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EXECUTIVE SUMMARY 
In very general terms, bioelectronic medicine may be defined as the targeted use of 
electrical or electromagnetic stimulation devices to restore and sustain the natural 
physiological functioning of the human body’s organs and tissues.  Since its first 
appearance roughly six decades ago in the form of implantable pulse generator (IPG-
based) cardiac rhythm management (CRM) devices, bioelectronic medicine has 
progressed dramatically in terms of both the sophistication of its core IPG technology 
platform and its application to clinical needs well beyond CRM.  Notable advances have 
included spinal cord neuromodulation therapy for chronic pain (via electro-jamming of 
spinal neurosignaling pathways), as well as deep brain stimulation and vagus nerve-
directed neurostimulation for the treatment of debilitating neurological disorders, such as 
Parkinson’s, Essential Tremor, drug-refractory epilepsy, major depressive disorder, 
migraine/cluster headache, and post-stroke mobility.  
 
More recently, progress in the understanding of neurostimulation and its potential clinical 
applications has led to advanced research and development into the use of vagus nerve 
stimulation to selectively reactivate the body’s native homeostasis mechanism.  The vagus 
nerve is the “neural highway” of the body.  It transfers messages from the various organs 
and tissues to the brain, which processes them and, where necessary, instructs the endo-
crine and immune systems to correct any deviations from normal functioning.  One of the 
goals of bioelectronic medicine is to harness this native homeostasis mechanism to assist 
the body in treating and, to the extent possible, curing itself, thereby enabling its sustained 
survival.  .   
 
Two bioelectronic medicine technologies engaging native homeostasis are expected to 
enter the market before the end of the forecast period. One targets life-threatening 
hematological conditions (post-partum hemorrhage) and the other a crippling autoimmune 
inflammatory disorder (rheumatoid arthritis).  Both merit special attention for three 
reasons.  First, they are poised to deliver a qualitative breakthrough in the treatment of the 
targeted conditions. Second, they will trigger a paradigm shift from symptom-oriented 
palliative medicine to cause-targeting curative medicine.  And third, such homeostasis-
driven treatments can be expected to gradually render irrelevant and, in some cases, 
obsolete biologic and related drug therapies that are currently the only relatively effective 
but extremely costly and frequently dangerous (due to side effects) treatment for 
autoimmune inflammatory disorders.      
 
The market analyses covered in this report encompass late-generation neurostimulation 
technologies that are being employed in and researched for clinical applications 
characterized by large patient populations with chronic conditions that are poorly treated 
at present.  Examples include neurological, autoimmune inflammatory, hematologic and 
cardiovascular disorders, as well as incontinence and sleep apnea.  Some of these have 
been addressed by IPG-based systems; however, the treated caseloads have been very 
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small relative to the size of the target populations due to the invasiveness, high cost and 
marginal efficacy of those devices.  More recently, patient-friendly and much less 
expensive noninvasive technologies have been developed to expand the treatable 
populations with, in many cases, equal or near-equal effectiveness as implants.  In 
addition, noninvasive technologies targeting conditions treated without great success with 
drugs are emerging that we expect to be broadly adopted over time for disorders such as 
drug-refractory epilepsy, migraine/cluster headache, rheumatoid arthritis and chronic pain.  
As experience with neurostimulation technologies and the research community’s under-
standing of how to most effectively use the vagus nerve to create homeostasis-driven 
therapies increase, biomedical electronic medicine is expected to gradually emerge as a 
rational alternative to many types of drug therapy.  We will see the beginning of this 
development in this report; however, significant realization of its potential is not expected 
to occur before the end of the forecast period covered in this report.   
 

Markets by Clinical Application 
The global market for biomedical electronic medicine and neurostimulation technologies 
was estimated at $3.75 billion in 2017.  Ninety five percent (95%) of this was implanted 
devices based on their high cost.  However, growth will be concentrated in emerging 
noninvasive technologies, many of which are showing comparable outcomes to implanted 
systems.  New clinical applications for both implants and noninvasive technologies will 
also contribute to growth.  Overall, we are forecasting total device sales will increase 
14.2% annually through 2022 to $7.26 billion, with growth accelerating after 2018 as new 
technologies gain the CE Mark and FDA and CFDA marketing approvals.  This bodes 
well for continued gains after the forecast period covered in this report.  Summary Exhibit 
1 shows the annual trend in global sales by clinical application and approach (implant 
versus noninvasive) for 2016 through 2022. 
 
Among the clinical applications, chronic pain represents the single largest segment.  This 
reflects the relatively expansive use of spinal cord stimulation (SCS) devices, which 
comprised a nearly $2.0 billion market in 2017.  Deep brain stimulation (DBS) was a 
distant second ($693 million), followed by drug refractory epilepsy ($416 million) and 
sacral nerve stimulation ($402 million).  All of these applications primarily utilize 
expensive implants at present.  However, their use of noninvasive technologies will 
increase dramatically through the forecast period, expanding treated patient populations.  
Drug refractory Major Depressive Disorder will represent a singular case in which 
noninvasive technologies will actually cannibalize sales of implants.   
 
Rheumatoid arthritis, post-stroke mobility therapy, and sleep apnea will be three newer 
applications for which implant-based technologies will emerge as growth markets.  In 
contrast, growth in the treatment of neurodegenerative conditions, chronic pain, drug 
refractory epilepsy, migraine/cluster headache and management of opioid withdrawal 
symptoms will be concentrated in noninvasive or minimally invasive technologies.   
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Markets by Geography 
Biomedical electronic and neurostimulation therapies utilize primarily expensive implant-
based technologies at present; thus, it is not surprising that the U.S. and Major Europe 
account for the largest share of product sales at present, estimated at 88% in 2017.  Going 
forward, the shift to less expensive, noninvasive alternatives will help to expand these 
approaches to middle-income nations, thereby “internationalizing” sales.  China’s 
aggressive efforts to produce implants and other technologies domestically and offer them 
at lower prices than multinational suppliers will contribute.  This international expansion 
will be most true for technologies that address life-altering chronic or acute conditions, 
such as epilepsy, migraine and cluster headache, post-partum hemorrhage and chronic 
pain.  Demand for devices that treat “noncritical” conditions, such as major depressive 
disorder, incontinence and sleep apnea, will remain concentrated in the developed nations.  
Nevertheless, Major Asia and Rest-of-World nations are projected to increase their share 
of the global total from 14% in 2017 to nearly 18% in 2022.  Summary Exhibit 2 shows 
this trend in sales by major geography. 
 
Note: For the purposes of this study, Major Europe encompasses Germany, France, Italy, 
Spain, the United Kingdom and the Benelux nations .  Major Asia encompasses China, 
India and Japan.  All of other countries are included in the Rest-of-World tally.  
 

Suppliers 
Due to the concentration of sales of bioelectronic medicine and neurostimulation 
technologies in expensive implants, the market is dominated by five companies which, 
together, accounted for 87% of global sales in 2017.  As shown in Summary Exhibit 3, the 
largest was Medtronic, which posted sales of nearly $1.3 billion, representing a 34% 
share.  The company competes in all of the implant segments, as well as offering the 
Enterra gastric electrical stimulator to treat gastric paresis (which we excluded from this 
report due to its being a niche market).  Abbott/St Jude Medical and Boston Scientific 
compete in both the deep brain stimulation and spinal cord stimulation segments, whereas 
Nevro’s focus is entirely on spinal cord stimulation.  All other companies participate in 
only one clinical application and accounted for less than 2% of global sales each.  Going 
forward, it is expected that the five large competitors will either lose share as the adoption 
of noninvasive technologies and new types of implants proceeds or, more likely, they will 
acquire the companies with the most promising competitive technologies to expand and 
strengthen their neurostimulation and biomedical electronic device portfolios. 
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Summary Exhibit 1: Global Markets by Approach and Clinical Application, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 
IMPLANTS         
  Deep Brain Stimulation 592.3 688.3 768.9 851.9 940.3 1,040.7 1,142.7 10.7% 
  Spinal Cord Stimulation 1,876.8 1,993.5 2,105.2 2,229.7 2,370.2 2,502.3 2,655.5 5.9% 
  Sacral Nerve Stimulation 380.8 379.4 388.0 399.0 412.4 426.0 439.8 3.0% 
  Drug-Resistant Epilepsy 390.5 413.6 432.9 442.6 461.6 491.2 527.9 5.0% 
  Major Depressive Disorder 20.1 20.7 21.3 18.2 18.3 17.2 17.2 (3.7%) 
  Rheumatoid Arthritis 0.0 0.0 0.0 0.0 0.0 0.0 240.0 - 
  Post-Stroke 0.0 0.0 0.0 0.0 0.0 60.0 165.0 - 
  Heart Failure 3.2 4.2 5.3 6.4 7.4 8.4 9.5 17.4% 
  Diaphragm Pacing 14.4 15.1 16.1 17.3 18.3 19.4 20.7 6.5% 
  Sleep Apnea 16.9 31.0 50.8 79.8 132.0 225.2 337.5 61.3% 
  Other 1.5 1.5 1.6 1.9 2.1 2.4 3.4 17.8% 
TOTAL IMPLANTS (mil$) 3,296.5 3,547.3 3,790.1 4,046.8 4,362.5 4,792.9 5,559.1 9.4% 
NONINVASIVE         
  Deep Brain Stimulation 1.0 4.5 11.6 24.6 43.4 70.9 104.1 87.4% 
  Chronic Pain 10.5 15.8 28.6 60.4 121.0 217.0 350.0 85.8% 
  Incontinence 21.7 22.2 23.6 36.5 65.6 109.6 170.5 50.3% 
  Drug-Resistant Epilepsy 2.0 2.8 3.6 4.4 18.0 100.0 186.0 131.5% 
  Major Depressive Disorder 33.7 49.6 60.6 74.2 90.5 113.0 143.6 23.7% 
  Migraine/Cluster Headache 5.1 8.9 19.9 38.8 72.5 116.6 198.6 86.1% 
  Post-Stroke 86.5 92.7 99.4 106.8 115.1 126.5 140.1 8.6% 
  Heart Failure 0.0 0.0 0.0 0.0 0.0 0.8 3.0 - 
  Hematology 0.0 0.0 0.0 48.0 151.0 254.0 357.0 - 
  Other 0.9 0.6 6.3 13.7 29.0 52.4 94.0 174.8% 
TOTAL NONINVASIVE (mil$) 161.4 197.1 253.5 407.5 706.0 1,160.8 1,747.0 54.7% 
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Summary Exhibit 1: Global Markets by Approach and Clinical Application, 2016-2022 (Continued) 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

TOTAL DEVICES         
  Deep Brain Stimulation 593.3 692.8 780.5 876.5 983.7 1,111.6 1,246.8 12.5% 
  Spinal Cord Stimulation 1,887.3 2,009.3 2,133.8 2,290.1 2,491.2 2,719.3 3,005.5 8.4% 
  Sacral Nerve Stimulation 402.5 401.6 411.6 435.5 478.0 535.6 610.4 8.7% 
  Drug-Resistant Epilepsy 392.5 416.4 436.5 447.0 479.6 591.2 713.9 11.4% 
  Major Depressive Disorder 53.8 70.4 81.9 92.5 108.7 130.2 160.8 18.0% 
  Migraine/Cluster Headache 5.1 8.9 19.9 38.8 72.5 116.6 198.6 86.1% 
  Rheumatoid Arthritis 0.0 0.0 0.0 0.0 0.0 0.0 240.0 - 
  Post-Stroke 86.5 92.7 99.4 106.8 115.1 186.5 305.1 26.9% 
  Hematology 0.0 0.0 0.0 48.0 151.0 254.0 357.0 - 
  Heart Failure 3.2 4.2 5.3 6.4 7.4 9.2 12.5 24.1% 
  Diaphragm Pacing 14.4 15.1 16.1 17.3 18.3 19.4 20.7 6.5% 
  Sleep Apnea 16.9 31.0 50.8 79.8 132.0 225.2 337.5 61.3% 
  Other 2.4 2.1 7.9 15.6 31.1 54.8 97.4 115.4% 
TOTAL DEVICES (mil$) 3,458.0 3,744.4 4,043.7 4,454.3 5,068.5 5,953.7 7,306.1 14.3% 

   Annual Increase-TOTAL  8.28% 7.99% 10.15% 13.79% 17.46% 22.72%  
   Annual Increase-Implants  7.61% 6.85% 6.77% 7.80% 9.87% 15.99%  
   Annual Increase- Noninvasive  22.12% 28.62% 60.72% 73.25% 64.41% 50.50%  
 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017-2022. 
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Summary Exhibit 1: Global Markets by Approach and Clinical Application, 2016-2022 (Continued) 
 

 
 
Note:  Sales are in millions of U.S. dollars; DBS = deep brain stimulation; SCS = spinal cord stimulation; SNS = sacral nerve 
stimulation; DRE = drug-refractory epilepsy; MDD = major depressive disorder; Others include management of opioid withdrawal 
symptoms, autism, obesity, gastroesophageal reflux disease and chronic tinnitus; CAGR is for 2017–2022. 
 
Source:  Health Research International 
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Summary Exhibit 2: Global Market for Neurostimulation Technologies by Major Geography, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

United States 2,387.8 2,566.6 2,759.6 3,009.4 3,346.5 3,908.1 4,807.6 13.4% 
Major Europe 628.3 653.5 690.3 767.2 871.4 1,000.7 1,209.9 13.1% 
Major Asia 226.2 286.4 331.3 382.6 484.4 593.3 722.4 20.3% 
Rest-of-World 215.6 237.9 262.4 295.1 366.1 451.6 566.1 18.9% 
TOTAL 3,457.9 3,744.4 4,043.6 4,454.3 5,068.5 5,953.7 7,306.1 14.3% 

 

 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017–2022; Major Europe includes Germany, France, Italy, Spain, the United 
Kingdom, and the Benelux nations; Major Asia includes China, India and Japan. 
 
Source:  Health Research International 
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Summary Exhibit 3: Global Biomedical Electronic and Neurostimulation Devices 
Market, Estimated Supplier Shares, 2017 

Company Sales (mil$) Share 

   Medtronic 1,287 34.4% 

   Abbott/St. Jude Medical 680 18.2% 

   Boston Scientific 608 16.2% 

   LivaNova 375 10.0% 

   Nevro 327 8.7% 

   PINS Medical 58 1.6% 

   Bioness 36 1.0% 

   Ottobock 31 0.8% 

   Inspire Medical Systems 31 0.8% 

   Neuronetix 24 0.6% 

   Brainsway 23 0.6% 

   Others 265 7.1% 

TOTAL 3,744 100.0% 

 
 
Note:  Others include Cogentix Medical, Hanger, Synapse Biomedical, Cerbomed, 
NeuroSigma and electroCore, among others. 
 
Source:  Health Research International  
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1.0 BACKGROUND ON BIOELECTRONIC MEDICINE & NEUROSTIMULATION  
Bioelectronic medicine and neurostimulation are not new phenomena.  Rather, the 
approach has been used to treat medical conditions for more than 60 years in the form of 
pacemakers, cardiovertors/ defibrillators and neuromodulation technologies.  This section 
will provide a brief overview of these cumulative technologies and how they have paved 
the way to a better understanding of the true potential of advanced neurostimulation and 
bioelectronic technologies within the medical space.  
 

1.1 The Beginning:  Cardiac Rhythm Management 
The heart is a large muscle with four chambers—two atria and two ventricles—that 
continuously collect and pump out blood to the body.  This activity is controlled by a 
sequence of contractions of the four chambers, which must beat in a highly organized 
manner for the heart to pump effectively.  This beating is triggered and controlled by 
electrical activity that tells each heart chamber when to beat.  Any deviation from the 
normal sequence of electrical impulses that drive pumping and, hence, the performance of 
the heart is called a cardiac arrhythmia.  The electrical impulses may occur too quickly 
(tachycardia), too slowly (bradycardia) or erratically.  When the heart does not beat 
properly, blood supply to the body is compromised, leading to a broad array of 
deficiencies in neurological, pulmonary, and other organ functions. 
 
Drugs, e.g., beta blockers, calcium channel blockers, digitalis and disopyramide phos-
phate, are first line therapy for cardiac arrhythmias; they regulate heart rate or rhythm by 
altering electrical impulses within the heart or affecting the response of the heart muscle 
to impulses received.  Unfortunately, their side effects are poorly tolerated by some 
patients and occasionally dangerous.  More invasive options include transcatheter and 
open surgical ablation, which uses various energy sources to eliminate electrical 
disturbances by interrupting or isolating abnormal conducting pathways.  Such ablations 
have been plagued by high recurrence rates but outcomes are improving, and they are 
useful for treating drug refractory patients with limited options.   
 
Implantable cardiac rhythm management (CRM) devices are an expensive but widely 
employed option for treating cardiac rhythm disorders based on successful clinical studies.  
Traditional CRM products include implantable and temporary external pacemakers—used 
to treat bradycardia—and defibrillators, which electrically shock the heart into normal 
sinus rhythm following the onset of acute episodes of tachycardia.  Cardiac resynchroni-
zation therapy (CRT) has become an important therapy for some heart failure patients, 
improving hemodynamics and reducing symptoms via the application of biventricular or 
quadripolar pacing incorporating cardioversion and defibrillation capabilities (CRT-D).  
Subcutaneous ICDs (S-ICDs) are another tool, targeting patients at risk for sudden cardiac 
death who do not require pacing.  Exhibit 1-1 describes these products and applications.   
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Exhibit 1-1: Overview of Cardiac Rhythm Management (CRM) Products 

Segment Products Suppliers 

Implantable Devices   

Pacemakers Implantable pulse generators 
designed to manage bradycardia 
(slow heart rhythm);  

Medtronic; St. Jude Medical; 
Boston Scientific; Biotronik; 
LivaNova 

Implantable Cardio-  
verter Defibrillators   
(ICDs) 

Devices that deliver shocks to 
prevent sudden cardiac death in 
acute cases of tachycardia or 
ventricular fibrillation 

Medtronic; St. Jude Medical; 
Boston Scientific; Biotronik; 
LivaNova 

Cardiac Resynch-   
ronization Therapy  
(CRT)  

Devices that offer biventricular 
pacing for the treatment of heart 
failure; available as stand-alone 
therapy (CRT-P) or with defibrillation 
backup (CRT-D) 

Medtronic; St. Jude Medical; 
Boston Scientific; Biotronik; 
LivaNova 

Subcutaneous 
ICDs (S-ICDs) 

ICDs that do not utilize intra-cardiac 
leads for simplified implantation 

Boston Scientific 

External Devices   

Traditional Manual 
Systems 

Manual systems for defibrillation and 
temporary pacing; typically used in 
hospitals and by emergency 
technicians; may incorporate a 
variety of advanced features, such 
as 12-lead EKG diagnostics 

Philips Medical; Physio-
Control; Asahi Kasei/Zoll 
Medical; Nihon Kohden 

Automated External   
Defribrillators  (AEDs) 

Automatically detect the need for 
and appropriate strength of 
defibrillation; increasingly being 
employed in professional health-
care setting as well as institutional 
(airports, industry) and consumer 
markets  

All traditional system 
suppliers; Cardiac Science; 
Defibtech 

Arrhythmia Ablation   

RF or cryo ablation of 
errant cardiac electrical 
pathways via point by 
point or isolation 
techniques 

Mapping, navigation and recording 
systems used to identify and locate 
arrhythmias; variety of catheters, 
including anatomic, irrigated and 
force-sensing, to improve outcomes 
and protect cardiac tissue 

J&J Biosense Webster; 
Abbott/St Jude Medical; 
Medtronic; Boston Scientific;  

Source: Health Research International  
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1.1.1 Pacemakers: Overwriting Abnormal Electrical Activity of the Heart 
Pacemakers are implantable battery-powered pulse generators and associated leads used to 
manage bradycardia (slow heart beat) caused by malfunction of the heart’s sinoatrial (SA) 
node, a small mass of specialized cells in the top of the right atrium that sends signals to 
the ventricles to contract (beat).  The pacemaker uses low-energy electrical impulses 
delivered via electrodes attached to the heart muscle to substitute for those missing or 
errant signals.  When the pacemaker senses the heart is beating too slowly or in an 
irregular manner, it fires the electrical impulses from the pulse generator to the ventricles 
to help it beat properly.   
 
Pacemakers were first introduced in 1958 and currently represent a $4.5 billion global 
market.  Despite the size and maturity of the market, sales will benefit from demographics 
and device innovations, especially cost effective quadripolar CRT-P capabilities.  
Leadless pacemaker technology (Nanostim, acquired by St. Jude Medical in 2013), which 
requires neither surgery nor a pocket, is also expected to positively impact sales growth.  
While some of this will be offset by the availability of low cost pacemakers produced 
locally or regionally in non-Western markets, we believe the global pacemaker market 
will continue to experience 3% real annual growth over  the next decade based on the 
aforementioned demographics and expanded access to these devices in developing 
nations. 
 

1.1.2 High Power CRM Devices 
Pacemakers are considered “low power” CRM devices.  Implantable cardiovertor/defibril-
lators (ICDs) fall within the “high power” segment of the CRM market.  They are similar 
in configuration to pacemakers—comprising pulse generators and leads—but are capable 
of delivering much higher energy impulses or shocks.   
 

1.1.2.1 Cardioversion/Defibrillation: Rebooting the Heart 
A number of high profile studies have supported ICDs’ ability to decrease mortality due to 
sudden cardiac death (SCD) in acute cases of tachycardia or ventricular fibrillation.  
Together with expanded reimbursement in the U.S.—the principal driver of this 
technology to date—these data produced a substantial increase in the number of eligible 
and treated patients and boosted overall implantations and sales.   
 

1.1.2.2 Cardiac Resynchronization: Optimizing Output of the Ailing Heart 
Heart failure is characterized by the heart’s declining ability to pump sufficient blood 
through the body to meets its needs; the failure of the ventricles to pump simultaneously 
exacerbates this deficit.  Cardiac resynchronization therapy (CRT) addresses the inability 
of the ventricles to contract simultaneously by using a device called a biventricular 
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pacemaker (CRT-P) to deliver electrical signals to both ventricles to contract at the same 
time.  This, in turn, maximizes the amount of blood pumped out.  In some cases, the 
device is combined with an ICD (known as a CRT-D) to deliver stronger signals if the 
heart beat becomes dangerously erratic. 
 

1.1.2.3 High Power CRM Market 
The benefits of CRT devices for heart failure patients and their life-saving defibrillation 
capabilities resulted in especially rapid uptake of these devices despite their high cost (≈ 
six times the cost of basic pacemakers).  CRT devices without defibrillator backup (CRT-
Ps) were the first introduced and less costly than CRT-Ds, which has caused them to 
remain popular internationally.  In the U.S., however, the mortality benefit associated with 
CRT-D technology and favorable reimbursement promoted a shift to that type, boosting 
global ICD sales to $7.0 billion in 2010.  Since then, the economic downturn, intense price 
competition, the international preference for CRT-P devices, and product recalls have 
caused the market to decline every year since then to less than $6.0 billion in 2017.  We 
believe this trend has bottomed out and, going forward, the market will remain fairly 
stable.  Near-term drivers for traditional ICDs will include: 1) the benefits of high power 
defibrillators for primary prevention; and 2) expanded CRT-D indications for selected 
patients with mild (NYHA Class I and II) heart failure.  These drivers will be offset by 
continued pricing challenges.   
 

1.1.3 External CRM Devices:  Saving Lives Outside of Hospitals 
External CRM devices are of two basic types:  manual defibrillators and automated 
external defibrillators (AEDs).  The former are used as non-invasive cardiac resuscitation 
devices and continue to dominate the segment.  (Models incorporating pacemaker 
capabilities are especially popular in the U.S.)  However, the majority of growth has been 
in AEDs based on this technology’s broad application.   
 
The use of external CRM devices is fairly saturated in the hospital setting, making this is a 
largely replacement market.  “Pre-hospital” users of such technology, such as paramedics 
and other emergency personnel working on ambulances and other “first responder” 
vehicles, represent a much larger target market but one that is also fairly saturated in the 
developed nations.  However, both hospital and pre-hospital segments remain under-
penetrated in middle-income and emerging nations as emergency infrastructures continue 
to expand.  Moreover, the central role of emergency medicine in the pre-hospital market is 
being increasingly complemented by a “public access” segment represented by non-
medical, trained individuals, such as police and fire personnel.  This segment will 
continue to drive gains as affordable and safe AEDs become more widely available, 
including in industry and public settings.  (The loosening of restrictions on physician-only 
administration of defibrillation will contribute to this growth.)  The consumer (home) 
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market for AEDs remains in its infancy, but also represents a potential source of growth as 
public awareness increases and pricing makes devices more affordable. 
 
Because a significant portion of traditional external CRM revenues are replacements, the 
global market for external CRM devices—estimated at more than $2.6 billion in 2017—is 
fairly cyclical and tends to fluctuate year to year.  Market volatility has been exacerbated 
by product recalls and the recent global economic downturn.  Nevertheless, continued 
enhancements that expand the capabilities, versatility and ease of use of external manual 
defibrillators and especially AEDs in a full scope of settings are projected to drive an 
approximate 6.0% real annual increase in combined device sales over the next five years.  
Expanded adoption of these devices in Asia-Pacific nations will contribute. 
 

1.1.4 Arrhythmia Ablation: Isolating Parasitic Conduction Pathways 
Electrophysiology (EP) is a subspecialty of interventional cardiology focused on the 
diagnosis and treatment of cardiac rhythm disorders using catheter-based approaches.  
Due to the complexity of access and the need to trigger errant electrical impulses to 
properly diagnose many cases, diagnosis usually leads to immediate treatment during the 
same procedure.  Radiofrequency (RF) catheter ablation of relatively simple supraventri-
cular tachycardias has become commonplace in industrialized nations.  Diagnosis of more 
complex arrhythmias was traditionally challenging—largely precluding treatment—until 
the advent of advanced 3D mapping and navigation systems.  Such systems have 
facilitated both the diagnosis and treatment of complex arrhythmias, especially atrial 
fibrillation (AF), which will remain the driving force in the EP market, and ventricular 
tachycardias (VTs), more challenging but much less common complex arrhythmias. 
 
Affecting an estimated 11.4 million people globally, AF is characterized by quivering—as 
opposed to regular beating—of the upper atria and, as such, failure to effectively move 
blood into the ventricles.  The condition can lead to blood clots (which is why many 
patients are placed on blood thinners), stroke (15% to 20% of individuals experiencing 
stroke have this condition), heart failure and other cardiac complications.   AF has 
typically been managed with drugs due to the highly invasive and technically challenging 
nature of the only “cure” for the condition, the surgical Maze procedure, in which 
myocardial tissue is sliced up and then sewn back together to terminate errant electrical 
conduction.  The advent of energy-based ablation methods simplified and reduced the 
invasiveness of the Maze approach; however, it was not until the emergence of trans-
catheter ablation techniques—enabled by new technologies—that non-drug treatment of 
AF has become a realistic option. 
 
Transcatheter ablation involves the application of energy—usually radiofrequency but 
also cryo—to interrupt or isolate the conduction pathways that are causing the fibrillation.  
In AF, the focus is on the four pulmonary veins, which appear to be the source of most 
errant signals.  The area that must be ablated or isolated is relatively large and requires 
great precision with respect to ensuring complete coverage.  Thus, although conceptually 
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attractive, AF catheter ablation has traditionally been characterized by long procedure 
times (4-8 hours) and high recurrence rates (30%-50%).  Clinical outcomes have 
improved gradually with a growing body of experience, emerging techniques and new 
technologies.  Remote mapping and navigation systems have been especially enabling, as 
have linear and anatomical catheters (designed to expedite circumferential ablation), force 
sensing catheters (designed to enable the creation of more complete lesions), and 
software-based systems (designed to reduce procedure “noise” and artifacts that can 
interfere with procedure accuracy). All are intended to enhance patient safety and reduce 
procedure times and recurrence rates.  Nevertheless, AF ablation remains a technically 
challenging procedure, and electrophysiologists continue to seek new tools capable of 
enhancing their performance of these procedures and improving their clinical outcomes. 
 
While new catheter configurations have largely transformed AF ablation into an anatomic 
procedure, VT catheter ablation remains technically challenging.  VT represents a much 
smaller caseload than AF but it is more complex.   VT originates in the ventricles and 
produces a heart rate of at least 120 beats per minute, typically 170 beats or more.  The 
condition may be short-lived, i.e., last 30 seconds or less, but it can also be sustained, 
especially in individuals who have structural heart defects due to a heart attack, valve 
disease, or cardiomyopathy.  Individuals experiencing VT almost always have symptoms 
of heart failure.  First line therapy is management of the underlying condition causing the 
VT, accompanied by drugs to slow the heart rate.  An ICD may be implanted to prevent 
sudden cardiac death.  However, if the VT is sustained and not well managed by other 
means, catheter ablation of the errant signals becomes necessary.  The major difference 
between AF and VT ablation is the greater challenge identifying the sources of the errant 
signals and isolating them relative to AF, which comprises a more tedious and time-
consuming process than focusing on pulmonary veins.   
 
The major products in the EP segment include endocardial mapping and navigation 
systems and associated diagnostic and therapeutic catheters.  Collectively, these and 
related products (e.g., recorders, access devices) generated nearly $4.5 billion in global 
revenues in 2017, much of which was premium-priced catheters targeting AF.  Traditional 
diagnostic and ablation applications will remain dependent on demographics for growth; 
in contrast, adoption of AF catheter ablation as an alternative to drug therapy will see 
continued, strong growth and will serve as the primary driver within the EP market.  Total 
sales are forecast to increase more than 10% annually over the next five years as 
procedure times continue to decline, outcomes continue to improve and more patients are 
diagnosed with AF.  The majority of AF ablation catheters will continue to use RF energy; 
however, cryo catheters have been gradually gaining ground.  Other catheter trends 
include expanded reliance on irrigated and force-sensing catheters to minimize and, 
preferably, prevent damage to the cardiac tissue during ablation.  
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1.2 Expanding Technologies & Applications: Neuromodulation  
As described by the International Neuromodulation Society (INC), neuromodulation 
employs advanced medical device technologies to enhance or suppress activity of the 
central, peripheral or autonomic nervous systems for the treatment of disease.  These 
technologies include implantable as well as non-implantable devices that deliver electrical 
or other agents to reversibly modify brain and nerve cell activity.  Neuromodulation is a 
relatively new approach to therapy, and the device market has been one of the faster 
growing within the MD&D industry, reflecting the broad list of underpenetrated 
applications that promise continued growth.   
 
Neuromodulation technologies may be divided into three major groups:  neurostimulators, 
cochlear implants, and retinal implants.  The first is the focus of this report, as these 
devices are designed to electrically stimulate nerves to achieve a therapeutic effect.  
Cochlear and retinal implants are neuroprostheses designed to treat sensorineural hearing 
loss and vision impairments, respectively.  We have excluded both of the latter, as well as 
basic TENS devices, from the scope of this report. 
 
Neurostimulators may be implantable or external.  The former are the dominant format at 
present, are similar to pacemakers, and have been developed from the same technology.  
The typical neurostimulation system encompasses a generator (usually implantable) that is 
connected to leads that are surgically implanted or percutaneously placed to deliver 
energy to a therapeutic target.  Additional components include programmers, which are 
designed for both physicians and patients, and accessories frequently proprietary to the 
application. 
  
As shown in Exhibit 1-2, neurostimulators are used for a variety of applications.  
Currently dominant are devices that target the spinal cord (to treat pain), sacral nerve 
(incontinence), deep brain (movement disorders), and vagus nerve (epilepsy, refractory 
depression).  Newer and emerging neurostimulation technologies are focused on the 
stomach (gastroparesis), phrenic nerve (respiratory ventilation), carotid baroceptors 
(refractory hypertension and, potentially, heart failure), hypoglossal nerve (obstructive 
sleep apnea) and vagus nerve stimulation for chronic tinnitus and heart failure.  Neuro-
stimulators are showing special promise for treating chronic disorders currently managed 
with drug therapy that is too often ineffective or has undesirable side effects.  
 
Neurostimulation represents a relatively expensive, usually invasive therapy, which has 
tended to limit its use to patients with severe conditions, those who are refractory to drugs, 
or as a last resort therapy.  In addition, the mechanism of action in many neurostimulation 
applications is not well understood.  However, as the body of clinical evidence supporting 
the safety and effectiveness of neurostimulation grows, as companies increasingly develop 
noninvasive/external delivery devices, and as patient awareness of this approach grows, 
the significant opportunities offered by a number of largely underpenetrated markets will 
be increasingly realized.    
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Exhibit 1-2   Overview of Selected Neurostimulation Technologies and Applications 

Stimulation Target Description Selected Companies 

Spinal Cord   Conventional and rechargeable implantable pulse generator or RF systems that 
induce paresthesia to reduce pain; most commonly used form of neurostimulation  

Abbott/St. Jude; Boston Scientific; 
Medtronic; Nevro; Nuvectra  

Sacral Nerve  Modulation of sacral nerve to manipulate actions of bladder, sphincter, or pelvic 
floor; primary indication is incontinence/overactive bladder 

Axonics; Cogentix; Medtronic 

Deep Brain  Stimulation of deep brain regions to treat movement disorders; being investigated 
for depression, epilepsy, obsessive compulsive disorder, chronic migraine and 
Alzheimer’s, among others 

Abbott/St. Jude; Aleva; Boston 
Scientific; Medtronic; NeuroPace; 
Nexeon   

Vagus Nerve  Stimulation of vagus nerve in neck to treat refractory epilepsy, treatment-resistant 
depression; indications being evaluated include heart failure, obesity, Alzheimer’s, 
chronic tinnitus, anxiety and chronic migraine headaches 

BioControl; Cerebral Rx; electro-
Core; EnteroMedics; Laboratoires 
MXM; LivaNova; MicroTransponder; 
PINS Medical 

Gastric Nerve  Electrical stimulation of the stomach to induce contractions; used to treat severe 
nausea, vomiting due to gastroparesis; available outside the U.S. to treat obesity 

IntraPace; Medtronic; MetaCure 

Phrenic Nerve  Implantable neurostimulator that triggers diaphragm activity via direct or indirect 
stimulation of phrenic; impact is to reduce dependency on mechanical ventilation 

Atrotech; Avery Biomedical Devices; 
Synapse Biomedical 

Baroceptors Electrical stimulation of carotid artery/sinus baroceptors, which measure and 
report blood flow to brain, activating body’s natural cardiovascular regulation 
system; applications include refractory hypertension and, potentially, heart failure   

CVRx; Enopace Medical 

Hypoglossal Nerve Electrical stimulation of tongue nerve to treat obstructive sleep apnea Inspire Medical Systems; 
LivaNova/ImThera 

Others Tibial nerve stimulation for overactive bladder; LES stimulation for GERD; cranial 
nerve stimulation to treat opioid withdrawal symptoms; spine muscle nerve 
stimulation for chronic back pain; stimulation of neurofeedback signals for autism; 
stimulation of sphenopalatine ganglion nerve bundle to treat cluster headache  

Autonomous Technologies; 
BlueWind Medical; EndoStim; 
Innovative Health Solutions; 
Mainstay Medical; Neurotech;  

Source: Health Research International 
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1.2.1 Spinal Cord Stimulation 
Spinal cord stimulation (SCS) delivers electrical energy to the spinal cord or to specific 
peripheral nerve fibers in order to prevent pain signals from reaching the brain.  The 
technology is used most frequently to manage chronic, intractable pain, most commonly 
associated with failed spine surgery.  In Europe, SCS is also used to treat peripheral 
vascular pain, a less common but growing application in the U.S.   
 
SCS systems include leads, generators and programmers.  Leads may be implanted 
surgically or percutaneously and differ in the number of electrodes, electrode shapes, and 
lengths.  While easier to place, percutaneous leads are typically used only for trial 
stimulation to determine the patient’s responsiveness to therapy prior to surgical 
placement of permanent leads. 
 
Implantable SCS products have been available since the late 1980s and represent the most 
mature application for neurostimulators.  The two types of SCS systems currently in use 
are implantable pulse generators (IPGs) and radiofrequency (RF) systems.  IPGs include 
conventional units, which require surgical replacement upon battery depletion, and 
devices with rechargeable batteries.  The latter were commercialized in 2004 and utilize 
fully implantable generators and external programmers.  IPGs continue to account for the 
vast majority of SCS procedures and revenues.  RF systems feature subcutaneous 
receivers and external transmitters, which convey radio waves through the skin.  The 
implanted receiver subsequently transmits electrical impulses to the connected leads, 
producing the stimulation effect. 
 
More recently, Cerbomed GmbH, SPR Therapeutics, BioElectronics, Cervel Neurotech 
and NeuroMetrix are among the companies that have developed or are developing 
external systems designed to address chronic pain.  Cerbomed’s transcutaneous VNS 
technology uses the fact that the auricular branch of the vagus nerve (ABVN) supplies the 
skin of the concha in the human ear.  Although primarily targeted at refractory epilepsy 
and depression, the device received European approval to treat pain in 2012.  SPR 
Therapeutics SPRINT device uses noninvasive peripheral nerve stimulation to address 
pain, whereas BioElectronics’ ActiPatch stimulates afferent nerves to dampen the brain’s 
perception of pain.  Cervel Neurotech’s Repetitive Transcranial Magnetic Stimulation 
(rTMS) uses magnetic fields to induce electrical currents within the brain to modulate the 
functioning of specific areas, including pain signals.  Finally, NeuroMetrix is using 
hydrogel pads and silver contacts contained in a leg band worn on the upper calf to deliver 
high-powered neurostimulation in a very precise and controlled manner to treat pain. 
 

1.2.2 Deep Brain Stimulation 
First approved in Europe in 1995 and in the U.S. in 1997, deep brain stimulation (DBS) 
represents an attractive target for neuromodulation firms due to the number of potential 
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indications and associated large patient caseloads.  It is currently licensed in Canada and 
approved in other regions, including the European Union and the United States, for the 
treatment of the disabling symptoms of essential tremor, advanced Parkinson's disease and 
chronic intractable primary dystonia (the latter in the U.S. under a Humanitarian Device 
Exemption, or HDE.)  In Europe, Canada, Australia and Taiwan, DBS therapy is also 
approved for the treatment of refractory epilepsy, and for the treatment of severe, 
treatment-resistant obsessive-compulsive disorder in the European Union, Australia and 
the U.S. (the latter again under an HDE).  More than 100,000 people worldwide have 
received DBS therapy.  Most recently, the technology is being investigated for the 
treatment of Alzheimer’s. 
 
Traditional DBS systems utilize electrodes imbedded in the brain that connect to battery-
powered pulse generators implanted in the patient’s chest.  Stimulating specific regions of 
the brain assists in controlling or minimizing a patient’s symptoms.  Stimulation may be 
bilateral or unilateral, depending upon whether the patient experiences impaired 
movement on one or both sides.  Also, the level of stimulation may be altered by the 
patient to adjust for discomfort or symptom severity.  The device is turned on and off by a 
hand-held magnet.  

The most recent development in this field is NeuroPace’s RNS System, the only device 
that can monitor and respond to brain activity.  The RNS System comprises a small, 
implantable neurostimulator connected to leads that are placed in up to two areas of the 
brain in a minimally invasive procedure.  The system constantly measures an individual’s 
brain waves, looking for activity that is unusual for that specific person’s neurological 
electrical patterns.  Within milliseconds of detecting this unusual activity, the RNS device 
sends brief pulses of electrical energy to instantly disrupt the unusual activity and 
normalize the individual’s brainwaves.  The RNS System is initially targeted at refractory 
epilepsy based on its potential to reduce, postpone or eliminate seizures; however, its 
ability to monitor and respond to brain activity makes its extension to other neurological 
conditions a logical effort. 

In addition to NeuroPace, Bioinduction and Bionic Enterprises are developing skull-
mounted DBS systems.  These eliminate the need for a second implantation procedure and 
reduce the infection risk associated with the long leads required for traditional systems.  
Another innovation is Cala Health’s patient-controlled, patient-worn device used to treat 
tremors of the hand and wrist.  The watch-type stimulator worn on the wrist connects to a 
small sensor implanted in the brain, and sends electrical current along the median nerve of 
the wrist and up to the central nervous system in order to modify the abnormal network 
dynamics causing the tremor.  Over time, the stimulation normalizes the neural firing in 
the abnormal network, thereby reducing tremor.  Finally, Clinatec is using near infrared 
light to stimulate the brain, which has shown positive, neuro-protective effects in cell and 
animal models.  The Clinatec technology is designed to be used much earlier in 
Parkinson’s disease, i.e., before the development of motor problems. 
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1.2.3 Sacral Nerve Modulation 
Sacral nerve stimulation (SNS) is primarily used to treat overactive bladder associated 
with urge urinary incontinence.  This stimulation of the sacral nerves modulates the neural 
reflexes that influence the bladder, sphincter, and pelvic floor.  This therapy is also useful 
for treating fecal incontinence, and is being investigated for patients with interstitial 
cystitis, intractable pain syndromes (including chronic headaches and chest pain), spinal 
cord injury, and erectile dysfunction. 
 
SNS may be performed using direct or peripheral access.  With direct access, the 
stimulation lead is implanted directly or percutaneously at the S3 foramen in the spine, 
and a pulse generator in the buttocks or abdomen.  Peripheral SNS systems stimulate the 
nerve bundles of the ankle or posterior tibia (which emanate from the sacral nerve), 
obviating the need for surgical access. 
 

1.2.4 Vagus Nerve Stimulation 
The vagus nerve represents the “highway” whereby sensory stimuli from parts of the body 
are transmitted to the brain, which responds with motor stimuli sent back along the vagus 
nerve bundle to restore, when required, normal function.  As such, it should not be 
surprising that vagus nerve stimulation (VNS) is a major focus of this report and also that 
it has the broadest potential application of all of the neurostimulation targets.  This 
prospective scope of application is based on the concept that the vagus nerve, located in 
the neck, projects to particular regions in the brain thought to affect seizures, mood, 
appetite, memory, and anxiety. 
 
Traditional VNS neuromodulation systems comprise an implantable generator and a 
bipolar lead.  During an hour-long implantation procedure, two electrodes are connected 
to the vagus nerve, where they deliver stimulation on a chronic, intermittent basis.  
Patients are able to generate stimulation by means of a handheld device. 
 
A more recent development is an external VNS device introduced by electroCore to treat 
cluster headaches and migraine.  The patient places the company’s gammaCore device 
over the neck above the vagus nerve and activates it to deliver proprietary Pentawave 
electrical signals. The signals activate specific fibers in the vagus nerve bundle, releasing 
inhibitory neurotransmitters that reduce the overexpression of the excitatory neuro-
transmitter glutamate responsible for the headaches.  The gammaCore device was 
launched in Germany in January 2017 and received FDA approval a month later.  
 
Another development is ReShape Lifesciences’ VBLOC therapy, which targets the 
multiple digestive functions under control of the vagus nerves affecting the perception of 
hunger and fullness.  Therapy is delivered via the company’s Maestro System through 
laparoscopically implanted leads to intermittently block the vagus nerves using high-
frequency, low-energy electrical impulses.  The system is CE Marked and received FDA 
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approval in 2015 based on the results of its pivotal ReCharge Study.  Unfortunately, sales 
are limited largely due to lack of reimbursement.   
 

1.2.5 New and Emerging Neurostimulation Targets 
As was shown in Exhibit 1-2, numerous other neurostimulation technologies are emerging 
or under development, each of which tends to target nerves associated with one or two 
specific conditions.  While some comprise surgical implants, most are attempting to 
achieve therapeutic delivery via external or percutaneous approaches to make them more 
universally acceptable.  As part of the future, rather than the past, of bioelectronic 
medicine and neurostimulation, they will be discussed in more detail in Sections 4 and 5 
of this report covering “Products & Technologies” and “Markets by Approach and 
Clinical Application,” respectively. 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 2: Vagus Nerve and Homeostasis Mechanism 

___________________________________________________________________________ 
©2018, Health Research International                      2-1                                       #261-1-WW-0118 

2.0 VAGUS NERVE AND NATIVE HOMEOSTASIS MECHANISM 
Vagus nerve stimulation (VNS) therapy represents an emerging direction in bioelectronic 
medicine that involves the selective reactivation of the native homeostasis mechanism to 
treat a variety of chronic conditions.  Among the latter, it is showing the greatest promise at 
present for those affecting the neurologic, autoimmune/inflammatory, hematologic, and 
metabolic systems. 

 

2.1   Overview of Native Homeostasis Mechanism 
Irrespective of form, a homeostasis mechanism is an indispensable attribute of any multi-
cellular biological organism.  In the sophisticated and complex human system, homeostasis 
manifests itself in the ability to maintain: 1) the relative stability of core values of key 
internal parameters (e.g., temperature, composition of the extracellular fluid); and 2) the 
functionality of vital organs at a sufficient level to maintain adequate metabolic exchange 
and ensure systemic survival. This survival is accomplished via coordinated use of the 
central nervous and endocrine systems.  
 
Through the use of afferent signaling pathways, the central nervous system (CNS) 
continuously monitors the state of core vital parameters throughout the body and transmits 
real time data to the CNS control centers in the brain stem—e.g., thalamus, hypothalamus, 
pons and medulla.  The control centers process the information, select appropriate responses 
if needed, and transmit commands via efferent signaling pathways back to the corresponding 
sites of the endocrine or immune systems to produce any adjustments necessary to restore 
correct function.  These commands typically involve the secretion of appropriate hormones 
or cytokines into the blood-stream, where they are transported to the targeted organs and 
tissues.  Exhibit 2-1 shows this process.   

 

2.1.1 Parameters Monitored 
The key internal parameters continuously monitored and adjusted in humans as part of the 
homeostasis mechanism are those critical to enabling adequate metabolic and energy 
exchange processes to sustain life. They include: 

• Core temperature  

• Blood glucose 

• Blood calcium, sodium, potassium and iron levels 

• Blood oxygen and CO2 saturation, pH 

• Arterial blood pressure, heart rate and respiration. 
 
Exhibit 2-2 describes these parameters, their regulator(s) and their response mechanisms.   
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Exhibit 2-1:  Schematic of Basic Native Homeostasis System 

 

 
 
 
Source:  https://www.americorpshealth.biz/physiology/structure-of-a-neuron.html 
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Exhibit 2-2:  Key Parameters Monitored by Homeostasis Mechanism 

Parameter Regulator(s) Responses 

Core Temperature Thermoregulators in 
brain 

Declining body temperature triggers vasoconstriction of blood vessels and 
metabolic rise to compensate; increased body temperature stimulates 
sweat glands   

Blood Glucose Beta cell sensors of 
pancreatic islets 

Rise in blood sugar triggers secretion of insulin and inhibition of glucagon 
secretion into blood; this, in turn, inhibits liver from producing glucose, 
which is instead converted into glycogen (stored in liver) and triglycerides 
(stored as fat); reverse cascade occurs when blood glucose levels decline 
below normal level 

Blood Calcium (Ca2+) Homeostatic sensors in 
para-thyroid and thyroid 
glands 

Fall in plasma ionized calcium level triggers secretion of parathyroid 
hormone (PTH); rise in plasma ionized calcium level causes parafollicular 
cells of thyroid gland to secrete calcitonin 

Blood Sodium (Na+) and 
Blood Potassium (K+) 

Zona glomerulosa cells 
of adrenal cortex and 
also carotid arteries;  

High K+ concentration causes release of aldosterone into blood; this 
activates basolateral Na+/K+ pumps of tubular cells to excrete K+ ions into 
urine; Na+ and K+ mechanisms use same effector and work in opposite 
directions; however, they are apparently disentangled to allow plasma Na+ 
and K+ levels of be regulated independently  

Blood Oxygen, CO2 
Saturation, pH 

Brainstem respiratory 
center based on input 
from peripheral 
receptors in carotid 
artery and aortic arch 

Changes partial pressure of CO2 activate effector organs, e.g., diaphragm 
and other muscles, enabling respiration; increased CO2 or decreased 
oxygen triggers deeper breathing pattern and increased respiratory rate to 
meet physiological demand; decline in partial CO2 triggers secretion of 
erythropoietin  into blood via bone marrow effector, increasing red blood 
cells and oxygen-carrying capability of blood  

Arterial Blood Pressure, 
Heart Rate, Respiration 

Baroreceptors in aortic 
arch and carotid sinus 

Elevated pressure causes release of atrial natriuetic peptide (ANP) 
hormone into blood, which inhibits secretion of renin and aldosterone by 
kidneys, releasing water and Na+ into urine and reducing blood volume; 
simultaneously, arterioles are dilated, reducing blood volume, and heart is 
stimulated to beat more slowly, further reducing blood pressure; decline in 
blood pressure elicits the opposite cascade of effects  

Source:  Health Research International compilation from clinical literature  
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2.1.1.1 Core Temperature 
In humans, core temperature is regulated via input from thermoreceptors in the brain stem 
hypothalamus, spinal cord, internal organs, and great veins. When core temperature falls, 
blood supply to the skin is reduced through the process of vasoconstriction. Blood flow to 
the extremities (which have a large exposure surface) is minimized, allowing the bulk to be 
redirected to the trunk through the deep veins which run alongside the arteries, thereby 
minimizing heat loss.  The subcutaneous limb veins are also constricted, further reducing 
heat loss.  Metabolic rate is increased, initially by non-shivering thermogenesis, followed by 
shivering thermogenesis if the earlier reactions are insufficient to correct the hypothermia. 
 
When thermoreceptors detect an increase in core temperature, sweat glands in the skin are 
stimulated via cholinergic sympathetic nerves to secrete sweat onto the skin.  This activity, 
combined with blood flow, cools the core temperature through evaporation.   

 

2.1.1.2 Blood Glucose 
Blood glucose levels in humans are regulated by beta cells sensors of the pancreatic islets. 
The beta cells respond to a rise in blood sugar by secreting insulin into the blood and 
simultaneously inhibiting alpha cells from secreting glucagon into the bloodstream.  The 
combination of high blood insulin levels and low glucagon levels act on effector tissues, in 
the liver, fat and muscle cells. The liver is inhibited from producing glucose and prompted to 
take it up and convert it into glycogen and triglycerides. The glycogen is stored in the liver, 
while triglycerides are secreted into the blood as a low-density lipoprotein, which are taken 
up by adipose tissue to be stored as fat. The fat cells take up glucose through special glucose 
transporters, whose numbers in the cell wall are increased as a direct effect of insulin uptake. 
The glucose that enters the fat cells in this manner is converted into triglycerides (via the 
same metabolic pathways as those used by the liver) and then stored in those fat cells 
together with the LDL-derived triglycerides that were produced in the liver. Muscle cells 
also take glucose up through insulin-sensitive glucose channels, and convert it into muscle 
glycogen. 
 
When blood glucose declines below normal levels, insulin secretion is terminated, and alpha 
cells begin the release of glucagon into the blood stream, which inhibits the uptake of 
glucose by the liver, fats cells and muscle.  Simultaneously, the liver is stimulated to 
produce glucose from glycogen and from non-carbohydrate sources, such as lactate and 
deaminated amino acids.  This glucose is then discharged into the blood to compensate for 
detected hypoglycemia.  The glycol-gen stored in muscles is only broken down during 
exercise, to be fed into the citric acid cycle or turned into lactate, which is returned to the 
blood and converted back to glucose by the liver. 
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2.1.1.3 Blood Calcium, Sodium, Potassium and Iron  
Plasma ionized calcium (Ca2+) concentration is controlled via a pair of homeostatic sensors 
situated in the parathyroid and thyroid glands.  The chief parathyroid cells secrete 
parathyroid hormone (PTH) in response to a fall in the plasma ionized calcium level, while 
the parafollicular cells of the thyroid gland secrete calcitonin in response to a rise in the 
plasma ionized calcium level.  The homeostatic mechanisms working through the release of 
PTH and calcitonin, respectively, can rapidly correct any deviation from the norm in the 
plasma ionized calcium level by either removing calcium from the blood and depositing it in 
the skeleton, or by longer-term removal of calcium through absorption or loss from the gut. 
 
The extracellular potassium ion (K+) concentration is sensed by the zona glomerulosa cells 
of the outer layer of the adrenal cortex, as well as, by sensors in the carotid arteries. High 
potassium concentrations in the plasma cause depolarization of the zona glomerulosa cells 
membranes. This causes the release of aldosterone into the blood.  Aldosterone acts 
primarily on the distal convoluted tubules and collecting ducts of the kidneys, stimulating 
them to excrete potassium ions into the tubular fluid and, thus, into the urine. It does so, 
however, by activating the basolateral Na+/K+ pumps of the tubular epithelial cells. These 
sodium/ potassium exchangers pump three sodium ions out of the cell, into the interstitial 
fluid and two potassium ions into the cell from the interstitial fluid. This creates 
concentration gradients which result in the reabsorption of sodium (Na+) ions from the 
tubular fluid into the blood, and secreting potassium (K+) ions from the blood into the urine 
via the lumen of the collecting duct. 
 
The fact that the sodium and potassium homeostatic mechanisms seem to rely entirely on the 
same effector but in opposite directions implies that excess potassium in the plasma can only 
be excreted at the expense of sodium retention by the body, or vice versa. It cannot 
simultaneously excrete sodium and potassium ions in higher than modest quantities (when 
aldosterone is at an intermediate concentration in the plasma), and has no way of retaining 
both of them if there is a shortage in the body of the two cations.  How these two conflicting 
homeostats using the same effector are disentangled to allow the plasma sodium and 
potassium ion levels to be regulated independently is currently unknown. 

  

2.1.1.4 Blood Oxygen, CO2 Saturation, pH 
Blood gases—e.g., levels of oxygen and carbon dioxide saturation—as well as plasma pH 
are controlled by the respiratory center in the brainstem, which receives signals from the 
peripheral chemoreceptors in the carotid artery and aortic arch.  Changes in the partial 
pressure of CO2 are registered as altered pH in the cerebrospinal fluid by the CNS chemo-
receptors in the brainstem.  Data from those chemoreceptors are then transmitted to the 
respiratory control center, which activates the effector organs, i.e., the diaphragm and other 
muscles, enabling respiration.  Detection of an increased level of CO2 or a decreased level of 
oxygen in the blood would produce a deeper breathing pattern and increased respiratory rate 
to bring the blood gases back to normal to meet current physiological demand. 
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The partial saturation of carbon dioxide (pCO2) also plays a key role in the monitoring of 
pH.  When pCO2 drops significantly, the kidneys secrete hydrogen ions into the blood, and 
excrete bicarbonate into the urine to remedy the problem. The kidneys also measure the 
oxygen content in the arterial blood.  When that level becomes chronically low, oxygen-
sensitive cells secrete erythropoietin into the blood via effector tissue in the bone marrow, 
which produces red blood cells (RBCs). The increase in RBC count increases the level of 
hematocrit in the blood and a subsequent increase in hemoglobin that increases oxygen 
carrying capacity.  
 

2.1.1.5 Arterial Blood Pressure, Heart Rate, Respiration 
Arterial blood pressure is monitored by baroreceptors in the walls of the aortic arch and 
carotid sinus.  Elevated pressure is detected when the walls of the arteries stretch due to an 
increase in blood volume. This causes heart muscle cells to secrete atrial natriuretic peptide 
(ANP) hormone into the blood.  The ANP acts on the kidneys to inhibit the secretion of 
renin and aldosterone, causing the release of sodium and accompanying water into the urine, 
thereby reducing blood volume.  Simultaneously, the autonomic nervous system is 
stimulated to influence the activity of the heart and the arterioles. When arterial blood 
pressure rises, the arterioles are stimulated to dilate, making it easier for blood to leave the 
arteries, thereby deflating them and restoring normal blood pressure.  In addition, the heart is 
stimulated via cholinergic parasympathetic nerves to beat more slowly, ensuring that the 
inflow of blood into the arteries is reduced, thus adding to the reduction in blood pressure. 
 
When arterial blood pressure drops below normal, the opposite reflexes (i.e., constriction of 
the arterioles, and a speeding of heart rate) are elicited. If the drop in blood pressure is very 
rapid or excessive, adrenals are stimulated to secrete epinephrine (adrenaline) into the 
bloodstream to enhance tachycardia and produce severe vasoconstriction of the arterioles. 

 

2.1.2 Homeostatic Failures 
Many human diseases are the result of a homeostatic failure. Almost any component of 
human homeostasis can malfunction, either as a result of an inherited defect, acquired gene 
mutation, or uncompensated acute or chronic disorders. Some homeostatic mechanisms 
incorporate redundancies to ensure that life is not immediately threatened if a corresponding 
component malfunctions. However, sometimes a homeostatic malfunction can result in 
serious disease, which can be fatal if not treated.  Insulin dependent (type 1) diabetes 
represents the best known example of a homeostatic failure.  In persons with type 1 diabetes, 
blood sugar is not regulated because the beta cells of the pancreatic islets are destroyed or 
disabled and cannot produce the needed insulin, resulting in life threatening hyperglycemia. 
 
Similarly, the plasma ionized calcium homeostat can be disrupted by the chronic over-
production of parathyroid hormone by a parathyroid adenoma, resulting in the typically 
features of hyper-parathyroidism, namely high plasma ionized Ca2+ levels and the resorption 
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of bone, which can lead to spontaneous fractures. The abnormally high plasma ionized 
calcium concentrations cause conformational changes in many cell-surface proteins 
(especially ion channels and hormone or neurotransmitter receptors) resulting in lethargy, 
muscle weakness, anorexia, constipation, etc. 
 
Another example involves the body water homeostat, which can be compromised by the 
inability to secrete antidiuretic hormone (ADH) in response to even the normal daily water 
losses via the exhaled air, the feces, and sweating.  On receiving a zero blood ADH signal, 
the kidneys produce huge unchanging volumes of very dilute urine, causing dehydration and 
death if not treated. 
 
As organisms age, the efficiency of their control systems declines. These inefficiencies 
gradually result in an unstable internal environment that increases the risk of illness, and 
leads to the physical changes associated with aging. 
 
Some chronic disorders can be controlled temporarily by the homeostatic mechanism, which 
may mask a problem by compensating for it.  However, these compensating mechanisms 
eventually become exhausted or are disrupted by a new complicating factor--such as the 
advent of a concurrent acute disorder—which triggers a new cascade of adverse events.  

 

2.2 Main Components of Homeostasis Mechanism 
The homeostasis mechanism describes the body’s inherent tendency to preserve sustainable 
functionality and viability of the human biosystem via continuous adjustment to changes in 
its internal and external environment using multiple regulatory mechanisms. All homeo-
static control mechanisms feature three interdependent components which, together, regulate 
vital internal parameters.  These are: receptors, control centers, and effectors.  Exhibit 2-3 
shows these components and their interaction. 
 
Receptors are parameter-specific sensing elements that continuously monitor, register and 
respond to changes in the external and internal environments and convert the data into 
appropriately encoded neurosignals. The latter are transmitted to the CNS (brain stem) 
control centers via dedicated afferent signaling pathways.  The CNS control center processes 
the signals and responds to each with specific receptor activation commands delivered via 
efferent signaling pathways to the appropriate effectors using cell action potentials and 
neurotransmitters.  The effectors are specific to organs and tissues of the endocrine 
(immune) system, enabling the secretion of needed compensating hormones (cytokines). 
 
At the cellular level, the activated receptors include nuclear receptors that changes gene 
expression through up-regulation or down-regulation, and act using negative feedback 
mechanisms. A CNS control center may regulate more than one key internal parameter.  
When the CNS control center command is received and acted upon, negative feedback is 
sent to the activating receptor, indicating further signaling is no longer required.  
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Exhibit 2-3:  Major Components of Homeostasis Mechanism 

 
 

 
 
 
 
 
 
Source:  schoolbag.info 
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2.2.1 Cell Signaling  
The central nervous system entirely comprises two kinds of specialized cells:  neurons and 
glia.  The former represent the basic information processing structures.  They receive input 
"information" from other neurons, to process that information, then to send "information" as 
output to other neurons.  Synapses are connections between neurons through which 
"information" flows from one neuron to another.  Based on some estimates, the human brain 
contains about 200 billion neurons which process the entire body of motor, sensory and 
cognitive information that flows within, to, or from the CNS.  
 
A typical neuron has four distinct components.  The first part is the cell body (or soma), 
which is the metabolic control center of the neuron as well as its manufacturing and 
recycling plant where neuronal proteins are synthesized. The second and third parts are 
processes (named dendrites and axon), structures that extend away from the neuronal cell 
body and serve as conduits through which signals flow to or away from the cell body.  
Incoming signals from other neurons are received through its dendrites while outgoing 
signals to other neurons flow along its axon. A neuron may have many thousands of 
dendrites, but it will have only one axon. The fourth distinct part of a neuron lies at the end 
of the axon and are called the axon terminals. These are the structures that contain 
neurotransmitters.   Exhibit 2-4 shows these structural components of a neuron. 
 
To support the general function of the nervous system, neurons have developed unique intra- 
and inter-cellular signaling capabilities. To achieve long distance, rapid communication, 
neurons are able to send electrical signals (action potentials) along axons. This mechanism, 
called conduction, is how the cell body of a neuron communicates with its own terminals via 
the axon.  Communication between neurons is achieved at synapses by the process of 
neurotransmission. 

 
Signal conduction begins when an electrical signal (action potential) is generated near the 
cell body of the axon.  This signal enables the movement of charged ions across the neuronal 
membrane through ion channels that open and close due to the presence of neurotrans-
mitters.  When the concentration of ions on the inside of the neuron changes, the electrical 
property of the membrane itself changes.  The normal membrane potential of a neuron at 
rest is -70 millivolts. The influx and outflux of ions through ion channels during neuro-
transmission increases the positive charge of the neuron, a process called depolarization.  
When this depolarization reaches a point of no return, called a threshold, a large electrical 
signal (action potential) is generated and propagated along the axon until it reaches the axon 
terminals, where conduction ends and neurotransmission begins.  Exhibit 2-5 presents a 
schematic of this process. 
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Exhibit 2-4: Anatomy of a Neuron 

 

 
 
 
 
Source: Arizona State University School of Life Sciences 
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Exhibit 2-5:  Schematic of Signaling Process 

 
 

 
 
 
 
 
 
Source:  my-dementia.co.uk 
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2.2.1.1 Neurotransmitters  
Neurotransmitters (chemical messengers) are endogenous chemicals that enable substantive 
communication between neurons. They transmit signals across a chemical synapse, such as a 
neuromuscular junction, from one neuron to another "target" neuron, muscle cell, or 
endocrine gland cell. Neurotransmitters are released from synaptic vesicles in synapses into 
the synaptic cleft, where they are received by receptors on the target cells. 
 
Many neurotransmitters are synthesized from simple and plentiful precursors, such as amino 
acids, which are readily available from the diet and only require a small number of bio-
synthetic steps for conversion. Neurotransmitters play a major role in shaping everyday life 
and functions. Their exact numbers are unknown, but more than 100 chemical messengers 
have been identified, of which about a dozen are actively involved in human homeostasis.. 
 
Neurotransmitters are stored in a synapse in synaptic vesicles, clustered beneath the 
membrane in the axon terminal located at the presynaptic side of the synapse.  They are 
released into and diffused across the synaptic cleft, where they bind to specific receptors in 
the membrane on the postsynaptic side of the synapse. 
 
Most neurotransmitters are about the size of a single amino acid, however, some may be the 
size of larger proteins or peptides. A released neurotransmitter is typically available in the 
synaptic cleft for a short time before it is metabolized by enzymes, pulled back into the 
presynaptic neuron through reuptake, or bound to a postsynaptic receptor. Nevertheless, 
short-term exposure of the receptor to a neurotransmitter is typically sufficient for causing a 
postsynaptic response by way of synaptic transmission. 
 
In response to a threshold action potential or graded electrical potential, a neurotransmitter is 
released at the presynaptic terminal. Low level "baseline" release also occurs without 
electrical stimulation.  The released neurotransmitter may then move across the synapse to 
be detected by and bind with receptors in the postsynaptic neuron. Binding of neurotrans-
mitters may influence the postsynaptic neuron in either an inhibitory or excitatory way. This 
neuron may be connected to many more neurons and ultimately create a new action potential 
at its axon followed by the release of additional neurotransmitters and passing the 
information to yet another neighboring neuron. 

 
Until the early 20th century, scientists assumed that the majority of synaptic communication 
in the brain was electrical. However, in the 1920s, French researcher Ramón Cajal 
discovered the existence of a 20 to 40nm gap between neurons, known today as the synaptic 
cleft.  The presence of such a gap suggested intra-neuronal communication via chemical 
messengers traversing the synaptic cleft.  In 1921 German pharmacologist Otto Loewi 
confirmed (through a series of experiments involving the vagus nerves of frogs) that neurons 
can communicate by releasing chemicals. Loewi demonstrated that the heart rate of frogs 
can be altered by changing the amount of saline solution present around their vagus nerves. 
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Based on his findings, Loewi concluded that sympathetic regulation of cardiac function can 
be mediated through changes in the system’s chemical environment.  

 
Based on advances in pharmacology, genetics, and chemical neuroanatomy, the term 
"neurotransmitter" is currently applied to chemicals that: 

• Carry messages between neurons via influence on the postsynaptic membrane; 

• Have little or no effect on membrane voltage, but exhibit a common carrying function such as 
changing the structure of the synapse; and 

• Communicate by sending reverse-direction messages that affect the release or reuptake of 
transmitters. 

 
The anatomical localization of neurotransmitters is typically determined using immunocyto-
chemical techniques, which identify the location of either the transmitter substances 
themselves, or of the enzymes that are involved in their synthesis.  Such techniques have 
also revealed that many transmitters, particularly the neuropeptides, are co-localized, that is, 
one neuron may release more than one transmitter from its synaptic terminal. Various 
techniques and experiments such as staining, stimulating, and collecting can be used to 
identify neurotransmitters throughout the central nervous system. 
 
Neurotransmitters are usually classified as amino acids, peptides, and monoamines.  Major 
neurotransmitters belonging to the amino acids group include glutamate, aspartate, D-
serine,γ-aminobutyric acid (GABA), and glycine. The peptide group includes somatostatin, 
substance P, cocaine and amphetamine regulated transcript, opioid peptides, nitric oxide 
(NO), carbon monoxide (CO), hydrogen sulfide (H2S).  Monoamines include dopamine 
(DA), norepinephrine (noradrenaline; NE, NA), epinephrine (adrenaline), histamine, and 
serotonin (SER, 5-HT). 
 
The most prevalent neurotransmitter is glutamate, which is excitatory at well over 90% of 
the synapses in the human brain. Another widely present neurotransmitter is Gamma-
Aminobutyric Acid, or GABA, which is inhibitory at more than 90% of the synapses that do 
not use glutamate.  
 
A neurotransmitter can influence the function of a neuron in a number of ways. However, in 
its direct actions impacting a neuron’s electrical excitability, a neurotransmitter can act in 
only one of two ways: excitatory or inhibitory. A neurotransmitter influences trans-
membrane ion flow either to increase (excitatory) or to decrease (inhibitory) the probability 
that the cell with which it comes in contact will produce an action potential. Thus, despite 
the wide variety of synapses, they all convey messages of only these two types, and they are 
labeled as such. Type I synapses are excitatory in their actions, whereas type II synapses are 
inhibitory. Each type has a different appearance and is located on different parts of the 
neurons under its influence. Each neuron receives thousands of excitatory and inhibitory 
signals every second. 
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The primary function of a neurotransmitter is to activate a receptor. Therefore, the net 
effects of a neurotransmitter system depend on the connections of particular neurons that use 
particular transmitter, and the chemical (biochemical) properties of particular receptors to 
which a given  transmitter binds. 
 
Neurons expressing certain types of neurotransmitters could form distinctive systems, where 
activation of the system affects large volumes of the brain, known as volume transmission. 
Major neurotransmitter systems include thenoradrenaline (norepinephrine) system, the 
dopamine system, the serotonin system, and the cholinergic system, among others.  

 

2.2.1.2   Cell Receptors 
Cell receptorsrepresent a special class of proteins enabling cells to communicate with one 
another through chemical signals when bound to neurotransmitter. In very general terms, 
they  
are responsible for the binding of an extracellular signaling molecules and delivery of their 
messages into the CNS control centers, as well as transductionof the CNS response 
messages into one or more intracellular signaling molecules within effector tissues and 
organs, which changes the cell’s behavior. 
 
Cell receptorsare embedded in the cellular membrane and feature two primary domains – the 
signal molecule binding domain, which is exposed to the exterior of the cell and the intra-
cellular domainin contact with the cytoplasm. 
 
Functionally, cellular receptors can be subdivided into three main classes:  

• Ligand-gated ion channel receptors; 

• Enzyme-coupled receptors; and 

• G-protein-coupled receptors 
 

Ligand-gated ion channel receptors, also known as ionotropic receptors, are responsible for 
the rapid transmission of signals across synapses in the nervous system by allowing a flow 
of ions across the plasma membrane, which changes the membrane potential thereby 
producing an electrical current.  Ionotropic receptors transduce a chemical signal, in the 
form of a pulse of neurotransmitters delivered to the outside of the target cell, directly into 
an electrical signal in the form of change in voltage across the target cell’s membrane. The 
opening and closing of ion channels in the membrane allows the flow of specific types of 
ions such as Na+, K+, or Ca.-  

 
Although the ligand-gated ion channel receptors are found mainly in the nervous system and 
other electrically excitable cells such as muscle cells, the other two types of cell surface 
receptors are found practically in every cell type of the body. 
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Enzyme-coupled receptors are transmembrane proteins that act as enzymes or associate with 
enzymes inside the cell. When stimulated, the enzyme activate a variety of intracellular 
signaling pathways which lay important role in responses to extracellular signal proteins that 
regulate the growth, proliferation, differentiation and survival of cells in human tissues.  
 
G-protein-coupled receptors (GPCR’s) comprise the largest class of cell surface receptors 
with somewhat similar structures.  GPCRs’ function is to activate membrane-bound, binding 
G-proteins which then activate either an enzyme or an ion channel in the cell membrane, 
triggering a sequence of other effects. The cited cellular receptors mediate responses 
involving hormones and neurotransmitters.  
 
A signaling molecule binding to a GPCR typically results in a conformational change in the 
receptor. When GPCR binds to an inactive G-protein, it leads to a displacement of the GDP 
by the GTP on the alpha subunit of the G-protein. On its part, the GTP-bound G-
alpha dissociates from the G-beta/gamma complex and the GPCR and binds to a specific 
effector and activates it, triggering a cascade of needed responses. 
 
Based on their functional association with common neurotransmitters and action 
mechanism, cellular receptors might be categorized as:  

• Adrenergic; 

• Dopaminergic; 

• GABAergic; 

• Glutaminergic; 

• Histaminergic; 

• Cholinergic; 

• Serotonergic; and 

• Glycinergic (among others). 
 

2.2.2 Endocrinal Signaling Features 
The endocrine system, which is controlled by hypothalamus, represents a unique tuning 
instrument of the CNS enabling the latter to guide and regulate physical, physiological, and 
psychological development processes throughout the entire life cycle of the human 
organism.  Within the homeostasis mechanism, the endocrine system with its nine 
specialized glands—e.g., the pituitary, thyroid, four parathyroid, two adrenals, and 
thymus—and hormone-secreting tissues in several major organs (e.g., pancreas, heart, 
kidneys, ovaries, testicles, and intestines), works as the effector arm of the continuous self-
monitoring and adjusting process. 
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2.2.2.1   Hormones 
Controlled by the CNS hypothalamus and pituitary gland, hormones represent a group of 
special bioactive chemicals, known as chemical messengers, that are secreted into the 
bloodstream and delivered to targeted groups of cells and organs with corresponding 
receptors to enact needed changes in cellular activity.  These changes include up-regulation 
and down-regulation of certain genes coding for certain proteins, which enable the 
regulation of physiological and behavioral processes, including homeostasis. 
 
Hormones can affect the human body in a variety of ways, including, but not limiteds to: 

• stimulation or inhibition of growth; 

• wake-sleep cycle and other circadian rhythms; 

• induction or suppression of cell apoptosis; 

• activation or inhibition of the immune system; 

• regulation of metabolism; 

• preparation of the body for a new phase of life (like puberty, parenting, and menopause); 

• control of the reproductive cycle; and 

• mood swings, hunger cravings and others. 

There are approximately 50 hormones secreted into and continuously or intermittently 
circulating in the human body.  These are typically subdivided into three classes: 
eicosanoids, steroids, and amino acid/protein derivatives. 
 
Most hormones initiate a cellular response by initially binding to either the receptors 
associated with the cell membrane or to intracellular receptors. A cell may have several 
different receptor types that recognize the same hormone but activate different signal 
transduction pathways.  Or, a cell may have several different receptors that recognize 
different hormones and activate the same biochemical pathway. 
 
Receptors for most peptide as well as many eicosanoid hormones are embedded in the 
plasma membrane at the surface of the cell; the majority of these receptors belong to the G 
protein-coupled receptor class of alpha helixtransmembrane proteins. The interaction of 
hormone and receptor typically triggers a cascade of secondary effects within the cytoplasm 
of the cell, often involving other cytoplasmic proteins, changes in ion channel permeability, 
or increased concentrations of intracellular molecules that may act as secondary messengers.  
Some protein hormones also interact with intracellular receptors located in the cytoplasm or 
nucleus by an intracrine mechanism. 
 
Steroid hormone receptors are located within the cytoplasm of the target cell. These 
receptors belong to the nuclear receptor family of ligand-activated transcription factors. To 
bind their receptors, these lipid-soluble hormones cross the cell membrane and form a 
combined hormone-receptor complex. The latter moves across the nuclear membrane into 
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the nucleus of the cell, where it binds to specific DNA sequences, regulating the expression 
of certain genes, thereby altering the levels of the proteins encoded by these genes. 
 
Eicosanoids are considered"local hormones" because they possess specific effects on target 
cells close to their site of formation. They also have a rapid degradation cycle, making sure 
they do not reach distal sites within the body. 
 

2.2.2.2 Cytokines and Other Components 
Discovered in the late 1950s, cytokines comprise a special class of small proteins (~5–20 
kDa) that play a vital role in the systemic self-protection mechanism by defending against 
infection and the formation of hostile or malignant neoplasms, expediting healing processes 
via control of inflammation, and supporting autocrine, paracrine, and endocrine signaling as 
immuno modulating agents, among others.  The category includes chemokines, interferons, 
interleukins, lymphokines and tumor necrosis factors.  Cytokines are produced by a broad 
range of cells, including immune cells (e.g., macrophages, B lymphocytes, T lymphocytes 
and mast cells) as well as endothelial cells, fibroblasts, and various stromal cells. 
 
