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Description
TECHNICAL FIELD

[0001] The present disclosure relates to devices, control modules, and computer readable media for managing acute
and chronic pain.

BACKGROUND

[0002] The 1990 research criteria for Fibromyalgia syndrome (FM) characterized this disorder by the presence of
widespread pain combined and tenderness at 11 or more of 18 specific 'tender points’. These criteria have been used
for clinical diagnosis until the development of recent criteria that include the Widespread Pain Index (WPI) and the
Symptom Severity (SS) scale that evaluates symptoms such as fatigue, sleep impairment and different autonomic
symptoms (Wolfe et al., 1990, 2011). There is no consensus regarding the various mechanisms underlying the set of
symptoms reported by FM sufferers.

[0003] An emerging body of evidence provides support for an important interaction between pain processing and
cardiorespiratory regulatory systems (Bruehl & Chung, 2004; Maixner, 1991; Randich & Maixner, 1984; Maixner et al.,
1995). It is generally accepted that the stimulation of carotid sinus and cardiopulmonary baroreceptor afferents, which
are activated by dynamic changes in cardiovascular and respiratory parameters, reduce the magnitude of perceived
pain. This attenuation of pain is mediated by activation of endogenous pain inhibitory systems, including central nervous
system processes that inhibit activity in the ascending reticular activating system (ARAS), a non-specific cortical projecting
system. The ARAS plays an important role in sculpting sensory, motor, and autonomic responses to somatosensory
input (Steriade 1988, Steriade and Llinas 1988). In healthy individuals, a functional interaction of the cardiovascular and
pain regulatory systems has been established whereby elevation in resting arterial blood pressure is related to reduction
in pain sensitivity. The activation of carotid sinus and cardiopulmonary afferents attenuates perceived pain.

[0004] Recent studies have also shown that persistent pain conditions may be mediated in part by impairments in this
interaction between blood pressure and pain sensitivity (Thieme & Turk, 2006). Diminished baroreceptor sensitivity may
have an important impact on pain chronicity (Maixner 1997; Bruehl & Chung, 2004); Bruehl et al., 1998).

[0005] US 5,282,843 relates to apparatus comprising a signal generator for generating electrical pacing stimuli and
optionally comprising timing and control circuitry to accept cardiac feedback signals from the patient.

[0006] Itis desired to provide non-pharmacological devices for reducing chronic and acute pain.

SUMMARY

[0007] Based on the disclosure that is contained herein, the present invention provides a device (10), comprising: a
sensor (12) for measuring cardiac cycle configured to indicate a systolic phase and a diastolic phase of a subject’s
cardiac cycle; a stimulator (14) configured to deliver a stimulus to the subject; and a control module (16) in communication
with the sensor for measuring cardiac cycle and the stimulator, the control module configured to: direct the stimulator
to deliver a series of the stimuli to the subject, wherein at least a fraction of the stimuli are below a non-painful threshold
for the subject and at least a fraction of the stimuli are greater than 50% of a pain tolerance for the subject, and wherein
a portion of each of the non-painful stimuli and the greater than 50% of the pain tolerance stimuli is delivered during the
systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered during the diastolic phase of
the subject’s cardiac cycle.

[0008] In a further aspect, the present invention provides a control module (16) in communication with a sensor (12)
for measuring cardiac cycle configured to indicate a systolic phase and a diastolic phase of a subject’s cardiac cycle
and a stimulator (14), the control module configured to: direct the stimulator to deliver a series of stimuli to the subject,
wherein at least a fraction of the stimuli are below a non-painful threshold for the subject and at least a fraction of the
stimuli are greater than 50% of a pain tolerance for the subject, and wherein a portion of each of the non-painful stimuli
and the greater than 50% of the pain tolerance stimuli is delivered during the systolic phase of the subject’s cardiac
cycle and the remaining portion of each is delivered during the diastolic phase of the subject’s cardiac cycle.

[0009] Inyetafurtheraspect, the presentinvention provides a computer program product for reducing pain in a subject,
comprising:a computer readable storage medium having computer readable program code embodied therewith, the
computer readable program code comprising: computer readable program code configured to: receive a response signal
from a sensor (12) for measuring cardiac cycle that indicates a systolic phase and a diastolic phase of the subject’s
cardiac cycle; direct a stimulator (14) to deliver a series of stimuli to the subject, wherein at least a fraction of the stimuli
are below a non-painful threshold for the subject and at least a fraction of the stimuli are greater than 50% of a pain
tolerance for the subject, and wherein a portion of each of the non-painful stimuli and the greater than 50% of the pain
tolerance stimuli is delivered during the systolic phase of the subject’s cardiac cycle and the remaining portion of each
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is delivered during the diastolic phase of the subject’s cardiac cycle.

[0010] The present invention and embodiments thereof are set out in the appended claims.

[0011] In one aspect of the present disclosure, a device is provided, comprising: a sensor for measuring cardiac cycle
configured to indicate a systolic phase and a diastolic phase of a subject’s cardiac cycle; a stimulator configured to
deliver a stimulus to the subject; and a control module in communication with the sensor for measuring cardiac cycle
and the stimulator, the control module configured to: direct the stimulator to deliver a series of the stimuli consisting of
both painful and non-painful stimuli, wherein a portion of each of the painful and the non-painful stimuli is delivered
during the systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered during the diastolic
phase of the subject’s cardiac cycle.

[0012] In one aspect of the present disclosure a device is provided, comprising: a sensor for measuring cardiac cycle
configured to indicate a systolic phase and a diastolic phase of a subject’s cardiac cycle; a stimulator configured to
deliver a stimulus to the subject; and a control module in communication with the sensor for measuring cardiac cycle
and the stimulator, the control module configured to: direct the stimulator to deliver a series of the stimuli to the subject,
wherein at least a fraction of the stimuli are below a non-painful threshold for the subject and at least a fraction of the
stimuli are greater than 50% of a pain tolerance for the subject, and wherein a portion of each of the non-painful stimuli
and the greater than 50% of the pain tolerance stimuli is delivered during the systolic phase of the subject’s cardiac
cycle and the remaining portion of each is delivered during the diastolic phase of the subject’s cardiac cycle.

[0013] In one aspect of the present disclosure a control module is provided, the control module in communication with
a sensor for measuring cardiac cycle configured to indicate a systolic phase and a diastolic phase of the subject’s cardiac
cycle and a stimulator, the control module configured to: direct the stimulator to deliver to a subject a series of stimuli
consisting of both painful and non-painful stimuli, wherein a portion of each of the painful and the non-painful stimuli is
delivered during the systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered during
the diastolic phase of the subject’s cardiac cycle.

[0014] In one aspect of the present disclosure, a control module is provided, the control module in communication
with a sensor for measuring cardiac cycle configured to indicate a systolic phase and a diastolic phase of the subject’s
cardiac cycle and a stimulator, the control module configured to: direct the stimulator to deliver a series of stimuli to a
subject, wherein at least a fraction of the stimuli are below a non-painful threshold for the subject and at least a fraction
of the stimuli are greater than 50% of a pain tolerance for the subject, and wherein a portion of each of the non-painful
stimuli and the greater than 50% of the pain tolerance stimuli is delivered during the systolic phase of the subject’s
cardiac cycle and the remaining portion of each is delivered during the diastolic phase of the subject’s cardiac cycle.
[0015] In one aspect, a computer program product is provided for reducing pain in a subject, comprising: a computer
readable storage medium having computer readable program code embodied therewith, the computer readable program
code comprising: computer readable program code configured to: receive a response signal from a sensor for measuring
cardiac cycle that indicates a systolic phase and a diastolic phase of a subject’s cardiac cycle; and direct a stimulator
to deliver to the subject a series of stimuli consisting of both painful and non-painful stimuli, wherein a portion of each
of the painful and the non-painful stimuli is delivered during the systolic phase of the subject’s cardiac cycle and the
remaining portion of each is delivered during the diastolic phase of the subject’s cardiac cycle.

[0016] In one aspect of the present disclosure, a computer program product is provided for reducing pain in a subject,
comprising: a computer readable storage medium having computer readable program code embodied therewith, the
computer readable program code comprising: computer readable program code configured to: receive a response signal
from a sensor for measuring cardiac cycle that indicates a systolic phase and a diastolic phase of a subject’s cardiac
cycle; direct a stimulator to deliver a series of stimuli to the subject, wherein at least a fraction of the stimuli are below
a non-painful threshold for the subject and at least a fraction of the stimuli are greater than 50% of a pain tolerance for
the subject, and wherein a portion of each of the non-painful stimuli and the greater than 50% of the pain tolerance
stimuli is delivered during the systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered
during the diastolic phase of the subject’s cardiac cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing summary, as well as the following detailed description of various embodiments, is better under-
stood when read in conjunction with the appended drawings. For the purposes of illustration, there is shown in the
drawings exemplary embodiments; however, the presently disclosed subject matter is not limited to the specific instru-
mentalities disclosed.

Figure 1 is a schematic diagram showing the design of the protocol according to one or more embodiments of the
present disclosure.

Figure 2 is a view from the back of a Systole Stimulus Synchronizer device according to one or more embodiments
of the present disclosure.
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Figure 3 is a bar graph showing baseline thresholds to electrical stimulation according to one or more embodiments
of the present disclosure. Sensory thresholds (ST), pain thresholds (PT) and pain tolerance thresholds (TT) are
shown for fibromyalgia patients (FM) by solid bars and for healthy control subjects (HC) by diagonal stippled bars.
The differences in pain and tolerance thresholds between FM and HC were significant for pain threshold, ** p < 0.01
and for pain tolerance threshold *** p < 0.001.

Figures 4A-4B are bar graphs showing pain thresholds and tolerance thresholds increased after each protocol in
each trial, indicating reduced pain sensitivity to the electrical stimulation according to one or more embodiments of
the present disclosure. The Y axis shows percentage increase of pain thresholds in graph (A) and percentage
increase in tolerance thresholds in graph (B). Results for each of the SP-, P- and Non-SP stimulation protocols are
grouped separately. Within each group the increase for fibromyalgia patients (FM) are shown on the left and the
increase for healthy control subjects (HC) is shown on the right. The increases in trial 2 were greater than those in
trial 1 for all protocols. The largest increases were observed in fibromyalgia patients for both pain threshold and
pain tolerance, * P < 0.05, ** p < 0.01 *** p < 0.001.

Figure 5 is a bar graph showing visual analog scale (VAS) ratings of pain magnitude before and after each type of
stimulation protocol in patients with fibromyalgia according to one or more embodiments of the present disclosure.
Each protocol was administered in two 8-minute trials and the figures shows ratings before the first trial (Pre) and
after the second trial (Post). Pain ratings decreased significantly after the SP- Protocol and increased slightly after
the control P- and Non-SP- Protocols, * P < 0.05, *** P < 0.001.

Figure 6 is bar graph showing mean baroreflex sensitivity (BRS) values (ms/mmHg) obtained following Trials 1 and
2 for fibromyalgia (FM) and healthy control (HC) subjects in response to the SP-, P- and Non-SP-protocols according
to one or more embodiments of the present disclosure. * P < 0.05, ** p < 0.01 comparing FM to HC.

Figure 7 is bar graph showing progression of changes in mean baroreceptor sensitivity over stimulation trials ac-
cording to one or more embodiments of the present disclosure. Mean baroreflex sensitivity (BRS) values (ms/mmHg)
are shown separately for the SP-, P- and Non-SP-Protocols. Within each group of six histogram bars, BRS values
for fibromyalgia patients (FM) are shown on the left and BRS values for healthy control (HC) subjects are shown
on the right. The three adjacent histogram bars shown BRS before the two trials, after the first trial, and after the
second trial. BRS increased significantly, ** p < 0.01, over the SP- Protocol trials in patients with fibromyalgia
compared to Baseline.

Figure 8 is a bar graph showing progression of changes in vagal activity measured at high frequency (HF) over
stimulation trials in the SP-Protocol according to one or more embodiments of the present disclosure. Vagal activity
before the first trial and after the first and second trials are shown for fibromyalgia patients (FM) on the left and for
healthy control (HC) subjects on the right. Vagal activity in fibromyalgia patients was significantly greater after each
trial ** p < 0.01.

