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Abstract

Open spina bifida (open SB) is the most complex congenital abnormality of the central nervous system compatible with long-
term survival. Multidisciplinary care is required to address the effect of this disease on the neurological, musculoskeletal,
genitourinary, and gastrointestinal systems, as well as the complex psychosocial impact on the developing child. Individuals
with SB benefit from the involvement of neurosurgeons, orthopedic surgeons, urologists, physical medicine and rehabilita-
tion specialists, pediatricians, psychologists, physical/occupational/speech therapists, social workers, nurse coordinators, and
other personnel. Multidisciplinary clinics are the gold standard for coordinated, optimal medical and surgical care. Ann and
Robert H. Lurie Children’s Hospital, formerly known as Children’s Memorial Hospital, was one of the first hospitals in the
USA to manage patients with this complex disease in a multidisciplinary manner. We describe the longitudinal experience of
the multidisciplinary Spina Bifida Center at our institution and highlight the advances that have arisen from this care model
over time. This clinic serves as an exemplar of organized, effective, and patient-centered approach to the comprehensive

care of people living with open SB.
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Introduction

Spina bifida (SB) is a complex neural tube defect with an
incidence of approximately 1 in 1000 and a prevalence of
39 infants per 100,000 live births [1-3]. The causes of SB
are heterogeneous, including chromosome abnormalities,
single-gene disorders, and teratogenic exposures, though
the cause is usually unknown [4]. An estimated majority
of 70-80% of cases result from inadequate folate (vitamin
B9) consumption before neural tube closure at 25-28 days
of gestation [5, 6]. The recommended folate consumption is
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400 mcg per day in the periconceptional period [7, 8]. Folate
is generally provided via folate supplements or fortification
of staple foods such as wheat and maize [9, 10]. By 2019,
only 56 countries had implemented folate fortification, such
that only 23% of folate-preventable SB was averted [5]. Early
prenatal diagnosis of SB through high-resolution ultrasound
allows women to prenatally seek information regarding
the long-term impact of this disease on the patient. They
are counseled regarding treatment options, including fetal
surgery to close the open defect before birth versus postnatal
back closure or termination of the pregnancy [11]. Access
to early prenatal care is limited in certain communities,
predominantly those that are low-income and with racial/
ethnic minority groups [12, 13].

Although the US-implemented folate fortification of
cereal grains in 1998 and voluntary fortification of corn
masa flour in 2016[14], the volume of children with SB
at specialized children’s hospitals in major cities, such as
Chicago, remains high. Survival has been reported at 87%
at 1 year and 78% at 17 years [15]. Of the many types of
SB, open SB, also known as myelomeningocele, is the most
severe form, involving potential spinal cord dysfunction with
concomitant brain abnormalities. Individuals with open SB
often have Chiari II malformations, which may predispose
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them to the development of hydrocephalus [4]. Children
with a thoracic level lesion experience greater lower extrem-
ity dysfunction relative to those with a lumbosacral lesion,
as exposure of neural elements superiorly promotes the
greater potential for injury [16]. Children often frequently
experience bowel and bladder dysfunction given deficits
of the sacrococcygeal nerves [4]. Medical and surgical
needs are extensive and may change as the patient ages and
comorbidities develop. Moreover, individuals with open SB
have diverse psychosocial needs involving education, work,
independent living, social support, and anxiety and depres-
sion [17]. Due to these myriad factors, open SB is generally
associated with decreased health-related quality of life [17].

No single medical provider is trained in all aspects of
care required by a patient living with open SB [18]. Indi-
viduals with SB benefit from the involvement of neurosur-
geons, orthopedic surgeons, urologists, physical medicine
and rehabilitation specialists, and pediatricians [19]. The
average child with myelomeningocele undergoes 0.62 sur-
geries per year, while those over 18 years old undergo 0.19
surgeries per patient per year [20]. Moreover, specialists in
physical, occupational, and speech therapy; nutrition; psy-
chology; and social work are often involved in the care of
children with SB [19]. Multidisciplinary clinics are the gold
standard for improving care coordination and cohesiveness
across the varied and complex needs of these patients. At
present, there are more than 100 multidisciplinary SB clinics
in the USA [21]. Our institution, Ann and Robert H. Lurie
Children’s Hospital (Lurie Children’s), formerly known as
Children’s Memorial Hospital (CMH), was one of the first
hospitals in the US to create a multidisciplinary SB clinic.
In this manuscript, we describe the longitudinal experience
of our multidisciplinary SB Center and highlight the lessons
learned.

