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Abstract

The transcutaneous Vagus Nerve Device of the Solace Life-Sciences has 
been conceived to give a reduction or remission of a number of psychological 
disorders. However, it has been found by us that it has an output signal that 
is a multifractal. The pathophysiology of Heart Failure (HF) is characterized 
by hemodynamic abnormalities that result in neurohormonal activation and 
autonomic imbalance with increase in sympathetic activity and withdrawal of 
vagal activity. In normal subjects, in particular, a multifractal structure has been 
identified in heart rate dynamics and HRV. The pathology usually reduces or 
can disrupt this fractal or multifractal dynamics resulting in the alteration of its 
fractal properties. Atrial Fibrillation (AF) is a common cardiac arrhythmia. In 
previous experimental studies, the investigators found that Low-Level Vagus 
Nerve (VN) Stimulation (LLVNS), at voltages substantially below that which 
slowed the sinus rate, significantly suppressed AF inducibility and decreased 
AF duration. Since the above mentioned device produces a multifractal with an 
high multifractal strength, we encourage the researchers to experience it in their 
clinical cardiologic studies, and in particular, in atrial fibrillation.
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Introduction
Autonomic Nervous System (ANS) is an high complex system that 

affects every physiological system with an highly complex anatomy, 
control, and physiological influence and Autonomic Neuroscience 
(AN) is becoming a new advanced discipline that studies function 
and dysfunction of the (ANS). Dysfunction of autonomic function 
leads to a variety of clinical problems that can be highly at risk for 
subjects. One basic feature is that the cardiac rhythm is modulated 
by the two limbs of the (ANS), the sympathetic and parasympathetic, 
which exert antagonistic effects. The Sympathetic (SNS) and 
Parasympathetic (PNS) branches of (ANS) are known to have strong 
influence on the pace maker cells of the heart. Heart Rate Variability 
(HRV) is used to quantify activity of the autonomic nervous system. 
The pathophysiology of Heart Failure (HF) is characterized by 
hemodynamic abnormalities that result in neurohormonal activation 
and autonomic imbalance with increase in sympathetic activity 
and withdrawal of vagal activity. While dominance of sympathetic 
modulation characterizes several pathophysiological conditions, the 
appropriate vagal modulation induces normal heart rate dynamics 
and the correct its intrinsic variability.