Figure 9 is a schematic diagram showing consort (Consolidated Standards for Reporting of Trials) diagram for the
treatment group (TG) after active treatment and the control group (CG) after placebo treatment according to one or
more embodiments of the present disclosure.

Figure 10 is a bar graph showing clinical pain ratings using a visual analog scale (VAS) before (black bars), six
months after (grey bars), and twelve months after (white bars) operant behavioral treatment (OBT) combined with
either active treatment (TG) or placebo treatment (CG) according to one or more embodiments of the present
disclosure. Active treatment reduced clinical pain ratings to near zero after 6 months and abolished clinical pain by
12 months, *** p < 0.001.

Figure 11 is a bar graph showing changes of baroreflex sensitivity (BRS) before (black bars), six months after
(hatched diagonal line bars), and twelve months after (dotted bars) operant behavioral treatment (OBT) combined
with either active treatment (treatment group "TG") or placebo treatment (control group "CG") according to one or
more embodiments of the present disclosure. BRS was elevated significantly after 6 months of active treatment and
remained elevated after 12 months of active treatment, *** p < 0.001.

Figure 12 is a block diagram of a device in accordance with one or more embodiments of the present disclosure.
Figure 13 is a flow diagram of a method in accordance with one or more examples of the present disclosure.

DETAILED DESCRIPTION

[0018] The presently disclosed subject matter is described with specificity to meet statutory requirements. However,
the description itself is not intended to limit the scope of this patent. Rather, the inventor has contemplated that the
claimed subject matter might also be embodied in other ways, to include different steps or elements similar to the ones
described in this document, in conjunction with other present or future technologies. Moreover, although the term "step"
may be used herein to connote different aspects of methods employed, the term should not be interpreted as implying
any particular order among or between various steps herein disclosed unless and except when the order of individual
steps is explicitly described.
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[0019] The terms "baroreceptor" and "baroreflex" are herein used interchangeably for the purposes of the specification
and claims.

[0020] Inone aspect, the presently disclosed subject matter provides devices, control modules, and computer readable
media for the management of acute and chronic pain by delivery of painful and non-painful stimuli during different phases
of a patient’s cardiac cycle. The delivery of stimuli to a subject during the systolic phase of the cardiac cycle according
to the present disclosure can produce a profound long lasting analgesic effect in patients with pain such as, for example,
in patients with fibromyalgia. The devices, control modules, and computer readable media of the present disclosure can
be useful in treating both acute and chronic pain conditions.

[0021] A device 10 in accordance with one or more embodiments of the present subject matter is shown in Figure 12.
The device 10 comprises a sensor 12 for measuring a subject’s cardiac cycle and configured to indicate a systolic phase
and a diastolic phase of the cardiac cycle, a stimulator 14 for delivery of a stimulus to a subject, and a control module
16 in communication with the sensor 12 and the stimulator 14. The device 10 comprises memory 18 embedded within
the control module 16.

[0022] Figure 13 shows a flow diagram 100 of a method for reducing pain in a subject in accordance with one or more
examples of the present subject matter. A method is provided for reducing pain in a subject, the method according to
flow diagram 100 including delivering to a subject with a stimulator a series of stimuli consisting of both painful and non-
painful stimuli in a systolic phase of the subject’s cardiac cycle, until the subject’s pain is reduced, as shown in the flow
diagram at 102. The method can further comprise repeating delivery of the series of stimuli as shown in the flow diagram
at 104, until the subject’s pain is reduced.

[0023] The methods, devices, control modules, and computer readable media can be applicable for conditions that
are currently treated by TENS (transcutaneous electrical nerve stimulation). The stimuli can be delivered during specific
time periods of the cardiac cycle such that treatment effects are maximized. Thus, in one aspect the presently disclosed
subject matter can be useful as a non-pharmacological modality for treating acute and chronic pain. In another aspect,
the present subject matter can be useful for facilitating pharmacotherapy in a subject. For example, methods are provided
to facilitate pharmacotherapy by one or more of enabling reduced dose of chemotherapy in patients with melanoma,
enabling reduced dose of antiepileptic drugs in patients with epilepsy, enabling reduced dose of anti-inflammatory drugs
in patients with arthritis, enabling reduced dose of sleep-inducing drugs for patients with sleep apnea, enabling reduced
dose of detoxification drugs (such as for example clonidine an naltrexone) in patients with chronic pain and opioid
addiction, enabling reduced dose of anesthesia during surgery, including patients with surgery phobia, or enabling
reduced dose of blood pressure-lowering drugs in patients with hypertension, or enabling reduced dose of anti-anxiety
drugs in patients with anxiety.

[0024] In one aspect, the present disclosure provides methods for reducing pain in a subject including delivering to a
subject with a stimulator a series of stimuli consisting of both painful and non-painful stimuli, wherein a portion of each
of the painful and the non-painful stimuli is delivered during a systolic phase of the subject’s cardiac cycle and the
remaining portion of each is delivered during a diastolic phase of the subject’s cardiac cycle.

[0025] In one aspect, the present disclosure provides methods for reducing pain in a subject including delivering to a
subject with a stimulator a series of stimuli consisting of both painful and non-painful stimuli, through the spinal nerves
and otherwise into the brain, wherein a portion of each of the painful and the non-painful stimuli is delivered during a
systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered during a diastolic phase of
the subject’s cardiac cycle.

[0026] In one aspect, the present disclosure provides methods for reducing pain in a subject including delivering to a
subject with a stimulator a series of stimuli, wherein at least a fraction of the stimuli are below a non-painful threshold
for the subject and at least a fraction of the stimuli are greater than 50% of a pain tolerance for the subject, and wherein
a portion of each of the non-painful stimuli and the greater than 50% of the pain tolerance stimuli is delivered during the
systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered during a diastolic phase of
the subject’s cardiac cycle. The method can further include repeating one or more times delivering to the subject the
series of stimuli, until the subject’s pain is reduced. The method can further include repeating one or more times the
delivering to the subject the series of stimuli, wherein the stimuli having the non-painful threshold and greater than 50%
of the pain tolerance are re-determined for the subject prior to the repeating delivery, until the subject’s pain is reduced.
[0027] The order of delivery of the stimuli to the subject can be unpredictable to the subject. The order of delivery of
the stimuli to the subject can be predictable to the subject.

[0028] The subject can be characterized by one or more of fibromyalgia syndrome, migraine, osteoarthritis, low back
pain, inflammatory arthritis, rheumatoid arthritis, or Parkinson’s. The subject can be characterized by one or more of
anxiety or hypertension. The subject can be characterized by a condition that is treatable by transcutaneous electrical
nerve stimulation (TENS). The pain can be chronic pain or acute pain.

[0029] The route of administration of the stimuli can be surface administration. The stimuli can be delivered to one or
more digits of the subject’'s hands. The device of the present disclosure can be an implantable device. The route of
administration of the stimuli can be subcutaneous administration. The route of administration of the stimuli can be direct
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nerve administration. The route of administration of the stimuli can be near, direct or indirect to one or more nerves or
baroreceptors, through spinal or cranial nerves to the perception mechanism of the brain.

[0030] The stimulus can be characterized by a fast rate of onset and offset. The series of stimuli can be delivered at
a low-frequency of stimulation (0.2 HZ). The series of stimuli can be delivered over an 8 minute period

[0031] The portion of each of the non-painful stimuli and the greater than 50% of the pain tolerance stimuli delivered
during the systolic phase can be one half. The stimuli delivered during the systolic phase of the cardiac cycle can be
delivered at a 20% value of an average inter-beat-interval and the stimuli delivered during the diastolic phase of the
cardiac cycle can be delivered at an 80% value of an average inter-beat-interval.

[0032] The stimulus can be selected from the group consisting of an electrical pulse stimulus, a punctate stimulus,
and a laser stimulus. The stimulus can comprise an electrical pulse stimulus, a punctate stimulus, or a laser stimulus,
and combinations thereof. The stimulus can be any stimulus which causes pain impulses to move through the spinal
cord and/or increases the blood pressure, heart rate or respiration rate (HRT) of the subject. The stimulus can be an
electrical pulse stimulus and the parameters of electrical stimulation - current level, pulse duration, and pulse frequency
can be variable and the delivery of electrical stimuli can be triggered and time gated relative to a systolic and a diastolic
phase of the subject’s cardiac cycle. A sensor can be used to measure the subject’s cardiac cycle and to indicate the
systolic and diastolic phase of the subject’s cardiac cycle. In one example, the sensor is an electrocardiogram and the
R-wave of the electrocardiogram is used to trigger the delivery of defined electrical pulse within specified time windows
of the cardiac cycle.

[0033] The stimulus can be an electrical pulse stimulus delivered as a train consisting of multiple individual electrical
pulses of the same amplitude. The train can consist of 10 individual 7 msec electrical pulses delivered over a 250 msec
period with an interpulse interval of 27 msec. The fraction of the stimuli below the non-painful threshold can be one-third
and the fraction of the stimuli having greater than 50% of the pain tolerance can be one-third having 50% of the pain
tolerance and one-third having 75% of the pain tolerance. The portion of each of the stimuli below the non-painful
threshold, having 50% of the pain tolerance, and having 75% of the pain tolerance delivered during the systolic phase
can be one half.

[0034] The stimulus can be an electrical pulse stimulus delivered as a train consisting of 10 individual 7 msec electrical
pulses of the same amplitude delivered over a 250 msec period with an interpulse interval of 27 msec, and the method
can further include prior to delivering the series of stimuli to the subject, delivering to the subject with the stimulator
multiple of the trains in an ascending intensity, wherein the pulses in a first train can have an amplitude of 200 pA,
wherein one or more subsequent trains can have an incremental increase in amplitude of 200 pA up to a maximum
amplitude of 10000 pA, and wherein after each train the subject can be queried for the subject’'s perception of the
intensity of the train such that the subject’'s non-painful threshold and pain tolerance are determined. The method can
further include repeating one or more times the delivering to the subject the multiple trains of ascending intensity such
that an average for each of the subject’s non-painful threshold and pain tolerance is determined.

[0035] Without being limited to any one mechanism, the data provided herein indicate that the methods of the present
disclosure can result in a diminishment of sympathetic activity. Such a diminishment of sympathetic activity can lead to
a restoration of the physiological balance of the autonomic nervous system (parasympathetic and sympathetic) and an
improvement in the clinical signs and symptoms of diseases and disorders influenced by reduced sympathetic and/or
an increased parasympathetic activity. Thus, the method of the present disclosure can decrease the sympathetic tone,
especially over time, which tone tends to be high for chronic pain subjects.

[0036] In one aspect, the present disclosure provides a device that includes a sensor for measuring cardiac cycle
configured to indicate a systolic phase and a diastolic phase of a subject’s cardiac cycle; a stimulator configured to
deliver a stimulus to the subject; and a control module in communication with the sensor for measuring cardiac cycle
and the stimulator, the control module is configured to: direct the stimulator to deliver a series of the stimuli consisting
of both painful and non-painful stimuli, wherein a portion of each of the painful and the non-painful stimuli is delivered
during the systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered during the diastolic
phase of the subject’s cardiac cycle.

[0037] In one aspect, the present disclosure provides a device that includes a sensor for measuring cardiac cycle
configured to indicate a systolic phase and a diastolic phase of a subject’s cardiac cycle; a stimulator configured to
deliver a stimulus to the subject; and a control module in communication with the sensor for measuring cardiac cycle
and the stimulator, the control module configured to: direct the stimulator to deliver a series of the stimuli to the subject,
wherein at least a fraction of the stimuli are below a non-painful threshold for the subject and at least a fraction of the
stimuli are greater than 50% of a pain tolerance for the subject, and wherein a portion of each of the non-painful stimuli
and the greater than 50% of the pain tolerance stimuli is delivered during the systolic phase of the subject’s cardiac
cycle and the remaining portion of each is delivered during the diastolic phase of the subject’s cardiac cycle.

[0038] The control module can be configured to direct the stimulator to repeat one or more times the deliver function
of the series of stimuli to the subject, until the subject’s pain is reduced.

