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Introduction: Multidisciplinary care for patients with tethered spinal cord syndrome (TCS)
is valuable in ensuring comprehensive evaluation, timely follow-up, optimal functional
outcome, and patient-centered care. The family-centered focus aims to minimize patient
and parental burdens associated with care coordination. We present our first-year institutional
experience in operationalizing a multidisciplinary, patient-centered, pediatric tethered cord
clinic (TCC) to manage routine, long-term surgical follow-up for children with non-
myelomeningocele-related tethered spinal cords.

Methods: TCC is composed of three surgical services: orthopedic surgery, neurosurgery,
urology. A retrospective chart review of patients seen in the TCC from January 2019 to
January 2020 was conducted. Patients enrolled in the clinic were intended for long-term
follow-up. Demographic and outcome variables were collected.

Results: Fifty-nine patients were seen in TCC. Types of tethered spinal cords amongst these
patients were the following: fatty filum (62.7%), dermal sinus tract (15.2%), meningocele
manqué (8.4%), lipomyelomeningocele (6.7%), low lying conus medullaris (5.1%), and
sacral arachnoid cyst (1.7%). Age at diagnosis was 1.31 + 2.21 (median: 0.25 years) and
at follow-up was 9.0 + 5.18 years (median: 8 years). A total of 50.9% of patients were
female, and 93.2% had a prior untethering procedure. Of all patients, 6.8% have no surgical
intervention and continue to be monitored conservatively for evidence of decline. All three
services evaluated 84.8% of patients during the same clinic session, while 15.3% of patients
were seen by two of the services, and 20.3% of patients were able to schedule related
imaging or diagnostic testing during the same visit.

Conclusion: We describe successful implementation of a multidisciplinary pediatric TCC
and document the first year of experience. The TCC streamlines care, decreases burden on
families, and reduces those lost to follow-up. Complex disease pathologies, even when
clinically stable, require long-term follow-up with multiple subspecialties and benefit from
multidisciplinary clinics.

Keywords: neural tube defect, tethered cord, pediatric spine, neurogenic bladder,

multidisciplinary care, ambulatory efficiency

Introduction

Multidisciplinary spina bifida clinics have been described and successfully imple-
mented in practice over many years for children with open spina bifida.' ® These
clinics allow for coordination of care and complex decision making amongst
providers caring for patients with open spina bifida. High-quality integration of
care between involved services such as neurosurgery, orthopedic surgery, urology,
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rehabilitation medicine, pediatrics, psychology, physical
therapy, nursing, and social work eases management and
communication between a myriad of providers, maximizes
the functional capacity of patients, decreases the number
of work/school days lost, and reduces the attrition of
patient followups.'”

Tethered cord syndrome (TCS) results from various
pathologies that place the spinal cord under tension.''
A majority of tethering lesions occur at the distal aspect
of the spinal cord and place tension on the conus medul-
laris, which innervates the lower extremities, bowel, and
bladder. Such pathologies are often diagnosed as part of
imaging workup related to lumbosacral skin stigmata,
progressive orthopedic deformity, urologic dysfunction,
severe constipation, pain, and/or lower extremity weakness
or sensory loss.”'?"'® Common etiologies of TCS consist
of occult spinal dysraphism (OSD) such as fatty filum,
dermal sinus tract, meningocele manqué, lipomyelomenin-
gocele, myelocystocele, or split cord malformations. Less
common pathologies include infectious, neoplastic, or
traumatic origin.”'*"'> Although a tethered spinal cord is
diagnosed by either a spinal ultrasound or MRI, only one-
fifth of patients with tethered cord lesions will be sympto-
matic at presentation.'” In order to determine the child’s
bowel/bladder and lower extremity functional status, an
evaluation by neurosurgery, orthopedics, and urology is
imperative. Formulation of an appropriate treatment
plan — either surgical untethering or conservative manage-
ment with long term follow-up — requires timely commu-
nication of all involved services. Timely, coordinated, and
comprehensive evaluations with subsequent formulation of
an appropriate treatment plan remain a major obstacle to
care.'*'® Despite the advantages of a multidisciplinary
clinic approach to children with spina bifida occulta/teth-
ered spinal cords, their implementation and accessibility
across medical centers are limited.'

