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Dear CNS Members, 
  
Greetings! I hope everybody is keeping well after such a turbulent year.  
In this newsletter:  

 Dr Suneil Kalia offers us a sneak peak into his research and discusses 
advances in “molecular neuromodulation’ to treat Parkinson’s Disease.  

 Dr Ehtesham Baig provides us with an interesting review and update 
about intrathecal drug delivery for cancer related pain management.  

 
I would sincerely thank you both authors for your contributions to our newsletter!  
 

 We are looking back to our past 2020 Canadian Neuromodulation Society 
Annual Meeting. Our Covid-induced virtual meeting was a real success thanks 
to a high number of attendees (thank you!), interesting presentations from 
national and international speakers, and high-quality abstract submissions. 
Congratulations to the 3 winners of the Best Oral Presentation! You can read 
the winning abstracts in this newsletter.  

 We are looking forward to our upcoming 13th Canadian Neuromodulation 
Society Annual Meeting on September 24-26th 2021 in beautiful Kelowna, 
British Columbia. Information about conference, venue and abstract 
submission can be found below and on our website 
https://neuromodulation.ca. Deadline for abstract submission is July 31, 
2021.  

 
Have a wonderful summer and see you in Kelowna!  
Yasmine Hoydonckx MD MSc FIPP  
Editor – Newsletter, CNS  
Assistant Professor, Department of Anesthesia and Pain Medicine  
University of Toronto - Toronto Western Hospital 

 

President’s message  
 

I am proud of how resilient our patients and Neuromodulators have been over the past 15 
months. Our patients have had reduced access to neuromodulation because of OR closures, 
procedure room closures, and clinic closures and I know all of you have been advocating for 
them at your individual hospitals. Also, patients have been reluctant to come to the hospital 
for appointments and procedures. Consequently, there is a huge unmet need and a 
significant backlog of patients who require access to our unique therapies. I know all of you 
will continue to do your best to help our patients.  
 
This past year, we were forced to pivot to an online annual scientific meeting and I think all 
of you would agree it was a tremendous success. I thank all of you for your efforts in pulling 
that off and I would also like to thank all of you involved in the advent and delivery of our 
novel online journal clubs. I am pleased that we are gaining momentum with these, 
especially given that there are many other competing online events and webinars and we 
are all suffering from Zoom fatigue.  
 
Fortunately, it looks like access to patient care is slowly improving, as are the opportunities 
for face to face social interaction and travel. Happily, we are hosting an in person annual 
scientific meeting in Kelowna, September 24-26, 2021. It will be the first time any of us have 
seen each other in person in over two years. I can’t tell you how excited I am to rub 
shoulders with all of you once again. The scientific content of the meeting will be first rate 
and our Saturday gala at Mission Hill will be an event to remember for years to come.  
 
Please join me in Kelowna this September for what I’m sure will be a splendid meeting. And 
in the meantime….  
 
Keep calm, and neuromodulate!  
 
Dr. KeithMacDougall, MDFRCSC 
President 
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Parkinson’s disease (PD) and other neurodegenerative 

movement disorders cause significant disability and are 

increasing  

in prevalence with our aging population. To reduce these 

negative impacts, treatments that modify disease 

progression are needed.  

 

Possible targets for such disease-modifying therapies 

have been revealed by identification of genes associated 

with inherited forms of these disorders and elucidation 

of key cellular processes required for neuronal survival. 

A convergence of evidence implicates impaired protein 

homeostasis (proteostasis) and mitochondrial 

dysfunction contributing to neurodegeneration. Yet a 

major challenge is to translate this knowledge into novel 

therapeutics. This not only requires improved 

understanding of how dysfunction of molecular targets 

ultimately result in neurodegeneration but also 

multidisciplinary collaborative efforts to pursue creative 

approaches for the delivery and spatio-temporal control 

of therapeutics in the central nervous system.  

 

The ultimate goal of my research program is to find 

ways to mitigate the loss of neurons in the brain to be 

able to slow or even halt the progression of PD and other 

neurodegenerative disorders. The specific themes 

include: 1) defining the molecular mediators of 

proteostasis involved in PD and other neurodegenerative 

diseases, and 2) to develop methodology to modulate 

spatial and temporal aspects of therapeutics delivered in 

the brain.  

DBS has been established as a safe and effective way to 

modulate “circuitopathies” through mechanisms that 

remain largely unknown but likely include changes in 

gene expression in addition to regulating neuronal 

activity. Furthermore, DBS is a titratable and reversible 

therapeutic modality with the advantage of spatial 

control (e.g. electrode location) and temporal regulation 

(e.g. stimulation parameters).  

 

In the lab we are currently testing the hypothesis that it 

is possible to combine DBS technology with gene 

therapy to create a novel and clinically useful method of 

spatio-temporal control of gene expression in the brain. 

Our strategy presents the intriguing possibility that DBS 

could be repurposed as a completely novel 

“electroceutical” therapeutic modality to treat 

neurodegenerative diseases.  

 

We are actively seeking trainees interested in “molecular 

neuromodulation” to join us working on this at the 

Krembil Brain institute (kalialabs.org) or collaborators 

as part of a much larger network in the Centre for 

Advancing Neurotechnological Innovation to 

Application (CRANIA).  
 

 

References:  

1)Fomenko A,et al. Deep Brain Stimulation of the Medial 

Septal Nucleus Induces Expression of a Virally Delivered 

Reporter Gene in Dentate Gyrus. Front Neurosci. 2020 May 

12;14:463.  

2) McKinnon C, et al. Deep brain stimulation: potential for 

neuroprotection. Ann Clin Transl Neurol. 2018 Nov 

8;6(1):174-185.  

 

 

 

Dr Suneil Kalia MD PhD  

Scientist, Krembil Research Institute  

Assistant Professor - Department of Neurosurgery – 

University of Toronto  

www.kalialabs.org.  

https://crania.ca. 

  

 

“My Lab” 
 

Molecular Neuromodulation Lab 
 

Dr. S. Kalia 

http://www.kalialabs.org/
https://crania.ca/
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Introduction  
 
A diagnosis of cancer is accompanied with pain in upwards of 
90% of patients at various stages of their disease [1] and results 
in significant impairment of quality of life [2]. The pooled 
prevalence of pain at all cancer stages was found to be 53% in 
2007 [3] and 50.7% in 2016 [4], with more than 30% of patients 
reporting moderate to severe pain in both studies. Despite the 
development of guidelines from leading societies and availability 
of opioids, there is under treatment of pain in cancer patients [5]. 
Further, the current opioid crisis necessitates innovation to 
provide strategies that provide pain relief while minimizing risks 
of opioid-related adverse effects (dependence, respiratory 
depression, sedation, death).  
 
Pain in cancer patients can be divided into pain directly related to 
the tumor or metastatic disease (60%), pain due to surgery, 
chemotherapy, or radiation (30%), and other causes not related 
to the malignancy (10%) [6,7]. Moreover, pain can present as 
neuropathic, nociceptive, visceral, somatic, or a combination of 
any of these which requires a multidisciplinary assessment and 
re-assessment throughout the course of the patient’s disease. 
Advancement in cancer treatment has resulted in a significant 
increase in the number of patients receiving life-prolonging or 
curative treatment in the past decade [8,9]. In addition, this 
cohort of patients is living longer after diagnosis resulting in an 
increase in survivorship duration. These patients too are living 
with chronic pain conditions due to tumor associated tissue 
damage as well as injury from treatment regimens [10-12].  
 
