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Abstract

Deep brain stimulation has been successfully used in treatment of motor symptoms of Parkinson’s 

disease and other movement disorders. In a recent multi-center prospectively randomized study, 

deep brain stimulation of the fornix was administered in order to ameliorate the cognitive 

symptoms and clinical course of Alzheimer’s disease (AD). The study points to the possibility of 

modest slowing of the cognitive decline in AD in a subset of patients older than 65, while at the 

same time highlights the risk of stimulation in exacerbation of this decline in younger patients. 

The logic of conducting large clinical trials in the face of limited scientific understanding of the 

pathophysiology of AD and response of affected brain regions to electrical stimulation, is 

discussed with emphasis on the need to conduct: (i) animal studies in AD models, using precise 

focused stimulation; (ii) studies in patients who are implanted with depth electrodes for 

established clinical reasons (i.e., patients with epilepsy or movement disorders); and (iii) smaller 

adaptive studies in AD patients with systematic alterations of therapeutic parameters such as 

stimulation protocol.
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Alzheimer’s disease (AD) poses one of the most acute societal challenges of this century, 

with increasing staggering numbers of afflicted individuals worldwide. The ominous societal 

implications of AD have been a clear motivating factor in the large brain research initiatives 

recently launched in the US, Europe, and elsewhere.

There is clearly an overwhelming translational gap between our understanding of the 

etiology of AD and its affected brain systems and the ability to offer preventive means or 

therapeutic means that will influence the disease course or its symptoms.
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While the chief avenue of therapeutic intervention in brain disorders has been 

pharmacological, there is a growing interest in electrical stimulation as means to ameliorate 

symptoms and course of neurological disease. Deep brain stimulation (DBS) has had 

considerable success in treating symptoms of various movement disorders, mainly 

Parkinson’s disease (PD), essential tremor, and some forms of dystonia. The development of 

DBS for PD patients has been largely motivated by the failure of pharmacological 

treatments, especially at later stages of pharmacological intervention where unacceptable 

side effects such as dyskinesia emerge. In the same manner, there is growing interest now in 

development of DBS as a tool to treat severe pharmacologically resistant neuropsychiatric 

disorders such as major depression, obsessive-compulsive disorder, and post-traumatic stress 

disorder. The ultimate challenge appears to be the development of DBS to treat cognitive 

deficits, and specifically memory impairment. Given the potential of DBS to modulate 

dysfunctional brain circuits and on the background of failure of numerous clinical drug 

trials, the interest in using DBS to ameliorate the symptoms of AD and its course appears 

reasonable.

Hamani et al. reported improved memory with stimulation of the fornix, in its anterior part 

near the hypothalamus, in one patient implanted with DBS leads for obesity [1]. This 

observation instigated a study of six patients with AD where continuous stimulation of the 

same target in the anterior fornix for one year demonstrated safety and showed some 

increase in glucose metabolism but no significant behavioral or clinical effect [2, 3].

On this background, Lozano et al. now report a bold multi-center prospectively randomized 

study of 42 patients with mild AD to examine the effect of fornix stimulation on the disease 

[4]. Carrying out a surgical study of this nature in this complex patient population is an 

enormous challenge and the authors deserve credit for the sound methodology employed to 

bring this study to conclusion. As to the safety outcome measure, the surgical procedure and 

stimulation were all well tolerated. The primary clinical outcome of the study was measured 

by the Alzheimer’s disease Assessment Scale-13 (ADAS-Cog13) and Clinical Dementia 

Ratings (CDR-SB) at 12 months. There was no significant difference in the primary clinical 

outcome measure between the stimulated and the sham groups, nor was there a difference in 

the secondary cognitive outcome measures. Patients receiving stimulation showed 

significant increases in glucose metabolism at 6 months but the increases were not 

significant at 12 months. In a post-hoc analysis, there was a significant interaction between 

age and clinical outcome with a trend of improvement of the older patients (>65 years) and 

worsening of the younger patients. While non-stimulated patients in both groups (older and 

younger) worsened by a mean of about 7–8 points on the ASDAS-Cog13 scores in the 

course of one year follow-up, the stimulated older patients declined by a mean of only 3 

points, but the stimulated younger patients declined by 18 points.

The question can be raised as to rational of subjecting 42 AD patients to complex surgery 

and subsequent stimulation (or sham) with rigidly and narrowly prescribed parameters and 

whether there are sufficient scientific data to support this approach.

