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Abstract The care of the individual with spina bifida has

changed substantially in recent years. Major advances and

shifts in the prenatal and neonatal management of patients

with myelomeningocele has led to improved survivability

and outcomes. Most notable of these is the option for fetal

repair of the spina bifida lesion. As more and more children

with spina bifida are aging into adulthood, there is a

growing recognition of the issues faced by adults with

spina bifida, including the difficult transition to adult-based

health care. Physiatrists should be aware of recent trends

and advancements to help optimize outcomes for individ-

uals across the lifespan. This article will review prenatal

and neonatal advances and controversies, and will then

shift gears to address issues facing adults with spina bifida.
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Introduction

Spina bifida is a complex congenital condition with an

estimated prevalence of between 3.06 and 3.13 cases per

10,000 live births, not including cases of spina bifida

occulta [1, 2•]. The introduction of mandatory folic acid

supplementation and early prenatal diagnosis accompanied

by the subsequent termination of affected fetuses has lead

to a decrease in the incidence of spina bifida [3–5]. His-

panic children and girls experience spina bifida at higher

rates than non-Hispanics and boys [6•].

The term spina bifida simply refers to splitting of the

vertebral arches. This splitting can be isolated (spina bifida

occulta), or it may include the meningeal sac (meningo-

cele) or the meningeal sac plus portions of the spinal cord

and/or spinal nerves (myelomeningocele) [7]. When excess

lipomatous tissue is involved, the condition is referred to as

lipomeningocele or lipomyelomeningocele, depending on

the involvement of the nervous tissue [1]. Associated

conditions that do not necessarily involve splitting of the

vertebral arches, but often do, include diastematomyelia

(split cord), diplomyelia (duplicated cord), myeloschisis

(flatten malformed cord), and fatty filum (lipomatous tissue

surrounding the filum terminale). Practitioners frequently

use the term spina bifida when discussing clinical scenarios

in which the individual’s nervous tissue is compromised. In

this article, we will adopt this terminology, but we will be

more specific when appropriate.

Over the past several decades, advances in care have led to

the improved survivability of infants born with spina bifida [8,

9]. This article will address current concepts in prenatal and

neonatal care, and then shift to medical issues facing the

growing population of adults with spina bifida and the tran-

sition from the pediatric model of care (regional multidisci-

plinary clinics) to adult clinical settings.
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Operative management issues for the fetus

and the infant with myelomeningocele

Recent advances in prenatal diagnosis and management

The presence of spina bifida is frequently identified before

birth. The diagnosis is suspected with elevated alpha-

fetoprotein (AFP) levels on triple [AFP, human chorionic

gonadotropin (hCG) and estriol] or quadruple screen (triple

screen ? inhibin A). Using ultrasound to measure bipari-

etal diameter on ultrasound at 11–13 weeks improves the

accuracy of early detection [10]. On the routine 20-week

ultrasound, fetuses with spina bifida can demonstrate a

concave shape to the calvarium, a convexity of the cere-

bellum, and widening of the spinal column. Some centers

offer fetal MRI to further delineate abnormal findings on

ultrasound [11]. The formal diagnosis, including the spe-

cific subtype, is made after birth or in the operating room in

the case of fetal repair. Improved prenatal detection has led

to the more widespread planning for the prenatal clinical

course, delivery, and after birth care of the infant with

spina bifida.

Perhaps the most important advance in the management

of myelomeningocele is the introduction of fetal repair. In

the late 1990s, fetal repair was attempted on fetuses at

various gestational ages with variable but promising suc-

cess [12–15]. Due to the substantial risks to the maternal

fetal dyad, experts in the field agreed that a randomized

controlled trial to prove that the benefits outweighed the

risks was necessary. In 2003, the Management of Myelo-

meningocele Study (MOMS) was started to determine the

safety and efficacy of fetal surgery for spina bifida [16••].

