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Short Abstract: 
Bladder exstrophy is a congenital defect that presents with an exposed bladder and wide pubic diastasis; cloacal exstrophy additionally involves intestinal prolapse.  Anterior iliac osteotomy functions as an important component of reconstructive repair by reducing tension on the soft tissue closure and promoting continence through restoration of the puborectalis sling.  
Long Abstract: 

Classic bladder exstrophy (CBE) involves both epispadias and failure of closure at the midline in the lower abdominal wall, producing an open and protruding bladder.  Accompanying these soft tissue defects are several abnormalities in the bony pelvic anatomy.  CBE patients are born with a substantial pubic diastasis that increases steadily with age.  The width of the sacrum and length of the posterior (iliac) segment of the pelvis in CBE patients are normal; however, the anterior (ischiopubic) segment of the pelvis is thirty percent shorter than in controls.  Both the anterior and posterior segments are externally rotated in CBE patients, with the anterior segment being slightly more so1,2.  In cases of cloacal exstrophy, the pelvic deformities observed in CBE are exaggerated and manifest more severely.  Defects in the bony anatomy lead to corresponding anomalies in the anatomy of the pelvic floor muscles.   Both obturator internus and externus follow the pubic diastasis and thus are externally rotated. The levator ani muscle group is wider and flatter than in controls, with the puborectalis sling in particular appearing less conical and more posterior.  The hiatus of the levator ani is also larger in patients with CBE3. 

Correction of these bony and muscular anomalies in the pelvic anatomy can be achieved through several different osteotomy techniques.   Anterior iliac osteotomy presents the following unique array of advantages: less intraoperative blood loss; better apposition and mobility of the pubic rami at the time of closure; allowance for placement of an external fixator under direct vision; allowance for secure external fixation in children over six months old; no requirement to turn the patient during the operation4.  The procedure entails a bilateral transverse iliac osteotomy completely dividing the innominate bone just above the acetabulum so that the distal half containing the acetabulum can be rotated through the pubic symphysis to restore the pelvic ring.  At this point, an additional osteotomy of the externally-rotated posterior portion of the ilium can be performed, if necessary, through the anterior approach in order to correct the posterior pelvic segment.  Use of this procedure in conjunction with urological reconstruction of the bladder and closure of the abdominal wall has considerably reduced the rate of failure of the soft tissue repair, as measured by rates of bladder prolapse and wound dehiscence4,5.   Moreover, anterior iliac osteotomy has been shown to achieve postoperative continence in a substantial majority of patients for whom continence is a goal4.
Introduction:  
The exstrophy-epispadias complex is a congenital condition describing a spectrum of disorders which affect the genitourinary tract, musculoskeletal system, and, in some cases, the intestinal tract.  Epispadias lies at the least severe boundary of the spectrum.  Classic bladder exstrophy (CBE) involves both epispadias and a failure of closure at the midline in the lower portion of the abdominal wall, producing an open and protruding bladder.  Accompanying these soft tissue defects are pelvic abnormalities, such as an incomplete pelvic ring due to a wide diastasis of the pubic rami.  The most severe defect in this spectrum is cloacal exstrophy, which presents as CBE but additionally involves prolapse of the intestines between the two halves of the exstrophied bladder6.  In some cases cloacal exstrophy is associated with lipomeningocele or myelomeningocele, as well as other congenital anomalies that can include anal atresia, colonic hypoplasia, anomalous genitalia, and omphalocele1,7,8.  The prevalence of CBE is approximately one per 40,000 live births with an overall greater proportion of affected males, while that of cloacal exstrophy is one per 200,000 live births9,10.  


