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Background	  
Neuroscience	   is	   exploding.	   	   Through	   the	   work	   of	   new	   or	   expanded	   neuroscience	  
departments	  at	  many	  universities	  we	  are	  starting	  to	  learn	  how	  the	  brain,	  a	  network	  
of	  100	  billion	  or	  so	  neurons	  works.	  	  The	  advances	  are	  led	  by	  new	  ways	  to	  measure	  
and	  view	  the	  brain	  in	  real	  time	  as	  it	  functions	  with	  fMRI	  and	  other	  technologies.	  	  The	  
problem	  is	  “big”	  and	  involves	  the	  interaction	  between	  genetics,	  learning,	  evolution,	  
social	  environment,	  body	  condition,	  biochemistry,	  brain	  plasticity,	  mood,	  behavioral	  
genetics,	  neuron	  modulation,	  brain	  structure,	  brain	  activation,	  and	  other	  factors.	  

Techniques	   such	   as	   TENS,	   meditation,	   biofeedback,	   neurofeedback,	   transcranial	  
magnetic	  or	  direct	  current	  stimulation,	  and	  others	  can	  finally	  be	  understood,	  tested,	  
and	  evaluated	  in	  order	  to	  move	  from	  alternative	  medicine	  to	  proven	  solutions.	  	  We	  
know	  that	  these	  techniques	  affect	  the	  brain.	  	  We	  also	  know	  that	  changing	  the	  brain	  
can	  heal	  disease.	   	   People	  however	   are	  very	  heterogeneous;	  we	  need	   to	  determine	  
what	   works,	   on	  whom,	   and	   in	   what	   situation.	   	   This	   can	   be	   counterintuitive.	   	   For	  
example	  with	   chronic	   pain	   patients,	   increased	   exercise	   can	   be	   beneficial	   in	   some	  
situations	  and	  detrimental	  in	  others.	  	  	  

Although	   surgery,	   medicine,	   and	   therapy	   are	   continuously	   improving,	   they	   have	  
their	   limitations	   and	   create	   dependencies,	   side	   effects,	   or	   fail	   -‐	   particularly	   with	  
long-‐term	   chronic	   conditions.	   	   Alternatives	   and	   different	   approaches	   are	   needed,	  
which	   integrate	   the	   mind	   and	   body	   into	   the	   medical	   system.	   	   Biochemistry,	  
behavior,	   and	   cognitions	   are	   intertwined	   and	   impact	   each	   other.	   	   Fortunately,	  
integrated	   translational	  medical	   protocols	   are	   being	   developed.	   	   In	   future	   clinics,	  
medicine	   and	   therapy	   will	   be	   combined	   with	   powerful	   measuring	   devices	   and	  
treatment	   will	   be	   customized	   and	   modified	   on	   an	   ongoing	   basis	   depending	   on	  
individual	  patient	  progress	  and	  on	  their	  psychophysiological	  profile.	  

SET	  
As	  one	  approach	  Professor	  Thieme	  developed	  SET	  (Systolic	  Extinction	  Training)	  for	  
chronic	   pain.	   	   Set	   involves	   the	   combination	   of	   a	   new	  medical	   devices	   –	   a	   cardiac	  
gated	   individualized	   electrical	   stimulation	   with	   a	   multimodal	   behavioral	   therapy.	  
The	   results	   on	   a	   subset	   of	   Fibromyalgia	   and	   chronic	   pain	   patients	  with	   a	   defined	  
psychophysiological	  profile	  are	   impressive.	   	  A	   similar	  approach	  can	  be	   taken	  with	  
other	  diseases.	  	  	  

With	   SET,	   the	   “big”	   problem	   is	   avoided	  with	   respect	   to	   chronic	   pain.	   	   Diminished	  
BRS,	  especially	  in	  combination	  with	  the	  patient	  chronic	  pain	  perceptions,	   indicates	  
disease.	  	  The	  patients	  are	  given	  a	  more	  highly	  focused	  pain	  to	  disrupt	  their	  current	  
chronic	  pain.	   	  The	  unexpected	  and	   individualized	  cardiac	  gated	  pain	   (to	  maximize	  
baroreceptor	  impact)	  puts	  the	  brain	  in	  a	  learning	  state	  with	  regard	  to	  pain	  and	  the	  
patient	  is	  taught	  to	  become	  pain	  free	  using	  a	  multimodal	  behavioral	  therapy.	  

1 Neuroscience and SET



Heterogeneity	  
Heterogeneity	  in	  chronic	  pain	  patients,	  as	  in	  other	  diseases,	  varies	  dependent	  upon	  
(1)	  what	  brain	  area	  is	  the	  most	  activated	  area,	  (2)	  which	  connections	  between	  the	  
areas	   	  are	   the	   strongest	   (3)	   the	   level	   of	   interoception	   (perception	   of	   physical	  
Responses)	   and	   (4)	   the	   relevant	   biochemistry:	   release,	   uptake	   and	  modulation	   of	  
norepinephrine,	  serotonin,	  dopamine	  and	  other	  neurochemicals.	  

Patients	  can	  be	  grouped	  into	  clusters	  by	  building	  subgroups	  and	  characterizing	  their	  
psychophysical	   responses.	   	   The	   individual	   response	   pattern	   is	   the	   most	   relevant	  
criteria	   for	   stimulation	   with	   Neurofeedback	   and	   other	   techniques.	   	   For	   Cluster	  
Analysis	  we	  need	  samples	  of	  at	  least	  150	  persons	  investigated	  with	  the	  fMRI.	  	  Most	  
of	   the	   studies	   test	   11-‐25	   persons.	   	   Only	   one	   study	   made	   by	   colleagues	   at	   the	  
University	   of	   Michigan	   took	   over	   ten	   years	   investigated	   120	   persons.	   	   A	   cluster	  
analysis	  was	  never	  done.	  	  

If	   Neurofeedback	   is	   used	   without	   knowing	   the	   psychophysiological	   profile,	   it	   is	  
accidental,	  if	  you	  do	  the	  right	  thing.	  	  	  This	  is	  the	  reason	  why	  only	  some	  patients	  with	  
ADHD/Depression	  successfully	  respond.	  

Fundamental	  Approach	  
Our	  fundamental	  approach	  is	  to	  utilize	  the	  interaction	  between	  the	  central	  nervous	  
system	  and	  the	  autonomic	  nervous	  system	  to	  provoke	  a	  "domino	  effect"	  that	  allows	  
the	  body/brain	  to	  make	  its	  own	  decisions	  (adaptation	  and	  rewiring)	  in	  response	  to	  
carefully	   designed	   stimulation.	   	   Just	   because	   a	   diseased	   person	   has	   a	   different	  
attribute	  to	  a	  healthy	  one,	  does	  not	  mean	  that	  trying	  to	  force	  the	  healthy	  attribute	  
on	  the	  diseased	  person	  will	  fix	  the	  problem.	  

Further,	   patients	   with	   ADHD/Depression	   usually	   profit	   from	   behavioral	   therapy	  
combined	  with	   an	   antidepressant.	   	   This	   standard	   therapy	   likely	   has	   an	   impact	   on	  
effectiveness	  of	  neurofeedback.	  	  All	  the	  components	  including	  the	  patient	  sub	  group	  
need	  to	  be	  considered	  and	  tested	  to	  define	  the	  proper	  tailored	  treatment.	  Only	  then	  
are	   we	   are	   able	   to	   determine	   the	   effect	   of	   techniques	   such	   as	   biofeedback	   and	  
neurofeedback.	  

Research	  Plan	  
We	  have	   already	   planned	   10	   years	  worth	   of	   translation	   research	   on	   patients	   and	  
diseases	  applying	  the	  concepts	  of	  this	  summary.	  