Cytokines act through receptors, and play an especially important role in the immune 
system; where they modulate the balance between humoral and cell-based immune 
responses.  They also regulate the maturation, growth and responsiveness of particular cell 
populations.  Some cytokines enhance or inhibit the action of other cytokines in complex 
ways.  They are different from hormones, which are also important cell signaling molecules, 
in that hormones circulate in less variable concentrations and tend to be made by specific 
kinds of cells. 
 
Cytokines are usually classified as lymphokines, interleukins, and chemokines based on 
their presumed function, cell of secretion, or target of action.  Lymphokines are produced by 
lymphocytes.  Interleukins are produced by T-helper cells, and chemokinesare produced by 
macrophages to mediate chemotaxis between cells. 
 
The latest classification subdivides immunological cytokines into two groups:  1) those that 
enhance cellular immune responses; and 2) type I (e.g., TNF, IFN) and type II (e.g., TGF, 
IL-4, IL-10, IL-13), which favor antibody responses.  Of interest here is the fact that 
cytokines in one of these two subsets tend to inhibit the effects of those in the other.  
Dysregulation of this tendency is currently under intensive study for its possible role in the 
pathogenesis of auto-immune disorders. 
 
Some inflammatory cytokines are induced by oxidative stress and also trigger the release of 
other cytokines leading to increased oxidative stress. The latter makes them important in the 
onset of chronic inflammation, as well as other immunoresponses.  Finally, cytokines may 
play an important role in anti-inflammatory pathways as a possible therapeutic remedy for 
chronic pain from inflammation or peripheral nerve injury.  
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2.3   Vagus Nerve Functional Anatomy and Role in Homeostasis Processes 
The vagus nerve—known as the 10th cranial nerve—constitutes the most complex and 
longest bundle of nerve fibers in the human body, running from the base of the skull, 
through the neck and thoracic and abdominal regions to the upper pelvis. It has the most 
extensive neural distri-bution in the human body, innervating virtually all vital organs and 
related tissue infrastructures, along with the endocrinal system glands and other components 
regulating vital organ functions.   

 

2.3.1 Functional Anatomy 
The vagus nerve incorporates five types of fibers, which transmit information related to 
sensory, muscular activity, and autonomic functions.  An estimated 80% of these fibers 
constitute afferent signaling pathways, carrying information from peripheral sites to the 
CNS control centers within brain stem hypothalamus for review and subsequent response 
(i.e., effector feedback) via the efferent signaling pathways to the specific components of the 
endocrine or immune system (the latter in cases of detected inflammation). 
 
The vagus nerve originates at the brain stem, exits the cranium via the jugular foramen and 
splits in the neck into a left and right branches, which travel downward within the carotid 
sheaths prior to entering the thorax.  On its way down the neck, the vagus nerve gives rise to 
laryngeal and pharyngeal branches that form the pharyngeal plexus innervating the 
pharyngeal muscles, the mucous membrane of the pharynx and the soft palate. At the lower 
neck, the left and right vagus nerve branches join to form the esophageal plexus. 
 
Within the thorax, left and right bundles of the vagus nerve branch out to form the superior 
and inferior cardiac nerves, which merge to form the cardiac plexus.  Similarly, the anterior 
and posterior bronchial branches of the vagus nerve, which are distributed as two to three 
branches on the root of the lungs, form pulmonary plexus. 
 
Within the abdomen, the left and right gastric branches of the left and right vagus nerves form 
anterior and posterior gastric plexuses supplying (innervating) the stomach.  The celiac 
branches derived from the right vagus nerve join in the celiac plexus, which supplies the 
pancreas, spleen, kidneys, adrenals, and intestine.  Finally, the hepatic branches originate from 
the left vagus nerve to join in the hepatic plexus which innervates the liver.  Exhibit 2-6 
presents these components, functions and distributions of the vagus nerve fibers. 

 

2.3.2  Role in Homeostasis Process 
The vagus nerve plays an indispensable role in the native homeostasis process. It represents 
the only all-encompassing conduit for the vast number of afferent and efferent signaling  
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Exhibit 2-6: Components, Functions, and Peripheral Distribution of Vagus Nerve Fibers 

Components Functions Peripheral Distribution 

Branchial Motor (Efferent 
Special Visceral) 

Swallowing; 
Phonation 

Pharyngeal branches; Superior and 
inferior laryngeal nerves 

Visceral Motor (Efferent 
General Visceral) 

Involuntary muscle 
and gland control 

Cardiac, pulmonary, esophageal, 
gastric, celiac plexuses and muscles; 
Digestive tract glands 

Visceral Sensory (Afferent 
General Visceral)  

Visceral sensibility Cervical, thoracic, abdominal fibers; 
Carotioid and aortic bodies 

Visceral Sensory (Afferent 
Special Visceral) 

Taste Branches to epiglottis and taste buds 

General Sensory (Afferent 
General Somatic) 

Cutaneous 
sensibility 

Auricular branch to external ear, 
meatus, tympanic membrane 

 

 
Sources: Clinical literature, emedicine.medscape.com
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inhibits the inflammatory response by inhibiting the release of pro-inflammatory 
cytokines, such as interleukin-6 and tumor necrosis factor.  Alternatively, when 
pathogens are detected, pro-inflammatory cytokines are released to defend against them, 
a typically rapid and localized reflex.  Unfortunately, when pro-inflammatory cytokines 
are released over a prolonged period, they can trigger a systemic humoral response, 
producing or exacerbating autoimmune disorders, such as rheumatoid arthritis or 
inflammatory bowel disease. 

 

2.4 Challenges and Limitations 
The main premise supporting vagus nerve stimulation (VNS) therapy for the  treatment of 
various acute and chronic disorders is the assumption that the targeted application of 
appropriately formed and shaped (e.g., voltage, amperage, frequency, modulation) 
externally generated electrical impulses to correctly selected afferent fiber pathways of 
the vagus nerve can prompt CNS control centers to generate desired efferent feedback 
resulting in activation of appropriate endocrine or immune effectors responses for 
remedying the targeted condition.  While fundamentally valid, this assumption is 
associated with several important unknowns that need to be addressed before the 
approach can become a practical, broadly applied clinical reality. These include, but are 
not limited to:     

• How to differentiate afferent vs efferent pathways in the vagus nerve highway; 

• How to identify the exact pathways to stimulate to treat specific conditions; and 

• How to identify optimal vagus nerve access sites and parameters of stimulation to 
treat specific conditions. 
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3.0 NEUROSTIMULATION TARGETED CLINICAL APPLICATIONS  
Traditional clinical applications for neurostimulation have included chronic pain, neuro-
degenerative conditions, drug refractory epilepsy, migraine and cluster headache, and 
obesity.  With the expanded understanding of the role of selected nerves in other 
conditions, new applications are rapidly emerging.  For example, vagus nerve 
stimulation (VNS) therapy is demonstrating great potential for the treatment of chronic 
inflammatory, neurological, hematologic, metabolic and cardiac conditions.  Similarly, 
hypoglossal nerve (HGN) stimu-lation is showing great promise as an option for patients 
with obstructive sleep apnea for whom CPAP therapy is either unacceptable or 
ineffective.  It is significant that all of these are chronic, frequently painful conditions 
that significantly impact the individual’s quality of life and ability to work and for which 
therapeutic options remain limited.  This section will present an overview of these 
conditions, with particular emphasis on the magnitude of the associated global patient 
populations, the lack of effective therapies, and the logic behind neurostimulation as a 
possible solution.  Clinical studies evaluating the success of neurostimulation in these 
applications are presented in chapters 4 and 7 of this report.  

 

3.1 Inflammatory Conditions 
Vagus nerve stimulation (VNS) is showing promise for the management of 
inflammatory/ autoimmune conditions.  The rationale for use in this application reflects 
the established connection between the abnormal stimulation of the afferent pathways 
from the organs to the immune system that triggers the continuous release of pro-
inflammatory cytokines at the expense of anti-inflammatory ones, leading to the onset of 
chronic inflammation of joints, the G.I. tract and other tissues and organs.  Clinical 
experiments have shown that physical manipulation (massage) of the vagus nerve in the 
carotid area may prompt the release of some anti-inflammatory cytokines capable of 
remedying crippling inflammatory conditions.  Moreover, a specific type of easily 
excitable nerve fiber in the vagus nerve at that location can play a role in correcting this 
“miscommunication” between the CNS and immune system. 
 
The major inflammatory conditions showing potential promise for VNS therapy in 
clinical studies include rheumatoid arthritis, inflammatory bowel disease, and multiple 
sclerosis. Exhibit 3-1 presents an overview of these conditions.  

 

3.1.1 Rheumatoid Arthritis 
Rheumatoid arthritis (RA) is an autoimmune disease in which the body’s immune 
system mistakenly attacks the joints.  The resulting inflammation causes the synovium—
the tissue lining the insides of the joints that makes the lubricating fluid that helps joints 
to move smoothly—to thicken, resulting in swelling and pain in and around the joints. If  
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Exhibit 3-1:  Overview of Selected Inflammatory Conditions Potentially Amenable to VNS Therapy 

Condition Description Treatment Limitations Global Prevalence 

Rheumatoid 
Arthritis (RA) 

Autoimmune disease in which body’s immune 
system mistakenly attacks the joints, 
producing inflammation that makes joints 
extremely painful and can lead to joint 
deformity; primarily affects smaller joints and 
women 

No cure; treatment relies on non-steroidal 
anti-inflammatory drugs, steroids, disease-
modifying antirheumatic drugs and 
biologics, which have undesirable side 
effects or are very expensive 

Estimated at 18 to 76 
million, concentrated 
in developed nations 

Inflammatory 
Bowel Disease 
(IBD) 

Chronic inflammation of the small and/or large 
intestine that causes mucous membranes 
lining colon to become inflamed and develop 
ulcers, leading to bloody diarrhea, pain, gas 
and bloating; two major forms are Crohn’s 
and ulcerative colitis (UC). 

No cure; goals of lifetime management 
include control of inflammation, correction 
of nutritional deficiencies and reduction of 
symptoms through drugs and biologics;  
continued exacerbation eventually leads to 
need for surgery in up to 75% of Crohn’s 
patients and 25% of UC patients. 

Global incidence of 
IBD estimated as 
high as 396 per 
100,000 capita; UC 
prevalence ranges 
from 0.5–24.5 per 
100,000 capita; 
Crohn’s prevalence 
from 0.1–16 per 
100,000 capita. 

Multiple 
Sclerosis (MS) 

Disease in which immune system attacks 
both myelin coating around CNS nerve fibers 
and nerve fibers themselves, disrupting flow 
of information within the brain as well as 
between body and brain; course can be 
relapsing/remitting or progressive.   

No cure; treatment focuses on speeding 
recovery from attacks with corticosteroids, 
slowing the progression of the disease via 
immunotherapy drugs, and managing 
symptoms through physical therapy and 
drugs; advanced disease characterized by 
disability 

Prevalence estimated 
at 2.3 to 2.5 million 
globally, with rates 
higher further from 
equator  

 
Source:  Health Research International 
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the inflammation goes unchecked, it can damage cartilage (the elastic tissue covering the 
ends of joint bones), as well as the bones themselves. Over time, there is loss of 
cartilage, and the joint spacing between bones can shrink.   Joints can subsequently 
loosen, become unstable, painful and lose their mobility. Joint deformity also can occur. 
Joint damage cannot be reversed, and because it can occur early, doctors recommend 
early diagnosis and aggressive treatment to control RA. 
 
Rheumatoid arthritis most commonly affects the joints of the hands, feet, wrists, elbows, 
knees and ankles. The joint effect is usually symmetrical. RA also can affect body 
systems, including cardiovascular and respiratory.  For this reason, it is called a systemic 
disease.  
 
RA is more common in women than in men by a factor of nearly 3:1.  Women most 
commonly notice the condition between ages 30 and 60; in men, it often occurs later in 
life. Having a family member with RA increases the odds of having the condition; 
however, the majority of people with RA have no family history of the disease. 
 
While an abnormal response of the immune system plays a leading role in the 
development of RA, the cause of that abnormal response remains unknown.  Some 
evidence suggests that genes, hormones and environmental factors are involved.  For 
example, people with a specific genetic marker called the HLA shared epitope have a 5-
fold greater chance of developing RA than do those without the marker. The HLA 
genetic site controls immune responses. Other genes connected to RA include: STAT4, 
which plays important roles in the regulation and activation of the immune system; 
TRAF1 and C5, two genes relevant to chronic inflammation; and PTPN22, a gene 
associated with both the development and progression of RA. However, not all people 
with these genes develop RA, and not all people with the condition have these genes. 
 
Researchers believe other factors that may play a role in the development of RA include 
infectious agents (bacteria or viruses that may trigger RA development in a genetically 
predisposed individual); female hormones (70% of people with RA are women); obesity, 
and the body’s response to stressful events, such as physical or emotional trauma. 
Environmental factors, such as exposure to cigarette smoke, air pollution, insecticides, 
mineral oil and silica, may also increase one's risk for developing RA.   
 
No single test can confirm RA. Rather, diagnosis relies on a combination of medical 
history, a physical exam, blood tests (to check for biomarkers associated with RA) and 
imaging studies (to identify any bone and joint damage).  Treatment is mostly 
pharmacologic, comprising long-term administration of nonsteroidal inflammatory 
drugs, steroids, disease-modifying antirheumatic drugs and biologics, which have 
undesirable side effects or are very costly.  Orthopedic surgery may be required if joint 
damage has progressed to the point of crippling the individual.   
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Estimates of the global prevalence of RA vary significantly.  The 2010 Global Burden of 
Disease report estimated prevalence at 0.24% in 2010.  Other estimates by arthritis 
associations range as high as 1% of the global population.  Still other sources fall in 
between these two extremes.  These estimates produce a range of 18 million to 76 
million individuals.  Clearly, irrespective of the specific figure chosen, rheumatoid 
arthritis represents a significant, underserved patient population with chronic pain and 
very limited treatment options that could benefit immeasurably from the development of 
a successful VNS therapy.   
 

3.1.2 Inflammatory Bowel Disease 
Inflammatory bowel disease (IBD) is characterized by chronic inflammation of the small 
and/or large intestine that causes the mucous membranes lining the colon to become 
inflamed and develop ulcers.  This, in turn, leads to symptoms, including bloody 
diarrhea, pain, gas, bloating and, in some cases, hard stools.  IBD should not be confused 
with irritable bowel syndrome (IBS), a disorder affecting the muscle contractions of the 
bowel that is neither inflammatory nor chronic.  
 
The two major forms of IBD are ulcerative colitis (UC) and Crohn's disease.  Patients 
with these conditions present with similar symptoms; however, UC is limited to the 
mucosa and submucosa (the first two layers of the bowel lining), whereas Crohn's 
disease extends through to the muscle and connective tissue.  Also, Crohn’s tends to 
affect the ileum (the area where the small and large intestines join), whereas UC is 
limited to the large intestine and rectum.   
 
The causes of IBD are unknown, but contributing factors include poor eating habits, 
stress, food allergies, and the overuse of antibiotics.  Genetics may also contribute, as 1 
in 4 patients with IBD has a close relative with the condition.  IBD is 2 to 4 times more 
common in Caucasians than in non-Caucasians, and 4 times more common in Jews than 
non-Jews; however, no specific genetic marker has as yet been identified.  
 
Symptoms of IBD typically appear between the ages of 14 and 30, and they include 
diarrhea, nausea, vomiting, abdominal cramps and pain that can be difficult to control. 
Following onset of symptoms, the frequency of subsequent attacks is variable.  
Diagnosis is based on a thorough physical exam, blood and stool tests, and endoscopy, 
the latter involving the upper G.I. tract, lower G.I. tract, or both.  Despite the availability 
of these tools, diagnosis of IBD is very challenging, as the symptoms are not specific to 
the condition.  Thus, much of the product development in this area, including new 
imaging technologies, has been focused on facilitating and enhancing differential 
diagnosis of IBD. 
 
IBD is a chronic, painful condition for which there is no cure, necessitating lifetime 
management.  The goals of therapy are to control inflammation, correct nutritional 
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deficiencies, and relieve symptoms.  Most patients are diagnosed and treated on an 
outpatient basis, although roughly one-quarter of affected individuals in developed 
nations require hospitalization annually.  Unfortunately, IBD can cause gradual 
deterioration of bowel function so that, in the long term, up to 75% of patients with 
Crohn’s and 25% of those with UC will require surgery.  Recent research also suggests 
IBD may place an individual at significantly increased risk for the development of 
colorectal cancer.   
 
Previously, IBD was thought to be a disease of Caucasians of European descent living in 
industrialized economies.  Recent studies have shown that ancestry and ethnicity are not 
primarily involved but that Western diets and lifestyles are.  IBD is found in an average 
0.5% of the populations of North America, Europe, Australia and New Zealand, and the 
rates of UC versus Crohn’s vary by location, e.g., the former is more prevalent in 
Europe, Crohn’s is more prevalent in Australia, and the two are equally present in the 
U.S.  IBD also appears to be more common in northern climates; recent studies suggest a 
role for sunlight and vitamin D deficiency.  Some of these disease patterns appear to be 
shifting, although epidemiological studies in Asia and other regions are considered 
inadequate.  The available data suggest a global incidence as high as 396 per 100,000 
capita.  Ulcerative colitis is more common, with a prevalence ranging from 0.5–24.5 per 
100,000 capita; that of Crohn’s varies from 0.1–16 per 100,000 capita.  Exhibit 3-2 
shows variations in the incidence of IBD for selected nations, and Exhibit 3-3 presents a 
graphic of the geographic prevalence of IBD.   
 
Because: 1) there is no cure for IBD; 2) it affects a large and expanding patient popula-
tion globally; 3) lifetime treatment involving drugs and, frequently, surgery is costly; 
and 4) the condition tends to be quite painful for patients while also conferring an 
emotional burden that reduces their quality of life and ability to work, successful 
management and treatment represents one of the major unmet needs in medicine.  
Biologic therapy, primarily anti-tumor necrosis factor monoclonal antibodies, has been 
employed with great success in small IBD patient populations.  It is delivered via 
infusion under the skin, with a dosing frequency ranging from every 2 to 8 weeks.  Its 
major drawback is the prohibitive cost.  For example, depending on the individual dose, 
the cost of such agents ranged from $1,900 to $5,100 per infusion in 2006, excluding the 
charge for administering the infusion.  Even with potential cost reductions, lifetime 
biologic management is clearly out of the range of funding possibly for the vast majority 
of patients. 

 

3.1.3 Multiple Sclerosis 
Multiple sclerosis (MS) is a disease of the central nervous system (CNS) that disrupts 
the flow of information within the brain as well as between the body and the brain.  It 
occurs when the immune system attacks the myelin coating around CNS nerve fibers as 
well as the nerve fibers themselves.  Researchers have recently identified which immune  
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Exhibit 3-2:  Incidence of Inflammatory Bowel Disease for Selected Nations 

 
 
 

Note:  Incidence rates are new cases per 100,000 capita; In this series, no data were 
provided for the incidence of ulcerative colitis for China or Japan. 

Source:  Based on data from Talley el al., Am J Gastroenterol. 2011;106(S1):S2-S25
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Exhibit 3-3 : Prevalence of Inflammatory Bowel Disease by Geography, 2015 

 
 

 
 
 

Source: Dr. Gil Kaplan at Discover Therapies.com
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cells are mounting the attack, selected factors triggering the attack, and some of the 
receptors on the attacking immune cells that appear to be attracted to the myelin.  This 
information is expected to assist in identifying the correct site(s) of VNS therapy to 
correct the aberration. 
 
What causes the abnormal immunological activity remains unknown.  However, 
scientific studies point to a combination of factors, including gender (women are more 
commonly affected than men by a ratio of 3:1), genetics (having a relative with the 
condition increases a person’s risk significantly), age (most individuals are diagnosed 
between the ages of 20 and 50), geography (the condition is more common the farther 
one lives from the equator), and ethnic background (MS is most common in Caucasians 
of northern European ancestry). The course of MS is highly variable and unpredictable, 
with every patient experiencing the condition differently.  Moreover, each person’s 
symptoms can fluctuate and change over the course of the disease.  Symptoms are varied 
and include fatigue, numbness, weakness, dizziness, pain, spasticity, walking 
difficulties, bladder and bowel problems and cognitive challenges, among others.   
 
Some people with MS experience a gradual onset and steady progression of signs and 
symptoms.  This is known as primary, progressive MS.  However, most MS cases are 
characterized as relapsing-remitting, meaning the individual develops symptoms 
gradually which then improve partially or completely.  These “relapses” are followed by 
quiet periods of remission than can last for months or even years.  However, up to 70% 
of people with relapsing-remitting MS eventually experience a steady progression of 
symptoms, especially involving mobility and gait, which is known as secondary 
progressive MS.  At this point, the disease can become disabling. 
 
Because there is no diagnostic test for MS, the condition is frequently diagnosed by 
excluding other potential causes of symptoms or via MRI to identify the brain lesions.  
There is no cure.  Treatment typically focuses on speeding recovery from attacks 
(typically involving the administration of corticosteroids or, less frequently, plasma 
exchange), slowing the progression of the disease (via administration of immunotherapy 
drugs, which can have significant side effects), and managing symptoms (through 
physical therapy and use of muscle relaxants and other drugs).   
 
Depending on the source, the global prevalence of MS is estimated at 2.3 to 2.5 million 
individuals.  As indicated above, it is more common the farther one lives from the 
equator.  Exhibit 3-4 presents the estimated global distribution of MS.  As with RA and 
IBD, this large population represents a significant unmet medical need that appears to be 
potentially amenable to appropriately targeted VNS therapy.  
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Exhibit 3-4:  Global Distribution of Multiple Sclerosis, 2017 

 
 

 
 
 
 
Source:  multiplesclerosis.net 
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3.2 Neurological Diseases 
As is evident in the progression of its capabilities from birth to the end of life, the brain 
is designed for change, a feature termed “neuroplasticity”.  Pathological activity in 
neural circuits resulting from disease or injury can impair normal function, such as 
occurs with epilepsy, cluster headaches, depression and stroke.  In principle, the ability 
to drive or trigger specific neuroplasticity to reverse this pathological activity can 
renormalize circuits and restore function.  This is the basis of interest in 
neurostimulation therapy to treat neurological diseases. 
 
The three principal neurostimulation approaches employed to treat neurological diseases 
are deep brain stimulation (DBS), phrenic nerve stimulation, and VNS therapy.  In the 
former case, the approach has shown its greatest success for treating Parkinson’s disease, 
although even here results are “hit or miss” at best.  This is because the disease affects 
each patient differently, which is why implanting the treatment leads is performed with 
the patient awake so that he or she can direct the surgeon in identifying their optimum 
placement.  In contrast, phrenic nerve stimulation is a highly logical approach to 
respiratory failure based on these nerves’ role in causing the diaphragm to contract.  
Finally, the anatomical and functional connectivity of the vagus nerve provides a clear 
basis for the effects of VNS therapy on the central nervous system.  While most often 
recognized for its descending projections to viscera, more than 80% of the vagus nerve 
consists of afferent connections that terminate in the brainstem.  Electrical stimulation of 
the vagus nerve drives activity in the cholinergic basal forebrain and the noradrenergic 
locus coeruleus, resulting in the release of neuromodulators throughout the cortex.  
Conversely, a reduction in either noradrenergic or cholinergic transmission blocks the 
effects of VNS in the CNS.  Both of these neuromodulatory systems are key to cortical 
plasticity, providing a rationale in which VNS alone or paired with rehabilitation might 
restore normal function or expedite recovery.  
 
Neurological conditions targeted by neurostimulation therapy include refractory 
epilepsy, cluster headache, migraine, chronic depression, post-traumatic stress disorder, 
chronic pain, post-stroke rehabilitation, and selected neurodegenerative disorders. 
Exhibit 3-5 presents an overview of each. 
 

3.2.1 Refractory Epilepsy 
Epilepsy is a chronic disorder of the brain characterized by recurrent, unprovoked 
seizures.  The latter may be related to a brain injury or genetic predisposition, but in 
about 60% of cases, the cause is unknown.  An individual is diagnosed with epilepsy if 
he/she experiences two unprovoked seizures not caused by other known, reversible 
medical conditions.   
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Exhibit 3-5:  Overview of Selected Neurological Conditions Potentially Amenable to Neurostimulation Therapy 

Condition Description Treatment Limitations Global Prevalence 

Refractory 
Epilepsy 

Epilepsy is a chronic disorder of the brain 
characterized by recurrent, unprovoked 
seizures; the latter may be related to a brain 
injury or genetic predisposition, or in about 
60% of cases, of unknown etiology  

About two-thirds of epilepsy patients 
control their seizures with drugs; the 
remaining one-third are refractory to drug 
therapy; options for drug-refractory patient 
include surgery and VNS therapy 

Global prevalence of 
epilepsy is 65 million, 
of which 21.6 million 
are drug refractory 

Cluster 
Headache 

Extremely painful headaches occurring in 
cyclical pattern lasting from weeks to months, 
generally followed by long periods of 
remission;   

Oxygen and certain fast-acting drugs are 
first-line therapy; calcium channel 
blockers, corticosteroids and lithium 
carbonate may be used to prevent attacks  

Estimated at 5.4 
million 

Migraine Primary headache disorder characterized by 
recurrent incapacitating, throbbing one-sided 
headaches lasting 4 to 72 hours; genetic, 
environmental and hormonal (women are 
mostly affected) factors cause activation of 
deep brain mechanism leading to release of 
inflammatory substances around cerebral 
blood vessels and nerves; 

Treatment involves rest and use of pain 
and nausea medications; preventive 
medications available but of limited 
efficacy for most patients 

Estimated at 750 
million to 1.1 billion 
worldwide; 6th leading 
cause of years lost 
due to disability 

Chronic 
Depression 

Mood disorder marked by sadness, inactivity, 
difficulty thinking and concentrating, among 
other symptoms, lasting two or more weeks 
which can range from moderate to severe; 
includes bipolar disorder  

Psychotherapy and antidepressant drugs 
are first-line therapy; mood stabilizers and 
antipsychotic drugs used in more severe 
cases; electroconvulsive therapy is last 
resort 

322 million people 
globally; more 
common in women 
than in men  

Post-Traumatic 
Stress Disorder 
(PTSD) 

Mental condition developing after some 
individuals experience or witness highly 
traumatic event; thought to be more common 
in people with highly active “fight or flight” 
response  

Treatment includes psychotherapy and 
drugs, latter primarily affecting 
neurotransmitters serotonin and 
norepinephrine; treatment very lengthy 
and challenging  

Prevalence ranges 
from 0.6% in China to 
6.1% in New 
Zealand; women 
more commonly 
affected than men 

 
Continued 
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Exhibit 3-5:  Overview of Selected Neurological Conditions Potentially Amenable to Neurostimulation Therapy (Continued) 

Condition Description Treatment Limitations Global Prevalence 

Ischemic Stroke Interruption or severe reduction of blood 
flow to brain caused by narrowing or 
blockage of arteries by blood clot or other 
debris;  similar causes as ischemic heart 
disease 

Medical emergency requiring 
immediate intervention to prevent 
brain cell death; treated with aspi-
rin, TPA and cerebral thrombec-
tomy; lengthy rehabilitation costly 

Global prevalence (both types 
stroke) 33 million in 2010; 
incidence rising in low- and 
middle-income nations, but 
declining in high-income nations 

Neurodegenerative Disorders   

Parkinson’s Progressive disorder characterized by 
tremors, rigidity, slowness of movement 
and postural instability or impairment of 
balance; concentrated in 60+ population 

Use of drugs to control symptoms; 
physical therapy to improve motor 
skills and functionality; deep brain 
stimulation (DBS) only current 
surgical option; no cure  

10 million globally, with 600,000 
new cases diagnosed annually; 
both likely underestimated due to 
similarity of early symptoms with 
simple aging 

Essential Tremor Progressive disorder that causes involun-
tary and rhythmic shaking, primarily of 
the hands, when in use; 50-70% of cases 
genetic in origin; severe cases disabling; 
concentrated in 60+ population 

Use of drugs to control symptoms; 
physical therapy to improve motor 
skills and functionality; deep brain 
stimulation (DBS) only current 
surgical option; no cure  

Most common adult movement 
disorder; prevalence is estimated 
at 6% to 9% in individuals 50 to 
80 years of age; prevalence 
increases with age 

Alzheimer’s Progressive condition characterized by 
loss of memory and cognitive skills; 
leading cause of dementia worldwide; 
primarily affects prople 70+ years 

Drug therapy, e.g., cholinesterase 
inhibitors to block breakdown of 
acetylcholine; anti-anti-anxiety, 
anti-psychotic agents; lifespan 
usually 8-15 years 

Estimated prevalence 50 million 
worldwide, rising to 131.5 million 
in 2050, with most of increase in 
developing countries; 9.9 million 
new cases diagnosed annually 

Amyotropic Lateral 
Sclerosis   (ALS) 

 

Rare, progressive disease in which both 
upper and lower motor neurons degene-
rate and die; muscles weaken and 
atrophy; brain loses ability to initiate and 
control voluntary movements; Caucasian 
race, male sex and age 55-75 most 
common risk factors    

Because most patients die of 
respiratory failure within 2 to 4 
years of diagnosis, mechanical 
ventilation is key to late therapy; 
diaphragm pacing via phrenic nerve 
stimulation is alternative to 
ventilation 

Global prevalence estimated at 
nearly 222,800 in 2015 and pro-
jected to increase to nearly 
377,000 in 2040 with global 
population aging 

 
Source:  Health Research International 
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Epilepsy is categorized into various “syndromes” based on the cluster of features 
prominent for a specific patient.  These features encompass age at onset, type(s) of 
seizures, factors provoking the seizures, and genetics, among others.  Treatment is both 
general and specific to the syndrome and is primarily focused on preventing the seizures 
and controlling those that do occur.  Anti-seizure medications are first-line therapy and 
typically work for two-thirds of patients.  However, in one-third of cases, the seizures do 
not respond to the drugs, or the patient cannot tolerate the drugs.  This group is said to 
have “refractory epilepsy”.    
 
The major treatment options for refractory epilepsy at present are electroshock surgery 
and VNS.  Surgery may be utilized if the seizures start in a section of the brain that can 
be easily and safely removed.  The success of this resection for eliminating disabling 
seizures is estimated at 50% to 90%, depending on the site and type of seizure.  VNS 
therapy is employed for refractory patients who may not be candidates for surgery or do 
not respond to it.  It typically does not produce immediate results; rather, 25% to 30% of 
patients may experience a decline in the number and severity of their seizures, with that 
share increasing up to 45% over time.  Complete freedom from seizures from VNS 
therapy is currently the exception rather than the rule, spurring interest in increasing the 
specificity of this approach.   

 
The Epilepsy Foundation estimates the global prevalence of epilepsy at 65 million 
people, of which 21.6 million people are drug refractory.  Even though VNS therapy is 
currently being employed, it has not yet been optimized, creating a highly attractive 
addressable opportunity for improved VNS therapy in this application. 

 

3.2.2 Cluster Headaches 
Cluster headaches are extremely painful headaches that occur in cyclical patterns or 
clusters lasting from weeks to months, generally followed by periods of remission during 
which the headaches stop.  These remissions can last for months and even years.   
 
Cluster headaches are not life-threatening; however, they are debilitating, seriously 
compro-mising quality of life and ability to work.  They strike quickly, usually without 
warning, and tend to occur daily—sometimes several times a day—during a cluster 
period.  A single attack can last from 15 minutes to 3 hours, often at the same time each 
day and mostly at night.  The pain usually ends as quickly as it began, after which the 
individual is pain-free but exhausted.   
 
There is no cure for cluster headaches.  The goal of treatment is to decrease the severity 
of pain, shorten the headache period and prevent the attacks.  Oxygen and certain fast-
acting injectable drugs are first-line therapy for acute episodes. Calcium channel 
blockers, cortico-steroids, and lithium carbonate may be employed to prevent episodes.  
Rarely, nerve block and surgery may be used. 
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In 2008, a comprehensive epidemiological study estimated the lifetime prevalence of 
cluster headache for adults at 124 per 100,000 population, or roughly 0.1%.  Even 
assuming no increase in this rate, it translates into roughly 5.4 million people.  

 

3.2.3 Migraine 
Migraine is a primary headache disorder characterized by recurrent, incapacitating, 
throbbing headaches usually affecting one side of the head.  The pain typically lasts for 3 
to 72 hours, accompanied by nausea, vomiting and sensitivity to light, sound and/or 
smell.  The severity of pain, duration of the headache and frequency of attacks are 
variable.  Most migraine sufferers experience attacks once or twice a month; however, 
about 15% of patients develop chronic daily migraine.  Up to one-third of sufferers 
experience aura, a short period of visual disturbance that signifies the imminent onset of 
a headache.  
 
Migraines may be induced by triggers, which may include stress, hunger, fatigue, 
hormones and certain foods.  However, the role of triggers varies significantly from 
person to person.  The condition is most common in adults 30 to 55 years of age, of 
which 75% to 85% are women.  The condition has a genetic component, i.e., from 70% 
to 90% of migraine sufferers have a family history of the condition. Physical activity 
generally exacerbates migraine; as a result, more than 90% of the affected are unable to 
work or function normally during attacks.   
 
First-line treatment of migraine relies on pain medications and caffeine for the headache, 
medications for nausea, and the avoidance of triggers.  Medications such as triptans and 
ergotamines may be used where simple pain medications are not effective.  Medications 
used to prevent attacks include metoprolol, valproate and topiramate.  However, despite 
these medications and efforts, migraine remains episodically disabling for most 
sufferers. 
 
Recent scientific evidence strongly suggests that excessive activation of cells in specific 
areas of the brain plays a major role in migraine, explaining medications’ inadequacy 
controlling or preventing the condition.  More specifically, brain scans of migraine 
patients show waves of abnormal activity across the surface of the brain as well as 
excitation of nerve centers deep within the brain associated with the neurotransmitter 
glutamate.  This activation leads to the release of pain-producing inflammatory 
substances around cerebral nerves and blood vessels.  Such evidence supports a potential 
role for glutamate receptor blockers in migraine therapy. 
 
The global prevalence of migraine has been estimated at 750,000 million to 1.1 billion, 
of which about 110 million have chronic migraine.  The condition has become a major 
public health issue as the 6th most disabling illness in the world.  For example, the World 
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Health Organization 2013 Global Burden of Disease Study, found migraine to be the 6th 
leading cause of years lost due to disability.  Moreover, in developed nations, migraine 
has significantly contributed to the number of brain scans performed annually.   

 

3.2.4 Chronic Depression 
Chronic depression is a mood disorder marked by sadness, inactivity, difficulty thinking 
and concentrating, significant changes in appetite, increased time spent sleeping, feelings 
of dejection and hopelessness, and, in some cases, suicidal tendencies.  Although all 
people experience some of these symptoms from time to time, a diagnosis of chronic 
depression depends on their being present in volume for a period of at least two weeks. 
 
For the purposes of this report, chronic depression is divided into three groups:  major, 
dysthmic and bipolar disorder.  In major depression, the individual experiences most or 
all symptoms daily for extended periods, significantly interfering with all aspects o their 
lives, including work and social relationships.  Dysthmic disorder is characterized by 
less severe but more chronic symptoms.  (An individual must have symptoms for at least 
two years to be diagnosed with this form.)  Bipolar disorder describes periods of 
depression and periods of mania interspersed with periods of normal mood.   
 
Treatment of depression varies with the type and degree of severity.  Antidepressive 
medications are first-line therapy, and may be coupled with psychological or psychiatric 
counseling.  For more severe conditions, more aggressive drugs, such as mood 
stabilizers and antipsychotic drugs, may be required.  Electroconvulsive therapy is 
reserved for the most extreme cases of depression in which the individual is totally 
refractory to other therapies. 
 
The World Health Organization estimates that 322 million people globally were living 
with depression in 2015.  The condition is more common among females (5.1%) than 
males (3.6%).  Prevalence rates vary by age, peaking in older adulthood, i.e., > 7.5% 
among females 55-74 years of age and > 5.5% among males. Depression also occurs in 
children and adolescents below the age of 15 years, but at a lower level than older age 
groups.  Exhibit 3-6 presents the geographic distribution of patients with depression. 
 

3.2.5 Post-Traumatic Stress Disorder 
Post-traumatic stress disorder (PTSD) is a mental health condition—frequently grouped 
with the anxiety disorders—that develops in some individuals after experiencing or 
witnessing a terrifying or life-threatening event, such as combat, a natural disaster, a car 
accident or a sexual assault.  Symptoms include insomnia, flashbacks, nightmares, 
severe anxiety and low self-esteem, as well as uncontrollable thoughts about the event.  
Most people experiencing traumatic events have temporary difficulties adjusting to and  
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Exhibit 3-6:  Distribution of Depression by Geography, Age and Sex, 2015 

 

By Geography: 

 

 
By Age and Sex: 

 

 
 
Source:  World Health Organization, Global Burden of Disease Study, 2015 
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coping with them; however, in some, the symptoms persist and even increase, interfering 
with day-to-day function, quality of life and work and social relationships.      
 
PTSD is thought to occur most frequently in the brains of individuals who have an easily 
triggered “fight or flight” response, a condition caused by an imbalance of certain 
neurotransmitters.  Attempts to constantly control those responses may lead to feeling 
emotionally cold and detached from normal life.  As a result, current treatment of PTSD 
focused on psychotherapy (especially cognitive behavioral therapy, designed to assist the 
individual in reframing the traumatic experience) and medications.  Most success of the 
latter are drugs that affect the neurotransmitters serotonin and norepinephrine, i.e., 
Zoloft, Paxil, Prosac and Effexor.  
 
The global prevalence of PTSD has yet to be established due to a lack of reporting; 
however, in the first 17 countries to complete World Mental Health Surveys, lifetime 
prevalence ranged from a low of 0.3% in China to 6.1% in New Zealand.  In the U.S., 
the most recent 12-month prevalence data for PTSD was 1.8% among men and 5.2% 
among women.  It is generally recognized that trauma exposure is higher in lower-
income countries compared with high-income countries. 

 

3.2.6 Ischemic Stroke 
Ischemic stroke is an interruption or severe reduction in the blood supply to the brain, 
which deprives brain tissues of oxygen and nutrients, causing them to die.  It results 
when cerebral arteries become narrowed or blocked by a blood clot (thrombotic stroke) 
or by a blood clot or other debris that forms elsewhere (commonly in the heart) that 
breaks away and lodges in narrow brain arteries (embolic stroke).  Ischemic stroke is a 
medical emergency requiring immediate treatment if the individual is not to die or 
experience significant brain damage.  Stroke is strongly suggested by symptoms, e.g., 
trouble speaking, paralysis or numbness of the face, arm or leg, blurred vision, headache, 
inability to walk; however, other potential causes of the symptoms must be ruled out 
before initiating stroke therapy.  Tests used for this purpose include physical exam, CT 
or MRI imaging (to rule out hemorrhagic stroke) and cerebral angiography. 
 
The main goal of ischemic stroke therapy is to restore blood flow to the brain.  Aspirin is 
immediately given to prevent another stroke and, if the patient is seen within 4.5 hours 
on the onset of symptoms, he or she may be infused with tissue plasminogen activator 
(TPA) to dissolve the clot.  More invasive treatment involves the direct infusion of TPA 
into the affected cerebral artery or mechanical removal of the clot (cerebral 
thrombectomy).  Other treatments, such a carotid endarterectomy and stenting, are 
primarily used for general stroke prophylaxis or prevention of another stroke. 
 
Stroke (including ischemic and hemorrhagic types) is the #3 cause of death globally after 
ischemic heart disease and infectious and communicable diseases, and the #2 killer of 
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persons age 60 and older.  Global deaths due to stroke exceeded 6.2 million in 2015, 
representing 11.8% of the global total.  The worldwide prevalence was estimated at 33 
million in 2010, of which nearly 17 million represented first strokes.  Women have a 
higher lifetime risk of stroke than do men.  Globally, 70% of strokes occur in low- and 
middle-income countries, where the incidence has more than doubled over the past four 
decades.  In contrast, stroke incidence has declined by 42% in high-income countries.  
On average, stroke occurs 15 years earlier in people living in low- and middle-income 
countries.   
 
Very important for the technologies covered in this report, stroke is the third leading 
cause of disability worldwide and frequently leads to dementia and depression.  
Annually about 5 million persons experience serious, long-term disability after stroke 
and require chronic care.   

 

3.2.7 Neurodegenerative Disorders 
Neurodegenerative disorders have become a logical target for neurostimulation product 
development based on their high prevalence, lack of cures, and lack of effective 
treatments.  Also, with the aging of the global population, they represent rapidly growing 
targets for new therapies that prove effective for even a small share of these patients. 

   

3.2.7.1 Parkinson’s Disease 
Parkinson's disease (PD) is a progressive, long-term degenerative disorder of the central 
nervous system caused by the loss of dopamine-producing brain cells.  It primarily 
exhibits as motor difficulties, e.g., tremor or trembling in hands, arms, legs, jaw, and 
face; rigidity or stiffness of the limbs and trunk; bradykinesia (slowness of movement); 
and postural instability and/or impaired balance and coordination.   As these symptoms 
become more pronounced, patients may have difficulty walking, talking, or completing 
other simple tasks.  In its advanced stages, the condition is characterized by very limited 
mobility without assistance, severe motor deficits, risk of falls, and cognitive and 
psychotic problems. 
 
Most cases of PD do not have an easily identifiable cause, and symptoms and signs can 
vary significantly from person to person.  Nevertheless, four major risk factors have 
been identified.  These include:  1) age (the condition is most commonly diagnosed in 
individuals 60 years and over); 2) sex (in some populations, men are as much as 50% 
more likely to be diagnosed with PD than are females); 3) genetics (having several close 
relatives with the disease increases one’s risk of developing it); and 4) chronic exposure 
to toxins, such as pesticides and herbicides.  PD is not limited to certain geographies; 
rather it universally affects the elderly.  The current prevalence is estimated at 10 million 
individuals globally, including 1 million in the U.S. and 1.2 million in Europe.  All of 
these estimates are likely underestimated because PD symptoms are frequently mistaken 
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for those of the aging process.  Roughly 600,000 new patients are diagnosed worldwide 
annually, a figure that will clearly rise over the next decades with demographics. 
 
There is no cure for PD.  The goal of treatment is to relieve symptoms, slow disease 
progression and extend the individual’s independence, productivity and quality of life.  
Medications can help to control symptoms, sometimes dramatically, whereas physical 
therapy is useful for improving movement and function and relieving pain.  When the 
disease reaches an advanced stage, caring for the individual can become extremely 
costly.  For this reason, until a cure is found, even expensive treatment approaches may 
be considered.  One such advanced, expensive therapy for PD that has been proving its 
value over the past 25 years is deep brain stimulation (DBS).   

 

3.2.7.2.  Essential Tremor 
Essential tremor is the most common adult movement disorder worldwide.  It can occur 
at any age, but is most common in individuals 50 years and older.  Prevalence estimates 
vary considerably by age group, from a crude rate of 0.4% in all adults, increasing to 
4.6% to 6.4% in adults 65 years and over and to 21.7% in individuals 95 years and over.  
The accepted range is currently 6% to 9% in individuals between the ages of 50 and 80, 
although many consider this range understated.  
 
Essential tremor is characterized by involuntary and rhythmic shaking.  While this can 
affect any part of the body, it occurs most frequently in the hands during use.  (In this, it 
differs from Parkinson’s, where the hands most commonly shake when at rest.)  The 
head and voice may also be affected.  Only infrequently are the face, trunk and lower 
limbs involved. 
 
Risk factors for essential tremor include age and family history.  About half of cases 
appear to result from a genetic mutation, although a specific gene hasn't been identified 
to date.  This form is referred to as familial tremor. It isn't clear what causes essential 
tremor in people without a known genetic mutation. 
 
Essential tremor is typically a diagnosis of exclusion, as there are no specific medical 
tests for it.  Mild cases do not require treatment; however, when the tremors interfere 
with daily activities or are even debilitating, drugs are usually first-line therapy.  These 
include beta blockers, anti-seizure medications, tranquilizers and Botox injections.  Drug 
therapy is frequently accompanied by physical therapy to assist the patients in coping 
with the tremors.  Where the patient does not respond to drug therapy and the tremors 
are debilitating, deep brain stimulation (DBS) may be used as a last resort.  As with 
Parkinson’s, results may be “hit or miss”.  For this reason, efforts to develop less 
invasive and noninvasive methods of DBS have attracted interest. 
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3.2.7.3.  Alzheimers 
Alzheimer’s is a progressive neurodegenerative disease characterized loss of memory 
and other important mental functions.  It has a gradual onset and is the most common 
form of dementia, accounting for about two-thirds of total cases.  Alzheimer’s is caused 
by the overproduction of two abnormal protein fragments—plaques and tangles—that 
accumulate in the brain and destroy cells.  They first accumulate in and destroy the 
hippocampus, where memories are stored, thereafter moving to the brain sections 
controlling language, reasoning, emotions, language, problem solving and, finally, body 
functions, such as breathing.  The typical “course” of overt Alzheimer’s lasts 8 to 10 
years, although spans from 2 years to 25 years are possible.   
 
No one is immune from developing Alzheimer’s.  The condition is thought to start in an 
individual’s 40s or even earlier when the plaques and tangles start to accumulate very 
gradually.  When their mass reaches a “tipping point”, usually after the age of 70, 
recognize-able symptoms appear and gradually increase.  As a result of this progression, 
Alzheimer’s is thought to affect as many as one-half of individuals over the age of 85. 
 
There is no cure for Alzheimer’s.  Treatment is primarily drug-based, e.g., cholinesterase 
inhibitors to block the breakdown of acetylcholine, and anti-anti-anxiety, anti-psychotic 
agents to address later psychotic behaviors.  Deep brain stimulation (DBS) is being 
investigated as a means of palliating the symptoms of Alzheimer’s with promising but 
limited results to date. 
 
According to the 2015 World Alzheimer Report, roughly 50 million people were 
diagnosed with the condition in 2017, and this figure is projected to increase to 131.5 
million in 2050 based on aging of the global population.  As shown in Exhibit 3-7, most 
of the increase will occur in low- and middle-income populations, largely due to the 
concentration of global population in those countries. 
 

3.2.7.4.  Amyotrophic Lateral Sclerosis (ALS) 
Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that 
affects both upper and lower motor neuron cells in the brain and spinal cord that control 
voluntary muscle movement.  These motor neurons degenerate, causing muscle 
weakness and stiffness, and eventually die, causing the muscles to become paralyzed.  
Patients eventually lose the ability to speak, eat, move and breathe, with most dying 
from respiratory failure within 2 to 8 years of the definitive appearance of symptoms.  
Sadly, at the same time as voluntary muscle control is disappearing, the involuntary 
muscles—i.e., those controlling heartbeat, the digestive tract, bowel, bladder and sexual 
functions, and sensations such as vision, hearing and touch, are not affected.  Thus, 
unless heavily drugged, the ALS patient remains acutely aware of his or her declining 
condition until the last breath is taken. 

 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 3:  Neurostimulation Targeted Clinical Applications 

_____________________________________________________________________________ 
©2018, Health Research International                  3-21                                 # 261-1-WW-0118 

 
 
 
 

Exhibit 3-7:  Current and Forecast Prevalence of Alzheimer’s, 2015-2050 

 
 
 

 
 
 
 
Source:  World Alzheimer Report, 2015 
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Currently, there is no cure for ALS and no effective treatment to halt or reverse the pro-
gression of the disease.  The only treatment that has made some of these patients more 
comfortable and even extended their lives is diaphragm pacing.  ALS patients require 
breathing support in the advanced stage of the disease, necessitating mechanical 
ventilation.  Not only does this tie the individual to a machine, but it also puts him or her 
at risk for infections (especially pneumonia) and other clinical problems.  Diaphragm 
pacing is designed to force the diaphragm to contract, causing the intake of breath and, 
thereafter, its output when the stimulation ceases.  For some ALS patients, this stimuli-
tion activity can either reduce the need for mechanical ventilation or replace it entirely.   
 
Numerous factors have been proposed as contributing to the development of ALS; 
however, the only established risk factors to date are older age, male sex, and a family 
history of the condition (familial ALS).  Mean age at onset is 58–63 years for sporadic 
ALS and 40–60 years for familial ALS, with a peak incidence in those aged 70–79 years. 
Men are about 25% more likely to develop the condition.  Only 10% to 15% of cases are 
familial in origin.   
 
Fortunately, ALS is relative rare:  the global prevalence was estimated at 222,800 in 
2015, and is projected to increase to 376,674 in 2040 as the global population ages.  As 
shown in Exhibit 3-8, most of this increase is expected to occur in developing nations.  

 

3.3 Hematologic Conditions 
The two hematologic conditions currently being investigated as potential applications for 
neurostimulation therapy and specifically VNS therapy are post-partum hemorrhage and 
hemophilia.  Exhibit 3-9 presents an overview of these conditions.  Postoperative 
bleeding and internal bleeding have also generated interest; however, no clinical studies 
are actively investigating them at present.  

 

3.3.1 Postpartum Hemorrhage 
Postpartum hemorrhage (PPH) is defined as blood loss of more than 500 mL following 
vaginal delivery or more than 1,000 mL following cesarean delivery.  The term is 
reserved for pregnancies that have progressed to 20 or more weeks.  It can occur 
anywhere from immediately to 24 hours after delivery.   
 
PPH has many potential causes but is most commonly the result of uterine atony, i.e., the 
failure of the uterus to contract and retract following delivery.  The development of PPH 
in a prior pregnancy is a major risk factor for PPH.  Contributing factors include obesity, 
poor blood clotting, exposure to serotonin-norepinephrine reuptake inhibitors in late 
pregnancy, Asian race, age >40 years, and prior trauma to the reproductive system.   
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Exhibit 3-8: Growth in Prevalence of Amyotrophic Lateral Sclerosis, 2015 - 2040 

 
 
 

 
 
 
Source:  Arthur et al., “Projected Increase in Amyotrophic Lateral Sclerosis from 2015 to 
2040,: Nat Commun;  2016;7:12408. 
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Exhibit 3-9:  Overview of Selected Hematologic Conditions Potentially Amenable to Neurostimulation Therapy 

Condition Description Treatment Limitations Global Prevalence 

Postpartum 
Hemorrhage 
(PPH) 

Blood loss of more than 500 mL during 
vaginal delivery and more than 1,000 mL 
during cesarean delivery; most common 
cause is failure of uterus to contract 
immediately following delivery; risk factors 
include previous PPH, obesity, age >40 
years, trauma, exposure to serotonin-
norepinephrine reuptake inhibitors in late 
pregnancy and Asian race 

Treated prophylactically with ocytocin prior 
to delivery of placenta, early umbilical 
clamping and cutting, and gentle cord 
traction; active PPH requires volume blood 
transfusions; major treatment challenge is 
need for skilled delivery personnel at 
delivery   

#1 cause of maternal 
death globally; 
estimated at 10 
million cases in 2015, 
resulting in 75,000 to 
80,000 maternal 
deaths. 

Hemophilia Bleeding disorder caused by lack of clotting 
protein in blood; Type A missing Factor VIII is 
most common (80% of cases); Type B is 
missing Factor IX; mostly inherited condition, 
although one-third of cases are caused by 
spontaneous gene mutation 

Treatment involves direct infusion of 
missing clotting protein—Factor VIII or 
IX—when bleeding episode occurs; some 
prophylactic infusions may be used in 
severe cases; however, very high cost of 
factor VIII and IX make this unfeasible for 
vast majority of affected individuals  

Estimated at 200,000 
males worldwide, 
primarily Type A 
requiring factor VIII; 
about 1 in 5,000 
males globally are 
born with the 
condition annually 

 
Source:  Health Research International 
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Understandably, PPH is treated prophylactically.  The most common approach is active 
management during the third trimester, followed by three key steps immediately 
following delivery:  1) the uterotonic administration of oxytocin or similar agent before 
delivery of the placenta; 2) early cord clamping and cutting; and 3) gentle cord traction 
with uterine countertraction when the uterus is well contracted.    
 
Postpartum hemorrhage is the leading cause of maternal mortality.  UNICEF estimated 
the global number of maternal deaths at 310,000 in 2015, of which only 1,800 occurred 
in developed nations.  PPH contributed an estimated 25% of these deaths—or roughly 
75,000 to 80,000—which represents less than 1% of total PPH cases, estimated at 10 
million in 2015.  Although these figures pale in comparison to the other patient 
caseloads targeted for VNS therapy, the impact of maternal death on families makes this 
a very important application. 

 

3.3.2 Hemophilia 
Hemophilia is a bleeding disorder caused by missing or defective factor VIII or IX, 
proteins responsible for blood clotting.  Type A hemophilia, the predominant type, is 
characterized by a lack of factor VIII; Type B by a lack of factor IX.  Individuals with 
hemophilia do not bleed any faster than normal; they just bleed for a longer period of 
time.  If the bleeding is not controlled, serious complications can result if the bloods 
penetrates into the joints, muscles, brain or other internal organs. 
 
Most cases of hemophilia are genetic, passed to children on the mother’s side, and the 
condition almost exclusively affects males.  However, about one-third of cases are 
caused by a spontaneous mutation in a gene.  Treatment involves the immediate infusion 
of the missing clotting factor directly into the vein, where it can act quickly to stop the 
bleeding.  Some patients may infuse missing factor prophylactically, i.e., on a regular 
schedule to prevent bleeds from occurring.  However, due to the very high cost of factor 
VIII and IX, this practice is usually reserved for hemophilia patients with severe disease.  
Hemophilia is rare.  According to the World Federation of Hemophilia 2014 Annual 
Global Survey, nearly 200,000 individuals worldwide have the condition, about 80% of 
them Type A.  About 1 in 5,000 males are born with the condition globally.   

 

3.4 Metabolic Conditions 
The principal metabolic condition being targeted for VNS therapy is obesity, a global 
epidemic.  Type 2 diabetes, a related and also global epidemic, was previously 
investigated; however, most of the trials were unsuccessful.  Despite this, we will 
provide a brief overview of the condition as it continues to represent an important 
potential application.  For this reason, it is also included in the overview of  metabolic 
conditions potentially amenable to neurostimulation therapy presented in Exhibit 3-10. 
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Exhibit 3-10:  Overview of Selected Metabolic Conditions Potentially Amenable to Neurostimulation Therapy 

Condition Description Treatment Limitations Global Prevalence 

Obesity Body mass index >30 kg/m2; major 
contributor to hypertension, Type 2 
diabetes, high blood cholesterol, high 
triglycerides, selected cancers, 
osteoarthritis and joint problems; also has 
economic remifications through lost work 
days and productivity and higher mortality  

Current options include new drugs, 
gastric bypass surgery, endoscopic or 
endoluminal implantation of devices to 
reduce stomach size or interfere with 
absorption of nutrients, neuromodulation 
to modify nerves or stomach tissues 
involved in satiety message; use limited 
to very small share of patients due to 
cost; many not effective as they do not 
reprogram eating habits ,  

Estimated at 650 million 
adults in 2016, nearly 3 
times the figure in 1975; 
most prevalent in 
industrialized nations but 
found in developing 
nations as well; 
continues to rise 

Type 2 Diabetes Characterized by hyperglycemia due to 
ineffective use of insulin; diagnosed based 
on symptoms, urinalysis and blood glucose 
tolerance testing; most commonly 
associated with obesity and lack of physical 
activity; if blood sugar is not adequately 
controlled, condition can potentially result in 
glaucoma, blindness, kidney failure, heart 
attack, stroke and lower limb amputation 

Diet and lifestyle changes may be 
effective for mild/early disease; however, 
most patients require drug therapy and, 
eventually, 30% to 40% of patients will 
require insulin replacement therapy 

Global prevalence of 
Type II diabetes 
estimated at , which 
accounts for vast 
majority  

 
Source:  Health Research International 
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3.4.1 Obesity 
Obesity is a growing global epidemic that has significant health care, economic and 
quality of life ramifications that are driving interest in new treatment options.  The term 
is generally reserved for individuals whose body mass index (BMI)—a measurement 
obtained by dividing his/her weight in kilograms by the square of his/her height in 
meters—exceeds 30 kg/m2.  Because BMI describes body weight relative to height, it is 
strongly correlated with total body fat and percentage body fat content in adults.   
 
The most common causes of obesity are overconsumption of calories and a sedentary 
lifestyle.  Contributing factors include lack of sleep (triggers hormones that increase 
appetite and craving for high-calorie, high-carbohydrate foods), pregnancy (many 
women find the weight difficult to lose, predisposing them to obesity), and certain 
medications, such as anti-depressants, anti-seizure medications, diabetes medications, 
antipsychotics, steroids and beta blockers.  In addition, a few medical conditions can 
lead to obesity.   
 
Obesity increases the risk of developing many medical disorders, most of which are a 
response to the increased number of fat cells.  These comorbidities most frequently 
present as metabolic syndrome, a combination of medical disorders that encompasses 
Type 2 diabetes, hypertension, high blood cholesterol and high triglyceride levels.  Other 
common comorbidities include selected cancers, obstructive sleep apnea, and 
osteoarthritis.  Depression is the principal mental disorders associated with obesity.   
 
Because it contributes to the development of many other conditions, obesity is costly to 
health care systems.  In 2014, Dobbs et. al. estimated the global economic impact of 
obesity at U.S. $2.0 trillion, or 2.8% of the global gross domestic product, and this 
estimate excludes associated costs, such as lost productivity, lost work days, higher 
mortality and permanent disability.  Clearly, managing this epidemic is a top priority for 
industrialized and developing economies. 
 
The World Health Organization estimated the global prevalence of obesity at 650 
million adults in 2016, representing 13% of the population 18 and over (11% of men and 
15% of women).  In addition, 124 million children and adolescents (8% of boys and 6% 
of girls) were obese in 2016.  These obese populations are complemented by even larger 
populations who are overweight (BMI ≥25 kg/m2) and at high risk for becoming obese.   
 
Obesity is not limited to industrialized nations; however, as shown in Exhibit 3-11, rates 
tend to be higher there due to the ready availability of high calorie foods and sedentary 
activities.  The U.S., Mexico and New Zealand have obesity rates exceeding 30%, 
whereas rates are very low in India, China and Indonesia.   
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Exhibit 3-11:  Adult Obesity as Share of Population, 2012 or Most Recent Year 

 

 

 
 
 

Source:  OECD, Health Statistics, 2014 
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Due to the “excessive” nature of obesity, such patients are treated with a variety of 
products, many of which may be considered “last resort” in nature.  These include new 
drugs to suppress appetite or decrease absorption of nutrients (which frequently have 
significant side effects); gastric bypass surgery (invasive but the most successful option 
to date);  implanta-tion of endoscopic or endoluminal devices designed to interfere with 
the absorption of nutrients, reduce stomach size or expedite satiety); bariatric 
embolization (blocking of left gastric artery to suppress hormone ghrelin involved in 
appetite); and neuromodulation (modification of nerves or stomach tissues involved in 
transport of satiety message to brain).  Clearly, the ability to “reprogram” the brain to 
expedite weight loss through neurostimulation has overwhelming global commercial 
potential should successful outcomes prove repeatable. 

 

3.4.2 Type 2 Diabetes 
Diabetes is a syndrome characterized by hyperglycemia resulting from impaired insulin 
secretion and/or effectiveness.  It can be insulin-dependent (Type I) or non-insulin-
dependent (Type II).  The former accounts for only 5% to 10% of total patients but is the 
most severe, requiring chronic insulin replacement therapy.  Type II diabetes is much 
more prevalent and primarily affects adults over the age of 30.  The condition is 
commonly associated with obesity.  Type II diabetics are unable to make enough insulin 
to satisfy their body’s needs and are also unable to make adequate use of their body's 
available insulin.  While dietary and lifestyle changes can be effective in many Type II 
patients with less severe disease, drug therapy is eventually needed if the condition is not 
brought under control.  Some patients can be effectively managed with oral anti-diabetic 
agents; however, an estimated 30% to 40% of Type II patients will ultimately require the 
use of insulin replacement therapy. 
 
Diabetes is diagnosed based on symptoms (fatigue, dehydration), urinalysis and blood 
glucose tolerance testing.  The principal goal is to identify patients at risk for 
symptomatic hyperglycemia so that they may be treated to prevent late clinical 
complications.  The latter are a particularly troublesome feature of diabetes and include 
coronary and peripheral arterial disease (the latter potentially leading to amputation of 
the foot), kidney failure necessitating dialysis, glaucoma and blindness. 
 
The International Federation of Diabetes estimated the global prevalence of diabetes at 
425 million adults in 2017, more than 90% of which have Type II disease.  Moreover, 
another 352 million adults are at risk for developing diabetes.  One-half of adult 
diabetics are not diagnosed, two-thirds live in urban areas, and three-quarters are of 
working age.  Equally important, prevalence is not limited to industrialized nations, as 
the most common predisposing factor—obesity—occurs globally.  Exhibit 3-12 presents 
the geographic distribution of adult diabetes in 2017 and forecast for 2045.  
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Exhibit 3-12:  Global Population 20-79 with Diabetes, 2017 and 2045 

 

 
 
Source:  International Diabetes Federation, Diabetes Atlas, 8th edition

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 3:  Neurostimulation Targeted Clinical Applications 

_____________________________________________________________________________ 
©2018, Health Research International                  3-31                                 # 261-1-WW-0118 

3.5 Cardiology Conditions: Heart Failure 
The principal cardiology condition being targeted for neurostimulation therapy at present 
is heart failure.  Exhibit 3-13 presents an overview of this condition.  Refractory renal 
hyper-tension is a target for destruction, rather than stimulation, of the neural signaling 
pathway.  As such, it is not covered in this analysis. 
 
Heart failure is a complex, chronic and progressive clinical syndrome in which the heart 
muscle is unable to pump a sufficient amount of blood to meet the body’s metabolic 
demands.  In some cases, the heart cannot fill with sufficient blood; in others, the heart 
muscle cannot pump with sufficient force.  Some patients have both problems. 
 
The global prevalence of heart failure is estimated at anywhere from 26 million to 38 
million adults. The condition is most common in individuals 65+ years and usually 
occurs secondary to other cardiovascular diseases, such as hypertension, coronary heart 
disease and diabetes.  Coronary heart disease is especially predictive, as cardiac muscle 
cell death resulting from a heart attack impairs its pumping ability.  This, in turn, can 
lead to left ventricular enlargement to compensate for the lost blood ejection volume.  
Race and obesity are among other risk factors for heart failure.   
 
Symptoms of heart failure include shortness of breath, excessive fatigue, nausea, cough, 
and pounding or racing heart.  Early diagnosis is important to bring symptoms under 
control and slow the progression of the disease.  Heart failure is diagnosed based on 
symptoms, family history, serial IVD tests (including definitive p-BMP testing) and 
imaging exams, including myocardial viability studies. When heart failure is suspected, 
evaluation of ejection fraction and stress testing with echocardiography are performed.  
In a healthy heart, ejection fraction is 50% to 75%, meaning that one-half to three-
quarters of the blood that fills the left ventricle is pumped out with each beat.  Ejection 
fractions in individuals with heart failure fall below 50%, with the severity of failure 
directly related to the amount below 50%.   
 
Treatment of heart failure focuses on addressing the underlying condition causing the 
disease, managing symptoms and slowing the disease’s progression.  This involves 
lifestyle changes (e.g., weight reduction, healthier eating habits, smoking cessation), 
drug therapy, implantation of an ICD (to reduce the risk of sudden cardiac death) or 
CRT device (to optimize the contractile performance of the ailing heart), and, for 
advanced cases, implantation of a ventricular assist device or a heart transplant. 
 
Despite the advances in heart failure therapies, mortality and morbidity remain high, and 
quality of life is poor.  The condition is a leading cause of hospitalization among adults 
and the elderly, and is found globally wherever cardiovascular diseases are present.  
These costs and quality of life issues are the major rationale for the investigation into 
VNS therapy, which targets the neurohormonal imbalance associated with the condition.  
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Exhibit 3-13:  Overview of Heart Failure 

 Description Treatment & Limitations Global Prevalence 

Heart Failure Inability of heart to pump sufficient blood to the 
brain, lungs and other body organs and tissues 
due to myocardial damage frequently occurring 
secondary to a heart attack or other causes;  
this typically leads to left ventricular enlarge-
ment to compensate for the lost blood ejection 
volume; symptoms of heart failure include 
shortness of breath, excessive fatigue, light 
headedness; nausea, loss of appetite, cough, 
pounding or racing heart;   

Goals = address underlying cardiac 
condition(s), manage symptoms via drug 
therapy, and slow disease progression;  
implantation of ICD or CRT to prevent 
sudden cardiac arrest and optimize 
performance of ailing heart; ventricular 
assist devices may be used as bridge to 
heart transplant; despite advances, 
morbidity and mortality remain high, with 
heart failure accounting for large share of 
hospitalizations annually 

Estimated at 26 to 38 
million in 2016, 
primarily those 65+ 
years; prevalence 
rising with demo-
graphics 

 
Source:  Health Research International 
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3.6 Sleep Apnea 
Sleep apnea is a potentially serious disorder characterized by pauses in breathing or 
periods of shallow breathing during sleep.  Symptoms include loud snoring (which 
frequently precedes a pause in breathing), abrupt awakening accompanied by shortness 
of breath, awakening with a dry mouth or sore throat, morning headache, insomnia, 
attention problems, excessive daytime sleepiness and irritability.   
 
Sleep apnea is a potentially serious health issue because each pause—which may last 
from a few seconds to a few minutes—directly impacts the availability of oxygen to the 
brain.  This is especially true for patients with central sleep apnea, who tend to be older 
and have serious health conditions that make them highly vulnerable to reduced blood 
oxygen levels. 
 
Sleep apnea is grouped into three categories:  obstructive, central and mixed.  
Obstructive sleep apnea (OSA) is the most common form, caused by a partial or 
complete blockage of air flow.   Central sleep apnea (CSA) results from a lack of an 
effort to breathe.  Sleep apnea is termed “mixed” if the individual has both OSA and 
CSA.  Exhibit 3-14 presents an overview of the two major types, which are being 
targeted by neurostimulation technologies. 

 

3.6.1 Obstructive Sleep Apnea (OSA) 
Obstructive sleep apnea (OSA) is the most common form of sleep apnea, accounting for 
upwards of 80% of cases.  The partial or complete airflow blockage is caused by the 
collapse of soft tissue structures in the throat.  These obstructive respiratory events are 
typically associated with cortical microarousals and oxygen desaturation leading to sleep 
fragmenta-tion and increased sympathetic neural activity.  They most frequently occur in 
people with low muscle tone and soft tissue around the airway (e.g., the obese) and those 
with a structurally narrow airway.  The lack of oxygen usually causes the patient to wake 
up and take a breath, making this type less deadly than central sleep apnea.  Neverthe-
less, long- term OSA does carry the risk of contributing to hypertension, stroke, heart 
failure, cardiac arrhythmias, diabetes and depression, among other conditions.  It can 
also compromise the individual’s quality of life and ability to work through excessive 
daytime sleepiness (which can interfere with work and make driving a hazard, for 
example) and the snoring and irritability, which can interfere with personal relationships. 

 
OSA has traditionally been diagnosed via polysomnography (a sleep study) performed in 
a sleep lab to monitor the patient for the number and duration of pauses in breathing 
during sleep.  More recently, at-home testing has become an accepted diagnostic tool.  
The gold standard treatment for the condition is continuous positive airway pressure 
(CPAP) therapy, in which the individual wears a mask that fits over the nose and  
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Exhibit 3-14:  Overview of Sleep Apnea Potentially Amenable to Neurostimulation Therapy 

Type Description Treatment & Limitations Global Prevalence 

Obstructive Sleep 
Apnea (OSA) 

Pauses in breathing or periods of shallow 
breathing during sleep caused by partial or 
complete obstruction of the airway; 
obstruction caused by collapse of soft tissue 
structures in the throat; major symptoms 
include loud snoring, daytime drowsiness 
and irritability; most common in 
overweight/obese individuals and those with 
structurally narrow airways; diagnosed by lab 
sleep study or, more recently, at-home 
testing; . 

Gold standard treatment is 
continuous positive airway 
pressure (CPAP) therapy; 
however, many patients 
consider CPAP cumbersome, 
uncomfortable or ineffective 
(compliance is only about 
50%); hypoglossal nerve 
(HGN) stimu-lation is 
emerging as potential 
alternative 

Not well 
established but 
likely about 4.3% 
among adult 
makes and 2.1% 
among adult 
females; 
prevalence higher 
among overweight/ 
obese, minorities 
and older people 

Central Sleep Apnea 
(CSA) 

Pauses in breathing during sleep caused by 
failure of respiratory control centers in brain to 
give signal to inhale; can result in oxygen 
desaturation (hypoxia), which can complicate 
existing conditions and even lead to death; most 
common in older patients with cardiac and 
neurological conditions; symptoms similar to OSA 
plus abrupt awakening accompanied by 
shortness of breath; diagnosed by sleep study 
and additional features  

Gold standard treatment biPAP 
therapy, with separate settings 
for inhalation and exhalation to 
maintain normal breathing 
patters; same challenges and 
objections as CPCP therapy, 
driving interest in diaphragm 
pacing as possible alternative 

Much less common 
than OSA, affecting 
<1% of general 
population; rates 
much higher in heart 
failure patients (25-
40%) and patients 
who have had a 
stroke (10%) 

 
Source:  Health Research International 
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sometimes the mouth and is connected to a device that compresses normal room air and 
blows it into the airway at a constant pressure. This pressure must be at a sufficiently 
high level to prevent the airway from collapsing but sufficiently low to permit exhalation 
of deoxygenated air and avoid damage to lung structures.  Although effective for most 
patients if used regulatory, CPAP therapy is uncomfortable for many patients, 
undesirable to their partners, or simply does not work sufficiently well to support 
chronic use.  As such, compliance is estimated at only 50%. 
 
The global prevalence of OSA is not well established as definitions vary, and the 
condition only became a focus of study about 15 years ago.  Nevertheless, several 
studies involving thousands of patients across various geographies do exist which 
demonstrate a fair degree of consistency.  They suggest a median prevalence of 4.3% 
(range 3% to 7%) among adult males and 2.1% (range 1% to 5%) among adult females.  
Disease prevalence is higher in selected population subsets, including overweight and 
obese individuals, minorities and older patients.  The first and last subsets are especially 
prominent and portend a continued rise in the population with OSA based on 
demographics and the growing global obesity epidemic. 

 

3.6.1 Central Sleep Apnea (CSA) 
In contrast to OSA, which is largely a mechanical or structural condition, central sleep 
apnea (CSA) is the result of the failure of the basic neurological directives controlling 
breathing to perform properly.  In essence, the respiratory control centers in the brain 
located in the pre-Botzinzer complex fail to give the signal to inhale, causing the 
individual to miss one or two cycles of breathing.  This, in turn, leads to hypoxia (low 
oxygen saturation levels in the blood) and, eventually, confusion, rapid heart rate, 
shortness of breath, coughing and wheezing.  Because CSA frequently occurs in patients 
with serious medical conditions, such as heart failure; brainstem injuries, Parkinson’s, 
and stroke; renal failure and even opoid addiction, the combination of these conditions 
with CSA can lead to death in extreme cases.  In fact, many patients with serious 
conditions who have died “in their sleep” are now thought to possibly be casualties of 
undiagnosed, complicating CSA.   
 
CSA is diagnosed using the same types of tests as for OSA.  Beyond this, three 
additional features contribute to a CSA diagnosis.  These are: 1) a lack of abdominal or 
thoracic movement for 10 seconds or longer during sleep and coincident with breathing 
pauses; 2) the inability to voluntarily operate the diaphragm and thoracic muscles upon 
waking; and 3) a very urgent need to breathe upon wakening.   
 
As with OSA, the treatment of CSA relies on mechanical support.  However, rather than 
using a single, continuous setting, CSA patients require the use of two settings—one for 
inhalation and the other for exhalation—that are programmed to maintain normal 
breathing rhythm, especially with respect to breathing rate and duration of breath.  As 
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with OSA, therapy can be cumbersome and even unpleasant for the patient, especially 
considering most patients are older and have other serious medical conditions.  To 
address this, companies offering diaphragm pacing systems, currently employed for 
spinal cord injury and ALS patients, have started to evaluate their benefits for CSA. 
 
In the general population, the prevalence of CSA is less than 1%.  However, it has been 
reported in 25% to 40% of patients with heart failure and in 10% of stroke survivors.  
The condition shows a striking bias towards male sex and is uncommon in premeno-
pausal women.  One explanation for this divergence is that women have a lower apneic 
threshold than men.  As such, women require a greater reduction in oxygen saturation 
levels than do men to initiate apnea. 

 

3.7 Urological Conditions 
The two major urologic conditions being addressed by neurostimulation are incontinence 
and overactive bladder.  The former describes the lack of voluntary control over 
urination and defecation.  Although both represent targets for neurostimulation, our 
discussion will focus on urinary incontinence due to its significantly greater prevalence.  
Overactive bladder is characterized by a sudden urge to urinate, which may lead to 
involuntary loss of urine.  I is common is both men and women.  Exhibit 3-15 presents 
an overview of these conditions. 

 

3.7.1 Urinary Incontinence 
Urinary incontinence (UI) occurs most frequently in women, whose urethras are short 
and whose incontinence mechanism is not as well developed as in men.  The anatomic 
impact of childbirth is also a major contributing factor.  In men, UI is most commonly 
the result of aging or a symptom of another condition, e.g., it often occurs secondary to 
prostate surgery.   
 
Urinary incontinence is of four major types:  stress (urine leaks caused by stress on the 
abdomen, e.g., sneezing), urge (urine leakage due to the inability to suppress an urgent 
need to urinate), overflow (urine leakage from a full bladder due to general difficulty 
passing urine), and total (continuous leakage of all urine, usually due to vesicovaginal 
fistula).  Stress incontinence is most common, accounting upwards of three-quarters of 
cases in women.  Urge incontinence accounts for the smallest share of cases.   
 