The pathogenesis of CBE derives from an embryological defect in development of the abdominal wall for which no genetic or environmental basis has yet been identified, although both are thought to contribute11-14.  It is currently thought that during the early embryonic period the urogenital portion of the cloacal membrane is prevented from regressing caudad because the primordia of the genital tubercles are located in an abnormally caudad position and fail to migrate ventrally.  The cloacal membrane is thus displaced anteriorly onto the abdominal wall15.  
Since the pelvis arises from sclerotomal components of the mesenchyme, the altered mesenchymal migration seen in CBE produces abnormal pelvic development.  This leads to important aberrations in the bony anatomy, such as wide diastasis of the pubic rami and, consequently, an open pelvic ring4.  CBE patients are born with a substantial pubic diastasis that increases steadily with age from a mean value of four centimeters at birth to a mean of eight centimeters at age ten, compared to a mean normal width of the pubic symphysis of 0.6 centimeters at all ages1.  The width of the sacrum and length of the posterior (iliac) segment of the pelvis in CBE patients are normal; however, the anterior (ischiopubic) segment of the pelvis is a mean thirty percent shorter in CBE patients compared to controls1.  Both the anterior and posterior segments are externally rotated in CBE patients, with the anterior segment being slightly more so (mean 18° greater than controls) than the posterior segment (mean 12° greater than controls) 1.  

Clinical differences in CBE patients derived from these bony anomalies are not as overtly apparent.  While the angle of foot progression from the midline of the body is noticeably externally rotated in CBE patients less than two years of age, the defect decreases rapidly during childhood and persists only slightly.  Internal rotation of the hip in extension is frequently less than normal, but external rotation and the thigh-foot angle are typically within normal limits1.  In cases of cloacal exstrophy, the pelvic deformities observed in CBE are exaggerated and manifest more severely.  Dislocation of the hip, malformation and instability of the sacro-iliac joints, and side-to-side pelvic asymmetry can all be associated with cloacal exstrophy1.

Study of the preoperative pelvic diaphragm in CBE patients using 3-D CT imaging has allowed for the classification of the pelvic floor muscles3.  Both obturator internus and externus are externally rotated in CBE patients (15.1° and 16.9° greater than controls, respectively), which is unsurprising as both muscles attach to the pubis and thus would be expected to follow the diastasis3.  The levator ani muscle group in CBE patients is wider and flatter than in controls; the puborectalis sling in particular appears flatter and less conical (15° greater rotation anterosuperiorly in relation to the pelvic floor compared to controls) 3.  Additionally, whereas 52 percent of the puborectalis sling is posterior to the rectum in normal controls, 68 percent is posterior in patients with CBE.  The muscle is centered farther than normal from the posterior bladder neck where contraction of puborectalis acts to maintain closure of the bladder neck, suggesting a mechanism for the incontinence observed in bladder exstrophy.  The hiatus of the levator ani is 2-fold wider and 1.3-fold longer than in normal controls, providing a rationale for a greater incidence of pelvic organ prolapse among CBE patients3.  
Prior to 1958, no attempt had been reported to correct the bony abnormalities of the pelvis in CBE patients; rather, plastic repair of only the soft tissues was performed20-24.  The surgical procedures performed to repair the genitourinary tissues typically proceed in the following sequence at our institution: primary closure of the bladder and abdominal wall in the newborn period, epispadias repair at one to two years of age in males, and bladder neck reconstruction around three to four years of age.  Despite reconstructive success in several patients, numerous postoperative complications were reported, including poor wound healing and bladder dehiscence, fistula formation, wound infections, incontinence, and recurrence of the exstrophic defect21.  It was theorized that many, if not all, of these complications were related to tension placed upon the soft tissues involved in reconstruction of the bladder, urethra, and abdominal wall due to abnormal separation of the pubic symphysis and external rotation of the innominate bones24.  Therefore, in 1958 Schultz and Schwartzmann postulated that if the pubic diastasis could be corrected and the pelvic ring restored, then many of the aforementioned complications could be avoided.  
The first procedure developed to allow restoration of the pelvic ring through osteotomy consisted of posterior iliac osteotomy followed by a second operation where urological and soft tissue repair were completed.  In the late 1980s and early 1990s, several new osteotomy techniques were proposed as advantageous alternatives to the posterior iliac osteotomy, including anterior osteotomy of the superior pubic rami (Frey and Cohen)25, anterior diagonal iliac osteotomy (McKenna et al)26, and anterior iliac osteotomy (Sponseller et al), which this article specifically addresses.  The anterior iliac osteotomy derives its inspiration from the Salter innominate osteotomy, which was devised in 1961 to correct congenital dislocation and subluxation of the hip.  Salter found that if the innominate bone was divided completely just above the acetabulum, the distal half containing the entire acetabulum could be redirected by rotating this portion through the pubic symphysis without modifying either the capacity or contour of the acetabulum27,28.  The general technique of the anterior iliac osteotomy used to correct the pelvic deformities in CBE is similar.
Case Presentation: (We will include specific patient details when we have a date and case for filming.)

