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Abstract.

PURPOSE: The use of intrathecal medications for the management of spasticity and various pain syndromes in the adult
population has been previously reported. However, no evidence-based guidelines currently exist in the pediatric population.
This case series presents patients (n=38) with pediatric-onset disability who underwent placement of intrathecal baclofen
pumps initially for management of severe spasticity. Despite titration of dose and use of oral analgesia, their uncontrolled
pain persisted. Each patient was transitioned to a combination of baclofen and analgesic intrathecal therapy. The outcome in
pain improvement and quality of life, as reported by patients and/or caregivers, were retrospectively reviewed.
METHODS: Retrospective review of the background and decision-making process regarding transition to combination
intrathecal therapy identified patient selection characteristics. Each patient and/or their caregivers completed a survey
regarding improvements in pain, spasticity, function, and quality of life following initiation of combination intrathecal
medications.

RESULTS: Survey results revealed improvements in functional and pain assessments after initiation of combination baclofen
and analgesic intrathecal medication. Patients and caregivers reported decreases in pain and oral spasticity medications.
CONCLUSION: Use of pumps with antispasmodic and analgesic medication for combination intrathecal medication delivery
should be considered in the management of patients with childhood-onset disabilities who have both severe spasticity and
pain.
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1. Introduction

Intrathecal (IT) drug delivery is utilized for the
treatment and management of chronic pain and spas-
ticity when other options have proven unsuccessful
[1-4]. IT medications offer patients an alternative
to other administration routes, allowing for better
symptom control with lower dose requirements and
fewer systemic side effects [1, 5]. When consider-
ing the use of intrathecal baclofen (ITB) for chronic
spasticity in adult and pediatric patients, therapeu-
tic effects can be accomplished with doses up to 100
times lower than oral baclofen [5]. Approximately
7,000 adults and 1,500 children had an intrathe-
cal baclofen pump placed between the years of
2011-2014 [6].

Optimal maintenance dosage is highly individual-
ized and is based on many variables, including patient
diagnosis and functional goals [7]. Following opti-
mization of intrathecal baclofen therapy, patients and
their caregivers have reported reduction of spasticity
and pain leading to improvements in patient com-
munication, sleep, ease of care, and performance of
daily activities, as well as other measures of quality of
life [8—12]. Although IT monotherapy has been suc-
cessful for many patients with spasticity or chronic
pain, others have not seen significant changes in their
symptoms, function, or quality of life after initiation
of IT monotherapy. Patients who receive ITB with
refractory spasticity and chronic pain after maximiz-
ing oral pharmacotherapy may benefit from a second
IT agent [2-4].

ITB has been combined with morphine, cloni-
dine, bupivacaine, and ziconotide to improve function
and quality of life in adult patients. For example,
combination IT therapy with baclofen and morphine
has demonstrated decreased pain associated with
spasticity and spinal cord injury, and this combi-
nation has been shown to reduce neuropathic pain
and lower back pain [3, 4, 13, 14]. ITB and mor-
phine has also been successful for a patient with a
below-knee amputation who thereafter experienced
improved neuropathic pain, higher function in activ-
ities of daily living, improved sleep, and increased
physical activity [14]. ITB and clonidine or bupi-
vacaine has been used to reduce lower limb pain
and neuropathic pain [15-17]. A poly-analgesic com-
bination of ITB, morphine, and clonidine has also
reduced severe spasticity-related pain [18]. Combi-
nation IT therapy doses in the literature have ranged
from 5-1700 mcg of baclofen per day, 12-33 mcg
of clonidine per day, 800-2500 mcg of morphine per

day, and 1.7-14.4 mcg of ziconotide per day [14, 15,
17, 19, 20].

Few side effects and adverse events have been
reported for combination IT therapy, and those that
were reported were common for individual pharma-
cotherapies rather than an effect of the combination
of medications. For example, three patients receiv-
ing ITB and morphine in a study by Saulino (2012)
reported subjective cognitive dysfunction and seda-
tion that caused them to return to strictly using ITB,
and eight patients reported constipation, nausea, and
fatigue related to the morphine in their pumps but
were able to tolerate combination therapy for at least
one year [4].

