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Abstract

 Purpose—Cloacal exstrophy is associated with multiple comorbidities that affect growth. This 

report describes long-term growth outcomes in a large cohort of patients with cloacal exstrophy 

and explores associated comorbidities.

 Methods—Records of 71 patients with cloacal exstrophy who were treated between 1974 and 

2015 were reviewed, and 62 patients with growth data from 2–20 years of age were included. 

Genetic sex, gender of rearing, and all heights, weights, and comorbidities were noted for each 

patient. Height-for-age, weight-for-age, and body mass index z-scores (HAZ, WAZ, and BMIZ) 

were determined using US Centers for Disease Control 2000 growth data, and average patient z-

scores were calculated.

 Results—There were 904 height and 1301 weight measurements available for 62 patients. 31 

were genetically 46,XY, 21 of whom underwent gonadectomy in infancy and were raised female. 

46,XX patients, 46,XY male patients, and 46,XY female patients all had median HAZ and WAZ 

substantially lower than the general population, with median HAZ less than −2, while maintaining 

normal BMIZ. Short bowel syndrome and enterocystoplasty with intestine were associated with 

lower z-scores for all parameters.
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 Conclusions—Patients with cloacal exstrophy have significant multifactorial long-term 

growth failure. These benchmark data can be used to further optimize management.

Keywords

Cloacal Exstrophy; growth failure; enterocystoplasty

 1. Introduction

Cloacal exstrophy is a complex congenital anomaly with an incidence of approximately 

1/300,000 live births (1). Although there is considerable variability, cloacal exstrophy 

classically consists of an omphalocele, imperforate anus, exstrophy of two small 

hemibladders (between which exists a lateral cecal fissure), and genital malformation. The 

terminal ileum often prolapses through the exposed cecum, and the hindgut is foreshortened 

(1, 2). As current survival has improved to nearly 100%, long-term outcomes are of 

paramount importance (3).

Patients with cloacal exstrophy frequently have comorbidities that affect growth and 

anecdotally struggle with growth failure. Approximately one quarter of patients with cloacal 

exstrophy are affected by short bowel syndrome (SBS) of varying severity (4). Almost all 

patients have some degree of spinal dysraphism, ranging from tethered cord to 

lipomyelomeningocele. Skeletal abnormalities may affect the spine, pelvis, and lower 

extremities, with spinal abnormalities (including extra vertebrae, scoliosis, kyphosis) 

affecting 22–60% of patients, and lower limb anomalies, most commonly congenital talipes 

equinovarus, seen in 17–26% of patients (4).

Previous studies on the impact of enterocystoplasty on growth outcomes have had mixed 

findings, with some studies documenting an adverse effect and others demonstrating no 

effect after adjustment for confounding variables (6). Abnormalities of the upper urinary 

tract are seen in up to two thirds of patients, and lower urinary tract reconstruction may be 

complicated by metabolic and infectious sequelae (5). Mild to moderate metabolic acidosis 

is reported in 15% of patients with incontinent urinary conduits and in approximately half of 

patients with continent urinary diversions, likely due to the longer segment of bowel used 

and the longer dwell time of urine within the pouch (5). Gastrocystoplasty does not result in 

metabolic acidosis, and also has the advantage of enteral sparing for patients who have 

relatively short bowel (6).

Acidosis in turn impacts growth due to its effect on calcium homeostasis and direct effects 

on the growth hormone-IGF-1 axis. It results in increased in urine calcium loss (as calcium 

is committed to H+ as a buffer), increased intestinal sulfate absorption, which inhibits renal 

tubule calcium reabsorption, and the direct activation of osteoclasts causing growth 

disturbance and reduced bone mineral density (5, 7). Acidosis also blunts the release of 

growth hormone, and animal models have shown suppressed serum IGF-1, hepatic IGF-1 

mRNA and hepatic growth hormone receptor mRNA, and decreased gene expression of 

IGF-1 at the growth plate of the long bones (8).
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Patients with cloacal exstrophy often have conditions that can impair their ability to 

physiologically compensate for the metabolic derangements associated with 

enterocystoplasty. Renal insufficiency is an important risk factor for uncompensated 

acidosis, and the majority of patients have upper urinary tract anomalies, including renal 

agenesis, pelvic kidneys, horseshoe kidneys, fusion anomalies, hydronephrosis, or ureteral 

anomalies (5). A predilection for renal impairment may be compounded by recurrent urinary 

tract infections (4). In addition, patients may have high GI losses due to congenitally short 

colon, small intestine, or ostomy, contributing to metabolic derangements. Growth 

disturbances due to acidosis can be reversed with adequate alkali therapy to correct 

metabolic acidosis (9).

This report is the first to describe long-term growth outcomes in a large cohort of patients 

with cloacal exstrophy and explores comorbidities that may be associated with growth 

failure.

