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Next Step in Comprehensively Assessing Patient- Compare responses generated at 2 time points to denote the stability

Reported Outcomes in health status response with the intervention
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o Confirm that any early benefit of the intervention is sustained
‘ and new changes in health status are documented

Potential advantages of reporting stability

» Deduce sustained effect of intervention over extended follow-up

» Show new changes in health status in patients who may have shown
Status: Next Step in Comprehensively Assessing

no initial change
Patient-Reported Outcomes. JAMA. Published » Eliminate the interference of chance factors
online August 18, 2022. doi:10.1001/jama.

» Eliminate intrapatient and disease state variability
» Eliminate instrument and testing variability
» Provide stability to the estimates generated

Khan MS, Butler J. Stability of Changes in Health
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Intrathecal Drug Delivery: Advances
and Applications in the Management
of Chronic Pain Patient
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Details of 4 dural lamina

A human arachnoid layer. Scanning electron microscopy.
Magnification x 25,000. The entire thickness of the
arachnoid layerin blue. 1 = arachnoidcell, 2 = arachnoid
trabeculate, 3 = cerebrospinal fluid. The drugs diffuse
through the arachnoid layer from (A) to (B).

The black dots mark the plasmatic membrane of
arachnoid cells where the molecules are lipid resistant.



1 = Dura mater, 2 = arachnoid layer, 3 = cerebrospinalfluid, 4 = pia mater, 5 = motor nerve roots, 6 = sensorial nerve roots



FIGURE 6 | (A) Subarachnoid catheter. A catheter exiting the introducer needle in the vicinity of the roots of the cauda equina. (B) A catheter in the subarachnoid
space to visualize the size relationship with respect to roots of the cauda equine.
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Effectiveness and Safety of Intrathecal Drug
Delivery Systems for the Management of Cancer
Pain: A Systematic Review and Meta-Analysis
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Cancer Pain

Materials and Methods: Electronic databases MEDLINE, CENTRAL, EMBASE, and WikiStim were searched from 1988 to March
2021. Randomized controlled trials and observational studies of adults with pain related to cancer or its treatment who received
an implantable IDDS or SCS were eligible for inclusion. The primary outcome of the review was change in pain intensity from

baseline to the last available follow-up, measured using a visual analog scale or numerical rating scale. The protocol for this
review is registered on PROSPERO (CRD42021240717).

Results: A total of 22 studies (24 reports) included a total of 3043 participants who received either IDDS or SCS for cancer pain. Eight
studies reporting data for 405 participants with an IDDS could be included in the meta-analysis of pain intensity that showed a sta-
tistically significant reduction at the latest posttreatment follow-up time compared with baseline (mean difference [MD], —331; 95%
Cl, —4.18 to —2.45; p < 0.001). Six studies reporting data for 325 participants with an IDDS could be included in the meta-analysis of pain
intensity that showed a statistically significant reduction up to one month after treatment compared with baseline (MD, —3.53; 95%
Cl, —4.06 to —3.00; p < 0.001). A meta-analysis including studies of participants with either an IDDS or an SCS device showed similar

results. Improvements in other outcomes following implantation of IDDS also were observed. Postdural puncture headache was the
most reported complication, whereas urinary retention, nausea, and vomiting were commonly reported side effects.

Conclusion: Our findings suggest that IDDS is effective in reducing pain intensity for patients with cancer pain when compared
with pretreatment.
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Pharmacological and neurosurgical interventions for individuals

with cerebral palsy and dystonia: a systematic review update and
meta-analysis
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Spasticity

Studies Goal Motor Ease of Adverse

Intervention () Dystonia achievement function Painfcomfort caregiving Quality of life events

Oral baclofen 0

Trihexyphenidyl 7 Little to no Little to no Little to no Little to no Little to no May increase
difference difference difference difference difference @000
@000 @000 @000 @000 &000

Benzodiazepines 0

Clonidine 1 May improve May improve May improve May improve May increase
@000 @000 &000 @000 @000

Gabapentin 0

Levodopa 1 Little to no Little to no

difference difference
@000 @000

Medical 0

cannabis

Botulinum 5 Little to no May improve Little to no May improve May improve Little to no May increase

neurotoxin difference @000 difference &®H00 @000 difference HH00
S&H00 S&H00 &000