[0039] The control module can be configured to direct the stimulator to repeat one or more times the deliver function
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to the subject the series of stimuli, wherein the stimuli having the non-painful threshold and having greater than 50% of
the pain tolerance are re-determined for the subject prior to the repeated deliver function, until the subject’s painis reduced.
[0040] In one aspect of the device, the stimulus can be an electrical pulse stimulus delivered as a train consisting of
10 individual 7 msec electrical pulses of the same amplitude delivered over a 250 msec period with an interpulse interval
of 27 msec, and the control module can be further configured to: prior to the direct to deliver function of the series of
stimulito the subject, direct the stimulator to deliver to the subject multiple of the trains in an ascending intensity, wherein
the pulses in a first train have an amplitude of 200 wA, wherein one or more subsequent trains have an incremental
increase in amplitude of 200 wA up to a maximum amplitude of 10000 A, and wherein after each train the subject is
queried for the subject’s perception of the intensity of the train such that the subject’s non-painful threshold and pain
tolerance are determined.

[0041] In one aspect of the device, the control module can be further configured to repeat one or more times the direct
to deliver function of the multiple trains of the ascending intensity such that an average for each of the subject’s non-
painful threshold and pain tolerance is determined.

[0042] In one aspect of the device, the sensor for measuring cardiac cycle can be an electrocardiogram, a photop-
lethysmographic sensor, an acoustic sensor, a respiratory cycle sensor, a pressure sensor, or other means of determining
the time of the heart beat R-wave.

[0043] In one aspect, the present disclosure provides a control module in communication with a sensor for measuring
cardiac cycle configured to indicate a systolic phase and a diastolic phase of the subject’s cardiac cycle and a stimulator,
the control module is configured to: direct the stimulator to deliver to a subject a series of stimuli consisting of both painful
and non-painful stimuli, wherein a portion of each of the painful and the non-painful stimuli is delivered during the systolic
phase of the subject’s cardiac cycle and the remaining portion of each is delivered during the diastolic phase of the
subject’s cardiac cycle.

[0044] In one aspect, the present disclosure provides a control module in communication with a sensor for measuring
cardiac cycle configured to indicate a systolic phase and a diastolic phase of the subject’s cardiac cycle and a stimulator,
the control module is configured to: direct the stimulator to deliver a series of stimuli to a subject, wherein at least a
fraction of the stimuli are below a non-painful threshold for the subject and at least a fraction of the stimuli are greater
than 50% of a pain tolerance for the subject, and wherein a portion of each of the non-painful stimuli and the greater
than 50% of the pain tolerance stimuli is delivered during the systolic phase of the subject’s cardiac cycle and the
remaining portion of each is delivered during the diastolic phase of the subject’s cardiac cycle. The control module can
be configured to direct the stimulator to repeat one or more times the deliver function of the series of stimuli to the subject,
until the subject’s pain is reduced. The control module can be configured to direct the stimulator to repeat one or more
times the deliver function of the series of stimuli to the subject, wherein the stimuli having the non-painful threshold and
greater than 50% of the pain tolerance are re-determined for the subject prior to the repeated deliver function, until the
subject’s pain is reduced.

[0045] In one aspect of the control module, the stimulus can be an electrical pulse stimulus delivered as a train
consisting of 10 individual 7 msec electrical pulses of the same amplitude delivered over a 250 msec period with an
interpulse interval of 27 msec, and the control module can be further configured to: prior to the direct to deliver function
of the series of stimuli to the subject, direct the stimulator to deliver to the subject multiple of the trains in an ascending
intensity, wherein the pulses in a first train have an amplitude of 200 WA, wherein one or more subsequent trains have
an incremental increase in amplitude of 200 p.A up to a maximum amplitude of 10000 A, and wherein after each train
the subject is queried for the subject’s perception of the intensity of the train such that the subject’s non-painful threshold
and pain tolerance are determined. The control module can be further configured to: to repeat one or more times the
direct to deliver function of the multiple trains of the ascending intensity such that an average for each of the subject’s
non-painful threshold and pain tolerance is determined.

[0046] In one aspect, the present disclosure provides a computer program product for reducing pain in a subject,
comprising: a computer readable storage medium having computer readable program code embodied therewith, the
computer readable program code includes computer readable program code configured to: receive a response signal
from a sensor for measuring cardiac cycle that indicates a systolic phase and a diastolic phase of a subject’s cardiac
cycle; and direct a stimulator to deliver to the subject a series of stimuli consisting of both painful and non-painful stimuli,
wherein a portion of each of the painful and the non-painful stimuli is delivered during the systolic phase of the subject’s
cardiac cycle and the remaining portion of each is delivered during the diastolic phase of the subject’s cardiac cycle.
[0047] In one aspect, the present disclosure provides a computer program product for reducing pain in a subject,
including: a computer readable storage medium having computer readable program code embodied therewith, the
computer readable program code includes: computer readable program code configured to: receive a response signal
from a sensor for measuring cardiac cycle that indicates a systolic phase and a diastolic phase of a subject’s cardiac
cycle; direct a stimulator to deliver a series of stimuli to the subject, wherein at least a fraction of the stimuli are below
a non-painful threshold for the subject and at least a fraction of the stimuli are greater than 50% of a pain tolerance for
the subject, and wherein a portion of each of the non-painful stimuli and the greater than 50% of the pain tolerance
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stimuli is delivered during the systolic phase of the subject’s cardiac cycle and the remaining portion of each is delivered
during the diastolic phase of the subject’s cardiac cycle.

[0048] The computer readable program code can be further configured to direct the stimulator to repeat one or more
times the deliver function of the series of stimuli to the subject, until the subject’s pain is reduced.

[0049] The computer readable program code can be further configured to direct the stimulator to repeat one or more
times the deliver function of the series of stimuli to the subject, wherein the stimuli having the non-painful threshold and
the greater than 50% of the pain tolerance are re-determined for the subject prior to the repeated deliver function, until
the subject’s pain is reduced.

[0050] In one aspect, the present disclosure provides a method to facilitate pharmacotherapy, the method including
delivering to a subject with a stimulator a series of stimuli consisting of both painful and non-painful stimuli, wherein a
portion of each of the painful and the non-painful stimuli is delivered during a systolic phase of the subject’s cardiac
cycle and the remaining portion of each is delivered during a diastolic phase of the subject’s cardiac cycle.

[0051] The method for facilitating pharmacotherapy can further include repeating one or more times delivering to the
subject the series of stimuli, until pharmacotherapy is facilitated for the subject.

[0052] The method for facilitating pharmacotherapy can further include: repeating one or more times the delivering to
the subject the series of stimuli, wherein the painful and the non-painful stimuli are re-determined for the subject prior
to the repeating delivery, until pharmacotherapy is facilitated for the subject.

[0053] The method for facilitating pharmacotherapy can include facilitating pharmacotherapy for the subject charac-
terized by melanoma with reduced dose of chemotherapy, epilepsy with reduced dose of antiepileptic drugs, arthritis
with reduced dose of anti-inflammatory drugs, chronic pain opioid addiction with reduced dose of detoxification drugs
(clonidine, naltrexone), sleep apnea with reduced dose of sleep-inducing drugs, reduced anesthesia during surgery
including patients with surgery phobia, hypertension with reduced dose of blood pressure-lowering drugs, or anxiety
with reduced dose of anti-anxiety drugs (anxiolytics).

[0054] Inone aspect, the present disclosure provides a method to facilitate non-pharmacological therapies, the method
comprising: delivering to a subject with a stimulator a series of stimuli consisting of both painful and non-painful stimuli,
wherein a portion of each of the painful and the non-painful stimuli is delivered during a systolic phase of the subject’s
cardiac cycle and the remaining portion of each is delivered during a diastolic phase of the subject’s cardiac cycle. The
method can further comprise repeating one or more times delivering to the subject the series of stimuli, until the non-
pharmacological therapies are facilitated for the subject. The method can further comprise repeating one or more times
the delivering to the subject the series of stimuli, wherein the painful and the non-painful stimuli are re-determined for
the subject prior to the repeating delivery, until the non-pharmacotherapies are facilitated for the subject.

[0055] In the method, the non-pharmacotherapies can comprise one of psychological therapies, cognitive behavioral
therapy, hypnosis and meditation, acupuncture, trans-cutaneous electrical stimulation, and transcranial magnetic stim-
ulation, physical therapies, massage, manipulation, cardiovascular training, and combinations thereof.

[0056] In the method, the stimuli can be delivered to or through an implanted device.

[0057] In the method, one or more electrode(s) can be implanted on or near a peripheral or other nerve or the heart
system.

[0058] Featuresfrom one embodimentor aspect may be combined with features from any other embodiment or aspect
in any appropriate combination. For example, any individual or collective features of method aspects or embodiments
may be applied to apparatus, system, product, or component aspects of embodiments and vice versa.

[0059] While the embodiments have been described in connection with the various embodiments of the various figures,
it is to be understood that other similar embodiments may be used or modifications and additions may be made to the
described embodiment for performing the same function without deviating therefrom. Therefore, the disclosed embod-
iments should not be limited to any single embodiment, but rather should be construed in breadth and scope in accordance
with the appended claims.

[0060] Any patents or publications mentioned in this specification are indicative of the levels of those skilled in the art
to which the invention pertains.

EXAMPLES
Example 1

Cardiac Gating of Peripheral Afferent Stimulation Restores Baroreflex Sensitivity, Reduces Pain Sensitivity and Clinical
Pain Report in Fibromyalgia Patients

[0061] The following study was performed to test certain aspects of the disclosed subject matter on a group of subjects
characterized by fibromyalgia and according to specific exclusion requirements. Thus, the description and requirements
of the study detailed below in this Example 1 may not apply to all other aspects of the disclosed subject matter.
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[0062] Animportantcomponentofintrinsic painregulatory systems is defined by cardiovascular dynamics thatinfluence
baroreceptor sensitivity (BRS). In healthy individuals, an elevation in resting arterial blood pressure is related to reduced
pain sensitivity. The present study tested: (1) whether this relationship is altered in fibromyalgia (FM) and (2) whether
the introduction of noxious and non-noxious electrical stimuli introduced during systolic and diastolic phases of the
cardiac cycle influences perception of experimentally evoked and ongoing clinical pain. Thirty pain-free normotensives
(HC) and 32 FM participated in two 8-minutes-trials in which sensory stimuli and stimuli of 50% and 75% of the electrical
pain tolerance (SP-protocol) were administered to a finger in randomized order. In control conditions, participants ex-
perienced two trials with only painful electrical stimuli (P-protocol), and a trial with both non-painful and painful stimuli
independent of cardiac cycle phase (Non-SP-protocol). The magnitude of clinical pain, and of sensory, pain and tolerance
thresholds to electrical stimuli were assessed before, between and after the test trials. BRS, blood pressure (BP), heart
rate variability (HRV), surface electromyogram, (EMG) and respiration were measured throughout the session. Pain and
tolerance thresholds were significantly different between FM and HC, and increased by 15.1% and 25.2% in FM during
the SP protocol in contrast to 9.4% and 11.6% for HC. In contrast, the increase in thresholds in FM were significantly
lower during both the P- and the Non-SP-Protocol than in HC (P<0.001). Clinical pain significantly decreased 20% during
the SP-Protocol but not during the P- and Non-SP-Protocols. BRS was diminished in FM compared to HC (p<0.01) and
correlated with increases in BP and decreases in clinical pain (all p’s<0.01). Despite the diminished baseline BRS in
FM, a combination of painful and non-painful electrical stimuli applied during specific phases of the cardiac cycle dimin-
ished pain sensitivity and reduced fibromyalgia pain suggesting an intrinsic operant conditioning of BRS.

Introduction

[0063] The 1990 research criteria for fibromyalgia syndrome (FM) characterized this disorder by the presence of
widespread pain combined and tenderness at 11 or more of 18 specific 'tender points’. These criteria have been used
for clinical diagnosis until the development of recent criteria that include the Widespread Pain Index (WPI) and the
Symptom Severity (SS) scale that evaluates symptoms such as fatigue, sleep impairment and different autonomic
symptoms (Wolfe et al., 1990, 2011). There is no consensus regarding the mechanisms underlying the set of symptoms
reported by FM sufferers.