 2. Methods

 2.1 Study Design

With IRB approval (IRB-P00017268), the Boston Children’s Hospital records of 71 patients 

with cloacal exstrophy treated at this institution and at Massachusetts General Hospital 

between 1974 and 2015 were reviewed, and patients who had height and weight recorded 

between 2 and 20 years of age were included in the study. Of the 62 included patients, 44 

patients were followed by a single surgeon (WHH) with extensive expertise in the field. 

Genetic sex, gender of rearing, and all available height and weight measurements were 

collected for each patient. The presence and degree of spinal dysraphism, clinical diagnosis 

of SBS or treatment with home parenteral nutrition (PN), presence and type of lower limb 

anomalies, type of bladder reconstruction at most recent follow up, use of supplemental 

growth hormone, and treatment with exogenous estrogens were recorded whenever 

available. Adult height was recorded for any patient with a height measured at 20 years of 

age or later, and for patients with multiple adult heights the average of these measurements 

was used.

 2.2 Statistical Methods

Using a publically available program from the United States Centers for Disease Control 

(CDC) (10), 2000 growth data were used to calculate height-for-age, weight-for-age, and 

body mass index-for-age z-scores (HAZ, WAZ, and BMIZ) from each measurement. 

Gestational age was not available for most patients, and therefore height and weight 

measures prior to two years of age were not included as it was not possible to adjust for 

prematurity. 46,XY patients who were reared female had both male and female z-scores 

calculated.

In order to statistically weight patients, the mean z-score was calculated for each patient in 

each parameter. The Wilcoxon test was used to assess deviation from a normal median of 

zero for each group, as mean patient z scores were not normally.
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HAZ, WAZ, and BMIZ were compared to 15 exposures of interest using generalized 

estimating equations to account for repeated measurements. These outcomes included 

presence of any spinal dysraphism, tethered cord, open spinal dysraphism, SBS, home PN 

use, any lower limb anomaly, documented grossly normal lower extremities, clubfoot, other 

lower limb anomaly, bladder reconstruction without enterocystoplasty, gastrocystoplasty 

only (without intestine) reconstruction, any intestine used in bladder reconstruction, stomach 

used in bladder reconstruction, small bowel used in bladder reconstruction, and large bowel 

used in bladder reconstruction. Data was analyzed using SPSS, Version 21 (Armonk, New 

York).

 3. Results

Of the 62 patients, 31 were genetically 46,XX, and 31 patients were genetically 46,XY, 21 of 

whom underwent gonadectomy in infancy and were raised as females. The other 10 46,XY 

patients did not undergo gonadectomy and were raised male. Associated conditions are 

listed in 1. There were 904 height and 1301 weight measurements taken between 2 and 20 

years of age (Figures 1 and 2).

In all three groups, HAZ was significantly lower than the population norm (Table 1: Growth 

Outcomes in Patients with Cloacal Exstrophy). At the time of the most recent available 

height measurement (median age 16.6 years), 46% of patients had short stature as defined by 

a HAZ of ≤ −2 (11), and 70% had HAZ ≤ −1. Only 16% of the cohort had a HAZ above 

population median at the time of their most recent height measurement. In the twenty 

patients with adult height data, average final adult height was 161.9 ±8.8 cm among 46,XY 

patients reared female, 150.2 ±9.2 cm among 46,XY patients reared male, and 145.1 ±10.5 

cm among 46,XX patients. Of note, based on CDC 2000 data, short stature (z-score −2) for 

adult men is 162.5 cm and for women is 150.3 cm. Average adult height for men is 176.8 cm 

and for women is 163.3 cm (12).

WAZ was significantly lower in the 46,XX group and the 46,XY reared female group, while 

the lower WAZ in the 46,XY male group was not significantly different from the population 

norm (P=0.06). For the 46,XY group that was raised female, significant growth failure was 

present regardless of whether male or female growth norms were used. BMIZ did not differ 

significantly from the general population for any group. There were no significant 

differences in HAZ, WAZ, or BMIZ between the three groups of patients.

All of the 46,XY patients reared female received exogenous estrogen during their teenage 

years, starting at approximately 14 years of age. In a few patients, the start of estrogen was 

noted to be delayed until later in the teen years in order to allow time for growth, or in one 

patient, to pursue psychological evaluation of gender identity. In one of the 46,XY patients 

reared female an intra-abdominal testis that was not detected during infancy was discovered 

at 14 years of age after androgenizing effects were noted. This testis was resected prior to 

initiating exogenous estrogen. Eight patients were treated with supplemental growth 

hormone injections, for variable periods of time.
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Prevalence of the studied comorbidities are included in Table 2. The two comorbidities 

found to be associated with growth failure were a diagnosis of short bowel syndrome and the 

type of urinary tract reconstruction. Thirteen patients (21%) had SBS; five of those patients 

needed periods of home parenteral nutrition. Patients with a documented history of SBS had 

significantly lower HAZ (p=0.027), lower WAZ (p = 0.033), and lower BMIZ (p=0.05) than 

patients without documented SBS.