Classic bladder exstrophy (CBE) occurs at a rate of approximately one per 40,000 live births, while cloacal exstrophy occurs in one per 200,000 live births9,10.  CBE has been observed to occur more frequently in white infants and in the children of white, non-Hispanic mothers29,37.  CBE is more common in males than females, although estimates of the degree of male predominance range from 1.5:1 to 6:112,29-35.  Cloacal exstrophy, on the other hand, appears to be more common in females, although this finding is disputed36,37.  Risk factors associated with cloacal exstrophy include preterm birth and low birth weight37.

CBE can be diagnosed prenatally through ultrasound between fifteen and thirty-weeks gestational age.  The pathognomonic finding is persistent non-visualization of a normally filled fetal bladder during repeated ultrasound examinations.  Other characteristic signs that can be detected using ultrasound include a low-set umbilicus, diminutive genitalia, widely-spaced pubic rami, a lower abdominal mass, and a wavy cord-like segment of soft tissue protruding from the anterior abdominal wall just below the umbilical cord insertion38-40.  No prenatal genetic screening for CBE has yet been implemented.  Clinical diagnosis is made based on the very archetypal clinical picture obtained upon visual inspection of the neonate and does not compel any further differential diagnosis.
Treatment/Diagnostics Procedure:  
1) Preoperative radiographs of the pelvis should be obtained a few days prior to the surgery in order to rule out hip dysplasia and sacroiliac malformations, as well as to measure the pubic diastasis and plan for the degree of correction needed.

2) Once in the operating room with the patient in the supine position, the lower body is disinfected and draped below the costal margin.  A piece of absorbent gauze with a sterile barrier drape is placed over the exposed bladder.  
3) Oblique incisions are made just inferior to the anterior superior iliac spine.

4) The lateral femoral cutaneous nerve is exposed by incising the fascia superficial to it.  

5) The iliac apophysis is split for one centimeter posterior to the anterior superior iliac spine (ASIS). Subperiosteal dissection from the iliac wings inferiorly to the pectineal tubercle and posteriorly to the sacroiliac joint is then performed to expose both sides of the pelvis.  This allows for the elevation of the periosteum of the sciatic notch so that a saw can be used to create a transverse iliac osteotomy , exiting anteriorly at a point just caudal to the ASIS.  It should be noted that the transverse iliac osteotomy must be performed cephalad enough to allow for placement of external fixator pins in the distal segments.  Fluoroscopy can be useful in this step
6) At this point, an additional osteotomy of the posterior wing of the ilium may be performed through the anterior approach to facilitate complete closure of the pelvic ring.  This supplementary osteotomy is most useful in those patients with CBE who are greater than two years of age because of decreased elasticity of the sacroiliac ligaments and in patients with cloacal exstrophy who often have particularly wide diastases, as both conditions make restoration of the pelvic ring difficult with anterior iliac osteotomy alone.  Failure to take this step can result in tightening of the inguinal ligament over the femoral nerve as the pubic rami are approximated, sometimes leading to transient femoral nerve palsy.  Combination of the transverse anterior iliac osteotomy with the vertical closing-wedge iliac osteotomy allows for correction of the deformities in both the anterior and posterior parts of the pelvis.  The procedure is begun by continuing the subperiosteal dissection of the medial surface of the iliac wing posteriorly to the sacroiliac joint.   Attempt to preserve the posterior cortex of the ilium for stability of the pelvis.
7) During the dissection, a nutrient vessel supplying the ilium may be encountered in the middle of the iliac wing.  Bleeding from this vessel should be controlled with cautery or bone wax.
8) A rongeur or a burr is then used to create a closing-wedge osteotomy in a vertical manner by removing cortical and cancellous bone from the anterior portion of the ilium at least one centimeter lateral to the sacroiliac joint.  The more pliable proximal portion of the posterior iliac cortex is left intact for use as a hinge.  The sclerotic cortical bone proximal to the sciatic notch, however, should be divided completely.  