[0064] An emerging body of evidence provides support for an important interaction between pain processing and
cardiorespiratory regulatory systems (Bruehl & Chung, 2004; Maixner, 1991; Randich & Maixner, 1984; Maixner et al.,
1995). It is generally accepted that the stimulation of carotid sinus and cardiopulmonary baroreceptor afferents, which
are activated by dynamic changes in cardiovascular and respiratory parameters, reduce the magnitude of perceived
pain. This attenuation of pain is mediated by activation of endogenous pain inhibitory systems, including central nervous
system processes that inhibit activity in the ascending reticular activating system (ARAS), a non-specific cortical projecting
system. The ARAS plays an important role in sculpting sensory, motor, and autonomic responses to somatosensory
input (Steriade 1988, Steriade and Llinas 1988). In healthy individuals, a functional interaction of the cardiovascular and
pain regulatory systems has been established whereby elevation in resting arterial blood pressure is related to reduction
in pain sensitivity. The activation of carotid sinus and cardiopulmonary afferents through the NTS which activates par-
asympathetic system and attenuates perceived pain.

[0065] Recent studies have also shown that persistent pain conditions may be mediated in part by impairments in this
interaction between blood pressure and pain sensitivity (Thieme & Turk, 2006). Diminished baroreceptor sensitivity may
have an important impact on pain chronicity (Maixner 1997; Bruehl & Chung, 2004); Bruehl et al., 1998).

[0066] The immediate goals of these studies are to determine: 1) if the relationship between cardiac baroreflex sen-
sitivity (BRS) is altered in patients suffering from FM and 2) whether the gating of sensory input in relationship to the
cardiac cycle can restore the relationship between baroreceptor sensitivity in a manner that is clinically meaningful in
subpopulations of FM patients.

Materials and methods
Participants

[0067] Thirty-two female FM patients recruited at the University of North Carolina from the hospital, pain clinics and
rheumatology outpatient departments and 30 age and sex-matched normotensives healthy control subjects (HCs) served
as subjects. All patients met the American College of Rheumatology FM criteria (Wolfe et al., 1999, 2011). Sympathetic
tone of the patients was significantly higher than the controls. Participants were recruited between May 2010 and De-
cember 2012. The exclusion criteria consisted of: hypotension, inflammatory cause of the pain; neurological complica-
tions; pregnancy; concomitant severe disease; intake of beta blockers, muscle relaxants and opioids; major psychiatric
disorders; and lack of language fluency. Aninstitutional review board approved the study, which adhered to the Declaration
of Helsinki and informed consent was obtained from all study participants.
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[0068] Table 1 shows diagnostic information associated with FM patients and HCs. The sex-matched female HCs and
FM patients were comparable with respect to age and demographic state.

Procedure
Clinical assessment

[0069] A physician performed an examination that included laboratory measures (i.e., rheumatoid factor, antinuclear
antibodies, erythrocyte sedimentation rate), and the evaluation of tender points (manual tender point survey Okifuiji,
2002) on all FM patients. The manual tender point survey was also performed on the HCs.

Psychophysiological assessment

[0070] Patients and HCs were instructed not to consume any analgesic, antidepressant or antihypertensive (e.g., p-
blockers) medication for one day prior to their scheduled psychophysiological assessment. A 35 minute psychophysio-
logical protocol was conducted subsequent to the medical and psychological assessments.

[0071] The protocol consisted of seven phases (figure 1) with changes of threshold determination and stimulation
phases:

Phase | - Baseline threshold determination: The participants received 250 msec trains of electrical stimuli admin-
istered to the ring and index finger of the right hand. Each train consisted of 10 individual pulses (7 msec duration
with an interpulse interval of 27 msec) delivered over a period of 250 msec. Pulse intensities increased incrementally
in 200 pA steps from 200 to a maximum of 10000 pA. The electrical sensory threshold, pain threshold and pain
tolerance were determined during each of two trials. After the delivery of each 250 msec pulse train, participants
rated their perception of the intensity of electrical test stimulus on an 11 point scale with the verbal anchors of 'no
pain’ to ‘'most intense imaginable pain’. The largest electrical stimulus rated as ’0’ was used to define the electrical
sensory threshold, stimuli rated as either 1’ or 2’ were used to calculate electrical pain threshold, and stimuli rated
as '10’ were used to define the electrical pain tolerance values. Values obtained from two ascending set of trials
were averaged to calculate mean electrical sensory threshold, pain threshold, and pain tolerance values. The indi-
vidually-determined pain tolerance value was used to calculate the 50% and 75% of pain tolerance values. These
values were chosen because studies of operant conditioning in chronic pain showing that pain stimuli higher than
49% of tolerance can trigger operant conditioning of pain inhibition (Flor 2002). These stimuli were used in Phase
Il of the protocol.

Phase Il - The 1sttrial of the Sensory-Pain (SP)-Protocol: Individually determined sensory (non-painful) and painful
(50% and 75% of tolerance value) electrical stimuli (250 msec pulse trains) were administered at a low-frequency
of stimulation (0.2 Hz) in a random order during either the systolic or diastolic phase of the cardiac cycle for 8
minutes. This resulted in the delivery of a total of 66 electrical stimuli during an 8 minute period, 22 for each value
(i.e., sensory threshold, 50% and 75% of electrical tolerance values). Half of the stimuli for a given parameter (i.e.,
sensory threshold, 50% and 75% of electrical tolerance values) were administered during the systolic phase of the
cardiac cycle and an equal number (11 for each parameter) were administered during the diastolic phase of the
cardiac cycle.

Phase lll - Threshold determination 2: The participant received electrical stimuli in an ascending order twice (200
A - 4600 pA) and were asked to rate the stimulus-evoked sensations up to individual pain tolerance using the
same protocol as described for Phase | of the protocol. When changes of the thresholds were observed, values of
the 3 individual test stimuli were recalculated.

Phase IV -The 2" trial of SP-Protocol: The recalculated sensory, 50%- and 75%-stimuli of the individual pain
tolerance were delivered for 8 minutes.

Phase V - Threshold determination 3: The ascending trains of electrical stimuli were again delivered twice, the
sensory and pain threshold as well as pain tolerance were determined and the test stimuli were recalculated de-
pendent on the individual pain tolerance.

Phase VI - The 3 trial of SP-Protocol: The recalculated sensory, 50%- and 75%-stimuli of the individual pain
tolerance were delivered for 8 minutes.

Phase VII - Post-Threshold determination 4: The ascending trains of electrical stimuli were again delivered twice,
the sensory and pain threshold as well as pain tolerance were determined and defined as post-values.

Control Conditions. In control condition 1, participants experienced two 8-minutes trials with only painful electrical stimuli
(P-protocol) delivered immediately after the systolic peak. The control condition using only painful stimuli tests the
influence of associative and classical conditioning of pain inhibition, especially.
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[0072] In control condition 2, individual non-painful sensory and test stimuli at 50% and 75% of the tolerance threshold
were delivered independently of the cardiac cycle in two 8-minute-trials (Non-SP-protocol). The application of non-painful
and painful stimuli independent of cardiac cycle was considered to be a placebo condition.

[0073] Sensory, pain and tolerance thresholds to electrical stimuli as well as clinical pain ratings were assessed before,
between and after the test trials given in each protocol. Blood pressure (BP), BRS, and evoked potentials were measured
throughout the session.

Psychophysiological recordings

[0074] Participants were seated and positioned in a straight back chair and were instructed to move as little as possible.
All instructions were presented on a video screen.

[0075] Electromyogram (EMG) activity was recorded from the right m. trapezius according to the positioning recom-
mended by Fridlund and Cacioppo (1986). BP was continuously monitored using an Ohmeda Finapres BP monitor
(Datex-Ohmeda, Louisville, CO, USA). A LabLinc V modular instrument series (Coulbourn Instruments, USA) was used
to record EMG, skin conductance level (SCL), and electrocardiogram (ECG).

[0076] The presentation of the instructions, data acquisition, and data storage were computer-controlled. The sampling
frequency of EMG signals was 3,000 Hz. The raw EMG was amplified by a factor of 100,000, passed through a bandpass
filter (25 to 1,000 Hz), and integrated using contour-following integrators with a time constant of 70 ms.

[0077] BP was measured with a photoplethysmographic device on the fourth digit of the left hand (the accuracy of this
procedure is = 2 mmHg = 0.25 kPa). A computer program that summed the digitized beat-by-beat waveforms averaged
the sample time synchronized to the R-wave of the electrocardiogram, and divided them by the number of cardiac cycles.
Heart rate (HR) in beats per minute (Jennings et a., 19981) was determined by photoplethysmography of HR waveforms
positioned on the tip of the fourth digit of the right hand. BRS was calculated as the ratio of BP and HR (Watkinson et
al., 1996). SCL was measured through two electrodes in a sensor with a surface of 50.3 mm2 on the second digit of the
right hand about a constant current procedure of 4 pA (Boucsein, 1988). Respiration rate (RR) was assessed by im-
pedance pneumography (Q-Rip-Sensor).

[0078] Heart rate variability (HRV) was evaluated by both ECG and beat-to-beat changes in blood pressure using the
program described by Berntson et al. (1997), see the recommendations provided by the task Force of the European
Society of Cardiology and the North American Society of Pacing and Electrophysiology. For time domain measures,
SDNN (standard deviation of normal -to normal [N-N] interval) and RMSSD (root mean square of the differences between
successive N-N interval) provided estimates of high-frequency variations in HR in short term recordings that reflect
parasympathetic regulation of the heart.

[0079] In addition, standard measures in the frequency domain inlcuded total power (TP) reflecting overall autonomic
activity, very low frequency (VLF) as an indicator of activity of slow temporal processes regulated by sympathetic nervous
system, low frequency (LF) as a strong indicator of sympathetic activity in long-term recordings, and high frequency
(HF) reflecting parasympathetic activity.

[0080] All physiological measurements were recorded continuously.

[0081] Systole-Stimulus-Synchronizer. To enable the delivery of 250 msec electrical pulse trains that were phase
locked to either the systolic or diastolic phases of the cardiac cycle, a device was fabricated that assessed the R-wave
from a 3-lead ECG signal on a beat-by-beat basis. This device, the Synchronizer, was used to trigger a constant current
electrical stimulator (Coulbourn Instruments A13-75 Bioelectric Stimulus Isolator) which delivered electrical pulses during
specified periods of the cardiac cycle (see figure 2). In order to determine the cardiac phase, consecutive inter-beat-
intervals were used to dynamically calculate an average inter-beat-interval from 3 inter-beat-intervals. This value was
used to present the electrical test stimulus during the next beat within a specified percentage of the cardiac cycle
calculated from 3 previous inter-beat-intervals. The 250 msec pulse trains delivered during the systolic phase were
delivered at the 20% value of the average inter-beat-interval. Diastolic associated pulse trains were delivered at the 80%
value of the dynamically determined average inter-beat-interval.

[0082] The Synchronizeris used to deliver electrical stimuli before and after the systolic peak - relevantfor the activation
of the pain inhibition system.

Data analysis

[0083] Dataanalyses were performed in sequential steps. The first analyses examined baseline differences in sensory
and pain thresholds as well as tolerance in the FM and HC groups after outlier elimination defined greater than 2 sigma.
Repeated measures analyses of covariance (ANCOVAs) effects depending on baseline differences with all three phases
of threshold determinations as a within factor and the two groups as between factors in SP-, P- and Non-SP-protocols
were followed by post hoc t tests. These post hoc analyses were used to calculate: (1) group differences over all three
phases of threshold determination in each protocol; (2) group differences in percentage change of pain thresholds and
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tolerance in each protocol. To assess the efficacy of the protocols for increasing thresholds, the pain and tolerance
thresholds after the 2nd trial were compared for each group using paired-sample t-tests. The second step assessed
changes in clinical pain before and after each protocol. The 34 step assessed BL differences of BRS using t-tests for
within and between group comparisons. The 4th step measured the natural log HRV variables (TP, HF, LF, VLF, SDNN,
RMSDD) in FM and HC and tested changes in each protocol using non-parametric tests for between (U-test) and within
group comparisons (Friedman-Test) because of non-normal data distributions. Further, the changes between baseline
and each trial were compared between the different protocols. The 5th step calculated changes of clinical pain, pain
threshold and pain tolerance as well as BRS before and after pain treatment by operant behavioral treatment (OBT)
combined with provision of the SP-protocol.

