tubularization of the cecum, (4) reapproximation of the bladders halves, (5) possible omphalocele closure versus delayed closure, and (6) creation of an end colostomy [1,60].



At the time of initial repair, a full genitourinary examination under anesthesia should first be performed to confirm anatomy. The ureteral orifices are then cannulated with 3.0–3.5 Fr ureteral catheters, which are secured in place. Dissection of the omphalocele is started inferiorly and separated from the bladder plates [8,60]. The umbilical vessels are ligated, followed by separation of the bladder plates from adjacent skin.



7.1.1. Bowel Reconstruction


Typically, the medial cecal plate is then separated from the two lateral hemi-bladders. There is ongoing debate on whether to retain all or a portion of the cecal plate in the bladder closure for augmentation purposes versus keeping the cecal plate in the gastrointestinal tract to maximize bowel length and water absorption [60]. To incorporate the cecal plate into the gastrointestinal tract following separation from the hemibladders, the cecal plate is tubularized to create continuity from the terminal ileum via the cecum to the blind-ending hindgut. Following mobilization of the blind-ending hindgut, an end colostomy is matured with care given to optimal colostomy placement based on the patient’s individual anatomy and reconstructive needs [8].



Historically, some patients underwent the creation of a terminal ileostomy at birth, leaving the colon defunctionalized and in situ [60,67]. Analysis of patients with an ileostomy compared to those with a colostomy showed an increased length of stay secondary to gastrointestinal complications and increased days on supplemental parenteral nutrition [68]. A ‘rescue operation’ (involving rescue of the colon from the pelvis, creation of gastrointestinal continuity, closure of ileostomy, and creation of colostomy) is now the more standard approach to allow for the entire GI tract to be in continuity [67]. This operation is able to achieve resolution of pre-operative symptoms that occur secondary to the persistent connection between the genitourinary tract and the hindgut, including hyperchloremic acidosis, urinary tract infections, failure to thrive, sepsis, dehydration, and TPN dependence [67].



Intestinal duplications (ileum, colon, and/or appendix) are present in some patients. No intestinal segments, including the appendix, should be sacrificed as they can frequently be utilized during reconstruction of bowel, bladder and/or vagina [8,60]. If present, the appendix may be used to construct a catheterizable channel to promote urinary continence, which is particularly valuable given that urinary continence is most frequently achieved by clean channel catheterization in this population [69]. Small and large bowel segments can be used to construct a neovagina [52,70] and for urinary tract augmentation [71]. Duplicated colonic segments may also be unified in sequence or the wall removed in between to prolong intestinal transit time and prevent stool stasis [8,72].




7.1.2. Bladder Reconstruction


The two lateral hemibladders are then joined in the midline to create a single posterior bladder plate. Care must be taken to protect the ureteral orifices. This essentially converts a CE into bladder exstrophy [1]. The exposed bladder mucosa should be protected with an occlusive dressing, similar to the preoperative dressing (Figure 3). In a single-stage procedure, bladder reconstruction would continue with anterior closure to form a closed bladder that is placed behind the approximated pubic rami [8,66].




7.1.3. Omphalocele Closure


Omphalocele closure depends on the size and the ability to safely reduce the contents with adequate abdominal domain without causing morbidity. Closure in the first stage is possible if there is no evidence of abdominal compartment syndrome and respiratory compromise. Peak inspiratory pressures and tidal volumes are re-monitored intra-operatively [59]. A staged closure may be necessary, and a silo or biosynthetic patch for bridging of the fascial defect can be employed [60].





7.2. Stage 2 Closure (6 Months–2 Years of Age)


The goals of the second stage of reconstruction include (1) bladder closure, (2) abdominal wall closure, and (3) reconstruction of external genitalia in select patients. Inguinal hernias should be repaired if found. This is typically performed between 6 months and 2 years of age but depends on the nutritional status and growth of the patient [1,8]. Pubic bone approximation leads to increased abdominal and pelvic pressure, which may be of particular concern in patients with a pelvic ectopic kidney. During closure, pelvic ectopic kidneys have been shown to incur a more significant increase in renal pelvis pressure, peak systolic velocity, and resistive index compared to orthotopic kidneys [48]. Real-time monitoring of renal pelvis pressure in the perioperative period should therefore be considered in patients with a pelvic ectopic kidney, especially in those with a solitary kidney [48]. Additional potential complications of this stage include bladder dehiscence, penile ischemia, urethrocutaneous or vesicocutaneous fistula, bladder outlet obstruction, urinary tract infection, compromised renal function, and prolonged ileus [1].