More	  Technical	  attachments	  
Journal	  of	  Pain	  paper pages   3-13
Device paper	   pages 14-33
2014	  IASP	  Posters	        pages 34-36

Prof. Dr. Kati Thieme, PhD
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Abstract: This study examined the relationship of psychophysiological response patterns in fibro-

myalgia with psychological characteristics and comorbid mental disorders. Surface electromyo-

graphic data, systolic and diastolic blood pressure, heart rate (HR), and skin conductance levels

were recorded continuously during baseline, stress, and relaxation tasks. Cluster analysis revealed

4 subgroups of patients who differed on pain characteristics and cognitive, affective, and behavioral

responses to pain and stress. The largest group (46.7%) was characterized by elevated blood pressure

levels and stress reactivity (a disposition assumed to be a vulnerability factor for the development of

diseases) associated with pain, anxiety, physical interference, low activity, and pain behaviors. A sec-

ond group (41.6%) showed low baseline blood pressure and reactivity, and high activity and stress. A

third group (9.2%) displayed high baseline skin conductance level, reactivity, and depression, and a

fourth small group (2.5%) displayed elevated baseline electromyographic response and reactivity

with high levels of anxiety and depression. These data suggest that unique psychophysiological

response patterns are associated with psychological coping and mental disorders in fibromyalgia pa-

tients. The identification of the mechanisms that contribute to these group differences will further

our understanding of the mechanisms involved in the development and maintenance of fibromyalgia

and suggest differential treatment strategies.

Perspective: This article presents psychological characteristics and comorbidity with mental disor-

ders of psychophysiological subgroups of fibromyalgia patients. This mechanistic analysis will assist

scientific identification of systems-based pathways that contribute to autonomic and stress mecha-

nisms that mediate chronic pain. Demonstration of distinct, homogeneous subgroups is an important

step towards personalized, mechanism-oriented treatments.

ª 2015 by the American Pain Society
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F
ibromyalgia (FM)61,62 is characterized by widespread
pain and hyperalgesia and a diverse set of additional
physical and psychological symptoms. Abnormal

responses to stress have been suggested as one
important pathophysiological mechanism that
contributes to FM.11 Results of studies that have exam-
ined the influence of a dysregulated stress system in FM
have been inconsistent.3,24,43 Based on a cluster analysis
of psychophysiological recordings during baseline and
stress conditions, we identified 4 different
psychophysiological response patterns to emotional
stressors.52 Cluster 1 was characterized by high blood
pressure (BP) and heart rate (HR) along with stable skin
conductance levels (SCLs) and reduced electromyo-
graphic (EMG) responses. Cluster 2 showed reduced BP,
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HR, SCL, and EMG. Cluster 3 showed increased SCLs, BP,
and HR and reduced EMG responses. In contrast, Cluster
4 displayed an elevated EMG response but stable BP, HR,
and SCL responses.52 Inconsistencies related to mecha-
nisms and response to treatment reported in the FM liter-
ature may be due to heterogeneity of patients
characterized by these different response patterns.47,58

Subgroups of chronic pain patients have also been re-
ported based on psychological characteristics. For
example, using the Multidimensional Pain Inventory
(MPI),31 3 different patterns of responses to the presence
of persistent pain have been identified and replicated in
numerous samples with diverse medical diagno-
ses.12,22,35,57 The Dysfunctional group reported the
highest pain intensity, interference, emotional distress,
solicitous spouse behaviors, and the lowest sense of
control and activity levels. The Adaptive Coper group
reported the lowest levels of pain and interference and
high activity levels connected with distracting
significant other behaviors. The Interpersonally
Distressed patients reported more negative spouse
responses to pain and showed high levels of affective
distress.53,56 Variability in the nature and extent of
emotional problems such as depression and anxiety
across studies (ie, 28.6–70%) also suggests
heterogeneity among FM patients.15,33,53

In a previous study, we used k-means cluster analysis
and identified 4 psychophysiological response patterns
associated with baseline differences and reactivity to
emotional stress.52 The present study investigated the
extent to which psychophysiological-based subgroups
of FM52 differ on psychosocial characteristics
(MPI)12,22,56 and comorbidity with mental disorders.
Based on the observation that the inverse relationship
between BP and pain observed in healthy pain-free con-
trols is not found in chronic pain patients,37,39 we
hypothesized that the group with high BP (Cluster 1)
would show elevated pain intensity,16 pain-related inter-
ference, low fitness,32 and lower activity levels. We also

expected higher levels of anxiety and catastrophizing
in this group.53 In contrast, we predicted that patients
in Cluster 2, who are characterized by low baseline BP,
would have lower pain intensity16,39 and interference,
and higher activity levels.32 Based on the findings that
low BP combined with increased sudomotor response
in chronic pain is associated with high emotional
distress,13 we also expected elevated stress levels and
diminished adaptive coping as a consequence of the
increased activity levels in Cluster 3. Fear of pain
has been shown to be accompanied by heightened
EMG levels1; thus, we expected the highest level of
anxiety in patients with elevated muscle tension levels
(Cluster 4).

Participants and Methods

Participants
One hundred twenty female FM patients recruited

from a pain clinic, rheumatologic outpatient depart-
ments, and a hospital in Germany participated in the
study. All patients met the American College of Rheuma-
tology FM classification criteria.61,62 Exclusion criteria
included presence of inflammation; neurologic
complications; pregnancy; concomitant disease such as
diabetes or cancer; use of muscle relaxants,
gabapentin, pregabalin, duloxetine, milnacipran, or
opioids at the time of testing; psychotic symptoms; and
inadequate command of the German language. The
study was approved by the local institutional review
board and adhered to the Declaration of Helsinki.
Informed consent was obtained from all study
participants. Table 1 contains demographic and clinical
information about the patients including painful regions
reported in the pain interviewing. The present sample
included the 90 FM patients of the study by Thieme
and Turk50 supplemented with an additional 30 FM pa-
tients added to expand the sample size and to

Table 1. Demographic and Clinical Variables of the FM Patients

VARIABLE CLUSTER 1 (N = 56) CLUSTER 2 (N = 50) CLUSTER 3 (N = 11) CLUSTER 4 (N = 3) P

Age (y) 45.18 (10.72); 22–64 47.43 (9.41); 31–66 42.71 (11.60); 21–55 55.33 (10.50); 45–66 ns

Duration of the pain (y) 8.30 (6.64); .50–26 10.74 (11.74); 1–43 5.33 (2.55); 2–10 8.00 (3.00); 5–11 ns

Number of painful regions 7.00 (2.18); 3–10 6.79 (2.18); 3–10 7.57 (1.27); 6–9 7.33 (2.08); 5–9 ns

Number of tender points 15.36 (2.35); 11–17 16.38 (2.62); 11–18 18.00 (.00); 18–18 15.20 (3.41); 11–18 ns

Mean tender point pain

severity*

4.76 (1.76); 2.1–8.10 4.16 (1.89); 1.57–8.24 4.09 (2.29); 1.55–7.19 5.74 (1.73); 4.69–8.33 ns

Use of antidepressant

medication: amitriptyline

(25 mg) (mean number)

.38 (.79); 0–3 .28 (.60); 0–3 .60 (1.07); 0–3 .60 (.55); 0–1 ns

Married, n (%) 56 (100%) 36 (72%) 9 (81.8%) 2 (66.6%)

Occupational status, n (%)

Working 18 (31.0) 28 (56.0) 2 (18.2) 1 (33.0) ns

Unemployed 24 (41.4) 11 (22.0) 4 (36.4) 2 (66.0)

Workers’ compensation 11 (19.0) 7 (14.0) 1 (9.0) 0 (.0)

Retired 3 (5.2) 4 (8.0) 4 (36.4) 0 (.0)

Student 2 (3.4) 0 (.0) 0 (.0) 0 (.0)

NOTE. Values are mean (standard deviation) and range unless otherwise noted.