Estimates of the global prevalence of UI are based almost exclusive on self-reported 
surveys.  A review of 36 general population studies from 17 countries reported the 
prevalence of “ever” UI at anywhere from 5% to 69% of the adult population, with most 
studies falling into the 25% to 45% range.  For daily incontinence, prevalence estimates 
typically ranged between 5% and 15% for women of middle age or older.  These figures 
suggest an overall global prevalence in women of 70 to 210 million in 2017.    
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Exhibit 3-15:  Overview of Urological Conditions Potentially Amenable to Neurostimulation Therapy 

Type Description Treatment & Limitations Global Prevalence 

Urinary Incontinence 
(UI) 

Lack of voluntary control over urination, 
resulting in urine leakage; most common in 
women due to short urethras and anatomic 
impact of childbirth; most common type is 
stress incontinence, urine leakage that occurs 
when stress is placed on abdomen, as in 
coughing, sneezing; urge incontinence results 
from inability to suppress urgent need to 
urinate 

Stress incontinence:  Kegel (pelvic 
muscle) exercises, absorbent pads, 
bulking agents, minimally invasive 
surgery; Urge incontinence: anti-
cholinergic medications, pelvic floor 
exercises, timed voiding, absorbent 
pads, surgery, neurostimulation; 
Current treatments considered 
inadequate to prevent significant 
disruption of daily activities 

Estimated at 25-40% 
of adult females 
“ever” and 5-15% 
“daily”; for women 
40 years and over 

Overactive Bladder 
(OAB) 

Characterized by sudden urge to urinate; 
occurs when bladder muscles involuntarily 
contract even when bladder volume is low; 
may lead to involuntary loss of urine (urge 
incontinence), especially in women 

Pelvic rehabilitation, timed void-ing, 
anticholinergic medications, use of 
absorbent pads are first-line therapy; 
second-line include injection of 
bulking agents, neurostimulation and 
surgery; as with UI, current 
treatments considered inadequate to 
prevent significant disruption of daily 
activities, especially in women 

Commen in both 
men and women; 
prevalence ranges 
from 12% to 16% of 
adult population 

 
Source:  Health Research International 
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Urinary incontinence is not life-threatening; however, surveys show that, next to 
Alzheimer’s and stroke, it is reported as most negatively impacting health-related quality 
of life.  Not only does it significantly interfere with daily activities, but it can cause great 
embarrassment to affected individuals.  The condition is especially neglected in the 
elderly, in whom it quite common.  Treatment, which primarily relies on the use of 
absorbent pads and pelvic floor rehabilitation (Kegel) exercises, is considered 
inadequate.  More invasive therapies, such as injection of bulking agents and minimally 
surgery, are reserved for extreme cases.  The result is an extremely large but vastly 
underserved patient population. 

 

3.7.2 Overactive Bladder (OAB) 
Overactive bladder (OAB) occurs when the bladder muscles start to contract 
involuntarily even when the volume of urine in the bladder is low.  This can, in turn, 
result in bladder leakage, known as urge incontinence.  Factors contributing to this 
involuntary activity include neurological disorders, such as stroke, multiple sclerosis and 
declining cognitive function; acute urinary tract infection; diabetes; medications that 
produce rapid urine production; bladder abnormalities; excessive consumption of 
caffeine or alcohol; excessive weight; and age, among others.  Diagnosis is usually based 
on history and presentation, although urodynamic studies may also be performed.  First-
line treatment involves pelvic rehabilitation, timed voiding (scheduling regular trips to 
bathroom to train body to urinate at those times), the use of absorbent pads, and anti-
cholinergic drugs to relax the bladder.  Where these do not produce sufficient results, 
second-line options include bulking agents, neurostimulation therapy and surgery.   
 
In contrast to urinary incontinence, OAB is common in both women and men.  
According to the two major studies focusing on OAB, i.e., EPIC and NOBLE, its 
prevalence in the adult population ranges from 12% to 16%, with no significant 
differences between men and women.  Also, in contrast to the commonly held 
perception, prevalence does not directly increase with age.  However, females are more 
likely to experience urge incontinence secondary to OAB, which likely reflects the 
aforementioned anatomic and physiological differences in urinary continence 
mechanisms between men and women and the effect of pregnancy or pregnancy and 
vaginal delivery on the pelvic floor.   

 

3.8 Other Targeted Applications 
Four other clinical applications being targeted for neurostimulation therapy are chronic 
tinnitus, gastroesophageal reflux disease (GERD), spinal cord injury, opioid withdrawal 
symptoms and Autism.  Exhibit 3-16 presents an overview of these conditions, which are 
not discussed separately.  
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Exhibit 3-16:  Other Clinical Applications Potentially Amenable to Neurostimulation Therapy 

Condition Description Treatment & Limitations Global Prevalence 

Chronic Tinnitus Perception of phantom noise or ringing when 
no external sound is present; frequently 
caused by inner ear damage, age-related 
hearing loss, circulatory system problem, or 
chronic exposure to loud noise; diagnosed 
based on symptoms and audiological exam   

Limited options include treatment of 
underlying condition (if that is 
cause); use of hearing aids, white 
noise machines or masking 
devices; medication for severe 
cases 

Global prevalence data 
vary depending on 
definition; range 5% to 
43% for general tinnitus 
and 3% to 31% for 
“bothersome” tinnitus 

Gastroesophageal 
Reflux Disease 
(GERD) 

Chronic condition characterized by reflex of 
stomach acid or bile into esophagus due to 
failure of lower esophageal sphincter (LES) 
muscle to close completely; presents as 
persistent heartburn usually after eating or 
when lying down; diagnosed via symptoms, 
endoscopy and acid and motility tests; can 
lead to ulcers, strictures, Barrett’s esophagus 
and cancer 

Dietary changes, use of acid reflux 
medications, especially proton 
pump inhibitors (PPIs); in more 
extreme cases or where PPIs fail to 
control disease, fundoplication 
surgery may be performed 

Marked differences in 
reported prevalence, 
ranging from 2.5% to 
6.6% in Eastern Asia up 
to 13.8% to 25.8% in 
North America; World 
Gastroenterology Organ-
ization reports global 
prevalence is increasing 

Spinal Cord Injury Damage to spinal cord due to traumatic event 
that disturbs normal sensory, motor or 
autonomic function; degree of paralysis 
related to level of injury; high male to female 
ratio; peak incidence < 30 years of age; traffic 
accidents most common cause followed by 
falls by elderly population 

At present, there is no way to 
reverse damage to spinal cord; 
prosthetics and drugs can help 
promote regeneration or improve 
function of remaining nerves; 
neurostimulation is emerging as 
important contributor to this effort 

Estimated at 535 to 550 
per million population; 
annual incidence 
estimated by WHO at 40 
to 80 cases per million 
population 

 
Continued 
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Exhibit 3-16:  Other Clinical Applications Potentially Amenable to Neurostimulation Therapy (Continued) 

Condition Description Treatment & Limitations Global Prevalence 

Opioid Withdrawal 
Symptoms 

Anxiety, nausea, vomiting, , hallucinations, 
muscle spasms, anger, aggressiveness, 
abdominal pain, diarrhea and insomnia, 
among others, which can be severe and 
interfere with successful withdrawal  

Primary reliance on behavioral 
therapy (e.g., constant monitoring 
and communication) and drugs; 
withdrawal success rates estimated 
at 12% to 28% 

Estimated 26 to 36 
million people worldwide 
abuse opiates, of which 
2.1 million are in the 
U.S. 

Autism Neurodevelopmental disorder characterized 
by difficulty with social interactions, obsessive 
interests, communication challenges, and 
tendency to engage in repetitive behavior; 
symptoms and severity can vary significantly 
across these areas; symptoms usually appear  
by 6 months; strong genetic component    

Early recognition recommended to 
commence behavioral, educational 
and related therapies to reduce 
symptoms and support develop-
ment and learning; psychoactive 
drugs and anticonvulsants 
prescribed for about one-half of 
children 

WHO estimates 1 in 160 
children worldwide has 
autism spectrum 
disorder  

 
Source:  Health Research International   
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4.0 PRODUCTS AND TECHNOLOGIES 
To-date, the treatment of neurological and neurodegenerative conditions, such as refractory 
epilepsy, depression and Parkinson’s, chronic pain, and incontinence has been the main focus 
of neurostimulation products and technologies.  Now, new applications are emerging that are 
associated with large patient caseloads that have few successful treatment options.  These 
include autoimmune inflammatory disorders, such as rheumatoid arthritis and Crohn’s 
disease; hematological conditions, such as post-partum hemorrhage; metabolic disorders, 
such as obesity; cardiovascular conditions, such as heart failure; sleep apnea, spinal cord 
injury and other mobility-related conditions; chronic tinnitus; autism; opioid withdrawal and 
gastroesophageal reflux disease.  Exhibit 4-1 presents an overview of the products and 
technologies currently and potentially addressing such conditions grouped by type of 
condition, whether the technology is implantable or external, the approach used or nerve 
being stimulated, and whether the device is marketed, close to commercialization or in the 
early stage of development.  Several are profiled in more depth below along with their 
clinical trials.  Others are described in Chapter 7 of this report which profiles the various 
companies and selected institutions developing new bioelectronic medicine and neuro-
stimulation technologies.   
 

4.1 Neurological Conditions 
The major neurological conditions being addressed by bioelectronic medicine and 
neurostimulation technologies include drug refractory epilepsy, drug refractory depression, 
headache (including cluster and migraine), and neurodegenerative conditions such as 
Parkinson’s, essential tremor, amyotropic lateral sclerosis and Alzheimer’s.  This area has 
seen significant active product development to date and accounts for a large number of 
technologies available or pending. 
 

4.1.1 Drug Refractory Epilepsy 
Various invasive and non-invasive electrostimulation devices for the treatment of drug-
refractory epilepsy (DRE) have been available in Europe since the mid-1990s, most of which 
are also marketed worldwide.  Companies offering or developing these technologies include 
LivaNova, Cerbomed, Cerebral Rx, PINS Medical, NeuroPace, NeuroSigma, Bionic 
Enterprises, and CorTec/Wysse Center.  All but the latter will be discussed here, as CorTec’s 
technology is in an earl strage of development.   
 

4.1.1.1 Bionic Enterprises 
Bionic Enterprises is developing the Epikon 4.0 neurostimulation system to treat refractory 
epilepsy.  This is a skull-mounted DBS technology in which both the stimulator and 
electrodes are implanted on the surface of the brain as a single unit, necessitating only one 
implantation surgery and minimizing the risk of surgical infection, lead breakage and lead .
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Exhibit 4-1:  Current and Emerging Bioelectronic Medicine and Neurostimulation 
Technologies by Clinical Application 

Clinical Application/Company Stimulation Implant External Status 
NEUROLOGICAL DISORDERS     

  Refractory Epilepsy     

     Bionic Enterprises Skull-Mounted DBS X  E 

     Cerbomed VNS  X M 

     CerebralRx VNS  X M 

     CorTec/Wyss Center BrainX X  E 

     LivaNova VNS X  M 

     NeuroPace DBS X  M 

     NeuroSigma eTgNS  X M 

     PINS Medical VNS X  M 

     NeuroPace DBS X  M 

     NeuroSigma eTgNS  X M 

     PINS Medical VNS X  M 

  Depression/Psychiatric     

     DARPA ElectRx Injectable implants X  E 

     Bionic Enterprises (OCD) Skull-mounted DBS X  E 

     Cerbomed VNS  X M 

     Cervel Neurotech rTMgS  X M 

     CVRx VNS  X M 

     LivaNova VNS X  M 

     Neuronetics TMgS  X M 

     Tal Medical LFMS  X P 

  Migraine/Cluster Headache     

     Autonomic Technologies SPG Nerve X  E 

     Bionic Enterprises Skull-Mounted DBS X  E 

     Cephaly OSTNS; TgNS  X M 

     Cerbomed VNS  X M 

     electroCore eVNS  X M 

     eNeura sTMgS  X M 

     Neurolief OSTNS  X E 

     Scion NeuroStim CVS  X P 

Continued
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Exhibit 4-1:  Current and Emerging Bioelectronic Medicine and Neurostimulation 
Technologies by Clinical Application (Continued) 

Clinical Application/Company Stimulation Implant External Status 
Neurodegenerative Disorders     

     Parkinson's/Tremor     

     Abbott/St. Jude Medical DBS X  M 

     Aleva Neurotherapeutics Micro DBS X  P 

     Bioinduction Skull-mounted DBS X  P 

     Boston Scientific DBS X  M 

     Cala Health NPT  X E 

     Clinatec NIRLS X  E 

     Deep Brain Innovations TOPS  X  E 

     Medtronic DBS X  M 

     Nexeon Medsystems DBS X  E 

     PINS Medical DBS X  M 

     SceneRay DBS X  M 

     Alzheimer's     

     Functional Neuromodulation DBS Fornix X  P 

     Neuronix fTMgS  X M 

 Stroke, SCI, Limb Loss     

     Bioness FES  X M 

     Finetech Medical FES X  M 

     Finetech Medical FES - SSNR X  M 

     Hanger FES  X M 

     MicroTransponder VNS X  P 

     Ottobock FES  X M 

AUTOIMMUNE INFLAMMATORY DISORDERS    

  Rheumatoid Arthritis     

     DARPA ElectRx Injectable implants X  E 

     Lavita Technologies (Hobart) Catheter-Based  X E 

     SetPoint Medical VNS X  P 

  IBD/Crohn's     

     Lavita Technologies (Hobart)) Catheter-Based  X E 

     SetPoint Medical VNS X  P 

Continued 
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Exhibit 4-1:  Current and Emerging Bioelectronic Medicine and Neurostimulation 
Technologies by Clinical Application (Continued) 

Clinical Application/Company Stimulation Implant External Status 
HEMATOLOGICAL DISORDERS     

  Excessive Blood Loss     

     Sanguistat Peripheral VNS   X E 

METABOLIC DISORDERS     

  Obesity     

     MetaCure (Hobart Group) GES X  M 

     IntraPace GES X  M 

     ReShape Lifesciences VNS X  M 

CHRONIC PAIN     

     Abbott/St. Jude Medical SCS X  M 

     BioElectronic Corporation PSWT  X M 

     BlueWind Medical TNS X  M 

     Boston Scientific SCS X  M 

     Cerbomed VNS  X M 

     Endonovo Therapeutics rTMgS  X E 

     Mainstay Medical Dorsal Ramus X  M 

     Medtronic SCS X  M 

     NeuroMetrix Muscle Stimulation  X M 

     Neuros Medical PNS X  E 

     Nevro SCS X  M 

     Nuvectra SCS X  M 

     Saluda Medical SCS X  P 

     SPR Therapeutics PNS  X M 

     Stimwave Injectable SCS X  M 

CARDIOVASCULAR DISORDERS     

  Heart Failure     

     BioControl Medical VNS X  H 

     Cardionomic Bedside Intravasc X  P 

     CVRx Baroreceptor  X  M 

     Enopace Medical Intravasc Barocept X  P 

Continued 
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Exhibit 4-1:  Current and Emerging Bioelectronic Medicine and Neurostimulation 
Technologies by Clinical Application (Continued) 

Clinical Application/Company Stimulation Implant External Status 
  Heart Failure (Continued)     

     Impulse Dynamics CCM X  M 

     LivaNova VNS X  M 

     NeuroTronik Bedside Intravasc  X P 

UROLOGIC DISORDERS     

  Urinary Incontinence (UI)     

     Axonics Modulation Techs SNS X  M 

     Medtronic SNS X  M 

  Overactive Bladder (OAB)     

     Axonics Modulation Techs SNS X  M 

     BlueWind Medical TNS X  M 

     Cogentix Medical PTNS  X M 

     FemPulse LLC PAPS  X E 

     Medtronic SNS X  M 

SLEEP DISORDERS     

  Obstructive Sleep Apnea (OSA)     

     Inspire Medical HGNS X  M 

     LivaNova ImThera Medical HGNS X  P 

  Central Sleep Apnea (CSA)     

     Respicardia PhNS X  M 

HEARING DISORDERS     

  Chronic Tinnitus     

     CorTec/Wyss Center BrainX X  E 

     MicroTransponder VNS X  P 

GASTROINTESTINAL DISORDERS     

  Gastroesoph Reflux (GERD)     

     EndoStim LES X  M 

Continued 
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Exhibit 4-1:  Current and Emerging Bioelectronic Medicine and Neurostimulation 
Technologies by Clinical Application (Continued) 

Clinical Application/Company Stimulation Implant External Status 
BREATHING DISORDERS     

  Respiratory Insufficiency     

     Atrotech Oy DP via PhNS X X M 

     Avery Biomedical DP via PhNS X X M 

     Synapse Biomedical DDS X X M 

OTHER DISORDERS     

  Opioid Withdrawal Symptoms     

     Innovative Health Solutions PNFS  X M 

  Autism     

     NeuroTech International Auditory  X M 

 
KEY:   

BrainX = Brain Exchange 

CCM = Cardiac Contract Modulation 

DDS = Direct Diaphragm Stimulation 

DP = Diaphragm Pacing 

DBS = Deep Brain Stimulation 

eTgNS = External Trigeminal Nerve Stimulation 

FES = Functional Electrical Stimulation 

fTMgS = Focused Transcranial Magnetic Stimulation 

GES = Gastric Electrical Stimulation 

HGNS = Hypoglossal Nerve Stimulation 

LES = Lower Esophageal Sphincter 

MSS = Multipole Sequential Stimulation 

NIRLS = Near Infrared Light Stimulation 

NPT = Neuroperipheral Therapy 

OSTNS = Occipital Supraorbital Trigeminal Nerve Stimulation 

PAPS = Pelvic Autonomous Plexus Stimulation 

PhNS = Phrenic Nerve Stimulation 

PNS = Peripheral Nerve Stimulation 

PNSF = Percutaneous Nerve Field Stimulator 

PSWT = Pulsed Short Wave Therapy 

PTNS = Percutaneous Tibial Nerve Stimulation 

rTMgS = Repetitive Transcranial Magnetic Stimulation  

SCS = Spinal Cord Stimulation 

SNS = Sacral Nerve Stimulation 

SPG = Sphenopalatine Ganglion 

SSNR = Sacral Spinal Nerve Roots 

sTMgS = Single-Pulse Transcranial Magnetic Stimulation 

TMgS = Transcranial Magnetic Stimulation 

TOPS = Temporarily Optimized Patterned Stimulation 

TNS = Tibial Nerve Stimulation 

VNS = Vagus Nerve Stimulation 

 STATUS: 
M = Currently Marketed 

P = Probably Marketed During Forecast Period 

E = Early Stage 

H = Halted 

 
Source:  Health Research International 
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migration.  The stimulator package associated with the system is 50% smaller than currently 
available devices and will be positioned in the temporal bone of the skull to minimize lead 
migration and fracture as well as skin erosion.  Its small size also enables removal if desired.  
The 22 electrode contacts will allow more precise and customized stimulation, and the fine 
diameter of the electrodes will facilitate implantation.  The closed-loop system is self-
monitoring, with active seizure prediction and response.  A rechargeable battery will reduce 
the need for replacement.  The following shows the positioning of the Epikon 4.0 system: 

 
 
Bionic Enterprises has yet to commence clinical trials of the Epikon 4.0.  As such, the 
technology is not expected to be commercialized before the end of the forecast period 
covered in this report. 
 

4.1.1.2 Cerbomed 
Cerbomed (Erlangen, Germany) has developed the Nemos transcutaneous vagus nerve 
stimulation (t-VNS) system for non-invasive adjuvant therapeutic uses in patients with 
various neurological disorders, including DRE, chronic depression and migraine.  Nemos is a 
cell phone size rechargeable device containing a pulse generator and dedicated programming 
and therapy delivery software.  It connects transcutaneously via bipolar electrode to the 
auricular branch of the vagus nerve located at the left ear lobe.  Nemos therapy delivery and 
its intensity can be controlled by the patient before and during the treatment procedure.  The 
recommended treatment protocol is 3 to 4 hour-long sessions daily.  Potential side effects 
include itching and discomfort in the area of the outer ear and local pain at the stimulation 
site. These side effects usually disappear soon after stopping the stimulation.  
 
Cerbomed’s multi-center, randomised, controlled, 2-arm, double-blind study of its tVNS 
therapy enrolled 76 adult epilepsy patients from Germany and Austria, who were treated with 
the system over a 5-month period.  The patients presented with various epilepsy syndromes 
and had at least three seizures per month.  The trial showed that the treatment was well 
tolerated, with an average 93% patient compliance. At 5 months follow-up, the seizure rate 
was reduced by 23% on average with 25Hz stimulation. Quality of life increased signifi-
cantly in the treated groups, while side effects were mild and quickly resolved after 
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discontinuing stimulation.  When these outcomes are compared with those from studies on 
invasive VNS with IPG-based systems, the efficacy of t-VNS therapy with Nemos system 
was shown to be comparable.   
 
Cerbomed currently sells its Nemost-VNS therapy system for epilepsy, depression and 
migraine indications at the German, Austrian, Italian and Swiss markets. Based on the 
company data, over 1,000 patients have received treatment with the Nemos t-VNS system 
since its initial CE marking in 2010. The following shows the Nemos t-VNS System and its 
method of attachment: 
 
 

 
 

4.1.1.3 CerebralRX 
CerebralRx is a spin-off of the Israeli company BioControl Medical specifically created to 
explore the potential uses of its VNS therapy technology outside the company traditional 
focus on heart failure management. Pursuant to that spin-off, CerebralRx developed 
neurological modification of the BioControl’s original CardioFit VNS technology platform 
 
Similar to other IPG-based systems currently marketed, the CerebralRx FitNeS VNS system 
features a pacemaker-like, remotely programmable vagus nerve stimulator which is 
implanted subcutaneously in the left pectorial region and interfaced via bipolar electrode with 
the vagus nerve left bundle in the lower neck just above the cardiac branch bifurcation.  The 
FitNeS VNS system can be used in both automatic delivery mode and manual mode, the 
latter allowing the patient to terminate and reinitiate treatment procedure. 
 
According to CerebralRx, clinical studies of the FitNeS VNS system for patients with 
refractory epilepsy demonstrated comparable reductions in seizure frequency at 3 and 12 
month follow-ups to that of LivaNova’s system.  The FitNeS VNS system secured the CE 
Mark for refractory epilepsy in 2010 and for drug refractory depression in 2014. 
 

4.1.1.4 LivaNova 
Cyberonics, which merged with Sorin to become LivaNova in 2015, developed the first 
VNS-based therapy approved for marketing in the U.S.  The company’s VNS Therapy 
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System received FDA approval in 1997 for use as an adjunctive treatment in patients age 12 
and over with drug-resistant epileptic seizures, and was launched in 1998. 
 
The VNS Therapy System consists of: 1) a programmable implantable pulse generator (IPG) 
placed subcutaneously in the left pectorial region; 2) a bipolar lead tunneled under the skin 
from the left vagus nerve wire bundle at the low neck level to the IPG; 3) an external wand 
that enables remote programming of device stimulation parameters and retrieval of stored 
data; 4) a hand-held magnet that allows the patient to stop stimulation cycle and restart it; 5) 
a stylet-like surgical device to facilitate the lead tunneling; and 6) a computer/tablet 
containing the IPG dedicated programming software.  The following shows the configuration 
of a LivaNova VNS Therapy System in the body: 
 

 
The VNS Therapy System delivers mild electrical stimulation to the left vagus nerve on a 
regular, intermittent basis. The initial recommended stimulation parameters are a 30-second 
period of stimulation (ON time), followed by a 5-minute period without stimulation (OFF 
time).  To optimize patient treatment, the current pulse width, amplitude and frequency and 
the stimulation ON and OFF intervals of the pulse generator can be adjusted non-invasively 
by the treating physician  
 
In automatic IPG mode, VNS treatment is triggered by the onset of tachycardia exceeding 
patient-specific thresholds.  This reflects accumulated clinical experience with epilepsy 
management indicating that elevation of the heart rate above normal typically accompanies 
seizure activity in patients. 
 
The VNS Therapy System has been studied in several trials.  In the two randomized, parallel, 
double-blind, active-controlled studies that supported FDA approval, patients who received 
adjunctive VNS therapy had mean seizure reductions of 24% and 28% during the three-
month acute phase of the studies.  Additionally, many patients, including some who reported 
no change or an increase in seizure frequency, reported a reduction in seizure severity.  
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Long-term follow-up data derived from an uncontrolled protocol on 440 patients in five 
studies showed that efficacy was maintained and, for many patients, improved over time 
during treatment with the VNS Therapy System.  Analysis of the pooled data indicated that 
the median percentage seizure reduction was 44% after 24 months of treatment, a level 
sustained at 36 months.   
 
Another study performed by researchers from New York University enrolled 436 patients 
with refractory epilepsy.  When treated with the VNS Therapy System, 63.7% of patients 
experienced at least a 50% reduction in seizure frequency.  In a separate sub-study, 
researchers followed a 65-patient subset of the original 436 patients for a 10-year period. At 
the last follow-up visit of this subset, 91% of patients experienced at least a 50% reduction in 
seizure frequency.  

 

When used to treat DRE, the side effects associated with the VNS Therapy System are 
generally mild and are limited to the period of time in which stimulation is activated.  The 
most frequently reported side effects include voice alteration, neck discomfort, increased 
cough, shortness of breath and difficulty swallowing, most of which typically decrease over 
time.  According to LivaNova, its VNS Therapy System has not been associated with CNS 
side effects that can accompany antiepileptic drugs.  

 

Since FDA approval, LivaNova has launched seven versions of the IPGs used in its VNS 
Therapy System in the U.S.:  Model 102 Pulse, Model 102R Pulse Duo, Model 103 
Demipulse, Model 104 Demipulse Duo, Model 105 AspireHC, Model 106 AspireSR; and 
Model 107SenTivaSeries.  While delivering virtually the same therapeutic efficacy in seizure 
reduction, the IPG modifications offered incremental improvements in heart rate tracking and 
automaticity of therapy initiation, greater versatility in system software, enhanced flexibility 
in treatment programming and reduced size, among other advances.  For example, the 
company’s latest SenTiva VNS therapy system, launched in October 2017, features 
significantly smaller IPG size and represents the first and only FDA-approved system for 
drug-resistant epilepsy in children as young as four years of age.   SenTiva also offers detect-
and-respond mode, designed to prevent seizures before they start and automatically deliver 
extra therapy to stop them if they do. SenTiva also collects and logs events commonly 
associated with seizures, including a patient’s body position and heart rate variations.  
Finally, SenTiva’s new programming technology provides several advanced and personalized 
programming options, e.g., one-touch, scheduled, and day and night. 
 
Outside of the U.S., LivaNova markets its VNS Therapy System for refractory epilepsy in 
Canada, European and numerous international markets.  The company reports that roughly 
100,000 patients had been treated with the VNS Therapy System for epilepsy worldwide by 
the end of 2016, of which about 70% chose to continue with the treatment at the time of the 
first IPG replacement. 
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http://cts.businesswire.com/ct/CT?id=smartlink&url=http%3A%2F%2Finvestor.livanova.com%2Fphoenix.zhtml%3Fc%3D254127%26p%3Dirol-newsArticle%26ID%3D2284022&esheet=51695859&newsitemid=20171009005303&lan=en-US&anchor=FDA+approved+for+drug-resistant+epilepsy+in+children+as+young+as+four+years+of+age&index=2&md5=7f889ceee7a66c1f47878687e32e9db8
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4.1.1.5 NeuroPace 
NeuroPace (Mountainview, California) has developed the RNS System for seizure 
management, which constantly measures a person’s brain waves, looking for activity that is 
unusual for his or her specific neurological electrical patterns and which may indicate a 
seizure is imminent.  Within milliseconds of detecting this unusual activity, the RNS device 
sends brief pulses of electrical energy to instantly disrupt the unusual activity and normalize 
the individual’s brainwaves, often before he or she can feel seizure symptoms. 
 
The RNS System comprises a small, implantable neurostimulator connected to leads that are 
implanted in up to two seizure onset areas in the brain in a minimally invasive surgical 
procedure.  A simple remote monitor used at home by the patient wirelessly collects 
information from the neurostimulator and transfers it to the Patient Data Management System 
(PDMS). The prescribing clinician can log into the PDMS at any time to review accurate, 
ongoing information about the patient’s seizure activity and treatment progress.  If desired, 
the neurotransmitter and leads can be surgically removed. The following shows the RNS 
System: 

 
In controlled, prospective clinical studies reported in Neurology and Epilepsia, adults treated 
with the RNS System experienced significant, long-term seizure reduction that improved 
with time.  For example, by year three, they reported a 60% decrease in seizures; this figure 
increased to a median of 72% at seven years.  Patients also reported compelling quality of 
life improvements, such as better cognitive function, language and memory.  Importantly, 
because it does not utilize drugs, the RNS System works without producing the side effects 
associated with many antiseizure medications, such as dizziness, drowsiness, or cognitive 
impairments. 
 
NeuroPace received FDA pre-market approval of the RNS System in November, 2013 for the 
treatment for adults with partial onset seizures that have not been controlled with two or 
more antiepileptic drugs.  It is broadly reimbursed by both private and government insurance 
and is available at most Comprehensive Epilepsy Centers (CECs) throughout the U.S. (CECs 
are specialized epilepsy centers that have a team of experts who can provide a comprehensive 
evaluation for epilepsy patients, along with extensive medical, interventional and surgical 
treatment options.)  It has been implanted in approximately 1,300 patients to date. 
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4.1.1.6 NeuroSigma 
California-based NeuroSigma has developed the Monarch System for the electrical stimuli-
tion of the trigeminal nerve to treat a variety of neurological and psychiatric conditions, 
including epilepsy, depression, attention deficit hyperactivity disorder (ADHD), post-
traumatic stress disorder (PTSD), Lennox Gastaut Syndrome (LGS), and traumatic brain 
injury.  The trigeminal nerve is the largest cranial nerve and provides sensation to the face 
via three separate divisions, called V1 through V3.  NeuroSigma's stimulation technology 
targets the V1 division covering the forehead and scalp.  Because that nerve branch sits so 
close to the skin's surface, stimulation can be delivered via either a non-invasive, external 
system (eTNS), called the NeuroSigma Monarch System, or via a minimally-invasive 
subcutaneous system (sTNS), currently under development.  The following shows 
NeuroSigma’s Monarch eTNS technology and its application: 
 

 
 
NeuroSigma’s initial focus has been DRE.  In 2012, the company received the CE Mark to 
market the eTNS system for that condition and also for major depressive disorder in adult 
and children over the age of 8.  This was followed the next year by publication of the results 
of its Phase II trials of eTNS and marketing approval by Health Canada.  The randomized, 
double-blind trial conducted at UCLA and the University of Southern California enrolled 50 
patients aged 12 to 70 with a history of intractable seizures and exposure to at least two 
antiepileptic drugs at adequate doses.  The investigators reported that nearly 40% of patients 
receiving active external trigeminal nerve stimulation therapy experienced a greater than 
50% reduction in seizures after 18 weeks of daily stimulation whereas the control group did 
not.  In addition to reducing seizures, therapy also improved mood. 
 
 In December, 2013, NeuroSigma commenced a pivotal trial of eTNS for DRE, followed the 
next year by marketing approval by the Australian Registry of Therapeutic Goods.  The 
product is not yet approved for sale in the U.S. and is not covered by most insurance. 
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NeuroSigma is currently selling the Monarch eTNS System directly to patients.  The starter 
kit costs  €800 and includes everything needed to begin therapy, as well as a 4-week supply 
of electric patches. Additional patches can be purchased from NeuroSigma for €5 each. 
 

4.1.1.7 PINS Medical 
In April 2016, Beijing PINS Medical secured Chinese regulatory approval for its VNS 
System for the treatment of drug-refractory epilepsy in adult and pediatric patients and 
immediately commenced marketing the device there.  The system comprises a pacemaker-
like IPG inserted subcutaneously in the left pectorial region, a bipolar lead interfacing the 
IPG with the left branch of vagus nerve in the lower neck, an external tablet programmer, and 
a hand-held wand enabling remote communications with implanted IPG stimulator.  The 
following shows the IPG, leads and mechanism of action: 
 

 
 
PINS Medical’s VNS System was tested in two domestic randomized controlled studies that 
cumulatively enrolled 384 adult and pediatric patients with drug-refractory epilepsy.  The 
first larger trial commenced in October, 2014 and was completed in October 2017.  It was 
conducted at 5 Chinese clinical centers and enrolled 300 patients age 6 to 60 with DRE 
refractory epilepsy.  The primary outcome measure was the change in seizure frequency at 4, 
8, 12, 16, 20, and 24 months following initiation of treatment. The second trial, conducted at 
Peking University First Hospital, involved 84 epileptic children aged 3 to 6 years old.  Here, 
the trial primary end-point was the change in seizure frequency at 12 weeks after stimulation. 
According to the company, the use of its adjuvant VNS therapy resulted in significant (up to 
50%) reduction in seizure episodes in treated patients with no serious side effects.  (Actual 
findings from the clinical studies have yet to be published.)  
 

4.1.2  Drug Resistant Depression 
Depression is a common psychiatric disorder of unknown etiology that is difficult to 
definitively diagnose and treat.  The condition is not associated with any anatomical, 
functional, physiological or biomolecular abnormalities that can be detected by existing 
imaging, in vitro diagnostic testing, or DNA sequencing techniques.  Rather, the workup of 
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patients with acute and chronic depression is based entirely on subjective patient perceptions 
of their own condition and highly subjective interpretation of the patient responses to special 
questionnaires by interviewing physicians.  
 
Without a clear understanding of the disorder’s causes and having no clear target for therapy, 
the treatment of depression might be seen as a form of “guess work.”  The majority of anti-
depressants used in the management of the condition are well known serotonin and other 
neurotransmitters reuptake inhibitors, which have proven generally effective in the treatment 
of biolar disorders often accompanying chronic depression.  
 
Clinically tested device-based therapies—such as externally-applied pulsed magnetic field 
therapy and electrical stimulation therapies such a  VNS—are based on the as yet to be 
proven assumption that rebooting the brain’s cognitive processes at the atomic/molecular 
levels with a sequence of mild magnetic shocks or electrical impulses might bring these 
processes to their original normal setting, thereby “curing” or minimizing depression. 
Despite this unknown, most manufacturers of VNS therapy systems, such as LivaNova and 
Cerbomed, are offering their systems and have received regulatory approvals for the manage-
ment of difficult to treat, drug-resistant depression.  Others, such as Cervel Neurotech/Rio 
Grande Neurosciences, Neuronetix, CVRx, Tal Medical, NeuroSigma and ElectRx are 
developing technologies for this application.  Here, we describe relevant products and 
available clinical study data supporting their use for drug-resistant depression.  The 
discussion will exclude a Bionic Enterprises technology, which will target obsessive-
compulsive disorder rather than depression, and the ElectRx technology, for which DARPA 
is still seeking development proposals. 
 

4.1.2.1 BrainsWay 
BrainsWay’s flagship technology utilizes Deep Transcranial Magnetic Stimulation.  Its coil is 
based on the H coil, whose patented structure maximizes electrical stimulation of deep brain 
regions.  Additional features include:  1) coil elements are tangential to the head and close to 
target brain regions; 2) the coil offers the convergence of numerous electrical pulses from 
various directions; 3) the coil elements are parallel to target bundles; and 4) the location of 
return paths of electrical impulses are remote from the target area.  BrainsWay’s technology 
is based on patents registered by the U.S. National Institutes of Health (NIH).  The company 
has an exclusive license from the NIH for both the patent and the technology. 
 
BrainsWay claims that the depth and range of penetration of its technology, i.e., 2.5 times 
deeper than standard TMS, enhances clinical outcomes and allows for a short therapy time—
e.g., 20 minutes—compared to traditional TMS systems.  Its coil is fitted into a helmet, 
which is secured snugly to the patient’s head during the treatment.  Typical treatment 
protocol to achieve remission in Major Depressive Disorder (MDD) is 30 sessions, which has 
produced an approximate 50% success rate.  The following shows the BrainsWay D system: 
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BrainsWay’s proprietary therapy has been utilized in over 60 clinical trials worldwide, and 
has been used to treat more than 20,000 MDD patients globally to date.  It received FDA 
marketing clearance for MDD in January, 2013 based on the results of a pivotal trial that 
showed response rates after 20 sessions were 38.4% (versus 21.4% with sham) and remission 
rates were 32.6% (versus 14.6% with sham).  The system also has the CE mark for MDD, 
post-traumatic stress disorder, obsessive-compulsive disorder, bipolar disorder and smoking 
cessation, among other clinical applications.   
 

4.1.2.2 Cerbomed 
In contrast to implantable VNS systems, Cerbomed’s Nemos t-VNS therapy system has 
generated meaningful, albeit not spectacular, interest.  Nemos—previously described in 
Section 4.1.1.2 above—received the CE Mark for difficult to treat depression in 2014 and is 
currently marketed in Austria, Germany, Italy, and Switzerland.  The interest appears to 
derive from the noninvasive nature of the technology and its lower overall cost, as its clinical 
performance has been modest.    
 

4.1.2.3 CerebralRx 
CerebralRx obtained the CE Mark for its IPG-based FitNeS VNS therapy system for the 
treatment of chronic depression in 2014.  Previously described in Section 4.1.1.3 above, the 
FitNeS System is conceptually and technically similar to that offered by LivaNova and 
performs at a similar level.  As such, the company used the results of LivaNova’s clinical 
studies of its VNS Therapy for refractory depression (see Section 4.1.2.4 below) to support 
its CE Mark submission.  The FitNeS device is not available for this indication in the U.S. 
 

4.1.2.4 Endonovo Therapeutics/Cervel Neurotech 
Cervel Neurotech, whose technology was acquired by Endonovo Therapeutics via Rio 
Grande Neuroscioences in December, 2017, has developed Repetitive Transcranial Magnetic 
Stimulation (rTMS) technology licensed from Stanford University.   rTMS uses magnetic 
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fields to induce electrical pulses within the brain to modulate the functioning of specific areas 
simultaneously.  It basically aims to “reset” electrical activity in those areas of the brain 
using magnetic fields generated by noninvasive coils.  In addition to this simultaneous 
stimulation, rTMS can penetrate into deeper structures that are often difficult to reach with 
traditional TMS therapy.  The placement of multiple magnetic coils directly on the scalp 
enables the “steering” of the magnetic field to the targeted regions of the brain, thereby 
avoiding unintended stimulation of areas not associated with the disorder.  The following 
shows the application of the rTMS technology: 

 
 
In 2008, rTMS received FDA approval for the treatment of major depression in patients who do 
not respond to at least one antidepressant medication in the current episode. It is also used in 
other countries as a treatment for depression in patients who have not responded to medications 
and who might otherwise be considered for electroconvulsive therapy.   
 
The evidence supporting the use of rTMS for depression was mixed until the results of the 
first large clinical trial of the therapy, funded by the National Institutes of Mental Health, 
were published in 2010.  The trial enrolled 199 antidepressant drug-free patients with 
unipolar nonpsychotic major depressive order at four U.S. university hospitals.  The patients 
were randomized to receive 3 weeks of daily weekday fixed dose rTMS treatment (37.5 
minutes at 3000 pulses per session) or sham.  Fourteen percent (14%) of patients achieved 
remission with rTMS therapy compared to 5% of the sham group.  After the trial ended, both 
rTMS and sham patients could enter a second 3-week phase in which everyone was given 
rTMS therapy.  Remission rates during this second phase climbed to nearly 30%.  
 
rTMS therapy is available in the U.S.; however, reimbursement is inconsistent.  Exact 
treatment costs vary by location; however, a four- to six-week course of therapy averages 
from $6,000 to $12,000.  Some hospitals and physician offices offer payment plans or 
discounted programs for patients whose treatment is not covered by insurance or who cannot 
pay the entire cost out-of-pocket. 
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4.1.2.5 LivaNova 
LivaNova’s IPG-based VNS Therapy System was granted the CE Mark in 2001and FDA 
approval in 2005 for treatment resistant depression, and is marketing its system for this 
indication in other international markets. Unfortunately, uptake has been slow.  The company 
estimates that at year end 2016, its VNS therapy system had been used to treat only 4,100 
chronic depression patients worldwide, with users in the U.S. plummeting almost to zero and 
placements outside of the U.S. showing no growth.   
 
One reason for the slow uptake is a lack of reimbursement in the U.S. and several major 
European markets, set against the relatively high cost of the system.  In addition, the system 
requires surgical implantation of the IPG and electrode and surgical replacement of the 
stimulating device, while offering only marginal improvement in symptoms as reported 
subjectively by patients.  The result has been to inhibit the broad adoption of invasive VNS 
therapy for the depression indication. 
 

In March 2017, the American Journal of Psychiatry published findings from a five-year 
observational study providing some evidence that adjunctive VNS therapy enhances 
antidepressant effects compared with conventional treatment in patients with treatment-
resistant depression. The non-randomized study included 795 patients who experienced a 
major depressive episode lasting at least 2 years or who had experienced 3 or more 
depressive episodes, including the current one.   Participants, all of whom had failed at least 
four prior treatments for depression, were assigned to receive conventional treatments 
alone—which encompassed medication, psychotherapy and electroconvulsive therapy 
(ECT)—or conventional treatment plus VNS therapy using the LivaNova technology.  The 
primary efficacy measure was response rate, defined as a minimum 50% decrease in the 
Montgomery-Asberg Depression Rating Scale (MADRS) score at any visit during the study.  
Secondary efficacy measures included remission. 
 
(NOTE:  The MADRS is a ten-item diagnostic questionnaire used to measure the severity of 
depressive episodes in patients with mood disorders. Each item receives a score of 0 to 6, 
producing an overall score of 0 to 60.  The higher the MADRS score, the more severe the 
depression.  A subject is considered a 'Responder' if he or she achieves a ≥ 50% reduction 
from baseline in MADRS total score at 12 months.  A 'Non-Responder' is any patient who 
did not achieve ≥ 50% reduction from baseline in MADRS score at 12 months.) 
 

The study demonstrated that the VNS group had a significantly higher 5-year cumulative 
response rate of 67.6%, compared with 40.9% for patients receiving conventional treatment 
only.  The former also a higher remission rate:  43.3% compared to 25.7%.  In the subset of 
patients with a history of response to ECT, the 5-year cumulative response rate was 71.3% 
for the VNS group versus 56.9% for the standard treatment group.  A similar response 
differential was observed among ECT non-responders (59.6% vs 34.1%, respectively).  The 
study authors suggested that VNS therapy may prove a less disruptive alternative for patients 
who rely on ECT as well as a new option for those who haven't found ECT effective.  
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In an effort to reanimate its VNS business for depression and expedite U.S. and international 
reimbursement, in late December, 2017, LivaNova commenced a global prospective, multi-
center, observational post-market study to assess the short-, mid- and long-term effectiveness 
and efficiency of VNS therapy as adjunctive therapy for difficult to treat depression.  The 
RESTORE-LIFE study will evaluate the use of LivaNova’s VNS Therapy System in patients 
with treatment-resistant depression who have failed to achieve an adequate response with 
standard psychiatric management. RESTORE-LIFE will enroll at least 500 patients at up to 
80 sites outside of the U.S.  Patients will undergo follow-up for a minimum of 3 years and a 
maximum of 5 years to evaluate changes in clinical symptoms in response to VNS Therapy.  
The study’s primary endpoint is response at one year, defined as a reduction in total MADRS 
score of at least 50% from baseline.  Secondary endpoints will include quality of life, patient 
function, health care utilization and need for adjunctive antidepressant treatments.  
 

4.1.2.6 MagVenture 
MagVenture (Farum, Denmark) was established in 2007 to specializing in noninvasive 
magnetic stimulation systems for depression treatment as well as for clinical examination and 
research in the areas of neurophysiology, neurology, cognitive neuroscience, rehabilitation 
and psychiatry.  The company offers the MagVita TMS Therapy system to treat drug-
resistant Major Depressive Disorder (MDD) with repetitive TMS therapy.  The MagVita can 
run many protocols successively (up to 20.000 pulses), and according to the company, it is 
comparable in safety and efficacy to similar systems.  A typical treatment protocol comprises 
an initial session to determine the individual patient’s motor threshold stimulation level, 
followed by 5 treatment sessions per week over a period of 6 weeks.  The following shows 
the MagVita TMS Therapy system: 
 

 
 
The MagVita system is differentiated from other TMS systems in having low operating costs, 
i.e., there are no per-user fees or costly disposable components (the latter cost less than $5 
per treatment).  MagVenture’s goal is to drive down the cost of TMS therapy, expanding the 
number of patients who can afford the currently expensive therapy.  The MagVita TMS 
Therapy system received the CE Mark in 2011 and FDA approval in July, 2015.  The latter 
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was augmented with FDA approval for a 19-minute treatment session in November, 2017.  
As with all TMS MDD therapy, use is reimbursed by most insurance in the U.S.   
 

4.1.2.7 Neuronetix 
Neuronetics (Malvern, Pennsylvania) is marketing its NeuroStar Transcranial Magnetic 
Stimulation (TMS) Therapy System for depression.  NeuroStar noninvasively stimulates the 
regions of the brain thought to be involved in depression using highly focused, MRI-strength 
magnetic pulses.  The system incorporates several patented technologies to maximize 
therapy, including 1) Contact Sensing, which provides real-time feedback to ensure dosing is 
not reduced by movement; 2) MT Assist, software that ensures the correct treatment is easily 
found; 3) NeuroStar High Performance Contoured Coil technology, whose patented coil 
design improves efficiency and integrated coil positioning system ensures repeatable and 
accurate treatment; and 4) TrakStar Cloud, a proprietary patient database for treatment 
reporting and documentation.  The following shows the NeuroStar TMS Therapy System: 

 

NeuroStar Therapy must be prescribed by a psychiatrist and is delivered on an outpatient 
basis.  The patient sits in the treatment chair and undergoes 19-minute therapy sessions five 
days a week for four to six weeks.   
 
The clinical efficacy of NeuroStar TMS Therapy has been documented in several clinical 
studies, including two multisite, randomized, controlled trials, two open-label extension 
studies, one prospective, naturalistic study focused on real-world practice, and two open-
label, long-term follow up studies.  One of these, a NIMH-funded independent, randomized, 
controlled trial, showed that patients treated with NeuroStar TMS therapy were 4 times as 
likely to achieve remission compared to patients receiving sham treatment.  In addition, 
significant improvement from baseline was observed as early as 2 weeks after treatment and 
at 4 and 6 weeks.  A trial of NeuroStar for adolescent depression is currently in progress. 
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NeuroStar is the first TMS Therapy System cleared by the FDA to treat adult patients with 
Major Depressive Disorder who have not benefitted from prior antidepressant medication in 
the current episode.  More than 775 NeuroStar systems have provided more than 1 million 
treatments in the U.S. to date.  Therapy is covered by most insurance. 
 

4.1.2.8 Tal Medical 
Boston-based Tal Medical has developed an at-home neuromodulation platform targeting 
depression and other brain disorders that is based on Low Field Magnetic Stimulation 
(LFMS), a novel form of brain stimulation discovered at and licensed from Mc Lean Hospital 
at Harvard University.  LFMS produces a sub-threshold electric field that can modulate brain 
circuitry involved in depression.  The technology was accidently discovered when bipolar 
patients unexpectedly reported an immediate mood elevating effect following a custom MRI 
spectroscopy protocol in a research study. 
 
LFMS utilizes a unique magnetic field waveform, with a sub-threshold mechanism of action 
that differs from other neurostimulation treatments.  In addition, it does not cause physical 
sensations or induce skin irritation or headaches, and it uses magnetic waveform parameters 
that fall within the range of medically approved MRI technology.  The following shows Tal 
Medical’s LFMS technology: 
 

 
 
LFMS has been investigated in five randomized, sham-controlled, blinded studies involving 
389 patients for both MDD (also called unipolar depression) and bipolar depression (BPD) 
focused on different dosing protocols.  Four of these studies with approximately 300 patients 
have shown rapid, clinically meaningful effects in MDD and BPD patients, of which two 
achieved statistical significance and two showed trending effect. A 20 minute treatment 
protocol appears to be bioactive in BPD, while a 60 minute treatment is required in MDD.  
However, optimal treatment duration (i.e., number of days to repeat the treatment) as well as 
the long-term durability of LFMS’s antidepressant effect have yet to be determined. The 
company believes that repeated treatment sessions will be required for maximum efficacy 
and meaningful durability, as is the case with other brain stimulation techniques. 
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With about 400 patients studied to date, LFMS has shown no major side effects.  As such, the 
FDA has granted a non-significant risk designation to the company’s highest dose study.  Tal 
Medical has yet to announce commercialization plans for its LFMS technology.   
 

4.1.3 Migraine/Cluster Headache 
Cerbomed, Cephaly and electroCore are the three principal companies currently addressing 
migraine and cluster headache with neurostimulation technologies.  Newcomers include 
Autonomic Technologies, Bionic Enterprises, eNeura, Neurolief and Scion NeuroStim.  The 
Bionic Enterprises and Neurolief technologies are described in their company profiles but are 
too early in development for inclusion in the current discussion.  
 

4.1.3.1 Automomic Technologies 
Cleveland Clinic spinout Autonomic Technologies is approaching the challenge of cluster 
headache from the standpoint that the sphenopalatine ganglion (SPG) nerve bundle located 
behind the nose, which is part of the autonomic nervous system, is directly involved in the 
cluster headache attack pain pathway.  Thus, stimulation of the SPG offers a reversible and 
adjustable option to control the debilitating pain of cluster headache.  To this end, the 
company has developed the Pulsante SPG Microstimulator System which comprises: 1) a 
miniature (smaller than an almond) neurostimulator with an integral lead designed to fit 
various facial anatomy; and 2) a remote controller, a hand-held device that provides on-
demand, patient-controlled SPG stimulation.  The Pulsante microstimulator is inserted 
through a small incision in the upper gum above the second molar and positioned at the SPG 
nerve bundle on the same side as the patient’s headache pain.  The patient controls his or her 
own stimulation treatment by activating the remote controller and placing it on the cheek 
over the inserted Pulsante lead.  Following treatment, the remote controller is simply 
removed from the cheek, turning off the stimulation.  Therapy settings are individualized and 
can be adjusted quickly by physicians using a customized laptop computer.  The following 
shows the application of the Pulsante SPG Microstimulator System: 
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The Pulsante SPG Microstimulator System received the CE Mark in 2012 for acute pain 
relief of cluster headache.  This was based on the results of the Pathway CH-1 Study, a 
multicenter trial conducted from 2010 to 2013 in Europe that showed an overall reduction in 
disability from cluster headache in participants who activated the Pulsante System at the start 
of a headache attack.  Of the 32 participants, 68% had a minimum 50% reduction in pain 
during the attack, had at least 50% fewer attacks, or both.  Participants also reported less use 
of pain medications, less disability, and higher quality of life.   
 
An interim analysis of post-market registry study (Pathway R-1) was conducted in Germany, 
Denmark and Austria, which followed patients for 12 months to evaluate the safety and long-
term effectiveness of SPG stimulation. The results showed that 68% (58/85) of patients were 
therapeutic responders, i.e., experienced either a reduction in attack frequency of at least 50% 
(frequency responders), effective therapy in at least 50% of the attacks that were treated 
(acute responders), or both.  Effective therapy was defined as relief from very severe, severe 
or moderate pain down to mild pain, or freedom from very severe, severe, moderate or mild 
pain, all without the use of acute pain medications.  The study also found that attack 
frequency was reduced by 44% in the population (p<0.0001), with frequency responders 
experiencing an 88% reduction. Acute effective therapy was achieved in 39% of attacks 
treated in the population, with acute responders achieving effective therapy in 86% of 
attacks.  Finally, the treated population had a 52% reduction in acute medication.  Side 
effects of therapy—including sensory disturbances, post-operative pain and swelling—were 
considered mild to moderate and resolved within 2 to 3 months. 
 
In May, 2017, CE Mark clearance of the Pulsante System was expanded to include pain relief 
for highly disabled migraine patients.  The system remains investigational in the U.S., where 
Autonomic Technologies is conducting the Pathway CH-2 study.  The randomized, parallel 
assignment study has completed enrollment of 120 patients with chronic cluster headache at 
22 headache centers in 16 states.  Outcomes will assess safety and efficacy.  The estimated 
completion date for the study is January, 2019.   
 

4.1.3.2 Cephaly Technology 
The Cephaly Cranial Nerve Stimulator for migraine was developed to provide an effective, 
noninvasive means of treating this potentially disabling condition.  Its principal target is the 
trigeminal nerve in the forehead, which is implicated in most headaches and migraine; 
however, it also stimulates the supraorbital and occipital nerves to provide coverage of the 
entire forehead area.  Cephaly comprises a headband-type device containing the stimulator, 
and self-adhesive patient electrodes.  The patient attaches one of the electrodes on the 
forehead to which the Cephaly device is magnetically connected.  Precise micro-impulses are 
sent through the electrode to the upper branch of the trigeminal nerve to either relieve the 
headache pain during a migraine attack (acute setting) or to prevent future migraine attacks 
(preventative setting).  Acute therapy involves high frequency stimulation in a single long 
session to produces a sedative effect on the nervous system to relieve headache pain.  
Preventative therapy involves low frequency stimulation delivered during short, daily 
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sessions to gradually restore normal metabolism in the fronto-temporal cortex.  A button on 
the front of the device allows patients to ramp up the intensity of the stimulation to their preferred 
liking.  The following shows the Cephaly Cranial Nerve Stimulator: 

 
The safety and efficacy of CEFALY has been demonstrated in clinical studies carried out 
since 2008.  Overall, these have shown it provides significant pain relief for 85% of patients 
and total pain relief for 32% of patients following a 1-hour acute treatment.  In the case of 
migraine prevention, Cephaly therapy has produced a 54% reduction in the frequency of 
migraine attacks and a 75% reduction in medication intake.  Side effects associated with the 
use of Cephaly have been minor and have involved an inability to tolerate the device on the 
forehead (1.25%), a sense of fatigue during and after treatment (0.65%), headache after one 
session (0.52%) and irritation of the skin on the forehead (0.22%).   
 
Based on these results, Cephaly received the CE Mark in 2008 and FDA approval in 2014.  It 
is available by prescription only for migraine patients with and without aura.  The device 
costs from $300 to $350 and the electrodes about $10 each, including shipping.  A downsized 
version of the device, the Cephaly II, was launched in 2016 to make use more comfortable.  
It incorporates a rechargeable battery than can be charged using any standard USB port. 
 

4.1.3.3 Cerbomed 
In August, 2012, Cerbomed’s Nemos t-VNS System (described in Section 4.1.1.2 above) 
received the CE Mark for pain relief therapy, including migraine.  The approval was based 
on favorable findings from the two randomized studies on pain and migraine treatment with 
the system conducted in cooperation with the University of Regensburg and the Headache 
Center of the Neurological Department at the Großhadern Hospital in Munich.  Results from 
the two studies, which cumulatively enrolled 147 chronic migraine patients, showed 
significantly reduced pain perception following Nemos therapy. 
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 4.1.3.4  electroCore 
electroCore has developed a noninvasive, handheld vagus nerve stimulation technology 
designed to address a full array of neurological, psychiatric, gastroenterology and other 
conditions.  Its first product is gammaCore, which targets the treatment of migraine and 
cluster headache in adults.  The gammaCore treatment protocol calls for patient-controlled 
delivery of three 2-minute stimulation cycles applied consecutively at the onset of cluster 
headache pain or symptoms.  If the cluster headache attack is not aborted, the patient may 
self-administer an additional treatment, consisting of three consecutive 2-minute stimulation 
cycles, nine minutes after the onset of cluster headache pain or symptoms. Treatments may 
be applied to either side of the neck.  A patient may treat up to 4 attacks—or deliver 8 
separate treatments—per day, for a total of 24 stimulations per day. The 2-minute length of 
each stimulation cycle provides sufficient time for correct positioning of the gammaCore 
device and for setting the appropriate stimulation strength.  The following shows the 
application of the gammaCore technology: 
 
 

 
 
The gammaCore device is capable of delivering 300 doses and is designed to operate for 31 
consecutive days after it is first powered on.  Thereafter, it must be replaced.  The device 
costs about $600 in the U.S., for a total annual cost of $7,200 for continuous therapy.  
However, electroCore is subsidizing a $100 discount on the price of the device for patients 
with migraine or cluster headache.   
 
electroCore has conducted several large clinical trials of the gammaCore device to support 
marketing approval and, eventually, reimbursement.  These include the prospective, placebo-
controlled ACT1 and ACT2 trials. ACT1 included 85 participants with episodic cluster 
headache, and ACT2 assessed 27 patients with 182 total attacks.  In the first trial, 34% of 
treated patients reported pain reduction after treatment vs 11% of the placebo group.  In the 
second trial, 47.5% of treated patients were pain-free within 15 minutes versus 6.2% of the 
placebo group.  Treatment-related adverse events in both trials were considered to be mild 
and transient. 
 
In September, 2017 at the 18th Congress of the International Headache Society, electroCore 
announced findings from its PRESTO (The PRospectivEStudy of nVNS for the Acute 
Treatment Of Migraine) clinical trial of gammaCore.  The multicenter, double-blind, 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 4: Products and Technologies 

©2018, Health Research International                         4-25                                      #261-1-WW-0118 

randomized, sham-controlled trial evaluated the efficacy, safety and tolerability of nVNS in 
243 patients with episodic migraine. Acute treatment with gammaCore was superior to sham 
for pain freedom at 30, 60, and 120 minutes: VNS (n=120) led to significantly higher pain-
free rates than sham (n=123) for the first treated migraine attack at 30 minutes (12.7% vs 
4.2%; P=0.012) and 60 minutes (21.0% vs 10.0%; P=0.023); however, the improvement at 
120 minutes (primary endpoint) narrowly missed significance (30.4% vs 19.7%; P=0.067).  
A post hoc repeated-measures test was performed to examine the inconsistency between the 
120-minute findings and the 30- and 60-minute findings.  This test confirmed that gamma-
Core treatment was superior to sham through 120 minutes.  The benefits seen with 
gammaCore were also observed in the secondary endpoints of pain relief at 120 minutes 
(40.8% vs 27.6%) and mean percent pain reduction (34.8% vs 5.4%). As seen in other 
published studies, gammaCore was again well tolerated, as demonstrated by a low incidence 
of adverse effects. 
 
To complement and strengthen the clinical results already obtained, electroCore announced 
the commencement of a new randomized, parallel-assignment trial in March, 2017 by East 
Orange VA Medical Center, Mount Sinai Beth Israel Hospital, and Beth Israel Medical 
Center to evaluate gammaCore therapy for the treatment of chronic widespread pain, 
including migraine.  The study is expected to enroll 40 Gulf War veterans aged 42+ years 
who will utilize the nVNS device for 20 weeks.  The device will be programmed to deliver 
up to six hours of stimulation per day—one to each side of the neck three times a day.  
Patients randomized to control will use an inactive nVNS device for 10 weeks and then 
receive actual nVNS therapy for the next 10 weeks.  The study’s primary outcome measure 
will be Visual Analog Scale (VAS) change at 10 and 20 weeks.  Secondary end-points will 
include Patient Global Improvement of Change (PGIC) at 10 and 20 weeks, and change in 
the number of migraine episodes at 20 weeks compared to baseline. Estimated study 
completion date is September 2019. 
 
The gammaCore device is CE-marked for the treatment of primary headache, including 
migraine headaches.  In April, 2017, electroCore received FDA approval for gammaCore 
nVNS therapy for the treatment of chronic cluster pain.  PRESTO data will be used to 
support expansion of this indication to include the acute treatment of migraine.   
 

4.1.3.5 eNeura 
Privately-held eNeura (Baltimore, Maryland) is using portable, noninvasive, single-pulse 
Transcranial Magnetic Stimulation (sTMS) therapy to treat migraine.  TMS occurs when a 
magnetic charge is created near the scalp that leads to development of a small electrical 
current within the brain.  If the electrical current that is created is of sufficient size, duration 
and location, it can depolarize neurons in the brain, i.e., change their firing patterns and 
excitability, thereby interrupting the abnormal hyperactivity that characterizes migraine.  The 
result is to stop or prevent a migraine attack.   
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eNeuro’s SpringTMS system consists of a box-type device with handles that the patient 
places at the back of the head.  He or she then pushes a button on the device, which generates 
a focused magnetic pulse that eliminates current or pending migraine pain.  The following 
shows the SpringTMS device and its application: 
 
 

 

In a study presented by Amaal Starling, MD, at the April, 2017 American Academy of 
Neurology conference, 132 subjects were observed for four months: one month to establish 
baseline headache frequency and three months of outcomes when treated with the sTMS 
device.  The treatment protocol included both preventive (4 pulses twice daily) and acute (3 
pulses at 15 minute intervals repeated up to 3-times for each attack) protocols.  The results 
showed an average 9.1 days reduction in headache frequency for people with baseline 5 to 25 
headache days per month.  No serious adverse events were reported, and fewer than 5% of 
patients reported minor side effects, such as lightheadedness, tingling and tinnitus. 
 
In the company’s previous double-blind, placebo-controlled, randomized pivotal study of 201 
patients at 18 U.S. centers, nearly 38% of subjects who used sTMS therapy when they 
experienced migraine headache pain were pain-free two hours after using the device, 
compared to about 17% of control patients.  After 24 hours, approximately 34% of the sTMS 
uses were pain-free, compared to only 10% of those in the control group.  The treatment did 
not result in any device-related serious adverse events.   
 
The pivotal trial results supported FDA’s clearance of eNeura’s first-generation Cerena TMS 
device in December, 2013, followed by 510(k) clearance of the SpringTMS device in May, 
2014.  The SpringTMS also has the CE Mark in Europe and is marketed in the U.K.  The 
system is approved for both acute attacks and daily prevention.  In the U.S. (the principal 
market for the device at present), the system is rented in 3-month increments at a list price of 
$250 per month.  It is also offered on a 12-month program, which costs an average $175 per 
month. New patients receive a $300 discount on their first prescription, which brings the cost 
down to $150 a month for the first three months. 
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4.1.3.6 Scion NeuroStim 
Scion NeuroStim LLC(Raleigh, North Carolina) is using a technique known as caloric 
vestibular stimulation (CVS) to treat migraine.  CVS delivers thermal currents to alternately 
heat and cool the inside of the ear canal, activating balance-related organs in that structure.  It 
is believed that these organs, in turn, affect certain activity in the brain stem that is associated 
with the onset of migraine. 
 
The company tested the approach in a randomized, double-blind, placebo-controlled trial 
involving 81 subjects in the U.S. and U.K.  All of those enrolled experienced 4 to 14 
migraine headaches per month.  The experimental group was fitted with padded headphones 
in which aluminum earpieces were mounted to deliver the actual currents using a powered 
handheld remote.  Subjects used the device to administer CVS for 20 minutes a day for three 
months.  Control patients were fitted with the headphone without the aluminum earpieces. At 
90 days, the treatment group experienced 3.6 fewer migraine days per month, compared to a 
reduction of just 0.9 days for control.  In addition, the treated patients experienced less 
headache pain and required less medication.   
 
Based on these results, in June, 2017, Scion NeuroStim initiated a larger randomized, 
parallel-assignment trial of the technology that will enroll 120 patients 8 U.S. and 2 U.K. 
centers.  The primary outcome measure will be change in migraine headache days at 1 month 
for baseline, followed by 84 days of device use.  Secondary measures will focus on changes 
in medication use, pain levels, depression, anxiety, sleep quality and quality of life, among 
others.  Primary study completion is anticipated in July, 2018, with study completion in 
September, 2018.   
 

4.1.4 Neurodegenerative Disorders 
The major neurodegenerative disorders targeted by neurostomulation technologies include 
Parkinson’s, Essential Tremor and Alzheimer’s.  At present, the largest share of these are 
patients with Parkinson’s, who are treated with deep brain stimulation (DBS).  The latter is a 
well-established approach, delivered with products developed by Abbott/St. Jude Medical, 
Boston Scientific, Medstronic, PINS Medical and SceneRay.  All of these are relatively 
similar in configuration.  They comprise: 1) an implantable pulse generator (IPG) inserted 
subcutaneously below the clavicle or in the abdomen; 2) one or more leads placed in one or 
two different nuclei of the brain; and 3) one or more extensions used to connect the lead(s) 
with the IPG.  Due to these similarities in configuration and the devices’ established 
application, their products and clinical trials will not be discussed here.   
 
The focus of this section will be products and approaches that aim to improve on current 
DBS technologies.  Companies in this group that have products in or nearing clinical trials 
include Aleva Neurotherapeutics, Bioinduction, Functional Neuromodulation, and Neuronix.  
Cala Health, Clinatec, Deep Brain Innovations and Nexeon Medsystems also have new 
technologies in development; however, they are at too early a stage to provide meaningful 
product information.  Neurostimulation devices targeting the neurodegenerative disease 
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amyotropic lateral sclerosis (ALS) are discussed under breathing disorders, as the phrenic 
nerve stimulation they employ is used to provide respiratory support rather than directly treat 
the condition. 
 

4.1.4.1 Aleva Neurotherapeutics 
Switzerland’s Aleva Neurotherapeutics has developed a microDBS technology platform that 
includes cutting edge directSTIM electrode technology, which uses an array of directional 
microelectrodes to focus electrical stimulation, decreasing the need for exact positioning.  
Directional technology is designed to be more versatile, more precise and more efficient than 
currently available DBS approaches while causing fewer side effects and complications.  The 
company’s technology is incorporated into its directSTIM Directional DBS System used to 
treat Parkinson’s and essential tremor.  The company plans to use the results of its directSTN 
pilot study, which were published in Brain, to support CE Mark approval for the technology.  
Those results strongly suggest the potential of directional stimulation in improving surgical 
outcomes associatred with DBS. 
 

4.1.4.2 Bioinduction 
Bioinduction has developed Picostim, an MRI-compatible, skull-mounted DBS system that 
can be implanted via a single procedure.  PicoStim is only 7cc in size (roughly one-third the 
size of traditional DBS devices), making it possible for the implant to be placed in a pocket 
in the skull and connected to the brain leads, as opposed to requiring a second procedure to 
implant the IPG in the chest area.  Not only is this more cosmetically appealing, but it also 
eliminates the risks of lead wire breakage and fibrosis around the lead in the neck, which can 
cause stiffness and pain.  Picostim is inductively recharged using a combined wireless patient 
controller and charger.  The following shows the implantation of the Picostim technology: 
 
 

 
 
 
Picostim is not commercially available.  The system is available only to patients being 
enrolled in a clinical trial underway in the U.K.   
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4.1.4.3 Functional Neuromodulation 
Toronto-based Functional Neuromodulation Ltd. (FNM) has been investigating the use of 
DBS of the fornix (DBSf) to drive neural activity and modulate the brain’s memory circuit to 
treat Alzheimer’s.  The rationale for the use of DBS for this indication derives from the 
knowledge that the pathological process in the disease causes focal synaptic dysfunction, 
which results in widespread disturbances in the function of circuits and networks involved in 
cognition and memory. This notion is supported by the striking regional deficits in brain 
glucose utilization, impairments of the brain’s default mode network, and aberrations in 
structural and functional brain connectivity characteristic of Alzheimer’s disease.  These 
disruptions are implicated in the pathogenesis of cognitive impairment.  Thus malfunction in 
one diseased area interferes secondarily with other areas less affected but, nevertheless, 
disrupted.  As DBS has been used to modulate the activity of motor circuits in Parkinson’s 
disease and other disorders, it may be possible to use this same approach to modulate activity 
in dysfunctional cognitive neural circuits in Alzheimer’s disease.  Specifically, the brain 
fornix, a major inflow and outflow pathway in the brain’s memory circuit, is one of the first 
areas of the brain affected by Alzheimer’s.  With the fornix critical to memory function, DBS 
of this structure may drive critical neural activity.   
 
To test this assumption and assess the safety and efficacy of DBSf, in May 2012, FNM 
commenced the ADvance Study at seven leading centers in the U.S. and Canada in 2013.  
The twelve-month, double-blind randomized, controlled feasibility study enrolled 42 patients 
aged 45 to 85 years with mild Alzheimer’s, all of whom were implanted with a DBS system.  
The trial compared the effects of DBS turned on to those observed with the system turned 
off.  The patients underwent regular physiological, psychological and cognitive assessments 
for 12 months at which time those patients in the off group were eligible to have the system 
activated.  Brain imaging measures of changes in glucose metabolism and the size of key 
structures involved in memory were assessed at multiple time points.  Trial results at 12 
months (2015) suggested clinical benefit in patients aged 65 and older based on Clinical 
Dementia Rating sum of boxes and the Alzheimer’s Disease Assessment Scale cognitive 
subscale - 13 item.  Also, in the group treated with DBSf, glucose metabolism, a biomarker 
for neuronal degeneration and disease progression, increased by 22% on average, while 
declining by an average 1.2% in the control group.  Both the surgery and brain stimulation 
demonstrated acceptable safety and were well tolerated.  Based on these results, FNM has 
moved to Phase 3 of the trial, which is designed to determine what stimulation dosage will 
have the greatest impact on Alzheimer’s progression. The results of that phase are anticipated 
in September, 2018.   
 
The ADvance Study has been partially supported by a translational grant of up to $2.75 
million from the National Institute on Aging, part of the U.S. National Institutes of Health.  
Boston Scientific and Medtronic have also invested in the company. 
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4.1.4.4 Neuronix 
Neuronix Ltd. (Yoqneam, Israel) has developed the neuroAD system, which administers two 
technologies—Focused Transcranial Magnetic Stimulation (TMS) and Tailored Cognitive 
Training—concurrently to treat Alzheimer’s.  The Focused TMS is used to stimulate areas of 
the brain responsible for various cognitive functions that have been impaired by Alzheimer’s.  
The Cognitive Training targets those same areas while they are being stimulated to optimize 
outcomes.  The synergistic effect is achieved because the stimulation makes the targeted 
areas of the brain more receptive to Cognitive Training.   
 
With the patient sitting in the neuroAD chair, electric current is produced by a generator and 
delivered through a coil placed near the head while the patient completes memory-boosting 
brain exercises.  A typical treatment regimen is 1-hour of therapy delivered five days a week 
for 6 weeks (total 30 treatments), followed by occasional maintenance sessions.  The cost of 
a full course of therapy ranges from $6,000 to $10,000.  The following shows the neuroAD 
system: 

 
 
In December, 2016, Neuronix announced positive results from its pivotal, double-blind, 
placebo-controlled, multi-center clinical study assessing the safety and efficacy of neuroAD 
Therapy in the treatment of mild to moderate Alzheimer's disease.  The study enrolled 131 
patients at 9 U.S. centers and one in Israel.  It compared neuroAD therapy with placebo 
following 6 weeks of treatment and an additional 6 weeks of follow up.  Patients were 
evaluated using standard cognitive and behavioral scales—ADAS-Cog and CGI-C—for 
Alzheimer’s disease.  Positive efficacy was reported for patients with milder disease as 
determined by the baseline ADAS-Cog.  In that group, which represented 85% of the 
enrolled population, a positive and statistically significant difference of -1.8 points in ADAS-
Cog was noted between the treatment and control groups at the 12 week follow-up. In the 
entire study cohort, including those with more severe disease at baseline, results did not reach 
statistical significance.  The CGI-C results in the overall population at week 12 showed a 
trend toward improvement, with a difference between treatment and placebo groups of -0.4 
points.  When analyzing the group of milder patients, as defined above, the difference 
between treatment and placebo groups reached -0.45.  Furthermore, when measured on the 
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CGI-C scale, only 16% of treated patients deteriorated, compared with 42% of control 
patients.  Finally, the safety profile of neuroAD Therapy was favorable (no patients 
experienced seizures or persistent, serious adverse events), and patients showed a high degree 
of adherence to treatment, with only a few drop outs and a high rate of completion. 
 
The above results, combined with similar outcomes from previous studies, were used to 
support Neuronix’ regulatory submission to the FDA, which was reviewed under the 
Expedited Access Pathway (EAP) program.  Approval is expected in 2018. 
 
 neuroAD Therapy is CE Marked and commercially available in Germany, France, the 
United Kingdom and Israel.  It is also being used clinically in Asia. 
 

4.1.5 Stroke, Spinal Cord Injury and Limb Loss 
Stroke, spinal cord injury (SCI) and limb loss are not technically neurological disorders, but 
they involve rehabilitation and mobility that largely involves the spinal cord and related 
structures.  Neurostimulation approaches used here primarily involve functional electronic 
stimulation (FES), for which regulatory approvals are fairly easy to gain, eliminating the 
need for large clinical trials, although reimbursement is not.  In contrast, MicroTransponder 
is using vagus nerve stimulation to enhance upper limb recovery and mobility, for which the 
company has undertaken meaningful clinical trials.  Two hospitals are also conducting trials 
to evaluate the potential role of VNS in treating post-stroke patients.  The MicroTransponder 
product and trials as well as the hospital trials are described below. 
 

4.1.5.1 Bioness 
Bioness (Valencia, California) was founded in 2004 with the support of Alfred Mann to help 
individuals with neurological impairments regain their independence via functional electrical 
stimulation, robotic systems and software-based therapy programs.  The company offers two 
principal FES products:  the H200 Hand Rehabilitation System, and the L300 Foot Drop 
System.  The H200 Hand Rehabilitation System has two main components—the FES support 
(orthosis) and the wireless control microprocessor—which together deliver programmed, 
low-level FES to activate neural control of the muscles in the hand and forearm.  The 
externally-worn L300 Foot Drop System delivers programmed, low-level FES targeting the 
peroneal nerve to enable foot dorsiflexion and accelerate motor recovery.  The L300 Plus 
System stimulates major leg muscle groups to facilitate walking; the addition of a thigh cuff 
assists in knee flexion and extension.  The L300 Go incorporates improvements to the L300 
series to make the system more accurate and easier to use.  The following show the H200 
Hand Rehabilitation System and the L300 Go System: 
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In the U.S., Bioness’ L300 devices cost about $6,000 and can be rented for about $500 per 
month.  Outside of the U.S., Bioness’ complete FES portfolio for the lower and upper 
extremities is being distributed in the European Union, the U.K., Switzerland, Norway, 
Turkey and India by Ottobock through a May, 2017 strategic distribution partnership.  
Bioness will continue to rely on distributors and other manufacturers of neurorehabilitation 
devices in other international markets 
 

4.1.5.2 Finetech Medical 
Finetech Medical, the U.K. manufacturing subsidiary of Bioinduction, has developed two 
products that use FES to help restore function to individuals with spinal cord injuries.  The 
first is the Finetech-Brindley Bladder Control System (branded as VOCARE in the U.S.), 
designed to restore bladder function, bowel evacuation and penile erection following 
complete spinal cord injury.  The system comprises an external digital controller, which 
generates control signals, and a relatively small internal receiver, which is permanently 
implanted in the body—usually in the abdomen below the ribs—to receive those signals. 
They are connected by transmitter leads.  The patient selects one of the stimulation programs, 
which initiates signals sent by the external controller via a lead to an external transmitter 
block, which the patient holds over the internal receiver.  The latter, in turn, converts the 
signals from the transmitter block into electrical impulses that travel via flexible cables to the 
electrodes, stimulating selected nerves and causing the appropriate muscles to contract, 
thereby achieving continence or an erection.   
 