Pelvic osteotomy is frequently recommended as part of closure to decrease abdominal wall tension following pubic bone approximation [61,65]. It has also been shown that an osteotomy significantly increases the chance of a successful bladder closure and decreases risk of wound complications [61,73,74]. Various types of pelvic osteotomy have been proposed, including bilateral posterior iliac, bilateral transverse anterior innominate, or combined bilateral anterior innominate and vertical iliac osteotomy, and the preference of osteotomy type varies by center [61,65]. Osteotomy can be performed on the day of bladder reconstruction or as a staged procedure with osteotomy occurring 2–3 weeks prior to bladder closure [56]. It has been shown that by decreasing a very wide public bone diastasis (>6.0 cm), increased rates of successful closure are achieved without an increase in complications with the use of a staged osteotomy [65,75]. Various post-operative immobilization techniques have been described, including Bryant’s traction, spica casting, Buck’s traction, and external fixation [61].




7.3. Additional Interventions


Many patients with CE will require secondary reconstructive procedures at a later age involving their urinary and gastrointestinal tracts, often in attempts to achieve urinary and fecal continence. Additional operations may also be performed for genital reconstruction but must take into consideration gender assignment and identity. These secondary interventions must be individualized to the patient, their anatomy, and goals.



Secondary to spinal dysraphism frequently found with CE, many patients will not develop continence with volitional voiding [71]. Urinary reconstruction must be individualized to meet their needs, as many can achieve social continence through urologic reconstruction and, for some patients, the use of a catheterizable channel [5]. Therefore, a “third stage” of reconstruction most commonly includes bladder neck closure, bladder augmentation to increase bladder capacity, possible correction of vesicoureteral reflux, and the creation of a catheterizable channel for timed bladder emptying [59]. Bladder augmentation can be performed using the stomach, ileum and/or colon [76,77]. Patients and parents/caregivers must be socially ready for the “third stage” of reconstruction, as nonadherence to clean intermittent catheterization of the catheterizable channel can result in complications such as bladder perforation or renal injury from reflux and elevated upper tract pressure (related to high pressures in the bladder from not emptying).



A small number of patients with CE may undergo colonic pull-through [5,78,79]. Due to the overall low rate of fecal continence in this population, controversy exists regarding performing these procedures in patients with CE. However, careful patient selection and commitment to bowel management may reveal a subset of patients that can benefit [79]. Recently, colon length has been shown to correlate with a successful outcome following pull-through: clean patients had an average of 64.0 cm of colon compared to those who are not clean or opt for a re-do ostomy (26.5 cm) [80].





8. Gender Assignment and Identity


Gender assignment for karyotypically male patients with CE continues to be a topic of active discussion and controversy. Many genetically male infants have very diminutive phallic structures that cannot be easily reconstructed. Therefore, the majority of these infants were historically surgically gender reassigned during infancy and raised as female [2,8,40]. However, improved recognition of the complexities of gender identity and increased focus on quality of life have led to changes in this practice. Prenatal androgen exposure and androgenization (i.e., androgen imprinting) in karyotypically male neonates may predispose to a male gender identity [81,82,83]. In the early 2000s, an important study demonstrated that 8 of 14 genetically karyotypically male patients re-assigned to the female gender in infancy had self-reconverted to the male gender during adolescence and adulthood [84]. Further, reassigned patients were found to have significantly higher rates of depression than non-assigned patients [85].



Subsequently, there has been a movement towards avoiding gender re-assignment in infancy and raising karyotypically male infants as males [8]. A single institution retrospective study captures this trend: between 1985 and 1992, 54% underwent sex conversion compared to 6% between 2001 and 2008 [40]. Surveys of American pediatric urologists performed in 2004 and again in 2010 showed an increasing belief in male gender assignment for karyotypically male patients with CE (70% to 79%) [86,87]. Neophallus creation utilizing microvascular techniques may be indicated in the most severe cases [60].