Intrathecal 14 May improve May improve Little to no May improve May improve May improve May increase

[ baclofen @000 @000 difference &000 @000 &000 @000 ]
2300
Deep brain 19 May improve May improve May improve May improve May improve May increase
stimu lation @000 @000 @000 &000 &000 @000




(‘ Cochrane
/o Library

Cochrane Database of Systematic Reviews

Intrathecal baclofen for treating spasticity in children with cerebral

palsy (Review)

Hasnat MJ, Rice JE

* 6 studies met theinclusioncriteria.
 Thedataobtained were unsuitable for the conduct of a meta-analysis.
* Limitedshort-term evidencethatintrathecal baclofenis an effective therapy.

* The effect of intrathecal baclofen on long-term spasticity outcomesis less
certain.




Long-term therapy with intrathecal baclofen
improves quality of life in children with severe
spastic cerebral palsy

13 patients
60 months follow up

Spasticity using the modified Ashworth Scale (MAS) decreased from 3.8 to 1.7
QoL improved using standardized questionnaires (CP CHILD, KINDL)

Kraus T et al. Eur J Paediatr Neurol. 2017;21(3):565-569



Long-term intrathecal drug administration for
chronic nonmalignant pain

Non-
Ca ncer 20 patients
Pain

13.5 years follow up

Statistically significantimprovements between baseline and 4-year in:

Pain intensity, pain relief, coping, self-efficacy, depression, quality of life,
housework, mobility, sleep, and social life.

No statistically significant changes were detected between 4 and 13.5 years.

Duarte et al. J Neurosurg Anesthesiol 2012 Jan;24(1):63-70
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The Polyanalgesic Consensus Conference
(PACC): Recommendations for Trialing of
Intrathecal Drug Delivery Infusion Therapy
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Table 4. Does Trialing Predict Therapy Outcome? Recommendations by the Polyanalgesic Consensus Conference (PACC).

Statements Evidence level Recommendation strength Consensus level

T

\ trial should be considere ofore initiating T druc -3 B moderate
rial should be nsidered before initiating IT drug I

delivery for noncancer pain.

p -

trial is not a necessity before initiating IT drug 1] moderate
delivery for cancer pain

If a trial is performed, delivery of the medication within I C strong
the [T space is an acceptable method.
IT trials should be monitored in a safe setting, with -3 B strong

due vigilance, appropriate monitoring of the patient,
and appreciation for patient comorbidities.

ziconotide trials should be monitored in a safe -3 B strong
setting, with due vigilance, and appropriate
monitoring of the patient.




Table 6. Trialing Method by Primary Treatment Indication.

Malignant Non
pain malignant
pain
Trialine Method N % N % N
Continuous intrathecal 2 200% 39 68.4% 4
infusion
Single intrathecal bolus 8 80.0% 15 26.3% 12
injection
Multiple intrathecal bolus 0 0.0% 0 0.0% 7
injections
Continuous epidural infusion 0 0.0% 3 5.3% 1

Data from the Medtronic Product Surveillance Registry used with permission.

Spasticity

%

16.7%
50.0%
29.2%

4.2%

Non-
malignant pain
& spasticity

N %

0 0.0%

7 100.0%
0 0.0%

0 0.0%

Malignant
pain &
chemotherapy

N %

0 0.0%

2 100.0%
0 0.0%

0 0.0%

45

44

Total

%

45.0%

44.0%

7.0%

4.0%




Table 8. Recommendations for Trialing Ziconotide by the Polyanalgesic Consensus Conference (PACC).

Statements

A trial should be administered before initiating ziconotide.

A bolus ziconotide trial is preferred over continuous trial.
Patients trialed with IT ziconotide should be monitored in
a clinical setting for at least 6 hours, in the
absence of any neurologic findings.
Ziconotide should be considered "first in patient”
for both neuropathic and nociceptive pain.

Evidence levels

II-2 Ver Donck
II-3 others

-3

II-3

Recommendation strength

B

Consensus level

strong

strong
strong

moderate




Table 12. Doses Ranges for IT Bolus Trialing Recommended by the

Polyanalgesic Consensus Conference (PACQC).