The patient population with occult spinal dysraphism
(OSD) forms of tethered cord lesions, who are managed
in our Center’s multi-disciplinary spina bifida clinic, can
be divided based on their management approach and the
point in time that they are being assessed in their disease
course. Patients evaluated with OSD tethering lesions can
be viewed as three groups: (i) initial assessment, docu-
mentation of baseline lower extremity and bladder/bowel
function, and management recommendation, (ii) post-
surgical intervention, who require long-term monitoring
for possible retethering symptoms, and (iii) asympto-
matic patients with radiographic evidence of a tethered

cord without prior surgical intervention, who require
long-term monitoring for evidence of clinical decline.
In operationalizing a comprehensive tethered cord clinic
(TCC), our team targeted enrolling neurologically intact
patients in the last two aforementioned groups. We rea-
son that this population is at risk to be lost to regular
follow-up, given the lack of active symptoms and time
pressures faced by parents/caregivers in coordinating
multiple outpatient visits. Given the value of multidisci-

19,20
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plinary care in patients with open spina bifida,
developed a pediatric tethered cord clinic at our tertiary
pediatric medical center to ensure patient-centered, coor-
dinated, comprehensive care for those patients with OSD
tethered spinal cords. Here we present the rationale, steps
to implementation, and our experience in operationaliz-
ing this patient-centered clinic in its first year since

inception.

Methods

A retrospective chart review of patients seen in our
multidisciplinary spina bifida clinic was conducted. The
initial goal was to provide a forum for follow-up for the
patients with a history of occult spinal dysraphism or
other non-myelomeningocele tethering lesion who were
neurologically intact, functionally stable, and required
routine follow-up for detection of retethering or decline.
The decision tree for scheduling into this clinic is shown
in Figure 1. This cohort was scheduled into the TCC at
our institution from January 2019 to January 2020.
Demographic information such as age, sex, and race
were collected. Pertinent medical information relating to
symptoms at presentation, etiology of tethering, cuta-
neous manifestation, symptoms at presentation, referral
patterns, age of surgical intervention, need for subse-
quent untethering procedure (before and after joining
the TCC), all types of surgical intervention (neurosurgi-
cal, urologic, orthopedic), and outcome variables were
collected. This
Institutional Review Board of Ann and Robert H. Lurie

study received approval by the
Children’s Hospital of Chicago. The requirement for
informed consent was specifically waived by the
Institutional Review Board because only deidentified
data were collected. Patient data was stored securely,
and confidentiality was maintained. This study was in
with the detailed by the

Declaration of Helsinki.

compliance guidelines
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Child has tethered
spinal cord

Open spina bifida
(myelomeningocele)

hat diagnosis does the
child have?

YES

YES,
this is a follow-up visit

Neurogenic changes or
dedline in lower extremities/bowel/bladder

Send to multi-disciplinary
Spina Bifida Clinic

Figure | Decision tree for scheduling into the tethered cord clinic.

Results

Fifty-nine patients were seen in the TCC over the span of
one year. The distribution of race consisted of 33 (55.9%)
white, 18 (30.5%) Hispanic, 4 (6.8%) Asian, 1 (1.7%)
Black, and 3 (5.1%) others. Male and female distribution
consisted of 29 (49.15%) and 30 (50.85%), respectively.
Age at the time of tethered cord diagnosis had mean and
median values of 1.3 (SD=2.2) and 0.3 years, respectively.
Age at the time of untethering procedure had mean and
median values of 2.3 (SD=3.3) and 0.8 years, respectively.
These results are listed in Table 1. Ages at the time of
follow-up in TCC had a mean and median of 9 (SD=5.2)
and 8 years, respectively. The types of tethered cord
lesions were 37 (62.7%) with fatty filum, 9 (15.2%) der-
mal sinus tract, 5 (8.5%) meningocele manqué, 4 (6.8%)
lipomyelomeningocele, 3 (5.1%) low lying conus medul-
laris, and 1 (1.7%) sacral arachnoid cyst. Lumbo-sacral
skin stigmata consisted of 27 (45.7%) with sacral dimple,

Is this an initial diagnosis requiring
functional evaluation of the lower
extremities/bowel/bladder?

Has the child had previous tethered

Occult spinal dysraphism
(fatty filum, low lying cord, lipomyelomeningocele,
myelocystocele, split cord malformation)

NO

cord release surgery?

NO, the child is being
conservatively managed

What is the child’s
condition?