Since 1986 the World Health Organization (WHO) analgesic step 
has served as a guiding framework for the treatment of cancer 
related pain [13]. Although this strategy has proven invaluable 
over the decades, its usefulness has been brought into question 
with the rise in survival rates due to advances in oncologic 
treatments [14]. This has resulted in an increased prevalence of 
chronic cancer related pain and necessitated the incorporation of 
novel pain management strategies not originally covered by the 
ladder. There has been some suggestion that interventional 
therapies should be included as a fourth step on the ladder [15], 
with other authors suggesting that interventional therapy should 
be offered in parallel to the ladder [16]. A study comparing early 
access to neurolytic blocks showed significant decreases in pain 
scores and opioid consumption during the initial 12 months [17], 
leading the authors to conclude that treatment strategy and 
timing should be individually tailored with access to all  
 

 
therapeutic modalities being made available throughout the 
disease process. Other authors have also advocated for an early 
application of interventional methods that were previously 
considered as “last resort options,” with the goal of improving 
pain control; reducing the risk for adverse effects, and ultimately 
leading to better treatment outcomes [14]. 

 
The mainstay of pharmacologic treatment of cancer pain 
continues to be opioid analgesia as guided by the WHO ladder. 
However, the burgeoning opioid crisis in North America has 
prompted for a closer examination of the use of opioids not only 
for non-cancer but also for cancer related pain. 
Recommendations published by the European Association for 
Palliative Care found a surprising lack of evidence for the use of 
various opioid analgesics for treatment of cancer pain. [18]. A 
more recent overview of Cochrane reviews highlighted that the 
evidence for the use of opioids for cancer pain is disappointingly 
low and that most patients will experience side effects that will 
necessitate a change in treatment [19]. In addition to the low 
quality of evidence for the use of opioids there is an increasing 
body of literature highlighting the problems of chronic opioid use 
in the cancer population. These include dependence, abuse, and 
divergence [20] – all concerns also seen in the non-cancer 
population that have contributed to the ongoing opioid crisis. 
This has given even more credence to the call for early utilization 
of interventional therapies for cancer pain management.  
 

There are a wide variety of interventional procedures available 

for cancer pain treatment including peripheral nerve blockade, 

neuraxial blocks, neurolytic blocks, radiofrequency ablation, 

sympathetic blocks, vertebral augmentation, neuromodulation, 

and intrathecal drug delivery (IDD). However, IDD is associated 

with excellent analgesia and some unique advantages in 

comparison to the other interventional modalities. 

Intrathecal Drug Delivery for Cancer-related pain  
 
The first report of the utility of intrathecal morphine for the 

treatment of cancer-related pain was published in 1978 [21]. In 

1981, there was publication of a successful experience with an 

implantable IDD system for the treatment of cancer pain [22]. 

Since then, studies have shown efficacy, decreased opioid toxicity 

compared to systemic administration, and cost-effectiveness. In 

addition, IDD has been shown to not interfere with concurrent 

cancer treatment [23]. 

 

 

 

 

 

“What’s out there” 
 

Intrathecal Drug Delivery for Cancer Related 
Pain Management 

 
Dr. E. Baig 
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The delivery of intrathecal medications can be accomplished 

through a percutaneous catheter system or an intrathecal drug 

delivery system. A percutaneously placed catheter is usually 

connected to an external infusion pump which can be 

programmed to deliver medications continuously or 

intermittently. This system is simple and easy to use, but there is 

a high risk of infection and catheter migration which limits its use 

to several weeks only. An IDD system involves a catheter placed 

in the intrathecal space through the lumbar spine which is then 

tunneled to an electronic pump device and medication reservoir 

that is placed subcutaneously in the abdominal wall. The 

reservoir is accessed through a port percutaneously to 

change/refill medications. The risk of infection and catheter 

migration is significantly lower, but the procedure is more 

invasive and specialized expertise is required for medication and 

device management [24]. 

IDD is an invasive modality for the treatment of cancer related 
pain therefore, appropriate patient selection is important to 
increase the likelihood of treatment success [25]. A 
comprehensive multidisciplinary evaluation by oncologists, 
neurosurgeons, anesthesiologists, pain medicine specialists, 
nurses, and social workers, should be considered prior to pump 
placement. Consultation with an experienced pain psychologist 
and a trained physical therapist is necessary to address 
maladaptive psychological, behavioral, and functional issues. As 
well, a system must be in place to allow for regular patient follow 
up and monitoring by pain physicians, nurses, and pharmacists to 
ensure optimal outcomes. Most intrathecal medications tend to 
spread in a focal distribution around the catheter tip, and as a 
result, focal pain syndromes are better treated with intrathecal 
drug delivery [26].  
 
Clinical Evidence  
 
The first randomized study published was conducted by Smith et 
al. which enrolled 202 patients with advanced cancer suffering 
from intractable pain. Patients were randomized to IDD therapy 
or conventional medical management (CMM) which consisted of 
mainly opioid based pharmacotherapy. The primary objective 

was a composite endpoint assessing pain relief and reduction of 
opioid-related side effects (toxicity) at the follow-up at 1 month 
after intervention. More patients in the IDD group reported a 
decrease in their reported Visual Analog Scale (VAS) score 
compared to the CMM group. The IDD group also had a greater 
reduction of opioid related toxicity and a larger decrease in their 
oral opioid dose [27]. A follow up publication in 2005 examined 
the outcomes at 3 months for these groups. For the composite 
endpoint of pain relief improvement and toxicity reduction, 33 of 
57 (57.9%) patients in the IDD group, compared with 15 of 45 
(33.3%) patients in the CMM group, achieved clinical success (p = 
0.01) [28]. The results of this trial suggested an advantage in pain 
control as well as a reduction in clinically significant toxicities 
that impact quality of life. A surprising finding was difference in 
mortality observed between the two groups. The authors 
explanation was that perhaps patients who feel better may be 
more active, are able to keep up with adequate nutrition, and 
tolerate cancer related treatments better.  
 
A double-blind, placebo-controlled, randomized trial of 
ziconotide delivered through a IDD system was published in 
2004. The study was conducted in patients with advanced cancer 
or AIDS and the primary endpoint was mean percentage change 
on a 100 cm Visual Analog Scale of Pain Intensity (VASPI) from 
baseline to the end of the initial titration period. Mean VASPI 
scores improved 53.1% in the ziconotide group vs. 18.1% in the 
placebo group (p < 0.001). 50% of patients in the ziconotide 
group were therapy responders vs. 17.5% of patients in the 
placebo group [29].  
 

Observational studies (prospective and retrospective) conducted 

in small cohorts of cancer patients showed sustained 

improvement in pain scores, decreased symptom severity and 

interference scores, and discontinuation of controlled release 

opioids [30-42]. The studies included here involved those with an 

implanted intrathecal drug delivery system or an external 

system. Studies that utilized an external intrathecal drug delivery 

system exclusively have been excluded. 

