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Abstract
Spina bifida (SB) remains the most serious and most common congenital anomaly of the human nervous system that is 
compatible with life. The open myelomeningocele on the back is perhaps the most obvious initial problem, but the collec-
tive impact of dysraphism upon the entirety of the nervous system and innervated organs is an equal or greater longitudinal 
threat. As such, patients with myelomeningocele (MMC) are best managed in a multi-disciplinary clinic that brings together 
experienced medical, nursing, and therapy teams that provide high standards of care while studying outcomes and sharing 
insights and experiences. Since its inception 30 years ago, the spina bifida program at UAB/Children’s of Alabama has 
remained dedicated to providing exemplary multi-disciplinary care for affected children and their families. During this 
time, there has been great change in the care landscape, but many of the neurosurgical principles and primary issues have 
remained the same. In utero myelomeningocele closure (IUMC) has revolutionized initial care and has favorable impact on 
several important co-morbidities of SB including hydrocephalus, the Chiari II malformation, and the functional level of the 
neurologic deficit. Hydrocephalus however is not solved by IUMC, and hydrocephalus management remains at the center of 
neurosurgical care in SB. Ventricular shunts were long the cornerstone of treatment for hydrocephalus, but we came to assess 
and incorporate endoscopic third ventriculostomy with choroid plexus coagulation (ETV-CPC). Educated and nurtured by 
an experienced senior mentor, we dedicated ourselves to fundamental concepts but persistently evaluated our care outcomes 
and evolved our protocols and paradigms for improvement. Active conversations amidst networks of treasured colleagues 
were central to this development and growth. While hydrocephalus support and treatment of tethered spinal cord remained 
our principal neurosurgical charges, we evolved to embrace a holistic perspective and approach that is reflected and captured 
in the Lifetime Care Plan. Our team engaged actively in important workshops and guideline initiatives and was central to 
the development and support of the National Spina Bifida Patient Registry. We started and developed an adult SB clinic to 
support our patients who aged out of pediatric care. Lessons there taught us the importance of a model of transition that 
emphasized personal responsibility and awareness of health and the crucial role of dedicated support over time. Support for 
sleep, bowel health, and personal intimate cares are important contributors to overall health and care. This paper details our 
growth, learning, and evolution of care provision over the past 30 years.
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Introduction

There has been a great expansion of knowledge in care for 
children with spina bifida (SB) over the last 30 years. This 
paper provides an overview of the experience at Children’s 
of Alabama/UAB during this time and the evolution of insti-
tutional practice preferences in pediatric neurosurgery for 
children born with spina bifida.

The current era of pediatric neurosurgical care for 
patients with SB in Birmingham began in 1993 when Dr. 
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W. Jerry Oakes came to UAB from Duke University. Neural 
tube defects (NTDs) were central to Dr. Oakes’ academic 
interests and expertise. Consequently, new paradigms and 
protocols were initiated in the Pediatric Spina Bifida Clinic 
(PSBC) that have been followed, evaluated, and adapted 
over the intervening three decades. Fundamentally, we have 
evolved to a lifetime care model that has broadly impacted 
virtually all dimensions of care. Members of our team organ-
ized and participated in impactful conferences, workshops, 
and initiatives that further changed clinical practice. Our 
clinical team contributed to several sets of practice guide-
lines which modified several paradigms. In 2011, we initi-
ated an adult/transitional spina bifida clinic which has sub-
sequently grown to provide ongoing support to more than 
200 adults with SB. Insights from those patients and that 
experience re-shaped our entire approach to practice and 
gave rise to the Individualized Transition Program and Life-
time Care Plan [1].

Two technical advances also fundamentally changed the 
practice landscape of SB care in children during this time. 
First, the report of the management of myelomeningocele 
study (MOMS) trial in 2011 presented class 1 evidence 
strongly supporting benefits of in utero myelomeningocele 
closure (IUMC) [2]. Second, the development and popu-
larization of endoscopic third ventriculostomy with choroid 
plexus coagulation (ETV-CPC) provided a promising means 
to treat hydrocephalus that spared much of the morbidity of 
ventricular shunts [3–5]. The impact, evolution, and cur-
rent role of these approaches and events are outlined in this 
overview.

Background and clinic/program 
organization

Children’s of Alabama (COA) is a tertiary pediatric health 
center in Birmingham, Alabama, USA, that features 15 
unique facilities including the flagship 275 bed Benjamin 
Russell Hospital for Children. It operates in partnership 
with, but independent from, the University of Alabama at 
Birmingham (UAB) and as such is the operational center 
for all UAB Pediatric programs and activities. The entire 
campus facility occupies more than 2 million square feet 
making it the third largest pediatric facility in the USA. In 
2022, children from Alabama as well as 46 other states and 
7 foreign countries received sub-specialty care at COA. The 
institutional mission is to provide exceptional quality medi-
cal care for the children of Alabama regardless of their fam-
ily’s ability to pay. As such, COA serves as the pediatric 
referral center for the state of Alabama (2022 population 
4.8 million persons) which, in 2021, resulted in more than 
670,000 outpatient evaluations, 15,000 inpatient admissions, 
and 3000 surgical operations. Since opening in 2012, more 

than 5.8 million visits, 240,000 surgeries, 250 organ trans-
plants, and 650,000 emergency room visits have occurred at 
the Benjamin Russell Children’s Hospital. It was ranked by 
US News and World Report in the top 50 pediatric programs 
in the USA in 10 specialties and was overall ranked the #1 
pediatric medical facility in the Southeastern USA in 2021.

The Pediatric Spina Bifida Clinic (PSBC) at COA has 
grown over the past decades and is one of the most robust 
programs in North America. Currently, more than 600 chil-
dren/families with dysraphism are actively followed and 
treated. The PSBC at UAB/COA was one of the inaugu-
ral members of the National Spina Bifida Patient Registry 
(NSBPR) and has consistently led enrollment amongst all 
NSBPR centers. Experience from the PSBC at UAB/COA 
was also instrumental in the development of the Spina Bifida 
Association’s (SBA) Clinical Care pathway and significantly 
impacted multiple sets of spina bifida clinical practice guide-
lines. An adult/transitional program was initiated in 2011 
and now supports more than 200 adults with dysraphism. 
Insights from this experience have impacted multiple areas 
of care (detailed below).