The authors raise the possibilities that such stimulation may precipitate neurogenesis, may 

have neurotrophic effects, facilitating expression of synaptic proteins, and drive Papez 
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circuit to improve memory function. Even if one accepts this rational, several critical 

questions remain, one being the stimulation protocol. For instance, it is not clear what is the 

scientific basis for applying 130 Hz continuous stimulation to the region of the anterior 

fornix. The authors mention that the same parameters of open loop continuous stimulation 

have been beneficial for PD patients, although the application there was in entirely different 

locations and brain system. Several alternative stimulation protocols include stimulation at 

different frequency, theta burst stimulation, open rather than closed loop stimulation, 

stimulation at different stages of information processing, etc.

This study is a good example of the tension between the state of basic scientific knowledge 

and the clinical translational need. In order for a clinical study of this nature to be successful 

in the regulatory pathway, it needs to adhere to a strict protocol, which mandates certain 

decisions. If such protocol decisions are reached without reasonable scientific background, a 

study may be “a shot in the dark”. Indeed, recent large DBS studies in major depression 

have failed to show efficacy (Dougherty et al. [5]; closure of BROADEN trial).

The lesser decline in clinical outcome in the study by Lozano et al. [4] between the 

stimulated and non-stimulated patients in the older AD group is quite modest in magnitude. 

At the same time, the greater decline in the younger AD patients who received fornix 

stimulation may serve as warning that electrical stimulation can also have detrimental effect 

beyond the risks of surgery.

The distance from simple one-way stimulation affecting motor variables, to clinically 

applicable devices that will treat the cognitive impairment in dementias, and may also 

ameliorate disease course and quality of life is daunting. Such devices will likely need 

closed-loop patterned stimulation, controlled by behavioral feedback and brain signals 

sampled at a spatial resolution not available at current technology. In addition, there is a 

significant gap between the basic understanding of cognitive mechanisms and disease 

pathophysiology, and the translational benefits expected of neuromodulation. The 2014 

Nobel Prize in Physiology and Medicine recognized the discovery of basic cellular 

mechanisms underlying spatial navigation in rodents, namely the intricate system of place 

cells in hippocampus and grid cells in entorhinal cortex, areas which are part of the so called 

Papez circuit, presumably stimulated via the fornix in the present study. The findings of 

place and grid cells were extended to humans in the studies carried out in epilepsy patients 

implanted with depth electrodes [6, 7]. Yet it is still a mystery how massive 130 Hz 

stimulation of the fornix at currents of thousands of microamperes might affect these 

intricate networks and their deterioration. This is indeed a knowledge gap that has not yet 

been adequately addressed even in rodents.

Of note is that there is also a growing literature on noninvasive brain stimulation in AD 

patient using transcranial magnetic stimulation, transcranial direct current stimulation, and 

even vagal nerve stimulation [8]. Yet it is difficult to assess the specific brain systems 

involved, the underlying mechanisms, and the long-term effects of these stimulation 

methods.
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Do the results of this study justify the launching of a much larger study that may be better 

powered to test efficacy than the smaller samples used in this Phase II study where only 

post-hoc analysis yielded some trends? Clearly, there is a pressing clinical need with the 

massive prevalence of AD and other dementias. Yet, the limited scientific foundation, and 

the variability of potential therapeutic parameters may argue for alternative approaches. One 

approach is to use other patient populations—where electrodes are already implanted for 

established clinical reasons—to test effect of stimulation on cognitive parameters impaired 

in AD, specifically episodic memory or spatial navigation. Indeed, such an approach has 

been employed in neurosurgical epilepsy patients by Suthana et al. [9] where stimulation 

was applied in the entorhinal area during encoding and by Miller et al. [10] with stimulation 

applied at the posterior fornix. Another approach is to conduct smaller adaptive trials where 

several therapeutic variables can be systematically altered. These include stimulation 

protocols, as considerable variability can be seen even in the few memory trials conducted to 

date. For instance, Suthana et al. [9] have used 50 HZ stimulation for 5 s on-off periods 

applied unilaterally, Miller et al. [10] have used unilateral theta burst stimulation over longer 

period of times (20 min and more), and Laxton et al. [2] have used continuous bilateral 130 

Hz stimulation. At the same time, further animal experiments enabling more precise well-

defined manipulation of neuronal circuits in disease models should be employed. A good 

example is a recent study showing that in transgenic mouse models of early AD, direct 

optogenetic activation of hippocampal memory engram cells results in memory retrieval 

[11].
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