MOMS was conducted at 3 centers with extensive expertise

in fetal surgery—the Children’s Hospital of Philadelphia

(CHOP), the University of California San Francisco

(UCSF), and Vanderbilt University, in conjunction with

George Washington University which served as the data

coordinating center. Maternal fetal dyads were enrolled

between 19.0 and 25.9 weeks gestation with surgical

intervention occurring by 26 weeks gestation. The primary

outcome of interest at 12 months was a composite measure

of fetal/neonatal death plus the need for a cerebrospinal

fluid shunt. The primary outcome at 30 months was a

composite score of the Mental Development Index on the

Bayley Scales of Infant Development II plus motor func-

tion adjusted for level [16••]. The sample was randomized

into standard postnatal repair versus fetal repair by lapa-

rotomy before 26 weeks gestation. In December 2010, the

data and safety monitoring committee recommended

stopping the trial for efficacy after 183 of the 200 antici-

pated maternal fetal dyads were enrolled. Compared to the

standard postnatal repair group, those who underwent fetal

repair less commonly required cerebrospinal fluid shunting

at 12 months and had less severe hindbrain herniation

[16••]. In addition, the prenatally repaired subjects had

better than expected motor functioning based on anatomic

level [16••]. As MOMS concluded, MOMS2, a follow-up

study to determine if the benefits of fetal repair extended

past the early childhood period, was initiated. This study

will conclude in 2016 and will provide neuropsychological,

functional, urological, and radiographic outcomes for the

former fetal subjects at school age from MOMS, as well as

additional maternal outcome data. Of note, the data col-

lected on subjects repaired prior to the initiation of MOMS

showed improved neurobehavioral and functional out-

comes for children status postfetal repair when compared

to postnatally repaired historical controls [17, 18].

After the conclusion of MOMS, other centers began

offering fetal repair for spina bifida. Whether the benefit

found in the MOMS trial, which was conducted under strict

protocols with highly experienced practitioners, will be

replicated by other centers is yet to be determined [19].

This issue warrants careful attention as the risks of fetal

repair include a higher likelihood of symptomatic tethered

cord in the prenatally repaired child which can complicate

the child’s clinical course [16, 20]. Additionally, for the

maternal–fetus dyad, the risks include fetal demise, pre-

mature rupture of membranes, oligohydramnios, preterm

labor, and preterm birth, with potential complications in

subsequent pregnancies for the mother [16, 21]. Many

experts in the field, including the Committee on Obstetric

Practice of the American College of Obstetricians and

Gynecologists, recommend regional concentration of fetal

repair to highly skilled centers with the expertise and team-

based support systems to provide the highest quality of care

for maternal fetal dyads undergoing fetal repair for mye-

lomeningocele [21–23]. For providers who may counsel

pregnant women regarding prenatal treatment options, it is

important to recognize that the optimal place of care may

be at a center relatively far from home. Ethically, it is

imperative to provide pregnant women with the informa-

tion necessary to make an informed decision regarding the

option of prenatal repair and the centers that have the best

track record with the procedure. This can be politically

complicated, as many sites are attempting to build their

maternal–fetal medicine programs, and practitioners may

feel pressure to refer to a fledging center within their own

network.

Another area of controversy is endoscopic patching of

myelomeningocele early in pregnancy. The first reported

endoscopic repair was conducted in 1997. Endoscopic

patch placement is associated with high morbidity and

mortality [21, 24, 25]. Since MOMS, and in other coun-

tries, there have been attempts to revisit this method [26,

27]. There is no consensus as to when the fetoscopic patch

should be placed; the timing may overlap with the timing
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of open fetal repair. Additionally, patching is not a com-

plete neurosurgical closure. At the time of this writing,

endoscopic repair is not recommended until the technique

has been perfected in animal models and the procedure can

be performed safely [21, 25, 28]. The technique does have

promise though. The rationale for in utero intervention is

the ‘two-hit hypothesis’ which proposes that the primary

lesion is complicated by nervous tissue being exposed to

amniotic fluid, trauma, and abnormal hydrodynamic pres-

sure [29, 30]. Earlier repair should help mitigate these

secondary complications [31]. Additionally, research in the

use of neural stem cells as part of the repair technique is

being conducted in animal models with the hope of trans-

lating the intervention to humans [32–34]. These inter-

ventions represent the next frontier of myelomeningocele

care and have the possibility of substantially altering the

clinical course for infants born with the condition [32].