History and origins

Hydrocephalus was the predominant etiology of morbidity
and mortality for individuals with open SB until the 1950s
[22, 23]. The introduction of the valve for cerebrospinal fluid
(CSF) shunt by John Holter, an engineer who had a son with
open SB [24], allowed effective treatment of hydrocephalus,
which significantly improved the long-term survival of this
complex disease [22]. Some individuals, such as John Lorber
of Sheffield, England, advocated for selective treatment
of infants with open SB under the assumption that many
burdened themselves, caregivers, and society [25-27]. Lorber
and similarly minded colleagues indicated that active treatment
should only be utilized for infants who were thought to have
a reasonable chance of a favorable neurologic outcome,
accounting for only 30% of infants with open SB [26, 28-30].
The rationale behind this selective treatment approach was to
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avoid treating patients who would survive with severe physical
disability[31, 32]. Infants with paraplegia with no innervation
below L3, spinal curvature, macrocephaly, perinatal cerebral
injury, or other congenital abnormalities were proposed
to be selected for nontreatment [26, 33, 34]. Children who
developed meningitis or ventriculitis after closure and children
with mental and neurological deficits who experience any life-
threatening episode were also categorized in the nontreatment
group [26, 29]. Nontreatment involved withholding of
antibiotics and artificial feedings while providing supportive
nursing care and pain management, as survival of these
children was not a goal [26, 28]. Nearly all children receiving
nontreatment died within the first year [25, 27, 30, 35]. In rare
cases, children who survived to 6 months of age had treatment
initiated [32].

In opposition to the notion of nontreatment by Lorber and
colleagues, many health professionals, including Drs. Anthony
Raimondi and David McLone at Children’s Memorial Hospi-
tal of Chicago, advocated for active treatment in all children
with SB [32]. McLone and colleagues recognized the complex
needs of individuals with SB and their caregivers and the evolu-
tion of these needs over time. Multidisciplinary clinics aligned
with outpatient care for children with SB were established in
most states in the 1970s and 1980s [36]. These clinics sought to
integrate care for SB by housing various surgical and medical
specialties, allied health professionals such as nurses and thera-
pists, and social workers [37]. Anthony J. Raimondi, the chief of
neurosurgery at Northwestern University and head of pediatric
neurosurgery at Children’s Memorial Hospital, established the
multidisciplinary Spina Bifida Clinic in 1972, one of the earli-
est such clinics in the USA [38]. This clinic included specialist
doctors and nurses in neurosurgery, orthopedics, and urology.
After Raimondi stepped down in 1977, David G. McLone was
appointed head of pediatric neurosurgery at CMH in 1979 and
became the medical director for the SB Center [38]. Following
McLone’s retirement in 2004, Dr. Robin Bowman became medi-
cal director of the Multidisciplinary Spina Bifida Center at Lurie
Children’s Hospital. Currently, Dr. Bowman is assisted by a team
of 9 surgical and medical physicians with Dr. Vineeta Swaroop
leading SB Orthopedics and Dr. Elizabeth Yerkes as director of
SB Urology. The Lurie Children’s SB Center remains a robust
multidisciplinary clinic treating around 800 patients with all
forms of spina bifida annually and are proud inaugural members
of the national Spina Bifida Clinical Care Network, established
in 2020.

The multidisciplinary clinic
Structure of the multidisciplinary clinic

Children born with open SB at our institution are evaluated
at the multidisciplinary SB clinic at least every 3 months
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during the first year of life, every 6 months until school
age, and then annually [39]. All evaluations are conducted
by the entire multidisciplinary team, involving special-
ists in neurosurgery; orthopedic surgery; urology; pedi-
atrics; physical medicine and rehabilitation; psychology;
physical, occupational, and speech therapy; nursing and
social work [39]. Our management goal for all children
with open SB is to ensure that they experience stability
or improvement in function throughout childhood [39].
Specialists determine their individual assessment of the
patient. Subsequently, the providers and parents/caregivers
make important treatment or surgical decisions together
as a team. For example, the decision to offer an untether-
ing procedure to a child with an unexpected reduction in
function is made by the multidisciplinary team in con-
junction with the family and patient [39]. Caregivers, and
eventually the maturing patient, are instructed to contact
the SB team if they notice any neurological, orthopedic,
or urological change between clinic visits [39]. The clinic
has managed patients prospectively since its inception and
actively maintains a database of all patients [39].

Advances in neurosurgical care

The Lurie Children’s multidisciplinary SB clinic advo-
cates for innovative, prospective surgical management of
patients afflicted with any form of spina bifida [40]. From
its inception, Raimondi and McLone promoted aggres-
sively treating all patients with open SB in a nonselective,
prospective manner, in staunch opposition to the views of
Lorber [41]. McLone described a technique for closure of
the open spina bifida involving the closure of the placode
and suspension of the neural tissue in a CSF compartment
lined with pia and arachnoid to facilitate a physiologically
normal microenvironment [42]. All patients, regardless
of level, were treated in a prospective manner, with each
complication being addressed in a timely manner by the
multidisciplinary team.

In 1981, McLone et al. published an outcome study
of the initial 100 patients treated aggressively and non-
selectively following birth. They reported a mortality rate
of 6% from birth to 4 years, with 15% of patients sustain-
ing a shunt infection [43]. A subsequent publication in
2001 detailed the 25-year outcome for children with open
SB treated by the Chicago team. The mortality rate during
childhood was 24% with a majority of patients requiring
CSF diversion (84%). Approximately half of the cohort
developed scoliosis, with 43% requiring a spinal fusion.
Social bladder continence was achieved by a majority, and
most attended secondary education or college [44].