Patients with both open (myelomeningocele) and closed/
occult/variant forms (spinal lipoma, split cord malforma-
tions, myelocystocele) are actively followed. Patients with 
simpler forms such as filum lipomas and dermal sinus tracts 
typically require less longitudinal care once surgical inter-
vention has occurred [6]. As such, they are followed acutely 
postoperatively in pediatric neurosurgery clinic only. A 
limited number of patients (< 10% clinic volume) without 
dysraphism, due to a medically complex syndrome (e.g., 
VACTERL, cloacal exstrophy, anorectal malformations 
(ARM)) with similar longitudinal needs, are also followed 
in PSBC.

The clinic is multi-disciplinary, encompassing 5 medical 
disciplines (neurosurgery, urology, orthopedic surgery, reha-
bilitation medicine, gastrointestinal pediatrics), 3 therapy 
domains, social work, nurse practitioners, nurse clinicians, 
and administrative coordinators. The clinic is coordinated 
by the PSBC coordinator who assures that multiple parts of 
the multi-disciplinary clinic function as a cohesive whole. 
This involves scheduling appointments, coordinating needed 
investigations (radiographic examinations, diagnostic pro-
cedures, laboratory tests, and consultations), and facilitat-
ing patient flow and inter-service communication. Clinic 
nursing and administrative staff assure a smooth and safe 
flow of patients, collect demographic information and clini-
cal metrics, survey new signs/symptoms, and collect vital 
signs in addition to assuring the clinic remains safe, clean, 
and hygienic.

At present, intra-uterine myelomeningocele closure 
(IUMC) is not provided at UAB/COA. Eligible mater-
nal–fetal couplets are identified and referred by members 
of the Maternal–Fetal Medicine Division of the UAB 
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Department of Obstetrics and Gynecology to a regional 
center that offers endoscopic IUMC. The direct but not indi-
rect costs of care are supported by public insurance. Fol-
lowing IUMC patients return to the UAB/COA PSBC for 
ongoing care is conducted in cooperation with the IUMC 
that performed closure. The number of annual new cases 
of open MMC evaluated and closed has diminished since 
IUMC has become widely available. Historically, we have 
managed approximately 16.2 new cases of open MMC/year. 
Since 2020, we have averaged 12.1 new cases of open MMC 
annually, and all have had public insurance.

Clinical principles—clinic and outpatient 
care

Logistics

The multi-disciplinary clinic at COA/UAB meets every 
other week. Typically, about 2 dozen patients are seen 
and reviewed. Acute, symptomatic problems are referred 
to the emergency department to expedite assessment and 
are not evaluated in Pediatric Spina Bifida Clinic (PSBC). 
Children are seen every 3 months for the first year of life 
and then every 6 months until 5 years of age at which time 
they move to annual follow-up. Routine brain imaging (fast 
MRI) is performed intermittently for patients with ventricu-
lar shunts. Routine spine MRIs are obtained when there is 
clinical concern for tethered cord or syringomyelia. Brain 
imaging assures a comparison in the event of symptomatic 
presentation with shunt failure symptoms while occasional 
spine MRIs allow observation for the development of a syr-
inx. This practice has evolved toward less frequent imaging 
over 3 decades. Initially, scans were performed every other 
year, and intervention was undertaken for isolated ventric-
ular enlargement. The prevailing concept was that proac-
tive imaging directed decision which prevented or reduced 
urgent presentation of shunt failure. However, we observed 
an elevated rate of infection and no quantifiable reduction 
in acute shunt presentation [7]. As such, the rate of imaging 
was decreased, and patients with isolated enlarged ventri-
cles (without clinical signs) were reviewed in clinic more 
frequently but not operated upon.

At clinic intake, basic demographic data is captured, 
reviewed, and updated. Vital signs, weight, and head cir-
cumference measurements are taken. Imaging studies are 
often arranged in the morning for the afternoon clinic. Fol-
lowing check-in, research-based surveys are often distrib-
uted/completed if consent/assent has been obtained. During 
clinic, each clinical team rotates between exam rooms, and 
patients and families remain in the rooms until they see each 
team. Care is discussed with the families and with other 
care team members from different disciplines. A master 

whiteboard captures progress, notes, and follow-up to facili-
tate interdisciplinary interaction and ensure proper follow 
up. A post-clinic review of each patient further facilitates 
interdisciplinary care and fosters coordinated evaluation 
and surgical decision-making. Clinic logistics are further 
detailed elsewhere [8].

Outpatient care—infancy and childhood

Hydrocephalus

Key age-specific neurosurgical metrics are obtained at each 
clinic to assess the progress and status of each child. Across 
the lifespan, the adequacy of hydrocephalus management is 
the predominant concern because of its capacity to adversely 
impact other neurologic problems [9–19]. Consequently, 
assessments of head size, evidence for stridor or other brain 
stem dysfunction, and wound closure predominate the new-
born and infant evaluation. Head size assessments (graphs), 
developmental milestones, and ventricular imaging predomi-
nate for young children. School aged children need ongo-
ing assessments for headaches and worsening back pain or 
lower extremity dysfunction that may suggest tethered spinal 
cord (TSC). Each of these age-specific components of care 
is further detailed below, and the lessons from the impact 
of experience in adult-transitional care have impacted our 
approach to many issues.

Tethered spinal cord—recognition, diagnosis, 
and intervention

Tethered spinal cord is a functional diagnosis. All patients 
who had MMC closure appear tethered on MRI, yet tradi-
tionally, only about 40% require subsequent untethering [16, 
20, 21]. In our clinic, patients with MMC are screened for 
symptoms of increasing pain in the low back, hips, and but-
tocks. Sensory impairment is common in the lower extremi-
ties in MMC, so back pain tends to predominate. Clinical 
signs including motor changes such as reduced walking 
endurance, tripping, or falling may represent signs of tether-
ing. We emphasize the “3 P’s” rubric to families: symptoms 
that are persistent, progressive, or profound are the most 
important to distinguish from background musculoskeletal 
pain that frequently affects patients with SB.