Results
A. Thresholds

[0084] Baseline of sensory, pain and tolerance thresholds. In contrast to comparable sensory thresholds (ST) in FM
patients and HC, pain threshold (PT) (F(1;69) = 20.36, p < 0.001) and tolerance (TT) (F(1;69) = 28.75, p < 0.001) values
were significantly different. FM patients showed a 12.89% lower pain threshold (PT) and a 25.85% lower tolerance (TT)
than HC’s (Figure 3).

[0085] Changes of thresholds in different protocols. In the SP-Protocol, the ANCOVA showed a significant threshold
x trial x group x interaction for sensory and pain thresholds as well as for tolerance (F(4;107.88) = 3.056, p = 0.018) with
significant differences between FM and HC (p = 0.008). In FM, pain threshold (PT) and tolerance (TT) increased 15.1%
and 25.1% (both p’s <0.001) in contrast to HC showing increases of 9.4% and 11.6%, respectively (both p’s <0.01,
Figures 4A-4B). After two 8-minute stimulations following the SP-Protocol, pain threshold and tolerance values in FM
was significantly higher than these values assessed after the P- and Non-SP-Protocols (all p’s < 0.05).

[0086] For the P-Protocol, a significant threshold x trial x interaction (F(2;145.85) = 7.65, p = 0.001) was found that
differed between groups (p = 0.045). In contrast to the SP-Protocol, HC increased their pain (9.38%) and tolerance
(14.95%, p = 0.006) thresholds to a greater degree than FM, which showed a PT increase of 6.88% and TT increase of
9.95% (p = 0.042, Figures 4A-4B).

[0087] The Non-SP-Protocol displayed a significant threshold x trial x interaction (F(2;165.83) = 8.67, p = 0.001) in
which the groups differed as a trend (p = 0.065) and HC showed greater increase in pain threshold (PT) and tolerance
(TT) than FM (Figures 4A-4B).

[0088] Efficacy of protocols for increasing thresholds. Pain threshold and tolerance in FM patients assessed after the
SP-Protocol were significantly higher than pain threshold and tolerance after the P-Protocol (PT: t(31) = 2.675, p =0.021,
TT: 1(31) = 2.476, p = 0.028) and Non-SP-Protocol (PT: t(31) = 3.175, p = 0.041, TT: #(31) = 3.174, p = 0.006). For HC,
the effects of the SP-Protocol on pain threshold and tolerance were not significantly different from the effects of either
the P- or Non-SP-Protocol.

B. Changes of clinical pain

[0089] The mean visual analog scale (VAS 0-100) rating of clinical pain in FM patients prior to stimulation was 40 on
the 100 point VAS. ANCOVA showed a significant protocol x time interaction (F(2;53) = 11.92, p <0.001): In FM patients,
the SP-Protocol resulted in a significant reduction in clinical pain by 17.05% (t (31) = 3.825, p = 0.001) after two 8-minute
stimulations, the P-Protocol did not show any significant differences, and the Non-SP-Protocol showed a significant
increase reported clinical pain (t (31) =-2.105, p = 0.042) (Figure 5).

C. Changes in BRS

[0090] Due to the lack of synchrony between blood pressure and heart rate essential for the calculation of BRS, these
values could be calculated for only 51.53% of FM and 53.89% of HC. The reduced sample was sufficient for (1) inde-
pendent sample t-tests of the differences between FM and HC, as well as for (2) paired-sample t-tests to determine
which protocol showed the most significant change in BRS.

[0091] FM patients showed significantly lower BRS than HC in both trials of the SP-Protocol (p = 0.009, p = 0.007)
and the P-Protocol (p = 0.023, p = 0.022), but no significant differences in the Non-SP-Protocol (Figure 6).

[0092] The SP-Protocol displayed significantly increased BRS between baseline and the 29 trial (t(15) = 3.17, p =
0.012) as well as between the 15t and the 2" trials (t(15) = 3.163, p = 0.019) and the 1stand 3 trials (t(15) = 2.53, p =
0.028) in FM but not in the P- and Non-SP- Protocols. For HC, significant changes of BRS were found between the 1st
and 2 trials of Non-SP-Protocol (t(17) = 4.53, p = 0.008) but not during SP- and P-Protocols (Figure 7).
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D. Baseline and changes in HRV

[0093] The baseline of different HRV variables such as TP, HF, LF, VLF, SSDN, RMSSD was significantly lower in
FM patients in comparison to HCs (all p’s <0.003, table 2 and Figure 8).

[0094] In contrast, only 6 of 36 HRV variables collected during the SP-, P- and Non-SP-protocols were significantly
different between FM patients and HCs: TP during the trial 15t of the P-protocol (p=0.021), LF during the 1st trial of Non-
SP-protocol (p=0.037), VLF of the 15t and 2"d trial of the SP-protocol (both p<0.05), and RMSSD during the 2" trial of
the Non-SP-protocol (table 2 and Figure 8).

[0095] Within group differences showed that FM patients exhibit a significant increase from baseline values across
trials for most HRV variables (all p < 0.015) except for VLF during the Non-SP-protocol, which contrasts with HCs who
did not show significant changes in HRV values between baseline and treatment trials (table 2 and Figure 8). Considering
the changes in HRV measures across trials relative to baseline values in FM participants, the change in HF was signif-
icantly greater between SP- and the other treatment protocols, (both p’s < 0.01), LF and VLF changes were significantly
lower (all p’s <0.03) in the SP-protocol compared to the control protocols (Figure 8).

E. Changes in clinical pain, pain threshold, pain tolerance and BRS after operant-behavioral therapy (OBT) and
delivery of the SP-protocol

[0096] The decrease of clinical pain, the increase of pain threshold, pain tolerance and BRS after SP-protocol asso-
ciated with brain inhibitory systems might be based on the activation of brain regions involved in descending pain
facilitation such as the PAG (Berrino 2001), the NRM (Wiertelak 1997), the NTS (Wiertelak 1997), and the RVM (Per-
tovaara 1998) that cause a persistent decrease in the sympathetic tone. An association of BRS and brain stem activity
within NTS and NRM relevant for pain inhibition was hypothesized and evaluated as described herein, and termed the
SP-protocol. The SP-protocol was further evaluated as a component of a new treatment method.

[0097] The SP-protocol was combined with operant behavioral therapy (OBT). OBT was chosen because it is currently
the most effective treatment in FM with 65% responder rate in an inpatient and 58% responder rate in an outpatient
setting with a pain reduction of 50%, at least, measured 12 months after OBT (Thieme et al. 2003, 2006, 2007).

Treatment

[0098] Each treatment consisted of 5 weekly, 2 x 2-hour sessions co-led by a psychologist and rheumatologist and
was conducted as a single therapy. Spouses attended 5/10 sessions: the first, third, fifth, seventh, and tenth session.
OBT was based on a structured manual (Flor, Birbaumer, 1994; Thieme et al., 2006). Each treatment session started
with an hourly session of the OBT program followed by an hourly SP-protocol session.

Operant-behavior therapy

[0099] The OBT was directed toward changing observable pain behaviors and included video feedback of expressions
of pain, contingent positive reinforcement of pain-incompatible behaviors, and punishment of pain behaviors within a
group setting. Time-contingent physical exercises were provided according to operant principles (Vlaeyen, 1995) in the
sessions and as homework exercises. Patients engaged in role-playing to reduce pain behaviors and increase healthy
behaviors. Patients were encouraged to increase their activity levels and were assigned homework that included specific
instructions to increase activities and reduce pain behaviors. A reduction of medication was based on a physician-
coordinated individual time-contingent interval plan. In contrast to CBT, this treatment focused primarily on behavioral
expressions of pain and emphasized changing inappropriate pain behaviors without directly targeting maladaptive
thoughts or cognitive coping.

Material and Methods

Sample

[0100] A sample of 40 consecutive married female patients with FM was recruited from 3 outpatient rheumatological
clinics. The groups were comparable with respect to demographic and FMS-specific variables (for example, number of
TPs and severity of TP pain (Okifuji et al., 2002; Table 1).

Treatment protocol

[0101] All patients signed informed consent and were randomly assigned to either OBT with the SP-Protocol as a
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treatment group (TG) or to OBT combined with a placebo condition (Non-SP-Protocol) as a control group (CG). The
randomized control study was approved by the local ethics committee. Administration of the two types of treatment was
counterbalanced to control for time of year and time of entry into the clinical trial. Figure 9 provides an overview of the
patient flow in the study based on the CONSORT guidelines (Moher et al., 2001).

[0102] All patients received a general medical and a rheumatological assessment (see below). The inclusion criteria
consisted of (a) meeting ACR (American College of Rheumatology) criteria of FM (Wolfe 1999, 2011), (b) pain for a
period of at least 6 months, (c) married or significant others, (d) willingness of the spouse to participate, and (e) ability
to complete the questionnaires and understand the treatment components. f) Since normotensive individuals reply to
an activation of BRS with analgesia (Rau and Elbert 2001), only FM patients with high cardiovascular stress reactivity
(Thieme & Turk, 2006) were included. The exclusion criteria consisted of inflammatory rheumatologic diseases and any
concurrent major disease such as cancer, diabetes, or kidney failure as well as low cardiovascular stress reactivity as
well as mayor psychiatric disorders including personality disorders.

[0103] Comorbidities in the patients included: osteoarthritis (84.6%), migraine (22%), restless legs syndrome (15.38%),
sleep apnea (30.76%), and PTSD (30,76%).

Treatment outcomes

[0104] At present, 13 patients have been treated with OBT and the SP-Protocol (TG), 11 Patients with OBT and
Placebo and 7 patients have not yet finished the therapy (CG). Thus, results are reported for the patients who completed
OBT and the SP-Protocol; 7 patients with data at 6 months and 6 patients with data at 12 months follow-up.

[0105] Treatment duration and number: While the recent studies (Diers 2012; Flor & Birbaumer, 1994; Thieme et al.,
2003, 2006, 2007) needed 30 OBT treatment hours, the protocol reduced the OBT- dose by 66.6% to 10 OBT treatment
hours with the entire treatment consisting of 20 treatment hours (10 hr OBT, 10 hr SP-Protocol), which is 33.3 % less
than needed by current treatment protocols.

[0106] Afttrition. None of the 13 treated patients terminated the treatment prematurely.

[0107] Treatment expectation and satisfaction. Expectation (t(12) = 4.38, p =0.001) and satisfaction after the treatment
(t(12) = 4.28, p =0.001) were significantly higher than before the treatment.

[0108] The rate of adherence of patients was excellent. Only 2.3% sessions were missed and 5.5% of the homework
was not completed.

Clinical significant improvement of clinical pain.

[0109] Before treatment, the mean pain rating was 44.58 (range 20-85) assessed on a VAS (0 - 100). At the 10t
treatment session of OBT combined with the SP-Protocol, all (100%) of the FM patients reported a complete absence
of clinical pain (t(12) = 34.23, p < 0.001), which remained at this level for 6 - 12 months post treatment (Figure 10).
[0110] Since the study is still in process, the mean values of clinical pain in the CG (N=4) are presented without any
calculations of statistical significance.

[0111] Three of 13 patients were pain free after the 3" session, 4 patients after the 4th session, 4 patients after the
6th session and 2 patients after the 8t session. Two sessions after reaching a pain free state immediately after the
treatment session, the patients reported a longer lasting pain free state for 10 hours that, after completion of all sessions,
extended to a pain free state long lasting for 6 -12 months. Two patients (15.38%) needed an additional treatment session
3 and 4 months after finishing the treatment due to a painful medical appointment (mammography) and a loss of a
significant other. In each case, only 1 treatment session was necessary to return each patient to a pain free state.