A pivotal change in open spina bifida care occurred in
2011 with the publication of the randomized control trial

of prenatal versus postnatal closure for the open fetal defect
(MOMS trial) [45]. In 2017, Lurie Children’s began offering
in utero fetal SB surgery for mothers/fetuses who met the
MOMS inclusion criteria. Our fetal team—consisting of pedi-
atric neurosurgery, fetal surgery, maternal—fetal medicine,
and neonatology—counsels the expectant parents regarding
the spina bifida diagnosis and long-term impact of the dis-
ease as well as the prenatal and postnatal treatment options.
Our primary objective is to educate expectant parents that
prenatal fetal back closure may improve the child’s outcome
[37] but does not cure the disease. There are potential com-
plications for the mother and child in fetal surgery that they
would not otherwise incur in postnatal repair.

Since 2017, the Chicago Institute for Fetal Health has
counseled more than 150 expectant parents, with approxi-
mately a third of mothers electing to proceed with prenatal
fetal surgical repair. Our initial 25 cases utilized the open
uterine approach as detailed in the MOMS trial [45]. How-
ever, given the concern of uterine rupture with possible fetal
loss in subsequent pregnancies[46], our fetal team has moved
toward a three-port, fetoscopic uterine approach to the open
fetal defect. Regardless of the timing of back closure—pre- or
postnatal—all open spinal cord defects are closed as detailed
by McLone [42]. The placode is imbricated with pial-to-pial
closure, the dural sac is closed primarily, and the skin is reap-
proximated in the midsagittal plane. If there is a paucity of
dura or skin, a patch may be utilized.

Spina bifida is a disease that is rarely static and requires
continual management throughout the patient's lifetime to
maintain stability in neurologic, urologic, and orthopedic
functioning. Optimal care is provided by a multidisciplinary
team who establishes the infant’s baseline function and sub-
sequently works jointly with the parents, and eventually with
the maturing patient in adolescence, to address each health
issue as they arise. Any decline in function is addressed
immediately to determine the cause and provide medical/
surgical interventions to reestablish or improve the child’s
baseline function.

The most common cause of the decline and biggest mas-
querader in spina bifida care is a shunt malfunction. In the
1980s, our team published a case series emphasizing the
association between shunt malfunction and acute respiratory
arrest, with the Chiari II malformation, or baseline hindbrain
abnormalities, presumed to be the inciting factor increasing
the risk of shunt dependency [47, 48]. With this knowledge
and the long-term outcome data published in 2001, the Lurie
Children’s neurosurgical team focused on modifiable fac-
tors to decrease the mortality associated with open spina
bifida [44]. With acquired longitudinal clinical experience
as well as recognition of universal challenges in patient
populations with longstanding shunted hydrocephalus, we
came to adopt the practice of permissive ventriculomegaly.
Consequently, we developed a more conservative approach
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toward ventriculoperitoneal shunt placement in open SB
infants with asymptomatic, stable ventriculomegaly. With
changing our management strategy, our shunt placement rate
decreased from 86 to 55% [49, 50]. A similar management
strategy and decline in shunt dependency were reported by
Dr. Dominic Thompson’s team at Great Ormond Street,
London in 2008 [51]. The shunt placement rate continues to
decline with the increasing adoption of prenatal closure and
the adoption of endoscopic third ventriculostomy for hydro-
cephalus management [50].

After shunt malfunction, tethering of the spinal cord at
the level of the placode is the second most common neuro-
surgical cause of decline in children with open SB, occur-
ring in 23% of our cohort, with 29% requiring multiple
untetherings [39]. In 1990, investigators at our institution
identified tethering as a cause of scoliosis in children with
open SB [52], emphasizing the importance of a tethered
cord release in those with function at L3 and below to sta-
bilize or improve their scoliosis when the curve is below
45°, decrease spasticity, improve motor function, and resolve
back pain [53]. These data were confirmed in a longitudinal
study reported in 2008 where a majority of patients expe-
rienced improved lower extremity strength, spasticity, gait,
and bladder urodynamics postoperatively [39]. Although
pain was the least common indicator of tethering, all patients
experienced improvement after surgical intervention. The
most common associated pathology was dermoid tumor in
6% of this cohort who underwent postnatal back closure.
Neurological worsening was a rare adverse event in 4 of
the 116 patients (2.5%). Wound dehiscence (7%) and CSF
leak (4%) was the most common postoperative complica-
tion. If a decline in function is noted by our team, the patient
undergoes a complete evaluation, including cystometrogram,
renal/bladder ultrasound, and manual muscle test with physi-
cal therapy. The patient is then evaluated by orthopedics,
urology, and neurosurgery to determine if the changing func-
tion is related to tethering.