Urologic indices including reduced volitional control, 
more urinary accidents (for those with retained volitional 
control), or increasing urinary tract infections are all impor-
tant markers for tethered cord [22, 23]. As such, we have 
evolved toward screening clinically and verifying with uro-
dynamic studies. MRI plays a lesser role in making the diag-
nosis of tether except for the presence of a new or enlarging 
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syrinx. Otherwise, MRI imaging contributes an important 
“road map” for surgery but plays a lesser role in the diag-
nosis of TSC.

We and other centers have observed signs of TSC to be 
initial manifestations of shunt failure [24–27]. Ventricular 
enlargement is an insufficiently sensitive metric for detect-
ing shunt problems in patients with SB. As a result, we con-
sider shunt exploration before surgical untethering in most 
cases of symptomatic TSC. Each case is individually con-
sidered (some/many patients have had recent shunt revision), 
but shunt revision is an emphasized, standardized part of our 
approach to TSC evaluation and care.

Urologic observations are evaluated in consultation with 
urology colleagues utilizing renal ultrasonography and uro-
dynamic studies (UDS) [28, 29]. While UDS are subjective 
and require experience and consistency to interpret, they 
can play a critical role in the assessment of adequate lower 
urinary tract function deterioration over time. Bladder cys-
tometry (CMG) demonstrates the reactivity of the bladder 
when it is filled while sphincteric EMG monitors pelvic 
flood musculature [22, 28]. Detrusor hyperactivity is the 
finding most consistently observed with TSC [22]. However, 
it may also be seen in unaffected children with delayed but 
otherwise normal micturition [28–31]. Bladder function is 
screened clinically by the frequency of urinary tract infec-
tions or decline in volitional control. The primary objective 
of all urologic management is the preservation and protec-
tion of the upper urinary tract and control of infection [32]. 
Close multi-disciplinary care between urology and neuro-
surgery has been and remains emphasized at every clinic. 
Urinary incontinence and the threats to renal function with 
progressive and long-standing lower tract disease have long 
been a prominent concern for patients with SB.

Outpatient care—adolescent/teen/young 
adult years

Adolescents and young adults require initiation into inde-
pendence, transition concepts, headache, and back pain 
assessment as well as self-care and judicious introduction 
of personal and intimate cares.

Preparation for transition

The critical objective for well care in SB in adolescence 
is to foster self-care and awareness of medical need. The 
development and adherence to the individual transition plan 
(ITP) are the cornerstone of our program [1]. This holis-
tic approach was built from the “Got Transition” program 
which defines six core elements of transition [32]. At its 
core, the ITP involves the creation of specific individual-
ized objectives and goals for each patient that arise from the 

patient, the family, and the care team. Prior findings from 
our adult program suggested that QOL is highest for those 
adult patients without bowel incontinence and those who 
have an external pursuit such as a simple job or volunteer 
activity that gets them out of the house and interacting with 
other people [33, 34]. As such, these are central components 
of the ITP that are emphasized at each visit.

Sexual and personal care

Recent advances in medical treatments and therapies have 
made it possible for those with SB to experience a wider 
breadth of life experiences and lead a more fulfilling QOL. 
Individuals with SB are presented with unique challenges 
related to social opportunities, dating, and sexual health and 
function. Increasing awareness of the importance of repro-
ductive/sexual health education has been noted within the 
SB community. Studies show that women with SB report a 
poor understanding of their current reproductive health and 
pregnancy potential as well as an overall lack of sexual edu-
cation. Likewise, men with SB overwhelmingly report a lack 
of sexual education. As many as 75% of men with SB have 
erectile dysfunction which further highlights the importance 
of providing men with adequate information regarding their 
sexual health, function, and fertility issues [35]. Not only 
does there exists a gap in knowledge from the patient’s per-
spective, but physicians also report inadequate training and 
a lack of confidence in providing reproductive health edu-
cation to patients with SB [36, 37]. This gap in knowledge 
and physician support leaves these individuals particularly 
vulnerable for sexual misconduct, coercion, and abuse.

Clinical principles—inpatient/procedural 
care

Newborn care in myelomeningocele  
(all post‑natal closure)

Peri‑natal care‑preferred route of delivery

The preferred route of delivery for a baby harboring a MMC 
is controversial. However, the preponderance of evidence 
suggests that there is no discernable adverse impact to the 
child regardless of means of delivery [38]. As such, our 
group has no expressed preference. However, most deliveries 
at our center with known MMC occur via cesarean section. 
These pre-natal decisions are often made by maternal–fetal 
medicine physicians with minimal neurosurgical input. 
Cases where the MMC was not known prenatally (usually 
in women without pre-natal care) often deliver via vaginal 
delivery, and we have not noticed any difference in outcome 
in this group.
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Peri‑natal care management of the exposed placode

We prefer that the exposed neural placode is covered 
in damp, non-adherent gauze and kept moist and free 
from physical or chemical injury. As such, we position 
newborns in the lateral or prone position and keep fresh 
(changed every 6 h or if stained) and moist dressings in 
place until closure is complete. After closure, we con-
tinue lateral/prone positioning for 3 days, then utilize a 
soft foam donut for another week to minimize physical 
pressure on the recently closed back.

Assess for a lethal lesion

MMC closure is contra-indicated if a lethal lesion (e.g., 
anephria) is encountered. Traditionally, in our program, 
this has required a renal ultrasound and cardiac echocar-
diogram. Practical observation evolved such that a child 
observed to make urine and sustain normal perfusion color 
(pink extremities, digits) can be safely assumed to have 
sufficient cardiac and renal status to plan operative closure 
of the MMC. Closure is not typically undertaken until the 
renal US and echo confirm normality, but no child has 
been refused closure in 30 years based upon these study 
results.