*Visual analog scale ranges from 0 = no pain to 10 = most intense pain.
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investigate the relationship of psychophysiological sub-
groups and psychosocial variables. All participants were
tested at the same time frame. For all participants, iden-
tical psychophysiological and psychological measure-
ment methods were used.

Procedure

Clinical Assessment
A physician performed an assessment that included

laboratory measures (ie, rheumatoid factor, antinuclear
antibodies, erythrocyte sedimentation rate) and the
evaluation of 1990 American College of Rheumatology
defined tender points required for the classification of
FM using the standardized Manual Tender Point Sur-
vey.42 The intensity of pain at tender points was assessed
and summed to create a pain intensity score as ameasure
of evoked pain sensitivity.

Psychophysiological Assessment
Patients were instructed not to consume any analgesic

medication 1 day and antidepressants 3 days prior to
their scheduled psychophysiological assessment. With
respect to antihypertensive medications, none of our pa-
tients took beta-blockers before the experiment. During
the session, participants were positioned in a straight-
back chair. EMG, HR, SCL, systolic blood pressure (SBP),
and diastolic blood pressure (DBP) were recorded contin-
uously. The 90-minute psychophysiological assessment
period consisted of 7 phases: 1) adaptation (30 minutes);
2) resting baseline (4 minutes); 3) relaxation (4 minutes):
pleasant music transmitted through headphones with
participants’ eyes closed; 4)mental arithmetic (4minutes)
with 10 one-digit numbers. To increase stress, on 30% of
the answers the participants were informed that their
answer was ‘‘wrong’’ independent of their response.
Additionally, loud, white noise (60 db) was delivered
through headphones to increase the stress of partici-
pants; 5) relaxation as described in phase 3; 6) social con-
flict (4 minutes): discuss a social conflict from the list of
unsolvable problems27 identified during the initial
assessment; and 7) relaxation (as described in phase 3).
After each phase, the participants rated the intensity of
their pain and perceived stress on 100-mm visual analog
scales with the endpoints ‘‘no pain’’ to ‘‘very intense
pain,’’ and ‘‘not at all stressful’’ to ‘‘very stressful.’’

Psychophysiological Recordings

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. The presentation of the instructions, data acqui-
sition, and data storage were computer controlled. The
following physiological measurements were recorded
continuously.
BP was continuously monitored using an Ohmeda

Finapres BP monitor (Datex-Ohmeda, Louisville, CO).
A LabLinc V modular instrument series (Coulbourn Instru-
ments, Flushing, NY) was used to record electrocardio-
gram. BP was measured with a photoplethysmographic

device on the fourth digit of the left hand. A computer
program averaged the sample time synchronized to the
R-waveof theelectrocardiogram.HR inbeatsperminute30

was determined with a photoplethysmography of HR
waveforms positioned on the tip of the fourth digit of
the right hand. HR in beats per minutes was determined
from this calculation.
EMG activity was recorded from the left and right m.

trapezius according to the positioning by Fridlund and
Cacioppo.23 A MEDAT 6020 B Amplifier (Insight Instru-
ments, Vienna, Austria) was used to record EMG, SCL,
and HR. The presentation of the instructions, data acqui-
sition, 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 (25–1,000 Hz), and integrated
using contour-following integrators with a time con-
stant of 70 milliseconds. SCL was measured through 2
electrodes in a multiminiature sensor with a surface of
50.3 mm2 on the second digit of the right hand about a
constant current procedure of 4 mA. All physiological
measurements were continuously recorded, such as
24-hour BP monitoring.

Psychological Assessment
A psychologist (K.T.) conducted a brief interview

focusing on the patients’ pain history and use of coping
mechanisms.18 In addition, patients completed the List of
Problems27 in which a set of interpersonal problems such
as discussions about parenting, financial, or sexual issues
are rated as to whether they were ‘‘no problem,’’ a ‘‘solv-
able problem,’’ or an ‘‘unsolvable problem.’’ In addition,
the Structured Clinical Interview for DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edi-
tion, Text Revision) Disorders17,60 was used to assess
Axis I disorders, such as anxiety and depression. Panic
disorder, phobia, and posttraumatic stress disorder as
well as stress (adaptation) disorders were combined as
anxiety disorders. Depressive episodes on different
levels determined depression. This interview has
showed high validity and reliability in American and
German studies.17,59

The MPI29 is a 60-item questionnaire that asks patients
to rate their pain intensity, interference of the pain, life
control, affective distress, social support, significant
other responses (ie, solicitous, negative, and distracting
behaviors), and general activity level on scales ranging
from 0 to 6. The MPI has been used in a large number
of studies with a diverse sample of chronic pain pa-
tients56 and, in particular, with FM patients.58 It has
been translated into German22 and has been shown to
have excellent reliability and validity.22,24,57

The Fibromyalgia Impact Questionnaire (FIQ),8 is a 19-
item self-report questionnaire assessing physical
disability, fatigue, stiffness, and functional activities
including sleep. The FIQ has good psychometric proper-
ties9 and has frequently been used in studies of FM. It
has been translated into German.41 Cognitive variables
were assessed using the 32-item Pain-Related Self-State-
ments Scale19 with the subscales active coping (eg, ‘‘I can
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handle my pain’’) and catastrophizing (eg, ‘‘I am a hope-
less case’’), which have been shown to have excellent psy-
chometric properties.20

The Brief Stress Scale (BSS)18 consists of 4 subscales:
marital distress, stress in everyday life, social stress, and
work-related stress. In addition to the subscales, the re-
sponses to the entire scale can be combined to derive a
total stress score. The BSS has been used in several studies
of people with chronic pain and has been shown to have
good psychometric properties in German samples.22 In
the case of unemployment, the patients were instructed
to consider household activities and other work around
the house as ‘‘work.’’
The German version of the Center for Epidemiologic

Studies Depression Scale was used to assess current
symptoms of depression.29,57 This 20-item measure is a
reliable and valid indicator of depressed mood in both
clinical and research populations. The items of the Cen-
ter for Epidemiologic Studies Depression Scale are rela-
tively free of content related to pain and functional
limitations associated with rheumatologic disorders;
thus, depression scores are not spuriously inflated by
pain.
The German version of the trait version of the State-

Trait Anxiety Inventory (STAI)2,34,48 was used to
measure a stable disposition characterized by tension
and apprehension across time and settings. The 20-item
trait version is reliable and valid, and it is a commonly
used measure of anxiety in psychological and behavioral
medicine research.

Behavioral Observation
The prevalence and frequency of the occurrence of

pain behaviors was coded from the videotape in 10-
second epochs during an 8-minute trial using the
T€ubingen Pain Behavior Scale.18 In this scale, the pres-
ence of 11 pain behaviors (eg, groaning, slowed move-
ments, pain-based refusal of activities) is rated
according to their presence during the observation
period (0 = never, 1 = sometimes, and 2 = always).

Data Analysis
The data analyses were conducted in several steps. We

performed a z-transformation of all psychophysiological
variables to create a commonmetric. The k-means cluster
analyses with z-transformed physiological variables per-
mits identification of groupswithin the sample, the ‘‘psy-
chophysiological patterns,’’ and allows determination of
the most stress-reactive physiological variable for each
psychophysiological pattern. The cluster analyses used
the means of all z-transformed physiological data
collected during the baseline, stress, and relaxation
phases. The cluster analysis reveals different psychophys-
iological variables with comparable z-scores. The vari-
able with the highest z-score in each cluster
characterizes the most reactive physiological system for
baseline and reactivity combined. The algebraic sign
shows the direction of the stress response. The partici-
pantswere assigned to the 4 psychophysiological clusters
based on their pattern of responses.