Most children with open SB have a Chiari II malforma-
tion, either in structure, as demonstrated on MRI, and/or
function. Previously our team demonstrated the link between
swallowing derangement [54], breathing [55], and the Chiari
IL. It is important to assess shunt function prior to perform-
ing posterior fossa decompression to facilitate less extensive
procedures and to prevent herniation syndromes [56]. Given
the diminished intervention in those with stable, moderate
cerebral ventriculomegaly, demonstration of stable hindbrain
function is essential prior to discharge of a newborn with
open SB. Currently, all newborns undergo a swallow study
by speech therapy and a sleep study to establish brainstem
function and provide any necessary support. Should a new-
born experience decline in hindbrain function, the initial
response is CSF diversion either via ventriculoperitoneal
shunt placement or endoscopic third ventriculostomy [32].
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Transition of care

Additional studies at our Center highlight the changing
landscape of spina bifida care over the lifespan. A 25-year
prospective, outcome study of a cohort closed postnatally
reported greater than 75% survival into adulthood, 86% with
CSF diversion, 33% underwent a tethered cord release, and
28% required a spinal fusion [44]. A total of 85% of adults
attended or graduated from high school and/or college, while
80% attained social bladder continence [44]. As survival
has increased and the management of SB has improved, the
primary challenge facing young adults with spina bifida is
transitioning medical care to adult practitioners [44, 49].

The principal aim for the transition of care for those living
with spina bifida is the establishment of a medical home with
adult providers who will partner with the patient/family in
the preservation of function while promoting independence
and overall health [57]. Importantly, the needs of people
with spina bifida change during adulthood. The proportion
of individuals requiring tethered cord release or scoliosis
intervention decreases, while the risk of mortality related to
shunt issues, hindbrain dysfunction, and sleep-disordered
breathing increases, necessitating specific education regard-
ing how to recognize worsening symptoms and emergencies
[44, 58]. Mobility becomes a greater concern, influenced by
the level of the defect [57], and impacting decubitus forma-
tion [36]. Continence and renal health remain a continual
challenge. Moreover, sexual and reproductive health become
increasingly important [57]. Many individuals would like to
become sexually active but lack formal knowledge regarding
sexuality, fertility, and pregnancy [59]. Male patients with
open SB also often have erectile dysfunction, azoospermia,
retrograde ejaculation, and anorgasmia [60]. Females with
open SB enter puberty and menarche at different time points
than typically developing females and must be made aware
of the possible effects of pregnancy on aspects of open SB
such as hydrocephalus or continence [60].

Many multidisciplinary clinics like ours have developed
transitional programs. For example, Children’s Hospital of
Alabama developed the “Lifetime Care Model” [57, 61]. In
this model, Transition Readiness Assessment Questionnaire
assess readiness to transition to adult care at age 14, teaching
begins at age 19, and increasing responsibility is given until
age 21 [57, 61]. At age 21, an individualized transition plan
is utilized to transition patients to the adult clinic [57, 61].

At our institution, all patients aged 12 years or
older complete the Transition Readiness Assessment
Questionnaire to guide the transition process. A recent study
from our institution reported that patient-reported transition
readiness is associated with health literacy after adjustment
for educational level and other factors [62], emphasizing
the importance of structuring the transition plan to the level
of health literacy of the individual patient. In the early teen
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years, all providers initiate medical discussions primarily
with the patient to promote independence and education
about their disease. Currently, we have an Adult Transition
Spina Bifida Clinic in which young adults are seen by our
neurosurgeon, urologist, nurse coordinator, and social work.
This 2-year transition clinic encourages patients to establish
a medical home with the following adult providers: (1) a
primary care provider, who will help coordinate all of their
future medical needs; (2) a neurosurgeon; (3) a urologist;
(4) a physical medicine/rehabilitation specialist. For those
with shunted hydrocephalus, baseline imaging is obtained.
Given the increased risk of sleep-disordered breathing in
patients living with open SB [28], a sleep study with sleep
medicine consult is obtained. A comprehensive medical
document summarizing their prior medical and surgical
history, bracing and assistive device(s) needs, and bowel/
bladder management/supplies is provided to the patient to
aid in a smooth, medically safe transition to adult care.

Present and future directions

It is beyond the scope of this piece on multidisciplinary
care of open SB to dive into our interdisciplinary research
findings. It is important to note that with multidisciplinary
care, interdisciplinary research with psychology and health
services research perspectives has yielded knowledge in the
neurocognitive outcomes and challenges in this patient pop-
ulation, as well as in optimizing patient-centered healthcare
delivery [41, 47, 63-74].