Layered closure of MMC within 48 h

A layered closure that reconstitutes the normal anatomic lay-
ers is the preferred surgical objective [39]. Prep consists of 
debridement and saline or lactated Ringers irrigation over 
the placode and iodine-based preparation of the surround-
ing skin.

Dissection commences at the edges of placode and sur-
gically identifies pial and dural layers. The placode is typi-
cally imbricated, and rostral cord is inspected ventrally and 
dorsally for tethering bands (meningocele manque). The 
dura is then isolated and closed in watertight fashion. Fas-
cia is closed if possible, and then, the skin is undermined 
and closed in two layers with careful attention to minimiz-
ing tension. Wounds that leak are carefully inspected for 
technical closure issues, but leaks are typically considered 
to be due to under treated hydrocephalus. Children with 
severe hydrocephalus at birth are typically managed with 
an external ventricular drain or shunt placement to optimize 
wound closure and decrease risk of CSF leak. In general, 
techniques for closure have changed little over the past 
30 years. There has been recent introduction of the micro-
scope to improve visualization and comfort, but this is not 
uniformly embraced, and most neurosurgeons at our center 
use loupe magnification.

Acute hydrocephalus management

Key thresholds for hydrocephalus treatment in our program 
are as follows: (a) back wound leak following good closure; 
(b) stridor, poor secretion management, or other signs of 
brainstem dysfunction; or (c) progressive macrocephaly/
accelerated head growth trajectory on head growth meas-
urement curves.

Shunts have traditionally been the cornerstone of hydro-
cephalus treatment, but there has been a steady increase in 
number/percent of cases, managed with ETV-CPC [15, 16]. 
For children undergoing shunt placement, a medium-fixed 
pressure small/infant valve with flow regulation is preferred. 
Timing of intervention depends upon size of the head but is 
generally deferred and performed as a second procedure if 
indicated. Occasionally, a significantly macrocephalic infant 
will undergo acute shunt placement or EVD placement at the 
time of closure. Stridor in a baby with MMC indicates brain 
stem stress and dysfunction and warrants urgent shunt place-
ment/revision or EVD. Endoscopic third ventriculostomy 
with choroid plexus coagulation has steadily increased its 
role in management of hydrocephalus.

Early evaluation/management of the C2M

C2M can present acutely in the newborn period with stri-
dor, poor oral secretion management, or opisthotonus.  
Acute perinatal C2M crisis is considered a primary neu-
rodevelopmental problem that is acutely precipitated by a 
decline in control of hydrocephalus [40–42]. As such symp-
tomatic C2M crisis is best managed by urgent, aggressive  
control of hydrocephalus [15]. Surgical decompression is 
nearly never done because of historic inefficacy and risk 
of significant complications. Children who do not respond 
to acute hydrocephalus intervention and continue to dem-
onstrate brain stem symptoms have an ominous prognosis. 
Only in these rare and desperate cases have C2MD been 
undertaken at our center. When (rarely) performed, C2MD 
centers on decompression of the descended brainstem via 
cervical laminectomy and emphasizes meticulous attention 
to the descended location of the caudally displaced torcula. 
Failure to be aware that the torcula is typically caudally dis-
placed to the cranio-cervical junction can lead to inadvertent 
intrusion into the torcula at the time of dural opening with 
catastrophic results.

Lifetime care plan

During the initial hospitalization, the clinic coordinator vis-
its with the family on several occasions to detail the Lifetime 
Care Plan and logistics of how support is provided in the 
PSBC. Care principles are reviewed by clinic coordinator, 
neurosurgery nurses, and some attendings. A notebook of 
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information and checklists is provided. Enrollment in the 
NSBPR is offered and initiated. Availability of the treating 
team is emphasized.

Spina bifida clinic follow‑up (newborns)

Well, infants are seen 3 weeks after discharge from hos-
pital and then routinely at 3 month intervals until 1 year 
of age. Cranial imaging is performed via fsMRI before the 
1st 3 month visit. Head size is measured/plotted with each 
visit. Assurance is made that urologic care is established 
prior to discharge to home. Nursing contact information is 
assured with each family. Every effort is made to avoid ion-
izing radiation across the lifespan.

Hydrocephalus management/shunt failure 
across life span

Five principles have evolved that underlie our approach to 
the management of hydrocephalus in SB. These are based 
upon observations about (a) the central and crucial role that 
hydrocephalus has in the overall well-being of patients and 
(b) the variance in presentation and acuity of decline/risk in 
patients whose hydrocephalus arises from SB.

1. A high index of suspicion for decompensated hydro-
cephalus as contributor for other pathologies

• Hydrocephalus stresses the entire central nervous 
system. When there is an inherent “weak link” (like 
brain stem function in C2M), hydrocephalus can pre-
cipitate neurologic decline/collapse.

• As such, early symptoms of brain stem compromise 
(stridor, poor secretion control) are first addressed as 
signs of hydrocephalus.

• Similar concepts support the presentation of symp-
tomatic tethered cord later in life. Shunt exploration 
often precedes TSCR in our program particularly if 
any signs or symptoms of shunt failure are present.

2. Shunt failure presentation varies in SB/explore the shunt 
early

• Ventricular enlargement is a variable finding in shunt 
failure in SB.

• Headache patterns that include neck pain or cranio-
cervical junction pain are highly associated with 
shunt failure in SB.

• Symptoms of low back pain (TSC) may be and often 
are related to shunt insufficiency/failure and warrant 
approach.

• Patients with hydrocephalus from SB may decline 
quickly and severely with brain stem/respiratory 

embarrassment/collapse. As a result, a low threshold 
for operative exploration of shunts in SB has evolved 
in our program.

3. Evolution of ETV-CPC as a meaningful alternative to 
care

• Hydrocephalus arising from SB has consistently 
demonstrated responsiveness to successful manage-
ment via ETV-CPC [3, 4].

• Successful ETV-CPC requires coagulation of at least 
90% of the choroid plexus. For this reason, there is 
a strong preference for use of flexible endoscopy for 
ETV-CPC.