Research on combination medication pump ther-
apy for the management of spasticity and pain
syndromes exists primarily in the adult population.
However, no evidence-based guidelines are available
for the pediatric population. The aim of this study
was to evaluate the use of combination IT medica-
tion delivery on function, pain, and quality of life for
patients with pediatric-onset disabilities.

2. Methods

Patients in an outpatient pediatric rehabilitation
clinic were included in this case series if they expe-
rienced spasticity and pain that were managed with a
combination of ITB and IT analgesia. Fifty patients in
the clinic had ITB pumps. A total of nine patients with
combination IT medication were identified; however,
only eight were included in this case series as one
pump was explanted due to infection which did not
allow sufficient time to assess effectiveness of combi-
nation medication. IT bupivacaine was selected as the
first-line analgesic medication to use in all patients
due to lowest risk of respiratory depression, cogni-
tive dysfunction, sedation, or respiratory depression.
IT morphine was selected as an analgesic medication
in those patients who did not achieve adequate pain
control with bupivacaine. IT clonidine was selected
as an analgesic medication in those patients experi-
encing pain when there was a concern for respiratory
complications with morphine or in attempts to target
neuropathic pain. The authors conducted a retro-
spective review of these patient’s electronic medical
records, followed by a phone survey with each patient
and their family/caregiver. Per electronic medical
record review, documentation of primary movement
disorder type was noted, along with patient and/or
caregiver subjectively-reported significance of effect
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on function, activities of daily living, and severity of
symptoms.

A four-question telephone survey was conducted
to gather information from the families/caregivers of
the eight patients regarding improvements in pain,
spasticity, function, and quality of life after the ini-
tiation of combination IT medication therapy. The
families were called once by staff to alert them that a
survey was going to be conducted via telephone, and
a second call was conducted by a resident physician
for completion of the survey. Informed consent was
obtained for all participants. This study was approved
by the Institutional Review Board.

3. Results

The age range of included patients was 5-27 years
of age (median age of 21 years). Of the eight patients
included in this case series, six carried a diagnosis
of cerebral palsy, and one each with Leigh syndrome
and stroke. For the six patients with available Gross
Motor Function Classification System (GMFCS) and
Manual Ability Classification System (MACS) clas-
sification, all were GMFCS V and MACS 4-5.
Table 1 shows the type of movement disorder pattern
noted among patients.

All of the patients were transitioned to a com-
bination IT medication due to pain that remained
uncontrolled despite maximization of ITB dosing
in combination with conservative measures and oral
opioids. Significant variability in duration of man-
agement of spasticity with ITB was noted prior to
this transition. All eight patients were initiated with
a combination of ITB and bupivacaine. Four patients
required a third medication for symptomatic control
of pain. Following the initiation of the combination IT
medication therapy, 87.5% (n="7) of patients noted
significant improvement in spasticity, 75% (n=06)
noted significant improvement in pain, and 75%
(n=06) reported improvement in function. The most
notable finding was that 87.5 % (n=7) of patients
reported an improvement in their quality of life with
their pump after initiation of multiple IT medica-
tions. The complete survey results are shown in
Table 2.

Seven of the eight patients (87.5%) had a his-
tory of receiving a combination of toxin injections,
bracing, and serial casting in addition to their ITB
pump for management of spasticity prior to transi-
tioning to a combination IT therapy. Only three of
the patients (37.5%) with combination IT therapy

required these interventions at the time of the sur-
vey. All eight patients reduced utilization of daily
oral anti-spasticity and analgesic medications after
initiation of their combination IT pump. The aver-
age number of daily oral anti-spasticity and analgesic
medications decreased from 4.25 medications to 1.88
medications after initiation of their combination IT
medication as seen in Figure 1.