The multidisciplinary SB clinic at Lurie Children’s Hos-
pital remains one of the largest multidisciplinary SB clin-
ics worldwide, with over 3016 patient visits in 2018 [75].
The lessons learned over nearly 50 years have facilitated
large-scale collaborations. Recently, Bowman worked col-
laboratively with neurosurgeons from across the country to
develop neurosurgical guidelines for the care of people liv-
ing with SB [28]. Lurie Children’s Hospital has the second
largest patient enrollment of the 21 hospitals in the National
Spina Bifida Patient Registry, a clinic-based longitudinal
registry established by the Centers for Disease Control that
seeks to determine the treatments and services that promote
the greatest improvements in health outcomes for those liv-
ing with any form of spina bifida [21, 75]. This registry has
yielded insights regarding the multi-systemic effects of open
SB and associated treatments, including practice patterns in
the management of hydrocephalus, Chiari II malformation,
and tethered cord syndrome; factors associated with pressure
ulcers; and bowel and bladder management and continence
paradigms [48, 76-81]. In the future, the Spina Bifida Mul-
tidisciplinary Clinic will remain a leader in clinical care,
research, and education, and will continue to seek ways to
improve care of those affected by spina bifida.

Conclusion

Open SB is a neural tube defect associated with anomalies of
the central nervous, skeletal, gastrointestinal, and genitouri-
nary systems. An increasing proportion of individuals with
open SB are living well into adulthood due to advances in
perinatal care, management of hydrocephalus and the Chiari
II malformation, and bowel and bladder care. Accordingly,
children and adults with open SB require multidisciplinary
care from neurosurgeons, urologists, orthopedic surgeons,
physical medicine and rehabilitation physicians, pediatricians,
psychologists, therapists, nurses, social workers, and others.
The multidisciplinary SB Center at Ann and Robert H. Lurie
Children’s Hospital, formerly known as Children’s Memorial
Hospital, serves as an exemplar of a well-organized, effec-
tive, patient-centered approach to the comprehensive care of
people living with open SB.

Author contribution NAS conceptualized the idea and wrote the man-
uscript draft. EBY, VTS, SL, and DGM assisted in conceptualizing
and revising the manuscript. RB conceptualized the idea, assisted in
revising the manuscript, and provided project supervision. All authors
reviewed and approved the submitted manuscript.

Availability of data and material All references are cited.

Code availability Not applicable.

Declarations

Competing interests The authors declare no competing interests.
Ethics approval Not applicable.
Consent to participate Not applicable.

Consent for publication All authors have approved the final version
of this manuscript.

Conflict of interest The authors declare no competing interests or con-
flicts of interest.

References

1. Atta CA, Fiest KM, Frolkis AD, Jette N, Pringsheim T, St Germaine-
Smith C, Rajapakse T, Kaplan GG, Metcalfe A (2016) Global birth
prevalence of spina bifida by folic acid fortification status: a systematic
review and meta-analysis. Am J Public Health 106:e24—34

2. Forrester MB, Merz RD (2003) First-year mortality rates for
selected birth defects, Hawaii, 1986—-1999. Am J Med Genet A
119:311-318

3. Parker SE, Mai CT, Canfield MA, Rickard R, Wang Y, Meyer
RE, Anderson P, Mason CA, Collins JS, Kirby RS (2010)
Updated national birth prevalence estimates for selected birth
defects in the United States, 2004-2006. Birth Defects Res A
88:1008-1016

@ Springer



1680

Child's Nervous System (2022) 38:1675-1681

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mitchell LE, Adzick NS, Melchionne J, Pasquariello PS,
Sutton LN, Whitehead AS (2004) Spina bifida. The Lancet
364:1885-1895

Kancherla V, Wagh K, Pachén H, Oakley GP Jr (2021) A 2019
global update on folic acid-preventable spina bifida and anen-
cephaly. Birth Defects Research 113:77-89

Sadler T (2005) Embryology of neural tube development. Am J
Med Genet C Semin Med Genet 1. Wiley Online Library, pp 2-8
Daly S, Mills JL, Molloy AM, Conley M, Lee YJ, Kirke PN,
Weir DG, Scott JM (1997) Minimum effective dose of folic acid
for food fortification to prevent neural-tube defects. The Lancet
350:1666-1669

Group MVSR (1991) Prevention of neural tube defects: results
of the Medical Research Council Vitamin Study. The lancet
338:131-137

Shlobin NA, Kanmounye US, Ozair A, de Koning R, Zolo Y,
Zivkovic I, Niquen-Jimenez M, Affana CK, Jogo L, Abongha GB
(2021) Educating the next generation of global neurosurgeons:
competencies, skills, and resources for medical students interested
in global neurosurgery. World Neurosurgery 155:150-159
Shlobin NA, LoPresti MA, Du RY, Lam S (2020) Folate fortifica-
tion and supplementation in prevention of folate-sensitive neural
tube defects: a systematic review of policy. J] Neurosurg Pediatr
27:294-310

Copp AJ, Adzick NS, Chitty LS, Fletcher JM, Holmbeck GN, Shaw
GM (2015) Spina bifida Nature reviews Disease primers 1:1-18
Gadson A, Akpovi E, Mehta PK (2017) Exploring the social
determinants of racial/ethnic disparities in prenatal care uti-
lization and maternal outcome. In: Seminars in perinatology
5(Elsevier):308-317

Healy AJ, Malone FD, Sullivan LM, Porter TF, Luthy DA, Comstock
CH, Saade G, Berkowitz R, Klugman S, Dugoff L (2006) Early access
to prenatal care: implications for racial disparity in perinatal mortality.
Obstet Gynecol 107:625-631