Controversies in the neurosurgical management

of the infant with spina bifida

There is a fair amount of controversy regarding shunting of

cerebral spinal fluid for the infant with myelomeningocele. It

has long been reported that 90 % of patients with myelo-

meningocele develop ventriculomegaly, and 50–85 % of

children develop hydrocephalus requiring surgical inter-

vention [8, 35–37]. While shunting has been part of the

treatment for hydrocephalus in infants and children with

myelomeningocele since the 1950s, there have been con-

siderable shifts in care over the past several decades [38•].

Historically, some centers shunted all babies with myelo-

meningocele, while, more recently, some centers have opted

to shunt in only the most severe cases of hydrocephalus.

Hydrocephalus is damaging to the developing brain: it dis-

turbs brain development and delays myelination [39]. Some

of the damage may be reversed after shunting, but it is dif-

ficult to distinguish clinically or in experimental models

which individuals benefit from shunting and when [39].

Unfortunately, infants and children with shunted hydro-

cephalus experience shunt infections and malfunctions rel-

atively frequently [40]. In the pediatric population, shunt

malfunction was the number one reason for hospital admis-

sion after 1 year of age [41].

Many centers have attempted to decrease their shunt

infection and complication rate by reducing the rate of shunts

placed [36, 42, 43•]. Unfortunately, there are no accepted

criteria for determining clinically significant hydrocephalus,

nor are there adequate clinical prediction rules [39, 44, 45]. At

least one center has adopted very rigorous standards for shunt

placement, such that shunts are inserted only when the

hydrocephalus is severe enough to cause the clinical features

of elevated intracranial pressure [46]. Long-term neurocog-

nitive outcome data are not available on their subjects/patients

with unshunted hydrocephalus. Given the deleterious conse-

quences of hydrocephalus, even when considered arrested [47,

48], one could hypothesize that these unshunted children will

have worse neurocognitive outcomes than their shunted peers,

after adjustment for severity and shunt complications in the

shunted group. In addition, numerous clinicians and

researchers point to the negative neurocognitive profile of

children with spina bifida and shunted hydrocephalus as a

reason to decrease shunting [38, 44]. However, this logic is

flawed because shunting helps ameliorate the effects of

hydrocephalus [38, 39], and distinguishing the neurocognitive

effects of hydrocephalus itself from the effects of shunt com-

plications is challenging, because studies often consider the

presence of a shunt as the indication of hydrocephalus and do

not also study individuals with unshunted hydrocephalus [38].

As the field advances, attempts should be made to develop

consensus on what represents clinically relevant hydro-

cephalus, as the consequences of shunt failure or infection

can be severe [42, 44]. Similarly, advances in the technique

and technology of shunts should be sought to improve out-

comes [45]. Instead of creating a goal to decrease shunting

rates, the field should seek the data necessary to accurately

predict which children would benefit from shunting [45].

Data from MOMS2 may be helpful in determining clinical

algorithms. The primary outcome in MOMS included the

need for a shunt, and an expert panel was convened prior to

MOMS to develop shunting criteria. The criteria used in the

MOMS trial were: the presence of marked syringomyelia

with ventriculomegaly; or ventriculomegaly with symptoms

of Chiari malformation; or persistent cerebral spinal fluid

leak or bulging at the repair site; or at least two of the fol-

lowing: crossing centiles without plateauing on head cir-

cumference, a bulging fontanelle or split sutures or

sunsetting eyes, increased hydrocephalus determined by an

increased biventricular to biparietal diameter ratio on con-

secutive imaging, and/or head circumference[95 % ile for

gestational age [16••]. Among the MOMS subjects, these

criteria were not routinely applied in the clinical setting. In

the postnatally repaired subjects, 92 % met shunting criteria

but only 82 % were shunted, while in the prenatally repaired

group, 65 % met shunting criteria, but only 40 % were

shunted [16••]. This means that subjects with hydrocephalus

who were shunted can be compared to subjects with hydro-

cephalus who were not shunted, and both these subgroups

can be compared to those without hydrocephalus.