Neurologically intact and
functionally stable

Send to multi-disciplinary
Tethered Cord Clinic

7 (11.9%) flammeus nevus, 3 (5.1%) abnormal hirsutism,
2 (3.4%) asymmetrical gluteal cleft, 2 (3.4%) soft tissue
lipoma, and 18 (30.5%) unknown/unreported. These
results are listed in Table 2. Tethered cord as part of
a syndromic presentation was seen in 5 (8.5%) patients.
Imperforate anus was reported in 3 (5.1%) patients.

All patients selected to be followed in the TCC were
functionally stable and participating in long-term monitoring.
Within this subgroup, a majority of patients (55, 93.2%) had
previously undergone at least one prior untethering proce-
dure, and 4 (6.8%) were being monitored conservatively. Of
those who had undergone an initial untethering, 2 patients
(3.4%) required a subsequent tethered cord release prior to
joining the TCC. During this year of follow-up in the TCC,
one patient, who previously had undergone an untethering,
demonstrated a decline in their urodynamic studies, for
which a subsequent surgical untethering was performed.
While attending the TCC, one patient, previously managed
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Table | Demographics

Table 2 Patient Characteristics and Clinical History

Age Age at study time 9.0 years (SD=5.2)
Age at diagnosis Mean 1.3 years (SD=2.2)
Median 0.3 years
Age at surgery Mean 2.3 years (SD=3.3)
Median 0.8 years
Gender Male 29 (49.15%)
Female 30 (50.85%)
Race White 33 (55.9%)
Hispanic 18 (30.5%)
Asian 4 (6.8%)
Black I (1.7%)
Other 3 (5.1%)
Referral Pattern | Pediatrician 39 (66.1%)
Urologist 5 (8.5%)
Dermatologist 3 (5.1%)
Orthopedic Surgeon | 2 (3.4%)
Neurosurgeon 2 (3.4%)
Pediatric surgeon 2 (3.4%)
Gastroenterologist 2 (3.4%)
Cardiologist 2 (3.4%)
Genetics 1 (1.7%)
Insurance status | Private Insurance 47 (79.7%)
Public Insurance 12 (20.3%)

conservatively for their tethered cord, demonstrated a new
foot deformity and subsequently underwent a surgical
untethering. Prior to enrollment in the TCC, 4 (6.8%) patients
required urologic procedures (excluding routine circumci-
sion) and 1 (1.7%) underwent orthopedic surgery for
a lower extremity deformity. Presenting symptoms in those
who underwent prior untetherings included: abnormal/wor-
sening bladder function on urodynamic testing, back and/or
lower extremity pain, recurrent urinary tract infections,
infected dermal sinus tract, and meningitis. All patients in
this study were independently ambulatory: 5 (8.5%) requir-
ing custom fitted shoe insoles and 3 (5.1%) requiring other
forms of orthotics at the time of their last visit.

All three respective services of orthopedic surgery,
neurological surgery, and urology were able to see 50
(84.8%) patients in the same clinic session. The remaining
9 (15.2%) of patients were seen by two of the services on
the same day, with the third service deemed not necessary
at that visit. Additionally, 12 (20.3%) patients were able to
complete related imaging or diagnostic workup in the
same-day visit. After their initial visit in the TCC, 59
(100%) of patients/parents arranged subsequent follow-up

Tethered cord Fatty Filum 37 (62.7%)
etiology Dermal Sinus Tract 9 (15.2%)
Meningocele Manqué 5 (8.5%)
Lipomyelomeningocele 4 (6.8%)
Low Lying Conus Medullaris 3 (5.1%)
Sacral Arachnoid Cyst 1 (1.7%)
Skin Stigmata Sacral dimple 27 (45.7%)
Flammeus Nevus 7 (11.9%)
Abnormal hairy patch 3 (5.1%)
Gluteal cleft asymmetry 2 (3.4%)
Swelling of lumbosacral 2 (3.4%)
region
No stigmata 14 (23.7%)
Unknown 4 (6.8%)
Surgical management Neurosurgical procedure 54 (91.5%)
Urologic procedure 4 (6.8%)
Orthopedic Procedure I (1.7%)
Outcome Independently Ambulatory 59 (100%)
Orthotic: Shoe insoles 5 (8.5%)
Orthotic: Other 3 (5.1%)
Syndromic association | Yes 5 (8.5%)
No 54 (91.5%)
Redo Surgery Yes 2 (3.4%)
No 57 (96.6%)

Table 3 Multidisciplinary Care Patterns

Evaluated by all 3 subspecialties 50 (84.8%)
Evaluated by all 2 subspecialties 9 (15.2%)

Ancillary testing (Imaging, urologic testing) or Physical 12 (20.3%)
therapy on the day of appointment

Comprehensive Follow-up 59 (100%)

through this multidisciplinary clinic. These results are
listed in Table 3.

