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Abstract

BACKGROUND AND OBJECTIVES: Patients with spina bifida (SB) typically develop serious
secondary conditions and undergo surgical procedures related to neurologic disorders, orthopedic
abnormalities, bladder and bowel dysfunction, and skin breakdown. In this study, we describe the
age distribution of common surgical procedures and health outcomes in patients with SB.

METHODS: Using serial cross-sectional data from the National Spina Bifida Patient Registry
(2009-2013; n= 4664), we examined surgical procedures (gastrointestinal, neurologic, orthopedic,
skin, urologic, and other) and health outcomes (fecal continence, urinary continence, skin
breakdown, and ambulation status) of patients with SB by age and SB type (myelomeningocele
and nonmyelomeningocele).
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RESULTS: All patients who were enrolled had available health outcome data, and 81.5% (7=
3801) of patients had complete surgical procedure data, which totaled 18 891 procedures across
their lifetimes. Almost all procedures (91.4%) occurred among participants with
myelomeningocele SB. For both types of SB, the distribution of procedures varied by age. The
most frequent procedures were neurologic, with approximately half (53%) occurring in patients <1
year of age; orthopedic and urologic procedures followed in frequency but tended to occur at older
ages. The health outcomes for patients with myelomeningocele SB revealed lower frequencies of
positive health outcomes than those for patients with nonmyelomeningocele SB across all age
groups. Overall, the rates of fecal and urinary continence and skin breakdown increased with age
whereas the ability to ambulate declined with age.

CONCLUSIONS: Understanding the surgical procedures and health outcome variations by age
and SB type can help clinicians and populations that are affected set expectations regarding the
occurrence of these procedures and the outcomes throughout the patients’ life spans.

Chronic conditions often follow predictable patterns when left untreated. Tracking the
natural history of these conditions allows the prediction of undesirable health outcomes that
could be prevented with opportune treatments.1~# This prediction and prevention approach
applies to many rare conditions in which progression is usually complex, starts early in life,
involves numerous organ systems, and includes a host of secondary conditions.

Spina bifida (SB) is a rare congenital abnormality that fulfills these criteria. SB is the result
of the failure of a segment of the neural tube to close properly, affecting the development of
the spinal cord and column with variable severity.3> SB has an estimated birth prevalence of
3.4 cases per 10 000 live births® and is usually accompanied by multiple secondary
conditions, which include neurologic disorders, orthopedic abnormalities, bladder and bowel
dysfunction, and skin breakdown. Because of advancements in health care and legislation to
protect infants and children, patients with SB now live longer, with most surviving into
adulthood.”-10

Despite the advancements, little is known about the course of the disease throughout the life
spans of patients with SB. The authors of a recent study reported that ~80% and 90% of
patients may have impaired bowel and bladder function, respectively.}! Most research on the
surgical histories of patients with SB is outdated, and age has not been taken into
consideration.3 8,10, 11 Here, we undertook a descriptive analysis of the National Spina
Bifida Patient Registry (NSBPR), the largest known database of patients with SB, to
examine the age-specific frequency of surgical procedures and health outcomes across the
life spans of patients with SB. It is our hope that such an analysis will inform researchers
who have noted the lack of age-specific information for the development of standards of care
and best practices for patients with SB,12 help health care providers conceptualize a typical
sequence of surgical procedures and health outcomes that are experienced by patients with
SB and use it as a reference for their own patients, and allow persons with SB and their
families to set expectations regarding the future need for common surgical procedures at
specific ages.
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METHODS

We used serial cross-sectional data from the NSBPR, which is supported by the Centers for
Disease Control and Prevention. Data collection started in January 2009 with 10 specialty
clinics and was expanded to 19 clinics by September 2013.13 All patients with SB who
attend these clinics are eligible to participate. The primary goals for the NSBPR are to
characterize the patient population that attends select SB clinics and to assess the effect of
care practices on health outcomes.13 Data were obtained from medical records and
interviews (conducted at entry into the registry and at subsequent clinic visits no more than
annually).13 Each clinic obtained approval to participate in the study from its respective
institutional review board.