 

Table 1. Evidence to support analgesic efficacy and reduction in oral opioid use in cancer patients utilizing Intrathecal Drug 

Delivery 

 

Study Participants Intervention Results 
Randomized Control Trials  
Smith et al. 2002 
[27]  
with follow up 
published in  
Smith et al. 2005 
[28]  

Patients with advanced 
cancer and refractory pain 
were randomized to receive 
either CMM (n=99) or IDD 
plus CMM (n=101)  
 

Patients with an 
implantable device received 
IT morphine or 
hydromorphone; other IT 
agents were used if 
morphine failed to produce 
adequate pain relief.  
 

84.5% of patients in the IDD group achieved clinical success 
compared with 70.8% in the CMM group (p=0.05)  
Reduction in VAS score was significantly greater for IDD vs 
no IDD (p=0.007); reduction in opioid- related side effects 
was greater for IDD vs no IDD (p<0.001)  
 

Staats et al. 2004 
[29]  
 

Patients with refractory 
pain due to cancer or AIDS 
were randomized to receive 
ziconotide (n=71) or 
placebo (n=40)  
 

IT ziconotide was titrated 
over 5-6 days followed by a 
5-day maintenance phase 
for responders and 
crossover of non-
responders to the opposite 
cohort  
 

Mean VASPI scores improved by 53% in the ziconotide group 
compared with 18% in the placebo group (p< 0.001)  
53% of patients in the ziconotide group reported moderate to 
complete pain relief compared with 18% in the placebo 
group (p< 0.001)  
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Observational Studies 
Sjoberg et al. 
1994 [30]  
 

53 patients with refractory 
cancer pain  
 

IT morphine + bupivacaine  
 

All 53 patients obtained acceptable pain relief (VAS scores 0-
2 vs. 6-10 in the pre-intrathecal stage).  
The total morphine daily consumption decreased (median 10 
vs. 120 mg), sleep was about two times longer, nonopioid 
analgesic and sedative consumption about two times lower.  
 

Ruack et al. 2003 
[31]  
 

119 patients with refractory 
cancer pain  
 

IT morphine  
 

Overall success ( 50% reduction in NAS pain score, use of 
systemic opioids, and/or opioid complication severity index) 
was reported in 83% of patients at 1 month, 90% of patients 
at 2 months, 85% of patients at 3 months, and 91% of 
patients at 4 months  
 
Significant reduction in pain intensity scores and systemic 
opioid consumption were observed through 13 months. 
  

Mercadante et al. 
2007 [32]  
 

55 patients with advanced 
cancer and refractory pain  
 

IT morphine + 
levobupivacaine  
 

Mean NRS pain score decreased from 7.98 at baseline to 3.87 
at Month 1, 3.92 at Month 3, and 3.92 at the final assessment 
before death  
 
Mean oral morphine equivalent decreased from 566 mg/d at 
baseline to 70 mg/d at Month 1, 60 mg/d at Month 3, and 184 
mg/d at the final assessment before death  
 

Alicino et al. 
2012 [33]  
 

20 patients with 
disseminated cancer with 
bone metastasis and 
refractory pain  
 

IT ziconotide + morphine  
 

Mean VASPI score decreased from 90 mm at baseline to 34 
mm at Day 28 (mean % change, 62%)  
 

Dupoiron et al. 
2012 [34]  
 

77 patients with refractory 
pain due to incurable cancer  
 

IT ziconotide + morphine, 
ropivacaine, and/or 
clonidine  
 

Mean NRS pain score decreased from 8.1 at baseline to 4.1 
after 1 month and was sustained at 4.3 at 2 months and 4.1 at 
3 months  
 

Mitchell et al. 
2015 [35]  
 

22 patients with refractory 
cancer related pain  
 

IT morphine + 
levobupivacaine  
 

Average BPI score improved by 66% (p <0.05) within the 
first week and was sustained through the 6-month period  
 
Total morphine consumption decreased from 1227mg/d pre-
implant to 786 mg/d at 1 month but this was not sustained at 
3 months.  

Brogan et al. 
2015 [36]  
 

98 patients with refractory 
cancer related pain. 58 
patients had data that was 
included in the study  
 

IT agents included 
morphine, hydromorphone, 
fentanyl, bupivacaine, 
clonidine, baclofen, and 
ziconotide (91% of patients 
received either morphine or 
hydromorphone; 16% 
received ziconotide). All 58 
patients used patient 
controlled intrathecal 
analgesia (PCIA)  
 

Mean NRS pain score decreased from 8.3 at baseline to 5.0 at 
follow-up  
 
Analgesic efficacy of break-through pain medication 
improved from 47% pain reduction at baseline to 65% pain 
reduction  
 
Mean systemic opioid dose (oral morphine equivalent) 
decreased from 805 mg/d to 128 mg/d overall  
 

Zheng et al. 2017 
[37]  
 

53 patients with refractory 
cancer related pain  
 

IT morphine + ropivacaine  
 

Median NRS pain score decreased from 8.5 at baseline to 3.0 
at 3 months.  
 
Median comprehensive toxicity scores decreased from 6 at 
baseline to 3 at 3 months  
Oral morphine doses decreased from 511 mg/d at baseline to 
24.4 mg/d by 3 months.  
 

Carvajal et al. 
2018 [38]  
 

93 patients with 
unresectable pancreatic 
cancer, severe pain 
secondary to their cancer, 
and pain uncontrolled and/ 
or unacceptable adverse 
effects by maximum 

combined IT regimen 
including morphine, 
ropivacaine, clonidine, or 
ziconotide.  
 

Compared with a median presurgical NRS of 8, IDD was 
associated with statistically significant pain relief after 1 
week (median NRS = 2), 1 month (median NRS = 3) and 3 
months (median NRS = 2)  
 
Seventy patients (78.7%) had an NRS ≤3 after 1 week, 42 
(56.0%) after 1 month, and 24 (57.1%) after 3 months.  
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tolerated dose of pain 
medication.  
70 patients received IDD 
and 23 patients received 
subcutaneous ports  

At least 50% reduction from basal pain score was possible in 
77 patients (86.5%) after 1 week, 56 (74.7%) after 1 month, 
and 27 (79.4%) after 3 months.  
 
Severe pain (NRS ≥7) decreased from 83 (89.2%) to 4 (4.5%) 
after 1 week, 5 (6.7%) after 1 month, and 4 (11.8%) after 3 
months.  
 
Median overall survival after surgery for IDD group was 91 
days and for external pump 27 days. 
  

Sayed et al. [39]  
 

Retrospective review of 160 
patients who had an 
intrathecal pain pump 
implanted for malignant 
pain  
 

IT morphine only or IT 
morphine plus bupivacaine  
 

The mean pain score at the time of implantation was 7.07 
(n=152). For patients with one-month post implantation 
follow-up data, the mean pain score was 4.25 (n=83). For 
patients whom both baseline and one-month pain score were 
available (n=80), the median decrease in pain score was 2.5 
(p < 0.0001).  
 
At three-month post implantation the mean pain score was 
4.47 (n=43).  
 
For patients with six-month post implantation follow-up data, 
the man pain score was 4.11 (n=19).  
 
At twelve month post implantation follow-up, the mean pain 
score was 4.86 (n=7).  
 