In the current study, baseline levels and stress reactivity
of each physiological variable were compared between
the psychophysiological clusters by analyses of variance
followed by Bonferroni-corrected t-tests using a signifi-
cance level of P < .0033. Reactivity was defined as the
mean value of each stress phase (social conflict, mental
arithmetic) minus the baseline value.
For the psychometric variables, analyses of variance

followed by Bonferroni-corrected t-tests were per-
formed. Finally, for the relationship between psycho-
physiological response patterns in the FM patients and
comorbidity assessed using the DSM-IV as well as MPI-
based clusters, cross-tabulations with subsequent c2 tests
were calculated. We used Cohen’s d to calculate effect
sizes (ESs) using the formula: mean (Cluster1) � mean
(Cluster 2)/SD (Cluster 1).

Results

Psychophysiological Response Patterns
The expanded sample provided results consistent

with our previous findings of 4 clusters.52 Cluster 1
(n = 56; 46.7%) showed elevated cardiovascular mea-
sures with high baseline and reactivity measures of
DBP, SBP, and HR; a moderate SCL; and low EMG reac-
tivity—that is, a BP hyperreactive pattern. The baselines
of both DBP and SBP were significantly higher (both
Ps < .001) than those of Cluster 2, and DBP and SBP reac-
tivity after mental arithmetic (all Ps < .001) was signifi-
cantly higher in comparison to Cluster 2 (P < .001; see
Table 2). There were no statistically significant differ-
ences in BP compared to Clusters 3 and 4 and no statis-
tically significant cluster differences in SCL and EMG
responses.
Cluster 2 (n = 50; 41.6%) was characterized by reduced

SBP and DBP values—that is, a BP hyporeactive response
pattern.52 The baseline of DBP was significantly lower
than the baselines of DBP of all other Clusters (all
Ps < .001), and the baseline of SBPwas significantly lower
than the baselines of Clusters 1 and 3 (all Ps < .001; see
Table 2). The reactivity of DBP after mental arithmetic
was significantly lower than BP reactivity observed in
the hyperactive BP cluster—Cluster 1 (P < .003). The
reactivity of SBP to mental arithmetic and social stress
was significantly lower than the reactivity of BP observed
in Clusters 1 and 3 (both Ps < .003).
The third response pattern (Cluster 3) contained a rela-

tively small group (n = 11; 9.2%) and was characterized
when compared to Clusters 1 and 2 by high SCL, BP,
and HR and reduced EMG levels—that is, high SCL
reactivity.52 Table 2 shows the baseline (all Ps < .001)
and reactivity values of SCL after both stress inductions
(all Ps < .001), which were significantly higher in compar-
ison to the other 2 clusters (all Ps < .001).
In contrast, high EMG levels and average responses in

all other physiological variables characterized the
fourth, very small, cluster—that is, elevated EMG (Cluster
4, n = 3, 2.5%).52 Both baseline (all Ps < .003) and reac-
tivity of the EMG after mental arithmetic (all Ps < .001)
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were significantly higher in comparison to the other 3
clusters (Table 2).

Cluster Differences Related to Pain
Intensity
The 4 psychophysiological response patterns (clusters)

showed statistically significant differences in pain inten-
sity (F[3, 116] = 5.42, P < .003) assessed by the MPI31

(Fig 1). Pain intensity of patients with a hyperreactive
BP (Cluster 1) response with high baseline and high reac-
tivity showed higher pain intensity (P < .003) than pa-
tients with a hyporeactive BP response (Cluster 2). Pain
intensity of patients with high SCLs (Cluster 3) and high
EMG (Cluster 4) response patterns were not significantly
different from the hyperreactive BP cluster (Cluster 1).

Cluster Differences Related to Stress
The 4 psychophysiological response patterns showed

statistically significant differences in self-reported stress
at work (F[3, 116] = 5.56, P < .001) and total stress (F[3,
116] = 4.39, P < .003) assessed by the BSS18 (Fig 1). Daily,

social, and marital stressors were not significantly
different among the clusters. Stress at work and total
stress levels were significantly higher in the group with
lower baseline and stress reactive BP (Cluster 2) in
contrast to patients with hyperreactive BP (Cluster I),
high SCL (Cluster 3), or high EMG (Cluster 4) response
patterns (all Ps < .003).

Cluster Differences Related to Cognitive
Variables
The 4 clusters did not show any statistically significant

differences in catastrophizing and active coping as as-
sessed by the Pain-Related Self-Statements Scale, or life
control as measured by the MPI.31

Cluster Differences Related to Affective
Variables
The 4 clusters showed statistically significant differ-

ences in the affective characteristics. This included
depressed mood (F[3, 116] = 3.49, P < .003) as assessed
with the Center for Epidemiologic Studies Depression

Table 2. Values of Baseline and Reactivity (Difference Stress Phases–Baseline) of the 4
Psychophysiological Response Patterns

VALUES

CLUSTER 1
(N = 56)

CLUSTER 2
(N = 50)

CLUSTER 3
(N = 11)

CLUSTER 4
(N = 3) F (3, 116) P

T (COMPARISON

OF CLUSTERS)

Baseline

DBP (mmHg) 83.07 (8.64) 67.19 (7.42) 84.23 (11.39) 74.79 (3.69) 28.16 <.001 <.001 (II vs I)

<.001 (II vs III)

<.001 (II vs IV)

SBP (mmHg) 138.51 (17.70) 115.91 (12.00) 142.99 (16.93) 126.14 (5.67) 18.45 <.001 <.001 (II vs I)

<.001 (II vs III)

HR (beats per minute) 74.73 (22.19) 73.95 (11.19) 81.77 (11.06) 73.06 (4.56) .63 ns ns

SCL (mSiemens) 1.34 (.71) 1.18 (.78) 5.89 (2.14) .85 (.49) 69.13 <.001 <.001 (III vs I)

<.001 (III vs II)

<.001 (III vs IV)

EMG (mV) 7.75 (3.42) 9.15 (3.97) 8.74 (3.62) 17.16 (10.04) 7.59 <.001 .001 (IV vs I)

.001 (IV vs II

.005 (IV vs III)

Reactivity: mental arithmetic

DBP (mmHg) 5.49 (6.79) �1.80 (3.63) 2.91 (2.83) 7.86 (5.73) 6.11 .001 .004 (II vs I)

SBP (mmHg) 52.52 (23.72) 39.14 (16.13) 59.28 (21.17) 51.41 (8.38) 6.39 .001 .005 (II vs I)

.004 (II vs III)

HR (beats per minute) 11.25 (19.38) 2.82 (14.48) 1.93 (9.21) 1.67 (5.59) 2.28 ns ns

SCL (mSiemens) .59 (.63) .57 (.67) 3.17 (3.00) .50 (.76) 15.98 <.001 <.001 (III vs I)

<.001 (III vs II)

<.001 (III vs IV)

EMG (mV) 1.14 (2.87) 1.00 (3.85) 1.08 (2.44) 8.92 (13.26) 5.39 .002 .001 (IV vs I)

.001 (IV vs II

.005 (IV vs III

Reactivity: social conflict

DBP (mmHg) 8.11 (8.49) 7.22 (6.53) 1.89 (12.86) 10.11 (9.50) 1.72 ns ns

SBP (mmHg) 57.26 (28.29) 40.61 (14.46) 65.74 (19.26) 52.19 (9.73) 5.66 .001 .002 (II vs I)

<.001 (II vs III)

HR (beats per minute) 6.52 (26.08) 1.35 (9.18) �4.53 (8.55) .88 (3.96) 1.27 ns ns

SCL (mSiemens) .75 (.77) .50 (.64) 2.33 (2.24) .34 (.52) 9.98 <.001 <.001 (III vs I)

<.001 (III vs II)

.002 (III vs IV)

EMG (mV) 2.08 (4.01) .57 (3.44) �.47 (4.33) 3.29 (4.66) 1.78 ns ns

NOTE. Values are mean (standard deviation).
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Scale,29,57 and anxiety (F[3, 116] = 3.62, P < .003) as
measured with the STAI.2,34,47 Patients with
hyperreactive BP (Cluster 1), with high SCLs (Cluster 3),
and those with a high muscular response pattern
(Cluster 4) reported greater anxiety (all Ps < .001) than
patients with a hyporeactive BP response pattern
(Cluster 2). There were no significant differences
between the clusters in depressed mood.