All patients required extensive urologic surgery. Two previously published articles by Lund 

and Hendren include illustrations and examples of some of the complex reconstructions used 

(1, 13). The type of lower urinary tract reconstruction was documented in 95% (59/62) of 

patients (Table 2). 56 patients had a continent mechanism in place, while two patients had a 

simple conduit and one had a ureterostomy at most recent follow up. Patients who did not 

undergo enterocystoplasty, i.e. had native bladder only in the urinary tract reconstruction, 

had significantly higher HAZ (p=0.041), higher WAZ (p<0.001), and higher BMIZ 

(p<0.001) when compared with patients who had enterocystoplasty with any combination of 

bowel or stomach. The use of small bowel, large bowel, or both was associated with a lower 

WAZ (p=0.006) and lower BMIZ (p=0.018) but no difference in HAZ (p=0.10) when 

compared with patients who had bladder-only or gastrocystoplasty-only reconstructions. 

Patients with any gastrocystoplasty, with or without bowel, had a lower HAZ (p=0.004), but 

did not differ from the rest of the group with respect to WAZ (p=0.070) or BMIZ (p=0.64).

Genetic sex, gender of rearing, presence or degree of spinal dysraphism, and presence or 

type of lower limb anomaly showed no statistically significant association with z-scores.

 4. Discussion

In a large cohort of patients with cloacal exstrophy followed over 42 years, we found a high 

prevalence of growth failure, with nearly half of patients having short stature with height-

for-age z-score < −2, a finding which was consistent regardless of sex or gender of rearing. 

The growth failure observed in this cohort is likely multifactorial. We identified short bowel 

syndrome and type of urinary tract reconstruction as important risk factors for growth 

outcomes.

Historically, gonadectomy in infancy with gender reassignment to female was standard of 

care for 46,XY patients born with cloacal exstrophy due to the difficulty in constructing a 

phallus for these patients, who are generally born with widely spaced hemiphalluses and 

minimal native penile tissue (14). These patients were then reared in the female gender, and 

were given exogenous estrogens as adolescents in order to induce a female puberty, a 

therapy which has important implications for growth. Due to research which has raised 

concerns about androgen imprinting in the fetal and infant period, this treatment pattern has 

shifted such that most practitioners now do not routinely recommend gonadectomy, and 

46,XY patients are more often raised male (15).

A surprising finding of this study is that 46,XY patients raised female had the highest mean 

adult height of all groups. Although the limited sample size precluded robust statistical 

comparison of adult height between groups, and mean childhood height z-scores were 
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comparable, this finding nevertheless prompted us to consider potential reasons for this 

difference. For 46,XY patients raised female, the timing of pubertal induction with 

exogenous hormones and the presence of the Y chromosome may impact growth patterns 

(16). Estrogen induces stimulation of the growth hormone- insulin-like growth factor-1(GH-

IGF-I1) axis and directly interacts with the growth plate (17). The initiation of exogenous 

estrogen at age 14 for 46,XY female patients is much later than the age of female puberty in 

the general population; typically, a diagnosis of delayed puberty in girls is made if there is 

no breast development by 13 years of age, which is 2–2.5 standard deviations later than the 

population mean (18). This delay in the administration of exogenous estrogens may increase 

adult height by allowing for more growth before epiphyseal closure (19).

SBS may affect growth due to nutritional stunting or micronutrient malabsorption, and all 

patients with cloacal exstrophy typically have a severely shortened hindgut. Critical portions 

of the small intestine, especially the terminal ileum, may be congenitally absent, surgically 

resected, or repurposed to reconstruct the bladder or vagina. Micronutrient deficiencies 

including in copper, zinc, phosphorus, calcium, vitamin D, or manganese can adversely 

affect growth (20). In addition to nutritional deficiencies, children who lack a functional 

colon have excess sodium losses in their stool and may develop a total-body sodium deficit, 

resulting in growth retardation (21, 22). This phenomenon is documented both for patients 

who have ostomies and those with ileoanal anastomoses, and may exist in the context of 

normal serum electrolytes (23). Total body sodium status is best assessed by urine sodium, 

which should be routinely assessed in at-risk children with poor growth (22, 24).

In this study insufficient data were available to determine the chronic acid-base status of the 

patients, thus precluding the ability to directly assess the effect of metabolic acidosis on 

growth in this cohort. It is therefore difficult to determine whether the different growth 

outcomes associated with different techniques of urinary reconstruction in this cohort may 

be partially attributable to the metabolic and nutritional consequences of enterocystoplasty, 

vs. the underlying phenotype of the patients that lead to their individualized reconstructions.