The Finetech-Brindley Bladder Control System has been used for more than 20 years with 
great success.  The following shows a schematic of the system: 
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  A = External Controller 
  B = Transmitter Lead 
  C = External Transmitter Block 
  D = Implant Receiver 
  E = Flexible Cables 
 
 
 
 
 
 
 
 
 
 
 

 
Finetech Medical’s second product is the STIMuSTEP, designed to address foot drop.  It 
comprises an external controller that sends electrical impulses to a small receiver implanted 
under the skin next to branches of the common peroneal nerves.  Stimulation of the peroneal 
nerves causes the paralyzed muscle to contract, thereby lifting the foot and rotating the ankle 
to the correct position.  Both products are being sold by Finetech Medical primarily in the 
U.K.  The following shows the STIMuSTEP device and its application: 

 
 

4.1.5.3 Hanger 
Through its Innovative Neurotronics business, Hanger (Austin, Texas) offers the WalkAide 
System, a functional electrical stimulation (FES) technology used to treat foot drop in 
patients with brain or spinal conditions or trauma, such as stroke, multiple sclerosis, spinal 
cord injury, traumatic brain injury, brain tumor and cerebral palsy.  WalkAide is designed to 
counters the lack of ankle dorsiflexion in patients who have sustained damage to upper motor 
neurons or pathways to the spinal cord.  Following analysis of the individual’s leg and foot 
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movements, the device is fit on the patient, where it sends electrical signals to the peroneal 
nerve, prompting the muscles to raise the foot at the appropriate time and allow the patient to 
walk more normally. Worn around the leg, just below the knee, the wireless battery-operated 
device is about the size of a deck of cards.  In addition to improving the patient's gait, 
medical benefits of the WalkAide System include increased mobility, strength, and 
endurance; decreased energy expenditure; prevention, retardation, and/or reversal of muscle 
atrophy; and maintained or increased joint range of motion.   
 
WalkAide received FDA approval in 2005, the CE Mark in 2006, and was launched globally 
in 2006.  It ranges from $4,000 to $7,500 in cost and is typically not reimbursed.  The 
following shows the WalkAide System: 
 

 
 

4.1.5.4 MicroTransponder 
Texas-based MicroTransponder is pursuing clinical development of its Vivistim Paired VNS 
System to treat upper limb mobility problems occurring secondary to stroke.  Vivistim is an  
IPG-based stimulation system interfaced via bipolar electrode with the vagus nerve bundle in 
the lower neck.  It is conceptually and technically similar to commercially available invasive 
VNS therapy products sold by LivaNova, CerebralRx and PINS Medical; however, it 
specifically targets “neural plasticity,” i.e., the brain’s ability to make new connections, to 
assist in stroke rehabilitation.  Because the window for greater plasticity is short-lived—
lasting only seconds after stimulation—the electrical pulses must be paired with the 
movements to be relearned.  Structures near the terminus of the vagus nerve in the brain are 
key to the effect, which also involves the neurotransmitters acetylcholine and norepinephrine.  
The implanted Vivistim System is used to electrically stimulate the vagus nerve on the left 
side of the patient’s neck at the exact moments when he or she is doing standard physical 
therapy movements.  A typical session comprises about 300 to 350 stimulation-paired 
movements.  The following shows the Vivistem System: 
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Initial long-term clinical trials of the Vivistem System have suggested potentially strong 
benefits for speeding stroke recovery.  As reported by the company at the International 
Neuromodulation Society Conference in May, 2017, three-quarters of patients had a 
clinically meaningful response on the Fugl-Meyer Upper Extremity Scale (FMUE) at the end 
of six weeks of physical therapy, compared to 33% for the control group.  Ninety days after 
the 6 weeks of physical therapy ended, 88% of VNS patients had responded compared to 
33% in the control arm.   Finally, during the long-term portion of the study, average FMUE 
scores continued to increase, with the 6 month and 9 month data showing further gains.    
 
Based on these positive results, in June, 2017, MTI commenced a pivotal trial of its Vivistem 
System involving 120 patients at 12 U.S. and 3 U.K. centers.  The blinded, randomized, 
parallel VNS-REHAB study is expected to enroll 120 patients with post-stroke upper 
extremity paresis at 15 U.S. and European clinical sites.  All enrolled subjects will be 
implanted with the Vivistim System and then randomized to either study treatment or active-
control treatment. The randomization will be stratified by age (<30, >30) and baseline FMA 
UE (20 to <35; >35 to 50).  Study treatment is VNS stimulation delivered during rehabili-
tation; active control will be standard rehabilitation with a minimal amount of VNS at the 
start of each session to support blinding.  The VNS-REHAB study will be conducted in three 
distinct stages: Stage I, an acute blinded stage, Stage II, an unblinded stage through one year 
of standard VNS therapy, and Stage III, an unblinded stage for yearly follow up after one 
year of VNS.  The control group will cross over to VNS treatment at Stage II.  The study 
primary endpoint will be FMA UL after 6 weeks of therapy.  Secondary outcome measures 
will include FMA UL at 90 days after 6 weeks of therapy and Wolf Motor Function Test at 
90 days after 6 weeks of therapy.  Study completion is expected in June 2021.  MicroTrans-
ponder intends to use the results to obtain FDA approval to market the Vivistem VNS 
System in the U.S. 
 

4.1.5.5 Ottobock 
Privately-held Ottobock was founded in 1919 to improve the mobility of people with 
disabilities through the development of innovative products.  Since 2005, it has been offering 
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functional electrical stimulation (FES) device solutions as part of its mobility after stroke 
concept within its Orthotics business.  These include internally developed devices as well as 
products acquired with Denmark’s Neurodan A/S in 2005 (ActiGait implanted foot drop 
correction system) and Canada’s Neurostream Technologies (Neurostep FES foot drop 
system) in 2011.  Although such products represent a very small part of Ottobock’s overall 
business; the company considers them important to supporting its mission.  In keeping with 
this idea and to strengthen its line, Ottobock entered into a strategic distribution partnership 
with Bioness in May, 2017 to distribute that company’s FES portfolio for the lower and 
upper extremities in the European Union, the U.K., Switzerland, Norway, Turkey and India.  
The partnership, which became effective in September, 2017, reinforces Ottobosk’s 
commitment to the technology platform and allows the company to leverage its resources to 
expand product access and affordability.   
 

4.1.5.6 Massachusetts General Hospital 
Massachusetts General Hospital in Boston is planning to initiate a Phase I/II trial to evaluate 
the safety and effectiveness of Respiratory-gated Auricular Vagal Afferent Nerve Stimulation 
(RAVANS) for improving motor recovery after stroke. Subacute stroke survivors will 
receive RAVANS or sham stimulation concurrent with arm motor training during 10 inter-
vention sessions occurring daily for 30 minutes over 2 weeks.  The safety and improvements 
in arm motor function will be compared between patients receiving RAVANS to those 
receiving sham stimulation.  The study will enroll 30 post-stroke patients aged 40 to 82 years 
old.  It is expected to commence in early 2018 and be completed two years later.   
 
The RAVANS trial will measure all outcomes from baseline to: 1) just after 10 intervention 
sessions; and 2) baseline top 3 months post-stroke.  Primary outcome measures will be upper 
extremity motor impairment baseline and change in upper extremity subtest of Fugl Meyer 
Assessment (FMA-UE) score.  Secondary outcome measures will include: 1) upper extremity 
motor function; 2) change in Action Research Arm Test (ARAT) score; 3) grip force control; 
4) change in accuracy, variability and temporal structure of performance on a grip force 
control task; and 5) upper extremity disability.  The device to be used in the trial has not been 
identified. 
 

4.1.5.7 Sheffield Teaching Hospital, NHS Foundation Trust 
In November 2015, Sheffield Teaching Hospital commenced a safety and feasibility study on 
the use of non-invasive VNS therapy for arm recovery in patients experiencing an ischemic 
stroke episode 4 to 48 months previously. The 20-patient study is utilizing a hand-held 
electrostimulator with bipolar electrode attached to the earlobe area in the proximity to the 
vagus verve branch.  Enrolled patients are receiving 3 hour-long sessions of physiotherapy 
per week for 6 weeks, accompanied by application of VNS device.  The study primary 
endpoint is patient safety assessed with ECG recordings at each therapy visit and number and 
type of side effects.  Completion of the study was planned for February 2018. 
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4.2 Chronic Pain (ex Headache) 
Chronic pain is a widespread condition typically treated with opioid drugs.  Unfortunately, 
these are frequently habit-forming, which has contributed to the widespread opioid epidemic 
now impacting many developed nations and especially the U.S.  Neurostimulation technolo-
gies offer a means to achieve the same, if not better, outcomes while avoiding addiction.    
 
As with DBS, spinal cord stimulation (SCS) represents an established application and is 
currently the largest and most developed segment of the market.  Also, as with DBS, these 
technologies are fairly similar in configuration.  For this reason, we will not present products 
and clinical trials for traditional products offered by major firms such as Medtronic, Boston 
Scientific and Abbott/St. Jude Medical as well as Nuvectra.  Rather, our focus will be new 
products that are attempting to improve on the existing SCS systems.  Companies falling into 
this group include BioElectronic Corporation, BlueWind Medical, Cerbomed, Cervel 
Neurotech, Mainstay Medical, NeuroMetrix, Neuros Medical, Nevro, Saluda Medical, SPR 
Therapeutics and Stimwave.  The vast majority of these have technologies that are already 
marketed or which are in or nearing clinical trials.  Technologies under development by 
Cervel Neurotech/Rio Grande Neuroscience and Neuros Medical are at too early a stage to 
provide meaningful product information.  The reader should refer to the Company Profiles in 
Chapter 7 of this report for more information on their approaches and devices. 
 

4.2.1 BioElectronic Corporation 
BioElectronics is using pulsed shortwave therapy (PSWT) as a core technology platform to 
support its development of a broad line of innovations in wearable neuromodulation devices.  
PSWT uses low power pulsed electromagnetic fields to regulate electrical activity of the 
nervous system on a subsensory basis.  The company calls the resulting products 
“noninvasive electroceuticals” to describe their ability to replace pain medications.   
 
BioElectronics’ current over-the-counter product line encompasses ActiPatch Musculo-
skeletal Pain Therapy, Allay Menstrual Pain Therapy, Smart InsoleHeel Pain Therapy, and 
RecoveryRx Post-Operative and Chronic Wounds Therapy.  Among these, ActiPatch is its 
current flagship product.  ActiPatch comprises a battery, microchip and antenna.  The 
device’s electromagnetic signal pulses 1,000 times per second to stimulate neuromodulation 
of the afferent nerves to dampen the brain’s perception of pain.  The effective pain relief area 
is within the antenna circle, and the effect can be felt through clothing and orthopedic braces 
and plasters.  Recommended use is initially 24 hours a day, followed by every 6 to 24 hours 
as needed. Overnight therapy is also an option.  The device is designed for on/off therapy.  
Most users obtain relief with only 8 hours per day of use, so the device will generally last 
several months, depending on use.  The patient feels no sensation from ActiPatch’s sub 
sensory therapy, and the device provides 720 hours (90 8-hour treatments) of relief.  
Moreover, it is 100% safe and can be used with any medication.   
 
In February, 2017, BioElectronics received FDA clearance for over-the-counter use of the 
ActiPatch for adjunctive treatment of musculoskeletal pain related to plantar fasciitis of the 
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heel and osteoarthritis of the knee.  The following shows the ActiPatch and one of its 
applications: 

 
 
The three other BioElectronics devices also use pulsed therapy.  The Allay micro medical 
device uses Electromagnetic Pulse Therapy to reduce menstrual pain and discomfort. It is 
wafer-thin, discreet, lightweight, and comfortable to wear on the abdomen while providing 
24/7 continual pain relief throughout a woman’s entire period.  The Smart Insole uses 
Electro-Pulse technology to treat heel pain associated with plantar fasciitis, heel injuries, sore 
heels, sprains & strains at the source.  It modifies the nerve signals causing the pain, 
enhancing blood flow, reducing inflammation and speeding recovery of the injured tissues.  
RecoveryRx uses pulsed electromagnetic therapy to reduce pain and inflammation via signal 
modification and can be easily incorporated into wound dressing protocols.  It has been 
shown effective for a wide range of pain indications, such as post-operative, chronic wounds, 
plastic surgery, dental, orthopedic and chiropractic.   
 
BioElectronics has investigated the safety and effectiveness of its devices in numerous 
clinical trials.  Among these is a double-blind, randomized, placebo-controlled trial reported 
in December, 2015 in Rheumatology that tested the effectiveness of a wearable pulsed 
electromagnetic fields (PEMF) device in the management of pain associated with knee 
osteoarthritis.  Sixty six patients were enrolled, of which 60 completed the study.  After 1 
month, PEMF induced a significant reduction in VAS pain and WOMAC (Western Ontario 
and McMaster Universities Osteoarthritis Index) scores compared with placebo. 
Additionally, pain tolerance, as expressed by PPT changes and physical health improved in 
PEMF-treated patients. A mean treatment effect of -0.73 (95% CI) was seen in VAS score, 
while the effect size was -0.34 (95% CI for WOMAC score. Twenty-six per cent of patients 
in the PEMF group stopped NSAID/analgesic therapy. No adverse events were detected.  
The study results suggest that PEMF therapy is effective for management of pain associated 
with knee osteoarthritis and also affects pain threshold and physical functioning. 
 
In May, 2017, BioElectronics announced it had obtained IRB approval of a protocol to 
evaluate ActiPatch in the treatment of migraine in 48 subjects, followed by completion of 
enrollment in September.  The randomized, double-blinded, sham-controlled study is 
designed to determine if ActiPatch therapy can be used to prevent the frequency and intensity 
of migraine attacks.  Results are expected in early 2018.   
 
In October, 2017, BioElectronics announced the commencement of a clinical study 
investigating the efficacy of ActiPatch for the treatment of chronic musculoskeletal lower 
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back pain.  The study will involve 60 subjects who have suffered with low-back pain for at 
least 3 months prior to the time of enrollment. The study is scheduled to take place over a 4-
week period and involve two visits to a clinic. During the first visit, baseline data about the 
subject, including pain level and quality of life will be collected. They will then receive, 
randomly, an active or sham ActiPatch device, along with instructions on how to use it for 
the next 4 weeks. During the follow up visit, additional data will be collected to evaluate pain 
changes, among other measures like medication change. 
 

4.2.2 BlueWind Medical 
BlueWind Medical was founded in 2010 to develop a miniature, wireless, leadless 
neurostimulation platform for the potential treatment of multiple conditions, such as 
peripheral neuropathic pain (PNP), overactive bladder (OAB), epilepsy and deep brain 
stimulation (DBS), among others.  One of the company’s first two products is the Vivendi 
neurostimulator for PNP.  The miniature device is implanted near the tibial nerve in the lower 
leg in a minimally invasive procedure performed under local anesthesia.  It electrically 
stimulates the tibial nerve, powered wirelessly by an external control unit worn by the 
patient.  Patients self-administer Vivendi therapy using the wearable device as often and for 
as long as needed to relieve their PNP, up to 8 hours a day.  The reduction in pain is typically 
immediate and lasts from 30 minutes to a few hours post stimulation.   
 
BlueWind Medical conducted a multi-center trial of the Vivendi in 13 patients at leading pain 
centers in Europe.  Eighty-three percent (83%) of patients have reported more than 50% 
reduction in VAS pain scores over a 6-month follow up period.  Based on these results and 
the technology platform’s safety profile, BlueWind Medical received the CE Mark for the 
Vivendi in September, 2016.   
 

4.2.3 Cerbomed 
In August, 2012, Cerbomed’s Nemos t-VNS System (described in Section 4.1.1.2 above) 
received the CE Mark for pain relief therapy, including migraine.  In the case of non-
migraine pain, the approval was based on favorable findings from a trial conducted at the 
University of Regensburg.  The study aimed to judge the pain-relieving effect of t-VNS.  In 
the context of the study, 48 healthy subjects underwent quantitative sensory testing (QST) 
with and without t-VNS activated on different days. A comprehensive comparative analysis 
was made of their perception of pain and pain sensitivity.  The results showed that with t-
VNS, there was a statistically significant and clinically relevant lowering of the mechanical 
pain perception and a rise in the pressure pain threshold. 
 
In June 2017, Oslo State University stated its intent to commence a randomized clinical trial 
with Cerbomed’s t-VNS therapy system in 100 patients suffering from chronic widespread 
pain (CWP).  The study will be the first to use a randomized, controlled, two-stage 
experimental design to investigate and compare the efficacy of non-invasive tVNS and 
diaphragmatic breathing (DB) for the treatment of CWP.  University researchers hypothesize 
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that both t-VNS and DB will significantly increase ECG-measured high-frequency heart rate 
variability (HRV) , thereby increasing pain inhibition and vagal parasympathetic tone while 
decreasing pro-inflammatory sympathetic overactivity in individuals presenting with CWP.  
Patients randomized to t-VNS treatment will undergo a 60-minute low-frequency stimulation 
once a day for 6 weeks, while individuals randomized to DB will practice specific deep 
breathing exercises for a duration of 60 minutes per day for 6 weeks.  The trial primary end 
points will include Change from Baseline Heart Rate Variability (HRV) at 6 week post 
intervention, and Change from Baseline Numeric Rating Scale (NRS) for Pain at 6 weeks 
Secondary Outcome Measures will be: Change from Baseline Conditioned Pain Modulation 
(CPM) at 6 weeks, and Change from Baseline Pro-Inflammatory and Anti-Inflammatory 
Cytokines at 6 weeks.  The trial is planned to be initiated in early 2018, with expected study 
completion in December 2020. 
 

4.2.4 Mainstay Medical 
Dublin-based Mainstay Medical International plc has developed the ReActiv8 implantable 
neurostimulation system specifically to treat chronic low back pain (CLBP).  The premise 
behind the technology is that the multifundus muscle, which attaches to the spine at multiple 
levels, is the strongest stabilizer of the lower back.  Electrical stimulation of the medial 
branch of the dorsal ramus to activate the multifidus is thought to address this cycle and 
reduce CLBP.   
 
The ReActiv8 System comprises a small, battery-powered (IPG), two leads, an external 
programmer and a wireless activator.  The IPG is implanted in the lower spinal area and 
attached to the two leads, which are placed bilaterally near the medial branch of the dorsal 
ramus nerve at the L3 vertebra.  The IPG generates the electrical impulses delivered via the 
leads to the nerves to activate the muscles.  The external programmer communicates 
wirelessly with the IPG and is used to customize stimulation for each user and to display the 
diagnostic information automatically collected and stored in the IPG.  The wireless activator 
is used to start and stop stimulation sessions, which are typically delivered for 30 minutes 
twice a day.  The following shows the positioning of the ReActiv8 implants: 

 

Mainstay Medical received the CE Mark for the ReActiv8 System in May, 2016 based on 
positive results from the ReActiv8-A clinical trial, which demonstrated a clinically 
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important, statistically significant and lasting improvement in pain, disability and quality of 
life in people with disabling chronic low back pain and few other treatment options.  It 
subsequently initiated the ReActiv8-B clinical trial to support FDA PMA approval.  
ReActiv8-B is international, multi-center, prospective randomized sham controlled triple 
blinded trial with one-way crossover involving 128 subjects who will be evaluated at 120 
days.  The total number of subjects implanted will include some enrolled as part of the 
surgical roll-in phase, in addition to subjects in the pivotal cohort. The trial incorporates an 
“interim look” for sample size re-estimation when primary outcome data are available from 
half the subjects in the pivotal cohort.  If necessary, the number of subjects in the pivotal 
cohort may be increased to achieve the targeted statistical significance. The primary efficacy 
endpoint will be a comparison of responder rates between the treatment and control arms.   
 
In August, 2017, Mainstay Medical reported it had reach the midpoint of the trial, with 69 
patient implanted.  Based on its experience to date, the company expects the ReActiv8-B 
study will be fully enrolled by summer, 2018, and will involve 168 patients rather than the 
originally planned 128, as recommended by the interim analysis.  The latter also showed 
positive outcomes and no safety concerns.  Complete results are expected by the end of 2018.   
 

4.2.5 NeuroMetrix 
NeuroMetrix is a commercial stage company that integrates neurostimulation and digital 
medicine innovations to address chronic health conditions, such as chronic pain, sleep 
disorders and diabetes.  The company’s lead product is Quell, an over-the-counter, wearable 
therapeutic device for chronic pain.  Quell comprises a series of hydrogel pads and silver 
contacts contained in a leg band worn on the upper calf.  The pads and electrodes are 
optimized to deliver high-powered neurostimulation in a very precise and controlled manner.  
The patient controls the neurostimulation via the Quell companion smartphone app, which 
measures progress on multiple health dimensions, including therapy, sleep, activity and pain.  
Importantly, Quell is the only device of its kind that is FDA approved for use while sleeping, 
which is especially important for patients who lose sleep due to their chronic pain. The 
following shows the Quell leg band with gel pads and electrodes: 
 

 
 
On January 17, 2018, NeuroMetrix announced a collaboration with GlaxoSmithKline (GSK) 
giving the latter exclusive ownership of Quell technology for OUS markets in return for 
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financial considerations and co-funding of further development of the technology.  The 
collaboration is expected to significantly expand global Quell sales.   
 

4.2.6 Nevro 
Founded in 2006, Nevro (Redwood City, California) has developed HF10 therapy, an 
innovative neumodulation platform for the treatment of chronic pain.  It reportedly improves 
on traditional spinal cord stimulation (SCS) therapies, which use frequencies in the 40 to 60 
Hz range, by combining high frequency at 10 Hz with a unique waveform, anatomic lead 
placement and a specific treatment algorithm to provide paresthesia-free, superior pain relief 
relative to other SCS treatments.  HF10 therapy is based on research conducted at Stanford 
University and subsequently validated by research at UC Davis in 2007.   
 
Nevro’s first product is the Senza SCS System, which targets chronic back and leg pain. 
Senza received the CE mark in 2010, TGA approval in 2011, FDA approval in 2015, and is 
commercially available in Europe, Australia, and the United States.  In January, 2018, the 
company announced FDA approval of the Senza II, which offers HF10 therapy through a 
smaller and more refined footprint while maintaining the performance and durability of the 
current implantable pulse generator.  Senza therapy is generally reimbursed. 
 
In 2012, Nevro commenced the Senza-RCT trial to directly compare Senza HF10 therapy 
with other SCS treatments.  The study enrolled 241 participants, of which 171 were 
implanted:  90 with HF10 therapy and 81 with other SCS therapies.  All 171 were evaluated 
at 12 months, and 156 (85 HF10 and 71 other SCS) were followed through 24 months.  In 
2016, 24 month data from the Senza-RCT trial were reported in Neurology.  They showed 
that 76% of back pain patients and 73% of leg pain patients implanted with HF10 therapy 
reported superior pain relief at 24 months, compared to 49% of patients treated with other 
SCS therapies for both back and leg pain.     

4..2.7 Saluda Medical 
Australia’s Saluda Medical has developed “intelligent” closed-loop neuromodulation 
technology that enables the recording and measurement of electrical nerve signals traveling 
up and down the spine in real-time on the same electrode array that is used for stimulation.  
The heart of Saluda’s closed loop control system is a unique bio amplifier design that records 
the response of neurons to stimulation (called electrically evoked compound action 
potentials, or ECAPS).  The Evoke System is designed to continuously measure the body’s 
response to stimulation, and can be programmed to automatically adjust stimulation levels to 
the patient’s preferred level.  It overcomes the problem of electrode movement by continually 
reading the electrical activity induced in the target nerve and adjusting its output to maintain 
nerve stimulation within the desired therapeutic range.   
 
Saluda Medical evaluated its technology in three early clinical trials using temporary devices, 
all of which involved spinal cord stimulation (SCS) for pain.  The first established that 
ECAPs can be recorded in humans with chronic pain and that the fibers being recruited 
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during SCS are Aβ sensory nerve fibers. In addition, the amplitude of the ECAP signal was 
found to correlate with the degree of coverage of the painful area.  The second study further 
established that ECAPS can be reliably measured and also demonstrated the use of feedback 
control to reduce uncomfortable side effects.  In the third study, conducted in 2014, the 
overwhelming majority of patients completing the trial showed improved pain relief and 
reduced side effects relative to conventional stimulation.   
 
Following these early trials, Saluda Medical has commenced the Evoke Clinical Study, a 
prospective, multicenter, randomized, double-blinded study being conducted by pain 
specialists at 11 U.S. clinical sites. The study will evaluate the safety and effectiveness of the 
Evoke SCS System with feedback, for the treatment of chronic pain of the lower back and 
legs.  The results will be used to obtain FDA approval for the system in the U.S. and also to 
support adoption elsewhere. 
 

4.2.8 SPR Therapeutics 
Cleveland-based SPR Therapeutics has developed a noninvasive form of peripheral nerve 
stimulation (PNS) that addresses chronic and acute back pain; the technology is also in 
clinical trials for treatment of lower back pain, neuropathic pain and pain following total 
knee replacement.   
 
The SPRINT PNS System comprises a small, wearable stimulator and a threadlike 
MicroLead, which is placed percutaneously using a 20-gauge introducer and connected to the 
stimulator.  The System is used for a period of 30 days, after which the lead is withdrawn 
without surgery at the end of the treatment period.  As such, it provides an alternative to both 
drug therapy and more invasive implantable stimulation technologies. 
 
In clinical trials of the SPRINT PNS System, 70% of patients have reported a ≥50% 
reduction in pain intensity or interference at 30 days, and 78% of patients continued to 
experience significant pain reduction at 12 months post treatment.  The device received the 
CE Mark in January, 2013 and FDA approval in July, 2016.  It is also approved for sale in 
Australia.    
 

4.2.9 Stimwave 
Privately-held Stimwave Technologies was founded to refine and commercialize novel, 
wirelessly powered microimplantable stimulators for the treatment of pain.   The company’s 
first product—the Stimwave Freedom Spinal Cord Stimulation (SCS) System— comprises: 
1) a neurostimulator; 2) an externally worn transmitter; and 3) a programming app.  The 
neurostimulator is a set of thin wires and a microreceiver, covered with a protective casing. It 
has small metal electrodes near the tip that create an electrical field of energy when power is 
applied. The electrical field aids in blocking the pain signals coming from certain nerves of 
the spinal cord.  The neurostimulator receives energy wirelessly from a water-resistant, 
robust external unit—a wearable antenna assembly (WAA).  The wireless power is sent from 
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the WAA and through the skin to the neurostimulator. The clinician uses a Bluetooth 
connection to program the WAA with the patient’s specific stimulation parameters; the 
neurostimulator only accepts power and parameter settings from a specific WAA.   
 
Freedom is intended as a permanent, long-term implant.  The implant differs other currently 
available systems in several important ways.  First, it is only 2cm to 11cm in size, allowing it 
to be implanted through a standard needle.  Second, it is wireless, eliminating the need to 
tunnel long wires through the body to the power source.  These two features greatly shorten 
the implantation process.  Third, because the power source is external, two or more devices 
can be implanted to increase the pain coverage area.   
 
Freedom is fixed in place by an anchor, so that it does not move except with the body 
movement, and it naturally stays in line with the body’s nerves, enhancing freedom of motion 
relative to bulkier implants.  The system allows the patient to undergo a whole body 3T or 
1.5T MRI without removing the implant.  Finally, the compact external device incorporates 
easy-to-access buttons to change therapy intensity as needed and can be easily recharged.   
 
Freedom features the first FDA cleared iPad programmer for SCS Systems, which is used in 
the clinical setting to give advanced programming options to the Wearable Antenna devices. 
The device is simple and elegant but features numerous advanced options.   
 
The Stimwave Freedom System provides stimulation through epidural, dorsal column needle 
insertion targeting sensory nerve fibers in the spinal cord levels T7 through L5.  The 
company also offers the technology for percutaneous nerve stimulation.  This Stim@ 
Peripheral Nerve Stimulation (PNS) System, it is intended for implantation on or near the 
target nerve through which the pain signal is traveling.  In both cases, the patient is required 
to “test drive” the stimulation to determine if if effective against their pain.  A trial device is 
used for 3 to 7 days to determine efficacy, after which the permanent implant is used 
assuming successful pain relief.  SCS, including Freedom and StimQ PNS, is covered by 
most insurance. 
 
Stimwave received FDA approval for its Freedom SCS System in December, 2014 and 
launched it in the U.S. in 2015.  The device also has the CE Mark for Europe and is listed on 
the Australian Therapeutic Goods Registry.   
 

4.3 Autoimmune Inflammatory Conditions (SetPoint Medical) 
Neurostimulation therapy, and specifically VNS, is showing good promise for the treatment 
of autoimmune inflammatory conditions, such as rheumatoid arthritis and inflammatory 
bowel disease (IBD).  SetPoint Medical is the major company focusing on this area using 
technology developed at the Feinstein Institute.  Its approach and trials are discussed below.  
Hobart Group’s Lavita Technologies is developing the catheter-based Nexion system for the 
percutaneous treatment of autoimmune inflammatory diseases caused by an overactive 
sympathetic nervous system; however, this remains in the development stage.   
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SetPoint Medical’s scientific platform is based on Feinstein Institute President and CEO Dr. 
Kevin Tracey’s research into the Inflammatory Reflex, the natural mechanism by which the 
central nervous system regulates the immune system.  This encompasses accumulated 
clinical experience with IPG-based VNS systems in the field that indicate their actual uses 
are typically associated with visible inhibition of peripheral blood production of TNF, IL-1β, 
IL-6 and other pro-inflammatory factors, which play a major role in the onset of autoimmune 
inflammatory conditions, such as Crohn’s and rheumatoid arthritis (RA), investigated by the 
company. For instance, VNS up to four times daily in RA patients significantly inhibited 
TNF production for up to 84 days.  Moreover, RA disease severity, as measured by 
standardized clinical composite scores, tends to improved significantly.  Taken together, 
these results appear to confirm that VNS targeting the inflammatory reflex modulates TNF 
production and reduces inflammation in humans.  
 
SetPoint Medical’s approach uses digital doses—targeted pulses of energy—to stimulate the 
vagus nerve and, hence, activate the Inflammatory Reflex to produce a potent systemic anti-
inflammatory response.  The company is currently focusing its efforts on two major 
autoimmune inflammatory conditions:  RA and Crohn’s disease.  In both indications, the 
company has been employing an implantable VNS Therapy System originally developed and 
marketed by LivaNova for the treatment of neurological disorders in its clinical trials. 
 

4.3.1 Rheumatoid Arthritis 
In January 2012, SetPoint Medical initiated an open-label, multicenter Phase I/II long-term 
extension study to evaluate the long-term safety and efficacy of an active implantable vagal 
nerve stimulation device in patients with rheumatoid arthritis (RA) treated with VNS therapy.  
The trial, which is still ongoing, enrolled 18 participants from a previous proof-of-concept 
trial conducted at four European centers.  The assessment of each patient at the last visit of 
the previous study was used as a baseline measurement.  Follow-up visits are scheduled at 3, 
6, 12, 18, 24, 36 and 48 months. A final follow-up visit will take place for all remaining 
patients at study closure when the final enrolled subject has completed 48 months on the 
study.  The primary outcome will be change in RA Disease Activity Score (DAS) score from 
baseline to 12 and 18 months.  Secondary outcome will be long-term efficacy of VNS as 
assessed by: 1) the ACR 20, 50 and 70 response rate; 2) the EULAR response rate; and 3) 
changes in the Euro-QoL score.  Safety objectives will be measured by subject incidence 
rates of adverse events and device deficiencies at 12 and 18 months.  Study completion is 
anticipated in October, 2018..   

In December 2017, SetPoint Medical announced FDA IDE approval for a pilot trial of its 
system in RA patients who have failed to receive benefits from multiple biologic therapies, 
i.e., have refractory RA.  A total of 15 subjects, age 22 to 75, will be enrolled at seven U.S. 
centers as part of the trial.  SetPoint Medical’s proprietary bioelectronic device will be 
surgically placed on the vagus nerve and activated based on a predetermined dosage schedule 
to evaluate safety and efficacy. 
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4.3.2  Crohn’s Disease 
In January 2015, SetPoint Medical commenced the Long-Term Observational Study of VNS 
Therapy, an open label, multicenter Phase I/II trial of the safety and efficacy of an active 
implantable VNS device in individuals with Crohn's Disease.  The study has enrolled 15 
patients who participated in a 2014 proof-of-concept clinical investigation performed by the 
company at five 5 European centers.  Those patients had moderately- to severely-active 
Crohn’s despite treatment with a tumor necrosis factor (TNF) antagonist drug.  The current 
study will use the patients’ assessments at their last visit from the previous trial as baseline 
measurements.  They will be treated with an IPG-based device that delivers digital doses of 
electricity, stimulating the vagus nerve with timed electrical pulses, to activate the body’s 
natural Inflammatory Reflex and produce a systemic anti-inflammatory effect.  The trial will 
continue until the last patient entered has completed 24 months in this study.  Follow-up 
visits will occur at 3, 6, 12, 18 and 24 months.  The study primary outcome measure will be 
Crohn's Disease Activity Index CDAI) at 24 months.  Secondary outcome measure is 
Inflammatory Bowel Disease Questionnaire at 24 months.  Study completion is expected in 
August, 2018.   
 
In January, 2017, SetPoint Medical presented early positive results from the above 
observational study.  Six of eight patients reached the primary endpoint with significant 
improvement in their Crohn’s symptoms.  Improvement was assessed at the sixteen-week 
mark using the primary endpoint for the study, i.e., the change from baseline to week 16 in 
the CDAI.  Severe Crohn’s s defined as a CDAI greater than 450, and remission is defined as 
a CDAI below 150.  At the primary end point, the CDAI scores of six of the eight patients in 
the study were reduced by 70 points or more, and CDAI remission and endoscopic remission 
was achieved in three patients. 
 

4.4 Hematologic Disorders (Sanguistat) 
Sanguistat, a private, emerging medical device company, is pursuing a clinical development 
program with a non-invasive VNS system targeting the reduction or termination of massive 
and potentially lethal blood loss associated with child birth (postpartum bleeding), trauma 
and hemophilia, among other bleeding disorders.  Licensed from Feinstein Institute and 
branded “Neural Tourniquet,” the company’s VNS system comprises a hand-held pulse 
generator that is used to transcutaneously deliver a series of specifically configured (in terms 
of duration, frequency, and intensity) electrical pulses to the left bundle of the vagus nerve 
running along left carotid artery.  These electrical pulses are intended to stimulate afferent 
and efferent signaling pathways connecting CNS control centers and the spleen, prompting 
the latter to activate prime platelets and the release of other clotting factors.   
 
Preclinical studies, as well as an early safety and feasibility trial, have shown that the Neural 
Tourniquet is capable of reducing postpartum bleeding and blood loss due to trauma by 50% 
and up to 70%  in hemophilia following a single treatment lasting only a few minutes.  Based 
on these results, Sanguistat is currently planning a pivotal trial of the Neural Tourniquet to 
evaluate the device’s efficacy in reducing postpartum bleeding in women.  The trial is 
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expected to commence in mid-2018 and enroll 120 patients at 3 clinical centers.  Upon 
completion of the trial—expected by mid-2019—the company hope to file for regulatory 
approval of the Neural Tourniquet with the FDA.  Sanguistat is also planning to initiate a 
clinical development program with the Neural Tourniquet for hemophilia indications in the 
near future. 
 

4.5 Metabolic Disorders: Obesity  
Medtronic and IntraPace offer gastric electrical stimulation (GES) devices to treat obesity, 
and MetaCure has developed one to treat Type 2 Diabetes.  ReShape Lifesciences, formerly 
known as EnteroMedics, has developed a vaginal nerve blocking therapy to treat obesity.  All 
of these have been marketed for several years without great success.  Rather, developments 
in this area are being spearheaded by university research.  Two such products involving VNS 
are described below.   
 

4.5.1 University of Saint Etienne Medical Center 
In March 2016, the University of Saint Etienne Medical Center in France initiated a random-
ized, controlled, double-blind trial to evaluate the potential benefits of preoperative treatment 
with noninvasive intra-auricular VNS therapy in patients referred for bariatric surgery.  The 
trial is expected to enroll 50 patients age 18 to 65 presenting with a BMI > 35 and comor-
bidities, or BMI >40 without comorbidities.  Study participants will be randomized to either 
the active VNS therapy group (using the hand-held NeuroCoach II Stim device manufactured 
by NBA Techno that uses an electrode placed in the left ear concha) or sham treatment with 
an inactive device. The active treatment protocol involves 4 to 5 one hour long VNS therapy 
sessions per day.  The trial primary end-point will be patient weight change at 6 months.  
Secondary end-points, all measured at 3, 6, 9 and 12 months, include: 1) heart rate 
variability; 2) systemic inflammation; 3) apnea-hypopnea index (AHI); 4) Patient Health 
Questionnaire-9; 5) blood pressure; 6) octanoylated ghrelin hormone; 7) glucagon-like 
peptide-1 hormone (GLP1); 8) peptide tyrosine tyrosine hormone (PYY); 9) lipid profile; 10) 
serum insulin level; 11) glycemia; and 12) glycated hemoglobin.  Adverse events will be 
evaluated at 12 months.  Completion of the trial is planned for April 2018.  
 

4.5.2 Federal University of São Paulo 
In October 2017, the Medical Center of the Federal University of São Paulo commenced an 
open-label, randomized, sham-controlled, triple-blind trial to evaluate the potential benefits 
of VNS therapy for controlling food cravings in obese individuals. The trial is expected to 
enroll 54 patients age 18 to 55 with a BMI> 29 to be randomized into the active treatment 
and control (sham) groups.  VNS therapy in the active treatment group will be performed 
using the hand-held Neurodyn II (Ibramed) device, delivering a 30-minute stimulation in one 
session via electrodes positioned over the retroauricular area. A total of 10 sessions—one 
session per day during 10 weekdays—will be performed. Every session will be followed by 
an interview with a trained psychiatrist.  VNS parameters to be used include: frequency = 
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120 Hz; pulse duration = 250 μs; and intensity =  12 milliamperes.  In addition to qualitative 
electroencephalograms and heart rate variability assessments, participants will be evaluated 
for primary outcome measures, including Food Craving Questionnaire - State and Food 
Craving Questionnaire - Trait before and after intervention, with a follow-up visit at 30 days 
after the end of treatment. A comparison between sham and active groups will be performed 
on three occasions: baseline, at the end of the stimulation protocol, and 30 days after the last 
day of stimulation. 
 
The trial investigators hypothesize that food cravings in obese individuals will decrease at 
least 50%, as well as their intake of high fat, high sugar and processed foods, i.e., “palatable 
foods”. Beyond that, the investigators expect that treated individuals will see a reduction in 
anxiety symptoms.  Completion of the trial is expected in October 2019. 
 

4.6 Cardiovascular Disorders: Heart Failure 
Heart failure is the major focus of neurostimulation product development based on the 
largely underserved nature of this patient group.  Companies offering technologies that are 
currently marketed or in clinical trials include BioControl Medical, Cardionomic, CVRx, 
Enopace Medical, Impulse Dynamics (Hobart Group) and LivaNova.  NeuroTronik’s 
technology is too early in development to describe here. The discussion will also describe 
two studies being conducted by the Oklahoma State University Health Sciences Center to 
explore the use of transcutaneous VNS for the treatment of specific heart failure populations. 
 

4.6.1 BioControl Medical 
Israeli company BioControl Medical was actively pursuing clinical development of its IPG-
based CardioFit VNS therapy system for treatment of heart failure.  In April 2011, the 
company initiated the INOVATE-HF trial designed to assess the safety and efficacy of VNS 
therapy in patients with HF and a reduced ejection fraction.  The multinational, randomized 
trial enrolled 707 patients with chronic HF, (NYHA functional class III and ejection fraction 
≤40%) at 85 centers, with patients assigned to IPG-based VNS therapy or continued medical 
therapy at a 3:2 ratio.  The VNS therapy patients were implanted with CardioFit devices.  
Following a 1-month heating period, they underwent multiple scheduled visits over a 4-week 
period, during which time the stimulation output was gradually increased to achieve current 
of 3.5 to 5.5 mA.  Control group visits were also scheduled during this period to be roughly 
equivalent with the VNS group.   Study visits in both groups were then performed every 3 
months for 18 months and then every 6 months for the duration of the trial.  At the 3-, 6-, and 
12-months visits, echocardiography, 6-min hall walk, NYHA functional class assessment, 
and a quality-of-life questionnaires were performed in addition to routine evaluation.  The 
primary efficacy endpoint was the combination of death from any cause or first event 
attributed to worsening HF.  Primary safety objectives included: 1) >75% freedom from 
procedure and system-related complication through 90 days post-implantation (VNS group 
only); and 2) time to first event of death or complications from any cause through 1 year 
between the two study groups.  
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The trial results showed that primary efficacy outcome occurred in 132 of 436 patients in the 
VNS group, compared to 70 of 271 in the control group, e.g., 30.3% vs. 25.8%, respectively.  
The estimated annual mortality rates were 9.3% and 7.1%, respectively.  Quality of life, 
NYHA functional class, and 6-minute walking distance were favorably affected by VNS, but 
left ventricular end-systolic volume index was not.  Based on these findings, the investigators 
concluded that VNS therapy does not reduce the rate of death or HF events in chronic HF 
patients, and BioControl Medical terminated its heart failure therapy project with the 
CardioFit system. 
 

4.6.2 Cardionomic 
Using technology licensed from the Cleveland Clinic Foundation, Minnesota-based 
Cardionomic is pursuing a neuromodulation technology that addresses the root cause of heart 
failure, reduced contractility.  The Cardionomic device is implanted in the right pulmonary 
artery through the internal jugular vein, much like a Swan-Ganz catheter.  There, it is used to 
electrically stimulate the terminal branches of the cardiac plexus—the plexus of nerves 
situated at the base of the heart formed by cardiac branches derived from both the 
sympathetic and parasympathetic nervous system—to benignly increase contractility, 
resulting in improved cardiac output, renal blood flow, urine production and pharmacologic 
tolerance.  Concurrently, the therapy also achieves the required decreases in hormonal 
signaling, i.e., plasma norepinephrine and B-type natriuretic peptide (BNP), that are objective 
biomarkers of chronic heart failure.  Although the Cardionomic device’s action is highly 
targeted, it is expected to produce systemic benefits for the patient. 
 
The current target of the Cardionomic device is patients hospitalized for acute decompen-
sated heart failure to expedite their recovery, shorten hospital stays and reduce readmissions.  
The therapy is expected to be delivered to the patient upon admission and to remain in place 
for one to three days before it is removed.  
 
In a first-in-human, proof-of-concept study of 10 patients with stable (i.e., not decompen-
sated) NYHA Class III heart failure, a different embodiment of the device les to a 22.6% 
increase in left ventricular contractility without a statistically significant change in heart rate.  
Cardionomic has been working with Ohio State University cardiologist William Abraham, 
M.D.to define and refine the endpoints for its pivotal trial, obtain favorable labeling and 
commercialize the technology.  Details about this trial are being closely-held at present. 
 

4.6.3 CVRx 
CVRx has has developed a proprietary implantable technology for the treatment of heart 
failure and high blood pressure.  The BaroStim Neo uses the company’s patented technology 
to stimulate the baroreceotor system, the body’s natural blood flow regulation system, to treat 
these conditions by restoring sympathovagal balance and cardiac homeostasis.  The BaroStim 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 4: Products and Technologies 

©2018, Health Research International                         4-50                                      #261-1-WW-0118 

Neo comprises an IPG implanted under the skin in the chest and a lead wired from the IPG to 
the carotid artery sinus close to the baroreceptor system that is used to send mild electrical 
pulses to the baroreceptors.  The system can be adjusted to meet each patient’s individual 
therapeutic needs.  The following illustrate the mechanisms of action of the BaroStim Neo 
for heart failure: 

 
The BaroStim Neo therapy was clinically evaluated in the HOPE4HF trial, a 146-patient 
randomized, controlled clinical trial, presented at the American College of Cardiology, Heart 
Rhythm Society and the European Society of Cardiology Heart Failure conferences in 2015.  
Results at 6 months showed that patient symptoms, functional capacity, and cardiovascular 
function were significantly improved, while heart failure hospitalization days were reduced 
in patients receiving BaroStim Therapy relative to control.  CVRx is currently sponsoring the 
Baroreflex Activation Therapy for Heart Failure Pivotal Clinical Trial (BeAT-HF) in the 
U.S., which is intended to support FDA approval in the U.S.  
 
The BaroStim Neo has received the CE Mark for the separate indications of heart failure and 
resistant hypertension and is commercially available in more than 20 countries.  It remains 
under clinical evaluation for the treatment of heart failure and hypertension in the U.S.   
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4.6.4 Enopace Medical 
Enopace Biomedical (Caesarea, Israel) has developed the Harmony intravascular technology 
to treat heart failure.  It comprises a leadless, catheter-based intravascular neuro-stimulator 
implanted percutaneously using a femoral approach that treats heart failure—i.e., increases 
cardiac efficiency—by activating the aortic baroreceptor, which reduces left ventricular 
workload, increases aortic compliance and balances the autonomic nervous system.   
The first implantation of the Harmony device occurred in November, 2015 at Zagreb Medical 
University in a patient with NYHA class III heart failure.  Additional patients have been 
enrolled in the study at several other leading hospitals in Europe towards receiving CE Mark 
certification.  LivaNova is an investor in the company.   
 

4.6.5 Impulse Dynamics 
Hobart Group’s Impulse Dynamics has developed the Optimizer, a proprietary technology 
for administering Cardiac Contract Modulation (CCM) therapy.  3D echocardiographic 
studies in humans and ventriculography studies in dogs with heart failure have established 
that CCM therapy reverses the left ventricular remodeling characteristic of CHF and 
improves left ventricular contractile strength. These effects are the result of a chain of 
intracellular molecular processes.  More specifically, CCM signals have been shown to 
normalize the phosphorylation of regulatory proteins such as Phospholamban (PLB) in vitro 
within seconds of initiating treatment.  Improvement in calcium handling via SERCA2a 
upregulation and restoration of the sodium/calcium exchanger further increases contractile 
function in subjects with heart failure.  Over time, local changes result in unloading of stress 
and normalization of gene expression in remote areas across the entire myocardium, 
interrupting the “remodeling cascade” and inducing global reverse remodeling improvement 
in cardiac function.    
 
The Optimizer comprises an IPG, two right ventricular (RV) leads, a home-based charger 
system and a portable programmer.  The IPG is generally implanted in the right pectoral 
region in a minimally invasive procedure performed under local anesthesia.  The two RV 
leads and an optional atrial lead (used for sensing) are placed in the right atrial appendage or 
the atrial lateral wall.  (The preferred ventricular lead arrangement is for one RV lead to be 
placed in the anterior septal groove and the other in the posterior groove approximately 
halfway between the base and the apex.)  To verify correct lead placement, appropriate lead 
impedances are externally measured after lead placement. Once implanted, the Optimizer 
senses the heart’s electrical activity and delivers CCM signals via the two RV electrodes 
during the absolute refractory period, i.e., just after the heart contracts.  The following shows 
the implantation of the Optimizer System: 
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Impulse Dynamics has completed extensive studies of the Optimizer and CCM, including 
several randomized, controlled trials published in more than 60 leading medical journals.  
The device has the CE Mark as well as approvals in numerous other countries including, as 
of December, 2017, China.  It has been implanted in more than 3,000 patients worldwide to 
date.  This includes implantation of the newest version of the technology—the Optimizer IV 
(Smart)—whose 2-lead configuration expedites implantation.  The Optimizer is approved for 
investigational use only in the U.S.   
 
In March, 2017, Impulse Dynamics announced completion of enrollment of the 160 subjects 
required for its FIX-HF-5C Conformation Study.  The latter is a prospective, multi-center, 
randomized study to evaluate the safety and efficacy of CCM signals delivered via the 
implantable Optimizer System in patients with NYHA class III and IV heart failure and an 
ejection fraction between 25% and 45%.  The study is designed to confirm the efficacy of 
CCM in a subgroup of patients with EF between 25% and 45% from the earlier pivotal trial 
(FIX-HF-5 Study). The first patient was successfully implanted in August, 2017.   
 

4.6.6 LivaNova 
LivaNova is selling its implantable Vitara System for heart failure in Europe and other 
international markets.  The device received the CE Mark in February 2015 based on 
favorable findings from the company’s ANTHE-HF trial, which enrolled 60 chronic heart 
failure patients at 10 clinical centers in India.  The trial evaluated autonomic regulation 
therapy (ART) delivered via either left or right VNS in patients with NYHA Class II/III heart 
failure, LVEF < 40% and left ventricular end-diastolic diameter 50 mm to 80 mm.  Patients 
were randomly implanted with a VNS device on the left (n 31) or right (n 29) side.   After 6 
months of ART, the adjusted left-right differences in LVEF, left ventricular end-systolic 
volume(LVESV), and left ventricular end-systolic diameter (LVESD) were 0.2%, 3.7 mL, 
and 1.3 mm, respectively. In the combined population, absolute LVEF improved by 4.5%, 
LVESV improved by -4.1 mL, and LVESD improved by -1.7 mm. Heart rate variability 
improved by 17 ms, with minimal left-right difference.  Six-minute walk distance improved 
an average of 56 m; however, improvement was greater for right-side ART, i.e., 77 m. 
NYHA functional class improved in 77% of patients (baseline to 6 months).  Based on the 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 4: Products and Technologies 

©2018, Health Research International                         4-53                                      #261-1-WW-0118 

trial results, researchers concluded that chronic open-loop ART via left- or right-side VNS is 
feasible and well tolerated in heart failure patients.   
 
Cyberonics is conducting another study with Vitaria-based ART Therapy in heart failure 
patients with preserved ejection fraction (ANTHEM-HFpEF).  It is designed to demonstrate 
the safety and efficacy of the company’s VNS Therapy System for the treatment of subjects 
with symptomatic heart failure with preserved and mid-range ejection fraction.  ANTHEM-
HFpEF is expected to enroll 50 heart failure patients at India’s Krishna Institute of Medical 
Science, who will be implanted with a cervical VNS system on the right side. After a 2-week 
post-implantation recovery period and a 10-week stimulation titration period, continuous 
periodic stimulation will be performed for 12 months, with data collection at 3, 6, 9, and 12 
months.  The study primary end-point will be the incidence of procedure and device-related 
complications and adverse events at 12 months.  Secondary outcome measures, also 
evaluated at 12 months, will include: 1) left atrial volume index; 2) 6-minute walk distance; 
3) quality of life using the Minnesota Living with Heart Failure Questionnaire score; 4) 
functional status using NYHA Class; 5) ratio of mitral velocity to early diastolic velocity of 
the mitral annulus; 6) left ventricular mass index; 7) autonomic function/heart rate 
variability; amd 8) blood levels of heart failure biomarkers, i.e., NT-proBNP, creatinine, C-
reactive protein.  
 

4.6.7 Oklahoma State University Health Sciences Center 
The Oklahoma State University Health Sciences Center has undertaken two trials evaluating 
the use of transcutaneous VNS therapy in heart failure, The first, which was initiated in 
December, 2016, was a pilot study entitled “Noninvasive Neuromodulation to Reverse 
Diastolic Dysfunction.”  The trial enrolled 26 patients with diastolic dysfunction , who 
underwent two separate, one-hour sequences at least 1 day apart of active or sham treatment 
with low level transcutaneous VNS therapy (LLTVNS).  The latter was performed using a 
transcutaneous electrical nerve stimulation (TENS) device with electrodes attached to the 
tragus of the ear, which is innervated by auricular branch of the vagus nerve.  Echocardio-
graphy was performed after 30 minutes of LLTVNS or sham stimulation to assess diastolic 
function.  Five-minute ECGs was also obtained to analyze heart rate variability every 15 
minutes of stimulation (total of 4 recordings).  The primary outcome measure was echo-
cardiographic markers of diastolic dysfunction after 1 hour of stimulation.  The secondary  
outcome measure was heart rate variability measures after 1 hour of stimulation.  Study 
completion was expected in December, 2017, although results have not as yet been reported. 
 
The second Oklahoma study, initiated in December, 2017, is entitled “Neuromodulation to 
Treat Patients With Heart Failure With Preserved Ejection Fraction.”  Heart failure with 
preserved ejection fraction (HFpEF) is a leading cause of mortality and morbidity in the 
elderly and, thus far, no treatment has been shown to decrease either.  Recent animal and 
human studies suggest that a systemic proinflammatory state, produced by comorbidities, 
including aging, plays a central role in the development of HFpEF, supporting the notion that 
attenuating the proinflammatory state is an attractive therapeutic target for HFpEF.   
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The objective of the second trial is to examine the effects of non-invasive transcutaneous 
VNS (tVNS) on diastolic dysfunction, exercise capacity and inflammation in patients with 
HFpEF.   More specifically, the trial aims to examine: 1) the effect of intermittent (1 hour 
daily for 3 months) tVNS on diastolic dysfunction and exercise capacity, relative to sham 
stimulation in patients with HFpEF; and 2) the effect of intermittent (1 hour daily for 3 
months) LLTVNS on inflammatory cytokines relative to sham stimulation in patients with 
HFpEF.  The second trial will enroll 72 HFpEF patients who will be randomized into active 
VNS treatment and control (sham) groups.  Active treatment patients will receive 1 hour of 
active LLTVNS of the auricular branch of thevagus nerve daily for 3 months. Sham control 
patients will receive 1 hour of sham LLTVNS daily for 3 months.  The primary outcome 
measure will be diastolic dysfunction by ECG at 3 months.  Secondary outcome measures 
will include 6-minute walk test at 3 months and serum inflammatory cytokines at 3 months.  
The proof-of-concept study will provide the basis for the design of further human studies 
using LLTVNS among populations with HFpEF and eventually to the development of novel 
therapies to treat the condition. 
 

4.7 Urologic Disorders 
The major urologic disorders being addressed by neurostimulation therapy are urinary 
incontinence (UI), fecal incontinence (FI) and overactive bladder (OAB).  Sacral nerve 
stimulation (SNS) therapy for UI is well established.  It is based on the central role of the 
sacral nerve in pelvic floor, urinary sphincter, bladder and bowel function.  A SNS system 
comprises an IPG, typically implanted subcutaneously in a pocket in the upper buttock, and a 
thin lead , implanted in the lower back close to the sacral nerve, usually accessed via the S3 
foramen.  The IPG is used to deliver low amplitude electrical stimulation to the sacral nerve 
via the lead that initiates a contraction within the pelvic floor.  Over time, these contractions 
rebuild the strength of the organs and muscles within it.  This activity can significantly 
reduce and even eliminate problems of incontinence.  SNS systems have been implanted in 
more than 200,000 patients worldwide to date, with a success rate approaching 80% in 
patients with the most severe UI.  SNS may also be used to treat OAB and fecal 
incontinence; however, both utilization and outcomes remain fairly limited.   
 
Medtronic is the leading supplier of implantable SNS systems via its InterStim device, which 
has been available since the mid-1990s.  Due to its established role in the market, the device 
and the clinical trials supporting its use will not be described here.  More recently, Axonics 
Modulation Technologies is offering a SNS system that targets UI, OAB and FI.  Companies 
specifically focused on OAB include BlueWind Medical, Cogentix Medical and FemPulse 
LLC.  These OAB technologies primarily target the tibial, rather than the sacral, nerve.  
These technologies are described below. 
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4.7.1 Axonics Modulation Technologies 
Privately-held Axonics Modulation Technologies (Irvine, CA) has developed a miniaturized 
rechargeable SNS technology to treat both urinary and fecal incontinence in patients who 
have failed conservative therapy.  A prospective, multicenter trial of the system in 272 
patients showed a 50% reduction at 12 months in voids or leaks per day in two-thirds of 
patients with OAB and complete freedom from leaks in one-third of patients suffering from 
UI.  Based on these results, the Axonics Sacral Neuromodulation System received the CE 
Mark in June, 2016, Health Canada approval in December, 2017 and Australian approval in 
January, 2018.  The company has been conducting a prospective, multicenter clinical trial of 
the device (RELAX-OAB) at eight European centers.  Initial results presented at the 2017 
International Neuromodulation Society World Congress showed that 71% of subjects 
implanted with the system showed a 50% or greater reduction in frequency symptoms at 
three months.  In November, 2017, the company received FDA IDE approval to commence 
its ARTISAN-SNM trial, a single-arm, prospective pivotal study designed to demonstrate 
safety and effectiveness of the Axonics Sacral Neuromodulation System.  That trial, which is 
expected to enroll 120 patients at 15 centers of excellence located in the U.S. and Western 
Europe, commenced enrollment in January, 2018. 
 

4.7.2 BlueWind Medical 
BlueWind Medical is focused on the development of a miniature, wireless, leadless 
neurostimulation platform for the potential treatment of multiple conditions.  The company’s 
first product is the Renova neurostimulator, which targets OAB.  The miniature device is 
implanted near the tibial nerve in the lower leg in a minimally invasive procedure performed 
under local anesthesia.  It electrically stimulates the tibial nerve, which is known to influence 
urinary function, powered wirelessly by an external control unit worn by the patient.  The 
latter wears the control unit for only 30 minutes, and can use it while performing daily tasks, 
self-controlling treatment at home.  Device settings are individualized to the patient’s 
incontinence sensations to help achieve normal urinary control.   
 
In January, 2016, BlueWind Medical commenced the OPTIMIST Study, a multi-center, 
prospective study of Renova for OAB in 36 patients at four prominent centers in the 
Netherlands and U.K.  The patients were implanted with the Renova device and followed for 
6 months to evaluate its long-term performance and safety.  The study results showed 
Renova to have a low-risk safety profile and to be relatively effective for OAB management.  
Of the 34 subjects who completed the study, 71% experienced at least 50% reduction in OAB 
symptoms at 6 months. This included a reduction in the number of urine leaks per day, and a 
significant reduction in the severity of leaks. Patients who frequently needed to use pads for 
protection against unexpected leaks experienced a reduction in the need to change pads. Most 
impressively, 27.6% of patients suffering from urge incontinence became "dry", i.e., stopped 
experiencing any leaking episodes.  The study also demonstrated that the Renova System 
improved all quality of life aspects of the patients, including coping with symptoms, 
symptom concern, sleep disturbances and problems with social interactions. The research 
concluded that the BlueWind implantable tibial nerve stimulator is a safe, minimally invasive 
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system that affords OAB patients significant improvements.  Based on these data, the Renova 
received the CE Mark for OAB in June, 2016.   
 

4.7.3 Cogentix Medical 
Cogentix Medical was formed by the 2015 merger of Uroplasty and Vision Sciences to focus 
on the development of proprietary technologies primarily serving the urology and 
gynecology markets.  The company offers the Urgent PC Neuromodulation System, which 
Uroplasty licensed from Cystomedix in 2004 and which delivers percutaneous tibial nerve 
stimulation (PTNS) for office-based treatment of overactive bladder (OAB).  During therapy, 
a thin needle electrode is inserted under the skin near the patient’s ankle. This electrode is 
then connected to a battery-powered stimulator, which sends mild electrical impulses that 
travel through the electrode, along the leg and to the pelvic nerves that control bladder 
function.  Each treatment lasts about 30 minutes and is repeated at weekly intervals until the 
patient has completed 12 treatments.  At that point, the patient and physician assess whether 
or not the response to therapy has been adequate.  The following depicts a treatment using 
the Urgent PC System: 
 

 
 
Most patients undergoing Urgent PC therapy do not see improvement in their OAB 
symptoms for 5 to 7 weeks; however, some respond more quickly.  In a review of 100 
patients who experienced success with Urgent PC therapy, symptoms improved anywhere 
from 2 to 12 weeks.  For about 20% of these patients, symptoms of urgency or urge 
incontinence did not improve until after 8 weeks. 
 
Urgent PC therapy has ben available in the U.S. since 2005.  Successful randomized trials of 
the device in 2007 through 2009 led to the creation of a dedicated CPT code for PTNS in the 
U.S. and approval for use in the U.K., where the technology was also approved for fecal 
incontinence in 2011.  In 2014, PTNS therapy was upgraded to a recommended therapy in 
U.S. and European guidelines, followed by reimbursement by U.S.  Medicare.  The only 
other country reimbursing the use of Urgent PC at present is the Netherlands.   
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4.7.4 FemPulse LLC 
FemPulse LLC was founded by urogynecologist Alexandra Haessler, M.D. who, failing to 
find reliable OAB solutions for her patients, developed the FemPulse technology.  The 
neuromodulation device is vaginally inserted, self-retaining and fits around a woman's cervix 
(or in the vaginal fornices of women without a cervix), and may be controlled by a personal 
device, such as a smartphone.  The technology uniquely targets the pelvic autonomic 
plexuses, particularly the inferior hypogastric plexus, that form the gateway between the 
central nervous system and the end-organs, such as the urinary tract, colorectal tract and 
sexual organs.  The FemPulse device provides a low-level electrical signal to these plexuses 
via the vagina for the purpose of providing continuous and personalized neuromodulation 
with minimal hassle and embarrassment and without the need for surgery and implants.  The 
following shows the proposed positioning of the FemPulse implant: 

 
 
Although OAB is the principal target of the FemPulse Technology, other likely relevant 
indications include voiding dysfunction syndromes, urinary tract pain, pelvic pain, irritable 
bowel syndrome, colorectal storage and emptying conditions, sexual function disorders, and 
possibly inflammatory or autonomic tone augmentation.  The technology remains in the 
development stage. 
 

4.8 Sleep Disorders 
The two sleep disorders being targeted by new neurostimulation technologies at present are 
obstructive sleep apnea (OSA) and central sleep apnea (CSA).  Inspire Medical Systems and 
ImThera, which was acquired by LivaNova, are both pursuing hypoglossal nerve stimulation 
for OSA as an alternative to gold standard continuous positive airway pressure (CPAP) 
therapy.  The latter is generally effective when used as prescribed but can be cumbersome 
and distasteful for many patients to use, greatly reducing compliance.  Respicardia is using 
phrenic nerve stimulation to treat CSA, a more challenging and potentially life-threatening 
sleep disorder commonly found in the elderly. 
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4.8.1 Inspire Medical 
Inspire Medical offers the world’s first fully implantable neurostimulation device for the 
treatment of obstructive sleep apnea (OSA).  The Inspire System comprises three implantable 
components—a small pulse generator (IPG) and two implantable leads—and a handheld 
patient remote controller.  The IPG is implanted under the skin near the right collar bone.  It 
is attached to the breathing sensor lead, implanted over the right lung, and the stimulation 
lead, placed close to the hypoglossal nerve under the throat.  The system is activated at 
bedtime by the patient using the handheld remote, which turns the system on and off, allows 
for adjustments in stimulation intensity, and has a pause function.  During the night, the 
system stimulates the hypoglossal nerve, activating key airway muscles during breathing to 
keep the airway open during sleep.  The following shows the Inspire System: 
 

 
 
Patients considering Inspire Therapy must undergo an upper airway screening endoscopy, 
following which implantation is performed on an outpatient basis by a specially trained ENT 
surgeon. Patients are monitored post surgery by a sleep medicine physician who refines the 
optimal amplitude of the stimulation signal in relation to ventilatory efforts during sleep.  
 
Inspire Therapy was evaluated in the Stimulation Therapy for Apnea Reduction (STAR) trial 
which began in 2010 at 22 leading medical centers in the U.S. and Europe. One-year STAR 
outcome measures reported in January, 2014 showed that sleep apnea patients receiving 
Inspire therapy experienced significant reductions in sleep apnea events and significant 
improvements in quality of life measures; the rate of serious adverse events was < 2%.  
Three-year study outcomes reported in 2015 showed a 78% reduction in apnea-hypopnea 
events from baseline, an 80% reduction in oxygen desaturation events from baseline, 
clinically meaningful improvements and a return to normal levels over baseline in quality of 
life measures, including daytime sleepiness and functioning, an 80% bed partner reported 
rate of soft or no snoring (compared to 17% of bed partners at baseline); and high therapy 
adherence.  Between months 12 and 18, 46 Inspire Therapy responders were chosen for a 
randomized controlled therapy withdrawal study.  Those in the withdrawal group returned to 
baseline measures, while the therapy maintenance group experienced no change.  At 18-
months, both groups showed sustained subjective and objective improvements similar to 
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those observed at 12 months, attributing the worsening of symptoms directly to Inspire 
Therapy withdrawal. 
 
In September, 2017, at the American Academy of Otolaryngology – Head and Neck Surgery 
Foundation (AAO-HNSF) annual meeting, Inspire Medical announced 5-year results of the 
STAR Trial, which demonstrated durable, long-term improvement in objective and patient-
reported outcomes with Inspire therapy.  These consistent, predictable outcomes are expected 
to support further adoption of the therapy.  Also at the meeting, the company announced the 
launch of the ADHERE Registry to evaluate 2,500 Inspire therapy patients in the U.S. and 
Europe.   Early data on 259 Registry patients demonstrated positive results in patient 
outcomes and therapy adherence consistent with the STAR clinical trial.   
 
Inspire Therapy has both the CE Mark and FDA approval.  As of August, 2016, it had been 
implanted in more than 1,000 patients. 
 

4.8.2 LivaNova/ImThera Medical 
LivaNova competes in the OSA neurostimulation market via its January 2018 acquisision of 
ImThera Medical, in which it had already invested in 2011.  ImThera manufactures the 
implantable THN Therapy System targeting obstructive sleep apnea (OSA).  The system 
consists of the small aura6000 implantable rechargeable battery-powered pulse generator, an 
implantable lead positioned in the neck by the hypoglossal nerve (HGN), and a patient 
remote controller used to turn therapy on, pause therapy and charge the implant.  During 
sleep, the aura6000 stimulates multiple tongue muscles via the HGN, thereby opening the 
airway.  The aura6000 and lead are implanted by a ENT surgeon, usually as an outpatient 
procedures with quick recovery time.  The following shows the components of the THN 
Therapy System and its implantation: 

   
 
ImThera’s THN Therapy System received the CE Mark in 2012.  In February, 2015, the 
company initiated a pivotal trial to support FDA approval in the U.S.  The randomized, 
parallel-assignment THN3 Study is enrolling 141 patients at 15 U.S. and 6 international sites.  
The treatment group will be implanted with the aura6000 system and have therapy turned on 
at the 1 month follow up visit.  The control group will be implanted with the aura6000 
system and receive usual treatment prior to their 4-month visit.  At this point, control subjects 
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will have THN therapy turned on for the duration of the study.  Primary outcomes will be 
safety, and improvements in apnea hypopnea index and oxygen desaturation index at 4 
months.  Estimated primary study completion date is March, 2019, and estimated study 
completion date is December, 2022. 
 

4.8.3 Respicardia 
Respicardia is dedicated to improving the lives of heart failure patients by developing 
implantable therapies that improve respiratory rhythm management and cardiovascular 
health.  The company’s first product is the remedē System, which is designed to restore 
natural breathing at night in individuals with moderate to severe central sleep apnea (CSA).  
The remedē System consists of an implantable neurostimulator and leads, and a portable 
tablet programmer.  It activates automatically during sleep, delivering small electrical pulses 
to one of the phrenic nerves that sends signals from the brain to the diaphragm. The 
diaphragm responds to these signals by contracting, thereby restoring a more normal 
breathing pattern, which may allow better oxygenation, less activation of the sympathetic 
nervous system, and improved sleep.  A physician can monitor information through the 
portable tablet programmer and can noninvasively change the device settings if required. 
 
Respicardia evaluated the safety and effectiveness of the device in the remedē System pivotal 
trial, a prospective, multicenter, randomized controlled trial of transvenous phrenic nerve 
stimulation in patients with moderate to severe CSA.  The trial enrolled 151 patients at 31 
sites in the U.S. and Europe, all of whom were implanted with the remedē System.  Patients 
were randomized 1:1 to compare the proportion of patients in the treatment versus control 
groups achieving a reduction in apnea-hypopnea index (AHI) of 50% or more from baseline 
at 6 months.  The trial met its primary endpoint for efficacy. In the modified intention-to-
treat population, significantly more patients in the treatment group achieved 50% or greater 
reduction in AHI than those in the control group, with a clinically meaningful difference of 
41% (p<0.0001). Additionally, the 12-month freedom from serious adverse events related to 
the implant procedure, remedē System or delivered therapy was 91%..  In addition, 96% of 
patients were highly satisfied with their therapy.  Based on these results, on October 10, 
2017, the FDA approved the use of the remedē System for adult patients with CSA.    
 

4.9 Hearing Disorders: Chronic Tinnitus 
Tinnitus is a vestibular disorder characterized by abnormal noise perceived in one or both 
ears or in the head.  It may be intermittent or constant and is common, affecting an estimated 
16% of the adult population, a share that increases with age.  It is strongly associated with 
hearing loss.  Chronic tinnitus is especially problematic, causing about one-quarter of 
sufferers to seek some type of therapy.  These have not been highly effective, attracting 
companies such as MicroTransponder and CorTec to attempt neurostimulation solutions. 
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4.9.1 CorTec/Wyss Center 
Germany’s CorTec is developing the Brain Interchange, a complete system for closed-loop 
interaction with the human brain.  It comprises multi-channel electrodes, a wireless 
communication system and adaptable software that, together, can simultaneously record and 
stimulate on 32 channels and also can process recorded data.  The system controls itself 
autonomously by calculating activities based on recorded data and transmitting needs-based 
stimulation impulses within biologic reaction times.   
 
In January, 2018, CorTec entered into a partnership with the Wyss Center for Bio and 
Neuroengineering in Geneva, Switzerland to to develop subcutaneous neuromodulation 
solutions for tinnitus, dyslexia, epilepsy and other brain circuit disorders.  The partnership is 
expected to focus on chronic tinnitus as one of its first applications for the Brain Interchange 
technology.  The following shows an artist’s rendition of the Brain Exchange technology as it 
might apply to treatment of chronic tinnitus (courtesy of Wyss Center): 
 

 
 

4.9.2 MicroTransponder 
Texas-based MicroTransponder (MTI) has developed the Paired Vagus Nerve Stimulation 
System to treat two separate neurological conditions:  post-stroke upper limb mobility, and 
chronic tinnitus.  In the latter indication, it is developing the Serenity System, an implant 
about twice the size of a pencil eraser that is implanted in the neck, where it can be used to 
electrically stimulate the vagus nerve while alternative tones are delivered.  The stimulation 
causes the brain circuitry processing the alternate tones to become better connected than the 
tinnitus circuitry, basically overpowering it.  The net effect is to reduce the overall sound of 
the tinnitus tone.  The following show the Serenity System: 
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MicroTransponder has conducted several trials of VNS in the treatment of tinnitus.  The first 
was an open-label feasibility study in 10 patients conducted in 2014.  After 4 weeks of daily 
VNS-tone pairing, tinnitus symptoms improved in 40% of participants, an improvement that 
lasted for at least 2 months.  Next was a small pilot trial whose main intent was to provide 
safety and efficacy data to support the design and implementation of a pivotal study for US 
market approval.  The pilot trial enrolled 30 patients randomized to VNS therapy (n = 16) or 
control (n = 14).  After 6 weeks of home therapy, all participants received paired VNS.  The 
device was used on 96% of days with good compliance.  After 6 weeks, the paired VNS 
group improved on the Tinnitus Handicap Inventory (THI) compared to control.  The 
between group difference was 10.3%.  Fifty percent of paired VNS therapy participants 
showed clinically meaningful improvements compared to 28% in the control group.  At 12 
weeks, the Paired VNS group showed a 31% reduction in their THI score compared to a 5% 
reduction in the control group.  Moreover, at one year, 50% of participants had a clinically 
meaningful response.  The therapy had greater benefits for individuals with tonal and non-
blast induced tinnitus at the end of 6 and 12 weeks compared to controls.  Adverse effects 
were mild and well-tolerated; the therapy had a similar safety profile as VNS for epilepsy.  
 
The above results demonstrated that VNS may be promising for a subgroup of patients with 
chronic tinnitus. Subsequently, in late 2017, MicroTransponder received FDA approval to 
commence enrollment in its 120-subject pivotal study. 
 

4.10 Gastrointestinal Disorders: GERD 
EndoStim is the sole company at present using neurostimulation to treat gastroesophageal 
reflux disease (GERD).  The company’s EndoStim System targets the lower esophageal 
sphincter (LES) as the major contributor to GERD.  Reflux of stomach acid or bile back into 
the esophagus occurs when the LES remains open or partially open rather than closing.  The 
EndoStim System delivers mild electrical signals to the LES automatically throughout the 
day, prompting the valve to stay closed to prevent reflux but also to open to allow food and 
liquids to pass through to the stomach.  This gentle stimulation is designed to restore normal 
function to the LES, and normally cannot be felt by patients. 
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The EndoStim System comprises a neurostimulator (IPG), implantable bipolar lead, and a 
wireless external programmer.  The IPG and lead are placed through a minimally-invasive 
laparoscopic procedure. Following implantation, the wireless EndoStim device is 
programmed by a physician; this programming can be adjusted by the physician during a 
follow up visit if necessary.  The IPG delivers stimulation therapy to the LES via the lead. 
The device battery is expected to last 7 to 10 years under recommended stimulation 
algorithms. The following shows the components and placement of the EndoStim System: 

 

EndoStim therapy is designed for GERD patients on proton pump inhibitor (PPI) drug 
therapy for one year or longer who have not experienced adequate relief of their symptoms.  
It is also recommended that best candidates have nonerosive reflux disease (NERD) or only 
mild to moderate erosive disease.  The treatment is designed to preserve natural anatomy in 
order to reduce or avoid typical gastrointestinal side effects of traditional anti-reflux surgery. 
 