Cluster Differences Related to Self-
Reported Daily Activity Levels
Daily activities were assessed by the physical impair-

ment scale of the FIQ and the activity scale of the MPI.
The 4 clusters showed statistically significant differences
in physical impairment (F[3, 116] = 5.83, P < .003) on the
FIQ8,41 and activity (F[3, 116] = 5.41, P < .003) on theMPI31

(Fig 1). Cluster 1 (high BP baseline and reactivity) showed
higher physical impairment and lower activity levels
(P < .003) than Cluster 2 (low BP baseline and reactivity).
Patients with elevated EMG baseline and reactivity (Clus-
ter 4) had lower activity (P< .005) than patientswith a hy-
poreactive BP (Cluster 2), although it did not meet the
Bonferroni correct criterion for statistical significance.

Cluster Differences Related to Pain
Behaviors
Pain behaviors as assessed with the T€ubingen Pain

Behavior Scale during a standardized physical activity51

were significantly different between the clusters (F[3,
116] = 3.53, P < .003). Cluster 1 (P < .003) as well as Cluster
3 patients (P < .001) showed a larger number of pain be-
haviors (all Ps< .003) than Cluster 2 patients. Cluster 3 dis-
played significantly more pain behaviors (P = .001) than
the other clusters.

ESs of the Psychological Variables in
Different Psychophysiological Response
Patterns
The hyperreactive BP response pattern (Cluster 1)

showed a large ES in pain behaviors (.92) and anxiety
(.87) as well as a medium ES in physical impairment
(.78) and in pain intensity (.51) compared with the hypo-
reactive BP response pattern (Cluster 2), which is charac-
terized by a large ES in depression (.86), and medium ESs
in level of stress at work (.59) and physical activity (.55).
The high SCL response pattern (Cluster 3) is associated
with a medium ES for physical activity (.64) and anxiety

Figure 1. Mean and standard error of pain intensity, interference, activity, total stress, daily stress, and stress at work registered by
MPI and BSS in the psychophysiological response patterns *P < .003, **P < .001.
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(.61) as well as comparedwith the hyperreactive BP (Clus-
ter 1) response and with a medium ES of pain behaviors
(.64) in comparison to the hyporeactive BP response
pattern (Cluster 2; Table 3).

Comparison of the Psychosocial and
Psychophysiological Subgroups
A k-means cluster analysis of the MPI variables identi-

fied 3 groups that were consistent with earlier
studies,51,56 resulting in Dysfunctional (n = 33, 27.5%),
Interpersonally Distressed (n = 44, 36.7%), and
Adaptive Copers (n = 43, 35.8%) subgroups. The cross-
tabulation of the 4 psychophysiological response clusters
and the 3 psychosocial subgroups (Table 4) revealed sta-
tistical trend of group differences (c2[9] = 4.72, P < .005).
Most (39.3%) of the patients with hyperreactive BP (Clus-
ter 1) were Dysfunctional and 37.5% Interpersonally Dis-
tressed. In contrast, 52.0% of the patients with
hyporeactive BP (Cluster 2) were classified as Adaptive
Copers. For patients with high SCL (Cluster 3) or EMG
(Cluster 4) responses, the small cluster size did not permit
the identification of a predominant psychosocial
response.

Cluster Differences Related to
Comorbidity of Mental Disorders
The 4 clusters showed statistically significant differ-

ences in the prevalence of mental disorders. The cross-
tabulation of the 4 psychophysiological patterns and
the presence of anxiety and mood disorders assessed by
the Structured Clinical Interview for DSM-IV Disor-
ders17,60 (Fig 2) showed statistically significant differ-
ences (c2[6] = 18.13, P = .003). Whereas 39.3% of the

Cluster 1 patients (hyperreactive BP) and 66.6% of the
Cluster 4 patients met criteria for anxiety disorders,
mood disorders were more prevalent in Cluster 3
(54.5%). In contrast, in Cluster 2 (comprising patients
with hyporeactive BP), 52.0% showed no comorbidity
with mental disorder.

Discussion
The primary purpose of this study was the analysis of

psychological characteristics and comorbidity with
mental disorders in subgroups of FM patients based on
psychophysiological patterns at baseline and in response
to emotional stressors. We identified 4 psychophysiolog-
ical response patterns. The 4 response patterns can be
characterized as hyperreactive BP, including baseline
and stress reactivity (Cluster 1); hyporeactive BP,
including low baseline and high stress responses that
reinforce the hypotonia (Cluster 2); high electrodermal
baseline and reactivity (Cluster 3); and finally, a small sub-
group with high muscular baseline and reactivity levels

Table 4. Psychosocial Subgroups and
Psychophysiological Response Patterns

PSYCHOPHYSIOLOGICAL

RESPONSE PATTERNS

PSYCHOSOCIAL SUBGROUPS, N (%) TOTAL

DYS
(N = 33)

ID
(N = 44)

AC
(N = 43) N (%) %

1 Blood pressure

hyperreactive

22 (39.3)* 21 (37.5)* 13 (23.2) 56 (100) 46.6

2 Blood pressure

hyporeactive

6 (12.0) 18 (36.0) 26 (52.0)* 50 (100) 41.7

3 High electrodermal

reactivity

3 (27.2) 4 (36.4) 4 (36.4) 11 (100) 9.2

4 High muscular

reactivity

2 (66.7) 1 (33.3) 0 (.0) 3 (100) 2.5

Total 33 44 43 120 100.0

Abbreviations: DYS, Dysfunctional; ID, Interpersonally Distressed; AC, Adaptive

Copers.

*Indicates the most reactive psychophysiological parameter for each cluster.

Table 3. ESs of the Dependent Variables in
Psychophysiological Response Patterns*

VARIABLES

CLUSTER 1
(HYPERREACTIVE

BP) VS

CLUSTER 2
(HYPOREACTIVE

BP)

CLUSTER 1
(HYPERREACTIVE

BP) VS

CLUSTER 3
(HIGH SCL)

CLUSTER 2
(HYPOREACTIVE

BP) VS

CLUSTER 3
(HIGH SCL)

DBPmean over all phases 2.46y .02 �2.41y
SBP mean over all phases 1.81y �.48 �2.88y
HR mean over all phases .45 �.03 �.68y
SCL mean over all phases .38 �6.73y �6.53y
EMG mean over

all phases

.04y .29 .29

Pain intensity (MPI) .51y .04 �.39

Stress at work (BSS) �.59y .32 .47

Entire stress (BSS) �.31 .06 .27

Depression (CES-D) �.86y .13 .43

Anxiety (STAI) .87y �.61y �.33

Physical impairment (FIQ) .78y .50y �.17

Entire activity (MPI) �.55y �.64y �.04

Pain behaviors (TPBS) .92y �.47 �.63y

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; TPBS,

T€ubingen Pain Behavior Scale.