• Successful ETV-CPC does not require ventricular 
size reduction. Rather, a growth curve that paral-
lels the normal growth curve with evidence of good 
wound healing and normal neurologic development 
are the current preferred metrics of a successful 
ETV-CPC. Ongoing prospective studies of neurode-
velopmental outcomes in children after shunt and 
ETV-CPC will more definitively answer this impor-
tant question.

4. Nursing support/availability of care is crucial

• Immediate availability of support for hydrocephalus 
evaluation and treatment is the cornerstone of ongo-
ing neurosurgical support for patients with SB.

• Our program incorporates skilled, dedicated nurse 
clinicians who maintain availability to patients via 
multiple modes of communication.

• After hours, weekend and holiday coverage is pro-
vided by house officers and on-call attendings.

• The continuous availability of support for questions 
and concerns about shunt/hydrocephalus treatment 
is emphasized throughout all communications with 
patients across the lifespan.

5. Annual visit

• The annual visit is emphasized in our clinic. While 
short and focused, the annual visit allows ongoing 
parent education and supports the concept that care 
needs may arise promptly and unpredictably and that 
surgical support remains available.

• Symptoms and signs of shunt failure and TSC are 
reviewed, and communication with the SB team is 
emphasized.

• New concepts and opportunities for social connec-
tion via support organizations are shared and encour-
aged.

• Updated patient is tracked, recorded, and logged in 
central clinical repositories (e.g., the NSBPR)
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Milestone events in the UAB/COA evolution 
of multi‑disciplinary care

Several conceptual milestones have profoundly impacted the 
growth, approach, and direction of our spina bifida program.

Conferences/meetings/ task forces

Conferences, workshops, and task forces have played 
an important role in directing practice standards and 
preferences.

Evidence‑based practice in spina bifida conference (“Green 
Book Conference”)

In 2003, the Spina Bifida Association of America (SBA), 
the Agency for Healthcare Quality and Research (AHRQ), 
and the National Center for Birth Defects/Office of Rare 
Diseases of the Centers for Disease Control (CDC) organ-
ized/sponsored an invitational meeting In Washington D.C 
that sought to summarize standards of care and establish 
a prioritized agenda for research and care in spina bifida. 
Participants included members of the SBA, the AHRQ, and 
more than 100 invited multi-disciplinary providers from 
many working clinics across North America. The Profes-
sional Advisory Council of the SBA (SBA-PAC) had pre-
viously met to establish a prioritized list of active clinical 
issues in spina bifida care. Working groups from each mul-
tidisciplinary SB clinical discipline were formed to discuss 
key gaps in knowledge in the clinical provision of service for 
patients with SB. Following conversations and debate this 
list of gaps evolved into a prioritized agenda for SB clinical 
research [43].

A key presentation at the meeting was from the AHRQ 
which demonstrated the critical contribution that a registry 
can make. Examples were provided from the Cystic Fibro-
sis Society that maintained detailed registries of clinics and 
patients. By identifying outcome objectives and prioritizing 
and sharing key metrics, clinics could compare outcomes 
between clinics. Protocols and paradigms of the highest per-
forming clinics could then be imitated/followed to result in 
broad ranged improvements across clinics. Attendees found 
this approach compelling and sought to initiate both patient 
and clinic registries. These conversations created much of 
the impetus for the National Spina Bifida Patient Registry 
(NSBPR). UAB members were active in these discussions 
and in the organization and subsequent implementation of 
the NSBPR. The enthusiasm and sense of purpose that char-
acterized this meeting set the stage for the World Congress 
meetings that were initiated in 2009.

The National Spina Bifida Patient Registry (NSBPR)

The National Spina Bifida Patient Registry (NSBPR) is 
sponsored by the National Center on Birth Defects and 
Developmental Disabilities of the Centers for Disease Con-
trol and Prevention (CDC) and enrolls patients with SB in 
the USA from participating clinics. The data collection is 
done longitudinally in conjunction with annual visits to 
multi-disciplinary SB clinics. The data are de-identified 
and stored/managed in a repository at the CDC. When a 
clinical topic of interest is identified, a data access proposal 
(DAP) is forwarded to the CDC. Within the NSBPR, a 
smaller committee, Committee for Science and Publication 
(CSP) comprised of various NSBPR Principal Investigators 
(PIs), reviews the DAP, and plans for statistical analysis. 
After approval is granted from the CSP, CDC sends aggre-
gate data to the site requesting the data. All NSBPR PIs are 
given the opportunity to participate in the approved projects. 
CDC contributes organizational infrastructure and statistical 
evaluation and maintains regulatory oversight of projects 
arising from the NSBPR. Since inception, the NSBPR has 
been responsible for more than 40 multi-institutional stud-
ies on SB. From its initial inception at the Research Agenda 
Conference UAB, team members were contributory and 
central to the design and implementation of the NSBPR. 
UAB/COA has been the leading center for patient enrollment 
and has directed more than 7 DAP-based NSBPR investi-
gations. UAB DAP-related NSBPR project topics have 
included shunt survival and hydrocephalus management, 
Chiari II malformation, sleep-disordered breathing, loss of 
ambulation, and a couple on urologic management. NSBPR 
participation has fundamentally impacted care for patients 
with SB at UAB. Arguably, the single greatest impact of 
the NSBPR has been the network that has been developed 
and the energizing and brainstorming of new projects and 
ideas that has come from the frequent meetings and sub-spe-
cialty working groups. Insights gained and questions raised 
have shaped investigations and clinical programs that have 
improved care [43–46].

UAB/Children’s of Alabama multi‑disciplinary  
invitational conference on spina bifida care

Despite the development of a registry, there were initially 
no clinical guidelines to standardize care for patients with 
SB. Clinical guidelines had emerged in many other areas of 
neurosurgery, and there was a growing awareness of the con-
tribution of guidelines to improve care. In October 2011, we 
convened a workshop conference on SB guidelines at UAB/
Children’s of Alabama and invited 38 leaders in the pediatric 
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neurosurgical care of SB to attend. Prior to arrival, papers 
on key neurosurgical topics were shared and reviewed. At 
the meeting, an organized approach was taken to reviewing 
best evidence for best current practice. These formed a basis 
for forthcoming UAB and other contributions to guidelines.