Dupoiron et al. 
2019 [40]  

 

Retrospective analysis of 
220 patients who had an 
intrathecal pain pump 
implanted for malignant 
pain  
 
108 patients received an 
implanted system and 112 
patients had an external 
system  

IT morphine + ropivacaine + 
ziconatide  
 

Two groups of patients during the titration phase of 
intrathecal treatment were observed, a group of patients for 
whom dosages were not increased during the titration phase, 
the early pain relief (EaPR) group, and a group of patients 
who required an increase in dosage during the titration 
phase, the delayed pain relief group (DePR)  
 
The median IT ropivacaine:IT morphine ratio on D0 was 
significantly higher in the EaPR group (6 [1-20] vs 4.0 [0.4–
20], p < 0.0001).  
 
Patients in the EaPR group experienced significantly shorter 
length of hospital stay and longer survival from D0  
 
In the multivariable analysis, Performance Status and IT 
ropivacaine:IT morphine ratio on D0 were the two variables 
found to be independently predictive of EaPR suggesting 
early implantation may lead to better outcomes.  
 

Stearns et al. 
2020 [41]  
 

Prospective, multicenter 
(United States, Western 
Europe, and Latin America) 
registry started in 2003 to 
monitor the performance of 
SynchroMed Infusion 
Systems.  
 
Patients who were 
implanted for cancer pain 
management were included 
in the analysis 

 

Not Available  
 

There was a statistically significant improvement in average 
pain from baseline (6.6; SD, 2.4) to 6 months (5.5; SD, 2.6, n = 
103), and from baseline (6.9; SD, 2.3) to 12 months (5.4; SD, 
2.5; n = 55).  
 
Patient-reported quality of life, as indicated by the EQ-5D 
Index value and the EQ-5D Health-VAS, demonstrated 
statistically significant improvement compared to baseline at 
6 months (n = 41).  
 
Within the full cancer pain cohort (n = 1403), infection 
requiring surgical intervention (IDDS explant, replacement, 
pocket revision, irrigation and debridement, etc) was 
reported in 3.2% of patients.  
 

Brogan et al. 
2020 [42]  
 

Prospective observational 
study of 51 patients with 
moderate to severe cancer 
pain  
 

IT Morphine +/- 
Bupivacaine or IT 
Hydromorphone +/- 
Bupivacaine  
 

At 4 weeks, 28 of 32 (87.5%) patients, including all patients 
previously using intravenous opioids, had discontinued all 
non-IT opioids. At 8 weeks, 92% of patients (22/24) 
remained off all non-IT opioids.  
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At 4 weeks, 32 patients had serum opioid data. Seventeen 
(53%) patients had undetectable (<2 ng/mL) serum opioid 
concentrations.  
 
At 8 weeks, 23 patients had complete data; over half of 
patients, 13 of 22 (59%), had undetectable (<2 ng/mL) serum 
opioid concentrations.  
 
In the setting of reduced or undetectable serum opioid levels, 
there were associated significant improvements in analgesia, 
cancer-related symptoms, and adverse effects.  
 

BPI: Brief Pain Inventory, CMM: conventional medical management, IDD: intrathecal drug delivery, IT: Intrathecal, NAS: numerical analog 

scale, NRS: numerical rating scale, VAS: visual analog scale, VASPI: visual analog scale of pain intensity  

 

Economic Evidence  
 
The earliest study examining the cost analysis of IDD compared 

the costs and efficacy of an external intrathecal catheter versus 

an implanted pump. This study found that the initial cost of the 

pump was $15,356 versus $9164 for the external catheter. 

Monthly maintenance costs of the IT pump totaled $273 whereas 

the monthly cost of the external catheter was $2148. The authors 

reported an external catheter system may result in $100,000 to 

$120,000 in total costs over a period of 15 months, whereas an 

IDD system has a high initial cost of $15,000 to $20,000, but 

fewer costs on an ongoing basis [43]. They concluded that for 

patients requiring treatment beyond 3 months, the implanted 

system resulted in more cost savings. Similar findings were 

published by a study examining the cost analysis of IDD for both 

cancer and non-cancer pain [44].   

Smith et al. reported the results of a cost-effectiveness analysis of 

their randomized control study [27]. In this analysis, the total 

mean costs were $22,718 for CMM and $52,745 for IDD, resulting 

in an increased cost for IDD of $30,027. The mean survival was 

85.9 days for the CMM group and 131.8 days for the IDD group. 

The cost- effectiveness analysis ratio was calculated to be 

$239,000 for each additional year of life gained, with the authors 

commenting that the median survival for IT group of >100 days 

makes IDD systems cost-neutral compared to other methods such 

as external epidural catheters or home IV patient-controlled 

analgesia.  

Brogan et al conducted a cost and benefit analysis of IDD in 36 

patients with cancer pain that survived beyond 4 weeks after IDD 

implant. A retrospective chart review was undertaken that 

collected cost of conventional opioid therapy 4 to 6 weeks prior 

to IDD implant and projected cost over time. Pre-IDD opioid 

regimens were stratified into high- cost conventional (HCC: high-

dose, non-generic, or use of intravenous [IV] patient-controlled 

analgesia) and low-cost conventional (LCC: low-dose or generic) 

regimens. The average pre-IDD systemic opioid dose was 390 mg 

morphine equivalents. In the HCC group, the median daily cost of 

systemic opioids was $172.47; in the LCC group it was $13.15 

and the median daily cost of intrathecal medications was $16.0. 

The median IDD cost, including pump implant, refill charges, refill 

drugs and residual non-intrathecal opioid use, was $318.33 per 

day. When these data were used to model long term costs, 

including pump implantation costs, cost-benefit for the HCC 

group was predicted to reach cost benefit at 7.4 months, while 

the LCC did not reach cost benefit. The authors concluded that in 

selected patients on high-cost opioid regimens, IDD may become 

cost-beneficial within 6 months [45].  

A retrospective claims analysis with propensity score matching 
was published in 2016 that compared CMM to IDD by examining 
health service utilization and payments for cancer patients at 2, 6, 
and 12 months. The IDD patient group had statistically 
significantly lower health service utilization with fewer inpatient 
hospitalizations, outpatient hospital visits, and emergency room 
visits. At 12 months, the mean medical payment for IDD was 
$12,459 lower than CMM, the mean pharmacy payment for IDD 
was $9264 higher than CMM, resulting in a mean total payment 
$3195 lower than for CMM [46].  
 
Health Quality Ontario (HQO) published a health technology 
assessment paper on the use of IDD for cancer pain [47]. The 
objective was to investigate the benefits, harms, cost-
effectiveness, and budget impact of intrathecal drug delivery 
systems compared with current standards of care for adult 
patients with cancer related pain. After conducting an exhaustive 
literature search, the study by Smith et al. [27] was included for 
effectiveness and harms and the study by Brogan et al. [45] was 
included for cost effectiveness. Both studies were found to be 
very low quality of evidence. The authors conducted a budget 
impact analysis to determine the cost burden to in a publicly 
funded health care system. They assumed a total of 88 
individuals would receive IDD implants over the course of 5 
years. Using available costs of CMM vs. IDD, they estimated that 
the cost to the provincial budget over 5 years for IDD would be an 
additional $500,000. However, using an upper limit cost analysis 
there is an estimated savings of $2.3 million.  
 