*The elevated EMG (Cluster 4) was not included because of the small sample

size.

yIndicates medium (>.5) and large (>.8) ESs.
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Figure 2. Comorbidity of psychophysiological clusters with
anxiety or mood disorder assessed by the Structured Clinical
Interview for DSM-IV Disorders for the FM patient sample.
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(Cluster 4). The first 2 groups were substantially larger
than the 2 latter groups, and these patterns need to be
confirmed in future studies.
The psychophysiological response patterns showed

potentially important clinical, psychological, and comor-
bidity differences. Cluster 1 patients displayed higher
pain intensity and pain-related interference, lower activ-
ity levels and more anxiety disorders and were more
likely to be classified as Dysfunctional and Interperson-
ally Distressed, indicating greater difficulty in response
to pain compared to the other clusters.
The relationship of the BP hyperreactive cluster and an

Interpersonally Distressed interaction with significant
others is noteworthy. Carels et al10 reported significant
increases in BP after stress associated with recalling a
marital conflict. Thus, personal conflict might contribute
to this BP reactivity in Interpersonally Distressed patients.
These patients indicated greater marital stress in the
Brief Stress Questionnaire and less marital happiness,
which was rated in a single item of the BSS,18 in contrast
to the Adaptive Copers (marital stress: P < .001). The
elevated BP pattern, with respect to both baseline values
and reactivity, was also related to higher pain intensity
(r = .32, P < .003). These results support the assumptions
of Bruehl et al6,7 andMaixner et al,36 who suggested that
the interaction between the cardiovascular and nocicep-
tive system may be altered in patients with chronic pain.
In patients with low back pain7 and temporomandib-

ular disorders,4,37 elevated resting BP levels have been
found to be associated with increased sensitivity to
induced acute pain. In contrast, in pain-free individuals,
an inverse relationship between resting BP and acute
pain sensitivity33,37,40 has been observed. The authors
suggested that this dysfunction could be related to a
diminished baroreceptor sensitivity in people with
chronic pain or impairments in pain inhibitory
pathways normally activated by increased baroreceptor
stimulation.15,26

Consistent with these observations, patients in Cluster
1 expressed augmented sympathetically mediated re-
sponses (ie, BP and HR) during both the baseline and
stress epochs, suggesting that Cluster 1 is associated
with reduced baroreceptor buffering capacity and
more psychological distress. These findings contrast
with those from Cluster 2 that show reduced sympathet-
ically mediated profiles at rest and in response to stress.
This pattern is consistent with a relative enhancement
in baroreceptor buffering capacity, which mediates a
reduction in pain perception and diminished psycholog-
ical and functional distress.
The psychophysiological response patterns showed

statistically significant differences in pain behavior. FM
patients with hyperreactive BP (Cluster 1) and increased
electrodermal stress (Cluster 3) response displayed the
highest number of pain behaviors, in contrast to patients
with hyporeactive BP (Cluster 2). These results suggest
that the stress response in patients with high BP and
high sudomotor response can be related to operant
learning that reinforces pain behavior expression.
Several studies report changes of baroreceptor activity
by operant modification of phasic BP changes.14,44

There is some evidence that FM is associated with defi-
cient pain modulation,25,28 which may also be
genetically determined.16 Deficient endogenous opioid
mechanisms have also been linked to FM.25 Interestingly,
Clusters 1 and 2 (88.3%) showed this disturbed inverse
relationship of BP and pain.
Another aspect of note is that a number of medica-

tions such as those for hypertension may influence the
physiological response patterns. This also holds for
commonly used pharmacologic interventions in chronic
pain such as gabapentin, pregabalin, duloxetine, and
milnacipran. The patients in our study mainly used anti-
depressant medication and were asked to discontinue
medication intake 3 days prior to the experiment. Anti-
hypertensive medications were not assessed in detail;
however, baseline BP levels were not significantly
different between the groups. Future studies might
investigate if the response patterns identified in this
study are altered in patients who are taking medications
known to influence BP.
In contrast to the group with hyperreactive BP (Clus-

ter 1), Cluster 2, which shows a low baseline and stress
reactivity BP, displayed higher activity and stress levels
and the presence of more adaptive coping. Patients
with high electrodermal responses displayed more
frequent mood disorders, whereas patients with higher
muscular response reported the highest level of comor-
bidity in comparison to patients with hyper- and hypo-
reactive BP.
Several limitations of this study needed to be acknowl-

edged. Although the overall sample size for the patient
group appears reasonable, the subdivision of the total
sample into 4 psychophysiological patterns produced
relatively small groups (particularly Cluster 4). Thus, the
interpretation of the results regarding the relationship
of cognition, affect, and behavior in coping with chronic
pain on the one hand and the psychophysiological
response on the other with their impact on FM must be
considered with caution. Additional research is needed
to replicate the psychophysiological response patterns
observed, using larger patient samples and other diag-
noses and using the expectation-maximization algo-
rithm. The stability of these response patterns over
time also needs to be established.5 Additionally, the com-
bination of mental arithmetic and white noises (60 db)
used for a higher effectiveness of mental arithmetic
does not seem necessary, as a cardiologic study
showed.38 It does not allow determining if the physical
or cognitive aspects of the stressor were effective.21

Future studies may use mental arithmetic only to deter-
mine the cognitive aspect of stress. Further, the psycho-
physiological reactivity in FM should be compared with
that in other chronic pain conditions to determine
whether the patterns observed are unique to FM or are
characteristic of chronic pain in general.
Additional research is needed to determine the mech-

anisms underlying the interaction of psychophysiological
and psychological response patterns. Future studies
should investigate the stability of the relationship be-
tween psychophysiological response patterns and psy-
chological aspects of coping with disease since these
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response styles appear to be state-dependent rather
than trait-dependent.49

The results of the present study support the suggestion
of heterogeneity of both the presence of different FM
types and the mechanisms involved in FM, suggesting
differential treatment strategies. For example, as thera-
peutic approach in FM, future studies may investigate
whether a treatment based on operant conditioning48

combined with agents that block beta-adrenergic recep-
tors or corticotrophin-releasing hormone antago-
nists45,46 can increase activity and reduce hypertension
in patients with hyperreactive BP. Furthermore, future
research should consider the influence of lifestyle
factors and developmental factors that can affect
vascular reactivity, such as childhood abuse and
deprivation, anger trait, and high alcohol consumption
and tobacco use, on psychophysiological patterns
reported in the current study. In addition, future
studies could assess whether cognitive-behavioral ther-
apy57 can be used to achieve stress reduction and to
ameliorate hypotension in patients with a hyporeactive
BP response. If the psychophysiological subgroups are
replicable, different treatment strategies that are
matched to patient characteristics and not just the diag-
nosis of FMmay be appropriate and worthy of investiga-

tion.58 If the results are replicated and if the biological
processes underlying the variables used to define the
clusters moderate or mediate pain perception, then spe-
cific treatments that modify the classification variables
(eg, BP) may prove to be cluster-specific treatments.
Furthermore, nonpharmacologic treatments that
‘‘normalize’’ cluster-specific stress responses may prove
useful as cluster-specific treatments. As such, patients
with hypertone stress responses and higher levels of
pain behaviors and pain perception may profit from op-
erant pain therapy,54 and patients with a hypotone stress
response and higher affective distress may reach higher
treatment effects by using a cognitive-behavioral
approach (ie, cognitive-behavioral therapy54). Future
research might investigate the psychophysiological
changes after cognitive-behavioral therapy and operant
pain therapy.
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Abstract (words 266) 

Background: Recent studies by our group have shown that a specific cardiac cycle triggered 

electrical stimulation in conjunction with operant-behavioral pain treatment (OBT) can reset the 

abnormal relationship between blood pressure (BP) and pain in fibromyalgia and chronic pain patients. 