Surgeries and Outcomes

The medical and surgical histories that were reported by patients were verified through
medical record reviews. The success of this verification varied by clinic. SB types include
myelomeningocele and nonmyelomeningocele diagnoses: the latter including meningocele,
lipomyelomeningocele, and fatty filum. All surgical procedures that were recorded in the
NSBPR underwent clinical review and were categorized as gastrointestinal, neurologic,
orthopedic, skin, urologic, and other (Table 1). Diagnostic procedures, such as urodynamic
studies (also collected by the NSBPR), were not included. All procedures were reported to
the NSBPR by using terminology from the Systematized Nomenclature of Medicine. It is
important to note that because the NSBPR is retrospective, participating sites were not
initially required to document neonatal spinal closure, which is performed in all patients
with myelomeningocele SB. Therefore, not all spinal closures were captured in this study
and, thus, were not considered in this analysis. Currently, all SB-related surgeries and
procedures are recorded by all sites that participate in the NSBPR, beginning at a patient’s
birth.

Our data collection is serial cross-sectional. We collect data from an expanding pool of
patients as they are recruited and as they attend annual clinic visits afterward. The most
recent data are from the last clinic visit, and data over time are from current and past annual
visits. Not all patients visit the clinics every year. The 4 disease-related outcomes of interest
for this study (fecal continence, urinary continence, skin breakdown, and ambulation) were
obtained from interviews or medical records at the last clinic visit recorded. Fecal and
urinary continence were analyzed for patients with multiple visits beginning at 5 years of
age. Fecal continence was defined as no involuntary stool leakage, with or without
interventions, during the day. Urinary continence was defined as being dry, with or without
interventions, during the day. The occurrence of skin breakdown was determined by asking
if the patient had a skin breakdown in the last 12 months or since the last SB clinic visit.
Following Hoffer et al,14 ambulation status was categorized into 4 possible outcomes:
community ambulator (walks indoors and outdoors for most activities and may need
crutches or braces), household ambulator (walks only indoors with the help of apparatuses
and may use a wheelchair for some activities), therapeutic ambulator (walks only during
therapy sessions), and nonambulator (exclusively uses a wheelchair for most activities).
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Sample and Analysis

RESULTS

General

Between January 2009 and September 2013, 4664 patients were enrolled in the NSBPR.
Fifteen of the 19 clinics recruited at least 70% of their patients with SB to participate. All
patients who were enrolled had outcome data available, and 3801 patients had complete
surgical procedure data available. To examine age distributions, we divided the samples into
20 age groups of 1 year each (0-19 years of age) and 2 multiyear age groups (20-24 years of
age and =25 years of age). Within each age group, we calculated the percentage of patients
who reported a given procedure or outcome by SB diagnosis. For ambulation status, we
analyzed only patients with myelomeningocele SB (the group with the
nonmyelomeningocele type of SB was populated by mostly community ambulators).

We also calculated the percentage of patients who underwent each surgical procedure
category by age and SB type and reported these data in 2 ways: (1) the percentage of
patients who underwent a surgical procedure in each category within each age group and (2)
the distribution of surgical procedures within each category across all age groups. In this
second case, patients were counted just once per procedure category and age group. For
example, a patient who underwent both shunt insertion and revision surgeries before 1 year
of age was counted once in the neurologic category for that age group. Analyses were
completed by using SAS software.1

Of the 4664 participants, 3801 had complete surgical histories. There were 391 participants
who had no surgical procedures on record, and 472 had undated or misdated surgeries. Over
83% of participants had myelomeningocele SB, and almost half were <10 years of age
(Table 2). Neurologic surgeries were the most common; more than half of all patients
underwent neurologic surgeries (in addition to the necessary initial spinal closure in patients
with myelomeningocele SB). Negative outcomes were less common in patients with
nonmyelomeningocele SB than in patients with myelomeningocele SB.

Surgical Procedures

The 3801 participants with a complete surgical history had experienced 18 891 surgical
procedures (an average of 4.97 per patient). Of those procedures, 17 265 (91.4%) occurred
among patients with myelomeningocele SB (Table 2). Tables 3 and 4 reveal detailed age
distributions of surgical procedures by category and SB type. Given a procedure, these tables
indicate the probability that such procedure would occur at a specific age. Overall, the
frequency of these procedures declined drastically from childhood to young adulthood.
Approximately 53% of the neurologic procedures occurred before 1 year of age in both
types of SB. Most neurologic procedures at this age were spinal closure, shunt insertion, and
shunt revision (91.3% combined). For the other surgical categories, a similar cumulative
proportion is reached at ages between 2 and 10 years. In all categories, >288% of surgeries
have been performed in patients with either type of SB by the time they have reached 18
years of age.
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Tables 5 and 6 reveal age-specific distributions of participants of the NSBPR across
categories of surgical procedures. Given a specific age, these tables indicate the probability
that patients would undergo any of the 6 types of procedure at that age. Approximately 78%
and 62% of patients <1 year of age with a myelomeningocele and a nonmyelomeningocele
type of SB, respectively, underwent at least 1 surgical procedure; most of these patients
underwent neurologic procedures (76.6% and 59.2%, respectively). Further examination
revealed that among patients with myelomeningocele SB, 65.1% reported shunt insertion,
and 42.4% reported shunt revision.