Williams J, Mai CT, Mulinare J, Isenburg J, Flood TJ, Ethen M,
Frohnert B, Kirby RS (2015) Updated estimates of neural tube
defects prevented by mandatory folic acid fortification—United
States, 1995-2011. MMWR Morb Mortal Wkly Rep 64:1

Wong LYC, Paulozzi LJ (2001) Survival of infants with spina
bifida: a population study, 1979-94. Paediatr Perinat Epidemiol
15:374-378

Oakeshott P, Hunt GM, Poulton A, Reid F (2010) Expectation of
life and unexpected death in open spina bifida: a 40-year complete,
non-selective, longitudinal cohort study. Dev Med Child Neurol
52:749-753

Bakaniene I, Prasauskiene A, Vaiciene-Magistris N (2016)
Health-related quality of life in children with myelomeningocele:
a systematic review of the literature. Child: Care Health Dev
42:625-643

Fletcher JM, Brei TJ (2010) Introduction: spina bifida—a
multidisciplinary perspective. Dev Disabil Res Rev 16:1
Kinsman S, Levey E, Ruffing V, Stone J, Warren L (2000)
Beyond multidisciplinary care: a new conceptual model for
spina bifida services. Eur J Pediatr Surg 10:35-38

Nonaka M, Isozaki H, Komori Y, Kamei T, Takeda J, Nonaka
Y, Yabe I, Zaitsu M, Nakashima K, Asai A (2022) Number of
surgeries performed during the lifetime of patients with mye-
lomeningocele. J Neurosurg Pediatr 1:1-9

Thibadeau J, Walker WO Jr, Castillo J, Dicianno BE, Routh
JC, Smith KA, Ouyang L (2020) Philosophy of care delivery
for spina bifida. Disabil Health J 13:100883

Laurence K (1974) Effect of early surgery for spina bifida
cystica on survival and quality of life. Lancet (London, Eng-
land) 1:301-304

Leck I (1966) Changes in the incidence of neural-tube defects.
The Lancet 288:791-793

@ Springer

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Baru JS, Bloom DA, Muraszko K, Koop EC (2001) John
Holter’s shunt. J Am Coll Surg 192:79-85

Lorber J (1973) Early results of selective treatment of spina
bifida cyctica. Br Med J 4:201-204

Lorber J (1974) Selective treatment of myelomeningocele: to
treat or not to treat? Pediatrics 53:307-308

Lorber J, Salfield SA (1981) Results of selective treatment of spina
bifida cystica. Arch Dis Child 56:822-830

Blount JP, Bowman R, Dias MS, Hopson B, Partington MD,
Rocque BG (2020) Neurosurgery guidelines for the care of peo-
ple with spina bifida. Journal of pediatric rehabilitation medicine
13:467-477

Smith GK, Smith ED (1973) Selection for treatment in spina bifida
cystica. Br Med J 4:189-197

Stark GD, Drummond M (1973) Results of selective early opera-
tion in myelomeningocele. Arch Dis Child 48:676-683

Johnson PR (1981) Selective nontreatment and spina bifida: a case
study in ethical theory and application. Bioethics Q 3:91-111
Ozek MM, Cinalli G, Maixner WJ, Maixner W (2008) Spina bifida:
management and outcome. Springer

Lorber J (1975) Ethical problems in the management of myelomenin-
gocele and hydrocephalus: the Milroy Lecture, 1975. J R Coll Physi-
cians Lond 10:47

Lorber J (1978) Spina bifida: to treat or not to treat? Selection-the
best policy available. Nurs Mirror 147:14-17

Guiney EJ, MacCarthy P (1981) Implications of a selective policy
in the management of spina bifida. J Pediatr Surg 16:136-138
Liptak GS, El Samra A (2010) Optimizing health care for children
with spina bifida. Dev Disabil Res Rev 16:66-75

Alford EN, Hopson BD, Safyanov F, Arynchyna A, Bollo RJ,
Hankinson TC, Rocque BG, Blount JP (2019) Care management
and contemporary challenges in spina bifida: a practice preference
survey of the American Society of Pediatric Neurosurgeons. J
Neurosurg Pediatr 24:539-548

Engelhard HH, Grant J, Ciric IS, Wetzel NC, Batjer HH (1998)
The history of neurological surgery at Northwestern University.
Neurosurgery 43:914-925

Bowman RM, Mohan A, Ito J, Seibly JM, McLone DG (2009)
Tethered cord release: a long-term study in 114 patients. J Neu-
rosurg Pediatr 3:181-187

McLone DG (1998) Care of the neonate with a myelomenin-
gocele. Neurosurg Clin N Am 9:111-120

Soare PL, Raimondi AJ (1977) Intellectual and perceptual-
motor characteristics of treated myelomeningocele children.
Am J Dis Child 131:199-204

McLone DG (1980) Technique for closure of myelomenin-
gocele. Pediatr Neurosurg 6:65-73

