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Abstract: The exstrophy-epispadias complex is a rare congenital malformation of the genito-

urinary system, abdominal wall muscles, and pelvic structures. Modern surgical repairs focus 

on reconstruction of the bladder and its adjacent structures, with the goal of achieving urinary 

continence, a satisfactory cosmetic result, and a high quality of life. Complex surgery in neonates 

and young children, as well as a prolonged postoperative course require close collaboration 

between surgeons, anesthesiologists, intensivists, pediatricians, and an experienced nursing 

staff. This article will review the spectrum of bladder exstrophy anomalies, the surgical repair, 

and the perioperative interdisciplinary management.
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Introduction
Bladder exstrophy is a rare congenital malformation of the genitourinary system with 

an estimated incidence of approximately one per 50,000 live births.1 Most patients with 

this disorder will undergo multiple corrective surgical procedures in order to achieve 

functionally and cosmetically acceptable results. A well-established interdisciplinary 

team consisting of surgeons, anesthesiologists, pediatricians, nutritionists, pharma-

cologists, nurses, and child life specialists are essential in providing the environment 

for successful outcomes.

While there are several surgical approaches, most bladder exstrophy repairs 

include closure of the bladder and abdominal wall, and an approximation of the pelvic 

rami. Postoperatively, children are immobilized in order to promote healing and to 

maintain pelvic ring integrity. Immobilization in traction may continue for several 

weeks postoperatively. During this time, pain management, nutritional support, and 

meticulous nursing care for osteotomy pin sites, surgical drains and stents, and skin 

integrity become a focus.

Bladder exstrophy closure is performed in three distinct groups of patients, each 

posing unique challenges during the perioperative period: newborns for initial closure, 

slightly older infants with small bladder templates for delayed closure, and finally, 

children with failed initial closures for repeat repairs. Neonates and infants have a 

higher risk of complications due to surgery and anesthesia than older children. Newborn 

patients transitioning from fetal circulatory system to an extrauterine one are vulner-

able to intraoperative hemodynamic disturbances resulting in acidosis and profound 

hypoxia. Due to the immaturity of the neonatal brain, the child is more vulnerable to 

respiratory depression in response to sedatives and opioid analgesia. Pelvic osteotomies 

to improve the approximation of the pelvic rami are recommended for patients beyond 
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5 days of life, but they increase the risk of blood loss, which 

is more concerning in young patients with limited blood 

volume. Increased intraoperative cardiovascular monitoring 

may be necessary. Finally, repeat closures in patients with 

failure of an initial repair are complex undertakings lasting 

well beyond the immediate surgical repairs. Maintaining 

postoperative immobility in traction for several weeks in 

order to promote the healing of osteotomies and abdominal 

suture lines poses a challenge in active toddlers. Careful 

postoperative analgesic and sedation management can make 

this process tolerable for patients and their families.

Postoperative analgesic management requires a mul-

timodal approach considering the unique needs of each 

patient. As systemic opioids can be associated with respira-

tory depression, epidural anesthesia with continuous local 

anesthetic infusions have been advocated for neonates and 

older children in order to provide postoperative analgesia 

for procedures of the lower abdomen and lower extremities. 

Epidural analgesic infusion may also provide a mild motor 

block, which is desirable for children requiring prolonged 

immobilization and orthopedic traction. While epidural 

analgesia may decrease painful bladder spasms, the dual 

innervations of the bladder may require supplementation 

with spasmolytics or muscle relaxants.

Prolonged surgery, anesthesia, and need for multimodal 

postoperative analgesic and sedation management in young 

children results in increased cardiorespiratory monitoring 

needs, at least within the first few postoperative days. This 

can be accomplished either in an intensive care unit or in an 

intermediate care unit with increased monitoring capability. 

Continuous epidural infusions in young infants can be man-

aged on the regular ward, as long as appropriate monitoring 

and experienced nursing staff are available.

Postoperatively, patients may require several days before 

bowel function is restored. In order to avoid abdominal dis-

tention and undue stress on delicate suture lines, surgeons 

may opt to wait additional days before resuming enteral 

feedings in their patients. Once patients are allowed to 

resume enteral feeds, consumed volumes should be assessed 

carefully. This can be achieved either by measuring volumes 

or by spending time with children who are breastfeeding. 