ITB dosing remained relatively stable prior to and
after initiation of the combination IT medication.
The mode of IT delivery included flex dosing mode
(n=3), simple continuous (n =4), and simple contin-
uous with patient-initiated self-bolus dosing (n=1),
as shown in Table 1. Prior to initiation of combi-
nation IT medication, all patients were trialed with
varied dosing patterns in an attempt to maximize the
benefit of IT monotherapy. Ultimate dosing modes
were selected based on the patient needs to optimize
function and manage symptoms. One patient required
the use of self-bolus dosing to control symptoms due
to need for boluses at varied times during the day
in order to maximize the effectiveness of IT therapy
without worsening symptoms of concurrent medical
conditions. Dosing patterns were unchanged with the
addition of a third IT medication and not dependent
on the IT combination medications selected. Prior
to initiation of combination IT therapy, malfunction
of pumps and catheter were thoroughly assessed and
ruled out. Complications remained consistent with
those described for ITB monotherapy, and no addi-
tional complications were experienced.

4. Case presentations
4.1. Case I

A 21-year-old male with spastic tetraplegic cere-
bral palsy, GMFCS V, MACS 4, and a history of
left hip dislocation experienced significant spastic-
ity, with a Modified Ashworth Score of 3 in bilateral
lower extremities, particularly in hip flexors result-
ing in severe hip and buttock pain. An ITB pump
was placed at age 16 and titrated to 1035.9 mcg/day.
Additionally, he was taking oral diazepam at night,
tizanidine four times a day, and baclofen three times
per day, as well as receiving toxin injections every
three months. He was initiated on combination ITB
and bupivacaine at age 19. His IT dose was titrated to
effectiveness at baclofen 1035.9 mcg/day and bupi-
vacaine 4.14 mg/day. After successful initiation, he
was weaned off the majority of his oral medications



Table 1

Summary of patient characteristics

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
GMFCS v v A% A% N/A \Y N/A A%
MACS 4 4 5 5 N/A 5 N/A 4
Diagnosis CP spastic tetraplegia CP spastic tetraplegia CP spastic tetraplegia CP spastic tetraplegia, Leigh syndrome, CP spastic-athetoid Left frontoparietal CP spastic tetraplegia
seronegative ADEM tetraplegia hemorrhagic stroke,
myasthenia gravis bilateral medullary
strokes, Guillain-Barre,
sickle cell disease,
focal epilepsy
Dystonia No No No No Yes Yes Yes No
Spasticity Yes Yes Yes Yes Yes Yes Yes Yes
Choreoathetosis No No No No No Yes No No
Pain Yes Yes Yes Yes Yes Yes Yes Yes
Initial Pain Location Left hip/buttocks Right foot, left hip Right hip/anterior thigh  Bilateral hips, neck Sensitivity in arms and ~ Low back, headaches Left hip Lower extremities
subluxation legs
Age at Insertion 16 y/o 8ylo 18 y/o 6ylo 4ylo 8ylo 12 y/o 18 y/o
Age at Transition 19 y/o 17 ylo 20 y/o 18 y/o 4ylo 20 y/o 19 y/o 25ylo
Current Age 21ylo 20 y/o 20 y/o 22 ylo 6 ylo 22 ylo 22 ylo 27 ylo
ITB Pump Mode Simple continuous Simple continuous Simple continuous Flex -> simple Simple continuous Flex Simple continuous Flex
continuous
Baclofen Dose before 1035.9 mcg/day 1032.9 mcg 605.1 mecg/day 900.2 mcg/day 425 mcg/day 1076.4 mcg/day 1140 mcg/day 630.6 mcg/day
Transition
Combination Therapy Baclofen 1035.9 Baclofen 1250.7 Baclofen 605.1 Baclofen 1155.2 Baclofen 424.6 Baclofen 1106.2 Baclofen 1050.5 Baclofen 631 mcg/day,