Drug

Morphine
Hydromorphone
Ziconotide
Fentanyl
Bupivacaine
Clonidine
Sufentanil

Recommended dose*

0.1-0.5 mg
0.025-0.1 mg
1-5 mcg
15-75 mcg
0.5-25 mg
5-20 mcg
5-20 mcg

*Starting dose of medication in the opioid-naive patient for outpatient
bolus delivery should not exceed 0.15 mg morphine, 0.04 mg hydro-

morphone, or 25 mcg fentanyl.

Table 11. Starting Infusion Trial Dosage Ranges for Single Medications
Intended for Long-Term IT Delivery Recommended by the Polyanalgesic

Consensus Conference (PACQ).

Drug

Morphine
Hydromorphone
Ziconotide
Fentanyl
Bupivacaine
Clonidine
Sufentanil

Recommended starting dose*

0.1-0.5 mg/day
0.01-0.15 mg/day
0.5-2.4 mcg/day
25-75 mcg/day
0.01-4 mg/day
20-100 mcg/day
10-20 mcg/day

*Starting doses of continuous IT delivery should be half of the trial

dose for opioid-based medications.
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Table 14. Cancer or Other Terminal Condition-Related Pain With Diffuse Nociceptive or Neuropathic Pain.

Line 1A
Line 1B
Line 2

Line 3

Line 4

Line 5

Line 6

*Opioid (all known intrathecal opioids).

Ziconotide
Hydromorphone
Hydromorphone or
morphine + clonidine
Hydromorphone or
morphine or fentanyl +
bupivacaine + clonidine
Sufentanil + ziconotide

Sufentanil + bupivacaine +
clonidine

Ziconotide + bupivacaine

Sufentanil +
bupivacaine

Sufentanil +
bupivacaine +
ziconotide

Baclofen

Opioid* + bupivacaine + clonidine + adjux»fan’[sJr

TAdjuvants include midazolam, ketamine, octreotide.

Morphine

Morphine or hydromorphone + bupivacaine
Morphine or hydromorphone + ziconotide

Ziconotide +
clonidine

Sufentanil + clonidine

Hydromorphone or
morphine or fentanyl +
bupivacaine + ziconotide

Bupivacaine + clonidine +
ziconotide

Sufentanil + clonidine +
ziconotide

Sufentanil

Bupivacaine + clonidine




Table 20. Recommended 5tarting Dosage Ranges of Intrathecal
Medications for Long-Term Therapy Delivery.

Drug Recommendation cof starting dose*

Maorphine 0.1-05 mag/day

Hydromorphone 0.01-0.15 mag/day

Ziconotide 0.5-1.2 mcg/day (to 24 mcg/day per
product labeling)

Fentanyl 25-75 mcg/day

Bupivacaine 0.01-4 mg/day

Clonidine 20-100 mcg/day

Sufentanil 10-20 mcg/day

*Starting doses of continuous intrathecal delivery should be half of
the trial dose for opioid-based medications.

Table 22. Maximum Concentrations and Daily Doses of Intrathecal
Agents as Recommended by PACC 2012 (8) and 2016.

Drug Maximum concentration  Maximum dose per day
Morphine 20 mag/mL 15 mg

Hydromorphone 15 mg/mL 10 mg

Fentanyl 10 mg/mL 1000 mcg

Sufentanil 5 mag/mL 500 mcg

Bupivacaine 30 mag/mL 15-20 mg*

Clonidine 1000 mcg/mL 600 mcg

Ziconotide 100 mcg/mL 19.2 mcg

*May be exceeded in end-of-life care and complicated cases as deter-
mined by medical necessity.




Intrathecal Drug Delivery Systems for Cancer Pain:

An Analysis of a Prospective, Multicenter Product

Surveillance Registry

Lisa M. Stearns, MD,* Alaa Abd-Elsayed, MD, MPH,{ Christophe Perruchoud, MD,*
Robert Spencer, MS, MBA,§ Krisstin Hammond, BS,* Katherine Stromberg, MS,§ and Todd Weaver, PhD, MPH§

MedDRA MedDRA No. of No. (%) of Patients 95% Confidence
SoC? Preferred Term Serious Events n = 706 Interval
[nfections and infestations Subtotal 17 17 (2.41) 1.51-3.82