McLone D, Raimondi A, Sommers M (1981) The results of
early treatment of 100 consecutive newborns with myelomenin-
gocele. Z Kinderchir 34:115-117

Bowman RM, McLone DG, Grant JA, Tomita T, Ito JA (2001)
Spina bifida outcome: a 25-year prospective. Pediatr Neurosurg
34:114-120

Adzick NS, Thom EA, Spong CY, Brock JW III, Burrows PK,
Johnson MP, Howell L], Farrell JA, Dabrowiak ME, Sutton LN
(2011) A randomized trial of prenatal versus postnatal repair of
myelomeningocele. N Engl ] Med 364:993-1004

Goodnight WH, Bahtiyar O, Bennett KA, Emery SP, Lillegard
J, Fisher A, Goldstein R, Jatres J, Lim F-Y, McCullough L
(2019) Subsequent pregnancy outcomes after open maternal-
fetal surgery for myelomeningocele. Am J Obstet Gynecol
220(494):e491-494. e497

McLone DG, Naidich TP (1985) Terminal myelocystocele. Neu-
rosurgery 16:36-43

Wiener JS, Suson KD, Castillo J, Routh JC, Tanaka ST, Liu T,
Ward EA, Thibadeau JK, Joseph DB, Registry NSBP (2018)



Child's Nervous System (2022) 38:1675-1681

1681

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Bladder management and continence outcomes in adults with
spina bifida: results from the National Spina Bifida Patient Reg-
istry, 2009 to 2015. J Urol 200:187-194

Bowman RM, Boshnjaku V, McLone DG (2009) The chang-
ing incidence of myelomeningocele and its impact on pediatric
neurosurgery: a review from the Children’s Memorial Hospital.
Child’s Nervous System 25:801-806

Norkett W, McLone DG, Bowman R (2016) Current management
strategies of hydrocephalus in the child with open spina bifida.
Topics in spinal cord injury rehabilitation 22:241-246
Chakraborty A, Crimmins D, Hayward R, Thompson D (2008)
Toward reducing shunt placement rates in patients with mye-
lomeningocele. J Neurosurg Pediatr 1:361-365

McLone DG, Herman JM, Gabrieli AP, Dias L (1990) Tethered
cord as a cause of scoliosis in children with a myelomeningocele.
Pediatr Neurosurg 16:8—13

Sarwark JF, Weber DT, Gabrieli AP, McLone DG, Dias L (1996)
Tethered cord syndrome in low motor level children with mye-
lomeningocele. Pediatr Neurosurg 25:295-301

Fernbach S, McLone D (1985) Derangement of swallowing in
children with myelomeningocele. Pediatr Radiol 15:311-314
Tomita T, McLone DG (1983) Acute respiratory arrest: a com-
plication of malformation of the shunt in children with mye-
lomeningocele and Arnold-Chiari malformation. Am J Dis Child
137:142-144

McLone DG, Dias MS (2003) The Chiari II malformation: cause
and impact. Childs Nerv Syst 19:540-550

Patel SK, Staarmann B, Heilman A, Mains A, Woodward J,
Bierbrauer KS (2019) Growing up with spina bifida: bridging
the gaps in the transition of care from childhood to adulthood.
Neurosurg Focus 47:E16

Bartonek A, Saraste H (2001) Factors influencing ambulation in
myelomeningocele: a cross-sectional study. Dev Med Child Neu-
rol 43:253-260

Streur CS, Schafer CL, Garcia VP, Wittmann DA (2018) “I don’t
know what I’'m doing... I hope I’m not just an idiot”: the need
to train pediatric urologists to discuss sexual and reproductive
health care with young women with spina bifida. J Sex Med
15:1403-1413

Webb TS (2010) Optimizing health care for adults with spina bifida.
Dev Disabil Res Rev 16:76-81

Hopson B, Alford EN, Zimmerman K, Blount JP, Rocque BG
(2019) Development of an evidence-based individualized transi-
tion plan for spina bifida. Neurosurg Focus 47:E17

Rague JT, Kim S, Hirsch JA, Meyer T, Rosoklija I, Larson JE,
Swaroop VT, Bowman RM, Bowen DK, Cheng EY (2021)
Assessment of health literacy and self-reported readiness for
transition to adult care among adolescents and young adults with
spina bifida. JAMA Netw Open 4:€2127034-e2127034
Behbahani M, Shlobin N, Rosen C, Yerkes E, Swaroop V, Lam
S, Bowman R (2020) Multidisciplinary management of tethered
spinal cord syndrome in children: operationalizing an outpatient
patient-centered workflow. J Multidiscip Healthc 13:1283
Behbahani M, Shlobin NA, Dziugan K, Callas H, Meyer T, Yerkes
E, Swaroop VT, DeCuypere M, Lam S, McLone D (2022) Surgi-
cal management of myelocystocele: a single-center experience
with long-term functional outcomes. J Neurosurg Pediatr 1:1-9
Brown J, McLone D (1981) The effect of complications on
intellectual function in 167 children with myelomeningocele. Z
Kinderchir 34:117-121