Since the publication of the HQO study, one additional study 

examining the economic impact of IDD utilization for cancer pain 

has been published. A retrospective economic evaluation using 

propensity score-matched analysis was carried out comparing 

patients who received IDD and CMM to those who only received 

CMM [48]. Total 2-, 6-, and 12-month costs, number of health 

care encounters, length of hospital stay, additional components of 

cost, and health care utilization were examined. Compared with 

CMM only, IDD and CMM was associated with mean total cost 

savings of $15,142 (95% CI, $3690 to $26 594; P = .01) at 2 

months and $63,498 (95% CI, $4620 to $122 376; P = .03) at 12 

months; cost savings at 6 months were not statistically different 

($19,577; P = .24). The IDD and CMM group had fewer inpatient 

visits (2-month mean difference [MD], 1.0; P < .001; 6-month MD, 

1.3; P < .001; 12-month MD, 2.3; P < .001) and shorter hospital 

stays (2-month MD, 6.8 days; P < .001; 6-month MD, 6.8 days; P 
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< .001; 12-month MD, 10.6 days; P = .007). Use of CMM only was 

associated with greater opioid use at 12 months (MD, 3.2; 95% 

CI, 0.4-6.0; P = .03). The authors conclude that compared with 

CMM alone, IDD and CMM together were associated with 

significantly lower cost and health care utilization.  

Table 2. Economic evidence to support the use of Intrathecal Drug Delivery in cancer patients  

Study Participants Intervention Results 
Brogan et al. 
2013 [44]  
 

36 Patients with 
cancer pain that 
survived 4 weeks 
after IDD implant  
 

Comparison of cost of 
conventional opioid 
therapy 4 to 6 weeks prior 
to IDD implant and 
projected cost over time  
 

In the high cost conventional group, the median daily cost of 
systemic opioids was $172.47; in the low cost conventional group it 
was $13.15 and the median daily cost of intrathecal medications was 
$16.0. The median IDD cost, including pump implant, refill charges, 
refill drugs and residual non-intrathecal opioid use, was $318.33 per 
day  
 
Cost-benefit for the high cost conventional group was predicted to 
reach cost benefit at 7.4 months, while the low cost conventional did 
not reach cost benefit.  

Stearns et al. 
2016 [45]  
 

Patients with cancer 
related pain  
 

Retrospective claims 
analysis comparing health 
services utilization and 
payments for patients 
receiving either IDD or 
CMM  
 

The IDD cohort had lower number of overall health care utilization 
costs at 2 and 6 months.  
 
At 12 months the mean total payment was lower for the IDD group 
compared to CMM.  

Stearns et al. 
2019 [48]  
 

Patients with cancer 
related pain.  
 

Retrospective economic 
analysis comparing 
number of health care 
encounters, length of 
hospital stay, additional 
components of cost, and 
health care utilization in 
patients receiving either 
IDD plus CMM or CMM 
alone.  
 

The IDD plus CMM cohort had total cost savings at 2 and 12 months.  
 
The IDD and CMM group had fewer inpatient visits and shorter 
hospital stays at 2, 6, and 12 months.  

CMM: conventional medical management, IDD: intrathecal drug delivery  

Society Guidelines and Summary  
 
In 2017, the Polyanalgesic Consensus Conference (PACC) 
recommendations highlighted the role of intrathecal analgesia in 
the intrathecal analgesia in treatment of cancer pain with a high 
level of evidence, a strong recommendation, and a strong level of 
consensus [50]. The European Society of Medical Oncology 
(ESMO) published recommendations for cancer pain 
management, in which they recommended intrathecal analgesia 
as first line therapy for the 10% of patients who present with 
refractory pain. Given that implanted devices have a lower 
infection risk than percutaneous ones, these could be implanted 
when life expectancy is more than 6 months. In addition, the 
European Pain Federation (EFIC) also recently published cancer 
pain management standards [52] with the same observations as 
the ESMO, and the experts propose referring patients sooner to a 
specialized team experienced in invasive techniques like 
intrathecal analgesia, and especially before the patient becomes 
incapable of supporting surgery. The National Health Service 
(NHS) in England commissions IDD as an advanced stage 
intervention where other conservative interventions have failed 
or are contraindicated and where the uncontrolled pain is 
causing a significant impact on physical and mental health [53].  
 
Despite the multitude of recommendations, IDD remains an 
elusive analgesic strategy for most patients with cancer related 
pain. Indeed, access to IDD is not widely available in Canada. The 
recent publication by the Health Technology Assessment Unit in 
British Columbia endorsed the utilization of IDD for cancer 
related pain [54], but this remains in contrast to HQO publication 
[47] from 2016. Further impartial analysis utilizing all different 

modalities of delivery is warranted, with the goal of leading to a 
more universal algorithm on implementation of IDD for cancer 
pain across Canada.  
 
References:  
 
1. Caraceni A, Portenoy RK. An international survey of cancer 
pain characteristics and syndromes. IASP Task Force on Cancer 
Pain. International Association for the Study of Pain. Pain. 1999; 
82(3): 263–74.  

2. Kroenke K, Theobald D, et al. The association of depression and 
pain with health-related quality of life, disability, and health care 
use in cancer patients. J Pain Symptom Manage 2010; 40:327-41.  

3. van den Beuken-van Everdingen MH, de Rijke JM, et al. 
Prevalence of pain in patients with cancer: a systematic review of 
the past 40 years. Ann Oncol 2007; 18: 1437-49.  

4. van den Beuken-van Everdingen MH, Hochstenbach LMJ, et al. 
Update on Prevalence of Pain in Patients With Cancer: Systematic 
Review and Meta-Analysis. J Pain Symptom Manage 
2016 ;51(6):1070-90.  

5. Greco MT, Roberto A, et al. Quality of cancer pain management: 
an update of a systematic review of undertreatment of patients 
with cancer. J Clin Oncol 2014; 32:4149-54.  

6. Bruera E, Kim HN. Cancer pain. JAMA. 2003; 290(18):2476–9.  



Canadian Neuromodulation Society July 2021 

 

 10 

 

7. Grond S, Zech D, et al. Assessment of cancer pain: a prospective 
evaluation in 2266 cancer patients referred to a pain service. 
Pain. 1996; 64(1):107–14.  

8. Centers for Disease Control and Prevention. Cancer survivors–
United States, 2007. MMWR Morb Mortal Wkly Rep 2011; 
60(9):269–72.  

9. Henley SJ, Singh SD, et al. Invasive cancer incidence and 
survival–United States, 2011. MMWR Morb Mortal Wkly Rep 
2015; 64(9):237–42.  

10. Glare PA, Davies PS, et al. Pain in cancer survivors. J Clin 
Oncol 2014;32(16):1739–47  

11. Paice JA. Chronic treatment-related pain in cancer survivors. 
Pain 2011;152(3 suppl):S84–9.  

12. Levy MH, Chwistek M, et al. Management of chronic pain in 
cancer survivors. Cancer J 2008;14(6): 401–9.  

13. World Health Organization. Cancer pain relief. Albany, NY: 
WHO Publications Center.1986:1–70.  

14. Burton AW, Hamid B. Current challenges in cancer pain 
management: does the WHO ladder approach still have 
relevance? Expert Rev Anticancer Ther. 2007;7(11):1501–2  

15. Miguel R. Interventional treatment of cancer pain: the fourth 
step in the World Health Organization analgesic ladder? Cancer 
Control. 2000;7(2):149–56.  