9) Two threaded fixator pins are then placed in the distal pelvic segment on each side.  We use 2.5 mm pins for infants and toddlers, and 4-5 mm pins as appropriate for older children.
10) One or two more threaded fixator pins are placed more superiorly in the wing of the ilium.  An anteroposterior radiograph should then be taken to confirm pin placement.  

11) The urological procedure to reconstruct the bladder is then performed and soft tissues are closed.  
12) Once the urological and soft tissue procedures are complete, the pelvic ring is closed with a horizontal mattress suture anchored within the pubic bone on each side.  If the patient is eight years of age or older, or has cloacal exstrophy, supplemental internal fixation can be used across the diastasis to provide a more secure closure of the pelvic ring.  The internal fixation device consists of a metal plate with two holes in it that is placed across the pubic symphysis and held in place by two screws, each of which is directed from medial to lateral in the medullary canal in the opposing pubic rami.  

13) The lower abdominal wall muscles are then closed and external fixator bars are applied between the pins to maintain the pelvis in the corrected position.  

14) Radiographs should be taken seven to ten days postoperatively.  If the symphyseal diastasis is not completely reduced, the external fixator bars can be gradually adjusted over several days to achieve a complete reduction of the diastasis.  The external fixator should remain in place for six weeks or until adequate callus is observed radiographically at the osteotomy sites.  
15) Other aspects of the postoperative course include bed rest in the supine position for approximately four weeks and light skin traction on the lower extremity for the duration of this period.  The goal is to prevent dislodgement of the vesicostomy tubes installed during the urological procedure and to prevent destabilization of the newly-repaired pelvis.  Additional radiographs should be obtained at three-month follow-up (six weeks after external fixator removal), and at latest follow-up.
OutcomeOutOu: 
The main role of osteotomy in treatment of CBE appears to be to relax tension on the bladder and repaired abdominal wall during wound-healing.  Osteotomy does have an associated complication rate of four percent with half of these being neurological, nineteen percent bony (non-union, delayed union, joint pain, or leg length inequality), fifteen percent due to traction, eight percent early deep infection, and eight percent late infection42.  It is advisable, therefore, to refrain from performing osteotomy if it is not necessary to successful closure of the bladder and abdominal wall.  Consequently, osteotomy is not recommended in newborns and young infants if their ligamentous laxity allows the pelvis to be closed without much tension. Anterior iliac osteotomy is also recommended in patients older than newborn age with continence as a goal because the procedure is associated with a marked improvement in postoperative continence over soft tissue repair alone4.   Anterior iliac osteotomy in combination with vertical posterior iliac osteotomy is our preference in all patients over two years old, as loss of ligamentous elasticity by this age makes restoration of the pelvic ring difficult with anterior iliac osteotomy alone.  If improved appearance of the widened perineum in CBE is a primary goal, it is recommended that the patient delay osteotomy until approximately eight years of age so that a maximal degree of bony correction is retained4.  In cases of cloacal exstrophy osteotomy is virtually always necessary; it is best to delay closure until at least eighteen to twenty-four months of age so that the patient’s bone density is sufficient to permit good pin fixation4. 