Byrne RW, Hayes EA, George TM, McLone DG (1995) Operative
resection of 100 spinal lipomas in infants less than 1 year of age.
Pediatr Neurosurg 23:182-187

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Herman JM, McLone DG, Storrs BB, Dauser RC (1993) Analysis
of 153 patients with myelomeningocele or spinal lipoma reoper-
ated upon for a tethered cord. Pediatr Neurosurg 19:243-249
Lavigne JV, Nolan D, McLone DG (1988) Temperament, cop-
ing, and psychological adjustment in young children with mye-
lomeningocele. J Pediatr Psychol 13:363-378

McLone DG, Czyzewski D, Raimondi AJ, Sommers RC (1982)
Central nervous system infections as a limiting factor in the intel-
ligence of children with myelomeningocele. Pediatrics 70:338-342
Nye JS, Balkin N, Lucas H, Knepper PA, McLone DG, Charrow
J (1998) Myelomeningocele and Waardenburg syndrome (type 3)
in patients with interstitial deletions of 2q35 and the PAX3 gene:
possible digenic inheritance of a neural tube defect. Am J Med
Genet 75:401-408

Raimondi AJ, Robinson JS, Kuwamura K (1977) Complications
of ventriculo-peritoneal shunting and a critical comparison of the
three-piece and one-piece systems. Pediatr Neurosurg 3:321-342
Tsurubuchi T, Ichi S, Shim K-w, Norkett W, Allender E, Mania-
Farnell B, Tomita T, McLone DG, Ginsberg N, Mayanil CS
(2013) Amniotic fluid and serum biomarkers from women with
neural tube defect—affected pregnancies: a case study for mye-
lomeningocele and anencephaly. J Neurosurg Pediatr 12:380-389
Wills KE, Holmbeck GN, Dillon K, McLone DG (1990) Intel-
ligence and achievement in children with myelomeningocele. J
Pediatr Psychol 15:161-176

Yerkes E, Halline C, Yoshiba G, Meyer T, Rosoklija I, Bowman
R, McLone D, Cheng E (2017) Lipomyelomeningocele for the
urologist: should we view it the same as myelomeningocele? J
Pediatr Urol 13(371):e371-371. €378

Spina bifida multidisciplinary clinic: partnerships that are driving
clinical excellence (2022) Ann and Robert H. Lurie Children’s Hos-
pital of Chicago. https://www.luriechildrens.org/en/news-stories/
spina-bifida-multi-disciplinary-clinic/. Accessed 25 April 2022
Dias MS, Wang M, Rizk EB, Bowman R, Partington MD, Blount
JP, Rocque BG, Hopson B, Ettinger D, Lee A (2021) Tethered spi-
nal cord among individuals with myelomeningocele: an analysis
of the National Spina Bifida Patient Registry. ] Neurosurg Pediatr
28:21-27

Kim I, Hopson B, Aban I, Rizk EB, Dias MS, Bowman R, Ackerman
LL, Partington MD, Castillo H, Castillo J (2018) Decompression for
Chiari malformation type II in individuals with myelomeningocele
in the National Spina Bifida Patient Registry. J Neurosurg Pediatr
22:652-658

Kim I, Hopson B, Aban I, Rizk EB, Dias MS, Bowman R, Ackerman
LL, Partington MD, Castillo H, Castillo J (2018) Treated hydrocepha-
lus in individuals with myelomeningocele in the National Spina Bifida
Patient Registry. ] Neurosurg Pediatr 22:646-651

Kim S, Ward E, Dicianno BE, Clayton GH, Sawin KJ, Beierwaltes
P, Thibadeau J, Walker W, Smith K, Freeman K (2015) Factors
associated with pressure ulcers in individuals with spina bifida.
Arch Phys Med Rehabil 96(1435-1441):e1431

Liu T, Ouyang L, Thibadeau J, Wiener JS, Routh JC, Castillo H,
Castillo J, Freeman KA, Sawin KJ, Smith K (2018) Longitudinal
study of bladder continence in patients with spina bifida in the
National Spina Bifida Patient Registry. J Urol 199:837-843
Wiener JS, Suson KD, Castillo J, Routh JC, Tanaka S, Liu T,
Ward E, Thibadeau J, Joseph D (2017) Bowel management and
continence in adults with spina bifida: results from the National
Spina Bifida Patient Registry 2009—-15. Journal of pediatric reha-
bilitation medicine 10:335-343

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://www.luriechildrens.org/en/news-stories/spina-bifida-multi-disciplinary-clinic/
https://www.luriechildrens.org/en/news-stories/spina-bifida-multi-disciplinary-clinic/

	Multidisciplinary spina bifida clinic: the Chicago experience
	Abstract
	Introduction
	History and origins
	The multidisciplinary clinic
	Structure of the multidisciplinary clinic
	Advances in neurosurgical care
	Transition of care

	Present and future directions
	Conclusion
	References