9. Long-Term Outcomes


Following improvements in neonatal care and surgical reconstructive techniques, patients with CE are living longer lives. However, there is a paucity of data on long-term outcomes and quality of life [88]. Further, there is a lack of standardized definitions across studies, especially in defining continence, making comparisons challenging [89].



9.1. Urinary Outcomes


Given frequent spinal anomalies and complex anatomical malformations in CE, volitional urinary control and detrusor contractions are infrequently possible [1]. A recent large multi-institutional study of 160 patients, including children, older children, and adults, found that 42% of children under the age of 10 years were incontinent and wearing diapers and 32% were on clean intermittent catheterization (CIC) [90]. Among older children (age 10 to 18 years) and adults, 73% were on CIC with 88% having a history of bladder augmentation and 89% utilizing a catheterizable channel. In adults, incontinent urinary diversion was not uncommon, occurring in 28%. Of note, in this series, no child or adult voided spontaneously per urethra [90]. In a recent single-institution study of long-term (>10 years) outcomes of patients with CE (n = 63), most patients (71.4%) had a catheterizable stoma, and of these patients, 88.9% were considered continent between catheterizations [5]. Ileal conduits were found in 9.5% of patients. Notably, only three patients (4.8%) were catheterized per urethra with only one of these patients achieving continence [5]. Several smaller studies provide data on urinary continence; however, it is difficult to interpret secondary to a small study population and variable definitions [76,85,91]. Although urinary continence due to CIC is an achievable goal for many patients with CE, considerable commitment, time, and financial burden is required [69,92]. In a series of 116 patients with CE, the median number of urologic procedures needed to achieve urinary continence was 4 (range 2–10) with a median time of 11 years to urinary continence [69].




9.2. Gastrointestinal Outcomes


Studies describing long-term gastrointestinal outcomes, including fecal continence, are very limited. A recent multi-institutional study found that 79% of patients had an intestinal diversion, regardless of birth year [90]. The remaining patients underwent a pull-through with 50% additionally undergoing a Malone antegrade colonic enema (MACE) procedure. Notably, rates of intestinal diversion varied significantly across centers from 55% to 91% [90]. A recent study showed similarly high rates of intestinal diversion (92.1%) with permanent colostomy being the most common (61.9%), followed by ileostomy (30.2%). In this series, 7.9% of patients underwent a PSARP and three of these five patients were able to achieve fecal continence (only one patient remains on a bowel regimen) [5]. Published rates of continence following pull-through vary widely (rates of being clean: 30–85%), and continued debate about whether this should be attempted persists [79,80,90].




9.3. Renal Outcomes


Patients with CE have a baseline elevated risk of chronic kidney disease given the high frequency of underlying renal anomalies, including agenesis, dysplasia, fusion, and ectopia [1]. Vesicoureteral reflux, urinary tract infections/pyelonephritis, and stones are well-described in this population and lead to kidney damage [77]. Additionally, kidneys are at risk of acute dysfunction during abdominal closure in stages 1 and 2 of reconstruction [48]. Most available studies focus on subsets of patients with CE (i.e., those who have undergone certain procedures), so it is difficult to ascertain the risk of renal dysfunction in the overall CE population. However, a recent single-institution study supports that there is a considerable risk of chronic kidney disease, with 25% of their CE population having at least stage 1 chronic kidney disease [5].




9.4. Growth and Ambulation Outcomes


The complex anatomic malformations associated with CE, as well as the physiologic derangements that result from these malformations and from reconstructive procedures, may portend a risk of growth morbidity. Patients with CE have been shown to have significantly lower median height-for-age and weight-for-age z-scores than the general population [93]. In this study, short bowel syndrome and enterocystoplasty with the intestine were found to be associated with lower z-scores [93]. Nutritional optimization may be able to, at least partially, mitigate these growth issues. This should be instituted as a neonate and carried throughout childhood with enteral and parental nutrition as needed. Bone mass appears to be preserved when corrected for small stature [94].



Few studies comment on ambulation and mobility, despite the high prevalence of spinal anomalies and lower extremity malformations in this population [5,78,84,85]. The largest study providing relevant data (n = 63) reports ambulation without aids in 36.5%, wheelchair dependence in 34.9%, abnormal gait in 12.7%, a need for leg braces or a walker adjunct in 14.3%, and being fully immobilized in 1.6% [5].