In May, 2016, Endostim commenced the multicenter, randomized, double-blind, sham-
controlled LESS GERD pivotal trial of the EndoStim System in 110 patients at up to 30 sites 
in the U.S. and Europe.  It is evaluating the safety and efficacy of the approach in GERD 
patients who experience symptoms despite taking high-dose PPI medications.  Estimated 
primary completion of the study is March, 2018, followed by an estimated study completion 
date of December, 2021.   
 
The EndoStim System is CE Marked for patients with GERD symptom duration of six 
months or longer.  It is also available in countries throughout Europe, Latin America, and 
Asia Pacific. Its use remains investigation in the U.S. 
 

4.11 Breathing Disorders: Respiratory Insufficiency 
The treatment of respiratory insufficiency using phrenic nerve stimulation to “pace” the 
diaphragm is a well established tool for patients with amyotrophic lateral sclerosis (ALS) and 
spinal cord injury (SCI) who must rely on long-term positive pressure ventilation to breathe.  
Ventilators are effective but carry significant infection risks and also tie the individual to a 
machine.  Phrenic nerve/diaphragm stimulation offers the opportunity to free the patient from 
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a machine and also has the potential to restore some or all respiratory function by building up 
the diaphragm, which can weakened on ventilator support. 
 
Established technologies used in diaphragm pacing are fairly similar in configuration.  They 
primarily comprise: 1) electrodes, leads or receivers implanted on the diaphragm or near the 
phrenic nerves that cause the diaphragm to contract; and 2) an external transmitter.  The latter 
sends rhythmic electrical pulses directly to the diaphragm or to the phrenic nerves which 
stimulate the diaphragm to contract and inhalation to occur.  When the pulses stop, the 
diaphragm relaxes and exhalation occurs.  Repetition of this series of pulses produces a 
normal breathing pattern. 
 
There are currently three commercially available phrenic nerve/diaphragm pacing systems:   
Atrotech Oy’s AstriStim PNS, Avery Biomedical’s Diaphragm Pacemaker, and Synapse 
Biomedical’s NeuRx Diaphragm Pacing System.  The first two work by stimulating the 
phrenic nerves to cause the diaphragm to contract.  They are implanted surgically.  In 
contrast, the electrodes of the Synapse device are implanted laparoscopically into the 
diaphragm near the phrenic nerve ending to stimulate the diaphragm directly.  The Atrotech 
device is only available in Europe, whereas the Avery and Synapse devices are available 
worldwide, including the U.S.   The Avery System received full PMA approval in 1987 and 
is reimbursed by Medicare and Medicaid.  The Synapse system received FDA approval in 
2011 for humanitarian use in patients 21 years and over with ALS. 
 
Clinical trials of phrenic nerve stimulation/diaphragm pacing for ALS, SCI and other 
conditions characterized by respiratory insufficiency have provided mixed results.  Some of 
this may reflect the “orphan” nature of the approach due to the small patient populations 
involved.  In other cases, it may reflect patient selection.  Indeed, although all of the products 
and techniques have proven safe when implanted by expert hands, it has become apparent 
that patient selection contributes significantly to a good outcome.  The two validated clinical 
indications for the approach are patients with high-level spinal cord injuries (SCI) and central 
hypoventilation syndromes (CHS).  In these, it has provided more comfort with physiological 
breathing, better speech, restored olfaction, and better “mobilization” for themselves and 
their caregivers.  In contrast, the multicenter, open-label, randomized, controlled trial of the 
NeuRx system in 74 ALS patients at seven specialist ALS and respiratory centers in the U.K. 
(DiPALS Study Group) concluded that diaphragm pacing is not recommended for ALS 
patients as it showed no clinical improvement and decreasing survival in the study patients.  
Synapse Biomedical is actively working to correct this “misperception” via its own post-
approval clinical studies.  In 2012, the company commenced the Post-Approval Study 
evaluating the NeuRx System in 60 ALS patients. Concluding in September, 2017, it 
documented a median post-implant survival of 21 months.  The company is now conducting 
the PARADIGM Study to compare 54 ALS patients on noninvasive ventilation (NIV) to 54 
ALS patients who initiate NIV and elect to have the new NeuRx System implanted.  That 
trial commenced enrollment in January, 2017.   
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In summary, although no randomized study has been conducted to date that formally 
validates the appropriateness of phrenic nerve stimulation/diaphragm pacing in long-term 
ventilator-dependent patients, clinicians find it difficult not to propose such a treatment to 
these patients given the frequently dramatic improvement of their quality of life.  The 
“orphan” nature of the approach and the devastating nature of the conditions treated also 
contributes to this receptiveness. 
 

4.12 Opioid Withdrawal Symptoms 
Innovative Health Solutions (IHS) has pioneered the NSS-2 BRIDGE device, a neurostimu-
lation technology targeting opioid addiction withdrawal symptoms.  Patients suffering 
withdrawal symptoms experience visceral pain (abdominal cramping), somatic pain (bone or 
joint pain), autonomic dysregulation (sweating, increased heart rate) and anxiety.  These, in 
turn, trigger a stress response and changes in the autonomic nervous system that are linked to 
the amygdala—the integrative center for emotions, emotional behavior, and motivation in the 
brain—which is responsible for the negative emotional state of withdrawal from opioids and 
drug cravings.  The HIS technology is designed to counteract this process through the 
stimulation of branches of Cranial Nerves V, VII, IX and X, and the occipital nerves 
identified by transillumination. 
 
The NSS-2 BRIDGE is a percutaneous nerve field stimulator (PNFS) system that is placed 
behind the ear, where cranial nerves sit close to the surface.  Microneedle arrays from the 
device percutaneously implant in and around the ear, and a battery-operated chip sends 
micropulses of electrical energy to the cranial nerves associated with the amygdale, blocking 
pain and making it easier for an individual to weather withdrawal.  The NSS-2 BRIDGE runs 
for up to 120 hours (5 days) with periodic rest at a schedule of 2 hours on, 2 hours off.  The 
device should be left on for the recommend length of time unless the protocol is changed by 
the treating physician.  The following shows the NSS-2 BRIDGE device: 
 

 
 

In November, 2017, HIS received FDA approval to market the NSS-2 BRIDGE device in the 
U.S. to help reduce the symptoms of opioid withdrawal.  The approval was supported by data 
from a single-arm clinical study of 73 patients undergoing opioid physical withdrawal.  The 
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study evaluated patients’ clinical opiate withdrawal scores (COWS), which measures 
symptoms such as resting pulse rate, sweating, pupil size, gastrointestinal issues, bone and 
joint aches, tremors and anxiety.  COWS range from 0 to more than 36, the higher the 
number, the more severe the withdrawal symptoms.  Prior to using the BRIDGE device, the 
average COWS score for all patients was 20.1.  Study results showed that all patients had a 
reduction in COWS of at least 31% within 30 minutes of using the device.  Overall, 64 of the 
73 patients (88%) transitioned to medication-assisted therapy after five days using the device, 
which included any medications needed for persistent symptoms, such as nausea and 
vomiting.  The FDA reviewed the BRIDGE device through the de novo premarket review 
pathway for selected low-to moderate-risk devices that are novel and for which there is no 
legally marketed predicate device to which the device can claim substantial equivalence. 
 
The BRIDGE device is available by prescription only and is contraindicated in patients with 
hemophilia, those with cardiac pacemakers and patients diagnosed with psoriasis vulgaris.  
The company hopes the FDA approval and demonstrated benefits of the technology will 
open the door for reimbursement.  Prior to the FDA approval, the device cost about $500. 
 

4.13 Autism 
Operating through its wholly-owned, Malta-based subsidiary, AAT Research Limited, 
Neurotech International Limited is focused on improving the lives of people with 
neurological conditions through leadership in accessible and affordable home-based and 
clinical neurotechnology solutions.  Its first target has been autism, for which indication it 
has developed the Mente Austism system, basically a portable EEG device comprising a 
headband, a software app, and a cloud component.  The system software emits neuro-
feedback to the user in the form customized auditory stimulation.  These sounds vary from 
person to person and from session to session since they are a real-time aural representation of 
the user’s brain waves during each session. The neurofeedback signals stimulate and ‘teach’ 
the brain to motivate the brain waves that are lacking—specifically Alpha and Beta waves—
to achieve normal levels while moderating the Delta and Theta levels typically high in 
children with autism spectrum disorder.  The end result is to make the user more responsive, 
communicative, focused and interactive.   
 
Following each 40-minute therapy session, the user can upload the data by synchronizing the 
app via the Internet.  Using this data, the Mente Autism cloud service generates a report that 
records and measures the child’s progress.  It is recommended that therapy be initiated when 
the child is 3 to 12 years of age.  Positive effects are typically seen after 4 to 8 weeks of daily 
40-minute morning therapy sessions. 
 
Neurotech is marketing the Mente Autism device in Europe through an expanding group of 
distributors.  Management is seeking FDA approval in the U.S. where, in January 2018, the 
company announced completion of a 78-patient clinical trial.  In this trial, children were 
randomized to receive Mente therapy or sham, undergoing home therapy for 40 minutes a 
day for 12 weeks.  At 6 and 12 weeks, children were evaluated on the basis of posturography, 
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quantitative electroencephalography (qEEG), Galvanic Skin Response and questionnaires, 
which were compared to baseline.  At the end of the study, participants in the Sham 
Comparator group have been offered the option of receiving the full therapy.  The study 
results are currently being analyzed.  Neurotech expects to obtain FDA approval of Mente 
Autism as a Class II regulated device under the traditional 510(k) submission route.  Pricing 
is expected to be in the $650 to $700 range, which is slightly higher than in the international 
market, where Neurotech has donated some of the devices for patients who cannot afford 
them. 
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5.0 MARKETS BY APPROACH AND CLINICAL APPLICATION 
The global market for biomedical electronic medicine and neurostimulation technologies 
was estimated at $3.74 billion in 2017.  Ninety five percent (95%) of this was implanted 
devices based on their high cost.  However, growth will be concentrated in emerging 
noninvasive technologies, many of which are showing comparable outcomes to implanted 
systems.  New clinical applications for both implants and noninvasive technologies will 
also contribute to growth.  Overall, we are forecasting total device sales will increase 
14.3% annually through 2022 to $7.3 billion, with growth accelerating after 2018 as new 
technologies gain the CE Mark and FDA and CFDA marketing approvals.  This bodes 
well for continued gains after the forecast period covered in this report.  Exhibit 5-1 shows 
the annual trend in sales of implants and noninvasive technologies by major application 
for 2016 through 2022. 
 

5.1 Neurological Disorders 
The major clinical applications and associated markets for products covered in this report 
currently include Parkinson’s/Essential Tremor/Alzheimer’s, drug-refractory epilepsy 
(DRE), Major Depressive Disorder (MDD), Migraine/Cluster Headache and Post-Stroke, 
Post-Spinal Cord Injury Mobility.  Among these, noninvasive devices are expected to 
cannibalize implant sales for DRE and MDD as clinical trials are showing equivalent 
efficacy to the invasive systems.  Exhibit 5-2 shows the trend in sales of implants versus 
noninvasive technologies for these five (5) groups of neurological disorders. 
 

5.1.1 Parkinson’s/Essential Tremor/Alzheimer’s (Deep Brain Stimulation) 
Deep brain stimulation (DBS) is a well established therapy that has been used since the 
1990s primarily to reduce or eliminate the symptoms of Parkinson’s and Essential Tremor.  
Selected suppliers also have approvals for the treatment of drug-refractory epilepsy and 
certain psychiatric disorder.  These represent the exception rather than the rule, but have 
been included in our global DBS market, which was estimated at $693 million in 2017.   
 
Going forward, the three key innovations in this field will be: 1) the development of skull-
mounted DBS technologies that enable implantation in a single procedure and reduce the 
risk of lead breakage associated with existing technologies; 2) the use of alternative 
energy sources, such as magnetic stimulation and near infrared light, to achieve stimu-
lation; and 3) the emergence of DBS technologies specifically targeting Alzheimer’s 
disease, such as Neuronix’ neuroAD system and Functional Neuromodulation’s DBS 
Fornix.  (The Neuronix technology is interesting in that it is the only noninvasive DBS 
technology in the group, delivering Focused Transcranial Magnetic Stimulation and 
Tailored Cognitive Training concurrently to treat Alzheimers.  It is apparently most 
effective in the earlier stages of the disease and is currently available in selected European  
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Exhibit 5-1: Global Markets by Approach and Clinical Application, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 
IMPLANTS         
  Deep Brain Stimulation 592.3 688.3 768.9 851.9 940.3 1,040.7 1,142.7 10.7% 
  Spinal Cord Stimulation 1,876.8 1,993.5 2,105.2 2,229.7 2,370.2 2,502.3 2,655.5 5.9% 
  Sacral Nerve Stimulation 380.8 379.4 388.0 399.0 412.4 426.0 439.8 3.0% 
  Drug-Resistant Epilepsy 390.5 413.6 432.9 442.6 461.6 491.2 527.9 5.0% 
  Major Depressive Disorder 20.1 20.7 21.3 18.2 18.3 17.2 17.2 (3.7%) 
  Rheumatoid Arthritis 0.0 0.0 0.0 0.0 0.0 0.0 240.0 - 
  Post-Stroke 0.0 0.0 0.0 0.0 0.0 60.0 165.0 - 
  Heart Failure 3.2 4.2 5.3 6.4 7.4 8.4 9.5 17.4% 
  Diaphragm Pacing 14.4 15.1 16.1 17.3 18.3 19.4 20.7 6.5% 
  Sleep Apnea 16.9 31.0 50.8 79.8 132.0 225.2 337.5 61.3% 
  Other 1.5 1.5 1.6 1.9 2.1 2.4 3.4 17.8% 
TOTAL IMPLANTS (mil$) 3,296.5 3,547.3 3,790.1 4,046.8 4,362.5 4,792.9 5,559.1 9.4% 
NONINVASIVE         
  Deep Brain Stimulation 1.0 4.5 11.6 24.6 43.4 70.9 104.1 87.4% 
  Chronic Pain 10.5 15.8 28.6 60.4 121.0 217.0 350.0 85.8% 
  Incontinence 21.7 22.2 23.6 36.5 65.6 109.6 170.5 50.3% 
  Drug-Resistant Epilepsy 2.0 2.8 3.6 4.4 18.0 100.0 186.0 131.5% 
  Major Depressive Disorder 33.7 49.6 60.6 74.2 90.5 113.0 143.6 23.7% 
  Migraine/Cluster Headache 5.1 8.9 19.9 38.8 72.5 116.6 198.6 86.1% 
  Post-Stroke 86.5 92.7 99.4 106.8 115.1 126.5 140.1 8.6% 
  Heart Failure 0.0 0.0 0.0 0.0 0.0 0.8 3.0 - 
  Hematology 0.0 0.0 0.0 48.0 151.0 254.0 357.0 - 
  Other 0.9 0.6 6.3 13.7 29.0 52.4 94.0 174.8% 
TOTAL NONINVASIVE (mil$) 161.4 197.1 253.5 407.5 706.0 1,160.8 1,747.0 54.7% 
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Exhibit 5-1: Global Markets by Approach and Clinical Application, 2016-2022 (Continued) 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

TOTAL DEVICES         
  Deep Brain Stimulation 593.3 692.8 780.5 876.5 983.7 1,111.6 1,246.8 12.5% 
  Spinal Cord Stimulation 1,887.3 2,009.3 2,133.8 2,290.1 2,491.2 2,719.3 3,005.5 8.4% 
  Sacral Nerve Stimulation 402.5 401.6 411.6 435.5 478.0 535.6 610.4 8.7% 
  Drug-Resistant Epilepsy 392.5 416.4 436.5 447.0 479.6 591.2 713.9 11.4% 
  Major Depressive Disorder 53.8 70.4 81.9 92.5 108.7 130.2 160.8 18.0% 
  Migraine/Cluster Headache 5.1 8.9 19.9 38.8 72.5 116.6 198.6 86.1% 
  Rheumatoid Arthritis 0.0 0.0 0.0 0.0 0.0 0.0 240.0 - 
  Post-Stroke 86.5 92.7 99.4 106.8 115.1 186.5 305.1 26.9% 
  Hematology 0.0 0.0 0.0 48.0 151.0 254.0 357.0 - 
  Heart Failure 3.2 4.2 5.3 6.4 7.4 9.2 12.5 24.1% 
  Diaphragm Pacing 14.4 15.1 16.1 17.3 18.3 19.4 20.7 6.5% 
  Sleep Apnea 16.9 31.0 50.8 79.8 132.0 225.2 337.5 61.3% 
  Other 2.4 2.1 7.9 15.6 31.1 54.8 97.4 115.4% 
TOTAL DEVICES (mil$) 3,458.0 3,744.4 4,043.7 4,454.3 5,068.5 5,953.7 7,306.1 14.3% 

   Annual Increase-TOTAL  8.28% 7.99% 10.15% 13.79% 17.46% 22.72%  
   Annual Increase-Implants  7.61% 6.85% 6.77% 7.80% 9.87% 15.99%  
   Annual Increase- Noninvasive  22.12% 28.62% 60.72% 73.25% 64.41% 50.50%  
 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017-2022. 
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Exhibit 5-1: Global Markets by Approach and Clinical Application, 2016-2022 (Continued) 
 

 
 
Note:  Sales are in millions of U.S. dollars; DBS = deep brain stimulation; SCS = spinal cord stimulation; SNS = sacral nerve 
stimulation; DRE = drug-refractory epilepsy; MDD = major depressive disorder; Others include management of opioid withdrawal 
symptoms, autism, obesity, gastroesophageal reflux disease and chronic tinnitus; CAGR is for 2017–2022. 
 
Source:  Health Research International  
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Exhibit 5-2: Market for Technologies Targeting Neurological Disorders, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 
IMPLANTS         
Deep Brain Stimulation 592.3 688.3 768.9 851.9 940.3 1,040.7 1,142.7 10.7% 
Drug-Refractory Epilepsy 390.5 413.6 432.9 442.6 461.6 491.2 527.9 5.0% 
Major Depressive Disorder 20.1 20.7 21.3 18.2 18.3 17.2 17.2 (3.7%) 
Post-Stroke Mobility 0.0 0.0 0.0 0.0 0.0 60.0 165.0 - 
Total Implants (mil$) 1,002.9 1,122.6 1,223.1 1,312.8 1,420.1 1,609.1 1,852.8 10.5% 
         
NONINVASIVE         
Deep Brain Stimulation 1.0 4.5 11.6 24.6 43.4 70.9 104.1 87.4% 
Drug-Refractory Epilepsy 2.0 2.8 3.6 4.4 18.0 100.0 186.0 131.5% 
Major Depressive Disorder 33.7 49.6 60.6 74.2 90.5 113.0 143.6 23.7% 
Migraine-Cluster Headache 5.1 8.9 19.9 38.8 72.5 116.6 198.6 86.1% 
Post-Stroke Mobility 86.5 92.7 99.4 106.8 115.1 126.5 140.1 8.6% 
Total Noninvasive (mil$) 128.3 158.5 195.1 248.9 339.5 527.0 772.5 37.3% 
         
TOTAL DEVICES (mil$) 1,131.2 1,281.1 1,418.2 1,561.7 1,759.5 2,136.0 2,625.2 15.4% 
   Annual Increase  13.3% 10.7% 10.1% 12.7% 21.4% 22.9%  

 
Continued 
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Exhibit 5-2: Market for Technologies Targeting Neurological Disorders, 2016-2022 
(Continued) 

 
By Clinical Application: 

 
 
By Approach: 

 
 
Note:  CAGR is for 2017-2022. 
 
Source:  Health Research International 
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and Asian nations as well as Israel.  In contrast, Functional Neuromodulation’s technology 
is an implant that targets a particular site within the brain.  It is not yet available, although 
commercialization is expected by the end of the forecast period.)  Despite these innova-
tions, whose impact is expected to become most apparent towards the end of the forecast 
period, the treatment of Parkinson’s and Essential Tremor will remain dependent on 
traditional implant systems, which are projected to see10.7% annual sales growth to $1.14 
billion in 2022.  (Significant expansion of the Chinese market, which is a major focus of 
PINS Medical—that company has established cooperative efforts with more than 70 DBS 
implantation centers in China—will contribute to these gains.)  Implants will be comple-
mented by $104 million in sales of noninvasive technologies that year, bringing the global 
market total to nearly $1.25 billion. 
 
Medtronic totally dominates implant sales, with secondary contributions from Abbott (via 
its acquisition of St. Jude Medical) and Boston Scientific.  However, they are facing 
growing competition in emerging markets from newcomers, such as the aforementioned 
PINS Medical and SceneRay (both headquartered in China), as well as challenges from 
innovators such as Aleva Neurotherapeutics (microDBS) and Bioinduction (skull-
mounted DBS).  Other innovators that are not expected to see their technologies 
commercialized until 2022 or after include Deep Brain Innovations (DBI), Clinatec, Cala 
Health and Nexeon Medsystems.  Exhibit 5-3 shows the annual trend in sales of DBS 
technologies for neurodegenerative conditions for 2017 through 2022, and Exhibit 5-4 
presents estimated supplier shares for 2017.. 
 

5.1.2 Drug-Refractory Epilepsy 
A seizure is defined as an abnormal, disorderly discharge of the brains’s nerve cells, 
resulting in a temporary disturbance of motor, sensory or mental function.  Epilepsy is a 
neurological disorder characterized by unprovoked, repetitive seizures unrelated to pre-
existing brain pathologies, a deficiency of certain chemicals in the body, or exposure to 
certain toxic chemicals.  An individual is said to have drug-refractory epilepsy (DRE) 
when he or she fails to become and stay seizure-free with adequate dosing of at least two 
seizure medications, also called anticonvulsive drugs. 
 
Available treatments for DRE include adjuvant use of electroshock therapy, surgery, deep 
brain stimulation (using an IPG plus an intracranial electrode placed posterior to the brain 
stem thalamus), IPG-based vagus nerve stimulation (VNS) therapy (with the electrode 
attached to the carotid vagus nerve bundle), and external, hand-held VNS device that 
interfaces with the auricular branch of the vagus nerve located at the left ear lobe.  The 
implantable VNS therapy systems were introduced more than two decades ago but have 
failed to achieve significant penetration of the addressable market:  in 2017, they were 
used in only about 4% of all newly diagnosed DRE patients.  The four primary reasons for 
this limited adoption include:  1) the systems’ invasiveness; 2) the need for periodic 
surgical replacement of an implant whose battery has been depleted; 3) the very high cost 
of these systems, i.e., up to $40,000 in the U.S. and about $15,000 in Europe; and 4) less  
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Exhibit 5-3: Global Market for Deep Brain Stimulation Technologies by Approach, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Global Population 65+ Yrs 635,244,691 657,257,923 679,839,909 703,748,641 729,303,187 753,584,484 778,951,114 3.5% 
         
   % with Parkinson's 1.57% 1.61% 1.65% 1.68% 1.70% 1.73% 1.75%  
Global Prev Parkinson's 10,000,000 10,600,000 11,200,000 11,800,000 12,400,000 13,000,000 13,600,000 5.1% 
   % undergoing DBS 0.28% 0.30% 0.32% 0.35% 0.37% 0.40% 0.42%  
New DBS Implantations 27,905 31,925 36,300 40,890 45,935 51,475 57,120 12.34% 
   $ products/patient 21,224 21,560 21,182 20,835 20,469 20,218 20,006 -1.49% 
DBS Systems (mil$) 592.3 688.3 768.9 851.9 940.3 1040.7 1142.7 10.67% 
         
   % with Alzheimer’s 7.5% 7.6% 7.8% 8.0% 8.4% 8.7% 9.0%  
Global Alzheimer’s Pts 47,675 50,000 52,825 56,420 61,325 65,360 69,770 6.89% 
   $ noninvasive/patient 0.021 0.090 0.220 0.436 0.708 1.085 1.492  
Noninvasive DBS (mil$) 1.0 4.5 11.6 24.6 43.4 70.9 104.1 87.43% 
         
Global DBS Market (mil$) 593.3 692.8 780.5 876.5 983.7 1,111.6 1,246.8 12.47% 
   Annual Increase  16.78% 12.66% 12.30% 12.22% 13.01% 12.16%  

 
Continued 
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Exhibit 5-3: Global Market for Deep Brain Stimulation Technologies by Approach, 
2016-2022 (Continued) 

 
 

 
 
Note:  CAGR is for 2017-2022.  
 
Source:  Health Research International 
 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 5: Markets by Approach and Clinical Application 

________________________________________________________________________________ 
©2018, Health Research International                    5-10                                     #261-1-WW-0118 

 
 
 

Exhibit 5-4: Global Deep Brain Stimulation Market, Estimated Supplier Shares, 2017 
 

Company Sales (mil$) Share 

   Medtronic 470.0 67.8% 

   Abbott/St. Jude Medical 83.0 12.0% 

   Boston Scientific 73.0 10.5% 

   PINS Medical 38.0 5.5% 

   Others 28.8 4.2% 

TOTAL 692.8 100.0% 
 

 
 
 
Note:  Others include SceneRay and Neuronix, among others. 
 
Source:  Health Research International  
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than stellar clinical outcomes, i.e., success rates remain well below 50% at seven years for 
both adults and children.  The problem likely reflects the variety of etiologies involved in 
the development of epilepsy, which makes it difficult to determine exactly where 
electrodes should be placed to optimize outcomes.   
 
Despite these obstacles, the life-altering nature of epilepsy has allowed these low success 
rates and the invasiveness and cost of implant-based therapy to be deemed acceptable for 
a small number of patients with severe disorder.  This has, in turn, allowed implant-based 
VNS therapy for DRE to blossom into a nearly $414 million market in 2017, accompanied 
by a negligible $2.8 million contribution by noninvasive technologies.   
 
This situation is about to change based on three factors.  The first is growing competition 
from medical cannabis to treat DRE.  The specific form of medical cannabis, which is 
quite different from recreational cannabis, has shown up to 80% efficacy for reducing the 
frequency of seizures in pediatric patients—some children find their seizures completely 
cease—and roughly 70% efficacy in adults (although the latter figure is from small trials 
that need to be validated in larger studies).  The second factor is the introduction of non-
invasive VNS and other neurostimulation therapies that treat DRE with equal efficacy as 
implant-based systems.  Not only do they cost substantially less (around $4,000), but they 
eliminate the surgical risks associated with implant-based therapy.  Both benefits will 
greatly expand the treated population as therapy shifts from implants to noninvasive 
technologies.  Third, a new deep brain implant offered by NeuroPace that monitor neural 
activity in epilepsy foci areas and stimulates those areas before a seizure starts are gaining 
widespread attention.  Although their prophylactic potential has yet to be definitively 
documented, and the need to implant the device and electrode in the skull and brain will 
likely face resistance from parents of children with epilepsy, their implantation is already 
being reimbursed in the U.S., which will help to drive adoption.   
 
Overall, we believe the growing availability of noninvasive DRE technologies will have 
the greatest impact on this market, especially towards the end of the forecast period.  
Noninvasive devices are projected to increase their share of global DRE sales from less 
than 1% in 2017 to 26% in 2022.  Due to the significant price differential between 
implanted and noninvasive technologies, this shift will cannibalize sales of costly, 
primarily VNS implant systems;  the latter will also face serious competition from deep 
brain technologies unless their prophylactic capabilities do not materialize.  In all cases, 
any major negative impact of competition from noninvasive and deep brain devices will 
be more than offset by growth of the treated patient population globally.  The result will 
be an 11.4% annual increase in total sales of DRE neurostimulation technologies, from 
$416.4 million in 2017 to $713.9 million in 2022.  Exhibit 5-5 shows the annual trend by 
product type for 2016 through 2022.   
 
LivaNova, which, as Cyberonics, pioneered IPG-based VNS therapy for DRE in the U.S. 
in 1998, dominates the implant segment of the market.  Similar, if not identical, systems  
are offered outside of the U.S. by PINS Medical and, previously, CerebralRX.  Medtronic 
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Exhibit 5-5: Global Market for Technologies Targeting Drug-Refractory Epilepsy by Approach, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Adult Population (000) 5,457,527 5,527,128 5,595,720 5,664,181 5,732,253 5,799,999 5,867,850 1.2% 
   % with epilepsy 0.95% 0.96% 0.96% 0.96% 0.96% 0.96% 0.96%  
Epilepsy Prevalence (000) 51,700 52,887 53,605 54,333 55,074 55,828 56,594 1.4% 
   % diagnosed 3.3% 3.3% 3.3% 3.3% 3.2% 3.2% 3.2%  
Diag Epilepsy Patients (000) 1,720 1,736 1,751 1,767 1,783 1,799 1,816 0.9% 
   % drug refractory 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1%  
DRE Patients (000) 415.0 418.6 422.1 425.9 429.5 433.2 436.9 0.9% 
         
VNS Technologies         
   % implanted  3.8% 4.1% 4.3% 4.3% 4.4% 4.4% 4.3%  
Implanted VNS Therapy Pts 15,940 17,110 17,950 18,425 18,770 18,925 19,000 2.1% 
   $/system 22,779 22,425 21,609 20,336 19,089 17,974 16,657 (5.8%) 
Implanted VNS Sales (mil$) 363.1 383.7 387.9 374.7 358.3 340.2 316.5 (3.8%) 
         
   % treated with noninvasive 0.12% 0.17% 0.21% 0.26% 0.77% 2.42% 4.19%  
Pts Treated Noninvasive VNS 500 700 900 1,100 3,300 10,480 18,300 92.1% 
   $/system 4,000 4,000 4,000 4,000 5,455 9,542 10,164 20.5% 
Noninvasive VNS Sales (mil$) 2.0 2.8 3.6 4.4 18.0 100.0 186.0 131.5% 
         
Total Patients Treated w/VNS 16,440 17,810 18,850 19,525 22,070 29,405 37,300 15.9% 
Total VNS Device Sales (mil$)  365.1 386.5 391.5 379.1 376.3 440.2 502.5 5.4% 
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Exhibit 5-5: Global Market for Technologies Targeting Drug-Refractory Epilepsy by Approach, 2016-2022 (Continued) 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Deep Brain Technologies         
   % implanted 0.3% 0.3% 0.4% 0.5% 0.8% 1.1% 1.4%  
Implanted with DB Systems 1,186 1,275 1,700 2,335 3,260 4,565 6,215 37.3% 
   $/system 23,138 23,441 26,473 29,084 31,675 33,088 34,014  
Implanted DB Systems (mil$) 27.4 29.9 45.0 67.9 103.3 151.0 211.4 47.9% 
         
TOTAL DRE PATIENTS TREATED 17,626 19,085 20,550 21,860 25,330 33,970 43,515 17.9% 
TOTAL DRE DEVICES (mil$) 392.5 416.4 436.5 447.0 479.6 591.2 713.9 11.4% 
   Annual Increase  6.07% 4.83% 2.41% 7.28% 23.28% 20.75%  

 
 
Note:  CAGR is for 2017-2022; DRE = drug-refractory epilepsy; VNS = vagus nerve stimulation; DB = deep brain;  
Continued
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Exhibit 5-5: Global Market for Technologies Targeting Drug-Refractory Epilepsy by 
Approach, 2016-2022 (Continued) 

Patients: 

 
Sales (mil$): 

 
Note:  CAGR is for 2017-2022 
 
Source:  Health Research International  
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and NeuroPace offer deep brain stimulation systems approved for the treatment of 
epilepsy, the former outside of the U.S. and the latter in the U.S.  Medtronic’s system is 
thought to have limited use due to the availability of VNS systems that are less invasive to 
implant.  In contrast, even though invasive to implant, NeuroPace’ newer RNS System is 
seeing rapid adoption in the U.S., which has been the company’s sole focus to date.  
Barring any major clinical downside to the technology or subpar performance relative to 
VNS implants, the company is expected to see major gains in share through the forecast 
period.  Suppliers of noninvasive systems include Germany’s Cerbomed (whose Nomos 
technology is marketed in Western Europe at present) and NeuroSigma, which markets a 
trigeminal nerve stimulation technology it is currently selling directly to patients outside 
of the U.S.  Exhibit 5-6 presents the market share data for suppliers of DRE neurostimu-
lation technologies for 2017. 
 

5.1.3 Major Depressive Disorder 
Depression is a common disorder of unknown etiology that is not associated with any 
anatomical, functional, physiological, or biomolecular abnormalities that can be detected 
by existing imaging, in vitro diagnostics testing or DNS sequencing techniques.  Rather, 
the workup of patients suggestive of acute and chronic depression is based entirely on 
highly subjective patient perceptions of their own condition and highly subjective 
interpretation of patient responses to special questionnaires by interviewing physicians.   
 
Without a clear understanding of the causes of depression, and having no clear therapeutic 
target for pharmacologic or neurostimulation therapy, treatment may be characterized as 
“informed guess work.”  Clinically tested device-based options, such as externally-applied 
pulsed magnetic field therapy and electric stimulation, are generally based on the still to 
be proven assumption that rebutting brain cognitive processes at the atomic/molecular 
levels with a sequence of mild magnetic shocks or electrical impulses might bring these 
processes to their original normal setting.  Nevertheless, due to the tremendous cost of 
depression to the health care system and to society in general through lost productivity, 
device-based therapies are being employed for selected of the most severe cases, referred 
to as Major Depressive Disorder (MDD).   
 
Device-based technologies for MDD are of two major types:  vagus nerve stimulation 
(VNS) and transcranial magnetic stimulation (TMS).  In the case of the former, several 
manufacturers of VNS technologies—including LivaNova and Cerbomed—have secured 
regulatory approval of their systems originally developed for DRE to also treat MDD.  
However, global sales of their products remain small, estimated at $23.4 million in 2017, 
nearly 90% of which was implants.  Clearly, MDD represents an emerging but largely 
unproven application for VNS, with adoption plagued by the lack of clear etiologies and 
targets for the condition, discussed above.  Going forward, although the number of MDD 
patients treated with VNS therapies is projected to increase 10.0% annually, from 1,532 
patients in 2017 to 2,467 patients in 2022, the market will grow only 1.2% annually as 
sales of costly and invasive implants are gradually cannibalized by equally effective but  
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Exhibit 5-6: Global Drug Refractory Epilepsy Neurostimulation Devices Market, 
Estimated Supplier Shares, 2017 

 

Company Sales (mil$) Share 

   LivaNova 356.2 85.5% 

   PINS Medical 20.2 4.8% 

   NeuroPace 16.6 4.0% 

   Medtronic 12.4 3.0% 

   Cerbomed 2.8 0.7% 

   Others 8.2 2.0% 

TOTAL 416.4 100.0% 
 
 

 
 
 
Source:  Health Research International  
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less costly noninvasive devices.  The result will be a limited $24.8 million global MDD 
market for VNS stimulation therapies in 2022.   
 
The outlook appears much more promising for TMS capital systems, which are used to 
treat multiple patients noninvasively.  Although expensive to purchase (one supplier is 
using a leasing program to address this issue) and a full course of therapy is expensive 
(estimated $7,000 to $12,000), TMS is producing complete remission from MDD in about 
one-half of cases after 30 treatment sessions.  In addition, the high cost of therapy is 
roughly equal to that of drug therapy with significantly better outcomes.  As a result, most 
insurers in the U.S. are reimbursing therapy, so that the current market for TMS 
systems—estimated at $47.0 million in 2017—is concentrated in that country.  However, 
interest is growing in other nations and is expected to potentially rise dramatically if the 
U.S. experience continues to deliver good outcomes relative to drug therapy.  If these 
results are even better than anticipated, our forecast of a $136 million global market in 
2022 could be greatly understated.  Exhibit 5-7 presents the trend in sales of VNS 
implants, noninvasive VNS devices and TMS capital systems used in the treatment of 
MDD for 2016 through 2022. 
 
As shown in Exhibit 5-8, Neuronetics is the leading player in the MDD market based on 
its first-to-market advantage in TMS therapy.  It is followed closely by BrainsWay, which 
has grown its sales through a recent innovative leading program.  LivaNova is the 
dominant player in implant-based VNS therapy; however, the company’s estimated $18.0 
million in sales in 2017 represent a very small portion of its global total.  Cerbomed is the 
only company offering a noninvasive VNS therapy at present.  MagVenture is currently a 
small player in the TMS segment as it only recently received FDA marketing approval; 
however, the company is expected to do well going forward based on the lower operating 
costs associated with its technology relative to other TMS Systems.   
 

5.1.4 Migraine/Cluster Headache 
Chronic cluster headache and migraine are common primary headache disorders 
characterized by recurrent, incapacitating, throbbing headaches lasting from several hours 
to several days at a time.  Although the etiology of these disorders is unknown, they are 
assumed to result from a combination of circulatory, environmental, genetic, and 
hormonal factors (women are three times more likely than men to experience migraine) 
cause activation of some deep brain mechanisms leading to the release of inflammatory 
substances around the cerebral blood vessels and nerves.  An estimated 750 million to 1.1 
billion people worldwide are affected by these debilitating conditions, making migraine 
and cluster headache the 6th leading cause of years lost due to disability. 
 
Due to their uncertain causes, the treatment of migraine and chronic cluster headache pose 
a formidable challenge for practicing clinicians.  Oxygen and fast-acting pain and nausea 
medications are first-line therapies, sometimes supplemented with calcium channel 
blockers and corticosteroids.  Noninvasive VNS therapy is a more recent development,  
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Exhibit 5-7: Global Market for Technologies Targeting Major Depressive Disorders by Approach, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Adult Population (000) 5,457,527 5,527,128 5,595,720 5,664,181 5,732,253 5,799,999 5,867,850 1.2% 
   % with MDD 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%  
MDD Prevalence (000) 274.0 277.5 280.8 284.5 288.0 291.6 295.3 1.3% 
   % diagnosed 25.2% 25.1% 25.0% 24.9% 24.9% 24.8% 24.7%  
Diag MDD Patients (000) 69.0 69.6 70.2 70.9 71.6 72.2 72.8 0.9% 
   % drug refractory 33.3% 33.3% 33.3% 33.2% 33.2% 33.2% 33.1%  
Refractory MDD Patients (000) 23,000 23,185 23,370 23,559 23,749 23,940 24,132 0.8% 
         
VNS Technologies         
   % newly implanted  0.004% 0.004% 0.004% 0.003% 0.003% 0.003% 0.003%  
Implanted VNS Therapy Pts 875 872 869 766 763 760 757 (2.8%) 
   $/system 22,971 23,753 24,540 23,809 23,919 22,583 22,688 (0.9%) 
Implanted VNS Sales (mil$) 20.1 20.7 21.3 18.2 18.3 17.2 17.2 (3.7%) 
         
   % treated with noninvasive 0.002% 0.003% 0.004% 0.005% 0.005% 0.006% 0.007%  
Noninvasive MDD VNS Pts 450 660 870 1,080 1,290 1,500 1,710 21.0% 
   $/system 4,000 4,000 4,000 4,000 4,000 4,467 4,468 2.2% 
Noninvasive VNS Sales (mil$) 1.8 2.64 3.5 4.3 5.2 6.7 7.6 23.7% 
         
Total MDD VNS Patients 1,325 1,532 1,739 1,846 2,053 2,260 2,467 10.0% 
Total MDD VNS Sales (mil$)  21.9 23.4 24.8 22.6 23.4 23.9 24.8 1.2% 
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Exhibit 5-7: Global Market for Technologies Targeting Major Depressive Disorders by Approach, 2016-2022 (Continued) 

 2016 2017 2018 2019 2020 2021 2022 CAGR 
Noninvasive TMS Capital Equipment        
   $/refractory MDD patient 1.38 2.03 2.44 2.97 3.59 4.44 5.64  
Noninvasive TMS Systems (mil$) 31.9 47.0 57.1 69.9 85.3 106.3 136.0 23.7% 
         
TOTAL MDD DEVICES (mil$) 53.8 70.4 81.9 92.5 108.7 130.2 160.8 18.0% 
   Annual Increase  30.89% 16.42% 12.88% 17.58% 19.73% 23.55%  

 
Sales (mil$) 

 
Note:  CAGR is for 2017-2011. 
 
Source:  Health Research International 

Continued

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 5: Markets by Approach and Clinical Application 

________________________________________________________________________________ 
©2018, Health Research International                    5-20                                     #261-1-WW-0118 

 
 
 

Exhibit 5-8: Global Major Depressive Disorder Neurostimulation Devices Market, 
Estimated Supplier Shares, 2017 

 

Company Sales (mil$) Share 

   Neuronetics 24.0 34.1% 

   BrainsWay 23.0 32.7% 

   LivaNova 18.0 25.6% 

   Others 5.4 7.7% 

   Total 70.3 100.0% 
 

 

 
 
 
Note:  BrainsWay sales include leasing revenues.   
 
Source:  Health Research International 

 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 5: Markets by Approach and Clinical Application 

________________________________________________________________________________ 
©2018, Health Research International                    5-21                                     #261-1-WW-0118 

introduced in Western Europe and some international markets several years ago by 
Cerbomed (Nomos device) and electroCore (gammaCore system).  Although these 
technologies have been generally well received, sales have been limited to date and were 
estimated at only $8.9 million in 2017.  The launch of gammaCore in the U.S. in mid-
2017 following FDA approval in April is expected to drive fairly strong growth through 
the forecast period.  In addition, we are expecting LivaNova to launch its own noninvasive 
VNS technology for this application in 2019, which will further boost sales.  (Should this 
not occur, growth could be overstated.)  The result will be a dramatic increase in both the 
number of patients treated with noninvasive VNS devices, from 1,920 in 2017 to 36,000, 
and global sales of these devices to $199 million in 2022.  Exhibit 5-9 shows the annual 
trend in global patients treated and product sales for 2016 through 2022. 
 
electroCore currently dominates sales of hand-held VNS therapy devices based on its 
broad international distribution and well planned U.S. launch.  Company sales were 
estimated at $6.1 million in 2017, comprising an estimated 1,200 patients treated with 
12,000 devices at an average selling price of $505 each.  (U.S. pricing is currently $575 
per non-reusable device that delivers up to 300 treatments for up to 31 days, excluding 
initial discounts.  It is lower in other markets.)  Cerbomed is the only other competitor, 
posting estimated sales of $2.8 million for 720 patients.  Going forward, both companies 
are expected to see significant gains, although should LivaNova launch its own product as 
expected, it will certainly enjoy a competitive advantage based on its overall recognized 
expertise in VNS therapy.  Exhibit 5-10 presents these supplier share data for 2017. 
 

5.1.5 Post-Stroke Mobility 
Stroke is a life-threatening condition characterized by the sudden, catastrophic breakdown 
of the cerebrovascular system and blood supply which may be followed by irreversible 
injury to brain cells and severe neurological impairment or death.  Despite the remarkable 
progress made in medical science, technology and clinical practices relating to stroke, it 
remains a major public health problem globally due to the high cost of treating survivors 
left with major deficits.  Globally, an estimated 15 million people suffer a stroke annually, 
of which roughly 11.7 million are ischemic.  Depending on the location of the insult, up to 
one-quarter of patients die, and another 20% to 25% experience lasting neurological 
deficits, including partial or complete loss of extremity motor functions.  Even partial 
recovery of this function can take months or years of physical therapy, which often fails. 
 
Over the past several years, a number of the U.S. and foreign companies and academic 
research centers have investigated a potential role for implant-based VNS therapy in post 
ischemic stroke motor function recovery.  This is based on the notion that the central 
nervous system (CNS) is capable of reassigning some of tasks previously performed by 
the damaged or disabled areas of the brain to alternative sites.  Among the companies 
pursuing this concept is Micro-Transponder, whose IPG-based Vivistim Paired VNS 
System for the treatment of post-stroke upper limb mobility issues appears to have pro- 
gressed the farthest in clinical development.  Assuming the company’s pivotal VNS- 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 5: Markets by Approach and Clinical Application 

________________________________________________________________________________ 
©2018, Health Research International                    5-22                                     #261-1-WW-0118 

 

Exhibit 5-9: Global Market for Technologies Targeting Migraine and Cluster Headache, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Females 25-54 Years (000) 1,488,090 1,505,237 1,516,533 1,528,202 1,539,879 1,550,862 1,562,065 0.7% 
   % with migraine/Cluster Headache 39.1% 39.0% 39.0% 39.1% 39.1% 39.2% 39.3%  
Migraine/CH Prevalence (mil) 582.0 587.1 592.2 597.3 602.6 607.9 613.3 0.9% 
   % diagnosed 9.1% 9.1% 9.2% 9.2% 9.2% 9.2% 9.3%  
Diagnosed Migraine/CH Pts  (000) 52,800 53,574 54,249 54,925 55,602 56,230 57,307 1.4% 
   % drug refractory 5.7% 5.7% 5.6% 5.6% 5.6% 5.6% 5.5%  
Refractory Migraine/CH Pts (000) 3,000 3,027 3,054 3,082 3,109 3,137 3,166 0.9% 
   % treated with hand held 0.040% 0.063% 0.126% 0.230% 0.418% 0.669% 1.137%  
Patients Treated with Hand Held 
VNS Therapy 1,195 1,920 3,850 7,100 13,000 21,000 36,000 79.7% 
   $/system* 4,236 4,616 5,172 5,467 5,573 5,554 5,517  
Hand Held VNS Sys Sales (mil$) 5.1 8.9 19.9 38.8 72.5 116.6 198.6 86.2% 
   Annual Increase  75.07% 124.70% 94.94% 86.66% 60.98% 70.28%  

 
Continued
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Exhibit 5-9: Global Market for Technologies Targeting Migraine/Cluster Headache, 
2016-2022 (Continued) 

 
Patients: 

 
Sales (mil$) 

 
 
Note:  CAGR is for 2017-2022; price per system includes requirement for multiple devices 
annually, e.g., gammaCore preloaded for roughly one month’s use. 
 
Source:  Health Research International 
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Exhibit 5-10: Global Migraine/Cluster Headache Noninvasive VNS Therapies Market, 
Estimated Supplier Shares, 2017 

 

Company Sales (mil$) Share 

   electroCore 6.1 68.5% 

   Cerbomed 2.8 31.5% 

   Total 8.9 100.0% 
 

 
 
 
Source:  Health Research International 
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REHAB study of Vivistim Paired VNS for this application proves successful (completion is 
expected in early 2021), the company has a realistic chance of securing FDA approval before 
the end of 2021, followed by the CE Mark in 2022. As such, we are forecasting 
MicroTransponder may be able to place at least 2,000 Vivistim VNS systems valued at $60.0 
million in 2021, increasing to 5,500 systems valued at $165 million in 2022, all in the U.S. 
 
Until this potential emerging role for implant-based VNS therapy materializes, post-stroke 
mobility issues (as well as those encountered with spinal cord injury patients and individuals 
with drop foot) will continue to be addressed by external devices.  Those using functional 
electrical stimulation (FES) represented a nearly $93 million global market in 2017.  They 
will continue to represent a staple of this market, although growth will proceed at a relative 
modest 8.6% annual rate (relative to many of the noninvasive technologies covered in this 
report) to more than $140 million in 2022.  Exhibit 5-11 presents the annual trend in sales of 
emerging implant and existing noninvasive technologies for 2006 through 2022.    
 
Bioness is the leading supplier of noninvasive FES systems globally, with sales estimated at 
$35.9 million in 2017.  Ottobock is second, with a one-third share; however, it is expected to 
gain leadership via its distribution agreement with Bioness to market that company’s products 
in international markets.  Hanger, which makes the popular WalkAide device, is third, with an 
estimated 21% share.  Exhibit 5-12 presents these data.   
 

5.2 Hematologic Disorders (Post-Partum Hemorrhage) 
The number one cause of material death worldwide is major and catastrophic post-partum 
hemorrhage (PPH), defined as blood loss of more than 500 mL following vaginal delivery and 
more than 1,000 mL during caesarean delivery.  An estimated 75,000 to 90,000 such deaths 
occur annually, including 6,000 in the U.S.  The most common cause of PPH is failure of the 
uterus to contract immediately following delivery.  Risk factors include previous PPH, 
obesity, age greater than 40 years, trauma, exposure to serotonin-norepinephrine reuptake 
inhibitors in late pregnancy, and Asian race.  Current efforts to prevent PPH include 
administration of prophylactic oxytocin prior to delivery of the placenta, early umbilical cord 
clamping and cutting, and gentle cord traction.  Nevertheless, most patients require volume 
blood transfusions, and their hospital or clinic discharge is delayed. 
 
Sanguistat believes its noninvasive VNS technology, called the Neural Tourniquet, may be 
the solution to the problem of deaths due to PPH, as well as possibly to the challenge of 
extreme blood loss associated with such indications as haemophilia, trauma and post-
operative bleeding occurring in patients with compromised coagulation function.  The device 
transcutaneously delivers a series of specially configures electrical pulses to the vagus nerve 
bundle running along the left carotid artery.  This stimulation prompts platelet activation 
along with the release of platelet prime clotting factors to halt the bleeding.  Clinical studies 
suggest the Neural Tourniquet can reduce PPH by about 50% and haemophilia bleeding by up 
to 70% in a single 90-second treatment.  
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Exhibit 5-11: Global Market for Technologies Targeting Post-Stroke Mobility, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 
Population 65+ Years (000) 635,245 657,258 679,840 703,749 729,303 753,584 778,951 3.5% 
   % experiencing ischemic stroke 1.84% 1.80% 1.75% 1.71% 1.66% 1.62% 1.58%  
Ischemic Stroke Incidence (000) 11,715 11,813 11,912 12,012 12,113 12,214 12,317 0.8% 
   % with extremity motor deficits 8.9% 8.9% 8.9% 8.9% 8.9% 8.9% 8.9%  
Post-Stroke w/Motor Deficits (000) 1,040 1,048 1,057 1,065 1,074 1,083 1,092 0.8% 
         
   % newly implanted  0.00% 0.00% 0.00% 0.00% 0.00% 0.18% 1.47%  
New VNS Implant Therapy Patients 0 0 0 0 0 2,000 16,000  
   $/system - - - - - 12,000 10,313  
Implanted VNS Therapy Sales (mil$) 0.0 0.0 0.0 0.0 0.0 24.0 165.0  
         
   $FES devices/motor deficit patient 83.2 88.4 94.0 100.3 107.2 116.8 128.3 7.7% 
Noninvasive FES Devices (mil$) 86.5 92.7 99.4 106.8 115.1 126.5 140.1 8.6% 
         
TOTAL POST-STROKE MOTOR 
DEFICIT SALES (mil$) 86.5 92.7 99.4 106.8 115.1 150.5 305.1 26.9% 
   Annual Increase  7.12% 7.23% 7.55% 7.77% 30.70% 102.73%  

 
Continued 
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Exhibit 5-11: Global Market for Technologies Targeting Post-Stroke Mobility,        
2016-2022  (Continued) 

 
 
 
Sales (mil$): 
 

 
 
 

Note:  CAGR is for 2017-2022  
 
Source:  Health Research International 
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Exhibit 5-12: Global Post-Stroke Mobility Therapy Devices Market,                 
Estimated Supplier Shares, 2017 

 

Company Sales (mil$) Share 

   Bioness 35.9 38.7% 

   Ottobock 31.0 33.4% 

   Hanger 19.3 20.8% 

   Others 6.5 7.0% 

   Total 92.7 100.0% 
 
 

 
 
 
Source:  Health Research International 
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Sanguistat plans to have the pivotal trial of its technology underway by mid-2018, with 
completion expected by the end of the year and FDA approval in early 2019.  Assuming this 
schedule is met, we expect the Neural Tourniquet will become widely adopted by clinicians 
and providers as offering significant benefits, including meaningful time savings on the part 
of the nursing staff, radically reduced blood product requirements, and shortened hospital 
stays.  With this in mind, we have forecast sales of the Neural Tourniquet will increase from 
$48.0 million in 2019 to $357.0 million in 2022, as shown in Exhibit 5-13. 
 

5.3   AutoImmune Inflammatory Disorders 
Autoimmune inflammatory conditions are characterized by the failure of the body’s immune 
system to recognize its own cells and tissues, causing it to attack them as “foreign invaders” 
and resulting in inflammation of the tissues involved.  Clinical research has been conducted 
into the value of VNS stimulation for treating two major autoimmune inflammatory 
conditions—rheumatoid arthritis and inflammatory bowel disease (especially Crohn’s)—with 
very promising results.  However, only the first is expected to result in a commercial product 
before the end of the forecast period.  As such, it will be the focus of the following discussion. 
 
Rheumatoid arthritis (RA) is the most common autoimmune disorder in which the synovium, 
the tissue lining the insides of the joints that produces the lubricating fluid that helps joints 
move smoothly, thickens, leading to swelling and pain in and around the joints.  If the 
inflammation goes unchecked, it can damage the cartilage as well as the bones themselves, 
resulting in loose joints, joint instability, lack of mobility and even joint deformity.  This joint 
damage cannot be reversed, which is why it is recommended that RA be diagnosed as early as 
possible and treated aggressively to slow its progression. 
 
RA is quite prevalent in industrialized Western nations, but virtually nonexistent in most 
Asia-Pacific, African and Latin American nations.  At present, the disease is considered 
incurable.  Treatment relies on non-steroidal anti-inflammatory drugs, steroids, disease-
modifying antirheumatic drugs and biologics.  The latter have multiple undesirable and even 
life-threatening side effects or are extremely expensive, e.g., annualized treatment cost in the 
U.S. ranges from $70,000 to $120,000.  Clearly, RA presents a major opportunity for a 
company that can offer a more cost effective solution with minimal or even no side effects. 
 
Several medical device companies and academic research entities are pursuing such a 
solution, specifically using VNS to activate the body’s natural inflammatory reflex to produce 
a systemic anti-inflammatory effect.  This approach is based on accumulated clinical 
experience indicating that physical manipulation of the vagus nerve in the carotid area is 
associated with visible inhibition of peripheral blood production of pro-inflammatory factors 
and the release of compensating anti-inflammatory cytokines.   
 
SetPoint Medical appears to have achieved the greatest progress in developing an IPG-based 
VNS Therapy System for RA indications.  In December 2017, the company received IDE 
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Exhibit 5-13: Global Market for Technologies Targeting Hematological Disorders, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 
Live Births (mil) 128.6 130.6 132.6 134.6 136.8 138.9 141.2 1.57% 
   % developing major PPH  13.9% 13.9% 13.9% 13.9% 13.9% 13.9% 13.9%  
PPH Incidence (mil) 17.8 18.1 18.4 18.7 19.0 19.3 19.6 1.60% 
    % catastrophic  19.9% 19.9% 19.9% 19.8% 19.8% 19.8% 19.8%  
PPH Cases (000) 3,551 3,603 3,655 3,709 3,763 3,819 3,876 1.47% 
   % treated with VNS therapy 0.0% 0.0% 0.0% 0.2% 0.6% 1.0% 1.5%  
VNS-Assisted PPH Patients  0 0 0 6,000 23,000 40,000 57,000 - 
   $/system    8,000 6,565 6,350 6,263 - 
PPH VNS System Sales (mil$)    48.0 151.0 254.0 357.0 - 
  Annual Increase     214.6% 68.2% 40.6%  

 
               Patients:                                                                           Sales (mil$): 

 
Note:  PPH = post-partum hemorrhage; Major PPH = >500mL; Catastrophic PPH = >1,000 mL; CAGR is for 2017-2022 
 
Source:  Health Research International 
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approval from the FDA to initiate a pilot trial in the U.S. for patients with drug refractory 
RA.  The proprietary SetPoint bioelectronic device will be surgically placed on the vagus 
nerve and activated based on a predetermined dosage schedule to evaluate its safety and 
efficacy.  Assuming a favorable outcome, the company will move to a larger trial of its 
RA VNS Therapy System and, optimally, receive FDA marketing approval in 2021.  As 
such, we have forecast sales of 10,000 implants valued at $240 million in the U.S. and 
Major Europe in the system’s first full year on the market based on the magnitude of the 
RA population’s unmet need.  Exhibit 5-14 shows this forecast. 
 

5.4 Chronic Widespread Pain 
Pain is an enormous problem globally, affecting all populations regardless of age, sex, 
income, race/ethnicity, or geography.  It can be experienced acutely, chronically or 
intermittently, or a combination of the three.  The largest causes of pain are cancer, 
arthritis, surgical procedures, injuries and spinal disorders, making the etiology of pain a 
complex, transdisciplinary matter.  Pain has multiple, serious sequalae, including but not 
limited to depression, inability to work, disrupted social relationships and suicidal 
thoughts.  Of those living with chronic pain, the median time of exposure is 7 years. 
 
Estimates of the global prevalence of chronic pain vary widely, from less than 10% of the 
adult population in less developed nations to as much as 25% in developed nations.  We 
have elected to use a global prevalence of roughly 60 million individuals which, even if 
understated, provides a significant addressable market for manufacturers and developers 
of neurostimulation technologies targeting the condition.  Such devices have attracted 
increasing attention with the growing opioid epidemic in the U.S. and selected other 
developed nations.  Their ability to address the problem of chronic pain without the 
potential dependency associated with drug therapy bodes well for their adoption. 
 
Until recently, the major neurostimulation approach to chronic widespread pain was the 
implantation of spinal cord stimulation (SCS) devices.  These are similar in configuration 
to other neurostimulation implants, i.e., they use an IPG and leads—in this application, the 
leads are inserted into the epidural space—however, they have tended to be a bit more 
cost effective.  Due to the high prevalence of back and orthopedic pain in developed 
nations, such devices comprised a nearly $2.0 billion market in 2017, and sales are 
projected to increase 5.9% annually through 2022 to $2.66 billion, maintaining their 
position as the leading neurostimulation market globally.  At the same time, non-invasive 
solutions to chronic widespread pain have recently emerged that are poised to see 
dramatic growth.  They include peripheral nerve and wearable stimulation technologies.  
We have also included injectable microimplants in this category based on their non-
invasive nature relative to traditional SCS implants.  Sales of noninvasive devices were 
estimated at only $15.8 million in 2017, but are projected to increase 85.8% annually 
through 2022 to $350.0 million in 2022.  (Should they prove of equal or nearly equal 
efficacy as SCS implants, this growth could be grossly understated, and that for implants  
overstated.)  The result will be a combined 8.4% annual increase in global sales of neuro- 
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Exhibit 5-14: Global Market for Technologies Targeting Autoimmune Disorders, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Females 40+ Years (000) 1,349,540 1,376,590 1,403,466 1,430,899 1,458,701 1,486,222 1,516,781 2.0% 
   % developing RA 0.028% 0.028% 0.028% 0.027% 0.027% 0.027% 0.027%  
RA Incidence (000) 382.0 385.4 388.8 392.3 395.8 399.3 402.9 0.9% 
   % severely acute 41.6% 41.8% 42.0% 42.2% 42.3% 42.5% 42.7%  
Severely Acute RA (000) 158.8 161.0 163.2 165.4 167.6 169.8 172.0 1.3% 
   % newly implanted          
Newly Implanted VNS Patients - - - - - - 10,000 - 
   $/system - - - - - - 24,000 - 
RA VNS Therapy Sales (mil$) - - - - - - 240.0 - 

 
Note:  RA = rheumatoid arthritis; VNS = vagus nerve stimulation 
 
Source:  Health Research International 
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stimulation technologies targeting chronic widespread pain to $3.0 billion in 2022.  
Exhibit 5-15 shows the annual trend in sales by approach for 2016 through 2022. 
 
The current market for neurostimulation technologies targeting chronic, widespread pain 
is dominated by the four major suppliers of SCS implants.  Abbott, through its acquisition 
of St. Jude Medical, is the market leader, posting nearly $600 million in sales of SCS and 
dorsal root ganglion (DRG) stimulation devices in 2017.  Boston Scientific, the leader in 
the U.S. market, is second with global sales estimated at $535 million (27% share).  
Medtronic is third (22% share), followed by Nevro (16% share).  The latter is a more 
recent participant that has enjoyed rapid gains in this market based on the reported 
advantages of its HF10 technology over traditional SCS systems.  These include better 
efficacy for chronic back and leg pain, lack of sleep and driving restrictions, and a 10-year 
battery life.  Other suppliers include manufacturers of noninvasive technologies (e.g., 
NeuroMetrix, BioElectronics, StimWave and SPR Therapeutics) as well as regional 
manufacturers of SCS devices.  Together, they contributed just under $104 million in sales 
(5% share) in 2017.  Exhibit 5-16 presents these supplier share data. 
 

5.5 Cardiovascular Disorders (Heart Failure) 
Heart failure—characterized by the clinically significant and progressive impairment of 
the heart’s pumping function—is a widespread and costly condition that leads to frequent 
hospitalizations and continuous monitoring and, thus, represents a major burden for health 
delivery systems worldwide.  It may result from a variety of congenital or acquired 
anatomic and functional cardiac pathologies, as well as from certain extrinsic abnormali-
ties in systemic processes and signaling pathways that compromise normal hemodynamic 
exchange.  Heart failure has no cure.  Treatment is primarily drug-based (beta blockers, 
diuretics, vasodilators, digitalis, and ACE inhibitors) and may also use cardiac resynchro-
nization therapy, mechanical circulatory assist devices, and heart transplantation. 
 
The global prevalence of heart failure, which is most common in individuals 65 years of 
age and older, has been estimated at anywhere from 26 million to 38 million adults.  Due 
to the large patient population and lack of a cure, it represents a significant unmet need in 
medicine which is being targeted by a variety of new technologies and approached. 
 
Neurostimulation is a relative new approach to heart failure.  CVRx and LivaNova are 
marketing virtually identical IPG-based systems intended to provide autonomic regulation 
therapy in patients with advanced heart failure.  Their difference is their stimulation 
targets:   the CVRx Barostim Neo interfaces with the carotid artery to directly stimulate 
baroreceptors located in the carotid sinus area, whereas LivaNova’s Vitara system 
stimulates the vagus nerve bundle incorporating afferent fibers from carotid baroreceptors 
in the same zone.  The Barostim NEO received the CE Mark for blood pressure manage-
ment in 2011, which was extended to include labeling for heart failure in 2014.  LivaNova 
secured the CE Mark for its Vitara system for autonomous regulation of cardiac parame-  
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Exhibit 5-15: Global Market for Technologies Targeting Chronic Widespread Pain, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 
Global Population (000) 7,325,997 7,405,108 7,483,050 7,560,168 7,636,084 7,710,620 7,783,985 1.0% 
   % with chronic pain 0.820% 0.835% 0.852% 0.871% 0.892% 0.903% 0.932%  
Global Prev Chronic Pain (000) 60,100 61,867 63,773 65,839 68,110 69,665 72,527 3.2% 
         
Implants         
   % undergoing SCS 0.180% 0.184% 0.188% 0.193% 0.198% 0.204% 0.210%  
New SCS Implantations 107,950 113,600 119,920 126,850 134,650 142,400 152,000 6.0% 
   $ products/patient 17,386 17,548 17,555 17,578 17,602 17,572 17,470 (0.1%) 
SCS Systems (mil$) 1,876.8 1,993.5 2,105.2 2,229.7 2,370.2 2,502.3 2,655.5 5.9% 
         
Noninvasive         
   $ noninvasive/mil chronic pts 0.17 0.26 0.45 0.92 1.78 3.11 4.83 80.0% 
Noninvasive Devices (mil$) 10.5 15.8 28.6 60.4 121.0 217.0 350.0 85.8% 
         
TOTAL CHRONIC PAIN 
DEVICES (mil$) 1,887.3 2,009.3 2,133.8 2,290.1 2,491.2 2,719.3 3,005.5 8.4% 
   Annual Increase  6.46% 6.20% 7.33% 8.78% 9.16% 10.52%  
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Exhibit 5-15: Market for Technologies Targeting Chronic Widespread Pain,         
2016-2022 (Continued) 

 
 

Sales (mil$): 
 

 
 
Note:  Noninvasive category includes injectable microimplants based on their minimally 
invasive implantation relative to traditional SCS systems; CAGR is for 2007-2022. 
 
Source:  Health Research International  
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Exhibit 5-16: Global Chronic Pain Market, Estimated Supplier Shares, 2017 

Company Sales (mil$) Share 

   Abbott/St. Jude Medical 597.0 29.7% 

   Boston Scientific 535.0 26.6% 

   Medtronic 447.0 22.2% 

   Nevro 326.6 16.3% 

   NeuroMetrix 12.4 0.6% 

   Others 91.3 4.5% 

TOTAL 2,009.3 100.0% 
 
 

 
 
Note:  Abbott sales include dorsal root ganglion (DRG) devices. 
 
Source:  Health Research International 
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ters in patients with NYHA Class II/III heart failure in 2015.  The Vitara system is also 
marketed in India and some other international markets.   
 
The clinical community’s adoption of the Barostim Neo and Vitara systems has been 
limited.  The reasons for this appear to include:  1) the failure of BioControl’s major 
(>700 patients) INOVATE-HF pivotal trial of its CardioFit VNS Therapy System, a 
similar, if not identical, technology to the Barostim Neo and Vitara;  2) the small size (146 
and 60 patients, respectively) of CVRx’ and LivaNova’s studies supporting their CE Mark 
certifications; and 3) clinicians’ reluctance to implant an IPG of marginal clinical value in 
pectoral space that might be needed for the implantation of proven, life-extending devices, 
such as CRTs or ICDs.  Based on these challenges, it seems unlikely that the Barostim 
Neo and Vitara systems will see significant growth in their adoption through the forecast 
period.  As such, we are forecasting sales will only reach $9.5 million in 2022.  Exhibit 5-
17 presents the annual trend in sales for 2016 through 2022, and Exhibit 5-18 presents the 
estimated distribution of implant system sales between CVRx and LivaNova. 
 
Implant based heart failure devices will be complemented by several noninvasive 
technologies that aim to expedite recovery from acute decompensated heart failure in a 
hospital setting.  These are intravascular, catheter-based technologies inserted percu-
taneously at the bedside in much the same manner as a Swan-Ganz catheter.  They are 
used with an external energy source to stimulate the cardiac plexus or aortic baroreceptor 
to benignly increase contractility, resulting in improved cardiac output, renal blood flow, 
urine production and pharmacologic tolerance.  Additional benefits are expected to 
include shorter hospital stays and reduced readmissions.  The catheters are designed for a 
1- to 3-day indwelling time.  Cardionomic, NeuroTronik and Enopace Medical are 
pursuing such technologies, for which they have only recently commenced clinical testing.  
Pricing plans have yet to be announced, and launch dates are uncertain.  Nevertheless, due 
to their noninvasive nature and their potential ability to shorten hospitalizations for heart 
failure, we believe marketing approval for one or more of these devices could be forth-
coming by late 2021.  As such, we have forecast minimal sales for 2021 and 2022, 
concentrated entirely in the U.S.  Should these devices be approved and marketed before 
2021, this forecast will be understated.  Conversely, should marketing approvals be 
delayed until after 2021 or 2022, the forecast sales will not materialize until later.   
 

5.6 Incontinence 
Incontinence is defined as a lack of voluntary control over urination or defecation.  It is 
common worldwide, especially in females who have borne children; however, because it 
is not life-threatening but, rather, is usually considered embarrassing, it does not receive 
the attention or product development efforts generated by more “serious” medical 
conditions and disorders.   
 
Notwithstanding its second-rate medical status, incontinence is a distressing condition that 
has a large impact on quality of life.  Women in particular have become more open and  
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Exhibit 5-17: Global Market for Technologies Targeting Heart Failure, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Population 65+ Years (000) 421,369 436,701 452,452 469,217 487,153 503,676 521,050 3.6% 
   % developing Class II/III HF 0.68% 0.66% 0.64% 0.62% 0.60% 0.59% 0.57%  
Incidence Class II/III HF (000) 2,850 2,873 2,895 2,917 2,940 2,963 2,985 0.8% 
   % without IPG 85.1% 83.3% 81.6% 79.8% 78.0% 76.3% 74.5%  
Class II/III HF Pts w/o IPG (000) 2,425 2,394 2,361 2,328 2,295 2,261 2,225 (1.5%) 
         
Implants         
   % implanted  0.010% 0.013% 0.017% 0.021% 0.024% 0.028% 0.032%  
HF VNS Implant Patients 240 320 400 480 560 640 720 17.6% 
   $/system 13,500 13,234 13,236 13,238 13,238 13,139 13,138 (0.1%) 
VNS HF Implant Sales (mil$) 3.24 4.24 5.29 6.35 7.41 8.41 9.46 17.4% 
         
Noninvasive (Acute HF Recovery)        
   $ noninvasive/HF Pt w/o IPG 0.00 0.00 0.00 0.00 0.00 0.35 1.35 - 
Noninvasive Devices (*mil$) 0.00 0.00 0.00 0.00 0.00 0.80 3.00 - 
         
TOTAL HF Devices (mil$) 3.24 4.24 5.29 6.35 7.41 9.21 12.46 24.1% 
   Annual Increase  30.71% 25.02% 20.01% 16.67% 24.22% 35.29%  

 
Note:  Population and other leading indicators are for the U.S., Major Europe and Major Asia only as no sales are expected in rest-of-
world nations through the end of the forecast period; CAGR is for 2017-2022 
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Exhibit 5-17 Market for Technologies Targeting Heart Failure, 2016-2022 (Continued) 

 
Implant Patients: 

 
 

Sales (mil$): 

 
 
 
Source:  Health Research International 
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Exhibit 5-18: Global Heart Failure Market, Estimated Supplier Shares, 2017 

Company Sales (mil$) Share 

   CVRx 2.14 50.5% 

   LivaNova 2.10 49.5% 

TOTAL 4.24 100.0% 
 
 

 
 
 
Source:  Health Research International 
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vocal about the problem, which has led to some innovation in the area, e.g., new drugs, 
bulking agents, new types of surgery and, most recently, Botox therapy.  Nevertheless, 
most patients continue to use absorbent products to manage their condition.   
 
Nerve stimulation is being used to address severe incontinence—particularly overactive 
bladder (OAB) and urge incontinence—that has not responded to other methods.  Sacral 
nerve stimulation (SNS) focuses on the sacral nerve, which is thought to normalize neural 
communication between the bladder/bowel and the brain.  Unlike drugs, which target the 
muscular component of bladder control, SNS controls symptoms through direct modula-
tion of the nerve activity.  Tibial nerve stimulation (TNS) similarly targets nerves 
involved in OAB.   
 
SNS and TNS may be delivered via implant or externally.  Medtronic pioneered the 
implant segment of SNS via its InterStim technology, which has demonstrated the greatest 
success and which dominates this market.  Global sales of SNS implants were estimated at 
$379 million in 2017, a slight decline from the previous year, but are projected to increase 
3.0% annually to $440 million in 2022 with demographics and an increase in refractory 
patients.  Noninvasive technologies represent a much smaller segment—estimated at 
$22.2 million in 2017.  They include Cogentix Medical’s percutaneous TNS device for 
OAB and BlueWind Medical’s miniature, wireless, battery-less RENOVA TNS implant, 
among others.  (The latter is technically an implant but, because it is 90% smaller than 
traditional IPG-based implants, we have categorized it as a noninvasive technology.)  
BlueWind received the CE Mark for RENOVA in June, 2016 and, in January, 2018, 
announced good results from its OPTIMIST Study.  Pricing of the device is expected to be 
slightly lower than that of traditional SNS implants based on the greater ease and lower 
cost of implantation.  We have assumed relatively rapid adoption of the BlueWind 
technology, boosting sales of noninvasive incontinence neurostimulation technologies 
50.3% annually to $170.5 million in 2022.  Should the BlueWind technology prove more 
compelling or less expensive than anticipated, this forecast could be understated.  Exhibit 
5-19 presents the annual trend in sales of incontinence neurostimulation technologies by 
approach for 2016 through 2022. 
 
Medtronic total dominates the incontinence neurostimulation market at present, with an 
estimated 89% share in 2017.  This reflects both the established nature of the technology 
and its high cost.  Cogentix Medical is a distant second based on its Urgent PC device.  
Product sales have stagnated in recent years but are expected to benefit from increasing 
attention on the benefits of noninvasive treatment.  Exhibit 5-20 shows these market share 
data for 2017. 
 

5.7 Sleep Apnea 
Sleep apnea is a common, chronic condition that occurs when the upper airway becomes 
blocked repeatedly during sleep, reducing or completely stopping air flow—called 
obstructive sleep apnea (OSA)—or when the brain fails to send the proper signals to the  
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Exhibit 5-19: Global Market for Technologies Targeting Incontinence, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Females 40+ Years (000) 1,349,540 1,376,590 1,403,466 1,430,899 1,458,701 1,486,222 1,516,781 2.0% 
   implants/000 females 40+ 0.0194 0.0189 0.0190 0.0193 0.0196 0.0199 0.0203  
         
Implants         
SNS Implant Patients (000) 26,140 26,055 26,660 27,570 28,550 29,645 30,725 3.4% 
   $/patient 14,566 14,562 14,555 14,473 14,445 14,371 14,315  
SNS Implant Sales (mil$) 380.8 379.4 388.0 399.0 412.4 426.0 439.8 3.0% 
         
Noninvasive         
   $ noninvas/000 females 40+ 0.016 0.016 0.017 0.026 0.045 0.074 0.112  
Noninvasive Implants (mil$) 21.7 22.2 23.6 36.5 65.6 109.6 170.5 50.3% 
         
TOTAL INCONTINENCE 
DEVICES (mil$) 402.5 401.6 411.6 435.5 478.0 535.6 610.4 8.7% 
   Annual Increase  -0.21% 2.49% 5.80% 9.75% 12.07% 13.95%  

 
 
Note:  BlueWind Medical TNS implant is included with noninvasive devices based on its small size and wireless and battery-less 
nature relative to traditional SNS implants. 
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Exhibit 5-19: Global Market for Technologies Targeting Incontinence, 2016-2022 
(Continued) 

 
Sales (mil$): 

 

 
 
Source:  Health Research International 
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Exhibit 5-20: Global Incontinence Market, Estimated Supplier Shares, 2017 

Company Sales (mil$) Share 

   Medtronic 358.6 89.3% 

   Cogentix Medical 21.6 5.4% 

   Other 21.4 5.3% 

TOTAL 401.6 100.0% 
 
 

 
 
 
Source:  Health Research International 
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muscles that control breathing—called central sleep apnea.  The former is the more 
common of the two forms and is typically treated with continuous positive airway 
pressure (CPAP) therapy, which delivers air pressure through a mask worn at night to 
keep the upper airway open.  Central sleep apnea is more frequently treated using bi-level 
positive airway pressure (biPAP), which is more effective for that type.   
 