mcg/day, Bupivacaine
4.1435 mg/day

mcg/day, Bupivacaine
10.006 mg/day,
Clonidine 93.80
mcg/day

mcg/day, Bupivacaine
3.328 mg/day

mcg/day, Bupivacaine
2.3103 mg/day

mcg/day, Bupivacaine
2.123 mg/day,
Morphine

0.064 mg/day

mcg/day, Bupivacaine
2.7655 mg/day

mcg/day, Bupivacaine
6.828 mg/day,
Clonidine 84.08
mcg/day

Bupivacaine

1.4198 mg/day
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Oral Medications Prior

to Transition

Diazepam 2 mg qHS,
Tizanidine 2 mg TID,
Baclofen 30 mg TID

Baclofen 15/10/15 mg,
Hydrocodone/

acetaminophen

Baclofen 30 mg TID,
Acetaminophen 325 q4
PRN

Clonazepam 0.5 mg
qHS, Tizanidine
4/2/4 mg, Gabapentin

Cyproheptadine 0.5 mg
qHS, Clonazepam
1 mg TID, Clonidine

Baclofen 20 mg TID,
Trihexyphenidyl 5 mg
TID, Clonazepam 0.

Tbuprofen 600 QID
PRN, Baclofen 60 mg
TID, Hydromorphone

Tizanidine 4 mg qHS,
Risperidone 3 mg gHS

5-325 mg g4, Toradol 300/300/600 mg, 0.1 mg gHS, Diazepam 5 mg daily 4 mg g4, Naproxen
PRN, Gabapentin Amitriptyline 25 mg 8 mg QID PRN, 500 mg BID PRN
300/300/600 mg, qHS Gabapentin 600 mg
Anmitriptyline 25 mg TID, Morphine 7.5 mg
qHS, Diazepam 5 mg TID, Trihexyphenidyl
q6 2mg TID, Carbidopa
25-Levodopa 100,
Tizanidine 2 mg TID,
Nortriptyline 20 mg
qHS
Current Oral Diazepam 5 mg qHS, Hydrocodone/ None Diazepam 5 mg BID, Carbidopa Diazepam 5 mg qHS Gabapentin 250 mg g6 Risperidone 3 mg gHS
Medications Ibuprofen PRN acetaminophen Dantrolene 50mg BID  25-Levodopa 100 2 PRN, Trihexyphenidyl
5-325mg g4 PRN, tabs BID, Clonidine 7.5 mg BID
Amitriptyline 50 gHS, 0.2 mg gHS, Diazepam
Diazepam 5 mg QID 8mg QID PRN,
Gabapentin 600 mg
TID, Nortriptyline
30mg qHS
Injections Prior to Botox 600 units Botox Botox 500 units Botox 400 units Botox 500 units Botox 500 Dysport None
Transition - Biceps brachii 75 units - Quadriceps - Hip adductors - Medial hamstrings 150 - Soleus - Hip adductors - Trapezius
- Brachioradialis 50 units - Hamstrings - Hamstrings units - Left flexor carpi radialis - Quadriceps - Biceps brachii
- Flexor digitorum - Triceps - Biceps brachii 50 units - Bilateral medial and
superficialis 50 units - Biceps brachii - Flexor carpi ulnaris 25 lateral hamstrings
- Medial and lateral units - Left quadriceps
hamstrings 125 units - Flexor carpi radialis 25 - Left posterior tibialis
units
Lidocaine to right
trapezius
(Continued)
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Table 1
(Continued)
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Current Injections None None Botox 600 units Botox 200 units q6 None None Botox 400 units q6 None
- Hip adductors months months
- Quadriceps - Neck, right forearm - Right trapezius, right
- Hamstrings splenius capitus, right
semispinalis capitis,
obliquus capitis
inferior, levator
scapulae, biceps,
pronator teres, flexor
digitorum superficialis,
opponens pollicis
Attempted Serial Yes, failed due to Yes No No No No No No
Casting spasticity
Spinal Bracing Used TLSO TLSO TLSO TLSO None TLSO Didn’t tolerate TLSO None
due to discomfort and
breathing difficulty
Location of Intractable Left hip, buttocks Back, left hip, right Back, right hip Neck, right trapezius, Extremities, buttocks, Back, bilateral lower Neck, bilateral hips Bilateral hips
Pain lower extremity back, right hip, back extremities