Changes in pain threshold and tolerance

[0112] Immediately after 10 treatment sessions, pain threshold was significantly increased by 51.45% (t(12) = 42.67,
p<0.001) and by 50.01% in the 6 and 12 months follow-up (t(12) = 40.18, p<0.001). Pain tolerance increased significantly
by 113.04% (t(12) = 46.12,p<0.001) after 10 sessions treated by OBT and the SP-Protocol and by 111.37% (t(12) =
44.89,p<0.001) in the 6-12 months follow-ups.

Increase in BRS

[0113] The mean value of BRS before treatment was significantly lower in FM than in HC. Figure 11 is a bar graph
showing changes of baroreflex sensitivity (BRS) before (black bars), six months after (hatched diagonal line bars), and
twelve months after (dotted bars) operant behavioral treatment (OBT) combined with either active treatment SP-Protocol
(treatment group "TG") or placebo treatment Non-SP-Protocol (control group "CG"). After 10 treatment sessions, the
BRS increased significantly (t(12) = 18.72,p<0.001) as shown in Figure 11.
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[0114] Since the study is still in process, the mean values of BRS in CG (N=4) are presented without accompanying
significance.

Comorbidity

[0115] Osteoarthritis (OA). The patients could discriminate between FM pain and OA pain. In contrast to 100% relief
of FM pain, OA pain was abolished in 63.6% of the patients. The other patients (36.7%) reduced their OA pain by 43%,
reporting a mean clinical pain of 8 assessed by a VAS of 0-100.

[0116] Migraine. The three patients who suffered for 36 years from migraine reported 72 migraine attacks in 6 months
(August - January) before the treatment. Every attack lasted 2 days despite intake of Triptane. After treatment, they
reported only 3 attacks with a duration of a half day without any intake of Triptane at the comparable time and duration
ofthe year. Further, the patients reported an absence of fatigue and apathy experienced previously after intake of Triptane.
[0117] Hypertension. Before treatment, FM patients showed a mean resting BP of 142/ 89 and a mean stress reactivity
BP of 162/96. After 10 sessions OBT with the SP-Protocol, the mean resting BP was significantly decreased to 118/71
(t(12) = 24.69, p = 0.014). The stress reactivity BP was significantly decreased to 132/82 (t(12) = 32.22, p = 0.001).
[0118] Sleep apnea. The patients (N = 4) reported 49.5 apnea episodes during the night measured by a sleep lab
before treatment, and no episodes after the treatment. Thus, they could discontinue use of the assisted respiration sleep
mask.

[0119] Restless legs syndrome (RLS). The diagnosis was made by the department of neurology. After the treatment,
the RLS diagnosis was retracted.

[0120] Posttraumatic stress disorder (PTSD). The diagnosis was made by a licensed behavioral psychotherapist with
23 years professional experience who used the structured clinical interview for psychiatric disorders (SCID). After the
treatment, the PTSD and the symptoms of increased physical arousal, intrusions, emotional numbness were absent.
[0121] Further treatment studies that show additional claims for the treatment.

[0122] 1ststudy with exam phobia. Medical students are often very affected by exam phobia. Usually, 12 sessions of
systematic desensitization (SD) combined with relaxation (autogenic training) is sufficient, with high effect sizes. The
combination of SD with the SP-Protocol reduced the dose from 12 to 2 sessions in four patients. All of them passed their
exams and showed an effect maintained for at least 3 months.

[0123] 2nd study with rheumatoid arthritis (RA). Four patients reported a higher clinical pain (VAS = 55.2) than usually
reported by RA patients. All four patients were taking a combination of MTX therapy and high doses of cortisone (>7.5mg)
as well as and 14 inflammatory episodes of RA in 6 months, before the treatment. After the treatment, pain was reduced
to VAS = 14.6, and they experienced only 2 inflammatory episodes. Rheumatologists reported lower CRP and BSG
values after treatment.

Discussion

[0124] The goal of this study was the development of a protocol useful for the evaluation and increase of baroreflex
sensitivity and sympathetic parasympathetic balance in chronic pain patients with the goal of reducing chronic pain.
[0125] Validity of experimental manipulation. The significant increase of BRS associated with an increase of pain
threshold and tolerance after the two 8-minutes stimulation with pain- and pain-free electrical stimuli after systolic peak
as compared to the baseline and the control conditions demonstrates that clinical pain was successfully inhibited by the
SP-protocaol.

[0126] Threshold data. Before the stimulation, pain threshold was 12.89% and tolerance 25.85% significantly lower
in FM patients than in healthy individuals. These results are comparable to previous studies using electrical (e.g. Banic,
2004), mechanical (e.g. Gracely, 2002), and thermal (e.g. Staud 2004) pain stimuli associated with temporal summation
andwind-up (e.g. Graven-Nielsen, 2000, Staud 2004) and secondary hyperalgesia and central sensitisation (e.g. Burgmer
2012, Woolf 2011). Neuroimaging studies show the decreased pain threshold and tolerance is related to cortical or
subcortical augmentation of pain processing (Gracely, 2002) and might be related to changes in cerebral-midbrain-spinal
mechanisms of pain inhibition (Burgmer 2012).

[0127] Afterthe stimulation with pain and pain-free stimuli after SP-protocol, pain threshold and tolerance in FM patients
were increased by 15.1% and 25.2%, respectively, whereas healthy individuals increased their pain threshold and
tolerance by 9.4% and 11.6%. In contrast, when FM patients received only painful stimuli delivered only after the systolic
peak (P-protocol), the pain threshold and tolerance were not increased. The combination of pain with pain-free stimuli
likely provokes associative learning known as classical conditioning that is comparable to the behavioural therapy of
anxiety disorders, which combines noxious and relaxation stimuli resulting in an anxiety-free state. Recently published
studies show changes in the prefrontal cortex related to classical conditioning (Kircher, 2012). Early studies in patients
with chronic pain showed an influence of classical conditioning on pain chronicity. Flor and colleagues (1994a) showed
that recalling a recent stress or a recent pain episode was associated with an increase in muscle tensions in low back
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pain patients, an important component of the pathogenesis of this disease. Jensen and colleagues (2012) showed that
changes of maladaptive pain cognitions by CBT treatment was related to changes in activity in brain areas such as PAG,
insula and ACC. Differences in brain responses between electrical stimulation with and without classical conditioning of
pain stimuli after systolic peak are obvious targets of future studies.

[0128] In the 2" control condition, painful and non-painful stimuli were applied independently of cardiac cycle (Non-
SP-protocol). In contrast to the SP-protocol, pain threshold and pain tolerance were not increased in FM in the Non-SP
protocol. Only the SP-protocol increased BRS in FM patients. These results provide important information about the
influence of BRS on pain chronicity. In addition to the evidence of baroreceptor-mediated modification of pain processing
between groups or over longer periods of time, there is considerable evidence for a dynamic effect in which arterial
baroreceptors modulate the processing of nociception during each cardiac cycle. Further, the unaltered pain thresholds,
pain tolerance and BRS after stimulation that is independent of the cardiac cycle validates the effects observed after
the SP-protocol and strongly suggest that the results found with the SP-protocol do not represent a simple placebo
effect. The Non-SP-protocol can be considered to be a placebo control condition in this study. Consistent with diminished
BRS, HRV measures of sympathetic and parasympathetic nervous system activity were significantly lower in FM patients
than in HCs. The functional consequences of diminished BRS include impaired inhibition of sympathetic nervous system
arousal responses and impaired activation of parasympathetic nervous system inhibitory responses evoked by stressful
stimuli (Randich and Maixner, 1984). The overall sympathetic tone for the FM patients was significantly higher than the
controls. The highest activation of the parasympathetic nervous system (HF) and the lowest activation of the sympathetic
nervous system (LF) were found after the SP-protocol. Without being limited to any particular mechanism, these results
suggest decreased sympathetic activity resulting from an increase in BRS produced by the delivery of the electrical
stimuli during the systolic phase of the cardiac cycle in the SP-protocol and an effect on vagal activity. Decreased BRS
is also associated with increased anxiety levels (Watkins et al 2002) and both acute (Dito et al 1990, Steptoe et al. 1993)
and chronic stress (Lawler et al. 1991, Qian et al. 1997). Central noradrenergic mechanisms may account for the reduced
BRS associated with chronic pain (Lawler et al. 1991, Mitchell and Lawler 1989). Possible interactive effects of substance
P, muopioid receptor, and alpha-2 adrenergic activity in baroreceptor-mediated cardiovascular regulation, combined
with chronic pain-related changes in pathways mediated by these neurochemicals, might also contribute to baroreceptor-
mediated changes in the BP/pain sensitivity relationship in chronic pain. The reduction of baroreceptor sensitivity by
acute and chronic stress, likely includes reduction by pain-related stress. The data provided herein indicate that the SP-
protocol results in reduced sympathetic activity over the course of the treatment sessions and further that such a response
canleadto a restoration of the physiological balance of the autonomic nervous system (parasympathetic and sympathetic)
and an improvement in the clinical signs and symptoms of diseases and disorders that are influenced by reduced
parasympathetic and/or increased sympathetic activity.

[0129] This effect of diminished BRS, high sympathetic tone, and vagal activation due to acute and chronic stress
provides a physiological explanation for the influence of stress on disease. Thus, the SP-protocol may become a helpful
intervention for multiple diseases influenced by stress.

[0130] Treatment. The first treatment effects validated the theoretical approach. Pronounced treatment effects were
obtained despite a reduction in the number of total treatment sessions (compared to OBT alone) of more than 30%. All
patients treated with OBT and the SP-Protocol became pain-free during the 5 weekly treatments. Pain threshold and
pain tolerance remained elevated by 50.01% and 111.37% 6-12 months after the treatment. Consistent with prolonged
abolished pain, BRS was increased three-fold from pre-treatment levels. Hypertensive BP was increased in some subjects
prior to treatment. Without being limited to any one mechanism, it is assumed that the increased BP prior to treatment
may reflect an endogenous attempt at reactivation of the inverse BP/pain relationship. However, this reactivation is
prevented by the diminished BRS caused by chronic stress that activates the noradrenergic pathway, increases BP and
reduces HRV. The observed hypertensive BP was decreased after treatment with the SP-protocol. Without being limited
to any one mechanism, stimulation administered immediately after the systolic peak of the cardiac cycle increases BP,
when transmitted through the spinal nerve to the brain and also directly influences the cardiac system, reactivating the
diminished BRS, which results in inhibition of the Ascending Reticular Activating System (ARAS, Maixner 1997; Bruehl
& Chung, 2004); Bruehl et al., 1998)). As described in the Introduction, the ARAS is a non-specific, cortical projecting
system (Randich and Maixner 1984, Dworkin et al. 1994) that originates from a diverse number of nuclear groups in the
brain stem and basal forebrain (e.g., parabrachial nucleus, locus coeruleus, raphe system, nucleus basalis, etc) and
plays an important role in sculpturing sensory, motor, and autonomic responses to somatosensory input (Steriade 1988,
Steriade and Llinas 1988). The rostral part of the reticular formation has been described as the head of the autonomic
nervous system (Rohen 1978) from which ascending input is transmitted to the lateral prefrontal and to the insular
cortices (Bornhovd et al. 2002). The hypothalamus receives direct input from the Nucleus Tractus Solitarius (NTS), but
also visceral information via the thalamus. The thalamus receives baroreceptor input via the reticular formation. Rutecki
(1990) suggests that the connection between the thalamus and the insular cortex mediates important visceral reflexes
and this connection has been mentioned as the possible link to conscious perception of visceral sensations (Elbert and
Schandry 1998). According to this concept, baroreceptors afferents originating from the carotid sinus and the heart/lungs
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project to the NTS and influence the NTS circuit in a way that alters the activity of the thalamus, insula, ACC, limbic
system. Increases in arterial or venous BP activate baroreceptor afferents that sends signals to the NTS. Afferents that
leave the NTS not only cause a suppression of pain transmission at the sites noted above, but send afferents to adjacent
brainstem regions that cause a decrease in sympathetic activity and an increase in parasympathetic activity - resulting
in a lowering of blood pressure and a decrease in HR. Without being limited to any one mechanism, during treatment
and in reaction to the strong stimulation of the SP-protocol compared to the persistent stimulation of chronic pain, the
sympathetic system resets to a lower level of sympathetic tone, thereby increasing BRS and restoring the sympathetic
parasympathetic balance, reducing pain.