Interest in managing sleep apnea stems not only from the condition’s side effects, e.g., 
daytime fatigue and sleepiness, but also from its role as an independent risk factor for 
several clinical sequelae, including systemic hypertension, cardiovascular disease, stroke 
and abnormal glucose metabolism.  As such, compliance with therapy is important to 
preventing these sequelae. 
 
Neurostimulation represents a highly promising application for sleep apnea for patients 
failing or refusing to use CPAP therapy.  Although hypoglossal nerve stimulation (HGNS) 
is invasive relative to CPAP therapy, the latter continues to be plagued by patient dissatis-
faction with the “mechanics” of delivery and, hence, has a very high level of patient 
noncompliance, estimated at 50%.  HGNS offers the potential to virtually ensure 
compliance for patients with the greatest risk factors for sleep apnea’s sequelae.   
 
Sales of HGNS devices were estimated at $31.0 million in 2017, almost exclusively by 
Inspire Medical Systems.  With the anticipated entry of LivaNova/ImThera products in the 
U.S. (the company has only a small presence in Europe at present) and growing distribu-
tion by Inspire, sales are projected to increase 61.2% annually to $337.5 million in 2022.  
This growth will reflect a 73% annual increase in patients treated globally but also the 
high cost of these systems.  Should HGNS therapy prove more cost effective and less 
invasive than is currently evident, this forecast could be understated.  Exhibit 5-21 shows 
the annual trend in the sleep apnea neurostimulation market for 2016 through 2022. 
 
Inspire Medical Systems accounted for virtually all sales in this market in 2017 (see 
Exhibit 5-22).  ImThera’s sales were estimated at only $500,000.  However, going 
forward, the two companies—and possibly additional competitors—are expected to both 
compete for patients and grow the market through their educational and sales efforts. 
 

5.8 Respiratory Insufficiency (Diaphragm Pacing) 
Respiratory insufficiency is the inability of the lungs to take in sufficient oxygen or expel 
sufficient carbon dioxide to meet the body’s gas exchange needs.  It can occur acutely, 
such as after a major surgical procedure, or chronically, as a result of musculoskeletal 
abnormalities, extreme obesity, neuromuscular diseases, or intrinsic pulmonary disorders.  
Our primary interest here is in chronic respiratory insufficiency occurring secondary to a 
spinal cord injury or neuromuscular disease, such as amyotrophic lateral sclerosis (ALS), 
or in patients whose diaphragm, lungs and phrenic nerves have limited function.  When 
such patients lose their ability to breathe naturally, they must be sustained by mechanical 
assist from a ventilator.  Although short-term ventilation is relatively safe, especially 
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Exhibit 5-21: Global Market for Technologies Targeting Sleep Apnea, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 
Adult Males 272,193,315 274,534,992 276,282,053 278,024,655 279,729,491 281,409,270 283,087,899 0.6% 
   % with severe OSA  11.0% 11.2% 11.4% 11.6% 11.8% 12.0% 12.2%  
Males with Severe OSA 29,941,265 30,747,919 31,496,154 32,250,860 33,008,080 33,769,112 34,536,724 2.4% 
         
Adult Females 286,170,660 288,149,059 289,872,328 291,600,978 293,303,677 294,994,683 296,697,806 0.6% 
   % with severe OSA  4.5% 4.6% 4.7% 4.8% 4.9% 5.0% 5.1%  
Females with Severe OSA 12,877,680 13,254,857 13,623,999 13,996,847 14,371,880 14,749,734 15,131,588 2.7% 
         
Adults withSevere OSA 42,818,944 44,002,776 45,120,153 46,247,707 47,379,960 48,518,847 49,668,312 2.5% 
   % diagnosed 24.7% 25.2% 25.7% 26.2% 26.7% 27.2% 27.7%  
Adults with Diag OSA 10,565,279 11,080,068 11,588,772 12,111,404 12,646,636 13,195,079 13,757,922 4.4% 
   % not using CPAP 47.6% 48.8% 50.5% 52.2% 54.5% 56.8% 59.0%  
Non-CPAP Patients 5,031,841 5,408,311 5,852,566 6,328,037 6,892,509 7,489,609 8,121,079 8.5% 
   % undergoing HGNS 0.0145% 0.0250% 0.0380% 0.0559% 0.0851% 0.1335% 0.1847%  
HGNS Patients 730 1,350 2,225 3,535 5,865 10,000 15,000 61.9% 
   $/patient 23,199 22,933 22,813 22,562 22,507 22,524 22,500  
HGNS Devices (mil$) 16.9 31.0 50.8 79.8 132.0 225.2 337.5 61.2% 
   Annual Increase  82.82% 63.95% 57.12% 65.51% 70.63% 49.84%  

 
Note:  Severe OSA = Apnea Hypopnea Index (AHI) ≥30; HGNS = hypoglossal nerve stimulation; leading indicators are for the U.S. 
and Major Europe only due to the virtual total concentration of implantations and sales to those regions through the forecast period; 
CAGR is for 2017-2022  
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Exhibit 5-21 Market for Technologies Targeting Sleep Apnea, 2016-2022 
(Continued) 

 
Patients: 

 
 
 

Sales (mil$): 

 
 

Source:  Health Research International 
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Exhibit 5-22: Global Sleep Apnea Market, Estimated Supplier Shares, 2017 

Company Sales (mil$) Share 

   Inspire Medical Systems 30.5 98.4% 

   LivaNova/ImThera 0.5 1.6% 

TOTAL 31.0 100.0% 
 
 

 
 
 
Source:  Health Research International 
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when using a noninvasive mode, long-term mechanical ventilation carries a high risk of 
respiratory muscle wasting, pneumonia, lung injury, swallowing dysfunction and mucosal 
ulcers, among others.  Also, the individual is tied to the machine, limiting his mobility. 
 
Diaphragm pacing is a method whereby electrical stimulation of the phrenic nerve that 
controls the diaphragm muscle, or direct stimulation of the diaphragm itself, is used to 
trigger the intake of oxygen and, through cessation of stimulation, produce exhalation.  
Alternating these steps can restore a normal breathing pattern, allowing the patient to 
eliminate his reliance on mechanical ventilation entirely or significantly reduce the time it 
is required.  The leads of these systems are implanted in the diaphragm or around one of 
the phrenic nerves and connected to a stimulator that activates the electrical impulses.   
 
Due to the small number of individuals worldwide with chronic respiratory insufficiency 
requiring long-term mechanical ventilation support, the global market for diaphragm 
pacing technologies is small, estimated at $14.4 million in 2017.  The vast majority of 
these sales are to the U.S. and Major European nations, which can afford the “luxury” of 
this option.  Penetration of the target caseload will proceed gradually, with system sales 
increasing 6.5% annually to $20.7 million in 2022.  Should Synapse Biomedical succeed 
in proving diaphragm pacing is both safe and highly effective for ALS patients (recent 
studies have suggested it is neither), this forecast could be understated.  Exhibit 5-23 
presents the annual trend in this “orphan” market for 2016 through 2022. 
 
Although the newest supplier to the market and having a more restricted approval for its 
NeuRx System than that of Avery Biomedical, Synapse Biomedical is the leader in 
diaphragm pacing systems, with an estimated 62% market share in 2017.  This reflects the 
company’s aggressive educational and promotional efforts, including having Christopher 
Reeves as one if its customers.  Synapse and Avery compete globally (but especially in 
the U.S.), whereas Atrotech is a long-standing supplier to the European market.  Exhibit 
5-24 presents estimated supplier share data for the diaphragm pacing market.   
 

5.9 Other Disorders 
Other disorders treated with neurostimulation technologies include obesity, chronic 
tinnitus, gastroesophageal reflux disease (GERD), opioid withdrawal symptoms, and 
autism.  The technologies used are either well established with nominal sales (e.g., 
obesity, GERD), or are only now emerging and lack the benefit of major clinical trials 
establishing noteworthy outcomes (e.g., chronic tinnitus, opioid withdrawal symptoms, 
autism).  Nevertheless, as shown in Exhibit 5-25, we have forecast relatively strong sales 
growth for the two emerging noninvasive technologies, from $600,000 in 2017 to $94 
million in 2022.  In the case of the opioid withdrawal technology, we expect rapid 
adoption in the U.S. based on the magnitude of the opioid epidemic in that country and the 
marketing astuteness of clinics serving those patient populations.  (Although utilizing 
percutaneous access, we have treated this technology as noninvasive.)  In the case of 
technologies targeting autism, clinical studies conducted to date suggest that this home-  

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 5: Markets by Approach and Clinical Application 

________________________________________________________________________________ 
©2018, Health Research International                    5-50                                     #261-1-WW-0118 

Exhibit 5-23: Global Market for Diaphragm Pacing Technologies, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Adult Population (000) 619,340 623,860 627,468 631,061 634,610 638,116 641,604 0.6% 
   % with ALS 0.006% 0.006% 0.006% 0.006% 0.006% 0.007% 0.007%  
ALS Prevalence 34,100 35,500 37,400 39,300 41,000 42,700 44,800 4.8% 
   % undergoing diaphragm pace 3.09% 3.13% 3.17% 3.21% 3.24% 3.30% 3.35%  
New Diaphragm Pacing Patients 1,055 1,110 1,185 1,260 1,330 1,410 1,500 6.2% 
   $ devices/patient 13,628 13,611 13,606 13,704 13,752 13,786 13,805  
Diaphragm Pacing Sys (mil$) 14.4 15.1 16.1 17.3 18.3 19.4 20.7 6.5% 
   Annual Increase  5.08% 6.72% 7.09% 5.93% 6.28% 6.53%  

 
                      Patients:                                                                      Sales (mil$): 

  
Note:  ALS has been used as the leading indicator for diaphragm pacing despite clinical reservations because of the challenge of 
quantifying spinal cord injury patients; leading indicators are for the U.S. and Major Europe only due to the strong concentration of 
implantations and sales to those regions; CAGR is for 2017-2022      Source:  Health Research International 
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Exhibit 5-24: Global Diaphragm Pacing Market, Estimated Supplier Shares, 2017 

Company Sales (mil$) Share 

   Synapse Biomedical 9.4 62.3% 

   Avery Biomedical 3.6 23.8% 

   Atrotech 2.1 13.9% 

TOTAL 15.1 100.0% 
 
 

 
 
 
Source:  Health Research International 
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Exhibit 5-25: Global Market for Other Neurostimulation Technologies, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

Implants         
  Obesity 1.2 1.2 1.2 1.2 1.1 1.1 1.1 (1.7%) 
  GERD 0.3 0.3 0.4 0.7 1.0 1.3 1.7 41.5% 
  Tinnitus 0.0 0.0 0.0 0.0 0.0 0.0 0.6 - 
Total Implants (mil$) 1.5 1.5 1.6 1.9 2.1 2.4 3.4 17.8% 
         
Noninvasive         
  Opioid Withdrawal 0.0 0.0 3.2 6.5 15.0 28.0 45.0 - 
  Autism 0.9 0.6 3.1 7.2 14.0 24.4 49.0 141.2% 
Total Noninvasive Devices (mil$) 0.9 0.6 6.3 13.7 29.0 52.4 94.0 174.8% 
         
TOTAL OTHER DEVICES (mil$) 2.4 2.1 7.9 15.6 31.1 54.8 97.4 115.4% 
   Annual Increase  -12.50% 274.44% 98.40% 99.32% 76.22% 77.69%  

 
Note:  CAGR is for 2017-2022.\ 
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Exhibit 5-25: Global Market for Other Neurostimulation Technologies, 2016-2022 
(Continued) 

 
 

 
 
 
 
Source:  Health Research International 
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based option is effective for making these children more receptive to other types of 
therapy and also significantly more convenient for parents who must drive their children 
to treatment/ therapy centers miles away on a weekly or more frequent basis.  In addition, 
the potential for home-based therapy to reduce costs associated with clinic-based autism 
therapy will be an important consideration for the insurance and government programs 
that pay for the bulk of such therapy.  Exhibit 5-26 shows the forecast for U.S. sales of 
opioid withdrawal technologies, and Exhibit 5-27 shows the market forecast for autism 
technology sales, including a model for the U.S. market.   
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Exhibit 5-26: U.S. Market for Opioid Withdrawal Technologies, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

U.S. Adult Population (000)  262,151 265,450 267,943 270,449 272,927 275,397 277,880 0.9% 
   % addicted to opioids 0.99% 1.00% 1.01% 1.03% 1.05% 1.07% 1.09%  
U.S. Opioid Addicted Patients 2,603,000 2,650,000 2,700,000 2,775,000 2,865,000 2,960,000 3,030,000 2.7% 
   % seeking treatment 9.68% 9.70% 9.72% 9.74% 9.77% 9.80% 9.84%  
Opioid Patients Treated 252,000 257,000 262,500 270,300 279,850 290,000 298,150 3.0% 
   potential treatments/patient 2 2 2 2 2 2 2  
Potential Treatments 504,000 514,000 525,000 540,600 559,700 580,000 596,300 3.0% 
   $/treatment 500 500 595 595 605 605 605  
Addressable Opioid Market (mil$) 252.0 257.0 312.4 321.7 338.6 350.9 360.8 7.0% 
   % penetration 0.00% 0.00% 1.02% 2.02% 4.43% 7.98% 12.47%  
Opioid Withdraw Devices (mil$) 0.0 0.0 3.2 6.5 15.0 28.0 45.0 - 
  Annual Increase  - - 103.1% 130.8% 86.7% 60.7%  

 
 

Note:  CAGR is for 2017-2022. 
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Exhibit 5-26: U.S. Market for Opioid Withdrawal Technologies, 2016-2022 
(Continued) 

 

 
 
 
Source:  Health Research International  
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Exhibit 5-27: Market for Autism Treatment Technologies, 2016-2022  

 2016 2017 2018 2019 2020 2021 2022 CAGR 

U.S. Population 0-17 Years 73,642,285 73,783,553 73,810,406 73,913,557 74,128,216 74,333,398 74,512,742 0.2% 
   % diagnosed with autism 1.47% 1.47% 1.47% 1.47% 1.47% 1.47% 1.47%  
U.S. Children with Autism 1,082,542 1,084,618 1,085,013 1,086,529 1,089,685 1,092,701 1,095,337 0.2% 
   $ potential devices/child 650 650 650 675 675 675 675  
U.S. Addressable Market (mil$) 703.7 705.0 705.3 733.4 735.5 737.6 739.4 1.0% 
   % penetration 0.00% 0.00% 0.25% 0.60% 1.25% 2.25% 5.00%  
U.S. Autism Sales (mil$) 0.0 0.0 1.8 4.4 9.2 16.6 37.0 - 
         
OUS Autism Sales (mil$) 0.9 0.6 1.3 2.8 4.8 7.8 12.0 82.1% 
Total Autism Sales (mil$) 0.9 0.6 3.1 7.2 14.0 24.4 49.0 141.2% 
   Annual Increase  -33.33% 410.52% 135.07% 94.35% 74.32% 100.72%  

 
 
Note:  CAGR is for 2017-2022. 
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Exhibit 5-27: Market for Autism Treatment Technologies, 2016-2022 (Continued) 

 

 
 
 

Source:  Health Research International 
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6.0 MARKETS BY MAJOR GEOGRAPHY 
Bioelectronic medicine and neurostimulation therapies represent relatively sophisticated 
and expensive technologies at present due to the dominance of implants.  Thus, it is not 
surprising that the U.S. and major European nations account for the largest share of 
product sales at present, estimated at 88% in 2017.  Going forward, the trend to less 
expensive, noninvasive alternatives to implants will help to expand these approaches to 
middle-income nations, thereby “internationalizing” sales.  This will be most true for 
technologies that address life-altering chronic diseases, such as drug-refractory epilepsy, 
migraine and cluster headache, post-stroke mobility, chronic pain, heart failure and 
rheumatoid arthritis.  Demand for technologies addressing “noncritical” conditions, such 
as major depressive disorder, incontinence, chronic tinnitus, gastroesophageal reflux 
disease and even sleep apnea, will remain concentrated in the developed nations.  
Nevertheless, Major Asia and Rest-of-World nations are projected to increase their share 
of global sales from 14% in 2017 to nearly 18% in 2022.  Exhibit 6-1 shows this trend in 
sales by major geography. 
 
Note: For the purposes of this study, Major Europe encompasses Germany, France, Italy, 
Spain, the United Kingdom and Benelux.  Major Asia encompasses China, India and 
Japan.  All other countries are included in the Rest-of-World tally.   
  

6.1 United States 
The United States (U.S.) is the single largest market for neurostimulation technologies, 
accounting for 69% of global sales in 2017.  The country utilizes the full scope of current 
technologies and is a major target for noninvasive and new technologies that are expected 
to be commercialized through 2022.  Its current consumption is concentrated in chronic 
pain technologies (predominantly spinal cord neuromodulation), deep brain stimulation, 
incontinence therapies (predominantly sacral nerve stimulation) and the treatment of 
refractory epilepsy (via vagus nerve stimulation).  While these will remain the major 
applications, they will be accompanied by strong growth in technologies targeting 
migraine/cluster headache, sleep apnea and, at the very end of the forecast period, 
rheumatoid arthritis, opioid withdrawal, autism therapy and acute heart failure recovery.  
In total, sales are projected to increase 13.4% annually, from $2.57 billion in 2017 to 
$4.81 billion in 2022.  This forecast assumes that technologies targeting rheumatoid 
arthritis, acute heart failure recovery, Alzheimer’s disease and Crohn’s disease do not 
receive FDA approval before very late in the forecast period or after.  Should some be 
launched sooner, this forecast will likely be understated.  (The Excel spreadsheets 
available with this report provide the discrete models for each clinical application, 
including leading indicators, patient candidates, patients treated, product pricing and 
sales.)   
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Exhibit 6-1: Global Market for Neurostimulation Technologies by Major Geography, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

United States 2,387.8 2,566.6 2,759.6 3,009.4 3,346.5 3,908.1 4,807.6 13.4% 
Major Europe 628.3 653.5 690.3 767.2 871.4 1,000.7 1,209.9 13.1% 
Major Asia 226.2 286.4 331.3 382.6 484.4 593.3 722.4 20.3% 
Rest-of-World 215.6 237.9 262.4 295.1 366.1 451.6 566.1 18.9% 
TOTAL 3,457.9 3,744.4 4,043.6 4,454.3 5,068.5 5,953.7 7,306.1 14.3% 

 
 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017–2022; Major Europe includes Germany, France, Italy, Spain, the United 
Kingdom and Benelux; Major Asia includes China, India and Japan. 
 
Source:  Health Research International 
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Exhibit 6-2:  U.S. Market for Neurostimulation Technologies by Clinical Application, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

 Deep Brain Stimulation 475.5 526.9 583.1 640.5 702.4 778.4 856.1 10.2% 
 Drug-Refractory Epilepsy 297.5 306.7 313.3 313.3 321.4 413.1 512.8 10.8% 
 Major Depressive Disorder 42.1 57.0 65.7 73.2 84.8 100.8 124.8 17.0% 
 Migraine/Cluster Headache 0.0 2.7 11.0 24.2 50.7 83.8 152.0 124.3% 
 Post-Stroke Mobility 39.6 43.2 47.1 51.1 55.5 120.9 232.3 40.0% 
 Hematologic Disorders 0.0 0.0 0.0 30.0 60.0 90.0 120.0 - 
 Rheumatoid Arthritis 0.0 0.0 0.0 0.0 0.0 0.0 180.0 - 
 Chronic Pain 1,151.9 1,240.6 1,324.3 1,424.3 1,542.1 1,668.1 1,816.3 7.9% 
 Heart Failure 0.0 0.0 0.0 0.0 0.0 0.8 3.0 - 
 Incontinence 353.7 351.2 356.7 368.0 393.8 427.4 470.2 6.0% 
 Sleep Apnea 14.4 24.7 39.0 58.2 94.8 162.5 239.0 57.4% 
 Diaphragm Pacing 11.7 12.3 13.1 14.1 14.9 15.9 17.0 6.7% 
 Other 1.4 1.4 6.3 12.6 26.0 46.5 84.3 126.9% 
TOTAL DEVICES (mil$) 2,387.8 2,566.6 2,759.6 3,009.4 3,346.5 3,908.1 4,807.6 13.4% 
   Annual Increase  7.49% 7.52% 9.05% 11.20% 16.78% 23.02%  

 
Continued 
 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 5: Markets by Major Geography 

________________________________________________________________________________ 
©2018, Health Research International                    6-4                                     #261-1-WW-0118 

 

Exhibit 6-2:  U.S. Market for Neurostimulation Technologies by Clinical Application, 2016-2022 (Continued) 

 

 
 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017-2022 
 
Source:  Health Research International  
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6.2 Major Europe 
Sales of neurostimulation technologies to the major nations of Europe—encompassing 
Germany, France, Italy, Spain, the United Kingdom and Benelux—were estimated at $654 
million in 2017, of which two-thirds targeted chronic pain.  Europe in general has been slower 
to adopt expensive implant technologies without definitive documentation of superior success 
rates.  The more accepting European attitude towards aging—and the chronic conditions 
associated with it—has been a contributing factor.  Going forward, the greater ease with which 
new products can obtain the CE Mark relative to U.S. and Japanese regulatory approvals will 
ensure many of the newer technologies find initial use there.  (VNS therapy for heart failure is a 
case in point.)  At the same time, the use of traditional implant technologies is expected to slow 
and, in some cases, reverse, whereas the adoption of new implants for sleep apnea is expected to 
be fairly impressive.  Also, noninvasive devices and approaches are expected to find growing 
acceptance based on their safety, comparable efficacy and lower costs.  The result of these 
trends will be a 13.1% annual increase in sales of neurostimulation technologies to Major 
Europe to $1.21 billion in 2022.  Exhibit 6-3 shows the trend in sales by clinical application. 
(The Excel spreadsheets available with this report provide the discrete models for each clinical 
application, including leading indicators, patient candidates, patients treated, product pricing 
and sales.)   
 

6.3 Major Asia 
 Major Asia—comprising China, India and Japan—has been a recent driver of growth in many 
medical technology markets.  This will generally not be the case for neurostimulation 
technologies.  The current market, estimated at $286 million in 2017, is dominated by 
established implant technologies used to treat chronic pain, with smaller contributions by deep 
brain stimulation and vagus nerve stimulation, the latter targeting drug-refractory epilepsy.  
Culturally, Japan has not embraced expensive but questionable treatments focused primarily on 
the elderly.  In contrast, China is expanding its adoption of implant technologies for pain, 
Parkinson’s, Essential Tremor and other conditions largely due to the presence of two local 
manufacturers who are selling their products at a significant discount to multinational suppliers.  
India is the sole country allowing the marketing of technologies targeting heart failure through 
the forecast period.  It is a logical target based on the high economic cost of cardiovascular 
disease in that nation and the fact that it sponsored LivaNova’s clinical studies for its Vitara 
system.  Noninvasive technologies targeting drug-refractory epilepsy, migraine, cluster 
headache and hematological conditions (specifically post-partum hemorrhage) will see gradual 
adoption, whereas interest in treating major depressive disorder, rheumatoid arthritis, and sleep 
apnea is expected to be negligible through the forecast period.  As a result, sales of 
neurostimulation technologies to Major Asia are forecast to increase only to $722 million in 
2022, which represents modest growth relative to the populations involved and their medical 
needs.  Exhibit 6-4 presents the trend in sales by clinical application.  (The Excel spreadsheets 
available with this report provide the discrete models for each clinical application, including 
leading indicators, patient candidates, patients treated, product pricing and sales.)   

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 5: Markets by Major Geography 

________________________________________________________________________________ 
©2018, Health Research International                    6-6                                     #261-1-WW-0118 

 
 

Exhibit 6-3:  Major Europe Market for Neurostimulation Technologies by Clinical Application, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

 Deep Brain Stimulation 80.8 85.0 95.1 106.2 117.8 130.4 145.6 11.4% 
 Drug-Refractory Epilepsy 37.5 40.3 41.5 42.0 55.9 63.1 74.8 13.1% 
 Major Depressive Disorder 6.1 7.3 9.5 11.7 15.1 18.8 23.1 25.9% 
 Migraine/Cluster Headache 2.4 2.7 3.2 4.5 6.0 9.0 11.3 32.9% 
 Post-Stroke Mobility 28.8 30.3 32.1 34.2 37.0 40.6 45.0 8.2% 
 Hematologic Disorders 0.0 0.0 0.0 18.0 36.0 54.0 72.0 - 
 Rheumatoid Arthritis 0.0 0.0 0.0 0.0 0.0 0.0 60.0 - 
 Chronic Pain 423.7 435.0 447.7 473.1 501.7 544.9 590.1 6.3% 
 Heart Failure 2.4 3.3 4.2 5.1 5.9 6.7 7.5 17.7% 
 Incontinence 40.6 39.9 41.2 45.7 52.2 61.8 70.7 12.1% 
 Sleep Apnea 2.5 6.2 11.8 21.6 37.2 62.7 98.5 73.6% 
 Diaphragm Pacing 2.7 2.8 3.0 3.2 3.4 3.5 3.7 5.8% 
 Other 0.8 0.5 1.1 2.0 3.3 5.2 7.6 72.3% 
TOTAL DEVICES (mil$) 628.3 653.5 690.3 767.2 871.4 1,000.7 1,209.9 13.1% 
   Annual Increase  4.01% 5.64% 11.14% 13.58% 14.83% 20.91%  

 
Continued 
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Exhibit 6-3:  Major Europe Market for Neurostimulation Technologies by Clinical Application, 2016-2022 (Continued) 
 

 
 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017-2022 
 
Source:  Health Research International 
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Exhibit 6-4:  Major Asia Market for Neurostimulation Technologies by Clinical Application, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

 Deep Brain Stimulation 21.3 62.1 79.0 99.2 123.6 150.9 179.1 23.6% 
 Drug-Refractory Epilepsy 27.8 38.2 49.2 57.9 66.9 77.7 86.9 17.9% 
 Major Depressive Disorder 1.3 1.5 1.8 2.2 2.8 3.7 5.0 27.2% 
 Migraine/Cluster Headache 0.4 0.6 1.3 3.0 5.0 7.0 9.3 71.7% 
 Post-Stroke Mobility 5.2 5.9 6.7 7.7 8.3 10.0 12.0 15.3% 
 Hematologic Disorders 0.0 0.0 0.0 0.0 30.0 60.0 90.0 - 
 Chronic Pain 169.4 177.1 192.0 207.4 238.5 268.8 317.0 12.4% 
 Heart Failure 0.8 0.9 1.1 1.3 1.5 1.7 1.9 16.3% 
 Incontinence 0.0 0.0 0.0 3.6 7.4 12.8 19.9 - 
 Other 0.1 0.1 0.2 0.3 0.5 0.7 1.2 - 
TOTAL DEVICES (mil$) 226.2 286.4 331.3 382.6 484.4 593.3 722.4 20.3% 
   Annual Increase  26.62% 15.69% 15.47% 26.62% 22.47% 21.77%  

 
Continued 
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Exhibit 6-4:  Major Asia Market for Neurostimulation Technologies by Clinical Application, 2016-2022 (Continued) 

 

 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017-2022 
 
Source:  Health Research International
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6.4 Rest of World 
The Rest-of-World (ROW) geography consists of nations ranging from high-income (e.g., 
Canada, Switzerland, South Korea) to middle-income (e.g., Turkey, Brazil, Mexico, Russian 
Federation, Thailand) to the very poorest (Chad, Central African Republic, Nepal).  Together, 
these countries account for more than one-half of the global population but only $238 million in 
sales of neurostimulation technologies.  These sales are, of course, concentrated in the more 
developed nations and are also heavily focused on the treatment of chronic pain.  Consistent 
with attitudes in Major Europe and Major Asia, the use of expensive implants for clinical 
applications failing to show stellar benefits has been limited to pockets of primarily wealthy 
patients.  The latter will continue to gradually expand their use of such technologies and will 
also be the primary focus of suppliers of new implant-based technologies.   At the same time, 
the growing availability of noninvasive vagus nerve and other alternative technologies for drug-
refractory epilepsy, and the introduction of new noninvasive therapies addressing post-partum 
hemorrhage, will enable meaningful gains in those areas.  Based on these trends, we are 
forecasting sales of neurostimulation technologies to rest-of-world countries will increase 18.9% 
annually to $566 million in 2022 (see Exhibit 6-5).  Unfortunately, most of these gains will 
remain concentrated in the treatment of chronic pain.  (The Excel spreadsheets available with 
this report provide the discrete models for each clinical application, including leading indicators, 
patient candidates, patients treated, product pricing and sales.)   
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Exhibit 6-5:  Rest-of-World Market for Neurostimulation Technologies by Clinical Application, 2016-2022 

 2016 2017 2018 2019 2020 2021 2022 CAGR 

 Deep Brain Stimulation 15.7 18.9 23.3 30.6 39.8 52.0 66.0 28.5% 
 Drug-Refractory Epilepsy 29.8 31.2 32.5 33.8 35.4 37.4 39.4 4.8% 
 Major Depressive Disorder 4.3 4.6 4.9 5.4 6.0 6.9 7.9 11.7% 
 Migraine/Cluster Headache 2.3 2.8 4.4 7.1 10.8 16.8 26.0 55.9% 
 Post-Stroke Mobility 12.9 13.2 13.5 13.9 14.3 15.0 15.8 3.6% 
 Hematologic Disorders 0.0 0.0 0.0 0.0 25.0 50.0 75.0 - 
 Chronic Pain 142.4 156.6 169.8 185.4 208.9 237.5 282.1 12.5% 
 Incontinence 8.1 10.6 13.7 18.2 24.5 33.6 49.6 36.2% 
 Other 0.1 0.1 0.3 0.7 1.3 2.4 4.3 112.2% 
TOTAL DEVICES (mil$) 215.6 237.9 262.4 295.1 366.1 451.6 566.1 18.9% 
   Annual Increase  10.38% 10.29% 12.45% 24.07% 23.35% 25.35%  

 
Continued 
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Exhibit 6-5:  Rest-of-World Market for Neurostimulation Technologies by Clinical Application, 2016-2022 (Continued) 

 

 
 
Note:  Sales are in millions of U.S. dollars; CAGR is for 2017-2022 
 
Source:  Health Research International 
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7.0 COMPANY PROFILES 
The list of companies participating in the bioelectronics medicine market range from large 
players in the CRM and neuromodulation segments to small, emerging competitors pursuing 
VNS and other therapies.  This section will profiles selected of those, focusing on their 
backgrounds, financing, commercial status and related issues.  Although their technologies 
and clinical trials will be briefly described, please refer to Chapter 4 of this report for detailed 
descriptions of both. 
 

7.1 Abbott Laboratories (St. Jude Medical) 
Founded in 1888 by Dr. Wallace Calvin Abbott, Abbott Laboratories (Abbott Park, IL) has 
grown to become one of the leading diversified healthcare companies in the world.  Even 
with the spin-off of its research-based pharmaceuticals and proprietary pharmaceutical 
products businesses into a separate, publicly-traded entity called AbbVie, the remaining 
legacy company posted nearly $21 billion in global revenues in 2016, accompanied by $1.4 
billion in net income.  Global revenues for the 9 months ending September 30, 2017 reached 
$19.8 billion, accompanied by $1.3 billion in net income.  Abbott’s revenues are divided 
roughly 38% Medical Devices, 26% Nutritionals, 19% Diagnostic Products, and 16% 
Established Pharmaceuticals.  Thirty five percent (35%) of Abbott’s global sales are to the 
U.S. market, and 65% are to international markets. 
 
Abbott competes in the bioelectronic medicine market through its Medical Devices business, 
which encompasses Vascular (28% of device sales), Rhythm Management (21%), Electro-
physiology (13%), Structural Heart (10%), Neuromodulation (8%) and Heart Failure (6%).  
It competes in the global bioelectronic medicine market through the Neuromodulation 
business, which posted global revenues of $590 million in the first 9 months of 2017, more 
than three-quarters of it to the U.S. market.  All of these sales were acquired with St. Jude 
Medical in January, 2017.  St. Jude created its Neuromodulation division in November 2005 
via the $1.3 billion acquisition of Advanced Neuromodulation Systems and grew to become 
the third largest supplier of implantable neurostimulators in the world, with an estimated 15% 
market share in 2016.  St. Jude’s resources contributed to strong international growth for the 
franchise (Under ANS, OUS sales represented only 10% of the total), as did the company’s 
exclusive distribution agreement for the Spinal Modulation Axium Neurostimulation system 
in Europe and Australia.  In 2013, St. Jude Medical made a $40 million investment in Spinal 
Modulation, Inc., a private company developing an intra-spinal neuromodulation therapy to 
manage chronic pain and exercised an option to acquire the company in May, 2015.   
 
Abbott’s Neuromodulation revenues continued their fairly dramatic rise in 2017 with new 
product launches.  Well known St. Jude brand names include Proclaim, Prodigy, Axium, Eon 
Mini and Lamitrode (all SCS devices) and the Infinity DBS System.  St. Jude was developing 
a rechargeable Eon Mini device for the management of heart failure and completed a first-in-
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man study of the technology and approach outside of the U.S.; however, the current status of 
the heart failure program is unknown. 
 

7.2 Aleva Neurotherapeutics 
Aleva Neurotherapeutics (Lausanne, Switzerland) was founded in 2008 as a spinoff of the 
Swiss Federal Institute of Technology (EPFL) Microsystems Laboratory of Philippe Renaud 
to develop next-generation implants for deep brain stimulation (DBS).  The company’s major 
innovation is its microDBS technology platform, which includes cutting edge directSTIM 
electrode technology that uses an array of directional microelectrodes to focus electrical 
stimulation, decreasing the need for exact positioning.  Directional technology is designed to 
be more versatile, more precise and more efficient than currently available DBS approaches 
while causing fewer side effects and complications.  The company’s technology is 
incorporated into its two main products:  the directSTIM Directional DBS System used to 
treat Parkinson’s and essential tremor, and spiderSTIM, a DBS diagnostic system that 
encompasses 3-dimensional areas in a brain target, and records and stimulates the region in 
order to provide a diagnostic tool to expedite electrode implantation.  The company is also 
developing cortiSTIM, a device that delivers cortical stimulation. 
 
Since February, 2016, Aleva has been involved in a development agreement with Greatbach 
Ltd.’s design and development team QiG Group—spun off as Nuvectra—to provide access 
to that company’s unique implantable 24-channel neurostimulation and programming 
platform.  By combining the Aleva and Nuvectra technologies in the directSTIM System, the 
companies greatly reduce their time-to-market.  In August, 2017, Aleva and Nuvectra further 
expanded the scope of the development agreement.   
 
In October, 2017, Aleva Neurotherapeutics announced completion of a $13 million Series D 
financing round, led by Forrestal Capital, a fund with specific experience in neurological 
devices and its existing investors.  The proceeds will be used to complete the acquisition of 
the CE Mark for the directSTIM Directional DBS System, whose directSTN pilot study were 
published in Brain and strongly suggest the potential of directional stimulation in improving 
surgical outcomes.  The current round brings the total investment in the company to $46 
million from, in addition to Forrestal, Kinled Holding, BioMedPartners (through its 
BioMedInvest-II LP Fund), BB Biotech Ventures LP, Kreaxi, Initiative Capital Romandie 
and select private investors. 
  

7.3 Alfred Mann Foundation 
Recognizing the large gap that exists between the creation of great scientific and medical 
research in universities and the translation of that research into products that benefit the 
public, in 1985 Alfred Mann established his foundation to bridge that gap and “develop and 
commercialize innovative solutions for significant unmet or poorly met medical conditions.” 
In the intervening years, the Alfred Mann Foundation (AMF) has done just that, developing 
cochlear implants, microstimulators, neurostimulators, an implantable myoelectronic sensor 
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and an implantable drug delivery technology, as well as continuing work on a long-term 
glucose sensor, among other projects.  Most of these have used Mr. Mann’s expertise in 
implant and stimulation technologies.   
 
At present, the AMF remains focused on two neuromodulation targets:  neuromuscular 
disorders and limb loss.  For the first, AMF partnered with the Illinois Institute of Tech-
nology and Queens University in Canada on the development of an implantable microstimu-
lator that contains the pulse generator and electrode in a matchstick-size package deliverable 
via a large-gauge needle.  Patients may be implanted with several of these devices, which 
communicate wirelessly with a single cell phone-size external controller that tells each 
independent implant when to stimulate. Current development work is leading toward 
microstimulator devices that can sense changes in pressure, limb angle, muscle activity and 
temperature. The goal is to address paralysis and reduced limb function after stroke or injury. 
 
AMF’s goal in addressing limb loss is to make EMG-controlled prostheses more reliable and 
responsive, i.e., making them capable of intuitive control.  Current devices rely on sensors 
placed on the skin over the muscles, which may pick up signals from more than one muscle, 
compromising their performance.  AMF believes the use of its microstimulators placed 
directly into target muscles will solve this problem. 
 
The Mann family currently owns two companies that are commercializing AMF neuro-
stimulation technologies.  These are Axonics Modulation Technologies (overactive bladder 
and fecal incontinence) and Bioness (functional electrical stimulation to treat paralysis and 
conditions limiting movement).  They are profiled in Sections 7.7 and 7.11 below. 
 

7.4 Atrotech Oy 
Headquartered in Tampere, Finland, Atrotech was founded in 1984 to develop and 
commercialize bioengineered medical technologies primarily incorporating functional 
electrical stimulation.  Early on, the company developed a mode of stimulation termed 
“Multipole Sequential Stimulation (MSS),” which enables long-term, full-time stimulation 
using low-threshhold currents following conditioning of the target muscle.  This approach is 
particularly suitable for application to the phrenic nerves, which causes the diaphragm to 
contract and air to be inhaled.  The ability of patients with respiratory failure to breathe relies 
on the use of mechanical ventilation, which carries significant health risks, especially 
infection.  Phrenic nerve stimulation represents an alternative that can reduce these risks and 
improve patient quality of life. 
 
Atrotech’s Astrostim PNS comprises an external MSS stimulator and two leads.  The latter 
are surgically implanted on the left and right phrenic nerves of the diaphragm using a 
thoracic approach.  Use of PNS requires normal function of the phrenic nerves and 
diaphragm.  For this reason, the patient’s diaphragm is subject to a short conditioning period 
following lead implantation to overcome any partial or full paralysis.  Once normal function 
is established and concern regarding diaphragm fatigue is eliminated, long-term, full-time 
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stimulation is initiated.  Patients most likely to benefit from PNS include those with 
respiratory muscle paralysis or central alveolar hypoventilation.   
 
The Astrostim PNS has three pre-adjusted levels available for breathing volumes, i.e. for 
supine and sitting position, and for temporary increased need.  It also has manual and 
automatic sigh functions for continuous training of the entire muscle mass and for assisting 
with coughing.  The Astrostim PNS been commercially available in Europe since 1990.    
 

7.5 Autonomic Technologies 
Spun out from the Cleveland Clinic in 2007, Autonomic Technologies is focused on the 
development and commercialization of therapies targeting cranial autonomic disorders.  The 
autonomic nervous system (ANS) regulates the function of the body’s internal organs, such 
as heart rate, blood pressure, digestion and body temperature.  Individuals with autonomic 
disorders have trouble regulating one or more of these systems.  Autonomic neuropathy can 
occur secondary to many diseases and conditions or be a side effect from some medications.   
 
For some time, it has been recognized that the sphenopalatine ganglion (SPG) nerve bundle 
located behind the nose, which is part of the ANS, is directly involved in the cluster headache 
attack pain pathway.  Stimulation of the SPG offers a reversible and adjustable option to 
control the debilitating pain of cluster headache.  Autonomic Technologies has developed the 
Pulsante SPG Microstimulator System to take advantage of this knowledge.  It comprises: 1) 
the Pulsante SPG Microstimulator, a miniature (smaller than an almond) neurostimulator 
with an integral lead designed to fit various facial anatomy; and 2) a Remote Controller, a 
hand-held device that provides on-demand, patient-controlled SPG stimulation.  The Pulsante 
SPG Microstimulator is inserted through a small incision in the upper gum above the second 
molar and positioned at the SPG nerve bundle on the same side as the patient’s headache 
pain.  The patient controls his or her own stimulation treatment by activating the Remote 
Controller and placing it on the cheek over the inserted Pulsante SPG Microstimulator lead.  
Following treatment, the Remote Controller is simply removed from the cheek, turning off 
the stimulation.  Therapy settings are individualized and can be adjusted quickly by 
physicians using a customized laptop computer.  The following shows the application of the 
Pulsante SPG Microstimulator System: 
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The Pulsante SPG Microstimulator System has been evaluated in controlled clinical trials and 
is commercially available in selected European nations to treat cluster headache and, as of 
March, 2017, highly disabling migraine.  It remains investigational in the U.S., where 
Autonomic Technologies is conducting the Pathway CH-2 study.  The randomized, parallel 
assignment study has completed enrollment of 120 patients with chronic cluster headache at 
22 headache centers in 16 states.  Outcomes will assess safety and efficacy.  The estimated 
completion date for the study is January, 2019. 
 
Autonomic Technologies is based in Mountain View, California, with additional offices in 
Germany and Switzerland. The company is backed by world-class European and U.S. 
investors, including Edmond de Rothschild Investment Partners, Forbion Capital Partners, 
HBM Healthcare Investments, Kleiner, Perkins, Caufield & Byers, InterWest Partners, 
Aberdare Ventures, Novartis Venture Funds and the Cleveland Clinic.   
 

7.6 Avery Biomedical 
Headquartered in Commack, New York, Avery Biomedical is essentially the result of a 
collaboration between William Glenn of the Yale University School of Medicine and Roger 
E. Avery, owner of Avery Laboratories.  Based on his expertise in cardiac pacemakers, 
Glenn had developed prototypes for the first practical application of phrenic nerve pacing, 
and these were commercialized by Avery Laboratories in 1971.  The Avery Diaphragm 
Pacemaker has subsequently been employed for more than 45 years to provide ventilatory 
support for patients with chronic respiratory insufficiency whose diaphragm, lungs and 
phrenic nerves have residual function.  Typically, these patients have high spinal cord 
injuries, central neurological disorders, or a paralyzed diaphragm.   
 
The Avery Diaphragm Pacemaker comprises surgically implanted receivers and electrodes 
and an external transmitter with antennas worn directly over the implanted receivers.  The 
external transmitter and antennas send radiofrequency energy to the implanted receivers just 
under the skin. The receivers then convert the radio waves into stimulating pulses, which are 
sent down the electrodes to the phrenic nerves, causing the diaphragm to contract and air 
inhalation to occur.  When the pulses stop, the diaphragm relaxes and exhalation occurs.  
Repetition of this series of pulses produces a normal breathing pattern.   
 
The company believes its diaphragm pacemaker system provides several advantages over 
competitive models.  These include: 1) they can be implanted using a variety of minimally 
invasive techniques; 2) they are designed with bilateral redundancy to optimize safety (i.e., 
there is no single failure point which could cause the entire system to stop working; 3) the 
Avery transmitter is entirely self-contained and does not require an external programmer to 
configure it; and 4) use of the Avery system is not contraindicated for patients with cardiac 
pacemakers or other implanted medical devices.   
 
The Avery Diaphragm Pacemaker has FDA PMA approvals for use in adults and children, 
has the CE Mark in Europe, and is registered with Ministries of Health and other authorities 
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in Argentina, Brazil, Colombia and the Russian Federation.  Since the early 1970’s, the 
device has been implanted in nearly 2,000 patients in more than 40 countries, establishing an 
unsurpassed record of safety and reliability.  
 

7.7 Axonics Modulation Technologies 
Privately-held Axonics Modulation Technologies (Irvine, CA) has developed an innovative 
neuromodulation platform targeting urinary and fecal dysfunction.  Based on miniaturized 
rechargeable technology, the implantable Axonics Sacral Neuromodulation System uses mild 
electrical pulses to stimulate the sacral nerves located in the pelvis area—which transmit 
signals regarding bladder and rectal fullness to the brain--to modify their activity and correct 
erroneous messages that can cause urinary and fecal incontinence, including leakage.  The 
system comprises a pulse generator that is implanted under the skin in the upper buttock area, 
a lead with 4 electrodes that is percutaneously inserted through into the sacrum, and a 
patient-friendly remote control.  It is indicated for patients who have failed conservative 
therapy, such as lifestyle modifications, physical therapy and medications.  A prospective, 
multicenter trial of the system in 272 patients at 12 months showed a 50% reduction in voids 
or leaks per day in two-thirds of patients with Overactive Bladder and complete freedom 
from leaks in one-third of patients suffering from urinary incontinence.   
 
The Axonics Sacral Neuromodulation System received the CE Mark in June, 2016, Health 
Canada approval in December, 2017 and Australian approval in January, 2018.  The 
company has been conducting a prospective, multicenter clinical trial of the device (RELAX-
OAB) at eight European centers.  Initial results presented at the 2017 International 
Neuromodulation Society World Congress showed that 71% of subjects implanted with the 
system showed a 50% or greater reduction in frequency symptoms at three months.  In 
November, 2017, the company received FDA IDE approval to commence its ARTISAN-
SNM trial, a single-arm, prospective pivotal study designed to demonstrate safety and 
effectiveness of the Axonics Sacral Neuromodulation System.  That trial, which is expected 
to enroll 120 patients at 15 centers of excellence located in the U.S. and Western Europe, 
commenced enrollment in January, 2018. 
 
Axonics Modulation Technologies was founded by the former senior management team of 
Vessix Vascular, Inc. (which was acquired by Boston Scientific in 2012) to commercialize 
technology developed by The Alfred Mann Foundation.  The company has raised more than 
$100 million in capital since its inception in late 2013, including: 1) a $32.6 million Series A 
preferred stock financing round led by Edmond de Rothschild Investment that also included 
Geneva-based NeoMed Management, Beijing-based Legend Capital, a venture capital arm of 
Legend Holdings, Ltd.; and a select group of private individuals; 2) $38.5 million in Series B 
funding in December, 2015, which added London-based Advent Life Sciences and Boston-
based Cormorant Asset Management to the list of investors; and 3) a $35 million Series C 
round of funding in July, 2017, which added Gilde Healthcare (Boston and Utrecht) and 
CICA (LaJolla, California) to its investors. The monies are being used to complete clinical 
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trials of the Axionics Sacral Neuromodulation System in Europe and the U.S. and prepare for 
global commercialization of the technology.  
 
Medtronic currently dominates the market for sacral nerve stimulation technologies; 
however, Axonics hopes to cannibalize that company’s sales and expand the market based on 
the smaller size, significantly longer implant life and rechargeable nature of its IPG.  
 

7.8 BioControl Medical 
Headquartered in Yehud, Israel with offices in New Hope, Minnesota, BioControl Medical 
was founded in 1999 by Yossi Gross to develop and market advanced implantable devices 
for the treatment of autonomic disorders, i.e., conditions in which the autonomic nervous 
system ceases to function properly, resulting in a disruption to the control of involuntary 
body processes. BioControl Medical devices enable controlled electrical stimulation of 
various nerves to achieve therapeutic results.   
 
The company’s first device, the BioControl MiniatURO, targeted the treatment of 
incontinence due to overactive bladder, stress and interstitial cystitis.  It comprised an 
implantable muscle and nerve stimulator designed for subcutaneous implantation on an 
outpatient basis.  For patients with stress incontinence, whenever the device detected an 
increase in abdominal pressure through its pressure-sensing catheter, it applied mild electrical 
pulses to the pelvic floor muscles to activate them, thereby preventing urine loss.  For 
patients with urge incontinence, the unit applied mild electrical pulses to the pelvic 
diaphragm nerve, using the sphincter detrusor muscle reflex to inhibit bladder contractions. 
For patients with both types of incontinence, both modes of operation were activated.  In 
2006, American Medical Systems was granted an exclusive license to the MiniatURO 
technology from BioControl Medical for use in urology, gynecology and other pelvic health 
applications. The purchase price comprised an initial payment and milestone payments for 
relevant accomplishments through and including FDA approval of the product totaling $50 
million and royalties over the first ten years of the related license agreement  
 
BioControl Medical’s next focus was vagal nerve stimulation.  Its first device was CardioFit, 
an implantable vagus nerve stimulation system designed to address heart failure.  The system 
comprises a stimulator, sensor lead and stimulation lead implanted under the skin of the 
upper chest.  The sensor lead is extended from the stimulator to the right ventricle of the 
heart, and the stimulation lead is extended from the stimulator to the vagus nerve on the right 
side of the neck. Once activated, the stimulator’s electrical pulses are transferred via the 
stimulation lead to the vagus nerve. At the same time, the sensor lead monitors changes in 
heart activity and turns stimulation on or off accordingly. Like a pacemaker, the CardioFit 
System can be programmed on and off via external wireless communication with the device.  
It is designed to help patients achieve optimal therapy parameters by providing stimulation 
only when his or her heart rate falls between pre-set limits. The following shows the 
CardioFit device in place: 
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The initial safety and performance of CardioFit were validated in a 32-patient, multicenter 
pilot study conducted in Germany, Italy, The Netherlands and Serbia.  The results showed 
patients experienced sustained significant improvement across key clinical measures, 
including left ventricular function and structure, heart rate variability, and resting heart rate.  
Patients also showed improvement in self-reported quality of life surveys and six-minute hall 
walk tests.  These positive results were used to file for CE Mark certification in Europe, 
which was granted in 2008. 
 
In April, 2011, BioControl Medical commenced its large INOVATE-HF (Increase Of VAgal 
TonE in Heart Failure) trial under an IDE to determine safety and efficacy in reducing 
hospitalization and death among heart failure patients by comparing treatment with CardioFit 
to standard evidence-based management.  The study was randomized at a 3:2 ratio, i.e., three 
implanted with CardioFit and two randomized to control. More than 80% of the patients in 
the trial also had an ICD, and 30% had a CRT device.  In August, 2015, total enrollment 
reached 725 patients at 86 centers in the U.S. and Europe, making it the largest prospective, 
randomized device study to evaluate the treatment of heart failure with vagus nerve stimu-
lation.  Unfortunately, after a pre-specified interim analysis showed the trial had little chance 
of meeting its primary endpoint, the trial was terminated in January, 2016.  Whether this 
failure was the result of using an ineffective dose or other trial-related factors is unknown.   
 
BioControl Medical’s second vagus nerve technology, FitNeS, targets the treatment of 
refractory epilepsy.  The company spun off this technology into a new company, CerebralRx, 
in 2011 to focus its full efforts on the INOVATE-HF trial.  (CerebralRx is profiled below.)  
Unfortunately, the above-mentioned disappointing results of the INOVATE-HF trial 
prompted BioControl Medical to cease operations as of February 1, 2017 to focus on the 
CerebralRx opportunity. 
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7.9 BioElectronics Corporation 
Headquartered in Frederick, Maryland, BioElectronics is an electroceutical company focused 
on the development of wearable neuromodulation devices designed to safely mitigate neuro-
logical diseases and improve quality of life.  The company’s core technology platform is 
pulsed shortwave therapy (PSWT), which uses low power pulsed electromagnetic fields to 
regulate electrical activity of the nervous system. The neuromodulation basis of PSWT 
presents significant opportunities for BioElectronics to develop optimized technology for 
diabetic neuropathy, postoperative surgery, chronic wounds, and other applications.  
 
BioElectronics’ current over-the-counter product line encompasses ActiPatch Musculo-
skeletal Pain Therapy, Allay Menstrual Pain Therapy, Smart InsoleHeel Pain Therapy, and 
RecoveryRx Post-Operative and Chronic Wounds Therapy.  Among these, ActiPatch is its 
current flagship product.  ActiPatch comprises a battery, microchip and antenna.  The 
device’s electromagnetic signal pulses 1,000 times per second to stimulate neuromodulation 
of the afferent nerves to dampen the brain’s perception of pain.  The effective pain relief area 
is within the antenna circle, and the effect can be felt through clothing and orthopedic braces 
and plasters.  Recommended use is initially 24 hours a day, followed by every 6 to 24 hours 
as needed. Overnight therapy is also an option.  The device is designed for on/off therapy.  
Most users obtain relief with only 8 hours per day of use, so the device will generally last 
several months, depending on use.  The patient feels no sensation from ActiPatch’s sub 
sensory therapy, and the device provides 720 hours (90 8-hour treatments) of relief.  
Moreover, it is 100% safe and can be used with any medication.  In February, 2017, 
BioElectronics received FDA clearance for over-the-counter use of the ActiPatch for 
adjunctive treatment of musculoskeletal pain related to plantar fasciitis of the heel and 
osteoarthritis of the knee.  The following shows the ActiPatch and one of its applications: 
 

 
 
The three other BioElectronics devices also use pulsed therapy.  The Allay micro medical 
device uses Electromagnetic Pulse Therapy to reduce menstrual pain and discomfort. It is 
wafer-thin, discreet, lightweight, and comfortable to wear on the abdomen while providing 
24/7 continual pain relief throughout a woman’s entire period.  The Smart Insole uses 
Electro-Pulse technology to treat heel pain associated with plantar fasciitis, heel injuries, sore 
heels, sprains & strains at the source.  It modifies the nerve signals causing the pain, 
enhancing blood flow, reducing inflammation and speeding recovery of the injured tissues.  
RecoveryRx uses pulsed electromagnetic therapy to reduce pain and inflammation via signal 
modification and can be easily incorporated into wound dressing protocols.  It has been 
shown effective for a wide range of pain indications, such as post-operative, chronic wounds, 
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plastic surgery, dental, orthopedic and chiropractic.  A fourth BioElectronics product, 
HealFast, applies the company’s technology for veterinary pain applications.  Finally, the 
company has commenced clinical studies of its technology for the treatment of migraine. 
 
BioElectronics Corporation reported $2.09 million in revenues in 2016, a decrease from 
$2.34 million in 2015.  The decline was concentrated in sales to the U.K. and U.S. markets, 
which accounted for 46% and 2% of global sales, respectively, in 2016.  However, net loss 
declined during this period from $2.45 million to $2.11 million.  Six month revenues through 
June 30, 2017 were also down from the previous year, from $1.22 million to $841,000, 
accompanied by an increase in net loss from $865,258 to $1.21 million.  The company 
reinvests about 20% of revenues in R&D annually. 
 

7.10 Bioinduction/Finetech Medical 
Headquartered in Bristol, United Kingdom, Bioinduction was founded in 2002 to design, 
develop, manufacture and market active medical devices.  The company’s first product was 
Acticare, a transcutaneous spinal electroanalgesia device introduced in 2005 for chronic pain 
which sold over 13,000 devices globally.  The company’s more recent focus has been the 
development of Picostim, a skull-mounted DBS system that can be implanted via a single 
procedure.  MRI-compatible PicoStim is only 7cc in size (roughly one-third the size of 
traditional DBS devices), making it possible for the implant to be placed in a pocket in the 
skull and connected to the brain leads, as opposed to requiring a second procedure to implant 
the IPG in the chest area.  Not only is this a more cosmetically appealing configuration, but it 
also eliminates the risks of lead wire breakage and fibrosis around the lead in the neck, which 
can cause stiffness and pain.  Picostim is inductively recharged using a combined wireless 
patient controller and charger.  The following shows the implantation of the Picostim 
technology: 
 

 
 
 
Picostim is not commercially available.  The system is available only to patients being 
enrolled in a clinical trial underway in the U.K.  Picostim is being manufactured by 
Bioinduction subsidiary Finetech Medical, whereas R&D is conducted at the company’s 
Bristol, U.K. and Brisbane, Australia locations. 
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In addition to manufacturing Picostim, Bioinduction’s Finetech Medical subsidiary is 
marketing the Finetech-Brindley Bladder Control System (branded as VOCARE in the U.S.), 
designed to restore bladder function, bowel evacuation and penile erection following 
complete spinal cord injury.  The system has two major components: an external digital 
controller, which generates control signals, and a relatively small internal receiver, which is 
permanently implanted in the body (usually in the abdomen below the ribs) to receive those 
signals. They are connected by transmitter leads.  The patient selects one of the stimulation 
programs, which initiates signals sent by the external controller via a lead to an external 
transmitter block, which the patient holds over the internal receiver.  The latter, in turn, 
converts the signals from the transmitter block into electrical impulses that travel via flexible 
cables to the electrodes, stimulating selected nerves and causing the appropriate muscles to 
contract, thereby achieving continence or an erection.  The Finetech-Brindley Bladder 
Control System has been used for more than 20 years with great success.  The following 
shows a schematic of the system: 

 
  A = External Controller 
  B = Transmitter Lead 
  C = External Transmitter Block 
  D = Implant Receiver 
  E = Flexible Cables 
 
 
 
 
 
 
 
 
 
 
 

 
Finetech Medical also developed an active implantable neurostimulator designed to enable 
hand and wrist control in patients with functional impairment due to stroke.  Under the 
auspices of the European Union’s Healthy Aims project started in 2003, the STIMuGRIP was 
taken from specification, through design and manufacture to limited clinical trials in 2007.  
Although those trials appeared promising, the device either did not meet expectations or the 
company determined that a more logical application was foot drop, for which Finetech is 
currently marketing the device.  The rebranded STIMuSTEP comprises an external controller 
that sends electrical impulses to a small receiver implanted under the skin next to branches of 
the common peroneal nerves.  Stimulation of the peroneal nerves causes the paralyzed 
muscle to contract, thereby lifting the foot and rotating the ankle to the correct position.   
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7.11 Bioness 
Bioness (Valencia, California) was founded in 2004 with the support of Alfred Mann to help 
individuals with neurological impairments regain their independence via functional electrical 
stimulation, robotic systems and software-based therapy programs.  The company partnered 
with NESS Ltd. to launch two devices in the U.S., i.e., the H200 Hand Rehabilitation 
System, and the L300 Foot Drop System.  In January, 2008, the company acquired NESS 
Ltd., allowing it to bring together its new products under development with the NESS 
commercial products.  Since then, the product line has been expanded to include 
modifications of the L300, as well as the Vector Gait and Safety System, designed to offload 
a precise amount of body weight during physical and occupational therapy, and the 
StimRouter, an implantable neurostimulation device used to treat peripheral nerve pain. 
 
With the exception of Vector, all of the Bioness devices utilize functional electrical stimula-
tion (FES).  The externally-worn L300 Foot Drop System delivers programmed, low-level 
FES targeting the peroneal nerve to enable foot dorsiflexion and accelerate motor recovery.  
The H200 Hand Rehabilitation System has two main components—the FES support (ortho-
sis) and the wireless control unit (microprocessor)—which together deliver programmed, 
low-level FES to activate neural control of the muscles in the hand and forearm.  The L300 
Plus System stimulates major leg muscle groups to facilitate walking; the addition of a thigh 
cuff assists in knee flexion and extension.  The L300 Go incorporates improvements to the 
L300 series to make the system more accurate and easier to use.  Finally, the StimRouter 
comprises implanted leads, a small, low-profile rechargeable external pulse transmitter, and a 
wireless, handheld patient programmer used to deliver peripheral FES for patients with 
entrapment syndromes, intercostals neuralgias, and other peripheral injuries and diseases.  
The following show the L300 Go and StimRouter Systems: 
 

 
 

In the U.S., Bioness’ L300 devices cost about $6,000 and can be rented for about $500 per 
month.  They are not currently covered by Medicare, although, in 2017, the StimRouter 
gained coverage by Aetna for selected individuals with neurogenic pain.  (It is the only 
neurostimulator specifically indicated for this condition.)  Outside of the U.S., Bioness’ 
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complete FES portfolio for the lower and upper extremities is now being distributed in the 
European Union, the U.K., Switzerland, Norway, Turkey and India by Ottobock through a 
May, 2017 strategic distribution partnership.  Bioness will continue to rely on distributors 
and other manufacturers of neurorehabilitation devices in other international markets.   
 

7.12 Bionic Enterprises 
Headquartered in East Melbourne, Victoria (Australia), Bionic Enterprises’ mission is to fast 
track the development and reduce the cost of bringing new, safe and effective medical 
devices to market that target a range of high incidence, disabling neurological conditions, 
such as severe chronic pain, epilepsy and certain psychiatric and movement disorders, that 
are poorly managed by existing treatments.  To achieve this goal within the next five years, 
the company is focused on the development of devices that monitor neural activity in the 
brain, spinal cord, or elsewhere or stimulate nerves electrically for therapeutic applications, 
devices it characterizes as “neurobionics”.  Its business model envisions three stages of 
product development:  1) device design and preclinical studies; 2) small scale clinical trials; 
and 3) full scale clinical trials.  The first two stages will be conducted in conjunction with 
research and clinical partners.  Stage 3 will be achieved through spin-out companies.  
 
Bionic Enterprises is currently developing two products of interest for this report: 1) the 
Epikon 4.0 neurostimulation system to treat refractory epilepsy; and 2) a DBS technology.   
targeting Parkinson’s and related conditions.  The Epikon 4.0 neurostimulator and electrodes 
are implanted on the surface of the brain as a single unit (minimizing the risk of infection), 
and the device will have rechargeable batteries to extend its life.   The stimulator package 
associated with the DBS system is 50% smaller than currently available devices and will be 
positioned in the temporal bone of the skull to minimize lead migration and fracture as well 
as skin erosion.  The 22 electrode contacts will allow more precise and customized stimula-
tion, and the fine diameter of the electrodes will facilitate implantation.  A rechargeable 
battery will reduce the need for replacement.  The DBS system will be configured for 
movement disorders and, as the Neurikon Psychiatric System, for selected psychiatric 
disorders, such as obsessive-compulsive disorder.  In addition to these, Bionic Enterprises 
has a cranial neurostimulation device to treat chronic pain in early development, as well as 
neuroBi, a fully custom , advanced neurostimulator with multiple applications, including use 
with Australia’s first prototype Bionic Eye, that reportedly offers important operational and 
safety features that differentiate it from other products on the market. 
 
Bionic Enterprises is a fully owned subsidiary of the Bionics Institute (formerly the Bionic 
Ear Institute). Established in 1986, the Institute undertakes world-class medical bionics 
research that leads to clinical and commercial outcomes in three main areas: Bionic Hearing, 
Bionic Vision and Neurobionics. 
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 7.13 BlueWind Medical 
Based in Herzliya, Israel, BlueWind Medical was founded in 2010 by Yossi Gross’ Rainbow 
Medical private operational investment company to develop a miniature, wireless, leadless 
neurostimulation platform for the potential treatment of multiple conditions, such as 
peripheral neuropathic pain (PNP), overactive bladder (OAB), epilepsy and deep brain 
stimulation (DBS), among others.  The company believes that miniaturization and patient 
empowerment will define the future of neurostimulation so that, in addition to small implant 
already developed, it is completing work on an injectable stimulator for that purpose. 
 
BlueWind Medical’s first product is the Renova neurostimulator, which targets OAB.  The 
miniature device, which is about 90% smaller than traditional sacral nerve stimulation (SNS) 
implants, is implanted near the tibial nerve in the lower leg in a minimally invasive procedure 
performed under local anesthesia.  There, it electrically stimulates the tibial nerve, which is 
known to influence urinary function, powered wirelessly by an external control unit worn by 
the patient.  The latter wears the control unit for only 30 minutes, and can use it while 
performing daily tasks, self-controlling treatment at home.  Device settings are individualized 
to the patient’s incontinence sensations to help achieve normal urinary control.  The 
following compares the Renova implant with a traditional neurostimulator: 
 

 
 
In January, 2016, BlueWind Medical commenced the OPTIMIST Study, a multi-center, 
prospective study of Renova for OAB in 36 patients at four prominent centers in the 
Netherlands and U.K.  The patients were implanted with the Renova device and followed for 
6 months to evaluate its long-term performance and safety.  The study results showed 
Renova to have a low-risk safety profile and to be relatively effective for OAB management.  
Of the 34 subjects who completed the study, 71% experienced at least 50% reduction in OAB 
symptoms at 6 months. This included a reduction in the number of urine leaks per day, and a 
significant reduction in the severity of leaks. Patients who frequently needed to use pads for 
protection against unexpected leaks experienced a reduction in the need to change pads. Most 
impressively, 27.6% of patients suffering from urge incontinence became "dry", i.e., stopped 
experiencing any leaking episodes.  The study also demonstrated that the BlueWind Renova 
System improved all quality of life aspects of the patients, including coping with symptoms, 
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symptom concern, sleep disturbances and problems with social interactions. The research 
concluded that the BlueWind implantable tibial nerve stimulator is a safe, minimally invasive 
system that affords OAB patients significant improvements.  Based on these data, the Renova 
received the CE Mark for OAB in June, 2016.   
 
BlueWind’s second product based on its platform technology is the Vivendi neurostimulator 
for PNP.  It is implanted and performs in the same manner as the Renova; the main 
difference is the treatment protocol.  Patients self-administer Vivendi therapy using the 
wearable device as often and for as long as needed to relieve their PNP, up to 8 hours a day.  
The reduction in pain is typically immediate and lasts from 30 minutes to a few hours post 
stimulation.  The company conducted a multi-center trial of the Vivendi in 13 patients at 
leading pain centers in Europe.  Eighty-three percent (83%) of patients have reported more 
than 50% reduction in VAS pain scores over a 6-month follow up period.  Based on these 
results and the technology platform’s safety profile, BlueWind Medical received the CE 
Mark for the Vivendi in September, 2016.   
 

7.14 Boston Scientific Corporation 
Founded in 1979, Boston Scientific Corporation is a worldwide developer, manufacturer and 
marketer of minimally invasive medical devices used in cardiology, electrophysiology, 
neurovascular, gastroenterology and peripheral vascular therapy as well as pulmonary 
medicine, urology, oncology, gynecology, vascular surgery and neuromodulation 
applications.  The pure-play MD&D company experienced sales and profitability ups and 
downs from 2010 through 2015.  After divesting selected product lines and implementing 
management changes and restructuring activities, sales began to increase again starting in 
2013, reaching $8.4 billion in 2016.  The company also returned to profitability in 2016, 
posting $347 million in net income.  These trends appear to be continuing, as Boston 
Scientific has announced annual sales are estimated to reach $9.05 billion in 2017. 
 
Boston Scientific offers its products via three core business groups encompassing seven core 
businesses.  These are:  Cardiovascular (Interventional Cardiology and Peripheral 
Interventions), Rhythm Management (Cardiac Rhythm Management and Electrophysiology), 
and MedSurg (Endoscopy, Urology/Pelvic Health and Neuromodulation).  Cardiovascular is 
the largest, accounting for 40% of global sales, followed by Med-Surg (35%) and Rhythm 
Management (25%).  More than one-half of company sales are to the U.S. market. 
 
Boston Scientific competes in the Bioelectronics market through its Neuromodulation 
business, which posted global sales of $556 million in 2016, projected to increase to $640 
million in 2017.  The company entered this space via a 2004 merger with Advanced Bionics 
Corporation, the only U.S.-based supplier of cochlear implants, spinal cord stimulation (SCS) 
products, and development programs focusing on implantable drug pumps and microstimu-
lators.  In 2008, Boston Scientific sold its controlling interest in the cochlear implants 
business and IDP program back to the predecessor company.  In the spinal cord stimulation 
(SCS) space, Boston Scientific currently offers the Precision and Precision Spectra systems 
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to manage chronic pain globally and, in 2016, received FDA approval of its Precision 
Montage MRI SCS, which provides full-body MRI access.  Outside of the U.S., the company 
received the CE Market for the Precision Novi SCS System in June, 2015.  The Precision 
Novi™ offers patients and physicians the smallest 16-contact high capacity primary cell 
(PC), also referred to as non-rechargeable, device for the treatment of chronic pain.  Boston 
Scientific was developing a Precision vagus nerve stimulation cuff electrode and neuro-
stimulator for the treatment of heart failure.  The company completed a first-in-man study of 
the device outside of the U.S.; however, the current program status is unknown.  Boston 
Scientific’s global sales of SCS products were estimated at $549 million in 2016, giving the 
company the #3 market position globally and the #1 position in the U.S. market.    
 
In addition to SCS products, the company’s Vercise Deep Brain Stimulation (DBS) System 
has regulatory approval in various international regions such as Europe, Latin America and 
Asia Pacific for the treatment of Parkinson’s disease, essential tremor and intractable primary 
and secondary dystonia.  In September 2015, Boston Scientific obtained the CE Mark for 
Vercise with Neural Navigator Programming Software, and also has the CE Mark for 
Cartesia, the only commercially available Directional Lead powered by current steering, 
designed to minimize patient side effects.  In December, 2017, Vercise received FDA 
approval for sales in the U.S. 
 

7.15 BrainsWay 
Headquartered in Jerusalem, Israel with a U.S. office in Hackensack, New Jersey, BrainsWay 
Ltd. is dedicated to developing and providing advanced technology solutions for the treat-
ment of a variety of brain disorders. The company was established in 2003 and became a 
public company traded on the Tel-Aviv Stock Exchange in January, 2007.  
 
BrainsWay’s flagship technology utilizes Deep Transcranial Magnetic Stimulation.  Its coil is 
based on the H coil, whose patented structure maximizes electrical stimulation of deep brain 
regions.  Additional features include:  1) coil elements are tangential to the head and close to 
target brain regions; 2) the coil offers the convergence of numerous electrical pulses from 
various directions; 3) the coil elements are parallel to target bundles; and 4) the location of 
return paths of electrical impulses are remote from the target area.  BrainsWay’s technology 
is based on patents registered by the U.S. National Institutes of Health (NIH).  The company 
has an exclusive license from the NIH for both the patent and the technology. 
 
BrainsWay claims that the depth and range of penetration of its technology, i.e., 2.5 times 
deeper than standard TMS, enhances clinical outcomes and allows for a short therapy time—
e.g., 20 minutes—compared to traditional TMS systems.  Its coil is fitted into a helmet, 
which is secured snugly to the patient’s head during the treatment.  Typical treatment 
protocol to achieve remission in Major Depressive Disorder (MDD) is 30 sessions, which has 
produced an approximate 50% success rate.  The following shows the BrainsWay D system: 
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BrainsWay’s proprietary therapy has been utilized in over 60 clinical trials worldwide, and 
has been used to treat more than 20,000 MDD patients globally to date.  It received FDA 
marketing clearance for MDD in January, 2013 based on the results of a pivotal trial that 
showed response rates after 20 sessions were 38.4% (versus 21.4% with sham) and remission 
rates were 32.6% (versus 14.6% with sham).  The system also has the CE mark for MDD, 
post-traumatic stress disorder, obsessive-compulsive disorder, bipolar disorder and smoking 
cessation, among other clinical applications.   
 
BrainsWay has yet to report official full year revenues for 2017 but has projected minimum 
revenues will be $23 million based on record 3rd quarter sales.  This compares with global 
revenues of $11.5 million in 2016, $6.8 million in 2015 and $3.38 million in 2014.  Sales 
growth is benefitting on management’s decision to implement a new leasing model.  In 2016, 
leasing revenues accounted for 46% of sales; this share rose to 63% of sales for the first three 
quarters of 2017.  Due to the strong reimbursement for MDD therapy in the U.S. market, 
about 80% of company sales are to the U.S. market. 
 
In December, 2017, BrainsWay announced completion of $8.5 million equity financing as 
part of a private stock placement.  The financing was led by Phoenix Group (Israel), which 
will own more than 7% of the company.  Current shareholders Noked Capital and IBI 
Investment House also participated in the round.  The monies will be used to accelerate 
growth in selected geographies and clinical applications. 
 

7.16 Burke Medical Research Institute 
Burke Medical Research Institute (BMRI, White Plains, New York) is a leading, nonprofit 
scientific research institute devoted to advancing the study of neurological diseases with the 
goal of pioneering novel rehabilitation therapies and developing innovative clinical programs 
and clinics. Based at Burke Rehabilitation Hospital and working synergistically with its 
academic affiliate, Weill Cornell Medicine, BMRI is comprised of several neurological 
disease, injury and functional recovery focused research laboratories.  Among these, the 
Carmel Motor Recovery Laboratory and Willis Laboratoryfor Axonal and RNA Biology are 
relevant to bioelectronic medicine.  The former is focused on improving function in people 
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with brain and spinal cord injuries.  Its particular emphasis at present is the corticospinal 
system, which connects motor cortex to the spinal cord and is key to skilled movement.  
Injury to the corticospinal system is largely responsible for loss of function after paralyzing 
injury.  Carmel Lab is attempting to repair brain-spinal cord connections using activity-based 
therapies, such as electrical stimulation and motor training. The approach capitalizes on the 
facts that: 1) most brain and spinal cord injuries preserve some corticospinal connections; 
and 2) corticospinal connections are highly activity-dependent and can be strengthened with 
endogenous activity (practice) or exogenous activity (electrical stimulation). The Lab uses a 
combination of anatomical, behavioral, and electrophysiological techniques to address the 
roles of injury and activity in promoting plasticity and recovery. It is also studying how the 
plasticity of the motor systems changes with age and how developmental plasticity can be 
leveraged to promote recovery after injury.   
 
The Willis Laboratory for Axonal and RNA Biology is investigating sensory neuron axonal 
biology, particularly how local events within the axon drive normal and pathological 
behaviors. The axonal and dendritic processes of neurons represent functional domains of 
cytoplasm that can be separated from their cell body by vast distances. This separation 
provides a biological setting where the cell uses locally synthesized proteins to both 
autonomously respond to stimuli and to retrogradely signal the cell body of events occurring 
is this distal environment. This ability is a critical component of successful regeneration 
following injury or damage to the neuron. The Lab’s early work focused on determining 
which proteins can be locally synthesized in regenerating axons and to begin to understand 
how their axonal levels can be modulated. They found that sub-cellular localization of 
mRNAs into neuronal processes is regulated by specific interactions between RNA and 
RNA-binding proteins, linking the role of a specific RNA-binding protein to transport and 
translation of multiple RNA cargos and to axonal regeneration following injury. The 
researchers are currently focused on how aberrant axonal mRNA transport and local protein 
synthesis contribute to chronic pain states, peripheral neuropathy, and failure of 
neuromuscular junctions.  Their goal is to understand how axonal protein synthesis 
contributes to neural regeneration/repair, and how failure of this normal biological process 
can contribute to neuronal pathophysiology.  To this end, they are conducting a trial in 
axonal transport and local translation in neuropathic pain designed to determine how axonal 
transport and local protein synthesis contribute to hyperexcitability exhibited by damaged 
neurons leading to neuropathic pain states. 
 