bilateral lower

extremities

Footnote: ADEM =acute disseminated encephalomyelitis. BID=twice a day. CP=cerebral palsy. GMFCS=Gross Motor Function Classification System. ITB =intrathecal baclofen.
MACS =Manual Ability Classification System. mg=milligrams. mcg=micrograms. PRN =as needed. q4 =every four hours. g6 =every six hours. qgHS =at night. QID =four times a day.
TID =three times a day. TLSO = thoracic-lumbar-sacral orthosis. y/o = years old.

29

$21UIS SDI Y JUOYDIIPIUL [DIYIDAJUL UOYDUIQUIOD JO 3S[) / D 12 WD Suisvuivy “(J



D. Ratnasingam et al. / Use of combination intrathecal medication: A case series 63

Table 2
Survey responses after pump initiation with combination baclofen and analgesia

Survey Item % (n)

Significantly Somewhat Not At All
Has your spasticity improved since 50% (4) 37.5% (3) 12.5% (1)
initiation of the combination pump?
Has your pain improved since initiation 25% (2) 50% (4) 25% (2)
of the combination pump?
Has the combination pump improved 50% (4) 25% (2) 25% (2)
your function?
Has the combination pump improved 62.5% (5) 25% (2) 12.5% (1)

your quality of life?

12

10

4 I II
OI-IIII III--

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Case Patients

Number of Medications
N

LS}

m Before ® After

Fig. 1. Number of oral medications before and after combination intrathecal medication therapy.

and currently remains only on diazepam at night and
ibuprofen as needed. He has not required any addi-
tional toxin injections since starting combination IT
medication.

4.2. Case 2

A 20-year-old female with spastic tetraplegic cere-
bral palsy, GMFCS V, MACS 4 had significant hip
flexor and adductor spasticity and a painful left hip
subluxation status post total hip arthroplasty. At age
8, she had an IT pump placed and baclofen dos-
ing was titrated to 1032 mcg/day. She was started
on multiple oral medications for persistent hip pain
including gabapentin and baclofen three times a day,
diazepam four times a day, and opioids including
hydrocodone/acetaminophen every four hours. Addi-
tionally, she was receiving toxin injections every
three months with the goal of pain relief. She was
initiated at age 17 on combination ITB and bupi-
vacaine, and the dose was titrated. She underwent
several additional operative interventions for her hip
pain. One year later, with her pain still not con-
trolled, clonidine was added to her IT combination.

After titration, her IT dosing has been baclofen
1250 mcg/day, bupivacaine 10.01 mg/day, and cloni-
dine 93.80 mcg/day. Her oral regimen has decreased
to amitriptyline at night, diazepam as needed, and
hydrocodone/acetaminophen every four hours as
needed. She no longer requires toxin injections.

4.3. Case 3

A 20-year-old male with a history of spastic
tetraplegic cerebral palsy, GMFCS V, MACS 5 expe-
rienced significant spasticity resulting in right hip
dislocation and severe neuromuscular scoliosis. He
was initiated on ITB therapy at age 18, and the dose
was titrated to 605.1 mcg/day. In addition to his ITB
pump, he required toxin injections into iliopsoas,
adductor, and hamstring muscles every three months,
as well as oral baclofen three times a day. IT com-
bination of baclofen and bupivacaine was initiated
at age 20 for persistent hip pain, and his dose was
titrated to baclofen 605.1 mcg/day and bupivacaine
3.33 mg/day. He was weaned off all oral medications
and now receives toxin injections intermittently.
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4.4. Case4