Placing newborns with their traction into large adult beds can 

facilitate successful breastfeeding as the mother is able to 

position herself next to the child. Supplementation via naso-

gastric tubes is indicated if the child is not taking adequate 

volumes. Consultation and close working relationships with 

a pediatric hospitalist or hospital nutritionist is helpful in 

these situations.

Nursing staff are the frontline providers and essential 

partners in the team approach required for successful man-

agement of bladder exstrophy patients. Experienced staff will 

know how to care for surgical stents, drains, and pins, assess 

pain and discomfort, and provide an environment of calm and 

comfort for patients and parents. Clustering essential nursing 

care and avoiding undue disturbance of the patient is desirable 

in order to avoid agitation. Distraction of the patient with 

soothing music and other calm activities is helpful, although 

attention span in infants and toddlers is limited.

While a team approach is essential for the complex 

perioperative needs of these patients, it is also important for 

caring for the child’s family. Long hospitalizations can be 

draining, both emotionally and financially. For the lay parent, 

the significance of minor complications can be difficult to 

comprehend leaving the impression of a rollercoaster ride, 

while the medical team may perceive the same hospitaliza-

tion as having a very smooth course. Family members should 

be encouraged to take time out for themselves. Increased 

parental anxiety can be sensed by the child and will increase 

agitation. Calm and collected parents are medical teams’ 

best friends.

Etiology and pathogenesis
The exstrophy-epispadias complex is a rare congenital 

malformation of the genitourinary system that has an 

estimated incidence of approximately one per 50,000 live 

births.1 Approximately twice as many males are affected.2 

Additionally, white infants are significantly more likely to 

present with the complex than nonwhite infants.1

The exstrophy-epispadias complex represents a severe 

midline abdominal birth defect that causes wide separation 

of the pubic symphysis, an abdominal wall defect, and an 

anterior-positioned open bladder and urethra. Epispadias and 

classical bladder exstrophy may occur in isolation, but cloacal 

exstrophy often carries with it various other malformations 

of the gastrointestinal tract, skeletal system, and neurological 

system.3 The bladder remains open on the abdominal wall in 

both classical bladder exstrophy and cloacal exstrophy, while 

the bladder is found to be closed and in a normal position 

among children born with isolated epispadias. The majority 

of patients with this complex have classical bladder exstrophy 

and an open bladder.

During development, the cloacal membrane is situated 

at the caudal end of a trilaminar blastoderm. Mesenchymal 

ingrowth between the layers of ectoderm and endoderm 

leads to formation of the lower abdominal musculature and 

pelvic bones. The exstrophy-epispadias complex is felt to be a 
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consequence of premature rupture of the cloacal membrane.4 

The timing and location of the defect determine if the fetus 

will develop cloacal exstrophy, classical bladder exstrophy, 

or epispadias.5,6 It has been postulated that earlier rupture of 

the cloacal membrane that occurs before the urorectal septum 

has fused with the membrane leads to cloacal exstrophy.7 

Others have suggested that mesodermal migration may be 

halted by mechanical obstruction or altered mesenchymal cell 

populations.8 Another possibility is that the birth defect is a 

consequence of failure of the bony pelvis to rotate properly 

during development, preventing midline structures to fuse in 

the midline and bladder herniation.9

Spectrum of anomalies
Pelvic bones
Patients with the exstrophy-epispadias complex have a 

widened pubic symphysis due to malrotation of the pelvic 

innominate bones. Additionally, patients with classical 

bladder exstrophy are found to have external rotation of 

both the anterior and posterior pelvis, retroversion of the 

acetabulum, and shortening of the pubic rami.10 Compared 

to persons without classical bladder exstrophy, these patients 

have larger sacroiliac joint angles, a more inferiorly rotated 

pelvis, and a larger sacrum.11 In addition to leaving the child 

with a widened pubic symphysis, these pelvic deformities 

lead many children to have shortening of the penis and a 

waddling gait.