16. Burton AW, Fanciullo GJ, et al. Chronic pain in the cancer 
survivor: a new frontier. Pain Med. 2007;8(2):189–98.  

17. Amr YM, Makharita MY. Neurolytic sympathectomy in the 
management of cancer pain-time effect: a prospective, 
randomized multicenter study. J Pain Symptom Manage. 
2014;48(5):944–56.  

18. Caraceni A, Hanks G, et al. Use of opioid analgesics in the 
treatment of cancer pain: evidence-based recommendations from 
the EAPC. Lancet Oncol 2012; 13: e58–68  

19. Wiffen PJ, Wee B, et al. Opioids for cancer pain - an overview 
of Cochrane reviews. Cochrane Database Syst Rev. 2017 Jul 6;7.  

20. Paice JA, Von Roenn JH. Under- or overtreatment of pain in 
the patient with cancer: How to achieve proper balance. J Clin 
Oncol 2014;32(16): 1721–6.  

21. Wang JK, Nauss LA, et al. Pain relief by intrathecally applied 
morphine in man. Anesthesiology. 1979;50(2):149–51.  

22. Onofrio BM, Yaksh TL, et al. Continuous low-dose intrathecal 
morphine administration in the treatment of chronic pain of 
malignant origin. Mayo Clin Proc. 1981;56(8):516–20.  

23. Sindt JE, Brogan SE. Interventional treatments of cancer pain. 
Anesthesiol Clin. 2016;34(2):317–39.  

24. Pope JE, Deer TR, et al. Clinical uses of intrathecal therapy and 
its placement in the pain care algorithm. Pain Pract. 2016.  

25. Gulati A, Puttanniah V, et al. Considerations for evaluating the 
use of intrathecal drug delivery in the oncologic patient. Curr 
Pain Headache Rep. 2014;18(2):391.  

26. Koulousakis A, Kuchta J, et al. Intrathecal opioids for 
intractable pain syndromes. Acta Neurochir Suppl. 2007;97:43–8  

27. Smith TJ, Staats PS, et al. Randomized clinical trial of an 
implantable drug delivery system compared with comprehensive 
medical management for refractory cancer pain: impact on pain, 
drug-related toxicity, and survival. J Clin Oncol. 
2002;20(19):4040–9.  

28. Smith TJ, Coyne PJ, et al. An implantable drug delivery system 
(IDDS) for refractory cancer pain provides sustained pain control, 
less drug-related toxicity, and possibly better survival compared 
with comprehensive medical management (CMM). Ann Oncol. 
2005;16(5):825–33.  

29. Staats PS, Yearwood T, et al. Intrathecal ziconotide in the 
treatment of refractory pain in patients with cancer or aids: a 
randomized con- trolled trial. JAMA. 2004;291(1):63–70.  

30. Sjoberg M, Nitescu P, et al. Long-term intrathecal morphine 
and bupivacaine in patients with refractory cancer pain. Results 
from a morphine: Bupivacaine dose regimen of 0.5:4.75 mg/ml. 
Anesthesiology 1994;80(2):284–97.  

31. Rauck RL, Cherry D, et al. Long-term intrathecal opioid 
therapy with a patient-activated, implanted delivery system for 
the treatment of refractory cancer pain. J Pain 2003;4(8):441–7.  

32. Mercadante S, Intravaia G, et al. Intrathecal treatment in 
cancer patients unresponsive to multiple trials of systemic 
opioids. Clin J Pain 2007;23(9):793–8.  

33. Alicino I, Giglio M, et al. Intrathecal combination of ziconotide 
and morphine for refractory cancer pain: A rapidly acting and 
effective choice. Pain 2012;153(1):245–9.  

34. Dupoiron D, Bore F, Lefebvre-Kuntz D, et al. Ziconotide 
adverse events in patients with cancer pain: A multicenter 
observational study of a slow titration, multidrug protocol. Pain 
Physician 2012;15(5): 395–403.  

35. Mitchell A, McGhie J, et al. Audit of intrathecal drug delivery 
for patients with difficult-to-control cancer pain shows a 
sustained reduction in pain severity scores over a 6-month 
period. Palliat Med. 2015;29(6):554-563.  

36. Brogan SE, Winter NB, et al. Prospective Observational Study 
of Patient-Controlled Intrathecal Analgesia: Impact on Cancer-
Associated Symptoms, Breakthrough Pain Control, and Patient 
Satisfaction. Reg Anesth Pain Med. 2015;40(4):369-375.  

37. Zheng S, He L, et al. Evaluation of intrathecal drug delivery 
system for intractable pain in advanced malignancies: A 
prospective cohort study. Medicine (Baltimore). 
2017;96(11):e6354.  

38. Carvajal G, Dupoiron D, et al. Intrathecal Drug Delivery 
Systems for Refractory Pancreatic Cancer Pain: Observational 
Follow-up Study Over an 11-Year Period in a Comprehensive 
Cancer Center. Anesth Analg. 2018 Jun;126(6):2038-2046.  



Canadian Neuromodulation Society July 2021 

 

 11 

 

39. Sayed D, Monroe F, et al. Retrospective Analysis of Intrathecal 
Drug Delivery: Outcomes, Efficacy, and Risk for Cancer-Related 
Pain at a High Volume Academic Medical Center. 
Neuromodulation. 2018 Oct;21(7):660-663.  

40. Dupoiron D, Leblanc, D, et al. Optimizing Initial Intrathecal 
Drug Ratio for Refractory Cancer- Related Pain for Early Pain 
Relief. A Retrospective Monocentric Study. Pain Med 2019 Oct 
1;20(10):2033-2042.  

41. Stearns LM, Abd-Elsayed A, et al. Intrathecal Drug Delivery 
Systems for Cancer Pain: An Analysis of a Prospective, 
Multicenter Product Surveillance Registry. Anesth Analg. 2020 
Feb;130(2):289-297.  

42. Brogan SE, Sindt JE, et al. Prospective Association of Serum 
Opioid Levels and Clinical Outcomes in Patients with Cancer Pain 
Treated With Intrathecal Opioid Therapy. Anesth Analg. 2020 
Apr;130(4):1035-1044.  

43. Bedder MD, Burchiel K, et al. Cost Analysis of Two 
Implantable Narcotic Delivery Systems. J Pain Symptom Manage. 
1991;6(6):368–73.  

44. Hassenbusch SJ, Paice JA, et al. Clinical realities and economic 
considerations: economics of intrathecal therapy. J Pain Symptom 
Manage. 1997; (Suppl):S36–48. 
 
45. Brogan SE, Winter NB, et al. A cost utilization analysis of 
intrathecal therapy for refractory cancer pain: identifying factors 
associated with cost benefit. Pain Med. 2013;14(4):478-486.  
 
46. Stearns LJ, Hinnenthal JA, et al. Health services utilization and 
payments in patients with cancer pain: a comparison of 
intrathecal drug delivery vs. conventional medical management. 
Neuromodulation. 2016;19(2):196–205.  
 