A 22-year-old female with spastic tetraplegic cere-
bral palsy, GMFCS V, MACS 4 with severe spasticity
in all extremities and cervical dystonia was initiated
on ITB pump therapy at age seven and titrated to
900.2 mcg/day. Concurrently, she was receiving clon-
azepam, gabapentin, and tizanidine three times per
day, amitriptyline at night, and toxin injections to
her neck and all extremities every three months. She
underwent multiple soft tissue releases and lengthen-
ing procedures. Her pump was revised, and a catheter
was replaced due to the end of battery life. She devel-
oped worsened neck and hip pain that was no longer
relieved with her regimen. Combination ITB and
bupivacaine were initiated at age 18 but did not ade-
quately alleviate her pain. A trial of ITB and hydro-
morphone was trialed due to an allergy to morphine
but resulted in nausea and was discontinued. Combi-
nation ITB and ziconotide was placed but did not alle-
viate her pain. This combination was then replaced,
and the programming was adjusted to flex dosing; she
reported relief during bolus periods. Thus, the con-
centrations of both IT medications were decreased
in order to increase the drip rate into the cerebral
spinal fluid from the pump. A diagnosis of autoim-
mune seronegative myasthenia gravis was made,
and treatment started. Presently, she is being treated
with combination IT medications with baclofen at
1155.2 mcg/day and bupivacaine at 2.3103 mg/day.
She remains on clonazepam at night, dantrolene as
needed, and toxin injections no more than twice per
year for spasticity affecting positioning or function.

4.5. Case 5

A 6-year-old male with Leigh Syndrome and
severe dystonia and spasticity as well as allodynia
in extremities initiated ITB pump therapy at age 4
after toxin injections and ten medications failed to
control his movement disorder. During titration of
IT dosing, he had a paradoxical reaction once his
baclofen dose exceeded 600 mcg/day. The dose was
lowered, and he was started on combination IT med-
ications at age 4 with dosing titrated to baclofen 425
mcg/day and bupivacaine 2.123 mg/day. His spas-
ticity and dystonia improved but his pain remained
uncontrolled. Clonidine was added to his IT combina-
tion but resulted in increased irritability and agitation.
He was returned to the previous combination with
toxin injections that failed. Due to increased require-
ments of opioids for pain control, IT morphine was

added to the baclofen and bupivacaine combina-
tion. Now at age 6, his IT medications are baclofen
423.7 mcg/day, bupivacaine 2.12 mg/day, and mor-
phine 0.064 mg/day. He has weaned off oral opioids
and toxin injections, and his oral spasticity/dystonia
regimen has decreased from ten to five medications.
This patient was able to discontinue cyprohepta-
dine, clonazepam, morphine, trihexyphenidyl, and
tizanidine. He remains on carbidopa-levodopa and
clonidine at original dose and frequency and uses
diazepam, gabapentin, and nortriptyline at reduced
dose or frequency.

4.6. Case 6

A 22-year-old male with mixed tetraplegic cerebral
palsy, GMFCS V, MACS 4, with severe spasticity,
dystonia, and choreoathetosis initiated ITB pump
therapy at age eight. Single-event multilevel surgery
was performed at age 14. Despite these interventions,
he was requiring oral baclofen and trihexyphenidyl
three times a day and toxin injections every three
months to control his movement disorder. At age
20, his pain remained poorly controlled, and he
was started on combination ITB and bupivacaine
titrated to baclofen 1106 mcg/day and bupivacaine
2.77 mg/day. Now age 22, he remains on diazepam at
night and trihexyphenidyl twice daily. He no longer
requires toxin injections.