Spine
Additional spinal and orthopedic abnormalities can be seen 

with the exstrophy-epispadias complex. A minority of patients 

with classical bladder exstrophy have been noted to have 

spinal abnormalities, such as spina bifida occulta, scoliosis, 

and hemivertebrae.12 Most of these findings are asymptomatic 

and of little consequence to the patient. However, nearly all 

patients with cloacal exstrophy suffer from various neurologi-

cal deficits, including neural tube defects, vertebral anomalies, 

and tethered cord.13 Oftentimes, urinary and bowel inconti-

nence are further complicated by a neurogenic deficit in these 

patients. Skeletal and limb anomalies, such as clubfoot, severe 

tibial malformations, and congenital hip dislocations, are also 

common among children with cloacal exstrophy.3

Pelvic floor musculature
Patients with bladder exstrophy also have an abnormal 

pelvic floor. The levator ani muscle group is positioned 

more posterior, and the anus is found to be more anterior. 

Additionally, the levators are rotated outward and flattened, 

yielding a much flatter puborectalis sling with an anterior 

positioned bladder.11 Abnormalities of the pelvic floor also 

predispose female patients to uterine prolapse.14

Abdominal wall
Perhaps the most profound anomaly is the defect in the ven-

tral abdominal wall fascia, resulting in an open and anterior 

positioned bladder and urethra. The band of tissue between 

the widened pubic tubercles, known as the intersymphyseal 

band, represents the urogenital diaphragm, and is where the 

anterior sheath of the rectus muscle inserts posterior to the 

bladder neck and urethra. The umbilicus is typically situated 

in a more caudal position and represents the superior limit of 

the abdominal wall defect. Occasionally, a small omphalocele 

may be present in patients with classical bladder exstrophy. 

However, with cloacal exstrophy, patients will usually have 

a large omphalocele, and the two bladder plates will be 

separated by a midline piece of ileum.3

Anorectal anomalies
The anus is usually found anterior to a short and broad 

perineum with an anteriorly displaced anal sphincter. The 

distorted deep pelvic floor anatomy and sphincter displace-

ment can predispose the child to fecal incontinence and 

other colorectal anomalies, including imperforate anus, 

rectal stenosis, and rectal prolapse.15 Patients with cloacal 

exstrophy tend to have a higher incidence of associated 

gastrointestinal tract abnormalities, including a rudimentary 

hindgut, malrotation, and short bowel.3,16

Genitalia
Males with the exstrophy-epispadias complex are born with 

a profound genital defect. In addition to dorsal opening in the 

urethra resulting in epispadias, the corporal bodies have been 

found to be significantly smaller in length and caliber when 

compared to age-matched controls.17 Furthermore, diastasis 

of the pubic symphysis, dorsal chordee, and a shortened 

urethral groove all give the appearance that the penis looks 

smaller. Females are known to have a shorter vagina, stenotic 

vaginal orifice, bifid clitoris, and divergent labia.18 In cloacal 

exstrophy, the phallus is separated into two halves and may 

be of unequal size.3

Bladder
The exstrophied bladder and urethra are open anteriorly. In 

some patients, the bladder has a small capacity and is covered 

with epithelial polyps.19 Furthermore, some bladders have 

poor compliance and detrusor instability.20 Since the bladder 
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is found to be in an anterior position, the ureters enter the 

bladder from an abnormal angle, leading to vesicoureteral 

reflux in all children with exstrophic bladders.21 Other 

upper urinary tract and renal anomalies, such as horseshoe 

kidney, appear to be more common among children with the 

exstrophy-epispadias complex.22

Diagnosis and evaluation
Bladder exstrophy can be diagnosed during prenatal 

development with fetal ultrasonography between the 15th 

and 32nd week of pregnancy.23 Criteria for diagnosis include 

absence of bladder filling, low-set umbilicus, widening pubic 

rami, small genitalia, and lower abdominal mass that increases 

throughout the duration of pregnancy.24 Prenatal diagnosis 

allows for proper counseling of the parents regarding the 

potential implications of the child’s diagnosis. Furthermore, 

early detection allows for arrangement of the delivery 

to take place in a specialized center for exstrophy where 

immediate repair of the birth defect can be performed by a 

multidisciplinary team of individuals that have experience 

with the management of this disease.