47. Ottawa Hospital Research Institute, University of Ottawa, and 
Health Quality Ontario. Intrathecal drug delivery systems for 
cancer pain: a health technology assessment. Ont Health 

Technology Assess Ser [Internet]. 2016 January:16(1)1-51. 
Available from: 
http://www.hqontario.ca/evidence/publications-and- ohtac-
recommendations/ontario-health-technology-assessment-
series/hta-cancer-pain.  
 
48. Stearns LJ, Narang S, et al. Assessment of Health Care 
Utilization and Cost of Targeted Drug Delivery and Conventional 
Medical Management vs Conventional Medical Management 
Alone for Patients with Cancer-Related Pain. JAMA Netw Open. 
2019 Apr 5;2(4):e191549.  
 
49. Hawley P, Beddard-Huber E, et al. Intrathecal infusions for 
intractable cancer pain: a qualitative study of the impact on a 
case series of patients and caregivers. Pain Res Manag. 
2009;14(5):371-379.  
 
50. Deer TR, Pope JE, et al. The Polyanalgesic Consensus 
Conference (PACC): Recommendations on Intrathecal Drug 
Infusion Systems Best Practices and Guidelines. 
Neuromodulation. 2017 Feb;20(2):96-132.  
 
51. Fallon M, Giusti R, et al. ESMO Guidelines Committee. 
Management of cancer pain in adult patients: ESMO Clinical 
Practice Guidelines. Ann Oncol. 2018 Oct;29.  
 
52. Bennett MI, Eisenberg E, et al. Standards for the management 
of cancer-related pain across Europe-A position paper from the 
EFIC Task Force on Cancer Pain. Eur J Pain. 2019 Apr;23(4):660-
668.  
 
53. Clinical Commissioning Policy: Intrathecal Pumps for 
Treatment of Severe Cancer Pain Reference: NHS England: 
D08/P/b. July 2015.  
 
54. The Health Technology Assessment Unit. Neuromodulation 
for Cancer and Non-Cancer Pain. 2018 Jun. Available from: 
https://www2.gov.bc.ca/assets/gov/health/about-bc-s-health-
care-system/heath-care-partners/health-authorities/bc-health-
technology-assessments/neuromodulation-for-ca  

 
 
 
 
 
The relation of the electrode position with the development 

of behavioral symptoms after subthalamic nucleus 

stimulation  

Carlos E. Restrepo1, Potvin Christine1, Lutz Weise1  

1 Department of Neurosurgery, Faculty of Medicine, Dalhousie 

University, Halifax, NS, Canada  

Background: Subthalamic nucleus stimulation (STN-DBS) has 

shown to be effective in the treatment of Parkinson’s disease 

(PD), however there is a risk of developing behavioral changes 

after the surgical procedure. Different hypothesis includes 

previous susceptibility, changes in medications and spread of the 

stimulation to different structures such as the limbic STN, the 

medial forebrain bundle (MFB) and the substantia nigra (SN).  

Objective: The goal of this study was to analyze the relation of the 

final electrode position and stimulation area with the 

development of behavioral changes after STN-DBS.  

Methods: We searched for all the patients that had STN-DBS 

surgery for management of Parkinson’s disease (PD) in a 2-year 

period (between May 2017 and 2019) to identify those who had 

developed behavioral changes after the procedure. All the 

patients were followed for a at least 1-year. A thorough analysis 

of the clinical history and pharmacological management was 

made along with a detailed assessment of the spatial location of 

the electrodes in relation to the surrounding anatomical 

structures believed to be involved in cognitive and behavioral 

control. The results were matched to a control group using a one-

way ANOVA analysis to determine statistical difference.  

Results: Twenty-six patients underwent placement of bilateral 

STN-DBS electrodes for PD. A group of 7 (26%) exhibit clear or 

subtle changes in their behavior (eg. impulsivity, aggressivity, 

excessive gambling, extroversion, apathy, depression) after the 

procedure (BG). Another group of 7 randomly matched patients 

without changes in their behavior was included as control (CG) 

for variable analysis. A total of 28 electrodes were investigated. 

The different clinical and pharmacological variables that included 

Previous meeting: 2020 Virtual CNS Meeting Winning abstracts 
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age at surgery (CG=62y,BG=59y, p=0.37), time since diagnosis 

(CG=15y,BG=11y, p=0.18) and levodopa equivalent daily dose 

(LEDD)/ dopa agonist equivalent dose (DA-LEDD) before 

(CG=1146mg/136mg, DG=1390mg/102mg, p=0.49/0.70) and 

after surgery (CG=574mg/104mg, DG=1028mg/43mg, 

p=0.06/0.42) did not reach statistical difference between groups; 

neither did the percentage of reduction of the medication 

(CG=37%/27%, DG=21%/33%, p=0.42/0.77). The improvement 

on the UPDRS part III score before (CG=59%, DG=50%, p=0.28) 

and after surgery with the DBS alone (CG=49%, DG=38%, 

p=0.17) and in addition to medications (CG=65%, DG=54%, 

p=0.10) was also comparable in both groups.  

The spatial position and distance of each electrode contact was 

analyzed in a normalized space (MNI ICBM 2009b NLYN ASYM) 

with respect to the different subdivisions of the STN (associative, 

limbic and motor), SN and the superolateral MFB (slMFB). Only 

the distance to the associative STN (aSTN) showed to be in 

relation with the development of behavioral changes. None of the 

patients in the CG had any of the 8 contacts inside the aSTN, on 

the contrary all the patients in the BG had at least 1 contact inside 

the aSTN (7 patients on left and 3 on the right side). For all the 

patients except one the contacts inside the aSTN were included in 

the stimulation program. However, the one who had the 

stimulated contact outside aSTN was immediately next to a 

contact inside the structure. Finally, the overall percentage of 

aSTN included in the volume of tissue activation (VTA) was 

significantly higher (CG=5.6%, BG=23.1%, p=0.007).  

Conclusions: Location of the DBS electrode anterior to the motor 

STN and stimulation of the contacts residing inside the aSTN 

appears to be in relation with the development of behavioral 

changes in patients undergoing STN-DBS. New developments in 

imaging analysis could be of use in the future to avoid spread of 

the current to this region in order to avoid less obvious side 

effects that are regularly missed during the initial stimulation 

programing.  

Quality over quantity: Correlation of changes in intensity 

and quality of neuropathic pain with Spinal Cord Stimulation  

Zhongxi Zheng1, Yasmine Hoydonckx1, Jamal Kara1, Anuj 

Bhatia1  

1 Department of Anesthesia and Pain Medicine, Toronto Western 

Hospital, University of Toronto, Toronto, Canada  

Introduction: Spinal Cord Stimulation (SCS) is effective in 

treating failed back surgery syndrome (FBSS), complex regional 

pain (CRPS) and neuropathic pain (NP) syndromes. Most studies 

evaluate treatment outcomes based on pain intensity ie. 

Numerical Rating Scale (NRS), while ignoring changes in the 

quality of NP. The Neuropathic Pain Symptom Inventory (NPSI; 0-

100) evaluates five domains of NP: burning, pressing, 

spontaneous, paroxysmal, evoked pain, and 

paresthesia/dysthesia. We aimed to evaluate the correlation 

between intensity and quality of NP at baseline and at 6 months 

post-SCS implantation. Correlation of pain scores with patient 

satisfaction was also assessed.  