Anterior iliac osteotomy with optional posterior vertical iliac osteotomy presents several advantages over the prior conventional technique of posterior iliac osteotomy.  These include (a) less intraoperative blood loss, (b) better apposition and mobility of the pubic rami at the time of closure, (c) allowance for placement of an external fixator under direct vision, (d) allowance for secure external fixation in children over six months old, and (e) no requirement to turn the patient during the operation.  Furthermore, if radiographic imaging does not show complete reduction of the symphyseal diastasis seven to ten days postoperatively, the external fixator bars can be used to gradually approximate the pubic rami over several days4.  
The failure rate for anterior iliac osteotomy performed during primary closure of the CBE defect is similar to that for posterior iliac osteotomy at four percent (failed procedures include those resulting in bladder prolapse or wound dehiscence)4,5.  The most common complication of the procedure is transient palsy of the left femoral nerve, which occurs in less than ten percent of cases and resolves at a mean of twelve weeks postoperatively.  This is likely due to compression of the femoral nerve between the inguinal ligament and iliacus muscle caused by stretching of the inguinal ligament that occurs when the inferior pelvic segment is rotated after osteotomy, as this portion of the pelvis includes the ligament’s insertion on the pubic bone4.  It remains unclear, however, why this has been observed only on the left side.  No compromise of the femoral vein or artery has been shown to occur.  Current evidence suggests that the addition of the vertical posterior iliac osteotomy to the anterior iliac osteotomy decreases the rate of transient femoral nerve palsy.  Exposing the femoral nerve and incising the taught fold of the external oblique muscle that forms the inguinal ligament can also aid in avoiding this complication4.  Other complications unique to anterior iliac osteotomy are exceedingly rare, but include: (a) transient abductor weakness in the right thigh, (b) infection around a pin in the ilium, (c) transient motor palsy involving the right peroneal nerve, and (d) persistent mild left Trendelenburg gait likely due to superior gluteal nerve palsy.  Long-term or persistent pain in the pelvis, hips, or lower extremities does not occur4.  

Conclusion: Anterior iliac osteotomy is an effective way to relax tension on the reconstructed bladder and repaired abdominal wall during wound-healing after surgery performed to correct classic bladder exstrophy.  Use of anterior iliac osteotomy in combination with urological and soft tissue repair has resulted in decreased rates of postoperative bladder prolapse and wound dehiscence.  Finally, as compared to soft tissue repair alone, anterior osteotomy is associated with a markedly improved rate of postoperative continence, likely as a result of better restoration of the pelvic floor muscles and fibrous symphyseal bar.  
Acknowledgments:  None.
Disclosures: 
Aaron T. Wild: I have nothing to disclose.

Paul D. Sponseller:  Research support – DePuy Spine (not relevant to this topic)
References:  
1. Sponseller PD, Bisson LJ, Gearhart JP, Jeffs RD, Magid D, Fishman E.  The anatomy of the pelvis in the exstrophy complex.  J Bone Joint Surg Am.  1995;77-A:177-89.

2. Yazici M, Sozubir S, Kilicoglu G, Bernay F, Incesu L, Ariturk E.  Three-dimensional anatomy of the pelvis in bladder exstophy: description of bone pathology using 3 dimensional CT and its clinical relevance.  J Pediatr Orthop. 1998;18:132. 
3. Stec AA, Pannu HK, Tadros YE, Sponseller PD, Fishman EK, Gearhart JP.  Pelvic floor anatomy in classic bladder exstrophy using 3-dimensional computerized tomography: initial insights.  J Urol.  2001;166(4):1444-9.
4. Sponseller PD, Jani MM, Jeffs RD, Gearhart JP.  Anterior innominate osteotomy in repair of bladder exstrophy.  J Bone Joint Surg Am.  2001;83-A(2):184-93.  
5. Aadalen RJ, O’Phelan EH, Chisholm TC, McParland FA Jr, Sweetser TH Jr.  Exstrophy of the bladder: long-term results of bilateral posterior iliac osteotomies and two-stage anatomic repair.  Clin Orthop.  1980;151:193-200.
6. Soper RT, Kilger K.  Vesico-intestinal fissure.  J Urol. 1964;92:490-501.