Despite this, only 25% of patients who are born with 

the exstrophy-epispadias complex were diagnosed during 

the prenatal period.25 When a child is born with exstrophy, 

clinical diagnosis is readily apparent given the obvious birth 

defect. Routine laboratory studies should be obtained along 

with renal ultrasonography. Proper neonatal evaluation, 

including thorough cardiac and pulmonary assessments, 

should be made shortly after birth. Patients with cloacal 

exstrophy should undergo spinal ultrasonography and 

neurosurgical evaluation. The bladder and bowel segments 

should be covered with a nonadherent dressing, such as plas-

tic wrap, and kept clean with saline washes at each diaper 

change. Evaluation under anesthesia is helpful to evaluate 

the patient’s bladder and formulate a management strategy 

once stabilized. Further consideration to transferring the child 

to a center with exstrophy management experience should 

be considered only after the patient has been stabilized and 

the parents have been properly counseled. Patients who are 

managed in high-volume centers may have a lower rate of 

postoperative mortality.26

Prognosis
Historically, children with exstrophy died of renal failure 

prior to reaching the age of adulthood. Initial management 

strategies often resulted in cystectomy; however, current 

practice allows for bladder preservation in nearly every 

child. Application of the modern staged repair of exstrophy 

(MSRE) as first described by Jeffs27 has resulted in a shift 

of focus from survival to quality of life.

Perhaps the single most important focus of bladder 

exstrophy repair is urinary continence. While the definition of 

urinary continence widely varies, approximately 70% to 80% 

of children will become continent through the urethra with 

modern reconstructive techniques.28,29 However, intermittent 

urethral catheterization or urinary diversion is sometimes 

necessary to achieve dryness, especially among patients with 

cloacal exstrophy.30 The risk of urinary incontinence and the 

need for urinary diversion are both increased by failed initial 

closure and poor bladder growth.31,32

Overview of the current treatment 
options for bladder exstrophy
Repair of bladder exstrophy remains challenging due to the 

complexity and relative infrequency of the disease. While 

many approaches to exstrophy repair exist, nearly all chil-

dren will require closure of the bladder and abdominal wall, 

repair of epispadias, ureteral reimplantation, and bladder 

neck repair. Many children also undergo pelvic osteotomies 

to assist with abdominal wall closure, along with a period 

of postoperative pelvic and lower extremity immobilization. 

Further continence procedures and genital surgeries are also 

common. Children with cloacal exstrophy tend to require 

more surgeries given the various additional organ systems 

affected.

Modern staged repair of bladder 
exstrophy
The first staged approach to bladder exstrophy repair 

described by Jeffs27 has been modified over the past 30 years 

to become the MSRE. This approach advocates for the pri-

mary closure of the abdominal wall and bladder during the 

newborn period when possible.3 If the bladder template is 

small or covered with polyps, primary closure may be delayed 

until the bladder reaches suitable size for closure.19 The goal 

of primary closure is to place the bladder deep within the 

pelvis, leaving the child with only an epispadias of the penile 

shaft. In most cases, bilateral iliac and transverse innominate 

pelvic osteotomies are performed unless the child is less than 

72 hours old and the pelvis is found to be malleable enough 

to close. Early primary closure of the bladder has been asso-

ciated with decreased overall costs, decreased inflammation 

and fibrosis of the bladder, improved bladder growth, and 

decreased need for urinary diversion.33–38

In males, a modified Cantwell–Ransley epispadias repair 

is typically performed between 6 and 12 months of age if 
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the urethral groove has adequate length after testosterone 

stimulation. In cases where primary closure is delayed past 

the newborn period, the closure and epispadias repair may 

be performed at the same time. Following epispadias repair, 

the bladder capacity is measured annually with a cystogram 

under anesthesia. Once the child has a functional bladder with 

a capacity of at least 85 mL and is of an age when continence 

is desired (typically 4 to 5 years old), a modified Young–

Dees–Leadbetter bladder neck reconstruction is performed. 