Presently, electrical Stimulation of the Vagus Nerve (VNS) is 
an FDA-approved treatment. The important tool is that (VNS) 
has emerged also as a promising therapeutic approach for cardiac 
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diseases [1,2]. A new non-invasive stimulating procedure, called 
transcutaneous Vagus Nerve Stimulation (tVNS), has been developed 
[1]. Consequently, it becomes of fundamental importance to analyze 
in detail such innovating procedure under the technical as well as 
clinical profiles. In our studies we used the NuCalm device (http://
www.nucalm.com/). This device applies two gel electrode patches 
to the neck below the ear lobe (right and left) for transcutaneous 
stimulation of the afferent Auricular Branch of the Vagus Nerve 
(ABVN). The device received FDA approval, satisfying essential 
health and safety requirements. Transcutaneous Vagus Nerve 
Stimulation (tVNS) targets the cutaneous receptive field of the ABVN 
at the outer ear [3]. Ear lobe vagal stimulation does not create adverse 
effects [4], but it does induce modulating effects on heart rate, blood 
pressure, or peripheral microcirculation during the stimulation 
procedure. The use of applied electrodes near both right and left ear 
lobes assures afferent and efferent induction since the right vagus 
nerve has efferent fibers to the heart. Of course, the use of the device 
is not recommended in the case of pregnancy, and is contraindicated 
for persons with metal in the body, such as pacemaker and ventricular 
assist devices or brain and cochlear implants. Actually, the whole 
Nu Calm arrangement has been designed as a combined system of 
components that work together in reducing psychological disorders 
as anxiety, depression and stress. First the subject applies a NuCalm 
topical cream that has been designed to induce relax by counteracting 
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adrenaline. The treatment continues by applying tVNS by using an 
appropriate device and noise-dampening headphones with binaural 
beats used to bring brain to synchronize at proper frequency 
bands in the interval (12Hz-4Hz). The whole treatment uses light-
blocking eye masks with the obvious meaning to reduce perceptive 
effects enhancing alpha and related relaxing bands. Initially, we 
performed our studies by using the tVNS NuCalm device on subjects 
affected from anxiety or depressions [5]. The study was performed 
on subjects having a serious ANS dysfunction as evidenced by our 
HRV analysis and examining the effect on the ANS of the Nu-Calm 
treatment for thirty minutes. All the considered subjects evidenced 
a net improvement in ANS as evidenced by HRV analysis. This 
encouraging result directed our subsequent research, and in particular 
we have been induced to analyze in detail the basic features of such 
tVNS device, inspecting not only its technical features but analizing 
in detail the features of its output signal. The aim is to delineate its 
basic features and the reasons because from a physiological as well 
as clinic profiles, such device induces the expected benefits. The 
reason of the study may be reassumed as it follows. The term fractal 
was first coined by the mathematician Benoît Mandelbrot in 1975 
[6]. Fractal geometry mathematically characterizes systems that are 
basically irregular at all scales. A fractal structure has the property 
that if a small portion of the system is magnified, it shows the same 
complexity as the entire system. Fractals can be classified into two 
categories: monofractals and multifractals. Monofractal systems 
are those, whose scaling properties are the same in different scales. 
Multifractals are very complex self-similar systems consisting of 
differently weighted fractals with different non-integer dimensions. 
As a result a multifractal system is a generalization of a fractal system 

in which a single scaling exponent is not enough to describe its 
dynamics; really, a continuous spectrum of exponents (the so called 
singularity spectrum) is needed [7].

The salient feature that relates the finality of our paper is that in 
recent years multifractal analysis has been widely applied to diverse 
fields of biology and medicine [5,8,9] and in particular, a multifractal 
structure has been identified in heart rate dynamics and HRV [10-
17] that cover the basic interest of the present paper. The important 
concept is here that the pathology usually reduces or can disrupt this 
fractal or multifractal dynamics resulting in the alteration of its fractal 
properties. Atrial Fibrillation (AF) is a common cardiac arrhythmia. 
In previous experimental studies [18] the investigators found that 
Low-Level Vagus Nerve (VN) Stimulation (LLVNS), at voltages 
substantially below that which slowed the sinus rate, significantly 
suppressed AF inducibility and decreased AF duration.

Investigating the output tVNS Nu Calm device we have discovered 
that it is a multifractal. We retain that in tVNS it is the multifractal 
structure, given as stimulus, to induce cardio and neuromodulation 
and thus enabling to recover the physiological condition and the 
required multifractal dynamics. Since the NuCalm tVNS device 
has revealed such surprising feature to give a multifractal output, 
this result deserves consideration from a clinic view point. It seems 
important to experience it at cardiologic level as well as, to this regard, 
we are promptly arranging a detailed research project.

Materials and Methods
The first step was to evaluate the technical features of the 

instrument. It furnishes in output different currents at the electrodes 
with a minimum value of 0.1 mA that may be progressively increased. 
Our oscilloscope monitoring was performed for about twenty 
four hours of device running The NuCalm device output was also 
constantly monitored by a Welleman PCLAB 2000 SE computer 
interface with recording of the output values. In (Figure 1) we have 
the complete output signal given from the device.

The recorded time series data were analyzed by using the method 
of the Detrended Fluctuation Analysis (DFA) (MF-DFA-1D).

Results
The first step was to ascertain the stability of the output. The 

system resulted stable. We fixed a reasonable threshold value M and 
indicating the output signal by x(t), always we examined

|x(t)- x(t + Ti| ≤ M 

being Ti the time periods of the signal.