9.5. Sexual Function and Fertility


Sexual function and fertility is likely to be impacted in patients with CE given the high prevalence of severe genital anomalies and complex Müllerian abnormalities [52]. However, the available data are highly limited given that CE has become a survivable malformation only relatively recently.



Considering the female population, a recent systematic review suggested that only 17.9% reported being sexually active across four studies [78]. Successful conception, pregnancy, and delivery have been reported in case reports and case series [5,52,95,96,97,98]. One patient with CE has carried three pregnancies, and there are documentations of pregnancy loss, uterine prolapse, preterm birth, and cesarean birth [5,52,95,96,97,98]. However, the number of pregnancies in patients with CE is too small to quantify and provide meaningful analysis of fertility, pregnancy complications, and mode of delivery.



Data for the male population are even more limited, in part due to the historical decision to raise genetically male patients with a diminutive phallus not amenable for reconstruction as female [1]. However, testicular histology appears to be preserved, and no significant abnormalities in the architecture of the rete testis, epididymis or vas are found in genotypic male patients with CE [49]. No case of natural paternity in a genotypic male patient with CE has been documented in the literature [78].




9.6. Psychosocial Outcomes


Psychosocial outcomes in patients with CE are also poorly studied with only one study from the Hopkins group providing relevant but concerning data [5]. Anxiety and/or depression were noted in two-thirds of their patients, with chronic pain present in over one-fourth of patients. Social outcomes were more promising, with it being noted that nearly 80% of adult patients had attended college and over 80% were employed [5].





10. Discussion


In recent years, the care of patients with CE has advanced considerably. Cloacal exstrophy has evolved from being a universally fatal malformation prior to the 1960s to now attaining the survival of nearly all patients with this condition. With survival no longer having to be the primary concern, the emphasis has shifted to achieving improved long-term quality of life. Modifications are continuously being made to the operative approach with this goal in mind. Additionally, gender reassignment of karyotypically male patients with CE, once a common practice, is no longer standard practice.



Multidisciplinary teams, including pediatric urology, pediatric colorectal surgery, orthopedic surgery, gastroenterology, and neurosurgery, have been established within specialized centers at many institutions. Improvements in neonatal care and understanding of the physiology of these patients has afforded the ability to safely delay reconstructive surgery [41]. This permits the optimization of severe medical co-morbidities and associated anomalies, as well as hydration and nutrition prior to major operative intervention. It is now well-accepted that staged reconstruction may achieve improved long-term outcomes. Following the recognition of significant multifactorial long-term growth failure in patients with CE, increased attention is also being given to nutrition and growth [93].



Due to its rarity, complexity, and the highly individualized anatomy of patients with CE, long-term outcome data on function and quality of life are lacking. Currently, most of the studies on CE result from single-institution studies. To further improve the management of CE and provide families with realistic expectations, multi-institutional study consortiums are needed.




11. Conclusions


Cloacal exstrophy remains a challenging congenital anomaly affecting multiple organ systems. Advances in medical care and surgical reconstructive techniques have led to near-universal survival. Subsequently, optimizing quality of care and quality of life has come into focus, including an emphasis on gender identity, urinary and fecal continence, and improved mobility and function. An individualized approach to each patient by an experienced multidisciplinary team is essential for achieving the best outcomes.
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Figure 1. Fetal MRI images of a female fetus at 24 weeks gestation with characteristic findings of cloacal exstrophy including large omphalocele (blue arrow), absent urinary bladder, right pelvic kidney with absent left kidney (yellow arrow), left club foot (green arrow), and low spinal cord termination with truncated sacrum and coccyx (red arrow). 
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Figure 2. Phenotypic characteristics of cloacal exstrophy in a (A) male infant and (B) female infant (Figure 2A adapted from [1]). 
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Figure 3. Coverage of bladder and cecal plate. (A) Anatomy of cloacal exstrophy; (B) application of transparent adhesive barrier to protect bladder halves and cecal plate and to separate them from the stool emanating from the prolapsed ileum; (C) prolapsed ileum is brought through a hole in the transparent adhesive barrier; (D) application of porous barrier to protect the prolapsed ileum from diaper abrasion. 
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