[0131] The OBT treatment focused on reduction of pain behaviors. Neuroimaging evidence suggests that pain inter-
ference of task performance caused by diverting attention away from the task is associated with a higher pain-related
activations in the caudal and rostral anterior cingulate cortex (ACC) and ventroposterior thalamus while focusing on the
task during painful stimulation, which presumably caused a reduction in pain-related activity or pain behaviors, is asso-
ciated with pain-related activations in three different brain regions: primary (S1), and secondary (S2) somatosensory
cortices, and anterior insula (Seminovicz et al., 2004). These results show that cognitive load can modulate pain-related
cortical activity (Seminovicz etal., 2004) and both highlight the necessity of and demonstrate the mechanism of behavioral
pain intervention.

[0132] OBT reduces pain behaviors and activates healthy behaviors and has demonstrated clinical significant reduction
of pain and pain-related interference in 65% and 58% of patients 12 months after treatment in an inpatients and outpatient
setting, especially (Thieme et al., 2003, 2006). These improvements in interference related to pain and pain severity
were significantly associated with bilateral activation in pain evoked activity in the posterior insula, the ipsilateral caudate
nucleus/striatum, the contralateral lenticular nucleus, the left thalamus and the primary somatosensory cortex contral-
ateral to the stimulated side. These results strongly suggest a causal link between successful behavioral treatment and
higher activation bilaterally in the posterior insula and in the contralateral primary somatosensory cortex (Diers et al.,
2012).

[0133] Conclusion. The BRS mechanism is an important factor in pain chronicity and is associated with vagal activation
and changes in brainstem and other parts of the pain network. The application of pain and pain-free stimuli after SP-
Protocol decreases clinical pain by increasing pain threshold, pain tolerance, and BRS as well as parasympathetic
activity based on classical and operant conditioning . Based on classical and operant conditioning, over time these new
values are learned and the system is reset and altered such that pain is persistently reduced. Twenty treatment hours
of OBT combined with the SP-Protocol improved clinical pain in FM, OA, TMJD, Migraine, and VVS, reduced BP hyper-
tonia, removed sleep apnea and RLS and improved anxiety disorders based on increased vagal activity and increased
descending inhibition and diminished facilatory activity resulting in reduction of central sensitization and temporal sum-
mation (Watkins and Mayer 1999, 1999a), and is also functionally involved in cardiovascular regulation (Ku et al. 1998,
Seagard et al. 2000) by involving Substance P pathways and the brain structures such as NTS and NRM.

[0134] The results of the study show positive effects of OBT combined with the SP-Protocol on different chronic pain
disorders such as FM, OA, TMJD, Migraine, VVS and RA. The positive effects in FM which are difficult to treat are
dramatic with complete pain reduction in all treated patients. The treatment reduces systolic blood pressure hypertonia,
and removes sleep apnea and RLS as well as anxiety disorders (Phobia and PTSD). Considering the tremendous
influence on anxiety reduction, further studies should test if anxiety reduction in oncology patients might influence the
reactivity of the immune system and improve survival rate.

Table 1. Baseline differences of sensory, pain and tolerance thresholds in FM and HC.

FM HC
(N =32) (N =30)
Mean SEM Mean SEM T p

Sensory Threshold (nA) 305.91 253.22 0.5771 ns

18.97 28.59
Pain Threshold (pn.A) 1035.15 1414.96 3.884

92.17 101.96 <0.001
Tolerance (p.A) 2632.12 3792.24 3.972

167.52 157.27 <0.001
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Table 2. Natural log Mean and SD’s values of different HRV variables in FM patients and HC, differences between
and within the groups during 5-minutes baseline, 8-minutes trial1 and trial2.

Groups Sign Sign Sign
FM HC Groups FM HC
Variable Mean Mean U p Chi2 p Chi2 p
(SD) (SD)
TP
Baseline 5.31 6.62
(1.10) (0.95) 171.00 <0.001
SP1 6.48 6.86
(0.89) (0.76) 240.00 ns.
SP2 6.58 6.72
(0.86) (0.81) 190.00 ns. 24.78 <0.001 2.79 ns.
P1 6.43 6.82
(0.77) (0.72) 153.00 0.021
P2 6.62 6.63
(0.96) (0.67) 203.00 ns. 9.38 0.009 0.22 ns.
Non_SP1 6.4 (0.74) 6.79
(0.72) 160.00 (0.054)
Non_SP2 6.62 6.82 183.00 ns.
(0.79) (0.83) 13.85 0.001 8.07 0.018
HF
Baseline 2.08 3.06
(0.79) (0.93) 188.00 0.001
SP1 3.08 3.1
(1.38) (0.78) 298.00 ns.
SP2 2.98 2.94 (). 247.00 ns. 9.44 0.014 2.64 ns.
(1.62) 75)
P1 2.63 3.33
(0.56) (1.06) 177.00 ns.
P2 2.65 3.08
(0.62) (0.89) 152.00 ns. 11.69 0.003 0.67 ns.
Non_SP 1 2.62 3.15
(0.59) (0.89) 172.00 ns.
Non_SP 2 2.87 3.21
(0.83) (1.03) 161.00 (0.057) 13.86 0.001 0.67 ns.
LF
Baseline 3.91 5.03
(1.13) (1.18) 218.00 0.003
SP1 4.96 4.98
(0.84) (0.87) 296.00 ns.
SP2 5.18 5.01
(1.05) (0.85) 239.00 ns. 14.11 0.001 0.07 ns.
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(continued)

Groups Sign Sign Sign
FM HC Groups FM HC
P1 4.64 5.02
(0.85) (0.83) 161.00 ns.
P2 4.92 4.97
(1.02) (0.84) 184.00 ns. 8.77 0.012 0.52 ns.
Non_SP 1 4.66 5.10
(1.01) (0.99) 153.00 0.037
Non_SP 2 4.82 5.09
(0.92) (1.02) 186.00 ns. 16.00 <0.001 2.00 ns.
VLF 4.93 6.07
Baseline (0.83) (0.86) 184.00 <0.001
SP1 5.64 6.25
(0.92) (0.77) 189.00 0.020
SP2 5.81 6.16
(0.91) (0.83) 158.00 0.034 8.44 0.015 2.214 ns.
P1 6.03 6.15
(0.80) (0.74) 209.00 ns.
P2 5.97 6.05
(0.88) (0.71) 187.00 ns. 9.39 0.009 0.89 ns.
Non_SP 1 5.90 6.21
(0.79) (0.76) 162.00 ns.
Non_SP 2 6.02 6.24
(0.86) (0.84) 181.00 ns. 6.14 ns. 4.52 ns.
SDNN
Baseline 2.73 3.31
(0.42) (0.47) 164.00 <0.001
SP1 3.26 3.42
(0.44) (0.37) 274.00 ns.
SP2 3.29 3.35 21.38 <0.001 2.00 ns.
(0.41) (0.39) 227.00 ns.
P1 3.22 3.41
(0.38) (0.35) 175.00 ns.
P2 3.30 3.31
(0.47) (0.34) 225.00 ns. 9.38 0.009 0.96 ns.
Non_SP 1 3.22 3.39
(0.37) (0.36) 157.00 ns.
Non_SP2 3.30 3.41
(0.39) (0.42) 185.00 ns. 13.29 0.001 8.29 0.016
rmSSD 1.68 2.19 ().
Baseline (0.35) 44) 208.00 0.002
SP1 2.31 2.20
(0.77) (0.37) 284.00 ns.
SP2 2.39 2.17
(0.81) (0.33) 236.00 ns. 16.63 <0.001 1.14 ns.
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(continued)

Groups Sign Sign Sign
FM HC Groups FM HC
P1 2.66 2.34
(1.71) (0.52) 184.00 ns.
P2 2.66 2.24
(1.68) (0.45) 201.00 ns. 22.80 <0.001 0.29 ns.
Non_SP1 2.65 2.24
(1.75) (0.40) 207.00 ns.
Non_SP2 1.99 2.29
(0.34) (0.54) 152.00 | 0.035 16.13 <0.001 1.185 ns.
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[0136] The present invention is defined by the appended claims. The examples, embodiments, or aspects of the
present description that do not fall within the scope of said claims are merely provided for illustrative purposes and do
not form part of the invention. Furthermore, any surgical, therapeutic, or diagnostic methods presented in the present
description are provided for illustrative purposes only and do not form part of the present invention.

Claims
1. A device (10), comprising:

a sensor (12) for measuring cardiac cycle configured to indicate a systolic phase and a diastolic phase of a
subject’s cardiac cycle;

a stimulator (14) configured to deliver a stimulus to the subject; and

a control module (16) in communication with the sensor for measuring cardiac cycle and the stimulator, the
control module configured to:

direct the stimulator to deliver a series of the stimuli to the subject, wherein at least a fraction of the stimuli are
below a non-painful threshold for the subject and at least a fraction of the stimuli are greater than 50% of a pain
tolerance for the subject, and wherein a portion of each of the non-painful stimuli and the greater than 50% of
the pain tolerance stimuli is delivered during the systolic phase of the subject’s cardiac cycle and the remaining
portion of each is delivered during the diastolic phase of the subject’s cardiac cycle.

2. The device of claim 1, wherein the control module is configured to direct the stimulator to repeat one or more times
the deliver function of the series of stimuli, until the subject’s pain is reduced.

3. The device of claim 1, wherein the control module is configured to direct the stimulator to repeat one or more times
the deliver function to the subject the series of stimuli to the subject, wherein the stimuli having the non-painful
threshold and having greater than 50% of the pain tolerance are re-determined for the subject prior to the repeated
deliver function, until the subject’s pain is reduced.
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4. The device of claim 1, wherein the subject is characterized by a condition that is treatable by transcutaneous
electrical nerve stimulation (TENS).

5. The device of claim 1, wherein the series of stimuli are delivered at a low-frequency of stimulation (0.2 Hz).

6. The device of claim 1, wherein said device facilitates pharmacotherapy in the subject by one or more of:

enabling reduced dose of chemotherapy in the subject, when the subject has melanoma;

enabling reduced dose of antiepileptic drugs in the subject, when the subject has epilepsy;

enabling reduced dose of anti-inflammatory drugs in the subject, when the subject has arthritis;

enabling reduced dose of sleep-inducing drugs in the subject, when the subject has sleep apnea;

enabling reduced dose of detoxification drugs in the subject, when the subject has chronic pain and opioid
addiction, optionally wherein said detoxification drugs are clonidine or naltrexone;

enabling reduced dose of anesthesia during surgery;

enabling reduced dose of blood pressure-lowering drugs in the subject, when the subject has hypertension; or
enabling reduced dose of anti-anxiety drugs in the subject, when the subject has anxiety.

7. The device of claim 1, wherein the stimuli delivered during the systolic phase of the cardiac cycle are delivered at
a 20% value of an average inter-beat-interval and the stimuli delivered during the diastolic phase of the cardiac
cycle are delivered at an 80% value of an average inter-beat-interval.

8. The device of claim 1, wherein the stimulus is selected from the group consisting of:

(a) an electrical pulse stimulus; optionally wherein said electrical pulse stimulus is delivered as a train consisting
of multiple individual electrical pulses of the same amplitude;

(b) a punctate stimulus; and

(c) a laser stimulus.

9. A control module (16) in communication with a sensor (12) for measuring cardiac cycle configured to indicate a
systolic phase and a diastolic phase of a subject’s cardiac cycle and a stimulator (14), the control module configured to:
direct the stimulator to deliver a series of stimuli to the subject, wherein at least a fraction of the stimuli are below
a non-painful threshold for the subject and at least a fraction of the stimuli are greater than 50% of a pain tolerance
for the subject, and wherein a portion of each of the non-painful stimuli and the greater than 50% of the pain tolerance
stimuli is delivered during the systolic phase of the subject’s cardiac cycle and the remaining portion of each is
delivered during the diastolic phase of the subject’s cardiac cycle.

10. The control module of claim 9, wherein the control module is configured to direct the stimulator to repeat one or
more times the deliver function of the series of stimuli to the subject, until the subject’s pain is reduced.