Guidelines of clinical care for patients with spina bifida

Guidelines for care for patients with SB are critically impor-
tant as they can standardize care according to best evidence-
based medicine. Consequently, there are now more than 40 
articles that provide guidelines on specific aspects of care 
in spina bifida. These are built on the foundational efforts in 
SB guidelines that were simultaneously pursued by the SBA 
and the Congress of Neurologic Surgeons Joint Guidelines 
Committee [47]. These initial (2015–2018) efforts surveyed 
and prioritized all published world literature and embraced 
the central role of stratification by the strength of medical 
evidence. However, important differences in priorities and 
emphases occurred.

• SBA guidelines: The SBA sought a practical work prod-
uct that would provide a useful resource in SB clinics. 
Practical approaches to common and difficult problems 
were emphasized, and some guidelines were approved 
based upon agreement of expert assembled faculty. SBA 
guidelines addressed each step of care sequentially and 
temporally across the lifespan [48]. These guidelines 
have been adapted and served as the basis for subsequent 
refinements that define most current widely used guide-
lines.

• Congress of Neurologic Surgeons (CNS) guidelines: 
The objectives of MMC CNS guidelines were to create 
recommendations for best practice based upon evidence-
based medicine principles, to obtain multi-disciplinary 
endorsement, and to share the educational content to opti-
mize care [47]. The salient SB literature was reviewed 
with assistance of medical librarians. The CNS adhered 
strictly to EBM dictates and consequently produced a 
more narrowly focused guideline product. Five PICO 
questions were generated, reviewed, and answered with 
best available evidence:

1. Is there a difference in the proportion of patients 
who develop shunt-dependent hydrocephalus 
between fetuses who underwent prenatal MM clo-
sure compared to infants who underwent postnatal 
MM repair?

Recommendation: IUMC reduces rates of need of 
treatment for hydrocephalus when maternal/fetal 
MOM inclusion criteria are met (level I) [49].

2. In patients with MM, does prenatal or postnatal clo-
sure improve the ability to ambulate?

Recommendation: IUMC resulted in better ambu-
latory capability in the short term (30 month) but 
long-term impact unknown (level III) [50].

3. In patients born with a MM, does closure of the 
defect within 48 h reduce the rate of infection?

Recommendation: There is insufficient evidence to 
conclude that closure within 48 h of birth reduces 
infection (level III) [51].

4. In MM patients with HC, does persistent enlarge-
ment of the ventricles adversely impact neurocogni-
tive development?

Recommendation: There is currently insufficient 
data to conclude that ventricle size correlates with 
neurocognitive development [52].

5. Is there a difference in the rate of development of 
tethered cord syndrome in infants who had prenatal 
MM closure compared to infants who had MM clo-
sure after birth?

Recommendation: There is evidence that inclusion 
cysts and other means of tether exist at higher rate 
for infants undergoing IUMC. Close observation 
for signs of TSC are recommended (level III) [53].

UAB team members participated actively in the develop-
ment and implementation of both initial guideline initiatives. 
Each set of guidelines impacted our practice by emphasiz-
ing the evidence quality for clinical decisions being made 
in the PSBC, but impact varied. The UAB Maternal–Fetal 
Medicine team recognized candidates for IUMC and made 
regional referrals. Patients returning from IUMC are fol-
lowed in clinic for signs and symptoms of TSC, but proto-
cols for care do not differ. We have maintained a preference 
to close MMC promptly, and nearly all are closed within 
48 h. The lack of evidence to support impaired neurocogni-
tion with larger ventricles supported broader use of ETV-
CPC which typically results in less ventricular reduction in 
size than shunt placement. While most evidence for current 
interventions are class III or IV, the opportunity to develop 
guidelines enhanced this awareness, raised opportunities for 
new inquiry, and emphasized the importance of an inquiring, 
humble clinical approach.

World congresses of spina bifida

The first World Congress on Spina Bifida Research and 
Care was the natural extension of the May 2003 Evidence 
Based Practice (EBP) meeting and occurred in March, 2009 
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in Orlando, Florida. Following the EBP meeting, the SBA 
PAC (chaired by Dr. Jeffrey Blount from UAB) and CDC 
formed the Program Planning Committee (PPC) for the 
World Congress meeting. Under their direction, the first 
World Congress meeting was organized. Dr. Blount and 
Dr. Oakes served on the PPC for neurosurgery. The first 
World Congress occurred in March 2009 and featured more 
than 350 participants (including researchers, clinical pro-
viders, patients, and families) from over 30 countries who 
participated in lectures, breakout sessions, workshops, and 
plenary sessions. Key themes included transitional care, epi-
demiology, prevention, transition, nursing/allied health, and 
sexual health in SB. The cross communication between these 
groups allowed a unique opportunity for communication, 
inter-disciplinary sharing, and prioritization of issues by the 
patients and families.

There have been 3 World Congress meetings since 2009. 
Each has served specific and broad objectives. The Third 
World Congress (San Diego, March 2017) had a prelimi-
nary meeting to help foster guideline development. We are 
awaiting the 4th World Congress meeting as this paper is 
being prepared.

While guidelines brought the best available evidence 
to guide clinical practice, the World Congress meetings 
“fence-posted” our assessments of new approaches/inter-
ventions and represented an optimized opportunity to bring 
new ideas. Dr. Brandon Rocque directed/coordinated mul-
tiple sessions and currently serves on the SBA PAC. Betsy 
Hopson has been central in coordination and organization 
of World Congress events since its inception. Abstract and 
study workshop plans started long in advance and remained 
as prioritized initiatives until completed. Our approach 
evolved such that the first event upon return to UAB from a 
WC was an organizational meeting to appropriately incorpo-
rate important observations presented at WC into our active 
practice.

Evolution of 2 technical advances

Two technical advances over the last 30 years have revolu-
tionized neurosurgical care for patients with SB.