Within most surgical categories, and particularly for patients with myelomeningocele SB,
the proportion of patients who underwent surgery varied with age. For example, the average
proportion of participants who underwent orthopedic surgery ranged from ~7% (between
birth and 5 years of age) to 2% (=18 years of age). Also, the proportion of patients who
underwent skin procedures was typically <1% at early ages, with the exception of the first
year of age, but reached ~7% at =25 years of age. Other than the neurologic procedures,
such variation with age was not present in patients with nonmyelomeningocele SB. Overall,
regardless of the type of SB, 75% to 90% of patients in each age category <24 years of age
did not undergo any of the surgical procedures that were examined here after the first year of
life. In contrast, only 50% to 63% of patients =25 years of age did not undergo any of these
surgeries, and neurologic procedures had the highest frequencies in this age group for both
types of SB: 23.3% for myelomeningocele SB and 41.7% for nonmyelomeningocele SB.

The age-specific distributions of the 4 outcomes (fecal continence, urinary continence, skin
breakdown, and ambulation) are shown in Fig 1. In the first 3 of these outcomes, the results
are segregated by SB type. For ambulation, the results are presented only for the group with
the myelomeningocele SB diagnosis because the group with the nonmyelomeningocele type
of SB showed little variation with age (80%-90% of them were ambulating after 2 years of
age; data not shown). The age-specific prevalence of fecal continence ranged from 51% to
71% among patients with nonmyelomeningocele SB and from 22% to 49% among patients
with myelomeningocele SB. For both types of SB, patients <10 years of age had a lower rate
of fecal continence than older patients. The results for urinary continence paralleled those
observed for fecal continence, with a peak in the late teenage years. On the other hand, the
age-specific frequency of skin breakdown ranged from 3% to 30% among patients with
myelomeningocele SB and from 0% to 20% among patients with nonmyelomeningocele SB.
Overall, the prevalence of skin breakdown increased with age, particularly in patients with
myelomeningocele SB after 12 years of age. Of note, <30% of participants with
myelomeningocele reported skin breakdown in the previous 12 months. This prevalence
peak was reached at 17 years of age.

Ambulation status was found to vary markedly with age for patients with myelomeningocele
SB. The frequency of community ambulators peaked at 60% at 7 years of age then steadily
declined to 35% at =25 years of age. The decline is sharper between 11 and 15 years of age
(from 54% to 39%). The frequency of nonambulators is lowest at 5 years of age (18%) and
highest at >25 years of age (54%). Among patients with the nonmyelomeningocele type of
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SB, 80% to 90% of them retained their community ambulation status at all ages (data not
shown).

DISCUSSION

Our analysis revealed that the distributions of surgical procedures and selected health
outcomes in persons with SB varied considerably by age and type of SB. Neurologic
procedures to repair spinal cord lesions and to address hydrocephalus exceeded all other
surgical procedures combined by more than threefold. Neurologic, gastrointestinal,
orthopedic, and other surgeries appeared to decline with age more so than surgeries in
urologic and skin categories. The minority of those who required surgeries at =18 years of
age likely had long-lasting manifestations of the condition or some age-related
complications. Liptak et al'6 reported that older adults with SB had fewer primary care visits
than younger adults with SB. However, this difference may be more attributable to failures
in transition from childhood care to adult care than to successful interventions early in life.1”
The relatively large proportion of orthopedic procedures that occur in the first year of life is
likely due to congenital deformities that require correction. This proportion remained high
until ~6 years of age, particularly among patients with myelomeningocele SB. At this age,
the reliability of muscle strength measures peaks after increasing steadily from birth.18
These measures are key for the surgical management of patients with orthopedic conditions.
The skin procedures that occur before 1 year of age are likely skin flaps and skin grafts
associated with spinal closure. Subsequent skin procedures likely addressed skin breakdown,
a consequence of both the friction and pressure related to the use of orthotics to assist with
ambulation and positioning and the constant pressure on insensate skin areas due to
immobility, particularly with increasing body size. Urologic procedures occurred more
frequently at 4 to 6 years of age, coinciding with participants reaching school age, when
incontinence becomes more of a concern.13 Urologic and gastrointestinal procedures that
were performed on adolescents and adults may be due to the natural history of SB-related
dysfunction, complications from previous surgical procedures, age-related problems (eg,
calculus disease), or personal choice for later surgical procedures for continence.