At this time, the ureters are usually reimplanted. Children 

who are unable to achieve a capacity adequate for bladder 

neck repair or who fail to achieve a reasonable interval of 

dryness after bladder neck repair may require augmentation 

cystoplasty and continent urinary diversion. Long-term 

follow-up among patients with classical bladder exstrophy 

treated with this approach demonstrated that 70% of children 

will be dry and voiding through the urethra with a minimal 

complication rate.29

Complete primary repair  
of exstrophy
First described by Grady and Mitchell,39 the complete primary 

repair of exstrophy is an approach that combines primary clo-

sure of the abdomen and bladder with epispadias repair. Propo-

nents of this approach suggest that the complete primary repair 

of exstrophy allows for a one-stage repair and stimulates early 

bladder growth. The epispadias repair is accomplished by dis-

secting the urethral plate from the corporal bodies, a technique 

known as “penile disassembly.”40 While this approach reduces 

the number of planned surgeries, many children require further 

surgery for resulting hypospadias, ureteral reimplantation, or 

failed primary closure.39,41 Furthermore, complications such as 

wound dehiscence, bladder prolapse, vesicocutaneous fistula, 

and penile loss have been reported.42–44 Long-term urinary 

continence with this approach has been reported to achieve 

similar success rates to MSRE.45,46 However, recent data 

suggest that many of these patients require further surgery to 

achieve durable urinary continence.42

Erlangen repair
Used mostly in Europe, the Erlangen approach is truly a 

complete one-stage repair. Primary closure is delayed until 

the child is approximately 8 to 10 weeks of age. Bladder 

closure, epispadias repair, bladder neck repair, ureteral 

reimplantation, and pelvic osteotomies are all performed 

during the same surgery. Delaying surgery allows time for 

the infant to be stabilized and grow. Continence rates have 

been reported to be similar to MSRE.28

Kelly repair
The Kelly approach is an alternative staged repair that was 

popularized in Australia. Instead of using pelvic osteotomies, 

a tension free closure is accomplished through radical soft 

tissue mobilization of the urogenital diaphragm muscles from 

their periosteal attachments to the pelvic sidewall. Long-term 

continence results are similar to MSRE; however, failure to 

approximate the pubic symphysis may leave the child with 

abnormal appearance of the lower abdominal wall.47

Warsaw approach
The Warsaw approach is a two-stage approach that involves 

early abdominal wall and bladder closure with proper lower 

extremity and pelvic immobilization. A modified Cantwell–

Ransley epispadias repair is delayed until the modified 

Young–Dees–Leadbetter bladder neck repair is performed 

at an age when the child desires continence. This approach 

allows for better visualization of the bladder neck at the 

time of repair and provides a straighter posterior urethra 

and bladder neck, allowing for easier catheterization and 

cystoscopy.48

Pelvic osteotomies  
and immobilization
While invasive, pelvic osteotomies are associated with 

improved outcomes following the closure of bladder 

exstrophy.49 Pelvic osteotomy performed at the time of pri-

mary closure allows for tension-free approximation of the 

pubic symphysis, places the bladder and urethra deep within 

the pelvis, and brings the pelvic floor muscles in the midline. 

If the child is to be closed within 72 hours of birth and the 

pelvis is malleable, pelvic osteotomies may be avoided. The 

most frequently used osteotomies involve a combination of 

bilateral anterior innominate and vertical iliac osteotomies. 

Compared to the use of posterior iliac osteotomies, transverse 

anterior innominate osteotomies, or pubic ramotomies, this 

approach has been shown to decrease the rate of abdominal 

dehiscence and bladder prolapse.50

At the time of the osteotomy, fixator pins can be placed 

into the pelvic fragments. Postoperatively, these pins can be 

used to keep the pelvis fixed with external fixators for 4 to 

6 weeks. Plain film radiographs of the pelvis are obtained 

approximately 7 to 10 days following surgery to evaluate 

the pelvic approximation. If pubic diastasis is discovered to 

develop during the postoperative period, the external fixator 

can be used to gradually reapproximate the pubic symphysis. 