The process called “systolic extinction training” (SET) promotes a learning process that increases 

baroreflex sensitivity (BRS), which reestablishes the normal inverse correlation between BP and 
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pain (BP ↑ pain ↓) by activating nucleus tractus solitarius (NTS) reflex arcs. Herein, we present the 

SET electrical stimulation design, which is administered during the systolic or diastolic phases of 

the cardiac cycle.  

Method: The complex trigger for the SET stimulation processes the ECG signal and predicts 

when the maximum and minimum BP pulse wave at the arterial baroreceptor using a 3-lead 

derivation by Einthoven. The stimulation routine is: 

1 )  Capture and filter the ECG signal.  

2 )  Calculate the Inter-beat Interval (IBI) for the last 4 beats and predict the next systolic 

and diastolic trigger points.  

3 )  Deliver a randomized amplitude electrical pulse sequence to avoid adaptation. 

Results: By delivering electrical stimuli to the arterial baroreceptor when the pressure wave from the 

systolic peak is the highest, maximizes the efferent signal to the brain. This type and timing of 

stimulation is theoretically maximizes the impact in the brain for a given stimulus level and increases 

the brain’s receptivity to the operant therapy, which then follows. 

Conclusion: The described electrical stimulation design is used to activate NTS reflex arcs. 

Preliminary results suggest that SET provides long lasting treatment effects in diseases such as 

chronic pain, essential hypertonia, sleep apnea and hyperglycemia. 

 
 

Keywords: Electrical-stimulation, R-wave trigger, baroreflex-sensitivity, f ibromyalgia, chronic pain, 
SET 

  

Introduction  

Pain regulatory systems are modulated by cardiovascular dynamics. The inverse correlation 

between blood pressure (BP) and pain (BP↑pain ↓) is disturbed in patients with chronic pain. 

Fibromyalgia patients, in particular, show a positive correlation (BP	  ↑ pain ↑) and reduced baroreflex 

sensitivity (BRS)1. BRS is a marker for the responsiveness of the body to regulate BP changes in 

response to changes in heart rate and defined as (Δheart rate / ΔBP)2. “Systolic extinction training” 

(SET) provides a learning process that increases BRS, that reestablishes the normal inverse 

correlation between BP and pain (BP↑pain ↓). The restored modulation of the cardiovascular 

dynamics allows naturally inhibition of pain sensation. 
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The purpose of the stimulation is to influence the link between triggered pain-stimuli and BP. BP 

sensitive cells, baroreceptors located in the carotid sinus, mediate BP, beat frequency, and venous 

tone3,4, and interact with pain perception. Increased arterial BP in healthy individuals activates 

afferents in the carotid sinus that terminate in NTS in the brain stem. Activated NTS neurons project 

to regions in the brain stem that regulate sympathetic and parasympathetic tone. Stimulation of the 

baroreceptors (via increased arterial BP) or cardiopulmonary baroreceptors (via increased venous 

BP or lung expansion) decreases sympathetic tone and increases parasympathetic activity. This 

sympathico-vagal balance along with heart rate, arterial and venous BP, and vascular resistance 

create a continuously adjusting chaotic regulatory system. Activation of baroreceptors also 

modulates sensory functions and pain sensitivity through activity in NTS neurons and modulates 

network areas involved in pain perception (for example insula, ACC, SI, and SII). Additionally, 

considerable evidence suggests that quick phase changes in arterial BP during the cardiac cycle 

influences pain perception. The activation of baroreceptors in the carotid sinus during the systolic 

phase of the cardiac cycle reduces experimental pain perception, which can be identified by 

differences in electro-cortical activity5,6. To summarize, an increase in tonal or phasic activation of 

arterial BP in healthy individuals leads to decreased pain perception. The electrical stimuli have 

two effects, elevating blood pressure through the reaction of the autonomic nervous system that 

stimulates the baroreceptors and activating the limbic system for pain processing. 

Adaptation in healthy subjects, essentially a learning process, reduces the brain’s activation level 

and there is a reduced need to inhibit pain. Fibromyalgia patients, in contrast, do not inhibit their 

pain, but rather increase activity in pain-related brain regions and perceive increased pain7,8. Our 

assumption is that reduced BRS, which occurs in fibromyalgia patients and with other types of 

persistent pain, prevents the normal pain inhibition process that is implemented through the NTS 

reflex arc. SET, the stimulation, along with the associated operant-behavioral pain therapy (OBT), 

builds new associations in the brain to inhibition and reduce pain-related brain activity. This effect is 

most commonly found with the increasing failure over time of pain medication and the increased 

pain experience of long-term opiate use. 

Device description and preliminary considerations 

Some pre-considerations are required to administer an accurately timed electrical stimulus 

synchronized to the cardiac cycle. Independently of the hardware (data acquisition unit, PC...), it 
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is necessary to examine time and the flow of events in terms of the heart-cycle variations and 

the beat-to-beat changes. Heart rate is individual and depends on age, physical fitness, and stress 

factors. The normal resting rate is between 60 bpm and 100 bpm, which correspond to inter-beat-

intervals (IBI) of 1000 ms and 600 ms. Figure 1 shows a simplified ECG of the relevant times on 

an IBI of about 1000 ms. 

The cardiac cycle can be divided into two main phases, the systolic- and diastolic- phase. A 

more detailed description of the time and pressure changes, reflecting the changes of the left 

ventricular and atrial pressure is shown in figure 2. 

In order to trigger a stimulus at the peak of the pressure wave at the arterial baroreceptor, we 

need to determine how the arterial pressure varies over time. The systolic phase begins with the 

rise of the left ventricular pressure. When the ventricular and the arterial pressure, both rise up to 

its maximum, this point is marked as the T-wave. The end of the T-wave is also the end of the 

systolic phase and the beginning of the early-diastolic phase. The diastole ends with the next P-

wave, which also initiates the next cycle.  

The resulting arterial pulse wave (APV) arrives at different times. The arrival delay is called 

pulse transit time (PTT). Variations in PTT are caused by pulse wave velocity (PWV)9 which 

depends on changes in blood vessel geometry (eg. changes in vessel transitions, superpositions 

with reflected waves) and is strongly influenced by the “stiffness” of the blood vessels10. The goal is 

to deliver an electrical stimulus triggered by the R-wave after compensating for the PTT and 

intrinsic system delays (calculation time and electrical pulse transit time).  

The design cannot adjust for instant IBI variation or PTT variation, which are minor, but does 

adjust for hardware related latencies. The specific design of acquisition and stimulation setup is 

presented in figure 3. 1) The first step is to capture the ECG Signal. 2 )  The detection of the R-

wave in the ECG-Signal can be done with software (analyzing and detection in hardware is also 

possible). 3 )  The generated trigger pulse is transmitted to the stimulation-control-unit. This unit is 

controlled by a microprocessor that controls stimulation time and pulse design pursuant to an 

event table – see below in table 1. This information is send to the stimulation-unit, which generates 

and administers the electrical stimulus. 
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Material and methods 

• ECG-Derivation 

The used data-acquisition main-unit MP150 is branded by BIOPAC Systems, Inc. To record the 

ECG, the amplifier module ECG100C also branded by BIOPAC was used in Einthoven’s 3-limb-

lead configuration. The ECG100C provides a R-wave detector, but this function was not used 

because of the loss of the ECG-waveform. For visualization, calculation, and storage, the software 

AcqKnowledge was employed. 