7.17 Cala Health 
Previously known as Resido Medical, Cala Health (Burlingame, California) is an early stage 
venture company founded in 2014 by Kate Rosenbluth, Ph.D. and Scott Delp to develop and 
commercialize Stanford University neuroscience discoveries designed to treat chronic 
diseases noninvasively.  Using a combination of expertise in neuroscience, consumer 
electronics and medical devices, the company is pioneering neuroperipheral therapy, an 
approach that addresses chronic conditions by externally stimulating peripheral nerves with 
body-worn electronics.  Its first target is the movement disorder essential tremor, which is 
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common among the elderly and for which drugs are relatively ineffectual.  The company’s 
device, which was reportedly in clinical trials as early as 2013, comprises a wrist-worn 
stimulator that connects to a small sensor implanted in the brain.  This “watch” sends 
electrical current along the median nerve of the wrist and up to the central nervous system in 
order to modify the abnormal network dynamics causing the tremor.  Over time, the 
stimulation normalizes the neural firing in the abnormal network, thereby reducing tremor.  
Cala Health and its representatives remain in stealth mode at present and decline to comment 
on the device or its status.   
 
Cala Health owns the trademark for “Cala Wave”, described as “portable medical devices 
with sensors to monitor the physical movement of a patient wearing or carrying the device.”  
This is expected to be the platform name of the company’s neuroperipheral therapy devices. 
 
Cala Health has raised $21.3 million in funding since its inception.  This includes $3.3 
million in August, 2014 from Johnson & Johnson Development Corporation and Lux Capital, 
followed by $18.0 million in February, 2016 from the original investors plus Google 
Ventures, Action Potential Venture Capital, DRX Capital and Lightstone Ventures.   
 
Cala Health CEO Kate Rosenbluth also holds patents relating to a monitoring device for 
sleep apnea.  It is not known if these will be brought into the company.  
 

7.18 Cardionomic 
Using technology licensed from the Cleveland Clinic Foundation and channeled through 
New Enterprise Associates-backed incubator Denali Medical II, Cardionomic (New 
Brighton, Minnesota) is pursuing a neuromodulation technology that addresses the root cause 
of heart failure, reduced contractility.  The Cardionomic device is implanted in the right 
pulmonary artery through the internal jugular vein, much like a Swan-Ganz catheter.  There, 
it is used to electrically stimulate the terminal branches of the cardiac plexus—the plexus of 
nerves situated at the base of the heart formed by cardiac branches derived from both the 
sympathetic and parasympathetic nervous system—to benignly increase contractility, 
resulting in improved cardiac output, renal blood flow, urine production and pharmacologic 
tolerance.  Concurrently, the therapy also achieves the required decreases in hormonal 
signaling, i.e., plasma norepinephrine and B-type natriuretic peptide (BNP), that are objective 
biomarkers of chronic heart failure.  Although the Cardionomic device’s action is highly 
targeted, it is expected to produce systemic benefits for the patient. 
 
The current target of the Cardionomic device is patients hospitalized for acute decompen-
sated heart failure to expedite their recovery, shorten hospital stays and reduce readmissions.  
The therapy is expected to be delivered to the patient upon admission and to remain in place 
for one to three days before it is removed.  
 
In a first-in-human, proof-of-concept study of 10 patients with stable (i.e., not decompen-
sated) NYHA Class III heart failure, a different embodiment of the device les to a 22.6% 
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increase in left ventricular contractility without a statistically significant change in heart rate.  
Cardionomic has been working with Ohio State University cardiologist William Abraham, 
M.D., one of the world’s foremost experts on heart failure, to define and refine the endpoints 
for its pivotal trial, obtain favorable labeling and commercialize the technology.  Details 
about this trial are being closely-held at present. 
 
In October, 2015, Cardionomic completed a $20 million Series A financing round that 
included New Enterprise Associates (NEA), the Cleveland Clinic, Greatbatch Inc., and 
others.  (At that time, Denali Medical II merged into Cardionomic.)  The company is using 
the funds to continue development of its technology and initiate its pivotal clinical trial.   
 

7.19 Cephaly Technology (STX-Med) 
Cephaly Technology (Seraing, Belgium) was founded in 2004 by two bioengineering 
experts, Pierre Rigaux and Pierre-Yves Muller, as STX-Med to research and develop 
practical technologies that afford therapeutic progress and improvements in patients’ quality 
of life.  In 2005, it launched the Cephaly Project, designed to offer a noninvasive alternative 
to invasive cranial neurostimulation.  The result was Safetox, introduced in Europe in 2006 
as the first device acting by electroinhibition of the muscles of the center of the forehead.  
This was followed by the launch of Cephaly, the first external neurostimulation device for 
the treatment and prevention of migraine and headaches.  In 2009, the company initiated two 
clinical trials to demonstrate the safety and efficacy of Cephaly with respect to sedative effect 
and migraine prevention.  This was followed in 2012 by two key events:  1) the launch of 
Cephaly on the French market; and 2) the establishment of a partnership among STX-Med, 
Liege University and the research department of the Walloon region to develop an 
“electronic aspirin”.  In 2014, the publication of a clinical study of Cephaly in more than 
2,000 patients in a peer-reviewed journal contributed to expanded distribution and 
international markets and FDA approval of the device in the U.S., which was followed in 
2016 by the establishment of a U.S. office in Wilton, CT to act as exclusive distributor in that 
country.  Since then, the company has continued to expand global distribution and also 
introduced a second generation products in the U.S. and Europe. 
 
Cephaly Technology’s method of triggering electrical action potentials on cranial nerves 
externally involves three approaches:  external trigeminal nerve stimulation (e-TNS), 
supraorbital transcutaneous nerve stimulation (s-TNS), and external occipital nerve 
stimulation (e-ONS).  The company also has substantial experience in the technique used to 
modify the stand-by potential of the nerves in the cerebral cortex in order to increase or 
decrease the spontaneous activity of selected parts of the brain, a technique it calls 
transcranial Direct Current Stimulation (tDCS).  The company claims these capabilities, 
coupled with its expertise in the acquisition and analysis of biosignals, contribute to the 
success of its Cephaly external neurostimulation devices, shown below.   
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Cephaly Cranial Nerve Stimulator for Migraine Treatment: 

    
 
Cephaly Technology has received the CE Mark and FDA approval for its e-TNS system for 
migraine prevention, and the CE Mark for its e-TNS for acute migraine treatment and its e-
ONS system for migraine prevention.  It is in Phase III trials of its t-DCS device for coma 
treatment and Phase II trials of the same for cluster headache prevention.  Finally, it is in 
early stage trials of e-TNS for fibromyalgia treatment, and has developed prototype e-TNS 
systems for epilepsy and post-concussion treatment. 
 
Cephaly Technology reported €5.5 million in revenues at the end of 2016, a 30% increase 
over the prior year.  In December, 2015, the company signed a record-breaking contract 
worth €6.5 million with China’s Angenieux Trading Shanghai Co. Ltd., which is expected to 
contribute significantly to the company’s growth over the next five years.  
 

7.20 Cerbomed GmbH 
Headquartered in Erlangen, Germany, Cerbomed GmbH was founded in 2005 to develop a 
transcutaneous vagus nerve stimulation (t-VNS) technology that uses the fact that the 
auricular branch of the vagus nerve (ABVN) supplies the skin of the concha in the human 
ear.  The company’s NEMOS System comprises a simple-to-operate, hand-held pulse 
generator and a discrete earplug-like electrode similar to a smartphone headphone.  The 
intensity, pulse duration and frequency of stimulation have been optimized to induce signals 
in thick-myelinated Aß fibers of the ABVN which project directly to the nucleus of the 
solitary tract in the brainstem.  Patients administer the daily 4 hour treatment, which can be 
broken down into hourly sessions, at their convenience.  NEMOS eliminates the need for 
implantation surgery, is less expensive than implants and is gentle and easy to use.  
Importantly, therapy can be initiated early without the need to wait for implant surgery.  The 
following shows the NEMOS t-VNS System: 
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The NEMOS System received European clearance for the treatment of epilepsy and 
depression in 2010, followed by approval for the treatment of pain in 2012.  These approvals 
were based primarily on preclinical studies of t-VNS as well as extrapolating the findings 
from preclinical and human studies of left cervical VNS.  Cerbomed’s own prospective pilot 
study of NEMOS showed that five of seven enrolled patients experienced a reduction in 
seizure frequency after undergoing three hours of therapy daily for 9 months.  Based on these 
positive results, the company plans to undertake a multi-center study of t-VNS therapy for 
epilepsy.  It is also pursuing clinical studies of its t-VNS technology in tinnitus, schizo-
phrenia, and depression.  
 
Privately-held Cerbomed has been supported by lead investor MIG-AG, one of Germany’s 
largest venture capital funds.  Other investors include the state-owned KfW Banking Group 
and S-Refit AG.  In September 2012, Cerbomed entered into a strategic partnership with 
Cyberonics, Inc.(now LivaNova), the global leader in vagus nerve stimulation.  Cyberonics 
made an initial investment of €2 million to fund Cerbomed’s epilepsy clinical trial in 
Germany, with further investments of up to €5.5 million, subject to the achievement of 
certain clinical milestones. Cyberonics is a minority shareholder with certain rights, 
including representation on Cerbomed’s advisory board and an exclusive option for global 
sales and distribution of NEMOS. 
 

7.21 CerebralRx 
Based in Yehud, Israel, CerebralRX was founded in 2010 as a spin-off of BioControl 
Medical to commercialize that company’s neuromodulation technology for neurological 
conditions, especially refractory epilepsy.  The FitNeS System employs platform technology 
developed for BioControl Medical’s CardioFit device and comprises an implanted stimulator 
and stimulation lead, which work together to deliver electrical signals to the left vagus nerve. 
The company claims that the device offers improvements over existing vagus nerve 
stimulation devices by employing lower currents, minimizing nerve damage through a unique 
nerve electrode interface, reducing current leakage through improved cuff isolation, and 
allowing for safe and easy explant of the electrode if required.  The FitNeS system has 
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received the CE Mark for the treatment of refractory epilepsy and as an adjunct therapy for 
treatment-resistant depression.  It is not yet approved for use in the U.S.   
 
We have not been able to confirm whether or not CerebralRx is still actively marketing the 
FitNeS System for drug-refractory epilepsy.  Dr. Ehud Cohen still serves as the company’s 
President and CEO; however, he has also been Corporate Vice President and General 
Manager of the Dimensional Metrology Division at Nova Measuring Instruments Ltd. since 
2017.  We believe it is unlikely that he would be able to aggressively pursue both activities 
and positions concurrently.  
 

7.22 Clinatec 
Clinaatec is a biomedical research center based at the Polygone Scientifique in Grenoble, 
France.  It was founded in 2006 by world renowned neurosurgeon Professor Alim-Louis 
Nenabid (who also co-developed DBS)  to encourage the creation of innovative biomedical 
devices, all the way from concept to their application to patients.  To achieve this, he brought 
together researchers from a variety of fields—including medicine, robotics, electronics, 
micro- and nanotechnology, and mathematics—and paired them with experts from the world 
of industry.  Their focus is large patient caseloads for whom current therapies are inadequate 
or ineffective, starting with patients with quadriplegia, neurodegenerative diseases and 
cancers with poor prognoses. 
 
Clinatec has four major projects underway.  These are: 1) the Near-Infrared (NIR) project, 
which is focused on the development of a neuroprotective system for patients with 
Parkinson’s disease; 2) the Brain Computer Interface (BCI) project, focused on the 
development of compensating systems that will help people with severe motor control 
disabilities recover mobility; 3) the Explorer project, which aims to develop devices for non-
invasive tissue exploration for use in treating patients with cancer or neurodegenerative 
diseases; and 4) the Carbonomics project, focused on the development of personalized 
medical care for individuals with brain tumors.  Among these, the NIR project is most 
closely aligned with the technologies covered in this report.  However, rather than using 
electrical or magnetic neurostimulation, the NIR project is stimulating the brain with NIR 
light, which has shown positive, neuro-protective effects in cell and animal models.  Clinatec 
is developing an intracerebral implant to deliver this NIR stimulation to the brain in the 
hopes of slowing or preventing the further degeneration of the dopaminergic neurons in 
Parkinson’s.  Such treatment will be delivered at a much earlier stage in the disease than 
DBS, i.e., before the development of motor problems.  Clinatec is currently conducting 
preclinical tests on their device to obtain accreditation for a clinical trial in humans. 
 
Clinatec is a partnership between the CEA (French Alternative Energies and Atomic Evergy 
Commission), Grenoble-Alpes University Hospital, INSERM, and the Universite Grenoble 
Aples.  It has received many awards for advancing the science of medicine.  Research and 
operations are housed in a 6,000 m2, fully-equipped building as well as a small hospitaliza-
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tion unit.  In 2014, the CEA set up the independent, non-profit Clinatec endowment fund to 
raise €30 million by 2018 to support its research efforts. 
 

7.23 Cogentix Medical 
Cogentix Medical (Minnetonka, Minnesota), which was formed by the 2015 merger of 
Uroplasty and Vision Sciences, is a global medical device company that designs, develops, 
manufactures and markets innovative proprietary technologies, primarily serving the urology, 
urogynecology and gynecology markets.  The company’s involvement in bioelectronic 
medicine occurs through its Urgent PC Neuromodulation System, which Uroplasty licensed 
from Cystomedix in 2004 and which delivers percutaneous tibial nerve stimulation (PTNS) 
for office-based treatment of overactive bladder (OAB).  During therapy, a thin needle 
electrode is inserted under the skin near the patient’s ankle. This electrode is then connected 
to a battery-powered stimulator, which sends mild electrical impulses that travel through the 
electrode, along the leg and to the pelvic nerves that control bladder function.  Each 
treatment lasts about 30 minutes and is repeated at weekly intervals until the patient has 
completed 12 treatments.  At that point, the patient and physician assess whether or not the 
response to therapy has been adequate.  The following depicts a treatment using the Urgent 
PC System: 

 
 
Most patients undergoing Urgent PC therapy do not see improvement in their OAB 
symptoms for 5 to 7 weeks; however, some respond more quickly.  In a review of 100 
patients who experienced success with Urgent PC therapy, symptoms improved anywhere 
from 2 to 12 weeks.  For about 20% of these patients, symptoms of urgency or urge 
incontinence did not improve until after 8 weeks. 
 
The risks associated with Urgent PC therapy are low, as are side effects.  Those most 
commonly reported include temporary mild pain or skin inflammation at or near the 
stimulation site.  At the same time, Urgent PC therapy is contraindicated for patients with 
pacemakers or implantable defibrillators, those prone to excessive bleeding, patients with 
nerve damage that could impact either percutaneous tibial nerve or pelvic floor function, and 
patients who are pregnant or planning to become pregnant during the duration of treatment.  
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Urgent PC therapy received FDA approval and was launched in the U.S. in 2005.  Successful 
randomized trials of the device in 2007 through 2009 supported the creation of a dedicated 
CPT code for PTNS in the U.S. and approval for use in the U.K., which was expanded to 
include fecal incontinence in 2011.  In 2014, PTNS therapy was upgraded to a recommended 
therapy in U.S. and European guidelines, followed by Medicare reimburse-ment in the U.S.  
Netherlands is the only other country reimbursing Urgent PC therapy at present.  
 
Cogentix Medical’s other principal products include the Macroplastique urethral bulking 
agent for stress urinary incontinence primarily due to intrinsic sphincter deficiency, 
PrimeSight endoscopes, and the EndoSheath Protective Barrier, which eliminates the need 
for high-level endoscope disinfection between cases. The company posted total revenues of 
$51.85 million in 2016, of which $21.24 million (41%) were sales of Urgent PC systems.  
These same sales for the 9 months ending September 30, 2017 were $40.8 million and $15.6 
million, respectively. Roughly three-quarters of Cogentix Medical’s sales remain 
concentrated in the U.S. 
 

7.24 CorTec/Wyss Center 
Formally launched in September, 2010 in Freiburg, Germany, CorTec GmbH is a young 
medical engineering company that is positioned to be a full-service design, testing and 
manufacturing partner in the field of implantable, personalized neurotechnology systems and 
components.  The company had its start in 2005 when its founders received a €2.5 million 
grant from Go Bio for Life Sciences (which specifically earmarks startup companies in 
Germany) to develop technology out of the Institute for Microsystems Technology (IMTEK).  
This technology involved advanced electrodes that are very soft, highly flexible and produce 
more refined signals, making them ideal for human implant applications, specifically, closed-
loop, implanted neurotechnology systems and components.  CorTec is also developing the 
CorTec Brain Interchange, a complete system for closed-loop interaction with the human 
brain.  The Brain Interchange comprises multi-channel electrodes, a wireless communication 
system and adaptable software.  The closed loop system can simultaneously record and 
stimulate on 32 channels and also can process recorded data.  The system controls itself 
autonomously by calculating activities based on recorded data and transmitting needs-based 
stimulation impulses within biologic reaction times.  In doing so, it enables the 
personalization of therapy for patients with neurological and neurodegenerative conditions.   
 
In January, 2018, CorTec announced it had entered into a partnership with the Wyss Center 
for Bio and Neuroengineering in Geneva, Switzerland to to develop subcutaneous neuro-
modulation solutions for tinnitus, dyslexia, epilepsy and other brain circuit disorders.  Cor-
Tec’s Brain Exchange technology will form the centerpiece for product development.  
Established by Swiss entrepreneur and philantropist Hansjörg Wyss, the Wyss Center 
supports translational neurotechnology research by offering competitively awarded support 
for projects that have the potential to make substantial clinical impact.  The following shows 
an artist’s rendition of the CorTec Brain Interchange as it may be used for epilepsy 
monitoring, tinnitus regulation and alleviation of dyslexia (courtesy of the Wyss Center): 
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CorTec has received substantial funding to support its growth.  In addition to the original 
€2.5 million grant, it received another €2.5 million in seed funding, followed by €850,000 for 
the company launch, and €3.0 million in  series A funding led by Bernhard Meder of 
MEDER CommTech with matching funds from KfW Bank of Germany.  In 2016, the 
company closed on just under €10 million in Series B funding, led by Klaus Mangold, the 
former CEO of Daimler Services AG and current CorTec Board Chairman.   
 
CorTec will move its 40-person team into a new facility in Freiburg in mid-2018 that will 
house its R&D, manufacturing and clean room operations.  The company is seeking strategic 
partners in the U.S. and submitting quality systems data and 510(k) applications to that end.   
 

7.25 CVRx  
Founded in 2001, privately-held CVRx (Minneapolis, Minnessota) has developed a 
proprietary implantable technology for the treatment of heart failure and high blood pressure.  
The BaroStim Neo uses the company’s patented technology to trigger the body’s natural 
blood flow regulation system to treat these conditions.  According to CVRx, both heart 
failure and hypertension are characterized by the failure of the baroreceptor system to send 
appropriate signals to the brain.  The BaroStim Neo—which comprises an IPG implanted 
under the skin in the chest and a lead wired from the IPG to the carotid artery sinus close to 
the baroreceptor system—addresses this failure by sending mild electrical pulses to those 
baroreceptors, thereby restoring sympathovagal balance and cardiac homeostasis.  The 
system can be adjusted to meet each patient’s specifictherapeutic needs.  The following 
illustrate the mechanisms of action of the BaroStim Neo for heart failure and resistant 
hypertension, respectively: 
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The BaroStim Neo therapy was clinically evaluated in the HOPE4HF trial, a 146-patient 
randomized, controlled clinical trial, presented at the American College of Cardiology, Heart 
Rhythm Society and the European Society of Cardiology Heart Failure conferences in 2015.  
Results at six months showed that patient symptoms, functional capacity, and cardiovascular 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 7: Company Profiles 

©2018, Health Research International                         7-28                                  #261-1-WW-0118 

function were significantly improved, while heart failure hospitalization days were reduced 
in patients receiving BaroStim Therapy relative to control.  The favorable data were 
published in the Journal of the American College of Cardiology- Heart Failure and the 
European Journal of Heart Failure.  CVRx is currently sponsoring the Baroreflex Activation 
Therapy for Heart Failure Pivotal Clinical Trial (BeAT-HF) in the U.S., which is intended to 
support FDA approval in the U.S.  
 
The BaroStim Neo received the CE Mark for the separate indications of resistant hyper-
tension (2011) and heart failure (2014) and is commercially available in more than 20 
countries.  It remains investigational for the treatment of both indications in the U.S.   
 
In August, 2016, CVRx announced it had secured equity financing totaling $93 million.  This 
included private equity financing totaling $57.7 million plus $35.3 million subscribed by the 
same investors that will close upon the company's achievement of a certain operational 
milestone.  Johnson & Johnson Innovation was the lead investor, with participation from 
existing investors New Enterprise Associates and Ysios BioFund I F.C.R.  New investors in 
the Series G financing included Gilde Healthcare Partners, Action Potential Venture Capital 
Limited and Windham Venture Partners.  CVRx also closed a $20 million term loan 
agreement with Oxford Finance LLC.  A portion of the loan proceeds from this new debt 
facility was used to repay an existing loan.  CVRx is using the proceeds to complete the 
BeAT-HF trial and expand its global commercial activities. 
 

7.26 Deep Brain Innovations  
Deep Brain Innovations (DBI) BI was founded in 2013 by veteran neurotechnology 
entrepreneur Geoff Thrope and Dr. Warren Grill as a portfolio company of NDI, a hybrid 
venture capital/commercialization firm located in Chapel Hill, North Carolina that focuses 
exclusively on innovative neurodevice technologies.  NDI’s model is to invest in and develop 
technologies in large markets where there is at least one validated product, but where critical 
needs still exist. Thrope and Grill have an impressive track record in developing innovative 
neurodevice therapies that provide significant returns to investors.  For example, in 2008, 
they sold their MEDSTIM urinary incontinence system to Medtronic for $42 million. 
 
Although DBS therapy is effective for treating symptoms of Parkinson’s, DBI believe it has 
two limitations that need to be addressed:  high energy requirements and implant size.  High 
energy requirements necessitate replacement of the implant every 3 to 5 years on average, 
which carries normal surgical risks, especially infection.  Implant size can be problematic if 
larger devices erode over time through the skin, causing infection and necessitating early 
replacement.  DBI believe its proprietary Temporarily Optimized Patterned Stimulation 
(TOPS) technology addresses both.  Developed by Duke University Biomedical Engineering 
Professor Warren Grill, TOPS represents an improved means of communicating with the area 
of the brain that controls movement in individuals with Parkinson’s.  Because the stimulation 
patterns are more efficient that those associated with traditional DBS systems, it is possible 
to make smaller implants that last longer.  The result is less frequent replacements. 
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In June, 2015, Dr. Grill was awarded a $4 million research grant to study DBS in patients 
with Parkinson’s.  The Javits Neuroscience Investigator Award guarantees funding for Grill’s 
work for the next four years, and another three pending administrative review.  
 

7.27 Defense Advanced Research Projects Agency  
The U.S. government’s Defense Advanced Research Projects Agency (DARPA) was formed 
in 1957 after the Sputnik launch to ensure it would be the initiator, and not the victim, of 
strategic technological surprises.  DARPA explicitly reaches for transformational change 
instead of incremental advances, but does not perform its engineering alchemy in isolation. 
Rather, it works within an innovation ecosystem that includes academic, corporate and 
governmental partners.  In this respect, it largely funds research conducted by others on its 
behalf and according to DARPA-specific requests for proposals. 
 
In 2013, DARPA commenced the Brain Initiative to research and develop new technologies 
to address neurologic conditions.  Two of the more prominent programs involving 
bioelectronic medicine are ElectRx and Revolutionizing Prosthetics. 
 
The ElectRx (Electrical Prescriptions) program is seeking innovative research proposals to 
help transform neuromodulation therapies from last resort to first choice for a wide range of 
diseases through the development of ultraminiaturized neuromodulation devices about the 
size of individual nerve fibers delivered into the body via injection.  Its current focus is 
peripheral neuromodulation treatments for inflammatory diseases (e.g., rheumatoid arthritis, 
systemic inflammatory response syndrome, inflammatory bowel disease—and mental health 
conditions (e.g., post-traumatic stress disorder, anxiety, depression).   
 
The Revolutionizing Prosthetics program was started to expand prosthetic choices for 
amputees, who have typically depended on body-powered prosthetics.  One result was the 
DEKA Arm System.  Introduced in 2014, the battery-powered Arm has six user-selectable 
grips and is about the size and weight of a natural limb.  It allows for simultaneous control of 
multiple joints using various input systems, including wireless signals generated by sensors 
in the user’s feet.  It also enables the manipulation of objects by sending signals from the 
brain to robotic devices, also sensing precisely what those devices are touching.  This ability 
to both control objects and sense is critical to performing precise movements.  Both capabili-
ties are the result of sophisticated neural technologies that require the implantation of 
electrodes into specific areas of the brain. 
 

7.28 electroCore  
electroCore, LLC (Basking Ridge, New Jersey) is a U.S.-based neuroscience and technology 
company focused on the development of patient-administered, non-invasive vagus nerve 
stimulation (nVNS) therapies for the treatment of multiple conditions in neurology, 
psychiatry, gastroenterology and other fields.  The company’s initial target is the treatment of 
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primary headache (migraine and cluster headache) and epilepsy, with trials underway for 
gastric motility disorders, depression and anxiety.   
 
The company’s first product is gammaCore, a small, hand-held device that delivers mild 
electrical stimulation to the vagus nerve. The treatment process is simple:  1) The patient first 
locates the correct treatment site and positioning on the right or left side of the neck to 
activate the vagus nerve; 2) He/she then applies a thin coating of conductive gel to the two 
stimulation surfaces of the device, turns it on and positions it on the neck, adjusting 
stimulation intensity to the desired level; 3) Treatment continues for 2 minutes, after which 
the device beeps twice and automatically turns off.  Patients typically administer three 2-
minute doses per treatment to relieve pain.  After waiting 3 minutes, should pain continue, 
the patient can administer another 3 doses of gammaCore nVNS.  Patients may treat up to 
four pain attacks (8 treatments) for a total of 24 nVNS stimulations per day.  The device is 
replaced monthly.  The following shows the application of gammaCore technology: 
 

 
 
Clinical studies of gammaCore for cluster headaches have demonstrated the therapy often 
works within 15 minutes, providing fast, reliable relief without the use of additional 
medications.  Many patients also reported a reduction in the duration and intensity of their 
attacks.  Based on these results and documented safety, the U.S. FDA approved gammaCore 
for the treatment of acute episodes of cluster headaches in adults in April, 2017, which was 
expanded to include approval for acute migraine in January, 2018.  The device received the 
CE Mark in 2014 and is also available internationally.   
 
In 2017, electroCore standardized gammaCore pricing outside of the U.S.  The device 
currently sells for £275 in the U.K., €260 in the European Union and about $400 in Canada.  
In the U.S., the cost of gammaCore is $575 per month or roughly $7,000 per year.  However, 
patients eligible for the gammaCore Patient Registry may receive up to 2 months of product 
free and up to 1 year of co-pay assistance. 
 
Founded in 2005, electroCore has more than 30 employees and full-time consultants, with 
offices in the US, Germany, the U.K., Italy, and Canada.  Since its inception, the company 
has raised over $150 million in capital through multiple rounds of funding.  These include 
$32 million in seed funding, $55 million in a Series A Round led by Merck GHI and Core 
Ventures, and most recently, in November, 2017, $70 million in Series B financing.  The 
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monies are being used to expand distribution of gammaCore and continue clinical trials of 
the technology in other indications.   
 

7.29 Endonovo Therapeutics  
In December, 2017, California-based) Endonovo Therapeutics acquired intellectual property 
and assets from Rio Grande Neurosciences for $4.5 million that included an FDA-approved 
and CE Marked device for treating pain and edema using pulsed electromagnetic fields 
(PEMF), and a multi-coil repetitive transcranial magnetic stimulation (rTMR) device with a 
pending 510(k) approval.  The acquisition occurred almost 18 months after Rio Grande 
backed out of a $22 million planned merger between the companies.  Rio Grande acquired 
the rTMR technology from Cervel Neurotech in late 2015 to combine with its PEMF tech-
nology and closed-loop Transcranial Electrical Stimulation (cl-TES) into a core platform.    
 
Cervel Neurotech, formerly NeoStim, Inc., was founded in 2008 by M. Bret Schneider, MD, 
David J. Mishelevich, MD, PhD, and entrepreneur Michael J. Partsch to develop and 
commercialize technology licensed from Stanford University.  This Repetitive Transcranial 
Magnetic Stimulation (rTMS) uses magnetic fields to induce electrical currents within the 
brain to modulate the functioning of specific areas.  It basically aims to “reset” electrical 
activity in those areas of the brain using magnetic fields generated by noninvasive coils.  
rTMR in particular aims to stimulate multiple areas of the brain together and to penetrate into 
deeper structures that are often difficult to reach with traditional TMS therapy.  The 
placement of multiple magnetic coils directly on the scalp enable the “steering” of the 
magnetic field to the targeted regions of the brain and thereby avoiding unintended 
stimulation of areas not associated with the disorder.  rTMS therapy is focused on the 
treatment of mental illnesses usually managed through drugs and counseling, such as 
depression and anxiety, as well as chronic pain.  It also has potential application to post-
traumatic stress disorder, addiction, obsessive-compulsive disorder, bipolar disorder and 
traumatic brain injury. 
  
Cervel Neurotech raised $42.5 million in funding from inception through 2014, which 
included a $14.1 million round in April, 2013 by existing investors D. E. Shaw Ventures and 
Aberdare Ventures, and an $11.1 million round in June, 2014 involving 8 unnamed investors 
and sales of equity, rights and securities.  Rio Grande’s acquisition of Cervel, which included 
all related patent applications, issued patents, trademarks and equipment, followed in 2015, 
after which Rio Grande and Endonova accounced their $22 million merger plan in July, 
2016.  Now equipped with both the PEMF and rTMS technologies, Endonovo is well 
positioned to expand its “immunotronics” platform.  The latter is a non-invasive, non-
implantable bioelectronic device that uses non-invasive electromagnetic pulses to deliver 
electrical stimulation via inductive coupling to the nervous system and cells for treating and 
preventing organ failure through the reduction of inflammation and cell death.  The company 
intends to initiate and fund both currently planned and all future clinical trials to evaluate the 
use of PEMF and rTMS in the treatment of CNS disorders.  
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7.30 EndoStim 
With operations in St. Louis, Missouri and Nijmegen, The Netherlands, EndoStim has 
developed a neurostimulation approach for the treatment of gastroesophageal reflux disease 
(GERD) that focuses on the lower esophageal sphincter (LES).  GERD and its symptoms are 
often caused by a dysfunctional LES valve between the stomach and the esophagus. Reflux 
of stomach acid or bile back into the esophagus occurs when the LES remains open or 
partially open rather than closing.  The EndoStim System delivers mild electrical signals to 
the LES automatically throughout the day, prompting the valve to stay closed to prevent 
reflux but also to open to allow food and liquids to pass through to the stomach.  This gentle 
stimulation is designed to restore normal function to the LES, and normally cannot be felt by 
patients. 
 
The EndoStim System comprises a neurostimulator (IPG), implantable bipolar lead, and a 
wireless external programmer.  The IPG and lead are placed through a minimally-invasive 
laparoscopic procedure. Following implantation, the wireless EndoStim device is 
programmed by a physician.  (If necessary, this programming can be adjusted by the 
physician during a follow up visit.) . The IPG delivers stimulation therapy to the LES via the 
lead. The device battery is expected to last 7 to 10 years under recommended stimulation 
algorithms. The following shows the components and placement of the EndoStim System: 

 

EndoStim therapy is designed for GERD patients on proton pump inhibitor (PPI) drug 
therapy for one year or longer who have not experienced adequate relief of their symptoms.  
It is also recommended that best candidates have nonerosive reflux disease (NERD) or only 
mild to moderate erosive disease.  The treatment is designed to preserve natural anatomy in 
order to reduce or avoid typical gastrointestinal side effects of traditional anti-reflux surgery. 
 
In May, 2016, Endostim commenced the multicenter, randomized, double-blind, sham-
controlled LESS GERD pivotal trial of the EndoStim System in 110 patients at up to 30 sites 
in the U.S. and Europe.  It is evaluating the safety and efficacy of the approach in GERD 
patients who experience symptoms despite taking high-dose PPI medications.  Estimated 
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primary completion of the study is March, 2018, followed by an estimated study completion 
date of December, 2021.   
 
The EndoStim System is CE Marked for patients with GERD symptom duration of six 
months or longer.  It is also available in countries throughout Europe, Latin America, and 
Asia Pacific. It is not currently approved for sale in the U.S., where use is for investigational 
purposes only.  Company sales were estimated at $325,000 in 2017. 
 

7.31 eNeura 
Privately-held eNeura (Baltimore, Maryland) was founded in 2012 to pioneer the use of 
portable, noninvasive, single-pulse Transcranial Magnetic Stimulation (sTMS) devices for 
the treatment of migraine.  TMS occurs when a magnetic charge is created near the scalp that 
leads to development of a small electrical current within the brain.  If the electrical current 
that is created is of sufficient size, duration and location, it can depolarize neurons in the 
brain, i.e., change their firing patterns and excitability, thereby interrupting the abnormal 
hyperactivity that characterizes migraine.  The result is to stop or prevent a migraine attack.   
 
eNeuro’s SpringTMS system consists of a box-type device with handles that the patient 
places at the back of the head.  He or she then pushes a button on the device, which generates 
a focused magnetic pulse that eliminates current or pending migraine pain.  The following 
shows the SpringTMS device and its application: 
 
 

 

In a study presented by Amaal Starling, MD, at the April, 2017 American Academy of 
Neurology conference, 132 subjects were observed for four months: one month to establish 
baseline headache frequency and three months of outcomes when treated with the sTMS 
device.  The treatment protocol included both preventive (4 pulses twice daily) and acute (3 
pulses at 15 minute intervals repeated up to 3-times for each attack) protocols.  The results 
showed an average 9.1 days reduction in headache frequency for people with baseline 5 to 25 
headache days per month.  No serious adverse events were reported, and fewer than 5% of 
patients reported minor side effects, such as lightheadedness, tingling and tinnitus. 
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In the company’s previous double-blind, placebo-controlled, randomized pivotal study of 201 
patients at 18 U.S. centers, nearly 38% of subjects who used sTMS therapy when they 
experienced migraine headache pain were pain-free two hours after using the device, 
compared to about 17% of control patients.  After 24 hours, approximately 34% of the sTMS 
uses were pain-free, compared to only 10% of those in the control group.  The treatment did 
not result in any device-related serious adverse events.   
 
The pivotal trial results paved the way for the FDA’s clearance of eNeura’s first-generation 
Cerena TMS device in December, 2013, followed by 510(k) clearance of the SpringTMS 
device in May, 2014.  The SpringTMS also has the CE Mark in Europe and is marketed in 
the U.K.  The system is approved for both acute attacks and daily prevention.  In the U.S. 
(the principal market for the device at present), the system is rented in 3-month increments at 
a list price of $250 per month.  It is also offered on a 12-month program, which costs an 
average $175 per month. New patients receive a $300 discount on their first prescription, 
which brings the cost down to $150 a month for the first three months. 
 
eNeura has been supported by two early-stage investments in 2005 and nine later-
stage/generating revenue but not profitable venture capital rounds from January, 2006 
through February 2018.  This last Series D financing round totaled $17 million and was led 
by Baltimore-based Camden Partners Nexus.  The proceeds will be used to support 
commercialization of the company’s sTMS technology. 
 

7.32 Enopace Medical 
Enopace Biomedical (Caesarea, Israel) was founded in 2008 by Yossi Gross and his Rainbow 
Medical operational investment company to develop a novel technology to treat heart failure.  
The Harmony technology comprises a leadless, catheter-based intravascular neurostimulator 
implanted percutaneously using a femoral approach.  It treats heart failure—i.e., increases 
cardiac efficiency—by activating the aortic baroreceptor, which reduces left ventricular 
workload, increases aortic compliance and balances the autonomic nervous system.   
 
Enopace announced the first implantation of its Harmony device in November, 2015 at 
Zagreb Medical University in a patient with NYHA class III heart failure.  Additional 
patients have been enrolled in the study at several other leading hospitals in Europe towards 
receiving CE Mark certification.   
 
Enopace was voted the 2017 #1 Medical Innovation company by world leading cardiologists 
and industry professionals in the annual Shark Tank Innovation Competition at the TCT 
Congress in Denver.  LivaNova is an investor in the company.   
 

7.33 Feinstein Institute for Medical Research (Northwell Health) 
Headquartered in Manhasset, New York, the Feinstein Institute for Medical Research is the 
research branch of the Northwell Health enterprise, a not-for-profit healthcare network that 
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encompasses 22 hospitals, the Donald and Barbara Zucker School of Medicine at Hofstra/ 
Northwell, rehabilitation and skilled nursing facilities, a home care network, a hospice 
network and progressive care centers that offer a range of outpatient services.  The Institute is 
composed of more than 1,500 clinicians, scientists and staff who work in laboratories and 
clinical research programs in collaboration with Northwell clinicians and patients.  Each 
year, more than 15,000 patients and volunteers participate in more than 2,000 research 
studies at the Feinstein Institute, which is named for Board Member Leonard Feinstein, the 
co-founder of Bed, Bath & Beyond, who gave the Institute a $25 million gift in 2005, that 
was augmented with a second $25 million gift in February, 2017. 
 
One of the key programs within the Feinsein Institute is that focused on Bioelectronic 
Medicine and Biomedical Science.  The Institute is using a team approach to this field, 
combining expertise in neurophysiology, neuroscience, molecular and cell biology, and 
bioengineering to identify physiological triggers, develop new research tools and medical 
device technologies to “tap into” the body’s neural pathways to treat disease and injury.  It is 
also working to uncover new ways to understand the language of the nervous system to 
perform advanced diagnostics.  The Institute considers this approach more effective and less 
expensive than pharmaceutical research, and the resulting therapies easier to administer, non-
toxic, more precise, 100% compliant, associated with minimal health risks and side effects 
and offering an extensible R&D platform. 
 
The Feinstein Institute’s Bioelectronic Medicine and Biomedical Science program is 
currently focused in ten (10) areas:  Rheumatoid Arthritis, Paralysis, Bleeding/Hemorrhage, 
Sepsis, Cancer, Colitis, Crohn’s Disease, Diabetes, Lupus and Obesity/Metabolic Disease.  
Many of these are autoimmune inflammatory disorders that offer the potential to respond to 
vagus nerve stimulation.  They all involve large patient populations that are not currently 
well served by pharmacologic and other treatments.   
 
Feinstein Institute Research has already produced tangible results.  Two examples are the 
Neural Tourniquet, an anti-hemorrhagic technology being refined and commercialized by 
Sanguistat (see Section 7.62 below) and SetPoint Medical, which is focused on the 
development and commercialization of bioelectronic treatments for autoimmune inflamma-
tory conditions (see Section 7.65 below).  These are expected to be just the tip of the iceberg 
of bioelectronic therapies coming out of the Feinstein Institute over the next decades. 
 
One interesting outcome of the successful efforts at the Feinstein Institute is the creation of a 
Center for Bioelectronic Medicine at the Karolinska Institute.  Based in Stockholm, Sweden 
and home to the Nobel Prize, Karolinska is one of the largest and most prestigious medical 
universities in the world, accounting for more than 40% of all academic medical research 
conducted in Sweden.   The Karolinska Institute has attracted Peder S. Olofsson, M.D. Ph.D. 
as Founding Director of the new Center for Bioelectronic Medicine.  Dr. Olofsson worked at 
the Feinstein Institute from 2009 through 2015, which is expected to expedite Karolinska’s 
progress in this emerging field.  
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7.34 FemPulse LLC 
FemPulse LLC (Mahtomedi, Minnesota) was founded by urogynecologist Alexandra 
Haessler, M.D. to address the problem of overactive bladder (OAB) experienced by many of 
her patients.  Failing to find reliable solutions for OAB, she developed the FemPulse 
technology, a neuromodulation device that is vaginally inserted, self-retaining and fits around 
a woman's cervix (or in the vaginal fornices of women without a cervix).  The device may be 
controlled by a personal device, such as a smartphone.  The technology uniquely targets the 
pelvic autonomic plexuses, particularly the inferior hypogastric plexus, that form the gateway 
between the central nervous system and the end-organs such as the urinary tract, colorectal 
tract and sexual organs.  FemPulse devices provide low-level electrical signal to these 
plexuses via the vagina for the purpose of providing continuous and personalized 
neuromodulation with minimal hassle and embarrassment without the need for surgery and 
implants.  The following shows the proposed positioning of the FemPulse implant: 
 

 
 
Although OAB is the principal target of the FemPulse Technology, other likely relevant 
indications include voiding dysfunction syndromes, urinary tract pain, pelvic pain, irritable 
bowel syndrome, colorectal storage and emptying conditions, sexual function disorders, and 
possibly inflammatory or autonomic tone augmentation. 
 
FemPulse LLC has been granted five patients on its technology to date and, in April, 2017, 
announced completion of enrollment in a 15-patient clinical trial of the device.  The fact that 
the enrollment limit was reached in just 9 weeks suggests the magnitude of the unmet need 
for such a technology to treat OAB.   
 
FemPulse LLC has been funded to date by a private financing round completed on December 
31, 2015 to support its clinical, regulatory and R&D objectives.  The round, which was 
oversubscribed, brought in experienced, value-add investors who are expected to contribute 
to the company’s success.  One of these may be InterWest Partners.  While FemPulse LLC is 
not listed as one of its portfolio companies, FemPulse’ Board includes Flip Gianos, one of 
the Managing Directors at InterWest. 
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7.35 Functional Neuromodulation 
Toronto-based Functional Neuromodulation Ltd. (FNM) was founded in 2010 to advance 
DBS therapies to help improve the lives of individuals with mild Alzheimer’s disease.  More 
specifically, Andres Lozano, MD, a neurosurgeon at the University of Toronto and scientific 
founder of FNM, is investigating the use of DBS of the fornix (DBSf) to drive neural activity 
and modulate the brain’s memory circuit.  He originated the concept of treating memory 
disorders using DBS while treating a patient suffering from morbid obesity.  In this patient, 
DBS stimulation of the hypothalamus and fornix was associated with an unexpected 
observed improvement in the patient’s memory 
 
The rationale for the use of DBS for Alzheimer’s derives from the knowledge that the 
pathological process in the disease causes focal synaptic dysfunction, which results in 
widespread disturbances in the function of circuits and networks involved in cognition and 
memory. This notion is supported by the striking regional deficits in brain glucose utilization, 
impairments of the brain’s default mode network, and aberrations in structural and functional 
brain connectivity characteristic of Alzheimer’s disease.  These disruptions are implicated in 
the pathogenesis of cognitive impairment.  Thus malfunction in one diseased area interferes 
secondarily with other areas less affected but, nevertheless, disrupted.  As DBS has been 
used to modulate the activity of motor circuits in Parkinson’s disease and other disorders, it 
may be possible to use this same approach to modulate activity in dysfunctional cognitive 
neural circuits in Alzheimer’s disease.  Specifically, the brain fornix, a major inflow and 
outflow pathway in the brain’s memory circuit, is one of the first areas of the brain affected 
by Alzheimer’s.  With the fornix critical to memory function, DBS of this structure may 
drive critical neural activity.   
 
To test this assumption and assess the safety and efficacy of DBSf, in May 2012, FNM 
commenced the ADvance Study at seven leading centers in the U.S. and Canada in 2013.  
The twelve-month, double-blind randomized, controlled feasibility study enrolled 42 patients 
aged 45 to 85 years with mild Alzheimer’s, all of whom were implanted with a DBS system.  
The trial compared the effects of DBS turned on to those observed with the system turned 
off.  The patients underwent regular physiological, psychological and cognitive assessments 
for 12 months at which time those patients in the off group were eligible to have the system 
activated.  Brain imaging measures of changes in glucose metabolism and the size of key 
structures involved in memory were assessed at multiple time points.  Trial results at 12 
months (2015) suggested clinical benefit in patients aged 65 and older based on Clinical 
Dementia Rating sum of boxes and the Alzheimer’s Disease Assessment Scale cognitive 
subscale - 13 item.  Also, in the group treated with DBSf, glucose metabolism, a biomarker 
for neuronal degeneration and disease progression, increased by 22% on average, while 
declining by an average 1.2% in the control group.  Both the surgery and brain stimulation 
demonstrated acceptable safety and were well tolerated.  Based on these results, FNM has 
moved to Phase 3 of the trial, which is designed to determine what stimulation dosage will 
have the greatest impact on Alzheimer’s progression. The results of that phase are anticipated 
in September, 2018.  The ADvance Study has been partially supported by a translational 
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grant of up to $2.75 million from the National Institute on Aging, part of the U.S. National 
Institutes of Health. 
 
FNM is in a strategic investment partnership formed in 2016 with Boston Scientific.  The 
company recently closed a $10.4 million round of financing with Genesys Capital, one of 
Canada’s largest venture capital firms exclusively focused on the life sciences industry.  
Medtronic has also provided capital as well as the DBS systems used in the Advance Study. 
 

7.36 Galvani Bioelectronics 
Headquartered in the U.K., Galvani Bioelectronics is a joint venture founded in November, 
2016 between British pharmaceutical company GlaxoSmithKline (GSK, 55% equity interest) 
and Alphabet subsidiary Verily Life Sciences (45% equity interest) to enable the research, 
development, commercialization of bioelectronic medicines.  The company will bring 
together GSK’s drug discovery and development expertise and deep understanding of disease 
biology with Verily’s technical expertise in the miniaturization of low power electronics, 
device development, data analytics and software development for clinical applications.  The 
result will be entirely new tools for controlling and reversing many diseases that complement 
or even replace pharmaceuticals and other therapies.  The parent companies are contributing 
existing intellectual property rights as well as an investment of up to £540 million over seven 
years, subject to successful completion of various discovery and development milestones. 
 
GSK has been working since 2013 to develop a “nerve atlas,” a giant database of information 
about how each nerve in the body affects organs and diseases.  This information will be used 
and expanded upon by Galvani to develop new therapies.  The company’s initial work is 
focused on establishing clinical proof of principle in inflammatory, metabolic and endocrine 
disorders, including Type II diabetes, and developing miniaturized, precise devices to treat 
them.  Some of the micro-devices will stimulate nerve transmissions; others will block them.  
Galvani’s goal is to have a device ready for proof-of-concept trials in 12 to 18 months and 
then to complete those studies in three years.   
 
Kristoffer Famm, Ph.D. was named President of Galvani Bioelectronics.  Prior to this, Dr. 
Famm was founding Vice President and head of Bioelectronics R&D at GSK, a unit he 
launched in 2013.  In that capacity, he managed the unit’s extensive research towards 
establishing the treatment potential, disease reach and technology requirements for 
modulating signal patterns in visceral, peripheral nerves. He also led the way in how to 
address such challenges on a global scale, working with a network of research partners across 
academia and industry.   
 

7.37  Hanger 
Hanger (Austin, Texas) is a world leader in orthotic and prosthetic patient care services and 
products.  The latter includes the company’s Innovative Neurotronics subsidiary, which 
offers new neuromuscular technologies developed through independent research in 
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collaboration with industry suppliers worldwide.  One of that division’s products is the 
WalkAide System, a functional electrical stimulation (FES) product designed to treat foot 
drop.  The system counters the lack of ankle dorsiflexion in patients who have sustained 
damage to upper motor neurons or pathways to the spinal cord.  Following analysis of the 
individual’s leg and foot movements, the WalkAide device is fit on the patient, where it 
sends electrical signals to the peroneal nerve, prompting the muscles to raise the foot at the 
appropriate time and allow the patient to walk more normally. Worn around the leg, just 
below the knee, the wireless battery-operated device is about the size of a deck of cards.  In 
addition to improving the patient's gait, medical benefits of the WalkAide System include 
increased mobility, strength, and endurance; decreased energy expenditure; prevention, 
retardation, and/or reversal of muscle atrophy; and maintained or increased joint range of 
motion.  WalkAide is employed primarily for patient with brain or spinal conditions or 
trauma, such as stroke, multiple sclerosis, spinal cord injury, traumatic brain injury, brain 
tumor and cerebral palsy.  It ranges from $4,000 to $7,500 in cost and is typically not 
reimbursed.  The following shows the WalkAide System: 
 

 
 
Hanger posted global revenues of $1.04 billion in 2016, of which $840 million were Patient 
Care revenues and $202 million were Products & Services.  The total represented a decrease 
from the previous year’s nearly $1.07 billion in revenues. The decline occurred entirely in 
Patient Care, whereas Products & Services revenues increased from $192.2 million to $202 
million.  The company has yet not made any filings in 2017, so we have assumed a further, 
slight decrease in global sales in 2017 concentrated in Patient Care, accompanied by a small 
increase in Products & Services revenues.  The vast majority of company sales are to the 
U.S. market; however, Hanger has a broad product distribution network outside of the U.S. 
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7.38 Hobart Group (Lavita, MetaCure, Renal Dynamics, Impulse Dynamics) 
Hobart Group was founded by Professor Shlomo Ben-Haim, a medical technology entrepre-
neur with a long and successful record of exits and co-founder of a number of successful 
medical device and biomedical companies.  His vision in forming the Hobart Group was to 
develop and commercialize medical technologies specifically targeting chronic diseases with 
significant unmet needs.  The Group’s growing portfolio of companies now encompasses 
cardiology, diabetes, oncology, neurology and rehabilitation. Together, they employ over 200 
scientists, engineers, regulatory and business experts working across four continents. 
 
The Hobart Group has four portfolio companies involved in bioelectronic medicine:  These 
are: Lavita Technologies, MetaCure, Renal Dynamics and Impulse Dynamics.   
 
Lavita Technologies is an early-stage neuromodulation company focused on development of 
the proprietary Nexion system for the treatment of autoimmune inflammatory diseases 
caused by an overactive sympathetic nervous system.  Nexeon utilizes a catheter-based 
percutaneous approach to deliver targeted, localized energy to modulate and reset nerve 
activities specific to the inflammation.  It has a wide range of applications, including 
rheumatoid arthritis, inflammatory bowel disease and metabolic disorders. 
 
MetaCure has developed the Diamond System, a gastric stimulator, for the treatment of 
Type 2 diabetes.  It significantly reduces blood glucose levels by applying gentle electrical 
stimulation to the stomach during meals.  Over 300 patients have been implanted with the 
Diamond System in clinical trials in Europe, the U.S. and Asia, with follow-up data for up to 
10 years showing that the system is well-tolerated.  Data also suggest the system may reduce 
HbA1c by up to 2.5% (avg. 1% – 1.5%), with a sustained effect for at least three years. 
Patients may also benefit from weight loss (avg. 5 – 8 kg).  Unfortunately, the company 
announced that it can no longer support the Diamond System, effective June 30, 2018.  Many 
of the components of the system are no longer available, and it will be too challenging for the 
company to redesign the device and meet current regulatory requirements. 
 
Renal Dynamics has developed a third-generation renal denervation system, called the ReDy 
System, that uses the SmartRF algorithm to optimize unipolar and bipolar energy delivery 
and to confirm lesion formation.  The system employs a novel, multi-electrode ablation 
technology that delivers a pre-determined RF ablation set with a single positioning effort.  
Not only does this enhance ease of use, but it also shortens procedure time and improves 
patient comfort.  The ReDy System obtained the CE Mark in November, 2015 and is being 
marketed in Europe.  The technology is also being validated in clinical trials.   
 
Impulse Dynamics was founded in 1996 to provide innovative solutions for the treatment of 
chronic heart failure (CHF).  Its first product, the Optimizer, is a proprietary technology for 
administering Cardiac Contract Modulation (CCM) therapy.  3D echocardiographic studies 
in humans and ventriculography studies in dogs with heart failure have established that CCM 
therapy reverses the left ventricular remodeling characteristic of CHF and improves left 
ventricular contractile strength. These effects are the result of a chain of intracellular 
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molecular processes.  More specifically, CCM signals have been shown to normalize the 
phosphorylation of regulatory proteins such as Phospholamban (PLB) in vitro within seconds 
of initiating treatment.  Improvement in calcium handling via SERCA2a upregulation and 
restoration of the sodium/calcium exchanger further increases contractile function in subjects 
with heart failure.  Over time, local changes result in unloading of stress and normalization of 
gene expression in remote areas across the entire myocardium, interrupting the “remodeling 
cascade” and inducing global reverse remodeling improvement in cardiac function.    
 
The Optimizer comprises an IPG, two right ventricular (RV) leads, a home-based charger 
system and a portable programmer.  The IPG is generally implanted in the right pectoral 
region in a minimally invasive procedure performed under local anesthesia.  The two RV 
leads and an optional atrial lead (used for sensing) are placed in the right atrial appendage or 
the atrial lateral wall.  (The preferred ventricular lead arrangement is for one RV lead to be 
placed in the anterior septal groove and the other in the posterior groove approximately 
halfway between the base and the apex.)  To verify correct lead placement, appropriate lead 
impedances are externally measured after lead placement. Once implanted, the Optimizer 
senses the heart’s electrical activity and delivers CCM signals via the two RV electrodes 
during the absolute refractory period, i.e., just after the heart contracts.  The following shows 
the implantation of the Optimizer System: 
 

 
 
Impulse Dynamics has completed extensive studies of the Optimizer and CCM, including 
several randomized, controlled trials published in more than 60 leading medical journals.  
The device has the CE Mark as well as approvals in numerous other countries including, as 
of December, 2017, China.  It has been implanted in more than 3,000 patients worldwide to 
date.  This includes implantation of the newest version of the technology—the Optimizer IV 
(Smart)—whose 2-lead configuration expedites implantation.  The Optimizer is approved for 
investigational use only in the U.S.   
 
In March, 2017, Impulse Dynamics announced completion of enrollment of the 160 subjects 
required for its FIX-HF-5C Conformation Study.  The latter is a prospective, multi-center, 
randomized study to evaluate the safety and efficacy of CCM signals delivered via the 
implantable Optimizer System in patients with NYHA class III and IV heart failure and an 
ejection fraction between 25% and 45%.  The study is designed to confirm the efficacy of 
CCM in a subgroup of patients with EF between 25% and 45% from the earlier pivotal trial 
(FIX-HF-5 Study). The first patient was successfully implanted in August, 2017.   
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Impulse Dynamics has attracted significant capital to develop its Optimizer System to 
support CCM.  Most recently, in May, 2017, it closed a $45 million equity financing round 
led by Goldstone Investment (part of the Chinese conglomerate CITIC Securities) and 
several other international investment firms.  A year earlier, in May, 2016, it closed a $30 
million equity financing round that was led by the investment fund of Dr. Peter Lee Ka Kit, 
Vice Chairman of Henderson Land Development Company Limited, a leading Hong Kong-
based property developer.  Impulse Dynamics operates globally, with corporate headquarters 
in the Netherlands Antilles, U.S. operations based in New York, EU operations based in 
Stittgart, Germany, and a sales office in Hong Kong. 
 

7.39 Innovative Health Solutions 
Established in 2011 and headquartered in Versailles, Indiana, Innovative Health Solutions, 
Inc. (IHS) has pioneered the NSS-2 BRIDGE device, a neumodulation technology targeting 
opioid addiction withdrawal symptoms.  Patients suffering withdrawal symptoms experience 
visceral pain (abdominal cramping), somatic pain (bone or joint pain), autonomic dysregula-
tion (sweating, increased heart rate) and anxiety.  These, in turn, trigger a stress response and 
changes in the autonomic nervous system that are linked to the amygdala—the integrative 
center for emotions, emotional behavior, and motivation in the brain—which is responsible 
for the negative emotional state of withdrawal from opioids and drug cravings.  The HIS 
technology is designed to counteract this process through the stimulation of branches of 
Cranial Nerves V, VII, IX and X, and the occipital nerves identified by transillumination. 
 
The NSS-2 BRIDGE is a percutaneous nerve field stimulator (PNFS) system that is placed 
behind the ear, where cranial nerves sit close to the surface.  Microneedle arrays from the 
device percutaneously implant in and around the ear, and a battery-operated chip sends 
micropulses of electrical energy to the cranial nerves associated with the amygdale, blocking 
pain and making it easier for an individual to weather withdrawal.  The NSS-2 BRIDGE runs 
for up to 120 hours (5 days) with periodic rest at a schedule of 2 hours on, 2 hours off.  The 
device should be left on for the recommend length of time unless the protocol is changed by 
the treating physician.  The following shows the NSS-2 BRIDGE device: 
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In November, 2017, IHS received FDA approval to market the NSS-2 BRIDGE device in the 
U.S. to help reduce the symptoms of opioid withdrawal.  The approval was supported by data 
from a single-arm clinical study of 73 patients undergoing opioid physical withdrawal.  The 
study evaluated patients’ clinical opiate withdrawal scores (COWS), which measures 
symptoms such as resting pulse rate, sweating, pupil size, gastrointestinal issues, bone and 
joint aches, tremors and anxiety.  COWS range from 0 to more than 36, the higher the 
number, the more severe the withdrawal symptoms.  Prior to using the BRIDGE device, the 
average COWS score for all patients was 20.1.  Study results showed that all patients had a 
reduction in COWS of at least 31% within 30 minutes of using the device.  Overall, 64 of the 
73 patients (88%) transitioned to medication-assisted therapy after five days using the device, 
which included any medications needed for persistent symptoms, such as nausea and 
vomiting.  The FDA reviewed the BRIDGE device through the de novo premarket review 
pathway for selected low-to moderate-risk devices that are novel and for which there is no 
legally marketed predicate device to which the device can claim substantial equivalence. 
 
The BRIDGE device is available by prescription only and is contraindicated in patients with 
hemophilia, those with cardiac pacemakers and patients diagnosed with psoriasis vulgaris.  
The company believes the FDA approval and demonstrated benefits of the technology will 
open the door for reimbursement.  The BRIDGE device is priced at $595 for a one-time use. 
 
IHS has been funded by private investors to date.  However, with the recent FDA approval, a 
second funding round is expected to finance a significant educational and marketing 
campaign as well as development of the technology for additional clinical applications. 
 

7.40 Inspire Medical Systems 
Inspire Medical Systems (Minneapolis, Minnesota) was formed in 2007 to commercialize 
technology and the significant intellectual property portfolio supporting it that were spun out 
of Medtronic.  The company offers the world’s first fully implantable neurostimulation 
device for the treatment of obstructive sleep apnea (OSA).  It primarily targets individuals 
who are unable to use or obtain consistent benefit from CPAP therapy. 
 
The Inspire System comprises three implantable components—a small pulse generator (IPG) 
and two implantable leads—and a handheld patient remote controller.  The IPG is implanted 
under the skin near the right collar bone and attached to the breathing sensor lead, implanted 
over the right lung, and the stimulation lead, placed close to the hypoglossal nerve under the 
throat.  The system is activated at bedtime by the patient using the handheld remote, which 
turns the system on and off, allows for adjustments in stimulation intensity, and has a pause 
function.  During the night, the system stimulates the hypoglossal nerve, which in turn, 
activates key airway muscles during breathing to keep the airway open during sleep.  The 
following shows the Inspire System: 
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Patients considering Inspire Therapy must undergo an upper airway screening endoscopy, 
following which implantation is performed on an outpatient basis by a specially trained ENT 
surgeon. Patients are monitored post surgery by a sleep medicine physician who refines the 
optimal amplitude of the stimulation signal in relation to ventilatory efforts during sleep.  
 
Inspire Therapy was evaluated in the Stimulation Therapy for Apnea Reduction (STAR) trial 
which began in 2010 at 22 leading medical centers in the U.S. and Europe. One-year STAR 
outcome measures reported in January, 2014 showed that sleep apnea patients receiving 
Inspire therapy experienced significant reductions in sleep apnea events and significant 
improvements in quality of life measures; the rate of serious adverse events was < 2%.  
Three-year study outcomes reported in 2015 showed a 78% reduction in apnea-hypopnea 
events from baseline, an 80% reduction in oxygen desaturation events from baseline, 
clinically meaningful improvements and a return to normal levels over baseline in quality of 
life measures, including daytime sleepiness and functioning, an 80% bed partner reported 
rate of soft or no snoring (compared to 17% of bed partners at baseline); and high therapy 
adherence.  Between months 12 and 18, 46 Inspire Therapy responders were chosen for a 
randomized controlled therapy withdrawal study.  Those in the withdrawal group returned to 
baseline measures, while the therapy maintenance group experienced no change.  At 18-
months, both groups showed sustained subjective and objective improvements similar to 
those observed at 12 months, attributing the worsening of symptoms directly to Inspire 
Therapy withdrawal. 
 
In September, 2017, at the American Academy of Otolaryngology – Head and Neck Surgery 
Foundation (AAO-HNSF) annual meeting, Inspire Medical announced 5-year results of the 
STAR Trial, which demonstrated durable, long-term improvement in objective and patient-
reported outcomes with Inspire therapy.  These consistent, predictable outcomes are expected 
to support further adoption of the therapy.  Also at the meeting, the company announced the 
launch of the ADHERE Registry to evaluate 2,500 Inspire therapy patients in the U.S.and 
Europe.  Early data on 259 Registry patients demonstrated positive results in patient 
outcomes and therapy adherence consistent with the STAR clinical trial.  
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Investors in privately-held Inspire Medical include Aperture Venture Partners, GDN 
Holdings, Johnson & Johnson, Kleiner Perkins Caufield & Byers, Medtronic, OrbiMed 
Advisors, Synergy Life Science Partners, TGap Ventures and US Venture Partners. The 
company has seen especially rapid growth in revenues and implants.  Sales increased from 
$3.8 million in 2014 to $8.0 million in 2015 to $16.4 million in 2016 and are expected to top 
$30 million in 2017.   
 
The Inspire Therapy has both the CE Mark and FDA approval.  In August, 2016, the 
company reported the device had been implanted in more than 1,000 patients in the U.S. and 
Europe.  This figure has been forecast at nearly triple that number as of the end of 2017. 
 

7.41 IntraPace 
Founded in 2001 by Mir Imran at In-Cube Laboratories, IntraPace has developed an endo-
scopically delivered gastric stimulator for the treatment of obesity.  The abiliti system 
combines a closed loop electrical gastric stimulator, a transgastric sensor to detect food 
intake, and an accelerometer that measures physical activity.  The system automatically 
detects when a person eats or drinks and sends low level electrical impulses to the gastric 
nerve, creating a sense of fullness before the stomach is really full.  The system also auto-
matically records when a person exercises.  The pacemaker-like stimulator is implanted using 
standard laparoscopic techniques without making significant changes to the digestive system 
anatomy or placing any limitations on what a person can eat or drink.  The abiliti system is 
indicated for individuals with a BMI of 35 to 55.  The following shows the ability system: 
 

 
 
A 2012 presentation of a clinical study conducted in Germany involving 35 obese patients 
implanted with the abiliti system found the device to be highly successful at driving weight 
loss and behavioral changes and was well tolerated by patients.  At 12 months, patients 
showed a mean excess weight loss (EWL) of approximately 30%.  An analysis of data from 
two separate patient groups—one with EWL >25%, the other EWL with  <25%) at 12 
months—showed that eating habits and exercise had a dramatic impact on sustained weight 
loss.  For the first group, excess weight loss was found to be about 44% at 12 months. This 
group demonstrated a significant change in behavior, including reduced snacking during the 
day and at night.  Because the abiliti device records this data automatically, 24 hours a day, 
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doctors receive accurate eating information, as compared to self-reported data.  This allows 
doctors to guide patients on future lifestyle changes that can dramatically impact weight loss. 
 
The abiliti system has the CE Mark for use in the European Union, where it is currently used 
primarily in Germany, Italy, Spain and the U.K.  It is not yet approved for sale in the U.S. 
 
Based in Mountain View, California, IntraPace has been backed by numerous premier 
investors, including Boston Scientific, CB Health Ventures, DFJ ePlanet Ventures, InCube 
Ventures, Johnson & Johnson Development Corp., L Capital Partners, Oxford Bioscience 
Partners, Toucan Capital Corp, Angels’ Forum, Halo Fund and Vulcan Capital.  The 
company raised $30 million in its Series D financing round in 2006, compared to $14.6 
million in its 2004 Series C financing round.  Since publication of the results of its clinical 
trial, the company has apparently limited its activity to Europe.  Lack of reimbursement 
appears to be a major obstacle to broader adoption.   
 

7.42 Laboratoire MXM (Axonic Neuromodulation Systems) 
Since 1977, Laboratoires MXM has concentrated its efforts on innovating medical implant 
devices and hi-tech medical equipment.  The company, whose research and manufacturing of 
implants are located in the Sophia Antipolis Science Park in Côte d’Azur, France, has a 
worldwide presence through a network of subsidiaries and distributors.  One of these is 
Laboratoires MXM’s wholly-owned subsidiary Axonic Neuromodulation Technologies.   
 
Axonic’s major objective is the development of an advanced implantable electronic platform 
that addresses several chronic conditions.  To this end, it has been investigating vagal nerve 
stimulation, axonal regrowth and peripheral neurostimulation in collaboration with key 
scientific partners, such as the French National Institute for Research in Computer Science 
and Control (INRIA), the National Institute of Health and Medical Research (INSERM) and 
the Montpellier Laboratory of Informatics, Robotics and Microelectronics (LIRMM), among 
others.  Through its Obelia department, Axonic is participating in three competitive cluster 
consortiums created by the French Government to expedite research:  Intense, Epione and 
Neurocare.  The Intense consortium is developing neurostimulation technologies for the 
treatment of obesity and heart failure.  Sorin CRM conducted the pilot for this project.  The 
Epione consortium is developing implants that provide natural sensory feedback for phantom 
limb pain.  (Axonic also participates in Project TIME, funded by the EU Commission, which 
is developing a Human Machine Interface as a treatment for phantom limb pain based on 
direct, selective electrical stimulation of the peripheral nerves.)  Finally, the goal of the 
Neurocare consortium is to create better retinal, cortical and cochlear implantable devices 
through the use of improved interfacing between the electronic implants and living cells 
 
In addition to implantable devices, Laaboratoires MXM owns Sterlab, a provider of ethylene 
oxide sterilization, microbiology testing services, sterilization controllers and tissue 
engineering services.  The latter include customized cell and tissue services for cosmetic 
pharmaceutical, chemical and biotech companies. 
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7.43 LivaNova (Cyberonics, ImThera) 
London-based LivaNova, PLC was formed by the October, 2015 $2.7 billion merger of 
Milan Italy’s Sorin s.p.a., a global leader in cardiac rhythm management (CRM) and cardiac 
surgery, and Houston-based Cyberonics, a global leader in neuromodulation technologies.  
The combined companies operate through three businesses:  Cardiac Surgery (with operating 
headquarters in Italy), CRM (operating headquarters in France) and Neuromodulation 
(operating headquarters in Houston).  In February, 2018, the company announced plans to 
expand its Cardiac Surgery business with the acquisition of TandemLife, a privately-held 
company focused on advanced cardiopulmonary support solutions.   
 
LivaNova posted global revenues of $1.01 billion in 2017, accompanied by a $54.5 million 
in net income.  Cardiac Surgery contributed 63% of sales, or $635.5 million, and Neuro-
modulation 37%, or $375 million.  Eighty five percent (85%) of LivaNova’s neuromodula-
tion sales are to the U.S. market, 9% are to Europe, and 6% are to other nations.  This 
contrasts strongly with the distribution of Cardiac Surgery sales, which are distributed 28% 
U.S., 28% Europe and 44% to other nations. 
 
LivaNova competes in the bioelectronics market exclusively through its Neuromodulation 
business.  The former Cyberonics is a pioneer in vagus nerve stimulation and remains the 
global leader in that market, with the largest number of patients implanted worldwide 
(>110,000 as of the end of 2017) for drug refractory epilepsy and drug-resistant depression.  
The company’s VNS Therapy Systems have been marketed under the Pulse and Aspire brand 
names; the newest system—SenTiva—was launched in the U.S. in 2017 following FDA 
approval.  SenTiva is the smallest and lightest pulse generator available, and used with a 
wireless wand and new user interface/tablet.  The following shows the SenTiva System: 

 
In January, 2018, LivaNova announced the launch and enrollment of the first patient in its 
global, prospective, multicenter, observational, post-market study of the short-, mid- and 
long-term effectiveness of and efficacy of vagus nerve stimulation therapy for adjunctive use 
in patients with difficult to treat depression.  The RESTORE-LIFE Study will evaluate the 
use of the company’s VNS Therapy System in patients with treatment-resistant depression 
who have failed to achieve adequate response to standard psychiatric management.  It will 
enroll a minimum of 500 patients at 80 sites, who will be followed for 5 years.   
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To focus on its most productive businesses, LivaNova made two strategic moves in 2017.  
The first, in November, was the signing of a binding letter of intent to sell its CRM business 
to China’s MicroPort Scientific Corporation for $190 million in cash.  In 2014, the former 
Sorin and MicroPort founded a Chinese-based joint venture to market CRM devices in 
China.  Since then, the joint venture has achieved many milestones in the development, 
manufacture and marketing of CRM products for the Chinese market including, in September 
2017, SFDA approval of the Rega pacemaker family, the smallest available on the Chinese 
market.  The companies expect the transaction to close in the second quarter of 2018..   
 
LivaNova’s second strategic move, which occurred in December, was an agreement to 
acquire the remaining outstanding interest in San Diego-based ImThera Medical, a 
privately-held company that manufactures the implantable THN Therapy System targeting 
obstructive sleep apnea (OSA).  The system consists of the small aura6000 implantable 
rechargeable battery-powered pulse generator, an implantable lead positioned in the neck by 
the hypoglossal nerve (HGN), and a patient remote controller used to turn therapy on, pause 
therapy and charge the implant.  During sleep, the aura6000 stimulates multiple tongue 
muscles via the HGN, thereby opening the airway.  The aura6000 and lead are implanted by 
a ENT surgeon, usually as an outpatient procedures with quick recovery time.  The following 
shows the components of the THN Therapy System and its implantation: 
 

   
 
 
ImThera’s THN Therapy System received the CE Mark in 2012.  In February, 2015, the 
company initiated a pivotal trial to support FDA approval in the U.S.  The randomized, 
parallel-assignment THN3 Study is enrolling 141 patients at 15 U.S. and 6 international sites.  
The treatment group will be implanted with the aura6000 system and have therapy turned on 
at the 1 month follow up visit.  The control group will be implanted with the aura6000 
system and receive usual treatment prior to their 4-month visit.  At this point, control subjects 
will have THN therapy turned on for the duration of the study.  Primary outcomes will be 
safety, and improvements in apnea hypopnea index and oxygen desaturation index at 4 
months.  Estimated primary study completion date is March, 2019, and estimated study 
completion date is December, 2022. 
 
Based on the natural alignment between the two companies’ neuromodulation businesses, 
LivaNova initially invested in ImThera in 2011.  In December, 2017, it announced plans to 
acquire the outstanding interests in the company for approximately $225 million.  Up front 
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costs are approximately $78 million, with the balance to be paid on a schedule driven by 
regulatory and sales milestones.  The deal closed in early 2018. 
 

7.44 MagVenture 
MagVenture (Farum, Denmark) was established in 2007 to specializing in noninvasive 
magnetic stimulation systems for depression treatment as well as for clinical examination and 
research in the areas of neurophysiology, neurology, cognitive neuroscience, rehabilitation 
and psychiatry.  It builds on the work of its sister company, Tonica Elektronik, which first 
introduced the MagPro TMS stimulator in 1992.  Since then, many new TMS stimulators, 
magnetic coils and accessories have been added to MagVenture's product portfolio, so that 
today, the company offers seven different MagPro magnetic stimulators and 33 different 
magnetic coils that address a wide range of clinical and research applications, including 
Motor Evoked Potentials (MEP), Transcranial Magnetic Stimulation (TMS), repetitive 
Transcranial Magnetic Stimulation (rTMS) and Functional Magnetic Stimulation (FMS). 
 
Over the years, MagPro stimulators and accessories have been marketed under various brand 
names, e.g., Dantec from 1992 to 1998 and Medtronic from 1998 to 2006.  In 2007, 
MagVenture A/S was established as a sales and marketing arm to promote and support the 
MagPro products. Sales subsidiaries were established in the U.S. in 2010 and Germany in 
2011 to provide better support for customers in those countries. 
 
MagVenture is currently offering the MagVita TMS Therapy system to treat drug-resistant 
Major Depressive Disorder (MDD) with repetitive TMS therapy.  The MagVita can run 
many protocols successively (up to 20.000 pulses), and according to the company, it is 
comparable in safety and efficacy to similar systems.  A typical treatment protocol comprises 
an initial session to determine the individual patient’s motor threshold stimulation level, 
followed by 5 treatment sessions per week over a period of 6 weeks.  The following shows 
the MagVita TMS Therapy system: 
 

 
 
The MagVita system is differentiated from other TMS systems in having low operating costs, 
i.e., there are no per-user fees or costly disposable components (the latter cost less than $5 
per treatment).  MagVenture’s goal is to drive down the cost of TMS therapy, expanding the 
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number of patients who can afford the currently expensive therapy.  The MagVita TMS 
Therapy system received the CE Mark in 2011 and FDA approval in July, 2015.  The latter 
was augmented with FDA approval for a 19-minute treatment session in November, 2017.  
As with all TMS MDD therapy, use is reimbursed by most insurance in the U.S.   
 
MagVenture sells its MagPro magnetic stimulators and other products through direct sales 
subsidiaries in Germany and the U.S. and through distributors in Europe, Asia, Middle East 
and the Americas.  The private firm does not report its revenues; however, sales of all 
products by its U.S. subsidiary were estimated at $8.5 million.  MagVita TMS Therapy 
systems contributed only a small share of this, although sales are expected to increase with 
the recent FDA approval for the shortened treatment time.   
 

7.45 Mainstay Medical 
Dublin-based Mainstay Medical International plc has developed the ReActiv8 implantable 
neurostimulation system specifically to treat chronic low back pain (CLBP).  The strongest 
stabilizer of the lower back is the multifidus muscle, which attaches to the spine at multiple 
levels. Its segmental activation is orchestrated by the central nervous system in response to a 
variety of sensory and proprioceptive stimuli. Inhibition of the multifidus allows spine joints 
to move beyond their pain-free zone, and leads to increased pain intensity and possible re-
injury.  The result is an ongoing cycle of chronic pain, inhibition and, eventually, muscle 
atrophy.  Electrical stimulation of the medial branch of the dorsal ramus to activate the 
multifidus is thought to address this cycle and reduce CLBP.   
 