In addition to the controversy surrounding shunting in

general, there remains disagreement about how to stage the

primary closure of the lesion with ventriculoperitoneal

shunt placement. Simultaneously closing the myelome-

ningocele lesion and placing a ventriculoperitoneal shunt

fell out of favor due to the high rate of shunt infections [49,

50], but offers other benefits such as shorter length of

hospital stay and better wound healing at the spina bifida
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repair site [51]. Recently, centers are returning to this

option in a subset of patients to decrease the health care

burden of doing sequential procedures [44]. This technique

warrants further investigation, as improvements have been

made in the mitigation of postoperative infection rates.

There is also controversy regarding the use of endoscopic

third ventriculostomy as a method to manage hydroceph-

alus. This technique has fallen in and out of favor over the

years [52]. Currently, third ventriculostomy coupled with

choroid plexus ablation/coagulation is frequently used in

less developed countries where access to neurosurgical

care in the face of a shunt malfunction is limited [53]. In

the United States, endoscopic third ventriculostomy has

much higher failure rate than shunting [54], making it a

less than ideal option for managing hydrocephalus. None-

theless, some studies have shown similar outcomes when

compared to standard ventriculoperitoneal shunting [43].

This technique may be offered more frequently if the data

support its use.

Management of the adult with myelomeningocele

Medical problems that ‘‘fall through the cracks’’

Individuals with spina bifida have many health issues that

can easily become problematic if there is not a systematic

approach to care [9]. Conditions related to aging and

inactivity are often underdiagnosed and undertreated, but

can lead to serious medical and functional decline. [55]

Repetitive strain injuries such as rotator cuff syndrome,

osteoporosis [56], obesity, and low levels of physical

activity levels are just a few examples [55]. Individuals

with spina bifida who are not physically active are more

likely to have dyslipidemia and hypertension, be smokers,

and be at risk for cardiovascular disease [57]. Obesity in

ambulators with spina bifida is also a predictor of future

wheelchair use [58].

High blood pressure may affect a significantly higher

percentage of young adults with spina bifida than similar

age groups in the general population [59]. In a single

cohort study, high blood pressure was more prevalent in

those with spina bifida who also had a history of diabetes, a

history of procedures to treat neurogenic bladder, and renal

dysfunction. If sub-optimally treated, high blood pressure

can lead to serious events, like stroke. Stroke is responsible

for about 3 % of hospital admission of those with spina

bifida who are 65? years old and about 6.5 % of deaths

during those hospitalizations [60•]. Another under-addres-

sed cardiovascular issue is lymphedema. We have pub-

lished a single-site cohort study [61] that evaluated the

occurrence rates of lymphedema in our own adult spina

bifida population which was over 9 %, 100 times the rate

found in general population. Having a clinical diagnosis of

lymphedema was found to be significantly associated with

a prior history of trauma, cellulitis, cancer, obesity,

wounds, high blood pressure, higher lesion level, and

wheelchair use.