The initial referral pattern in this population included
a majority from pediatricians (39, 66.1%), followed by urol-
ogy (5, 8.5%), dermatology (3, 5.1%), and orthopedics,
pediatric surgery, neurosurgery, gastroenterology, and cardi-
ology contributing 2 (3.4%) each, 1 (1.7%) referred from
genetics, and 1 (1.7%) unknown. The referral pattern based
upon region (as delineated by zip code for the patient’s
residence) revealed a catchment area from all over the state
of Illinois and neighboring states (Figure 2). The payer status
for patients included 47 (79.7%) private insurance and 12
(20.3%) public insurance.
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Discussion

We captured a subgroup of patients with various etiologies
of spina bifida occulta associated with tethered spinal
cords, many of whom had previously undergone a spinal
cord untethering procedure. This group of patients were
enrolled in a multidisciplinary TCC allowing coordinated
comprehensive follow-up in a timely manner. Here we
describe the development and implementation of our mul-
tidisciplinary pediatric TCC and document the first years’
experience. To the best of our knowledge, this is the first
such clinical report outlining the utility, demographics, and
outcomes of a multidisciplinary clinic for patients with
a tethered cord not associated with open spina bifida.
Our goal is to expand this clinic into a comprehensive
referral center for the initial diagnosis, evaluation, and
long-term follow-up of children with spina bifida occulta
forms of tethered spinal cords.

173

The TCC was helpful in enhancing communication,
coordinating comprehensive care, providing timely man-
agement decision, as well as easing the burden of follow-
ups on the patients and their families. Rate of compliance
for patient evaluation by all three surgical subspecialties
was satisfactory. Such compliance is consistent with pre-
vious studies noting coordination of care among providers
in dedicated multidisciplinary spina bifida clinics.'™®

Given the multitude of etiologies
9,12-16

and presenting
symptoms, it is essential that all surgical subspecial-
ties are present in one clinic to coordinate management of
patients with TCS. Coordination of care allowed for clear
health

literacy™'" and streamline clinical visits, for both patients

patient-centered communication to improve
and providers. TCC was held at family-friendly hours in
the late afternoon up to 7 pm, aimed at minimizing days

lost from work or school.?' These factors decreased the
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Figure 2 Map showing geographical origin of patients for tethered cord clinic.
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burden of care for families' by providing them with
a more manageable schedule of appointments for their
children. Testing to be completed prior to TCC provider
assessment, including a manual muscle test (MMT), renal
bladder ultrasound (RBUS) and/or urodynamic studies,
was to be completed within sixty days of provider follow-
up in the TCC. Completion of TCC testing within sixty
days of the individual’s TCC provider assessments was
chosen specifically to allow for families to schedule this
follow-up at a time best suitable for them. Additionally,
we chose a less medically demanding subgroup of
patients, who were otherwise medically stable, completed
their acute surgical follow-up, and required annual mon-
itoring for symptoms of retethering or decline. All patients
enrolled in this clinic were previously being evaluated by
each corresponding service and approved as suitable for
the TCC. Collectively, information regarding treatment
approaches consisting of monitoring for pain and mobility,
strength assessment, urological evaluation, and evaluation
for spinal or lower extremity deformity was gathered.

Multidisciplinary spina bifida clinics are common, with
104 clinics in the United States alone.”” Most clinics
include a urologist, social worker, nurse practitioner or
nurse coordinator, and physical therapist, while others
may have a neurosurgeon, orthopedist, pediatrician, ortho-
tist, nutritionist, and physiatrist specific to the clinic.”* At
our institution, our multidisciplinary TCC incorporates
providers from neurosurgery, orthopedic surgery, and urol-
ogy, while orthotists and therapists are auxiliary, allowing
comprehensive care for patients with TCS. While loss to
follow-up occurs in patients with spina bifida,'® TCC
promotes retention of patients by  providing
a comprehensive and satisfactory experience for patients
and families in a timely manner. While the TCC is aimed
at a select group of stable patients, our goal is to expand
our comprehensive clinic to include all OSD/tethered cord
patients, most notably those at the time of diagnosis and
initial work up. Multidisciplinary spina bifida clinic has
been a standard of care at our hospital since 1975,' while
the TCC is not yet standardized for all patients with TCS
managed at our institution.