Endoscopic third ventriculostomy with choroid 
plexus coagulation (ETV‑CPC)

Endoscopic third ventriculostomy with choroid plexus 
coagulation (ETV-CPC) presents an important alternate 
hydrocephalus treatment to ventricular shunts. Shunts are 
effective but are often plagued with significant complica-
tions and morbidity. Patients with hydrocephalus from SB 
have been demonstrated to show more favorable response 
and better outcomes than patients with other etiologies of 

hydrocephalus in virtually all large clinical ETV-CPC series. 
A consistent success rate of 50–60% has been reported 
by large individual centers as well as the Hydrocephalus 
Research Network (HCRN) [54, 55]. The HCRN is a net-
work of clinical hydrocephalus research centers that agree 
to standardize protocols, metrics, and analysis upon shared 
data. As such, data from the HCRN and the NSBPR rep-
resent the largest accumulated experience in treatment for 
hydrocephalus. These outcomes remain slightly lower than 
those attained by Warf and colleagues who developed and 
perfected techniques for ETV-CPC [3, 4]. UAB pediatric 
neurosurgeons embraced ETV-CPC early and trained with 
Dr. Warf to optimize our technical capabilities. ETV-CPC 
has remained an active treatment in our approach to hydro-
cephalus in SB, and all patients with hydrocephalus are 
evaluated and considered for ETV-CPC as an initial form 
of treatment.

An important development in the practical use of ETV-
CPC was the development of a set of predictors for success 
of ETV-CPC [56]. This scale is used actively at UAB to 
determine candidacy and contribute to the informed consent 
process.

Some controversy remains regarding the impact of per-
sistently larger ventricles observed with ETV-CPC. Large 
ventricles with macrocephaly are accepted clinical outcomes 
for success in ETV-CPC provided that any pathologically 
rapid trajectory of growth is mitigated, and the head growth 
curve parallels the normal curve. The best available current 
neuro-cognitive outcome assessments based upon Bayley III 
scores suggest similar outcomes with ETV-CPC and ven-
tricular shunts [56–64].

Publication of MOM trial/growth of IUMC programs

No event broadly impacted care for patients with SB in the 
last 30 years more than the publication of the MOMS trial 
in 2012 [2]. This widely heralded, randomized, prospective 
trial demonstrated superior outcomes in several important 
domains for fetuses treated with intra-uterine MMC clo-
sure (IUMC) to post-natal closure cohorts. These included 
a lower need for a shunt, reduced hindbrain herniation on 
imaging, and improvements in sensorimotor capabilities. 
Since then, there has been an explosion of activity surround-
ing IUMC and a rapid expansion in the number of centers 
offering the procedure. Two alternate techniques of IUMC 
have evolved in this fast moving, highly competitive envi-
ronment. Open IUMC was the technique for MOMS and 
involved exposure of the gravid uterus, hysterotomy, and 
open closure of the fetal MMC under direct observation. 
Endoscopic closure involved similar objectives, but all intra-
uterine portions were accomplished endoscopically. Each 
technique appears to have advantages and disadvantages, and 
the rapid expansion of centers offering IUMC can be broadly 
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divided into endoscopic and open procedure-based centers. 
Class I data has only been presented for open techniques, 
but outcomes appear broadly similar. Follow-up studies of 
patients treated in early cohorts is generally favorable with 
most advantages persisting over time [28, 65–70]. An impor-
tant exception is that patients treated with IUMC (especially 
endoscopic IUMC) may have an increased incidence of 
acute tethered cord that adversely impacts urologic and renal 
health. The prospective UMPIRE trial of the SBA NSBPR 
is closely studying this concerning finding, and results are 
anticipated soon [21, 28, 71, 72].

The UAB spina bifida program does not currently offer 
IUMC services. Maternal–fetal medicine physicians support 
a full range of complex OB services but have opted to pre-
fer to invest in other clinical initiatives. As a result, poten-
tial candidates at our center are screened by UAB MFM 
providers, and suitable maternal–fetal pairs are referred to 
a regional (endoscopic) center of excellence. Following 
IUMC, patients return to and deliver at UAB and receive 
subsequent care through the UAB/COA PSBC.

We have observed a decrease in the number of open post-
natal closures since IUMC has become available. Further, 
the socio-economic profile has evolved to nearly exclusive 
public insurance/Medicaid patients. While there is cover-
age for medical services for regional IUMC, important gaps 
such as lost time from jobs, travel, accommodation, and food 
costs abroad are not offset in current models. These repre-
sent important public health and policy opportunities for 
improvement [73].

Impact of adult spina bifida clinic

No single event impacted overall thinking and understanding 
of spina bifida more than the development of our adult SB 
clinic (ASBC). The ASBC at UAB started in 2011 when we 
grew increasingly dissatisfied with the quality and consist-
ency of care available for patients transitioning from pedi-
atric care. After initiation of the ASBC, observations were 
made that significantly impacted the way care is delivered 
in both our pediatric and adult SB programs. Ultimately, we 
embraced a lifetime model of care model which represented 
a fundamental change in our approach to patients. Only when 
care is approached and planned across the broad expanse of 
a person’s life can fundamental and critical objectives such 
as autonomy, self-actualization, self-esteem, and fulfillment 
begin to be accomplished. Each component of care impacts 
the overall individual and, as such, is essential if outcomes 
are to be optimized. These approaches are perhaps less 
immediate surgically but so substantially impact outcomes, 
satisfaction, and overall quality of life as to deserve central 
attention in all measures of care. Social determinants of care 
are central to a lifetime model and must be incorporated as 
rigorously as any medical or surgical components [74, 75].

The following clinical observations from the UAB ASBC 
led to peer-reviewed studies which impacted approaches and 
practice preferences and protocols.

1. Shunt needs decrease but do not resolve in adulthood: we 
reviewed our experience in UAB/COA PSBC and UAB 
ASBC with regard to the number of shunt revisions in 
each year of life. For 417 patients within the cohort, 
the rate of shunt revision per patient-year diminished 
except for an increase in early teen years but continued 
as late as the 4th decade. From this data, we have been 
encouraging with our patients about the natural history 
of shunts failure and have used these data in counseling 
and consent [25].