Healthcare utilization, mortality, cost, and preventable

conditions

While prior literature once suggested that the reason for

death of adults with spina bifida in many cases was from

renal, cardiac, or respiratory complications [62], with

improvements in urological management, we have seen a

shift in diagnoses responsible for mortality. The mortality

rate from unexpected causes for adults with spina bifida is

markedly higher than that of adults in the general population

[63•]. However, most in-hospital deaths are now thought to

be due to potentially preventable conditions [60]. Kinsman

et al. [64] published results from a chart review study in

1996 from one US acute care hospital. Individuals with

spina bifida were admitted an average of 3.6 times per year,

with an average length of stay of 11.2 days. A total of 47 %

of those admissions were thought to be due to potentially

preventable secondary conditions like urinary tract infection,

(UTI), skin breakdown, and osteomyelitis. More current

research suggests that skin- and bladder-related infections

are the most prominent potentially preventable conditions

that are responsible for hospitalizations of adults with spina

bifida [60]. Overall, potentially preventable conditions

account for about 1/3 of the total hospitalizations of this

group. The average number of hospitalizations and 30-day

re-admission rates are significantly higher for those with

spina bifida than the general population [65]. Another study

[66] performed between 2001 and 2003 on a US claims

database, which evaluated paid medical and prescription

drug claims for individuals with spina bifida with employer-

sponsored insurance, showed that medical expenses were

found to be 3–6 times higher than the general population

[67]. In the US, potentially preventable conditions resulting

in hospitalization of those with spina bifida are most com-

mon in adults less than 51 years of age and in those treated

at rural or urban nonteaching hospital settings [60, 65]. In

Canada, where few adults with spina bifida are treated in a

medical home model, the statistics are similar [68].

Interventions to improve outcomes of adults

While the multidisciplinary clinic is held as the gold

standard of care for individuals with spina bifida, and the

way that the majority of children receive care in the US,

research to compare different models of care in terms of

outcomes in adults is, in fact, lacking. For those who do

continue to receive care in pediatric multidisciplinary

74 Curr Phys Med Rehabil Rep (2014) 2:71–78

123



settings after reaching adulthood, many continue to be

treated by pediatric specialists, who may not always be

able to care for issues related to aging. In the US, however,

the majority of adults with spina bifida are not treated in

multidisciplinary settings at all. Many are discharged from

pediatric clinics once they reach age 18 or 21 and lose

access to all care providers who have expertise in spina

bifida care, because most specialists with expertise in this

area are affiliated with spina bifida clinics and not pro-

viding care independently in the adult provider community.

Thus, many adults struggle with trying to piece together

specialists who will assume responsibility for parts of their

medical care. While a few clinics exclusively for adults do

exist, these are rare [69]. Financial, programmatic, and

staffing issues challenge survival of the clinics for adults

that do exist [70]. These issues of care access may in part

explain why so many issues fall through the cracks.

The alarming health care utilization and mortality rates

that result from conditions that we should theoretically be

able to manage better in an outpatient setting highlight

opportunities for interventions that could improve outcomes.

The first potential way to intervene is to provide care

coordination services [71]. While the evidence is still, in

part, qualitative in nature, most caregivers and clinicians

believe that, due to the complex medical issues that require a

careful and systematic approach to care [72–75], care

coordination is an essential for improved outcomes both in

the adult and pediatric setting [76–78]. This implies that an

adult provider must assume responsibility for being a med-

ical home, or hub of care, that ensures all specialists treating

the patient are communicating and that there are no gaps in

care. In many cases, a physiatrist may be a suitable provider

to coordinate this approach since physiatrists are trained to

lead teams involving other disciplines and are alsotrained to

deliver care for secondary conditions common in the spina

bifida population. Specifically, physiatrists tend to be skilled

at managing skin integrity, neurogenic bladder and impair-

ments from secondary conditions of aging. Thus, a phys-

iatrist, especially one who is trained in a pediatric

rehabilitation or spinal cord injury fellowship, may be one

specialist particularly suited to coordinate a patient’s care

[79]. Even in this model, however, other surgical specialists

such as urologists, neurosurgeons, and orthopedists who are

trained to manage spina bifida related issues are as essential

as the primary care physician [73].