7. Fujiyoshi Y, Nakamura Y, Cho T, Nishimura T, Morimatsu M, Shirouzu K, Fukuda S, Kimura T, Nakashima H, Hashimoto T. Exstrophy of the cloacal membrane: A pathologic study of four cases. Arch Pathol Lab Med. 1987 Feb;111(2):157-60.

8. Smith NM, Chambers HM, Furness ME, Haan EA.  The OEIS complex (omphalocele-exstrophy-imperforate anus-spinal defects): recurrence in siblings.  J Med Genet. 1992;29(10):730-2.

9. Jeffs RD, Guice SL, Oesch I.  The factors in successful exstrophy closure.  J Urol.  1982;127:974-6.

10. Schultz WG.  Plastic Repair of exstrophy of bladder combined with bilateral osteotomy of ilia.  J Urol.  1958;79:453-8.

11. Boyadjiev SA, Dodson JL, Radford CL, Ashrafi GH, Beaty TH, Mathews RI, Broman KW, Gearhart JP. Clinical and molecular characterization of the bladder exstrophy-epispadias complex: analysis of 232 families. BJU Int. 2004;94:1337–1343.  
12. Gambhir L, Höller T, Müller M, Schott G, Vogt H, Detlefsen B, Ebert AK, Fisch M, Beaudoin S, Stein R, Boyadjiev S, Rösch W, Utsch B, Boemers TM, Reutter H, Ludwig M. Epidemiological survey of 214 European families with Bladder Exstrophy-Epispadias Complex (BEEC). J Urol. 2008;179:1539–1543.  
13. Ives E, Coffey R, Carter CO. A family study of bladder exstrophy. J Med Genet. 1980;17:139–141.
14. Reutter H, Qi L, Gearhart JP, Boemers T, Ebert AK, Rösch W, Ludwig M, Boyadjiev SA.  Concordance analyses of twins with bladder exstrophy-epispadias complex suggest genetic etiology.  Am J Med Genet A. 2007;143A(22):2751-6.

15. Gearhart JP, Forschner DC, Jeffs RD, Ben-Chaim J, Sponseller PD.  A combined vertical and horizontal pelvic osteotomy approach for primary and secondary repair of bladder exstrophy.  J Urol.  1996;155:689-93.
16. Austin PF, Homsy YL, Gearhart JP, Porter K, Guidi C, Madsen K, Maizels M. Prenatal diagnosis of cloacal exstrophy. J Urol. 1998;160:1179–1181. 
17. Marshall, VF, Muecke, EC. Congenital abnormalities of the bladder. In: Handbuch de Urologie, Springer-Verlag, New York, 1968. p.165. 