We extended these investigations into the adult commu-
nity when we anecdotally noted that an increasingly large 
percent of patients in the ASBC appeared to have their 
original shunt or have had only one or two shunt revisions. 
This led us to study shunt clusters and shunt survival [76]. 
We studied a 10-year (2008–2017) prospective sample of 
465 patients who underwent shunt placement and had all 
shunt-related care at COA to identify shunt failure clusters 
and failure characteristics. This review demonstrated that 
6% of the overall cohort accounted for more than 30% of all 
shunt revision surgeries. This suggested that a small percent 
of patients have highly complex courses and that a larger 
group of patients had less complicated shunt histories. These 
observations were extended with a follow-up study that fur-
ther detailed the time to shunt failure.

To obtain best available data, we turned to the NSBPR 
and searched for patients enrolled in the first 5 years of their 
life who had all shunt procedures recorded in the registry 
[77]. Inclusion criteria were satisfied by 1691 patients, and 
the median follow-up time was 5 years. Overall, 55% had at 
least one shunt failure, 26% had two or more, and 14% had 
3 or more shunt failures. More importantly, 45% of patients 
in this cohort never had a shunt failure. This review provided 
important data to support a more complete understanding 
of the natural history of shunts in SB. We have incorpo-
rated these findings into consent for treatment options for 
hydrocephalus.

2. Sleep is a critically important to understand and opti-
mize in SB: two phenomena predominantly informed 
and motivated this inquiry and study. First, one of the 
most serious issues in adult care was sudden death dur-
ing sleep [78–80]. This rare but catastrophic condition 
is estimated to occur with a frequency of 1/10,000 cases 
of adult SB. Understandably, it tops the list of concerns 
of many adult patients. The etiology of the respiratory 
embarrassment in sleep is unknown but hypothesized 
to arise from brain stem dysfunction, perhaps precipi-
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tated by suboptimal shunt function. Second, many adults 
with SB also carry a diagnosis of sleep apnea. From 
these observations, we sought initially to look at the 
prevalence of sleep disordered breathing (SDB) in our 
patients who had undergone sleep study [81]. We retro-
spectively reviewed 52 patients from our PSBC who had 
a sleep study and observed an 81% incidence of sleep 
disordered breathing. Sleep apnea was mild in 12%, 
moderate in 19%, and severe in 50%. Amongst those 
with a sleep study before and after neurosurgical inter-
vention, we sought to determine whether neurosurgical 
intervention impacted the degree of obstructive sleep 
apnea. While a trend was observed, we had insufficient 
sample size to attain significance. We recognized that 
the obvious limitation of this study was that only people 
with symptoms underwent a sleep study. After report-
ing this, we changed our practices to do baseline sleep 
studies on all patients based upon the high prevalence 
of SDB that was observed.

This change in our practice paradigm allowed us to per-
form a more vigorous analysis. All patients seen in PSBC 
between 2016 and 2020 were evaluated via polysomnog-
raphy [82]. Cross sectional analysis of this cohort demon-
strated that 49/117 (42%) patients had an apnea–hypopnea 
index of 2.5 or greater (significant SDB). Other centers are 
now beginning to look at this association and finding similar 
elevated prevalence rates of asymptomatic SDB in SB.

3.  Quality of life in SB varies widely between patients and 
across time. These metrics can direct an effective model 
for care provision: we observed substantial variance in 
overall happiness, depression, and subjective quality of 
life in routine interactions in both the PSBC and ASBC. 
To further investigate this, we prospectively studied 
patients in our PSBC with surveys that addressed health 
related quality of life (HRQOL) with a validated scale. 
In a cohort of 159 patients, we found that patients with 
myelomeningocele had lower QOL scores than patients 
with occult dysraphism and that younger patients had 
higher HRQOL scores than older patients. While demo-
graphics did not correlate with outcome, the presence 
of a shunt or need for C2MD predicted lower HRQOL 
significantly.

We sought to further understand these observations in the 
ASBC because of similar thoughts about variance in QOL. 
Despite modest shunt morbidity in adulthood, adults dem-
onstrated seemingly greater morbidity, depression, and less 
overall satisfaction as they aged. We surveyed 188 sequential 
patients in ASBC with a standardized NSBPR survey and 
utilized univariate and multivariate logistic regression to 
identify variables associated with disability. Overall, 56% 

of patients characterized themselves as permanently disa-
bled. Education attainment, a pursuit (hobby, job, or volun-
teer activity) outside the home, and presence of a functional 
bowel management program were the strongest predictors of 
disability. The findings precipitated a fundamental change 
in our approach in the PSBC. Education and a functioning 
bowel program are both modifiable factors, so they became 
increasingly prioritized. These observations were combined 
with core elements of the American Academy of Pediat-
rics “Got Transition” program to give rise to the concept of 
an Individualized Transition Plan (ITP). Development and 
pursuit of the ITP became the focal point of our transition 
program and were an integral component in the lifetime care 
model that is central to the UAB program. This model has 
now been published and presented and is increasingly widely 
being utilized to direct lifetime care in many different SB 
clinics [1, 83].

Conclusions

The UAB/COA team has been privileged to have a robust, 
evolving SB program for nearly three decades. Core prin-
ciples of care were imparted by an experienced mentor that 
guided and shaped our initial approach. From these, we 
developed a multi-disciplinary holistic plan that emphasizes 
interdisciplinary care across the life span and incorporates 
many social determinants that impact care. Key principles 
are unchanged, like the centrality of hydrocephalus in the 
neurosurgical support of the patient with SB. Yet, much 
has changed. IUMC has indelibly changed the landscape, 
and hydrocephalus treatment now includes both shunts and 
ETV-CPC. Sleep, transitional care, awareness of intimacy 
needs, and registries are all new and important domains for 
growth and future research. Continued improvements in care 
will arise from refinements of existing surgical techniques, 
more comprehensive understanding of disease mechanisms, 
specification and optimization of specific inclusion criteria 
for adjunct studies, and more widespread incorporation of 
lifelong models of care that recognize and embrace medical 
and social determinants of disease.
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