4.7. Case7

A 22-year-old male with a history of sickle cell
disease suffered bilateral medullary stroke and left
frontoparietal stroke with hemorrhagic conversion
at age 11. He has resultant severe spastic tetraplegia,
cervical dystonia, and chronic pain from sickle cell
disease and neuropathy from his multiple strokes.
ITB therapy was initiated at age 12. His pain
remained uncontrolled after developing avascular
necrosis of bilateral femoral heads due to recurrent
bone infarcts. At age 19, he was started on combi-
nation IT therapy with baclofen and bupivacaine,
which improved somatic and bone-related pain. He
also suffered from Guillain-Barre syndrome after a
viral infection and developed persistent neuropathic
pain. As a result, clonidine was added to his IT
combination. The dose was titrated to baclofen
1050.5 mcg/day, bupivacaine 6.28 mg/day, and
clonidine 84.08 mcg/day. His oral medications were
decreased from four medications to one scheduled
and two as needed. He continues to receive toxin
injection twice a year for cervical dystonia.
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4.8. Case 8

A 27-year-old male with spastic tetraplegic cere-
bral palsy, GMFCS V, MACS 4, complicated by
bilateral hip dislocations, initiated ITB therapy at age
18. His hip pain progressed and was supplemented
with oral baclofen. At age 25, he was started on com-
bination IT medications of baclofen and bupivacaine
titrated to baclofen 631 mcg/day and bupivacaine
1.42 mg/day. His oral baclofen was discontinued.

5. Discussion

This case series represents the utility of combina-
tion medications in IT pumps for the treatment of
severe spasticity and chronic pain in patients with
childhood-onset disability. It demonstrates that initia-
tion of combination IT therapy can result in improved
function, pain, and quality of life, as well as a sig-
nificant decrease in the need for supplemental or
concurrent treatment with oral medications.

Pediatric patients with spasticity from cerebral
palsy experience spasticity-related pain at rates as
high as 80-85% [21]. Although irreversible pro-
cedures such as selective dorsal rhizotomy (SDR)
exist for patients with intractable spasticity, they are
invasive and carry high risks of neurologic injury
[22]. Furthermore, ITB has demonstrated increased
improvements in pain when compared to SDR [23].
Therefore, using IT medications to manage both spas-
ticity and pain should be strongly considered by
pediatric physiatrists and neurosurgeons.

There is minimal research in adult populations
and no research in pediatric populations regarding
the use of IT pumps for administration of multiple
medications. Furthermore, little is known regarding
long-term effects of spasticity and pain management
using a combination of IT medications. This creates
a significant need for continued longitudinal research
in this population to improve outcomes for pediatric
patients with spasticity and chronic pain. Future stud-
ies should also consider which types of pain (e.g.,
neuropathic, nociceptive) are most alleviated by IT
pumps with combination therapy.

6. Limitations
Limitations of this study are related to the case

series design, including selection bias and lack of
a control group for comparison. Furthermore, per-

spectives from caregivers and/or families were relied
upon, as all patients were not able to answer survey
questions independently due to cognitive impairment
or lack of a functional communication device. Recall
bias may have also influenced participant responses
to the survey questions. Rather than using a vali-
dated survey, questions were created that were most
unique to the patient population. In the questions
related to pain, the family/caregiver was not asked
to specifically characterize the type of pain. Pain
in this population can often be multifactorial and
can also be difficult to discern. A relatively small
sample size with great heterogeneity of diagnoses
makes this case series more challenging to generalize
to the greater population. However, given the lim-
ited existing literature on combination IT medication
pump therapy for spasticity and pain management in
patients with childhood-onset disabilities, this case
series contributes substantial consideration for future
practice.

7. Conclusion

This case series demonstrates success in using
combination IT medication delivery to improve spas-
ticity, pain, function, and quality of life in patients
with pediatric-onset disabilities. This is the first case
series to outline the use and effectiveness of combi-
nation IT drug therapy in this population. The results
suggest safety and benefit in this patient population
in areas of pain and spasticity. Additional studies
are warranted to further quantify this benefit and to
directly compare it to traditional ITB therapy. Given
that 75% of people living with cerebral palsy experi-
ence pain, there is an indication for combination IT
therapy as a treatment option for these patients [24].
The use of combination antispasmodic and analgesic
IT drug therapy should be considered in the man-
agement of patients with childhood-onset disabilities
who have both severe spasticity and severe chronic
pain.
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