18. Muecke EC. The role of the cloacal membrane in exstrophy: the first successful experimental study. J Urol. 1964;92:659–667. 
19. Sponseller PD, Gearhart JP, Jeffs RD.  Anterior innominate osteotomies for failure or late closure of bladder exstrophy.  J Urol. 1991;146:137-40. 
20. Chisholm TC.  Surgical reconstruction of exstrophy of the urinary bladder: a progress report on the management of 32 cases. Paper read at the Ninth International Congress of Pediatrics, Montreal, Canada, July 1959.  
21. Sweetser TH, Chisholm TC, Thompson WH, Berglund EB, Wesolowski SP, Sweetser TH, Jr.  Exstrophy of the urinary bladder: its treatment by plastic surgery. J. Urol.  1956;75:448-455. 
22. Sweetser TH, Chisholm TC, Thompson WH.  Exstrophy of the urinary bladder: discussion of anatomical and surgical principles applicable to its repair, with preliminary report of a case.  Minn Med.  1952;35(7):654-7. 
23. Strohbehn K. Normal pelvic floor anatomy, Obstet Gynecol Clin North Am 1998;25:683-705.
24. O’Phelan EH.  Iliac osteotomy in exstrophy of the bladder.  J Bone Joint Surg Am.  1963;45:1409-1422. 
25. Frey P, Cohen SJ. Anterior pelvic osteotomy. A new operative technique facilitating primary bladder exstrophy closure. Br J Urol.   1989;64:641-3. 
26. McKenna PH, Khoury AE, McLorie GA, Churchill BM, Babyn PB, Wedge JH. Iliac osteotomy: a model to compare the options in bladder and cloacal exstrophy reconstruction.  J Urol.  1994;51:182-6.

27. Salter Rb, Dubos JP.  The first fifteen years’ personal experience with innominate osteotomy in the treatment of congenital dislocation and subluxation of the hip.  Clin Orthop.  1974;98:72-103.  

28. Salter, R.B. Innominate osteotomy in the treatment of congenital dislocation and subluxation of the hip.  J Bone Joint Surg Am. 1961;43B:518.

29. Nelson CP, Dunn RL, Wei JT. Contemporary epidemiology of bladder exstrophy in the United States. J Urol. 2005;173:1728–1731.
30. Bennet AH. Exstrophy of the bladder treated by ureterosigmoidostomies, long term evaluation. Urology. 1973;2:165–168.
31. Harvard BM, Thompson GJ. Congenital exstrophy of the urinary bladder: late results of treatment by the Coffey-Mayo method of uretero intestinal anastomosis. J Urol. 1951;65:223–234.
32. Higgins CC. Exstrophy of the bladder: report of 158 cases. Am Surg. 1962;28:99–102.
33. Jeffs RD, Guice SL, Oesch I. The factors in successful exstrophy closure. J Urol. 1982;127:974–976.
34. Anonymous. Epidemiology of bladder exstrophy and epispadias: a communication from the International Clearinghouse for Birth Defects Monitoring Systems. Teratology. 1987;36:221–227.
35. Ives E, Coffey R, Carter CO. A family study of bladder exstrophy. J Med Genet. 1980;17:139–141.
36. Martinez-Frias ML, Bermejo E, Rodriguez-Pinilla E, Frias JL. Exstrophy of the cloaca and exstrophy of the bladder: two different expressions of a primary developmental field defect. Am J Med Genet. 2001;99:261–269.
37. Caton AR, Bloom A, Druschel CM, Kirby RS. Epidemiology of bladder and cloacal exstrophies in New York State, 1983-1999. Birth Defects Res A Clin Mol Teratol. 2007;79:781–787.
38. Gearhart JP. The bladder exstrophy-epispadias-cloacal exstrophy complex. In: Gearhart JP, Rink RC, Mouriquand PDE, editor. Pediatric Urology. Chapter 32. Philadelphia: W. B. Saunders Co; 2001. pp. 511–546.
39. Della Monica M, Nazzaro A, Lonardo F, Ferrara G, Di Blasi A, Scarano G. Prenatal ultrasound diagnosis of cloacal exstrophy associated with myelocystocele complex by the 'elephant trunk-like' image and review of the literature. Prenat Diagn. 2005;25:394–397.
40. Cromie WJ, Lee K, Houde K, Holmes L. Implications of prenatal ultrasound screening in the incidence of major genitourinary malformations. J Urol. 2001;165:1677–80.
41. Okubadejo GO, Sponseller PD, Gearhart JP. Complications in orthopedic management of exstrophy. J Pediatr Orthop. 2003;23:22-8.

JoVE will require the written consent of any human subject appearing on video.