The fixator and pins can be removed under light sedation in 

approximately 6 to 8 weeks when good callous formation 
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is seen on radiographs. The pelvis is further stabilized by 

immobilization of the lower extremities for approximately 

4 weeks after primary closure. This is best accomplished with 

the use of modified Buck’s traction, where the child’s legs are 

placed on longitudinal traction. If the child does not undergo 

osteotomy, pelvic immobilization can be best accomplished 

with the use of modified Bryant’s traction, where traction 

is applied to the lower extremities with the hips placed into 

90 degrees of flexion.

Alternative methods of postoperative pelvic and lower 

extremity immobilization exist that can be employed with 

or without the use of osteotomies. Precluding the need for 

external fixators and lower extremity traction, a spica cast 

can be used to immobilize the child’s pelvis for 4 weeks with 

comparable success and complication rates.51 This method 

of immobilization tends to be easier to care for once the 

child leaves the hospital; however, postoperative adjustment 

of pelvic tension cannot be accomplished as with external 

fixators. A less secure method of immobilizing the lower 

extremities can be accomplished by “mummy wrapping” 

the child’s legs. One large retrospective study found that 

both spica casting and “mummy wrapping” were associated 

with lower overall success of the primary closure, and higher 

rates of skin breakdown compared to patients who under-

went osteotomy with modified Buck’s traction or without 

osteotomy and modified Bryant’s traction.49

Perioperative anesthetic, analgesic, 
and sedation management
After induction of anesthesia, an epidural catheter is placed. 

The dermatomes to be covered during surgery reach from 

the low thorax to the sacrum, thus requiring a relatively large 

spread of local anesthetic. Catheters can be placed in the 

sacral caudal region or in the lumbar one. Insertion at the 

caudal site requires advancement of the tip of the catheter to 

the lumbar region. In young infants, blind advancement of 

the catheter can be achieved in two-thirds of the patients.52 

Correct positioning can be confirmed with a “whiff ” of 

OmnipaqueTM 180 (GE HealthCare, Inc., Princeton, NJ, USA) 

injected into the catheter. Special catheters for placement at 

the desired location are available such as the Tsui stimulating 

or electrocardiography catheter.53,54

Teaching institutions frequently prefer the caudal inser-

tion site, as the risk of injury to the spinal cord is remote 

due to the more caudate termination of the cord even in 

young infants. Unfortunately, compared to the lumbar site, 

the caudal insertion site is associated with an increased risk 

of catheter colonization after 3 days.55 Even at the lumbar 

site, maintaining the catheter for several weeks is not advised 

unless the catheter is tunneled.

In order to easily tunnel a 20 gauge epidural catheter, 

it is initially inserted caudally through an 18 gauge, 2 inch 

Crawford needle (caudal epidural tray number 15752-20, 

Portex, Inc, Keene, NH, USA), and advanced to the desired 

position. Then a 22 gauge spinal needle is inserted at exactly 

the same entry site as the Crawford needle and advanced 

under the skin caudate of the superior iliac crest where it 

emerges. The spinal needle becomes a guide over which a 

17 gauge Tuohy needle without its stylette is guided until 

it emerges at the primary needle insertion site. The spinal 

needle and Crawford needle are then removed. The catheter 

is fed through the Tuohy needle. Finally, the Tuohy needle is 

withdrawn and the length of the catheter is gently pulled at 

its exit site, caudate of the iliac crest, until it lies flat under 

the skin at the initial insertion site. Steri-Strips® (3M Health 

Care, Saint Paul, MN, USA) and transparent adhesive dress-

ings are applied to the initial insertion site and the catheter 

exit site. The catheter is then injected with local anesthetic. 

While the dressing at the exit site is changed every 5 days, the 

one at the initial insertion site can be safely removed within 

a few days, as skin will completely seal over the catheter. In 

case of a lumbar epidural catheter placement, a Tuohy needle 

takes the place of the Crawford needle.