The next step was to analyze the obtained output. We give here the 
obtained results. The first estimated variable was the Hurst exponent.

The results are given in (Figure 2).

h(q) shows monotonically decreasing values as function of q. The 
estimated Hurst exponents is H=1.9158. Soon after the function τ ≡ 
τ (q) was obtained. 

(Figure 3) τ (q) evidences its typical non linear dependence upon 
q. Let us examine now α ≡ α (q). 

The results are given in (Figure 4)

Figure 1: Time behaviour of the output signal of the device.

Figure 2: Estimated Hurst exponents.
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Finally, we obtained the spectrum ƒ (α). The result is given in 
(Figure 5).

The results given from Figure 2 to Figure 5 indicate only one 
result.

The output signal of the NuCalm tVNS device is a multifractal. Its 
strength is given by

∆α = α max – α min

∆ƒ = ƒ(α max)-ƒ(α min)

and result to be 0.5845 and 0.1931, respectively.

Discussion
As previously said, multifractals are very complex self-similar 

systems consisting of differently weighted fractals with different non-
integer dimensions. As a result a multifractal system is a generalization 
of a fractal system in which a single scaling exponent is not enough 
to describe its dynamics; really, a continuous spectrum of exponents 
(the so called singularity spectrum) is needed (Figure 5).

In the Introduction we outlined also that multifractals have been 
identified in heart rate dynamics and HRV. The emerging evident 
criterium is that the pathology usually reduces or disrupts the fractal 
or multifractal dynamics resulting in the alteration of its fractal 
properties. The MF-DFA-1D method that we have used was first 
conceived by [19] and as previously said, it enables to estimate If it 
exists a scaling in the fluctuation function Fq (s) ∝ sh(q) being q the 
order of the fluctuation.

In general the exponent h(q) depends on q. For stationary time 
series h(2) is identical with the Hurst exponent H. h(q) is said to 
be the generalized Hurst exponent. A mono fractal time series is 
characterized by unique h(q) for all values of q. In the multifractal 
case we obtain instead a distribution of values as in (Figure 4).

The generalized Hurst exponent h(q) is related to the classic 
scaling exponent τ (q) by the relation

τ (q) = qh(q)-1

A monofractal series with long range correlation is characterized 
by linearly dependent q order exponent τ (q) with a single Hurst 
exponent. Multifractal signal has multiple Hurst exponent and 
depends non-linearly on q as we obtain in (Figure 3).

The singularity spectrum ƒ (α) is related to h(q) by 

α = h(q) + αh’(q) 

and we obtain it in Figure 4 and the multifractal spectrum, 

ƒ(α) = [α − h(q)]+1 is obtain in (Figure 5).

Conclusion 
we have given demonstration that the output signal of the tVNS 

NuCalm device is a multifractal and it has high multifractal strength. 
A diminished fractal HRV was consistently reported in various 
heart disease processes. In addition, the sympathetic (SNS) and 
parasympathetic (PNS) branches of the Autonomic Nervous System 
(ANS) are known to have strong influence on the pace maker cells 
of the heart. Atrial Fibrillation (AF) is the most common cardiac 
arrhythmia. In previous experimental studies [18], the investigators 
found that Low-Level Vagus Nerve (VN) Stimulation (LLVNS), at 
voltages substantially below that which slowed the sinus rate [20], 
significantly suppressed AF inducibility and decreased AF duration. 
Therefore the tVNS NuCalm device could be of interest in inducing 
a net improvement in AF or in general, in cardiac studies since its 
basic and fundamental property is just to stimulate the Vagus by 
a multifractal signal. Therefore this brief note has been devoted to 
encourage scientists to explore such possibility by using such device 
as well as we are arranging a detailed protocol of research in this 
direction.

Figure 3: Estimated τ (q) function.

Figure 4: The estimated function α (q).

Figure 5: The singularity spectrum ƒ (α).
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