11. The control module of claim 9, wherein the control module is configured to direct the stimulator to repeat one or
more times the deliver function of the series of stimuli to the subject, wherein the stimuli having the non-painful
threshold and greater than 50% of the pain tolerance are re-determined for the subject prior to the repeated deliver
function, until the subject’s pain is reduced.

Patentanspriiche

1. Ein medizintechnisches Gerat (10), das umfasst:

einen Sensor (12) zum Messen des Herzzyklus, der so konfiguriert ist, dass er den systolischen Peak und den
diastolischen Peak des Herzzyklus eines Menschen ermitteln kann;

einen Stimulator (14), der so konfiguriert ist, dass er am Menschen einen Stimulus applizieren kann; und

ein Steuermodul (16), das mit dem Sensor zum Messen des Herzzyklus und mit dem Stimulator verbunden ist,
wobei das Steuermodul dafir konfiguriert ist, dass:

es den Stimulator steuert, am Menschen eine Reihe von Stimuli zu applizieren, wobei mindestens ein Teil der
Stimuli unter der individuellen Schmerzschwelle des Menschen liegt, und mindestens ein Teil der Stimuli gréRer
als 50% der individuellen Schmerztoleranz ist. Ein Teil von jedem der nicht-schmerzhaften Stimuli und der
Stimuli, die gréRer/gleich 50% der individuellen Schmerztoleranz wird wahrend der systolischen Phase des
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Herzzyklus des Subjekts abgegeben und der verbleibende Teil von jedem der Stimuli wird wahrend der dias-
tolischen Phase des Herzzyklus des Menschen abgegeben.

Medizintechnisches Gerat nach Anspruch 1, worin das Steuermodul so konfiguriert ist, dass es den Stimulator
steuert, dass dieser die Abgabe einer Reihe von Stimuli ein- oder mehrmals wiederholt, bis der Schmerz des
Menschen reduziert wird.

Medizintechnisches Gerat nach Anspruch 1, worin das Steuermodul so konfiguriert ist, dass es den Stimulator
anweist, die Abgabe einer Reihe von Stimuli an den Menschen ein- oder mehrmals zu wiederholen, wobei die
Stimuli, die unter der individuellen Schmerzschwelle liegen und die die groRer/gleich sind als 50% der individuellen
Schmerztoleranz vor der wiederholten Abgabe neu bestimmt werden, bis der Schmerz des Menschen reduziert wird.

Medizintechnisches Gerat nach Anspruch 1, worin der Mensch sich in einem Zustand befindet, der durch transkutane
elektrische Nervenstimulation (TENS) behandelbar ware.

Medizintechnisches Gerat nach Anspruch 1, worin die Reihe von Stimuli mit einer niedrigen Stimulationsfrequenz
(0,2 Hz) appliziert wird.

Medizintechnisches Gerét nach Anspruch 1, worin das medizintechnische Gerat die Pharmakotherapie, mit der der
Mensch behandelt wird, bei einer oder mehrerer der folgenden Erkrankungen erleichtert:

Ermdglichen einer reduzierten Chemotherapiedosis bei einem Patienten, der unter einem Melanom leidet;
Ermdglichen einer verringerten Dosis von Antiepileptika bei einem Patienten, der unter Epilepsie leider;
Ermdglichen einer verringerten Dosis von entziindungshemmenden Arzneimitteln bei Patienten, die unter rheu-
matischen Erkrankungen (z.B. rheumatoide Arthritis) leiden;

Ermdglichen einer verringerten Dosis von schlafinduzierenden Arzneimitteln bei einem Patienten, der unter
Schlafapnoe leidet;

Ermdglichen einer verringerten Dosis von Medikamenten zur Entgiftung eines Patienten, der unter chronischen
Schmerzen und Opiatabhangigkeit leidet, wobei die Entgiftungsmittel Clonidin oder Naltrexon (optional) sind;
Ermdglichung einer reduzierten Narkosedosis wahrend der Operation;

Ermdglichen einer verringerten Dosis von blutdrucksenkenden Medikamenten bei einem Patienten, der eine
Hypertonie aufweist; oder

Ermdglichen einer reduzierten Dosis von angstreduziernden Medikamenten bei einem Patienten, der unter
Angsten leidet.

Medizintechnisches Gerat nach Anspruch 1, worin der, wahrend der systolischen Phase des Herzzyklus applizierte
Stimulus, bei 20% eines mittleren Inter-Beat-Intervalls abgegeben wird und der wahrend der diastolischen Phase
des Herzzyklus appliziert Stimulus, bei 80% der mittleren Inter-Beat-Intervalls abgegeben wird.

Medizintechnisches Gerat nach Anspruch 1, worin ein Stimulus, aus einer Gruppe ausgewahlt wird, die aus folgenden
Stimuli-Typen besteht:

(a) ein elektrischer Stimulus; wobei der elektrische Stimulus optional als ein Vibrationsstimulus gegeben wird,
der aus mehreren einzelnen elektrischen Impulsen der gleichen Amplitude besteht;

(b) ein punktférmiger Stimulus; und

(c) ein Laserstimulus.

Das Steuermodul (16), das mit einem Sensor (12), der der Erfassung des Herzzyklus dient, ist dazu konfiguriert,
die systolische Phase und diastolische Phase des Herzzyklus einer Person zu erkennen und anzuzeigen, und einem
Stimulator (14) verbunden ist, wobei das Steuermodul dafiir konfiguriert ist., dass es:

den Stimulator steuern kann, eine Reihe von Stimuli am Menschen zu applizieren, wobei mindestens ein Teil der
Stimuli unterhalb der individuellen Schmerzschwelle des Menschen liegt und mindestens ein Teil der Stimuli gré-
Rer/gleich 50% der individuellen Schmerztoleranz des Menschen ist. Dabei wird ein Teil von jedem der nicht-
schmerzhaften Stimuli und der Stimuli die gréRer/gleich 50% der individuellen Schmerztoleranz sind wahrend der
systolischen Phase des Herzzyklus der Person abgegeben und der restliche Teil der schmerzfreien und schmerz-
haften Stimuli wahrend der diastolischen Phase des Herzzyklus des Patienten abgegeben wird.

10. Das Steuermodul nach Anspruch 9, worin das Steuermodul so konfiguriert ist, dass es den Stimulator steuert, die
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Abgabe einer Reihe von Reizen an den Menschen ein- odermehrmals zu wiederholen, bis der Schmerz des Patienten
reduziert wird.

Das Steuermodul nach Anspruch 9, worin das Steuermodul so konfiguriert ist, dass es den Stimulator steuert, die
Abgabe einer Reihe von Stimuli an den Menschen ein- oder mehrmals zu wiederholen, wobei die Stimuli unter der
individuellen Schmerzschwellen und die die gréRer/gleich 50% der individuellen Schmerztoleranz sind, vor der
wiederholten Abgabe neu bestimmt werden, bis der Schmerz des Patienten reduziert wird.

Revendications

1.

7.

Dispositif (10) comprenant :

un capteur (12) pour mesurer un cycle cardiaque, configuré pour indiquer une phase systolique et une phase
diastolique du cycle cardiaque d’'un sujet ;

un stimulateur (14) configuré pour délivrer un stimulus au sujet ; et

un module de commande (16) en communication avec le capteur pour mesurer le cycle cardiaque et le stimu-
lateur, le module de commande étant configuré pour :

diriger le stimulateur pour délivrer une série de stimuli au sujet, au moins une fraction des stimuli étant inférieure
a un seuil de douleur pour le sujet et au moins une fraction des stimuli dépassant de 50% le seuil de douleur
pour le sujet, et dans lequel une partie de chacun des stimuli inférieurs et ceux dépassant de 50% le seuil de
douleur sont délivrés pendant la phase systolique du cycle cardiaque du sujet et la partie restante de chacun
est délivrée pendant la phase diastolique de le cycle cardiaque du sujet.

Dispositif selon la revendication 1, dans lequel le module de commande est configuré pour diriger le stimulateur
pour qu'’il répete une ou plusieurs fois la fonction de délivrance de la série de stimuli, jusqu’a ce que la douleur du
sujet soit réduite.

Dispositif selon la revendication 1, dans lequel le module de commande est configuré pour demander au stimulateur
de répéter une ou plusieurs fois la fonction de délivrance au sujet, la série de stimuli au sujet, les stimuli inférieurs
au seuil de douleur et ceux dépassant de 50% le seuil de douleur sont nouvellement déterminés pour le sujet avant
la fonction d’administration répétée, jusqu’a ce que la douleur du sujet soit réduite.

Dispositif selon la revendication 1, dans lequel le sujet est caractérisé par une affection qui peut étre traitée par
stimulation nerveuse électrique transcutanée (TENS).

Dispositif selon la revendication 1, dans lequel les séries de stimuli sont délivrées a une basse fréquence de
stimulation (0,2 Hz).

Dispositif selon la revendication 1, dans lequel ledit dispositif facilite la pharmacothérapie chez le sujet par un ou
plusieurs des éléments suivants :

permet une réduction de la dose de chimiothérapie chez le sujet lorsque le sujet présente un mélanome ;
permet une dose réduite de médicaments antiépileptiques chez le sujet, lorsque le sujet souffre d’épilepsie ;
permet une dose réduite de médicaments anti-inflammatoires chez le sujet, lorsque le sujet souffre d’arthrite ;
permet une dose réduite de médicaments induisant le sommeil chez le sujet, lorsque le sujet souffre d’apnée
du sommeil ;

permet une dose réduite de médicaments de détoxication chez le sujet, lorsque le sujet présente une douleur
chronique et une dépendance aux opioides, éventuellement dans lequel lesdits médicaments de détoxification
sont la clonidine ou la naltrexone ;

permet une réduction de la dose d’anesthésie pendant la chirurgie ;

permet une dose réduite de médicaments antihypertenseurs chez le sujet, lorsque le sujet est hypertendu ; ou
permet une dose réduite de médicaments anti-anxiété chez le sujet, lorsque le sujet souffre d’anxiété.

Dispositif selon la revendication 1, dans lequel les stimuli délivrés pendant la phase systolique du cycle cardiaque

sontdélivrés a une valeurde 20% d’unintervalle inter-temps moyen etles stimuli délivrés pendant la phase diastolique
du cycle cardiaque sont délivrés a une valeur de 80% d’un intervalle inter-temps moyen.
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Dispositif selon la revendication 1, dans lequel le stimulus est choisi dans le groupe constitué par :

(a) un stimulus d’impulsion électrique ; éventuellement dans lequel ledit stimulus d’impulsion électrique est
délivré sous la forme d’un train constitué de plusieurs impulsions électriques individuelles de méme amplitude ;
(b) un stimulus ponctué ; et

(c) un stimulus laser.

Un module de commande (16) en communication avec un capteur (12) de mesure du cycle cardiaque configuré
pour indiquer une phase systolique et une phase diastolique du cycle cardiaque d’un sujet et un stimulateur (14),
le module de commande étant configuré pour :

diriger le stimulateur pour délivrer une série de stimuli au sujet, au moins une fraction des stimuli étant inférieure
au seuil de douleur pour le sujet et au moins une fraction des stimuli dépassant 50% du seuil de douleur pour le
sujet, et dans lequel une partie de chacun des stimuli inférieurs et ceux dépassant de 50% du seuil de douleur est
délivrée pendant la phase systolique du cycle cardiaque du sujet et la partie restante de chacun est délivrée pendant
la phase diastolique du cycle cardiaque du sujet.

Module de commande selon la revendication 9, dans lequel le module de commande est configuré pour demander
au stimulateur de répéter une ou plusieurs fois la fonction de délivrance de la série de stimuli au sujet, jusqu’a ce
que la douleur du sujet soit réduite.

Module de commande selon la revendication 9, dans lequel le module de commande est configuré pour ordonner
au stimulateur de répéter une ou plusieurs fois la fonction de délivrance de la série de stimuli au sujet, les stimuli
étant inférieurs et supérieur a 50% du seuil de douleur sont déterminés a nouveau pour le sujet avant la fonction
d’administration répétée, jusqu’a ce que la douleur du sujet soit réduite.
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