As the TCC expands, there are numerous areas for
improvement that have come to light. First, a truly com-
prehensive clinic not only allows patients to be seen by
surgical subspecialties, but also allows for coordination of
the necessary testing as part of the comprehensive evalua-
tion. Although the number of patients evaluated by all
three attest to the of this

subspecialties success

comprehensive clinic, a smaller percentage of patients
had their diagnostic testing on the same day. Integrating
testing into patient visits will further reduce the burden on
families." Second, using the electronic medical record to
generate a single comprehensive note template with all
pertinent common data elements and after visit summary
would allow all subspecialties to document their recom-
mendations and streamline the feedback to patients and
families, as well as the primary care physician. We are
refining one unified letter and summary with all subspeci-
alty service feedback combined to make the feedback and
plans from the multidisciplinary clinic timely, understand-
able, and salient to patients and primary care providers.
Use of comprehensive note templates and use of common
data elements are important for clinical care, communica-
tion with other healthcare providers, and data collection
for research. In the future, we plan to incorporate more
standardization of note templates into our clinic model,
using the International Classification of Functioning,
Disability, and Health developed with the World Health
Organization (WHO) (https://apps.who.int/iris/handle/
10665/43737). Third, the TCC initially only included
patients in long term follow-up. Expanding the TCC to

include all initial patient evaluations will enhance timely
management decision making, improve parental under-
standing of pathology, and allow for expansion of
a dedicated tertiary referral center with a robust catchment
area. Lastly, once a patient’s baseline function is estab-
lished, some select subsequent visits may be able to be
transitioned to a telemedicine video evaluation. Many
families travel long distances for treatment at our Center.
The next step in improvement would be better utilization
of telemedicine to minimize travel time and expense for
families when medically appropriate.”® Telemedicine
would allow the TCC to expand its catchment referral
patterns to incorporate patients from greater distances.
Currently, the radius of patients enrolled in this clinic is
captured in Figure 1, which highlights the need for accom-
modating travel time to ensure thorough follow-ups. For
future program development, additional planning for tran-
sition of care into adulthood will be an important compo-
nent with lifelong surveillance in an integrated adult
healthcare system.

The experience in coordinating care in the TCC was
not without difficulties. In multidisciplinary spina bifida
clinics, challenges to care include strong presence of all
three surgical subspecialties in one institution, cohesive
relationship  between providers,

working staffing,
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clinic day logistics, community resources, and family-
related concerns."?° However, the benefits to care coordi-
nation outweigh these challenges' and process-based
changes in the operations of the TCC can be made to
address these challenges.

Limitations

Limitations of this study are in part due to the small number
of TCS patients who are currently enrolled in TCC.
Moreover, the retrospective study design has inherent limita-
tions. Quality and process improvement starts on a local
scale: the details of the implementation of this clinic may
not be entirely generalizable, but the goals of
a multidisciplinary care model apply to many pediatric con-
ditions. Regional practice variation may also limit general-
izability. Consideration of local patient populations and
practice settings are necessary to apply the TCC model to
different children’s hospitals and healthcare settings. The
sociodemographic representation of this clinic may not
reflect the pediatric patient population in our urban practice:
this finding spurs ongoing re-evaluation of our tethered cord
population to gauge possible disparities in detection, referral,
treatment, and follow-up. This study is the first to present
a specialized multidisciplinary tethered cord clinic, making it
difficult to compare our approach and outcomes to other
studies; however, it is important to share knowledge about
the challenges experienced and lessons learned about multi-
disciplinary patient-centered, coordinated care in the service
of optimizing delivery of care for pediatric patients
with TCS.

Further study is warranted from patient, family, provider,
community, and healthcare perspectives. This initial descrip-
tive study documents our pilot in implementation of
a tethered cord clinic. As clinical volumes grow, we antici-
pate there will be lessons in the scalability of this coordi-
nated, multidisciplinary, family-centered care. With a larger
sample size and ongoing evaluation, it will be feasible to the
measure quality of care and impact of this clinic on the three
surgical services’ ambulatory enterprise as well as the direct
and indirect costs to the family and the institution.

Conclusion

We describe the development and implementation of
a multidisciplinary pediatric tethered cord clinic and docu-
ment the experience from the first 12 months. We highlight
the successes and challenges of this clinic, as well as
improvements to further reduce the burden of care on

patients and families. Further study is warranted from patient,
family, provider, community, and healthcare perspectives.
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