Patients with cloacal exstrophy have numerous comorbidities that may negatively impact 

growth outcomes, and the relative contributions of these comorbities are not clearly defined. 

The retrospective nature of this study limits the ability to accurately assess for the presence 

of comorbidities, as not all patients had complete data available. Therefore, the prevalence of 

some associated conditions may be underreported, obscuring any relationship with 

outcomes. Different growth outcomes observed in patients with SBS or the various urinary 

tract reconstruction techniques may be due to the patient’s underlying phenotype, with these 

variables as a marker for severity, rather than a direct cause of the growth disparity. More 

severely affected patients may be overrepresented as they would be more likely to present 

for care, and weight measurements in particular may be falsely low if measured during acute 

illnesses. Spinal dysraphism, scoliosis, kyphosis, or other vertebral anomalies may affect 

height. The presence of lower limb anomalies may also affect the ability to record accurate 

heights. In these patients, arm span can be a useful growth parameter to track, though stature 

may remain an important outcome for the patient.
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 5. Conclusion

Patients with cloacal exstrophy have significant long-term growth failure, which is likely 

multifactorial. The benchmark data from this study can be used as a basis to optimize the 

multidisciplinary management of these complex patients. Specific nutritional 

recommendations include optimizing support (especially at times of physiologic stress) and 

monitoring and, if necessary, replacing micronutrients and total body sodium. Metabolic 

consequences of enterocystoplasty should be considered at the time of surgery and closely 

monitored thereafter, with alkali therapy to correct acidosis when applicable. The effect of 

exogenous hormones on growth potential should be taken into account when determining 

timing and dosage of exogenous hormones for agonadal patients.
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Figure 1. 
46,XX Patient Stature and Weight with CDC 2000 female growth curves (12)
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Figure 2. 
46,XY Patient Stature, Weight, and Gender of Rearing with CDC 2000 male growth curves 

(12)
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Table 1

Growth Outcomes in Patients with Cloacal Exstrophy

Median (IQR) P value

46,XX, N=31

HAZ −2.32 (−3.28 to −1.12) <0.001*

WAZ −1.24 (−2.91 to −0.00) <0.001*

BMIZ −0.16 (−0.99 to 0.76) 0.75

46,XY reared male, N=10

HAZ −2.69 (−3.63 to −1.34) 0.021*

WAZ −1.37 (−1.93 to −0.28) 0.06

BMIZ 1 (−0.99 to 1.69) 0.31

46,XY reared female, male growth norms, N=21

HAZ −2.48 (−3.28 to −1.77) <0.001*

WAZ −1.72 (−2.93 to −1.00) <0.001*

BMIZ −0.38 (−1.40 to 0.24) 0.054

46,XY reared female, female growth norms, N=21

HAZ −2.05 (−2.95 to −1.08) <0.001*

WAZ −1.57 (−2.70 to −0.50) <0.001*

BMIZ −0.26 (−1.17 to 0.35) 0.13

Data is reported as median (interquartile range). HAZ = height-for-age z-score, WAZ = weight-for-age z-score, BMIZ = body mass index z-score. 
All z-scores calculated using Center for Disease Control 2000 stature-for-age, weight-for-age, and BMI-for-age growth curves based on 
measurements taken ages 2 to 20 years. P values calculated using a 1-sample Wilcoxon test compared to a median value of zero.

*
Statistically significant.
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Table 2

Patient Characteristics, 62 patients with Cloacal Exstrophy

N %

Karyotype, gender of rearing

  46,XX, female 31 50.0%

  46,XY, female 21 33.9%

  46,XY, male 10 16.1%

Short bowel syndrome†

  Clinical diagnosis 13 21.0%

  Home PN use 5 8.1%

Spinal dysraphism†

  No spinal dysraphism 8 12.9%

  Tethered cord 32 51.6%

  Open spinal dysraphism 20 32.3%

Lower extremity exam†

  No gross anomaly 31 50.0%

  Clubfoot (unilateral or bilateral) 8 12.9%

  Other lower limb anomaly 8 12.9%

Type of lower urinary tract reconstruction

  Bladder only (no enterocystoplasty) 13 21.0%

  Gastrocystoplasty only (no intestine) 8 12.9%

  Enterocystoplasty with any intestine 38 61.3%

  Stomach used 24 38.7%

  Small intestine used 33 53.2%

  Large intestine used 13 21.0%

Treatment with growth hormone 8 12.9%

†
Status of spinal dysraphism was not recorded for 2/62 patients. Type of lower urinary tract reconstruction was not recorded for 3/62 patients. 

Lower limb exam was not recorded for 15/62 patients, and hip dysplasia was not included as lower limb anomaly.
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