The ReActiv8 System comprises a small, battery-powered (IPG), two leads, an external 
programmer and a wireless activator.  The IPG is implanted in the lower spinal area and 
attached to the two leads, which are placed bilaterally near the medial branch of the dorsal 
ramus nerve at the L3 vertebra.  The IPG generates the electrical impulses delivered via the 
leads to the nerves to activate the muscles.  The external programmer communicates 
wirelessly with the IPG and is used to customize stimulation for each user and to display the 
diagnostic information automatically collected and stored in the IPG.  The wireless activator 
is used to start and stop stimulation sessions, which are typically delivered for 30 minutes 
twice a day.  The following shows the positioning of the ReActiv8 implants: 

 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 7: Company Profiles 

©2018, Health Research International                         7-51                                  #261-1-WW-0118 

Mainstay Medical received the CE Mark for the ReActiv8 System in May, 2016 based on 
positive results from the ReActiv8-A clinical trial, which demonstrated a clinically 
important, statistically significant and lasting improvement in pain, disability and quality of 
life in people with disabling chronic low back pain and few other treatment options.  It 
subsequently initiated the ReActiv8-B clinical trial to support FDA PMA approval.  
ReActiv8-B is international, multi-center, prospective randomized sham controlled triple 
blinded trial with one-way crossover involving 128 subjects who will be evaluated at 120 
days.  The total number of subjects implanted will include some enrolled as part of the 
surgical roll-in phase, in addition to subjects in the pivotal cohort. The trial incorporates an 
“interim look” for sample size re-estimation when primary outcome data are available from 
half the subjects in the pivotal cohort.  If necessary, the number of subjects in the pivotal 
cohort may be increased to achieve the targeted statistical significance. The primary efficacy 
endpoint will be a comparison of responder rates between the treatment and control arms.   
 
In August, 2017, Mainstay Medical reported it had reach the midpoint of the trial, with 69 
patient implanted.  (The enrolment rate has been accelerating as the number of active sites 
has increased during 2017.)  Based on its experience to date, the company expects the 
ReActiv8-B study will be fully enrolled by summer, 2018, and will involve 168 patients 
rather than the originally planned 128, as recommended by the interim analysis.  The latter 
also showed no reported safety concerns and positive outcomes.  Complete trial results are 
expected by the end of 2018.   
 
Mainstay Medical has been focusing its initial commercialization efforts on Germany, where 
the first sale and implant occurred in February, 2017 at the Catholic Hospital Koblenz-
Montabaur.  Its strategy is to work with key reference centers in that country and then build 
on that experience and data from the ReaActiv8-B trial to expand commercialization to other 
centers and countries.  In May, 2017, Mainstay Medical initialed sales of its technology in 
Ireland, the company’s home market.  As of year-end 2017, five centers in Germany and 
Ireland had implanted patients with ReActiv8 and several others had been trained.  Revenues 
generated by this activity was reported at $0.3 million for the calendar year 2017. 
 

7.46 Medtronic 
Founded in 1949, Medtronic plc was created by the January, 2015 merger of Medtronic and 
Covidien, becoming the world’s largest medical device manufacturer, with global MD&D 
sales of $29.7 billion and net income of $4.0 billion in fiscal year 2017 (year ending April 
28).  The company employs more than 91,000 people worldwide and sells its products into 
more than 160 countries.  Due to the prominence of expensive technologies in its portfolio, 
56% of Medtronic’s sales are to the U.S.; 31% are to other developed nations, and 13% are to 
developing nations.  These shares have been fairly stable over the past four years: 
 
Medtronic plc markets its medical products through ten major businesses grouped into four 
segments:  Cardiac & Vascular (which contributed $10.5 million in sales in fiscal 2017), 
Minimally Invasive Therapies ($9.9 million), Restorative Therapies ($7.4 million), and 
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Diabetes ($1.9 billion).  It competes in the bioelectronics market through its Pain Therapies 
business, housed within Restorative Therapies.  Pain Therapies includes the largest share of 
the company’s former Neuromodulation business as well as its interventional pain products 
and pumps.  Medtronic pioneered the field of implantable neurostimulators used in the 
treatment of chronic pain, movement disorders, incontinence, gastrointestinal and psychiatric 
disorders, and controlled 45% of the total neurostimulators market in 2016, with a product 
line unmatched in breadth and depth.  The company enjoys a >90% share of both the deep 
brain stimulation (DBS) and sacral nerve stimulation (SNS) markets, is one of only a handful 
of competitors in gastric electrical stimulation (GES), and holds an estimated 27% share of 
the relatively crowded spinal cord stimulation (SCS) market, which targets chronic pain 
(although sales in the latter have declined slightly in recent years with intense price 
competition).  Well known Medtronic brands include Intellis, Restore and PrimeAdvanced 
SCS Systems, Activa DBS Systems, the Enterra GES System, and InterStim SNS Systems.  
Medtronic is not directly involved in vagus nerve stimulation at present, but is positioned to 
easily enter that market through acquisition should that prove desirable. 
 

7.47 Micro Transponder 
Headquartered in Dallas, Texas and working with scientists from the University of Texas at 
Dallas, MicroTransponder Inc. (MTI) has developed the Paired Vagus Nerve Stimulation 
System to treat two separate neurological conditions:  post-stroke upper limb mobility, and 
chronic tinnitus (ringing in the ears).  The company’s current emphasis is on the Vivistim 
System, designed to increases “neural plasticity,” i.e., the brain’s ability to make new 
connections, to assist in stroke rehabilitation.  Because the window for greater plasticity is 
short-lived—lasting only seconds after stimulation—the electrical pulses must be paired with 
the movements to be relearned.  Structures near the terminus of the vagus nerve in the brain 
are key to the effect, which also involves the neurotransmitters acetylcholine and 
norepinephrine.  The implanted Vivistim System is used to electrically stimulate the vagus 
nerve on the left side of the patient’s neck at the exact moments when he or she is doing 
standard physical therapy movements.  A typical session comprises about 300 to 350 
stimulation-paired movements.  The following shows the Vivistem System: 
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Initial long-term clinical trials of the Vivistem System have suggested potentially strong 
benefits for speeding stroke recovery.  As reported by the company at the International 
Neuromodulation Society Conference in May, 2017, three-quarters of patients had a 
clinically meaningful response on the Fugl-Meyer Upper Extremity Scale (FMUE) at the end 
of six weeks of physical therapy, compared to 33% for the control group.  Ninety days after 
the 6 weeks of physical therapy ended, 88% of VNS patients had responded compared to 
33% in the control arm.   Finally, during the long-term portion of the study, average FMUE 
scores continued to increase, with the 6 month and 9 month data showing further gains.    
 
Based on these positive results, in June, 2017, MTI commenced a pivotal trial of its Vivistem 
System involving 120 patients at 12 U.S. and 3 U.K. centers.  The company will use the 
results to obtain FDA approval to market the technology in the U.S. 
 
MTI ‘s Serenity System addresses chronic tinnitus, ringing in the ears in the absence of 
external sound.  Tinnitus occurs when nerves in the brain become hyperactive, resulting in a 
phantom sound.  The Serernity System is an implant about twice the size of a pencil eraser 
that is implanted in the neck, where it can be used to electrically stimulate the vagus nerve 
while alternative tones are delivered.  The stimulation causes the brain circuitry processing 
the alternate tones to become better connected than the tinnitus circuitry, basically 
overpowering it.  The net effect is to reduce the overall sound of the tinnitus tone.  Human 
trials have shown the therapy reduces the perception of tinnitus by 24 decibels—roughly the 
difference between having a vacuum cleaner on or off while trying to talk.  The following 
show the Serenity System: 
 

 
 
MicroTransponder has conducted several trials of VNS in the treatment of tinnitus.  The first 
was an open-label feasibility study in 10 patients conducted in 2014.  After 4 weeks of daily 
VNS-tone pairing, tinnitus symptoms improved in 40% of participants, an improvement that 
lasted for at least 2 months.  Next was a small pilot trial whose main intent was to provide 
safety and efficacy data to support the design and implementation of a pivotal study for US 
market approval.  The pilot trial enrolled 30 patients randomized to VNS therapy (n = 16) or 
control (n = 14).  After 6 weeks of home therapy, all participants received paired VNS.  The 
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device was used on 96% of days with good compliance.  After 6 weeks, the paired VNS 
group improved on the Tinnitus Handicap Inventory (THI) compared to control.  The 
between group difference was 10.3%.  Fifty percent of paired VNS therapy participants 
showed clinically meaningful improvements compared to 28% in the control group.  At 12 
weeks, the Paired VNS group showed a 31% reduction in their THI score compared to a 5% 
reduction in the control group.  Moreover, at one year, 50% of participants had a clinically 
meaningful response.  The therapy had greater benefits for individuals with tonal and non-
blast induced tinnitus at the end of 6 and 12 weeks compared to controls.  Adverse effects 
were mild and well-tolerated; the therapy had a similar safety profile as VNS for epilepsy.  
 
The above results demonstrated that VNS may be promising for a subgroup of patients with 
chronic tinnitus. Subsequently, in late 2017, MicroTransponder received FDA approval to 
commence enrollment in its 120-subject pivotal study. 
 
MTI’s Paired Vagus Nerve Stimulation System is a platform technology.  Other indications 
being considered and investigated for it include traumatic brain injury, partial spinal cord 
injury, and post-traumatic stress disorder.   
 
Founded in 2007, MTI has received more than $12 million in funding since its inception.  
The most recent was a $6.0 million round led by Texas-based Green Park & Golf Ventures, 
which also led the prior round.  The University of Texas Horizon Fund has also participated 
in three rounds, as have several angel investors. The National Institute of Mental Health 
supported the company with a grant.  The company continues to seek investors for a new 
round of funding to support global commercialization its products and support additional 
clinical trials. 
 

7.48 Neurolief 
Neurolief Ltd. (Herzliya, Israel) was founded in 2014 to develop and commercialize 
groundbreaking electronic head-mounted devices designed to concurrently stimulate target 
nerve branches in the head, thereby affecting brain regions involved in the control and 
modulation of pain and mood.  These devices are intended to provide a highly effective 
treatment without side effects for patients who suffer from migraine, depression, adult 
attention deficit disorder and similar conditions.  They are intended to complement or 
provide an alternative to pharmaceutical therapies, which are often ineffective and are 
associated with potential short and long term adverse effects. 
 
The company’s first product is an Occipital and Supraorbital Transcutaneous Neurostimu-
lator (OSTNS) targeting migraine.  It combines two proven means of addressing migraine.  
Stimulation of the supraorbital nerves passes through a branch of the frontal nerve which 
then branches to the forehead, scalp, eye socket area and frontal sinus.  This approach has 
been proven helpful for those who suffer migraine headaches regularly.  In occipital 
stimulation, the electrical pulses have been shown to reduce pain that radiates from the 
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greater or lesser occipital nerves located in the back of the head.  The combination of 
supraorbital and occipital nerve stimulation is designed to provide complete migraine relief. 
 
While combination supraorbital and occipital nerve stimulation has been offered as an 
implant option by some heachache clinics, Neurolief has developed a transcutaneous 
technology to achieve the same results.  The OSTNS device consists of a wearable headband-
type device that is activated to stimulate both the occipital and supraorbital nerves.  Neurelief 
conducted a 40-patient randomized trial in 2015 to determine the short-term effectiveness of 
the treatment as well as assess optimal stimulation time, which is expected to be somewhere 
between 15 and 60 minutes.  The following shows the Neurolief OSTNS Technology: 
 

 
 

 
Neurelief, whose technology was developed at Israeli incubator Terralab Ventures, has been 
operating with $1.3 million in seed funding received from Israeli venture capital firm Terra 
Venture Partners in Janauary, 2015 to conduct the necessary clinical trials.  The company is 
led by a seasoned team, including co-founders Shmuel Shany (formerly President and CEO 
of Bioness Neuromodulation) and Amit Dar (former Director, Global R&D of Bioness 
Neuromodulation), who have extensive experience and a successful track record developing 
neuromodulation devices for patients with central nervous system deficiencies. 
 

7.49 NeuroMetrix 
Waltham, Massachusetts-based NeuroMetrix was founded in 1996 as a spinoff from the 
Harvard-MIT Division of Health Sciences and Technology, NeuroMetrix is a commercial 
stage company that integrates neurostimulation and digital medicine innovations to address 
chronic health conditions including chronic pain, sleep disorders and diabetes.  Building on 
its roots in diagnostics technology, NeuroMetrix applied the same science to develop its lead 
product, Quell, an over-the-counter, wearable therapeutic device for chronic pain.   
 
Quell comprises a series of hydrogel pads and silver contacts contained in a leg band always 
worn on the upper calf.  The pads and electrodes are optimized to deliver high-powered 
neurostimulation in a very precise and controlled manner.  (With proper care, a single 
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electrode usually lasts 2 weeks. The company also offers Sport Electrodes, whose unique gel 
allows them to hold up better in situations characterized by high levels of humidity and 
perspiration.)  The patient controls the neurostimulation via the Quell companion smartphone 
app, which measures progress on multiple health dimensions, including therapy, sleep, 
activity and pain.  Importantly, Quell is the only device of its kind that is FDA approved for 
use while sleeping, which is especially important for patients who lose sleep due to their 
chronic pain. The following shows the Quell leg band with gel pads and electrodes: 
 
 

 
 
NeuroMetrix posted global revenues of $12.0 million in 2016, a 65% increase over 2015, the 
first year of sales of both its Quell therapy and the company’s DPNCheck, a rapid point-of-
care test for diabetic neuropathy.  $7.4 million of these sales were Quell devices, electrodes 
and accessories, compared to $2.1 million in 2015.  The company estimated it had sold 
59,500 devices, electrodes and accessories from the time of launch until the end of 2016.  In 
2017, total revenues increased to $17.1 million, of which $12.4 million were Quell products.  
Q4 Quell implant sales totaled 26,496 devices (compared to 14,301 in Q4 2016) and 36,556 
electrode reorder packages (vs 19,993 in Q4 2016)  
 
On January 17, 2018, NeuroMetrix announced a collaboration with GlaxoSmithKline (GSK) 
regarding the Quell technology.  Under this agreement, 1) GSK Consumer Healthcare 
acquires exclusive ownership of Quell technology for OUS markets; 2) NeuroMetrix retains 
exclusive ownership of Quell technology in the U.S.; 3) GSK Consumer Healthcare and 
NeuroMetrix co-fund the development of Quell for a 3-year period beginning in 2018 
through 2020, with subsequent annual renewals by mutual agreement; and 4) GSK Consumer 
Healthcare pays NeuroMetrix $5 million for the assets relating to Quell technology for OUS 
markets and up to $21.5 million upon achievement of certain development and commerciali-
zation milestones.  The collaboration is expected to significantly expand global Quell sales.   
 

7.50 Neuronetics 
Neuronetics (Malvern, Pennsylvania) is a privately-held company founded in 2003 to 
develop noninvasive treatments for depression and other chronic psychiatric and neurologic 
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disorders based on neuromodulation technology.  The company’s first product is the 
NeuroStar Transcranial Magnetic Stimulation (TMS) Therapy System for depression.  
NeuroStar stimulates the regions of the brain thought to be involved in depression non-
invasively using highly focused, MRI-strength magnetic pulses.  NeuroStar incorporates 
several patented technologies to maximize therapy, including: 1) Contact Sensing, which 
provides real-time feedback to ensure dosing is not reduced by movement; 2) MT Assist, 
software that ensures the correct treatment is easily found; 3) NeuroStar High Performance 
Contoured Coil technology, whose patented coil design improves efficiency and integrated 
coil positioning system ensures repeatable and accurate treatment; and 4) TrakStar Cloud, a 
proprietary patient database that facilitates treatment reporting and documentation.  The 
following shows the NeuroStar TMS Therapy System: 

 

NeuroStar Therapy must be prescribed by a psychiatrist and is delivered on an outpatient 
basis.  The patient undergoes 19-minute therapy sessions 5 days a week for 4 to 6 weeks.   
 
The clinical efficacy of NeuroStar TMS Therapy has been documented in several clinical 
studies, including two multisite, randomized, controlled trials, two open-label extension 
studies, one prospective, naturalistic study focused on real-world practice, and two open-
label, long-term follow up studies.  One of these, a NIMH-funded independent, randomized, 
controlled trial, showed that patients treated with NeuroStar TMS therapy were 4 times as 
likely to achieve remission compared to patients receiving sham treatment.  In addition, 
significant improvement from baseline was observed as early as 2 weeks after treatment and 
at 4 and 6 weeks.  A trial of NeuroStar for adolescent depression is currently in progress. 
 
NeuroStar was the first TMS Therapy System cleared by the FDA (in 2008) to treat adult 
patients with Major Depressive Disorder who have not benefitted from prior antidepressant 
medication in the current episode.  As of October, 2017, more than 800 NeuroStar systems in 
49 states were treating patients in the U.S., where therapy is covered by most insurance based 
on the similar cost to drug therapy but substantially better results.  Worldwide, more than 1.5 
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million NeuroStar treatments have been delivered to date, including in Germany, Australia, 
Japan, the Middle East, South Korea and Southeast Asia.   
 
Neuronetics was founded by The Innovation Factory, an Atlanta-based medical technology 
incubator, and has raised significant venture capital on the strength of its intellectual property 
portfolio and experienced management team.  Leading investors include Investor Growth 
Capital, New Leaf Venture Partners, Interwest Partners, Three Arch Partners, Polaris Venture 
Partners, Onset Ventures, Quaker BioVentures, Pfizer, GE Ventures, Accuitive Medical 
Ventures, and KBL Healthcare Ventures.  The company’s most recent G equity financing 
round, which closed in June, 2017, brought $15 million from the company’s existing investor 
base as well as new investor Ascension Ventures.  The private company does not report its 
revenues; however, based on Federal Vendor data, sales were about $24 million in 2017.   
 

7.51 Neuronix  
Neuronix Ltd. (Yoqneam, Israel) is focused on the development, manufacture and marketing 
of novel, breakthrough medical technologies for the treatment of Alzheimer’s disease.  The 
company’s first product is the neuroAD system, which administers two technologies—
Focused Transcranial Magnetic Stimulation (TMS) and Tailored Cognitive Training—
concurrently to treat Alzheimer’s.  The Focused TMS is used to stimulate areas of the brain 
responsible for various cognitive functions that have been impaired by Alzheimer’s.  The 
Cognitive Training targets those same areas while they are being stimulated to optimize 
outcomes.  The synergistic effect is achieved because the stimulation makes the targeted 
areas of the brain more receptive to Cognitive Training.   
 
With the patient sitting in the neuroAD chair, electric current is produced by a generator and 
delivered through a coil placed near the head while the patient completes memory-boosting 
brain exercises.  A typical treatment regimen is 1-hour of therapy delivered 5 days a week for 
6 weeks (total 30 treatments), followed by occasional maintenance sessions.  A full course of 
therapy ranges from $6,000 to $10,000.  The following shows the neuroAD system: 
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In December, 2016, Neuronix announced positive results from its pivotal, double-blind, 
placebo-controlled, multi-center clinical study assessing the safety and efficacy of neuroAD 
Therapy in the treatment of mild to moderate Alzheimer's disease.  The study enrolled 131 
patients at 9 U.S. centers and one in Israel.  It compared neuroAD therapy with placebo 
following 6 weeks of treatment and an additional 6 weeks of follow up.  Patients were 
evaluated using standard cognitive and behavioral scales—ADAS-Cog and CGI-C—for 
Alzheimer’s disease.  Positive efficacy was reported for patients with milder disease as 
determined by the baseline ADAS-Cog.  In that group, which represented 85% of the 
enrolled population, a positive and statistically significant difference of -1.8 points in ADAS-
Cog was noted between the treatment and control groups at the 12 week follow-up. In the 
entire study cohort, including those with more severe disease at baseline, results did not reach 
statistical significance.  The CGI-C results in the overall population at week 12 showed a 
trend toward improvement, with a difference between treatment and placebo groups of -0.4 
points.  When analyzing the group of milder patients, as defined above, the difference 
between treatment and placebo groups reached -0.45.  Furthermore, when measured on the 
CGI-C scale, only 16% of treated patients deteriorated, compared with 42% of control 
patients.  Finally, the safety profile of neuroAD Therapy was favorable (no patients 
experienced seizures or persistent, serious adverse events), and patients showed a high degree 
of adherence to treatment, with only a few drop outs and a high rate of completion. 
 
The above results, combined with similar outcomes from previous studies, were used to 
support Neuronix’ regulatory submission to the FDA, which was reviewed under the 
Expedited Access Pathway (EAP) program.  The latter is reserved for medical technologies 
that present novel or breakthrough technologies that target an unmet medical need that is life 
threatening or irreversible debilitating.  Approval is expected in 2018. 
 
 neuroAD Therapy is CE Marked and commercially available in Germany, France, the 
United Kingdom and Israel.  It is also being used clinically in Asia. 
 

7.52 NeuroPace 
Headquartered in Mountain View, California, NeuroPace was founded in 1997 to design, 
develop, manufacture and market implantable devices for the treatment of neurological 
disorders with responsive stimulation. The company’s initial focus has been the treatment of 
refractory epilepsy.  To this end, the company has developed the RNS System, the only 
device that can monitor and respond to brain activity.  The RNS System constantly measures 
an individual’s brain waves, looking for activity that is unusual for that specific person’s 
neurological electrical patterns and which may indicate a seizure is imminent.  Within 
milliseconds of detecting this unusual activity, the RNS device sends brief pulses of electrical 
energy to instantly disrupt the unusual activity and normalize the individual’s brainwaves, 
often before he or she can feel seizure symptoms. 
 
The RNS System comprises a small, implantable neurostimulator connected to leads that are 
placed in up to two seizure onset areas.  Both the neurostimulator and leads are implanted in 

This report is provided to BioSig Technologies (Los Angeles, CA) under a single-site license.



Section 7: Company Profiles 

©2018, Health Research International                         7-60                                  #261-1-WW-0118 

the head in a minimally invasive surgical procedure by a trained neurosurgeon.  A simple 
remote monitor used at home by the patient wirelessly collects information from the 
neurostimulator and transfers it to the Patient Data Management System (PDMS). The 
prescribing clinician can log into the PDMS at any time to review accurate, ongoing 
information about the patient’s seizure activity and treatment progress.  If desired, the 
neurotransmitter and leads can be surgically removed. The following shows the RNS System: 
 

 
 
In controlled, prospective clinical studies reported in Neurology and Epilepsia, adults treated 
with the RNS System experienced significant, long-term seizure reduction that improved 
with time.  For example, by year three, they reported a 60% decrease in seizures; this figure 
increased to a median of 72% at seven years.  Patients also reported compelling quality of 
life improvements, such as better cognitive function, language and memory.  Importantly, 
because it does not utilize drugs, the RNS System works without producing the side effects 
associated with many antiseizure medications, such as dizziness, drowsiness, or cognitive 
impairments. 
 
The RNS System has been the subject of several medical device awards based on its ability 
to monitor and respond to brain waves.  It received FDA approval in November, 2013 for the 
treatment of adults with partial (focal) onset seizures not well controlled by medication alone, 
and has been implanted in approximately 1,300 patients to date.  It is broadly reimbursed by 
both private and government insurance programs and is available at most Comprehensive 
Epilepsy Centers (CECs) throughout the U.S. (CECs are specialized epilepsy centers that 
have a team of experts who can provide a comprehensive evaluation for epilepsy patients, 
along with extensive medical, interventional and surgical treatment options.)   
 
In October, 2017, NeuroPace closed a $74 million round of funding led by the KCK Group 
and OrbiMed Advisors.  They join existing investors Johnson & Johnson Innovation, 
InterWest Partners, DAG Ventures, Glynn Capital Management, Domain Asssociates and 
Integral Capital Partners, among others.  The monies will be used to rapidly expand 
commercialization of the RNS System.  This will likely be the last funding sought, as the 
company is expected to go public in the second half of 2019.  
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7.53 NeuroSigma 
Based in Westwood, California, NeuroSigma is a life sciences company focused on the 
development of bioelectronics products and the commercialization of its Trigeminal Nerve 
Stimulation (TNS) technology, exclusively licensed from UCLA.  The trigeminal nerve is the 
largest cranial nerve and provides sensation to the face via three separate divisions, called V1 
through V3.  NeuroSigma's stimulation technology targets the V1 division covering the 
forehead and scalp.  Because that nerve branch sits so close to the skin's surface, stimulation 
can be delivered via either a non-invasive, external system (eTNS), called the NeuroSigma 
Monarch System, or via a minimally-invasive subcutaneous system (sTNS), currently under 
development.  The following shows NeuroSigma’s Monarch eTNS technology and its 
application: 
 

 
 
 
NeuroSigma’s TNS technology targets the treatment of a wide variety of neurological and 
psychiatric conditions, including epilepsy, depression, attention deficit hyperactivity disorder 
(ADHD), post-traumatic stress disorder (PTSD), Lennox Gastaut Syndrome (LGS), and 
traumatic brain injury. The company’s initial focus has been drug-refractory epilepsy.  In 
2012, it received the CE Mark to market the eTNS system for drug-refractory epilepsy 
(DRE) and also major depressive disorder in adult and children over the age of 8.  This was 
followed the next year by publication of the results of its Phase II trials of eTNS and 
marketing approval by Health Canada.  In December, 2013, NeuroSigma commenced a 
pivotal trial of eTNS for DRE, followed the next year by marketing approval by the 
Australian Registry of Therapeutic Goods.     
 
In addition to DRE and major depression, NeuroSigma is conducting trials of its eTNS 
technology for ADHD (supporting CE Mark approval in November, 2015 and ongoing 
clinical studies in the U.S.) and traumatic brain injury.  The company also has a subcutaneous 
TNS device under development. 
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NeuroSigma is currently selling the Monarch eTNS System directly to patients.  The starter 
kit costs  €800 and includes everything needed to begin therapy, as well as a 4-week supply 
of electric patches. Additional patches can be purchased from NeuroSigma for €5 each. 
 
 In August, 2014, NeuroSigma announced plans to sell 3.6 million shares on the NASDAQ 
exchange for $13 to $15 each, reserving the symbol NSIG.  The IPO could have brought in 
up to $50 million to support European marketing of its eTNS system for DRE as well as 
clinical trials for DRE in the U.S. as well as other applications.  In September, 2015, that plan 
was reversed, and there is currently no longer a plan to pursue an IPO. 
 

7.54 Neuros Medical 
Headquartered in Willoughby, Ohio, Neuros Medical was founded in 2008 to develop and 
commercialize proprietary neurostimulation therapies to address unmet needs of patients 
worldwide.  The company’s patented platform technology, Altius System High Frequency 
Nerve Block, was created by Drs. Kevin Kilgore and Niloy Bhadra of Case Western Reserve 
University’s Department of Biomedical Engineering and MetroHealth Medical Center and 
developed through funding from the National Institute of Biomedical Imaging and 
Bioengineering.  The Altius System delivers high frequency stimulation to sensory nerves in 
the peripheral nervous system to block chronic pain.  The system consists of an implantable 
generator with an integrated rechargeable battery, a cuff electrode (lead) placed around the 
relevant peripheral nerve, an external programming wand and patient controller.  It targets 
pain relief in a variety of applications, including neuroma/residual limb (post-amputation) 
pain, chronic postoperative pain, and chronic migraine.   
 
Neuros’ initial focus has been post-amputation pain.  The company is conducting a pivotal 
IDE clinical study targeting this application, which is expected to assist in securing a PMA 
for commercialization in the U.S.  The prospective, randomized, controlled trial will include 
up to 130 patients at 15 institutions to evaluate the safety and efficacy of the Altius System.  
The pivotal study builds off of the company’s long-term pilot study of the Altius System for 
post-amputation pain, in which patients are nearing four years of device use and over 4,300 
treatments, with patients continuing to report significant pain reduction. In addition, more 
than half of the responders discontinued their pain medication use during the pilot study. 
 
In August, 2017, Neuros Medical announced the closing of $20 million Series AA venture 
capital financing. U.S. Venture Partners led the financing, and was joined by Boston 
Scientific, Aperture Venture Partners, Osage University Partners, and JumpStart, Inc.  The 
monies will be used to complete the pivotal trial currently underway.  The financing round 
was followed in August, 2017, by the hiring of new CEO ThomasWilder and the 
announcement of plans to move the company to California in 2018.    
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7.55 NeuroTech International Ltd./AAT Research Ltd. 
Neurotech International Limited is an Australian medical device company focused on 
improving the lives of people with neurological conditions, with a vision of becoming the 
global leader in accessible and affordable home-based and clinical neurotechnology 
solutions.  The company operates through its wholly-owned, Malta-based subsidiary, AAT 
Research Limited. 
 
Neurotech’s first target has been autism, for which indication it has developed the Mente 
Austism system, basically a portable EEG device comprising a headband, a software app, and 
a cloud component.  The system software emits neurofeedback to the user in the form 
customized auditory stimulation.  These sounds vary from person to person and from session 
to session since they are a real-time aural representation of the user’s brain waves during 
each session. The neurofeedback signals stimulate and ‘teach’ the brain to motivate the brain 
waves that are lacking—specifically Alpha and Beta waves—to achieve normal levels while 
moderating the Delta and Theta levels typically high in children with autism spectrum 
disorder.  The end result is to make the user more responsive, communicative, focused and 
interactive.   
 
Following each 40-minute therapy session, the user can upload the data by synchronizing the 
app via the Internet.  Using this data, the Mente Autism cloud service generates a report that 
records and measures the child’s progress.  It is recommended that therapy be initiated when 
the child is 3 to 12 years of age.  Positive effects are typically seen after 4 to 8 weeks of daily 
40-minute morning therapy sessions. 
 
Neurotech is marketing the Mente Autism device in Europe through an expanding group of 
distributors.  Five new agreements covering Germany, Switzerland, Austria, Greece, Cyprus, 
Saudi Arabia and Turkey were signed since November, 2016.  The company also has an 
established distributor in Italy.   
 
Management is seeking FDA approval in the U.S. where, in January 2018, the company 
announced completion of a 78-patient clinical trial.  In this trial, children were randomized to 
receive Mente therapy or sham, undergoing home therapy for 40 minutes a day for 12 weeks.  
At 6 and 12 weeks, children were evaluated on the basis of posturography, quantitative 
electroencephalography (qEEG), Galvanic Skin Response and questionnaires, which were 
compared to baseline.  At the end of the study, participants in the Sham Comparator group 
have been offered the option of receiving the full therapy.  The study results are currently 
being analyzed.  Neurotech expects to obtain FDA approval of Mente Autism as a Class II 
regulated device under the traditional 510(k) submission route. 
 
On September 12, 2016, Neurotech lodged a prospectus with the Australian Securities and 
Investments Commission for the offer of 35,000,000 ordinary shares in the company at an 
issue price of 20 cents to raise $7 million in capital.  In November, 2016, the IPO closed, and 
Neurotech was admitted to the Australian Stock Exchange where it trades under the ticker 
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symbol “NTI”.  The IPO was followed by an oversubscribed $4 million placement in 
October, 2017.  Neurotech has posted minimal revenues to date.  
 

7.56 NeuroTronik 
NeuroTronik (Dublin, Ireland and Durham, North Carolina) was founded in 2012 to pursue a 
novel bedside, catheter-based neurostimulation therapy for the enhancement of heart function 
in a hospital setting.  The underlying concept for NeuroTronik Cardiac Automomic Nerve 
Stimulation (CANS) therapy was conceived through work at Synecor LLC and Interventional 
Autonomics Corporation.  The system comprises a bedside NeuroModulator Development 
System, a disposable catheter, a catheter placement kit and a dedicated cable.  It is used to 
stimulate the heart muscle to pump more effectively, thereby shortening hospital stays.  The 
device is being evaluated in the Cardiac Output Autonomic Stimulation Therapy for Acute 
Heart Failure (COAST-AHF) trial, which is recruiting patients in Panama. 
 
NeuroTronik is venture-based.  The company completed a Series A Preferred Stock 
Financing round in May 2013, led by Hatteras Venture Partners, followed by a $23.1 million 
Series B round in April, 2017.  The latter was led by Boston Scientific Group, plc. Other 
major investors contributors to the round included Hatteras Venture Partners, Synergy Life 
Science Partners, Lord Baltimore Investment Partners, Mountain Group Capital, and 
Sovereign’s Capital, as well as other financial and industry participants.  
 

7.57 Nevro 
Founded in 2006, Nevro (Redwood City, California) has developed HF10 therapy, an 
innovative neumodulation platform for the treatment of chronic pain.  It reportedly improves 
on traditional spinal cord stimulation (SCS) therapies, which use frequencies in the 40 to 60 
Hz range, by combining high frequency at 10 Hz with a unique waveform, anatomic lead 
placement and a specific treatment algorithm to provide paresthesia-free, superior pain relief 
relative to other SCS treatments.  HF10 therapy is based on research conducted at Stanford 
University and subsequently validated by research at UC Davis in 2007.   
 
Nevro’s first product is the Senza SCS System, which targets chronic back and leg pain. 
Senza received the CE mark in 2010, TGA approval in 2011, FDA approval in 2015, and is 
commercially available in Europe, Australia, and the United States.  In January, 2018, the 
company announced FDA approval of the Senza II, which offers HF10 therapy through a 
smaller and more refined footprint while maintaining the performance and durability of the 
current implantable pulse generator.  Senza therapy is generally reimbursed. 
 
In 2012, Nevro commenced the Senza-RCT trial to directly compare Senza HF10 therapy 
with other SCS treatments.  The study enrolled 241 participants, of which 171 were 
implanted:  90 with HF10 therapy and 81 with other SCS therapies.  All 171 were evaluated 
at 12 months, and 156 (85 HF10 and 71 other SCS) were followed through 24 months.  In 
2016, 24 month data from the Senza-RCT trial were reported in Neurology.  They showed 
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that 76% of back pain patients and 73% of leg pain patients implanted with HF10 therapy 
reported superior pain relief at 24 months, compared to 49% of patients treated with other 
SCS therapies for both back and leg pain.     
 
Nevro has demonstrated consistent, significant growth in revenues since receiving the CE 
Mark in 2010. In 2014, Nevro initiated an IPO in which 7,000,000 shares of common stock 
were to be offered at $15 to $17 per share.  In November of that same year, the price raised to 
$18 per share based on strong sales of the company’s products, which increased from $18.2 
million in 2012 to $23.5 million in 2013.  The market capitalization of Nevro at pricing was 
$466 million.  Nevro achieved global sales of $326.6 million in 2017, of which more than 
80% were to the U.S. market.  Revenues are projected at $400 to $410 million for 2018.   
 

7.58 Nexeon Medsystems/Nuviant Medical 
Nexeon Medsystems is a bioelectronics company which, in its current form represents the 
combination of two companies, Nexeon Medsystems and Nuviant Medical.  The former was 
founded in 2005 by Mark C. Bates, M.D., a thought leader in interventional cardiology and a 
medical device inventor, to change how innovative ideas in the medical device industry move 
from concept to reality.  Originally operating as Paragon Intellectual Properties, the company 
was restructured in 2008 and became Nexeon.  In 2015, Nexeon was incorporated in the state 
of Nevada with its headquarters in Dallas, Texas, that led to the creation of a new Nexeon 
Medsystems, Inc. to house the company’s assets.   
 
Nuviant Medical arose from viable clinical programs developed internally and an IP portfolio 
acquired from Medtronic. These programs were initiated at Rosellini Scientific via support 
from the National Institutes of Health (NIH) SBIR program.  Since inception, NUviant was 
funded by a mixture of grants and investments from multiple private and government 
investors, raising a total of $7 million.  In January, 2015, the company was awarded a grant 
for €2.4 million from the Wallonia (Belgium) government initiative BioWin to develop a 
transcutaneous auticular vagus nerve stimulation technology for the relief of paroxysmal 
atrial fibrillation.  Two months later, it announced a funding round consisting of over 60 
investors, making it eligible to become a publicly traded company.  In its various iterations, 
the firm has also won NIH Small Business Innovation Research grants to develop a wireless 
neuromodulation device for overactive bladder (as Rosellini Scientific, in December 2014) 
and for neurogenic dysphagia (as Nuviant, in December 2015).  
 
The formation of nUro, Inc., the predecessor to Nuviant Medical, was finalized in December, 
2014 with the acquisition of Synaptix, a Belgian, vertically integrated medical device 
manufacturing company with a CE Marked deep brain stimulator, called Synapse.  This 16-
channel recording and stimulation platform has been deployed in clinical studies for the 
treatment of movement disorders.  The company also developed a wireless version of the 
device for use in the peripheral nervous system, most notably for the treatment of urological 
disorders.  nUro, Inc.was subsequently renamed Nuviant Medical in May, 2015, in prepara-
tion for going public, which it did when absorbed by the new Nexeon Medsystems, Inc.  
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Nexeon Medsystems is a development stage enterprise committed to the development of 
active medical devices for the treatment of chronic medical conditions using a comprehen-
sive approach called the “Neural Hub”.  The latter is based on the vast amounts of knowledge 
coming to the front regarding the use of neurotechnology to repair or enhance nervous 
system function.  Nexeon believes the Neural Hub will enable it to achieve its mission of 
automating the nervous system to expedite the output of successful new technologies. 
 
Nexeon’s current efforts are focused on neurostimulation products for patients suffering from 
debilitating neurological diseases, including Parkinson’s and essential tremor.  It is refining 
the Nexeon Neurostimulation System (NNS)—the former Synapse System—which is 
supported by a portfolio of more than 100 patents and patent applications and roughly $40 
million of investment.  Nexeon has 13 granted patients in the U.S. and 68 granted in Europe.  
The company reported it has not made any significant sales of assets or generated any form 
of revenue through the end of 2016.  
 
In late 2017, Nexeon announced the acquisition of Nexeon Medsystems Belgium SPRL and 
its subsidiary Medi-Line, an established manufacturer of medical devices with a 25-year 
operating history and annual revenues of $7.2 million in the fiscal year ending March 31, 
2017.  Medi-Line owns state-of-the-art facilities, which can be used to manufacture the 
company’s DBS systems, and has an established base of business, which includes 34 medical 
device companies in 16 countries.   
 
Pending the recertification of its DBS technology, the company plans to launch the NNS for 
Parkinson’s in Europe by the end of 2018.  In the U.S., it is in discussions with the FDA to 
commence a pivotal study of the NNS system in the first quarter of 2019. 
 
In addition to the DBS indication, Nexeon Medsystems is evaluating the prospects for the 
noninvasive auricular vagus nerve stimulator (aVNS) targeting paroxysmal atrial fibrillation 
(AF), initiated under the January 2015 BioWin initiative.  In October, 2017, the company 
reported on proof-of-concept testing of the approach on the cardio-autonomic systems of 
healthy subjects.  In this study, conducted at the University Catholique de Louvin in 
Belgium, researchers delivered aVNS to subjects’ ears at varying stimulation parameters 
while continuously monitoring electroocardiograpy.  The results supported the original 
hypothesis by demonstrating a significant simulation-induced effect on heart rate variability, 
which could prove effective for treating AF.  Nexeon has engineering efforts underway to 
develop an aVNS device that incorporates patient and physician feedback from the current 
version of the device.  The proposed next-generation device appears as follows: 
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7.59 Nuvectra 
Formed by the 2016 spin off of Greatbach Ltd., design and development team QiG Group, 
Nuvectra (Plano, Texas) is a neuromodulation company committed to helping physicians 
improve the lives of people with chronic conditions as well as reduce the complexity of the 
devices used in these applications.  The Algovita Spinal Cord Stimulation (SCS) System is 
the company’s first commercial offering.  It comprises an IPG, leads, patient and clinician 
programmers, a charger, a trial simulator and surgical accessories.  The following shows the 
Algovita SCS System: 

 
 
The Algovita SCS System has both the CE Mark and FDA approval for the treatment of 
chronic intractable pain of the trunk and/or limbs. It is being marketed primarily in the U.S., 
Germany and the U.K. at present.  In December, 2017, the company announced it had 
achieved the 1,000th implantation of the Algovita SCS System in the U.S.   
 
Nuvectra’s platform is also being used in to support the development of devices targeting 
sacral nerve modulation, which targets chronic urinary retention and overactive bladder, and 
deep brain stimulation (DBS) for the treatment of Parkinson’s.  The former is embodied in 
the company’s Virtis SNS System, for which the company filed regulatory approvals in the 
U.S. and EU in February, 2017.  Marketing of the Virtis System will bechanneled through 
Nuvectra’s subsidiary, PelviStim.  A U.S. launch is anticipated in 2018. 
 
Nuvectra, which trades on the NASDAQ under the ticker symbol NVTR, reported $12.6 
million in revenues and a $38.4 million loss in 2016.  Just under $4.26 million of sales were 
Algovita devices, $5.2 million were neural interface components and systems (designed, 
manufactured amd marketed to the neuroscience research market by the company’s 
NeuroNexus subsidiary), and $3.2 million were development and engineering services 
(primarily from Aleva Neurotherapeutics, discussed above).  $5.8 million in sales (46% of 
the total) were to the U.S. market.  Based on 4th quarter reporting, unaudited sales for 2017 
are projected at $31.5 to $32.0 million.  The vast majority of gains in 2017 are expected to 
come from the company’s Algovita System, whose sales are projected to reach $25.5 million.   
 

7.60 Ottobock 
Privately-held Ottobock was founded in 1919 in Berlin, Germany to improve the mobility of 
people with disabilities—and protect what mobility they still have—through the development 
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of innovative products.  The company has since grown to dominate the field, posting global 
revenues of roughly €800 million and employing more than 6,000 people in over 50 nations.  
Now headquartered in Duderstadt, Ottobock operates through four major businesses: 
Prosthetics, Orthotics, Human Mobility and MedicalCare.  Since 2005, it has been offering 
functional electrical stimulation (FES) device solutions as part of its mobility after stroke 
concept within its Orthotics business.  These include internally developed devices as well as 
products acquired with Denmark’s Neurodan A/S in 2005 (ActiGait implanted foot drop 
correction system) and Canada’s Neurostream Technologies (Neurostep FES foot drop 
system) in 2011.  (Neurodan A/S continues to operate as a subsidiary and research facility 
under the Ottobock umbrella.)  Such products represent a very small part of Ottobock’s 
overall business; nevertheless, the company considers them important to supporting its 
mission.  In keeping with this idea and to strengthen its line, Ottobock entered into a strategic 
distribution partnership with Bioness in May, 2017 whereby it will distribute that company’s 
FES portfolio for the lower and upper extremities in the European Union, the U.K., 
Switzerland, Norway, Turkey and India.  The partnership, which became effective in 
September, 2017, reinforces Ottobosk’s commitment to the technology platform and allows 
the company to leverage its resources to expand product access and affordability.   
 

7.61 (Beijing) PINS Medical 
Established in 2008 and headquartered in Changpin Garden, Zhongguancun Science and 
Technology Park in Beijing, China, PINS Medical Co., Ltd. is focused on the development 
and commercialization of neuromodulation technologies encompassing stimulators for deep 
brain, vagus nerve, spinal cord and sacral nerve therapies.  As part of the National Engineer-
ing Laboratory for Neuromodulation, the company works in close cooperation with Tsinghua 
University and its numerous affiliated clinical centers.   PINS Medical has become a leader in 
neuromodulation in the Chinese market, with the goal of expanding internationally based on 
the high caliber of its technologies and products.  The name “PINS” is derived from a 
Chinese word meaning “the ability to cure every disease” and also as an abbreviation for 
“Patient Is Number 1 alwayS”.   
 
PINS Medical’s initial focus was deep brain stimulation (DBS) devices.  Here, key land-
marks  include: 1) completion of CFDA registration and certification for deep brain 
stimulation devices in 2012; 3) completion of cooperative efforts with over 100 centers 
performing implantations for deep brain stimulation in 2016 and implantation of more than 
5,000 devices in China; and 3) CE Mark approval for the company’s deep brain stimulation 
devices in 2016.  Recently, the company initiated a trial comparing variable frequency DBS 
with constant frequency DBS for patients with idiopathic Parkinson’s.  This represents the 
first variable frequency stimulation therapy for the brain in the world. 
 
Vagus nerve stimulation (VNS) therapy is PINS Medical’s second focus.  In 2014, the 
company completed enrollment in a clinical trial of VNS therapy for refractory epilepsy 
followed, in May, 2016, by CFDA approvals for those devices for both adults and children.  
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The VNS therapy devices are being implanted in more than 60 hospitals in China.  Products 
for sacral nerve stimulation and spinal cord applications are currently under development. 
 

7.62 ReShape Lifesciences (EnteroMedics) 
EnteroMedics (St. Paul, Minnesota), which assumed the name ReShape LifeSciences in 
October, 2017, has developed and patented vBloc vagal blocking therapy.  Also called 
Neurometabolic therapy, vBloc is designed to treat a range of gastrointestinal and metabolic 
diseases; however, its major focus is obesity.  vBloc therapy uses a pacemaker-like device, 
called a Neuroregulator, to block vagal nerve signaling between the brain and stomach that is 
believed to be responsible for multiple digestive mechanisms involving metabolic control, 
food intake and processing, as well as sensations of hunger, satisfaction and fullness.  The 
Neuroregulator is implanted just under the skin near the stomach and attached to two leads 
placed laparoscopically on the trunk of the vagus nerve.  (Most implantations can be 
performed on an outpatient basis.)  The stimulation blocks the nerve signaling causing 
feelings of hunger, and it limits expansion of the stomach and reduces the frequency and 
intensity of stomach contractions, making the individual feel fuller sooner, thereby reducing 
food consumption.  The device is typically turned on 12 hours a day, but can be easily 
deactivated if needed.  The following illustrates vBloc therapy: 
 

 
 
vBloc therapy received FDA approval in January, 2015 and has the CE Mark in Europe.  It 
was previously listed on the Australian Register of Therapeutic Goods in Australia.  More 
than 600 patients have been implanted with the system worldwide to date.  Unfortunately, 
sales have been limited by a general lack of reimbursement.  In 2015, the company sold 24 
devices for $292,000 in revenue and 62 devices for $787,000 in revenue in 2016.  For the 
first 9 months of 2017, product sales were only $243,120 compared to $644,760 for the same 
period in 2016.  All of these sales were to the U.S. market, as the company has generated no 
international sales since 2012. 
 
In 2017, EnterMedics’ management sought to improve its performance through two 
acquisitions also targeting obesity.  The first was BarioSurg in May, 2017.  BarioSurg is the 
developer of the Gastric Vest System, an investigational, minimally invasive, laparo-
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scopically implanted medical device that wraps around the stomach, enabling gastric volume 
reduction without permanently changing patient anatomy.  In October, 2017, EnteroMedics 
acquired ReShape Lifesciences, developer of the ReShape Dual Weight Loss Balloon.  The 
latter is an FDA approved and CE Marked minimally invasive intragastric balloon designed 
to treat obesity patients with a BMI between 30 and 40 with one or more related comorbid 
conditions.  With the latter acquisition, EnteroMedics management renamed the company 
ReShape Lifesciences and announced the intent to move its headquarters from St. Paul, 
Minnesota to San Clemente, California.   
 

7.63 Respicardia 
Founded in 2006, Respicardia (Minnetonka, Minnesota)  is dedicated to improving the lives 
of heart failure patients by developing implantable therapies that improve respiratory rhythm 
management and cardiovascular health.  The company’s first product is the remedē System, 
which is designed to restore natural breathing at night in individuals with moderate to severe 
central sleep apnea (CSA).  The remedē System consists of an implantable neurostimulator 
and leads, and a portable tablet programmer.  It activates automatically during sleep, deliver-
ing small electrical pulses to one of the phrenic nerves that sends signals from the brain to the 
diaphragm. The diaphragm responds to these signals, thereby restoring a more normal 
breathing pattern, which may allow better oxygenation, less activation of the sympathetic 
nervous system, and improved sleep.  A physician can monitor information through the 
portable tablet programmer and can noninvasively change the device settings as needed. 
 
Respicardia evaluated the safety and effectiveness of the device in the remedē System pivotal 
trial, a prospective, multicenter, randomized controlled trial of transvenous phrenic nerve 
stimulation in patients with moderate to severe CSA.  The trial enrolled 151 patients at 31 
sites in the U.S. and Europe, all of whom were implanted with the remedē System.  Patients 
were randomized 1:1 to compare the proportion of patients in the treatment versus control 
groups achieving a reduction in apnea-hypopnea index (AHI) of 50% or more from baseline 
at 6 months.  The trial met its primary endpoint for efficacy. In the modified intention-to-
treat population, significantly more patients in the treatment group achieved 50% or greater 
reduction in AHI than those in the control group, with a clinically meaningful difference of 
41% (p<0.0001). Additionally, the 12-month freedom from serious adverse events related to 
the implant procedure, remedē System or delivered therapy was 91%..  In addition, 96% of 
patients were highly satisfied with their therapy. 
 
Based on these results, on October 10, 2017, the FDA approved the use of the remedē 
System for adult patients with CSA.   Shortly thereafter, in December, 2017, Respicardia 
closed on a $58.5 million round of funding led by Zoll Medical that included all of the 
company’s major existing investors.  The monies are being used to fund the company’s U.S. 
commercialization efforts and support ongoing development of the system.  Respicardia has 
been hiring seasoned medical device executives to lead these efforts.   
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7.64 Saluda Medical 
Headquartered in Artarmon NSW, Australia, Saluda Medical was established in 2013 to 
commercialize four years of research from NICTA, Australia’s information communications 
technology center of excellence.  The company has developed “intelligent” closed-loop 
neuromodulation technology that enables the recording and measurement of electrical nerve 
signals traveling up and down the spine in real-time on the same electrode array that is used 
for stimulation.  The heart of Saluda’s closed loop control system is a unique bio amplifier 
design that records the response of neurons to stimulation (called electrically evoked 
compound action potentials, or ECAPS).  The Evoke System is designed to continuously 
measure the body’s response to stimulation, and can be programmed to automatically adjust 
stimulation levels to the patient’s preferred level.  It overcomes the problem of electrode 
movement by continually reading the electrical activity induced in the target nerve and 
adjusting its output to maintain nerve stimulation within the desired therapeutic range.   
 
Saluda’s innovative technology is applicable to a broad range of current and emerging 
neuromodulation applications.  These include deep brain stimulation, where it is expected to 
improve outcomes and shorten the time to reach them; spinal cord stimulation, where the 
Evoke System continuously measures the body’s response to stimulation and self-adjusts 
rather than relying on patient input; and peripheral and other nerve stimulation, where Saluda 
has demonstrated the possibility to stimulate in the periphery and record from the spinal 
column (allowing more accurate placement of spinal cord stimulation systems) and also 
measure ECAPS from other nerves, including the sciatic, tibial and vagus.   
 
Saluda Medical evaluated its technology in three early clinical trials using temporary devices.  
All of these involved spinal cord stimulation (SCS) for pain.  Two were conducted in 2012.  
The first established that ECAPs can be recorded in humans with chronic pain and that the 
fibers being recruited during SCS are Aβ sensory nerve fibers. In addition, the amplitude of 
the ECAP signal was found to correlate with the degree of coverage of the painful area.  The 
second further established that ECAPS can be reliably measured and also demonstrated the 
use of feedback control to reduce uncomfortable side effects.  In the third study, conducted in 
2014, the overwhelming majority of patients completing the trial showed improved pain 
relief and reduced side effects relative to conventional stimulation.   
 
Following these early trials, Saluda Medical has commenced the Evoke Clinical Study, a 
prospective, multicenter, randomized, double-blinded study being conducted by pain 
specialists at 11 U.S. clinical sites. The study will evaluate the safety and effectiveness of the 
Evoke SCS System with feedback, for the treatment of chronic pain of the lower back and 
legs.  The results will be used to obtain FDA approval for the system in the U.S. and also to 
support adoption elsewhere. 
 
In May, 2017, Saluda Medical announced it had secured AU$53M (~US40M) in an all-
equity financing round led by new investor, Action Potential Venture Capital, a 
GlaxoSmithKline fund that invests in companies developing bioelectronic medicines. 
Existing investors, including Medtronic plc, also participated in the round.  The monies will 
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be used to support the current U.S. pivotal trial as well as commercialization of the Evoke 
SCS therapy in Europe and Australia.. 
 

7.65 Sanguistat 
Connecticut-based Sanguistat is a clinical stage, emerging medical technology company 
formed in 2016 to commercialize the Neural Tourniquet, a medical device that reduces 
bleeding associated with child birth, trauma and hemophilia. The Neural Tourniquet delivers 
an electrical signal to the vagus nerve via a peripheral electrode.  This signal travels to the 
spleen, resulting in the priming of blood platelets.  When the primed platelets contact 
damaged tissue, they initiate clot formation more rapidly than occurs without primed 
platelets.  The following illustrates how the Neural Tourniquet works: 
 

 
 
Preclinical trials of the Neural Tourniquet have demonstrated it can reduce blood loss due to 
trauma by 50% and in hemophilia by 70% following a single treatment lasting only a few 
minutes.      
 
The Neural Tourniquet technology was developed by the Feinstein Institute in partnership 
with Ohio-based Battelle Institute.  The former conducted the initial research and is involved 
in clinical trials of the technology currently focused on post-partum hemorrhage, which have 
been underway since late 2016.  Feinstein licensed the technology to Sanguistat, which is 
partnering with that institute as well as The Global Good Fund, a collaboration of Bill Gates 
and Washington State-based Intellectual Ventures on the post partum hemorrhage trial.  
Global Good is acting as an advisor on the trial and the potential to introduce the technology 
into developing regions.   
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7.66 SceneRay 
SceneRay Corporation, Limited (Suzhou, China) is a leading Chinese medical device 
company dedicated to the development and distribution of neuromodulation devices.  The 
company’s core team is comprised of experts with deep expertise in both Chinese and 
international neuromodulation device development, manufacturing and marketing.  Sceneray 
holds many patents in neuromodulation, and continues to pursue new frontiers in that field. 
 
The company has developed a deep brain stimulation system for Parkinson’s disease that 
received marketing clearance from the CFDA in 2015.  The system includes: a dual-channel 
implantable pulse generator kit, an implantable lead kit, an implantable extension kit, 
clinician and patient programmers, clinician and patient wireless remote programmers and  
an external pulse generator (to enable test stimulation during implantation).  Management 
believes the availability of a cost-effective, locally produced device will greatly enhance the 
availability of DBS technology in China and improve the lives of many patients there. 
 

7.67 Scion NeuroStim 
Scion NeuroStim LLC(Raleigh, North Carolina) has developed a noninvasive neuro-
modulation system designed to treat migraine and potentially other neurological conditions.  
Using a technique known as caloric vestibular stimulation (CVS), it delivers thermal currents 
to alternately heat and cool the inside of the ear canal, activating balance-related organs in 
that structure.  It is believed that these organs, in turn, affect certain activity in the brain stem 
that is associated with the onset of migraine. 
 
The company tested the approach in a randomized, double-blind, placebo-controlled trial 
involving 81 subjects in the U.S. and U.K.  All of those enrolled experienced 4 to 14 
migraine headaches per month.  The experimental group was fitted with padded headphones 
in which aluminum earpieces were mounted to deliver the actual currents using a powered 
handheld remote.  Subjects used the device to administer CVS for 20 minutes a day for three 
months.  Control patients were fitted with the headphone without the aluminum earpieces. At 
90 days, the treatment group experienced 3.6 fewer migraine days per month, compared to a 
reduction of just 0.9 days for control.  In addition, the treated patients experienced less 
headache pain and required less medication.   
 
Based on these results, in June, 2017, Scion NeuroStim initiated a larger randomized, 
parallel-assignment trial of the technology that will enroll 120 patients 8 U.S. and 2 U.K. 
centers.  The primary outcome measure will be change in migraine headache days at 1 month 
for baseline, followed by 84 days of device use.  Secondary measures will focus on changes 
in medication use, pain levels, depression, anxiety, sleep quality and quality of life, among 
others.  Primary study completion is anticipated in July, 2018, with study completion in 
September, 2018.   
 
Scion NeuroStim LLC was founded in 2007 by Lanty L. Smith, serial entrepreneur and 
President and CEO of Tippet Capital LLC in Raleigh, North Carolina, and Robert Black, 
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Ph.D., Researcher and Chief Scientist.  The company has apparently been supported by seed 
capital to date.   
 

7.68 SetPoint Medical 
Feinstein Institute President and CEO Kevin Tracey, M.D. and inflammation researcher and 
infectious disease specialist Shaw Warren, M.D. founded SetPoint Medical in 2006 to 
develop and commercialize bioelectronic therapies for patients with inflammatory auto-
immune disease, such as rheumatoid arthritis and Crohn’s disease.  The company’s scientific 
platform is based Dr. Tracey’s research into and characterization of the Inflammatory Reflex, 
the natural mechanism by which the central nervous system regulates the immune system.  
SetPoint’s approach uses digital doses—targeted pulses of energy—to stimulate the vagus 
nerve and, hence, activate the Inflammatory Reflex to produce a potent systemic anti-
inflammatory response.   
 
The SetPoint System comprises a pill-size implantable microregulator, wireless charger and 
iPad control application.  The microregulator is used to electrically stimulate the vagus nerve, 
producing signals through the vagus and splenic nerves that trigger a reduction in the 
activation of T cells and macrophages in the spleen.  This, in turn, reduces the body’s 
production of systemic inflammation mediators as well as the activation of circulating 
immune cells.  The result is decreased inflammation, decreased joint damage and decreased 
joint pain. 
 
SetPoint successfully completed its first-in-human proof of concept trial in rheumatoid 
arthritis, published in 2016, and is currently conducting human trials of the approach and 
technology in multiple European centers.  In December, 2017, the company announced FDA 
IDE approval for a pilot trial of its system in drug-refractory rheumatoid arthritis patients to 
evaluate its safety and efficacy.  A total of 15 subjects, age 22 to 75, will be enrolled at seven 
U.S. centers as part of the trial. 
 
Headquartered in Valencia, CA, SetPoint Medical has completed four rounds of funding 
since its inception totaling more than $100 million in capital.  The most recent was a $30 
million Seried D equity financing round completed in August, 2017 that included the 
company’s major existing investors: NEA, Morgenthaler, Medtronic, Boston Scientific, 
Topspin, and Action Potential Venture Capital.  The monies will be used to further advance 
development of the company’s bioelectronic anti-inflammatory therapies.   
 

7.69 SPR Therapeutics 
SPR Therapeutics (Cleveland, Ohio) has developed a noninvasive form of peripheral nerve 
stimulation (PNS) that provides opioid-free relief of chronic and acute back pain; the 
technology is also in clinical trials for treatment of lower back pain, neuropathic pain and 
pain following total knee replacement.   
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The SPRINT PNS System comprises a small, wearable stimulator and a threadlike 
MicroLead, which is placed percutaneously using a 20-gauge introducer and connected to the 
stimulator.  The System is used for a period of 30 days, after which the lead is withdrawn 
without surgery at the end of the treatment period.  As such, it provides an alternative to both 
drug therapy and more invasive implantable stimulation technologies. 
 
In clinical trials of the SPRINT PNS System, 70% of patients have reported a ≥50% 
reduction in pain intensity or interference at 30 days, and 78% of patients continued to 
experience significant pain reduction at 12 months post treatment.  The device received the 
CE Mark in January, 2013 and FDA approval in July, 2016.  It is also approved for sale in 
Australia.    
 
In September, 2017, privately-held SPR Therapeutics announced completion of a $25 million 
Series C round of funding.  The round was led by a “prominent family office” and Frontcourt 
Ventures.  In addition to prior equity financing of approximately $10 million, SPR has 
received nearly $23 million to date in non-dilutive funding from sources including the U.S. 
Department of Defense and the National Institutes of Health.  The new monies will be used 
to commercialize the system in the U.S. and also fund additional research across multiple 
applications, including post-surgical acute pain and chronic lower back pain. 
 

7.70 Stimwave 
Headquartered in Pompano Beach, Florida, privately-held Stimwave Technologies was 
founded in 2010 to refine and commercialize novel, wirelessly powered microimplantable 
stimulators designed to treat pain.  Developed by scientists and engineers led by co-inventor 
and Chairman Laura Tyler Perryman, the company’s first product—the Stimwave Freedom 
Spinal Cord Stimulation (SCS) System—is intended as a permanent, long-term implant that 
uses a tiny injectable microchip device that delivers small pulses of energy to electrodes near 
surrounding nerves, thereby relieving pain signals.  The Freedom implant differs other 
currently available systems in two important ways:  1) it is only between 2 and 11 
centimeters in size—so small that it can be implanted through a standard needle; and 2) it is 
wireless, eliminating the need to tunnel long wires through the body to the power source.  
(The company believes that more than 80% of complications associated with neuromodu-
lation therapy result from these large, bulky devices and associated connections.)  Freedom’s 
features also greatly shorten the implantation process.  Freedom is fixed in place by an 
anchor, so that it does not move except with the body movement, and it naturally stays in line 
with the body’s nerves, enhancing freedom of motion relative to bulkier implants.  Finally, 
the system allows the patient to undergo a whole body 3T or 1.5T MRI without removing the 
implant, which is unique in the industry. 
 
The Freedom System comprises: 1) a neurostimulator; 2) an externally worn transmitter; and 
3) a programming app.  The neurostimulator is a set of thin wires and a microreceiver, 
covered with a protective casing. It has small metal electrodes near the tip that create an 
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electrical field of energy when power is applied. The electrical field aids in blocking the pain 
signals coming from certain nerves of the spinal cord.   
 
The neurostimulator receives energy wirelessly from a water-resistant, robust external unit—
a wearable antenna assembly (WAA).  The wireless power is sent from the WAA and 
through the skin to the neurostimulator. The clinician uses a Bluetooth connection to program 
the WAA with the patient’s specific stimulation parameters; the neurostimulator only accepts 
power and parameter settings from a specific WAA.  Because the power source is external, 
two or more devices can be implanted to increase the pain coverage area.  The compact 
external device also incorporates easy-to-access buttons to change therapy intensity as 
needed and can be easily recharged.   
 
Freedom features the first FDA cleared iPad programmer for SCS Systems, which is used in 
the clinical setting to give advanced programming options to the Wearable Antenna devices. 
The device is simple and elegant but features numerous advanced options.   
 
The Stimwave Freedom System provides stimulation through epidural, dorsal column needle 
insertion targeting sensory nerve fibers in the spinal cord levels T7 through L5.  The 
company also offers the technology for percutaneous nerve stimulation.  Called the Stim@ 
Peripheral Nerve Stimulation (PNS) System, it is intended for implantation on or near the 
target nerve through which the pain signal is traveling.  In both cases, the patient is required 
to “test drive” the stimulation to determine if if effective against their pain.  A trial device is 
used for 3 to 7 days to determine efficacy, after which the permanent implant is used 
assuming successful pain relief.  SCS, including Freedom and StimQ PNS, is covered by 
most insurance. 
 
Stimwave received FDA approval for its Freedom SCS System in December, 2014 and 
launched it in the U.S. in 2015.  The device also has the CE Mark for Europe and is listed on 
the Australian Therapeutic Goods Registry.   
 
In November, 2017, Stimwave announced FDA 510(k) approval of its SandShark Injectable 
Anchor System, designed to enable interventional pain management clinicians to insert the 
company’s miniature neuromodulation devices using the least invasive procedure possible.   
Once the electrodes are placed, the SandShark applicator is slid down over the tail of the 
device, progressing the un-deployed anchor into ligaments and strong connective tissues.  
With the radiopaque anchor in the desired location, the clinician then squeezes the handle 
and injects the anchor, simultaneously deploying the wings of the anchor, pushing them 
laterally into the tissue. This patented injection process locks the anchor to the stimulator, 
and the wings secure the stimulator to the surrounding tissue to prevent migration throughout 
the lifetime of the implant.  
 
As of April, 2015, Stimwave has been Stimwave has been involved in a milestone 
partnership with Epimed International, a leader in the development, design, manufacturing, 
and distribution of specialty devices focusing on pain management. In addition to co-product 
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development, the partnership is supporting distribution of Stimwave’s Freedom SCS System 
with more than 100 highly-trained sales representatives in the U.S.  The partnership also 
includes Stimwave’s utilization of Epimed’s manufacturing, packaging, fulfillment, 
distribution, reimbursement and physician services. 
 
Stimwave is a portfolio company of Tsingyuan Ventures, a technology-focused venture fund 
located in Los Altos, California that provides seed capital to A-round startups in the U.S.  It 
is a successor fund to the TEEC Angel Fund.  The company has deep ties to the extensive 
Tsinghua University Network in both the U.S. and China.  In July, 2017, Tsingyuan Ventures 
made a Series B investment in Stimwave.  The amount was not disclosed. 
 

7.71 Synapse Biomedical 
Synapse Biomedical was founded in September, 2002 in Oberlin, Ohio to commercialize the 
NeuRx Diaphragm Pacing System (DPS), a neurostimulation technology targeting patients 
with respiratory insufficiency who require long-term ventilator support.  The NeuRx DPS 
was developed over the course of 20 years through a joint effort of physicians and engineers 
at several institutions, including Case Western Reserve University, University Hospitals of 
Cleveland, and the Veterans Adminis-tration Medical Center.  The Department of Veterans 
Affairs contributed more than $1 million to the project.   
 
The NeuRx DPS consists of: 1) four PermaLoc electrodes implanted in the diaphragm to 
provide direct muscle stimulation; 2) a fifth electrode implanted under the skin to ground the 
system and complete the circuit; 3) an electrode connector, which groups the five electrodes 
exiting the skin into a socket; 4) an external pulse generator (EPG), and 5) a removable cable 
to connect the electrode socket to the EPG.  The electrodes are implanted laparoscopically in 
the abdomen in areas near the phrenic nerves that control diaphragm contractions.  The 
electrodes are attached through wires under the skin to the small battery powered EPG to 
cause the diaphragm to contract. The procedure takes approximately 60 minutes.  Following 
implantation, the EPG is programmed for the volume of air taken in during diaphragm 
contractions to create an effective yet comfortable breath.  Because a patient’s diaphragm 
weakens while on ventilator support, it is necessary to first use the NeuRx DPS to strengthen 
that muscle, a process called conditioning, to extend the amount of time off of the ventilator. 
Conditioning is performed 3 to 5 times a day, with sessions lasting from minutes to hours 
depending on the status of the patient’s diaphragm.  Once conditioned, the diaphragm can 
usually support most and, in some cases, all of the patient’s breathing needs, freeing him or 
her of the need for mechanical ventilation.   
 
The NeuRx DPS has proven a valuable alternative to mechanical ventilation for two major 
groups of patients: those experiencing spinal cord injuries (SCI), and those with amyotropic 
lateral sclerosis (ALS).  In the former case, success varies with the level of injury.  For ALS 
patients, the major benefit of DPS therapy is to preserve muscle condition, which deteriorates 
as the disease progresses.  In doing so, it has extends and improved quality of life.   
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Synapse Biomedical has partnered with 77 U.S. and 37 international treatment centers in 24 
countries that have skilled laparoscopic surgeons qualified to perform the NeuRx DPS 
implantation procedure.  More than 1500 SCI and ALS patients, including the late actor 
Christopher Reeves, have been treated with the NeuRx DPS to date, with the longest being 
an SCI patient who has been using the system as his means of respiratory support (24 hours 
per day) for more than ten years.   
 
In addition to NeuRx, Synapse Biomedical has developed the TransAeris System, a 
temporary diaphragm stimulator intended for use in intensive care patients at risk of or on 
prolonged positive pressure mechanical ventilation.  It is indicated for the prevention and 
treatment of ventilator-induced diaphragm dysfunction (VIDD).  Up to two TransLoc 
electrodes are inserted into each, right and left, hemi-diaphragm. Once the patient is 
successfully extubated after mechanical ventilation, the electrodes are removed, and the 
entire system is discarded to avoid any transfer of nosocomial infections in the ICU 
environment.  In January, 2018, TransAeris received the CE Mark and is available in Europe 
and other countries that accept the CE Mark; however, it remains investigational in the U.S. 
 
Synapse Biomedical received approximately $9.5 million in funding rounds between 2006 
and 2013, the largest from Ohio Third Frontier.  The company generated an estimated $7.2 
million in revenues in 2017.   
 

7.72 Tal Medical 
Tal Medical (Boston, Massachusetts) is a clinical stage neuroscience company founded in 
2010 to develop non-invasive, at-home neuromodulation treatments for depression and other 
brain disorders.  The company’s lead platform involves Low Field Magnetic Stimulation 
(LFMS), a novel form of brain stimulation discovered at and licensed from Mc Lean Hospital 
at Harvard University.  LFMS produces a sub-threshold electric field that can modulate brain 
circuitry involved in depression.  The technology was accidently discovered when bipolar 
patients unexpectedly reported an immediate mood elevating effect following a custom MRI 
spectroscopy protocol in a research study. 
 
LFMS utilizes a unique magnetic field waveform, with a sub-threshold mechanism of action 
that differs from other neurostimulation treatments.  In addition, it does not cause physical 
sensations or induce skin irritation or headaches, and it uses magnetic waveform parameters 
that fall within the range of medically approved MRI technology.  
 
LFMS has been investigated in five randomized, sham-controlled, blinded studies involving 
389 patients for both MDD (also called unipolar depression) and bipolar depression (BPD) 
focused on different dosing protocols.  Four of these studies with approximately 300 patients 
have shown rapid, clinically meaningful effects in MDD and BPD patients, of which two 
achieved statistical significance and two showed trending effect. A 20 minute treatment 
protocol appears to be bioactive in BPD, while a 60 minute treatment is required in MDD.  
However, optimal treatment duration (i.e., number of days to repeat the treatment) as well as 
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the long-term durability of LFMS’s antidepressant effect have yet to be determined. The 
company believes that repeated treatment sessions will be required for maximum efficacy 
and meaningful durability, as is the case with other brain stimulation techniques. 
 
In 2016, Tal Medical commenced the investigation of LFMS for sleep therapy for patients 
experiencing chronic insomnia.  The approach draws on the components and insights from 
LFMS for depression, but uses parameters optimized for modulating sleep, and a refined, 
wearable sleepcoil.  The sleep program is in an early stage. 
 
Tal Medical was founded by PureTech, a Boston-based scientifically driven research and 
development company, in conjunction with leading scientists in the fields of depression and 
neuromodulation.  In April, 2015, the company completed a $14 million Series B funding 
round from existing investor PureTech, a new institutional investor, and several prominent 
individual investors.  Tal Medical has been using the funds to drive its clinical research 
programs, advance product development, and scale up the organization.   
 

7.73 CHUs Jean Monnet &Saint Etienne/Life Medical Control/NBA Techno 
Hospital researchers from two major French Universities—Jean Monnet and Saint Etienne—
are collaborating with Life Medical Control and NBA Techno on the development and 
clinical testing of the NeuroCoach II Stim, an external VNS therapy system, for enhancing 
weight loss.  The device comprises a tiny external electrode that is clipped onto the skin 
inside the ear where a headphone bud would normally sit.  The electrode is connected to a 
hand-held generator that sends mild electrical pulses to the vagus nerve, interfering with 
normal appetite signals and, therefore, turning off hunger triggers.  NeuroCoach II Stim 
therapy is consider a feasible option for enhancing weight loss based on its noninvasiveness 
and freedom of pharmacologic side effects. 
 
In March, 2016, CHU Saint Etienne and NBA Techno, which designed and manufactures the 
device, embarked on a year-long clinical study of the NeuroCoach II Stim device in France.  
The randomized, controlled, double-blind study will enrolled 50 obese patients awaiting 
bariatric surgery, one-half of whom are undergoing stimulation therapy 4 to 5 hours per day 
in minimum 1-hour segments.  The primary end point will be weight loss after 6 months of 
stimulation therapy.  Estimated study completion is April, 2018.   
 

7.74 University of California Berkeley 
Working at the Helen Wills Neuroscience Institute at the University of California, Berkeley, 
electrical engineers and computer scientists Jose Carmena and Michel Maharbiz and their 
team have built the first dust-sized, wireless sensors that can be implanted in the body.  
Although originally intended to enable the development of a brain implant that can 
communicate digitally with the outside world, the battery-less sensors may also be used to 
stimulate nerves and muscles to treat the many conditions targeted by bioelectronic medicine.   
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The “neural dust” sensor motes use ultrasounds energy—which the researchers found to be 
superior to radio waves for powering tiny devices imbedded deep in the body—to both power 
their activity and read out the measurements.  The current devices have been reduced to a 
1mm cube—about the size of a large grain of sand—and contain a piezoelectric crystal that 
converts ultrasound vibrations external to the body into electricity to power a tiny, on-board 
transistor that is in contact with a nerve or muscle fiber.  A voltage spike in the fiber alters 
the circuit and the vibration of the crystal, which changes the echo received by the ultrasound 
receiver, typically the same device that generates the vibrations.  This slight change, called 
backscatter, enables the determination of the voltage.  The researchers powered the passive 
sensors every 100 microseconds with six 540-nanosecond ultrasound pulses to provide a 
continuous, real-time readout.  The following shows the neural dust sensor mote on a finger 
tip and its implantation on a sciatic nerve fiber in an anesthetized rat: 
 

 
 
The Berkeley team coated the first-generation “dust” with surgical-grade epoxy; however, 
knowing that the devices must remain in the body for as long as possible without degrading, 
their recent efforts have used thin, biocompatible film coatings that have a decade or greater 
life span.  Efforts continue to identify a coating that will last an individual’s lifetime. 
 
The neural dust sensors can be placed next to a nerve, muscle, organ or another anatomic 
location, representing the smallest nerve readers and stimulators every built.  At their current 
size, their use is limited to the peripheral nervous system and muscles, where they might be 
used for bladder control or appetite suppression.  However, the researchers are working to 
further miniaturize the sensors to a 50-micron target size to enable their use in the brain and 
central nervous system.  The vision is to implant these neural dust motes anywhere in the 
body, including at multiple sites, and use a patch or patches to receive and send ultrasonic 
waves to achieve the desired therapeutic outcome.   
 
As a result of this research, Drs. Carmena and Maharbiz received the prestigious 2017 
McKnight Technological Innovations in Neuroscience Award.  It is being used to further 
develop miniaturized neural dust technology for completely wireless and untethered neural 
recordings in the brain. 
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