We found that the proportion of participants who underwent neurologic procedures was
relatively high among patients with myelomeningocele SB after 20 years of age. This is
likely the combined result of several factors, such as a small number of participants, some of
them affected by more severe manifestations of SB (adults with mild manifestations of SB
are less likely to be in a clinic-based registry) or shunt malfunction. Finally, we noted that
>80% of participants reported having undergone no additional surgical procedures after the
first year of life except for participants in the last age category, which spanned ages 25 to 83
years.

Our results clearly revealed that at all ages, positive health outcomes were more frequent
among participants with nonmyelomeningocele SB than among patients with
myelomeningocele SB. This result was expected because patients with
nonmyelomeningocele SB tend to experience fewer secondary complications, fewer
functional impairments, and tend to undergo fewer surgeries than patients with
myelomeningocele SB.1! In both types of SB, fecal and urinary continence increased with
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age, indicating that surgical procedures and interventions that are performed on these
patients are likely having a positive impact on these 2 outcomes. Regarding ambulation and
skin breakdown, our findings were consistent with previous reports that revealed that
patients with myelomeningocele SB were more likely to develop skin breakdown during
their teenage years than during the other ages!® and were more likely to decrease ambulation
as they aged.20

A major limitation of this study was the incomplete capture of data on initial spinal closure
surgery among participants with myelomeningocele SB in the NSBPR. This limitation
affects the accuracy of the estimation of an important category of surgical procedures
(neurologic); however, even without the capture of data on initial spinal closure, neurologic
procedures predominated in the first year of life. Another limitation was the reporting of
surgical procedures in broad categories, which makes it impossible to note how many single
types of procedures of the same category each patient had and assess the impact of multiple
related surgeries on a single patient. Regarding data collection, with the combined use of a
serial cross-sectional design (1 initial interview and several interviews during annual clinic
visits) with retrospective data collection (medical record abstraction), the number of surgical
procedures may have been underestimated if the recall of medical histories was inaccurate
and the pertinent medical records were missing. In addition, the longitudinal collection of
data was not homogeneous (ie, some patients had data collected multiple times whereas
others may have had data collected from a single time point). Furthermore, not all clinics
were involved in the registry for the entire duration of the study. This was particularly
problematic for the continence status because it may have changed with time. Regarding
representativeness of the data, we have not confirmed that the population of patients with SB
from the selected NSBPR clinics is comparable with the population of those who do not
attend these SB clinics; thus, the results of this article are only applicable to patients who
have attended specific SB clinics in the United States. Additionally, selection bias could
have been an issue because we are not certain that patients who were enrolled in the NSBPR
are comparable with those who were not enrolled, although most clinics enrolled a high
percentage of their eligible patients, and in a previous analysis of patients who were enrolled
in the NSBPR, selection bias was not detected.?! Survival bias could have also been an
issue, but we did not have enough mortality data to examine it. Finally, this was a descriptive
study. It did not include multivariate analyses to test for trends and group differences or to
predict surgical procedures and outcomes at specific ages; however, this study suggests that
age is an important factor in models to predict outcomes and surgical procedures in this
population, particularly in those with myelomeningocele SB.

CONCLUSIONS

Using cross-sectional data from the NSBPR, we described the age-specific occurrence of
key surgical procedures and 4 health outcomes in a large population of patients with SB who
attended specialty clinics in the United States. This thorough description may contribute to
the planning of care across the life spans of persons with SB by informing health care
providers and families of patterns of surgeries and outcomes over time. Our findings may
provide insight into the ages at which the frequency of surgical procedures and prevalence of
outcomes increase or decrease. We noted that the prevalence of fecal and urinary continence
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tends to increase with age, likely as the result of opportune surgical and behavioral
interventions. On the other hand, as patients with SB age, the increasing prevalence of skin
breakdowns must be addressed because this is a preventable outcome. A next step could be

to

develop statistical models to predict outcomes and surgical procedures at specific ages in

persons with SB.
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WHAT’S KNOWN ON THIS SUBJECT:

Patients who are born with spina bifida undergo a series of surgical procedures that are
focused on preventing serious health outcomes during the patients’ lifetimes.
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WHAT THIS STUDY ADDS:

In this study, we provide the distribution of 6 types of surgical procedures and 4 health
outcomes over a wide range of ages in a large group of patients with spina bifida.
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