Second, a plan for transition of care from a pediatric

setting to an adult provider is also crucial [80]. In most

cases in the US, the receiving provider would be a primary

care physician with limited training in the care of an adult

with spina bifida [9, 81]. Therefore, large-scale educational

efforts should be made to ensure that providers receive the

necessary information about the medical issues typically

faced by transitioning young adults with spina bifida and

each patient’s individual medical complexities [82].

Resources to aid this transition process were developed by

the Spina Bifida Association (SBA).

A third possible intervention is to develop wellness pro-

grams that provide care above and beyond what is delivered

in the clinics. A pilot program developed at the SBA of

Western Pennsylvania (SBAWP) utilized two wellness

coordinators (WCs) who were registered nurses who

supervised the care of 35 individuals with spina bifida and

complex medical needs [83]. The WC designed an indi-

vidualized plan of care for each person by incorporating the

patient’s own goals for wellness and gaps identified in their

overall medical care. The WCs promoted patients’ inde-

pendence in managing skills like scheduling medical

appointments, filling prescriptions, and conducting daily

self-care activities like catheterization and skin checks for

wound. The WCs also conducted home visits, activated

community resources, and ensured that all health care pro-

viders seeing the patients communicated with each other.

The program resulted in shorter lengths of hospital stays,

lower admission rates, and lower rates of skin breakdown

and UTIs compared to those in the local and national adult

spina bifida clinic population, and those served by SBAWP

but not in the Wellness Program. Because of the success of

the pilot program, a larger version of this program was

established at the UPMC Adult Spina Bifida Clinic in con-

junction with UPMC Health Plan. This program, directed by

a physiatrist, is a specialty home model serving both indi-

viduals with spina bifida and also spinal cord injury, and

whose outcomes are now being studied in a clinical trial.

In-person Wellness Programs and models of care coor-

dination, however, are challenged by obstacles of patients

spread over large geographical distances. Hence, a fourth

intervention is to use technological approaches. Many indi-

viduals with spina bifida experience problems with execu-

tive function and require assistive technology to assist with

not only mobility but also self-management and independent

living. Mobile health (mHealth) and telerehabilitation

approaches can be used to deliver care to underserved

patients. We have developed an mHealth system, iMHere

(interactive Mobile Health and Rehabilitation) [84]. In this

system, patients use smartphone apps geared toward man-

aging common spina bifida-related medical issues. The apps

provide reminders to conduct daily self-care activities, and

data on problems encountered are transmitted to a secure,

web-based portal managed by a clinician. The portal pro-

vides a dashboard that allows the clinician to quickly triage

patients with urgent needs. The iMHere system allow allows

secure, two-way communication between the patients and

clinician. In usability testing trials [84, 85], the system was

found to be feasible and accessible, and user satisfaction was

high. The system is now being studied and enhanced in

further clinical and development trials.
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The National Spina Bifida Patient Registry

The National Spina Bifida Patient Registry [86•] is a partner

program between the Centers for Disease Control (CDC),

the SBA, and individual spina bifida clinics in the US.

Through planned longitudinal data collection of key out-

come variables, and an integrated electronic medical record,

the data generated by the registry have become robust, and

over time will allow for research to be conducted on larger

groups of individuals with spina bifida. This is especially

needed to advance research in the care of adults, to deter-

mine which medical, surgical, and rehabilitation interven-

tions produce the best outcomes, to compare models of care,

and to quickly disseminate research findings into the clinical

care of all individuals with spina bifida.

Conclusions

The care of individuals with spina bifida is rapidly advancing.

Prenatal and neonatal interventions have the possibility of

markedly altering the landscape of myelomeningocele. As

treatment options improve prenatally and antenatally, the life

expectancy and quality of life for individuals should also

improve. As individuals with spina bifida continue to age into

adulthood, it is imperative to attend to the medical, functional,

and social issues faced by this growing population. The

information presented in this manuscript is not intended to

function as a review of all of the medical issues and advances

in the care of the individual with spina bifida. Instead, our

intention is to provide detailed information on a subset of

advances, issues, and new knowledge.
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