Implant site infection 10 10 (1.42) 0.77-2.59

Medical device site infection 3 3(0.42) 0.14-1.24

Wound infection 2 2 (0.28) 0.08-1.03

Incision site infection 1 1(0.14) 0.03-0.80

Meningitis 1 1(0.14) 0.03-0.80

Psychiatric disorders Subtotal 5 4 (0.57) 0.22-1.45
Withdrawal syndrome By 4 (0.57) 0.22-1.45

| Nervous system disorders Subtotal 9 9(1.27) 0.67—2.40'
Cerebrospinal fluid leakage B 5(0.71) 0.30-1.65

Headache 2 2 (0.28) 0.08-1.03

Hypoesthesia 1 1(0.14) 0.03-0.80

Spinal cord hematoma 1 1(0.14) 0.03-0.80

Respiratory, thoracic, and Subtotal 2 2 (0.28) 0.08-1.03
mediastinal disorders Acute respiratory failure 1 1(0.14) 0.03-0.80
Respiratory failure 1 1(0.44) 0.03-0.80

|Genera| disorders and Subtotal 29 23 (3.26) 2.18—4.84'
administration site Adverse drug reaction 12 10 (1.42) 0.77-2.59
conditions Pain 9 8 (1.13) 0.58-2.22
Drug withdrawal syndrome 7 5 (0.71) 0.30-1.65

Medical device site hematoma 1 1(0.14) 0.03-0.80

Injury, poisoning and Subtotal 6 6 (0.85) 0.39-1.84
procedural complications Overdose 3 3(0.42) 0.14-1.24
Postlumbar puncture syndrome 1 1(0.14) 0.03-0.80

Procedural pain 1 1(0.14) 0.03-0.80

Wound dehiscence 1 1(0.14) 0.03-0.80

(92}
03]

Total® 54 (7.65) 5.91-9.85
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Table 2. Summary of Complications and AE Associated With IDDS.
Tota
Catheter-related AE
Catheter severed/damaged/nicked/broken/fractured 82
Catheter kink 53
Catheter migration 37
Catheter occlusion 51
Fluid collection around catheter 26
Pump-related AE
Moaotor sta 125
Pump movement in the pocket 72
Pump empty/low volume 86
High residual volume 50
ERI/EOS 24
Biologic AE
Granuloma 19
nfection/Erosion 157
Spinal headache 18
Allergic reaction 6
Hematoma 3
Pump site discomfort 68
Medication-related AE
Medication-related AE 119

Results: A total of 1001 reports were included in the final analysis. The top three reasons for adverse report are infection/ero-
sion (15.7%, n = 157)_motor stall (12.4%,n = 125) and adverse medication reactions (11.8%, n = 119), respectively. There were
five deaths among patients with IDDS. Epidural hematoma (n = 3) after IDDS surgery resulted in a death and residual neuro-
mmts after surgical evacuation. mrs. medication concentration discrepancy, and failure to turn on the
pump after reprogramming are various preventable causes of medication-related IDDS AEs.



History, physical examination

y

Readout pump (programmable device)

Empty pump reservoir

A

Low-dose SECT 2D/3D reconstructions

Y

Catheter Access Port (CAP) puncture

1

CSF aspiration

Optimised ""In-DTPA
SPECT scintigraphy

CAP CT
myelography

’
‘
.

MRI

Lumbar puncture
(bolus) injection)

Lumbar puncture
CT myelography

Diagnosis of IDDS
failure

“Troubleshooting”

SECT, single energy CT; DECT, twin-beam dual-energy CT
111In-DTPASPECT, 111indium-
diethylene-triamine-penta-acetic-acid single-photon emission CT



Delhaas EM and Huygen FJPM. BJA 2019



Negative association between SCS
effectiveness & BMI

Obesity is an independent predictor of 30
days readmission after SCS implant

ﬁaﬂ
Higher pain scores & opioid use in

P re C I S I O n current smokers
Smoking in SCS patients is 2.5 times

M e d I CI n e greater than general population

High-dose opioid prior to SCS implantis
associated with an increased risk of
explant

Mekhail et al. Spine 2019

Alsamadicy et a. Neuromodulation 2018
Mekhail et al. RAPM 2018

Hooten et al. RAPM 2020

Sharan et al. Pain Med 2018
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Shared . . Patients should be
Realistic expectation orovided an

Decision setting for pain relief : :
) o : opportunity to discuss
Maklng should be individualized with patients with lived

experience of IT therapy
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