Postoperatively, continuous infusions of local anesthetic 

are infused. In neonates, administration of lidocaine 1 mg/mL 

at a rate no higher than 0.8 mg/kg/hour is recommended.56 

While bupivacaine or ropivacaine are frequently administered 

in epidural infusions, no information concerning a safe dose is 

available for neonates and young infants. Infusions of 0.2 mg/

kg/hour of bupivacaine were associated with rising serum levels 

after 2 days of epidural infusions in the youngest patients.57

Whereas assessment of serum bupivacaine or ropiva-

caine levels is primarily available to research laboratories, 

serum lidocaine levels are frequently measured by in-house 

laboratories as lidocaine remains a therapeutic agent for the 

management of cardiac patients. Serial once or twice a day 

measurement of lidocaine during the first few days can help 

minimize the risk of local anesthetic systemic toxicity. In 

older patients, bupivacaine or ropivacaine can be infused up 

to 0.04 mg/kg/hour.58

For synergistic effects and improved analgesia, addi-

tives can be combined with local anesthetics during 

epidural infusion. Opioids, such as fentanyl or hydromor-

phone, and clonidine are most commonly used. Active tod-

dlers benefit from the addition of clonidine as it is associated 

with sedation, a desired effect in this population.59
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Depending on the needs of the child, other enteral and 

parenteral medications may be required for additional anal-

gesia or sedation. These include opioids, benzodiazepines, 

diphenhydramine, and barbiturates. All of these medications 

can be associated with tolerance and withdrawal should they 

be stopped suddenly after a longer period of time. Thus, 

gradual weaning of medications is advised after usage for 

more than 7 to 10 days.

Implications for enhanced patient 
care and improved quality of life
Successful primary closure of the bladder is the single most 

important predictor of long-term bladder growth and voided 

continence.31,36 Primary closure of bladder exstrophy tends 

to fail during the immediate postoperative period by one of 

the following modes: wound dehiscence, bladder prolapse, 

bladder outlet obstruction, or vesicocutaneous fistula.44,60 

Proper immobilization of the pelvis as described above, 

along with adequate sedation and pain control, have been 

shown to decrease the rate of postoperative complications 

and failure of closure.49

All patients should be maintained on antimicrobial pro-

phylaxis following primary closure. In addition to the high 

rate of vesicoureteral reflux associated with the exstrophy-

epispadias complex, various tubes, stents, and drains from 

the urinary tract and pelvic fixator pins all represent routes 

of potential infections of the urine, bone, or wound that can 

lead to potential pyelonephritis, wound dehiscence, and 

further need for surgical intervention.42 It is imperative that 

the wound remains dry and free from tension. In addition to 

pelvic immobilization, the bladder and kidneys are drained 

with a suprapubic catheter and ureteral stents for the dura-

tion of immobilization to prevent bladder distention, urinary 

obstruction, or spillage onto the wound. Additionally, the 

wound can be kept dry with the use of a suction drain.61 

After pelvic immobilization and ureteral stents have been 

removed, the urethra and bladder neck can be calibrated with 

a urethral sound to ensure patency before the suprapubic 

tube is removed.

In one study, the mean length of stay among patients who 

underwent bladder closure was approximately 30 days.26 

Prior to return of bowel function, a nasogastric tube is left 

in place to decompress the bowels and reduce tension on 

the wound. Total parenteral nutrition may be implemented 

to maintain proper caloric intake. In patients with cloacal 

exstrophy, bowel function may not return for 2 weeks.62 

Enteral tube feeds may be initiated once bowel function 

has returned.

Conclusion
Management of bladder exstrophy, a rare congenital malfor-

mation with previously devastating effects on function and 

quality of life, has significantly changed over the last few 

decades. Perioperative management now includes bladder 

closure, pelvic osteotomies – except for the youngest patients – 

postoperative traction and immobilization, pain and sedation 

management, nutritional management, and advanced pediatric 

nursing care. A team of pediatric urologists, orthopedic sur-

geons, anesthesiologists, pediatricians, pediatric nursing staff, 

and other hospital staff working together can provide the child 

with the best chance for a functional and cosmetic result.
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