Methods: Institutional REB approval was obtained for this 

retrospective cohort study. Data from patients who received SCS 

implants from January 1, 2018 to December 31, 2019 at our 

center was analyzed. We measured changes in NRS and NPSI 

scores from baseline to six months post-implantation, comparing 

outcomes of responders (> 30% reduction in NRS) versus non-

responders.  

Results: Data from 52 patients was collected and reviewed. At 6 

months post-SCS implantation, the mean change from baseline in 

NRS was -2.43 (95% CI: -3.06, -1.8, p<0.05), and that for NPSI 

was -17.88 (95% CI: -24.27, -12.42, p<0.05). The absolute NRS 

scores at six months post-SCS implantation showed correlation 

with NPSI scores (r=0.61, p<0.05) and an inverse correlation 

with patient satisfaction scores (r= - 0.53, p<0.05). The 

paraesthesia domain had the greatest inverse correlation with 

patient satisfaction post-implantation (r=-0.39, p<0.05). SCS 

responders showed significant change in quality of NP in all 

respective subdomains.  

Conclusions: This study found a significant change in the quality 

of NP following SCS implantation. There was a strong 

relationship between changes in intensity, quality of NP, and 

satisfaction with SCS at six months following implantation. 

Paresthesia-dominant NP may likely respond to SCS.  

Experimental and computational insights into the brain-

region-specific and frequency-dependent mechanisms of 

deep brain stimulation  

Luka Milosevic1,2,3,4, Suneil Kalia1,3,4,5,6, Mojgan Hodaie1,4,5,6, 

Andres Lozano1,4,5,6, Milos Popovic2,3,4, William Hutchison4,6,7, 

Milad Lankarany1,2,3  

1 Krembil Research Institute, University Health Network, 

Toronto, Canada  
2 Institute of Biomedical Engineering, University of Toronto, 

Toronto, Canada.  
3 KITE, Toronto Rehabilitation Institute, University Health 

Network, Toronto, Canada.  
4 CRANIA, University Health Network and University of Toronto, 

Toronto, Canada.  
5 Division of Neurosurgery, Toronto Western Hospital, University 

Health Network, Toronto, Canada.  
6 Department of Surgery, University of Toronto, Toronto, Canada.  
7 Department of Physiology, University of Toronto, Toronto, 

Canada.  

 

With the growing interest in the expansion of deep brain 

stimulation indications, we aimed to provide experimental and 

computational insights into the brain-region-specific and 

frequency-dependent effects of extracellular stimulation on 

human neuronal activity. During awake deep brain stimulation 

implantation surgeries, we experimentally demonstrated 

microstimulation-evoked excitatory neuronal responses in two 

thalamic brain regions (the ventral intermediate nucleus and 

reticular nucleus); regions receiving predominantly excitatory 

afferent inputs. Contrarily, microstimulation-evoked inhibitory 

neuronal responses were found in two basal ganglia regions (the 

subthalamic nucleus and substantia nigra pars reticulata); where 

afferent inputs are predominantly GABAergic.  

We hypothesized that the dissimilar responses to individual 

stimuli were the result of simultaneous activations of convergent 

afferent inputs (which differ across brain regions). However, we 

found that stimulation at higher frequencies led to a loss of site-

specificity and convergence towards neuronal suppression. This 

was hypothesized to be mediated by short-term synaptic 
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depression. We were able to reproduce our experimental findings 

by implementation of a comprehensive computational 

framework in which the relative distributions of convergent 

excitatory/inhibitory afferents were embedded within a model of 

short-term synaptic plasticity (accounting for both of the 

aforementioned hypotheses). This model allowed us to 

simultaneously predict the site-specific and frequency-dependent 

effects of extracellular stimulation on human neuronal activity 

across various brain regions within a single computational 

framework.  

This novel theoretical framework is of translational significance 

as it is able to be broadly generalized across brain regions with 

knowledge of the local microcircuitry, and furthermore, may aid 

in the design of physiologically-informed stimulation paradigms 

in existing or prospective deep brain stimulation indications. 

 

Upcoming Meeting: CNS Kelowna September 24-26 2021 

 

 

Please join us for the 2021 Canadian Neuromodulation Society Annual Meeting September 24-26th in beautiful Kelowna, British Columbia.  

The meeting will take place at the Grand Okanagan Resort, set on the lakefront in downtown Kelowna. Conference room rates start at 279.00 

per night, and the conference rate will be honored 2 days pre and post conference (Sept 23-Sept 27).  

Immerse yourself in a lakeside ambiance in the midst of British Columbia's Wine Country. The resort sits on Okanagan Lake and is 

surrounded by picturesque mountains.  

We have created an exciting and diverse program that we are delighted to share with our members. Please see our website for latest 

updated program.  

Our annual Gala will be held at award wining Mission Hill Winery where we will enjoy wine tasting and an exceptional dinner.  

For further details about scientific program, venue and hotel booking and abstract submission please visit https://neuromodulation.ca.   

 

Abstract submission  

The CNS will offer 1250 CAD and free registration for the meeting to the 10 best abstracts submitted by research and clinical trainees and to 

the 5 best abstracts submitted by allied health staff (nurses, psychologists, physical therapists and others)  

Please submit your abstract to the Scientific Committee via: https://neuromodulation.ca/  by July 31, 2021.  

Abstracts should be structured in four parts: Introduction, Methods, Results, and Conclusions (max 2000 characters).  

 

Calender of upcoming Neuromodulation events  

Note: The following calender is tentative and subject to change due to COVID-19 pandemic.  Please consult each event website for latest 

information.  

2021  

August 13-15: Neuromodulation Society of Australia and New Zealand Annual Scientific meeting – Brisbane, Australia. 

www.dcconferences.com.au/nsanz2020  

https://neuromodulation.ca/
https://neuromodulation.ca/


Canadian Neuromodulation Society July 2021 

 

 14 

 

 

September 1-4: 2nd Joint Congress of the International Neuromodulation Society European Chapters – Paris, France  

https://e-ins.org  

 

November 19-21: International Neuromodulation Society 2020 Interim Meeting – Mumbai, India www.neuromodulation.com/interim-

meeting  

2022  

May 21-26: International Neuromodulation Society 15th World Congress – Barcelona, Spain www.neuromodulation.com/ins-congress  

 

 

By the way ….  

To make this newsletter happen, we would like to have your input!  

You can send us your work/advancements/experience on the following topics:  

What’s out there? : Short reviews of recent advances on neuromodulation topics  

This is how I do it: Share with us your tips and tricks for performing neuromodulation procedures  

My clinic/program: Brief report on the unique features of your neuromodulation clinic/program  

My lab: Brief report on your neuromodulation research set-up  

Never too late to learn: Any educational event that you are organizing including information about upcoming national/international 

meetings  

Curious cases: Interesting case reports from your practice  

Letter to the Editor: Response to articles or topics addressed in the CNS newsletter  

Please send your contribution to yasmine.hoydonckx@uhn.ca  Thank you!!! 

 

https://e-ins.org/
mailto:yasmine.hoydonckx@uhn.ca