 

• R-Wave-Detection 

For the determination of the loss of time caused by analyzing the ECG signal, it is necessary to 

understand the R-wave detection process. One of the simplest methods to detect the R-wave is to 

define amplitude thresholds. Figure 4 illustrates the general procedure. In most cases, it is useful 

to filter the ECG-signal before R-wave detection to eliminate trends and disruptive frequencies. For 

this we use a band pass filter is used that eliminate signals below 0.05 and above 35 HZ. The 

detection formally follows the simple threshold function (eq. 1).  

𝑦   t !"#$$%" =   
1, 𝑖𝑓  𝐿! ≤ 𝑦 𝑡   𝑎𝑛𝑑  𝐿! ≤ 𝑦 𝑡     

0, 𝑖𝑓  𝑎𝑛𝑦  𝑜𝑡ℎ𝑒𝑟     (1) 

If the R-wave amplitude reaches the first threshold (L2), the analysis begins and the start time of 

the trigger pulses is set. When the R-wave amplitude achieves the second level (L1) the R-wave 

detection of this wave is completed and the end time of the trigger pulse is defined. 

 

To identify the intrinsic delays that might be generated by the R-wave detection, an ECG 

simulation was done. A well-defined signal (eq. 2) was generated by a function-generator and 

recorded simultaneously by the acquisition unit and oscilloscope. A second channel at the 

oscilloscope was used to record the generated output trigger signal. 

𝑓 𝑥 =    !"#  (!)
!

           (2) 

Figure 5a shows the recorded signal at the acquisition unit and the corresponding 

trigger-pulse. For evaluation of the intrinsic delay, it is valuable to look at the differences 
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between tmax and t1. The time of the maximum of the simulated R-wave on both the 

acquisition unit and oscilloscope was used as the reference point to identify the time shift 

between input R-wave signal and output trigger pulse. At the site of the acquisition unit we 

registered a time difference of: 

∆𝑡!"# = 𝑡!"#
!"# −   𝑡!

!"# =   708.1  𝑚𝑠 − 665.5  𝑚𝑠 = 42.6  𝑚𝑠 

Given our assumptions, it is nearly half of the length of the trigger-pulse. In figure 5b 

you can see that there is a slight lag between the output trigger-pulse and the input 

sin(x)/x signal. Also striking is a slightly reduced pulse width on the output trigger signal. 

This could be caused by the generation processes of the output signal in the hardware of 

the acquisition unit. This was not investigated further because only the trigger start time 

was in focus of interest. To verify the delay we also calculate the difference of: 

∆𝑡!"# = 𝑡!"#
!"# −   𝑡!

!"# =   708.1  𝑚𝑠 − 665.5  𝑚𝑠 = 42.6  𝑚𝑠 

This results in a delay as follows: 

𝑇!"#$% = ∆𝑡!"# −   ∆𝑡!"#$ = 31.4  𝑚𝑠     (3) 

Considering the lengths of the systole and diastole phases, an intrinsic delay of this magnitude 

can be easily taken into account by increasing the delay calculation of the stimulation time point. 

Relative to the exact time point of the R-peak there is no delay because the first detection threshold 

is achieved in time before the R-peak occurs. But as already mentioned this is strongly dependent 

on selection of threshold values and modulated by the variation of the width of the R-wave curve. As 

the first threshold value increases with a narrow curve is, the probability of getting a real delay 

increases. 

• Calculating Stimulus-Time 

For the calculation of the stimulus onset for the next cardiac cycle it is necessary to estimate 

the duration of the next IBI. In the device design, we assume a constant heart rate and a constant IBI 

over the last four beats. This is realistic since the subject is in a relaxed state, sitting in a chair and 

is accustomed to the process. 

The stimulation control unit registers every trigger pulse from the acquisition unit. With every 

incoming pulse a calculation of the actual IBI and an estimation of the next occurring IBI over an 

averaging of the last three IBIs is performed (eq. 4). 
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𝑇!"#$!"! = 𝑇!!"!!
!!!!!         (4) 

 
In our treatment design, two stimulation times are scheduled: One at 20% of the estimated IBI, for 

stimulation in the systolic phase, and one at 80% for the diastolic phase. If the IBI is divided into about 

40% systolic phase and about 60% diastolic phase, it is easier see differences between the estimated 

and actual IBI. The transition between systolic and diastolic phase in one cycle is about at 0.4   ∙

𝑇!"#$!%!"!   , a stimulation at 20% of estimated IBI would occur in this transition region by differences as 

follows:  

0.2   ∙ 𝑇!"#$%.!"! = 0.4   ∙ 𝑇!"#$!%!"!   →   0.5   ∙ 𝑇!"#$%.!"! = 𝑇!"#$!%!"!         (5) 

Sensitivity: If the estimated IBI is 800 ms and the actual IBI is 400 ms, this would result in fast 

beat-change from 75 bpm up to 150 bpm, which is very unlikely within a few heartbeats. The other 

limits are also improbable: 

0.8 ∙ 𝑇!"#$%.!"! = 0.4   ∙ 𝑇!"#$!%!"!   →   2 ∙ 𝑇!"#$%.!"! = 𝑇!"#$!%!"!     (6) 

0.8 ∙ 𝑇!"#$%.!"! = 𝑇!"#$!%!"!         (7) 

The definition of the stimulation times (20 % to 80 %) has another advantage. The pulse transit 

time (PTT) is the transit time of the out-coming pulse wave from the heart to the baroreceptors, which 

are located in the carotid sinus. Our first experimental investigation of the time between the 

maximum of the R-wave in the ECG and the pulse wave maximum in the carotid sinus is about 100 

ms (fig. 6). This includes both the PTT and the time for the rising left ventricular pressure. Thus 

stimulus onset is only slightly delayed at the baroreceptor activation point. This does not include the 

transmission time from the baroreceptor to the NTS. 

• Stimulus-Design 

The table 1 describes the sequence of events for the stimulation routine. Every row represents a 

discrete stimulation event. StimTime is the delay for the stimulation in percentage of IBI. StimOn 

is the stimulation onset time in milliseconds (biphasic square wave at 1KHz which equals a 500 µs 

pulse width). StimOff is a delay, which immediately follows the StimOn. Duration is the number of 

repeats of the StimOn and StimOff cycle. Amplitude is the patient-specific intensity of the 

stimulation in milliampere that is input immediately prior to the stimulation by determining the 

patient’s actual thresholds. Pause in seconds is the delay before the next discrete event in the 

table. The events in the table 1 occur in a pseudo randomized order to minimize adaptation, but 
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each table event occurs each time the table is run. The entire table is run 10 times with a 15 

second delay between runs. This results in a treatment time of about 8 minutes. Our own recent 

experiments11 showed that healthy individuals begin adaptation after about 8 minutes of 

stimulation, hence the 8-minute treatment time. A design goal is to avoid adaptation.  

We use 3 different stimuli adjusted to the individual sensory and pain tolerances, which as 

stated previously are captured immediately before the stimulation. We capture detection threshold 

(DT), pain threshold, and tolerance threshold. The stimulation then consists of 1 pain-free (DT) 

stimulus and 2 pain stimuli that are defined by: 

HTT = PainThresh + 50% · (ToleranceThresh - PainThresh) (8) 

TT = PainThresh + 75% · (ToleranceThresh - PainThresh) (9) 

These 3 different stimuli provoke different BP levels that follow different pressure intensities in 

the carotid sinus. Dworkin et al.3 showed that the variation of the pressure intensities in the carotid 

sinus activates the baroreceptors, which change their rate of firing based upon the local pressure. 

The speed/intensity of the response to baroreceptor activation is captured by BRS, which is the 

slope of the change in heart rate divided by the change in BP. An elevation of BRS corresponds to 

a higher activation of the NTS. To the extent that BRS is changed in response to the stimulation, it 

can be thought of as a new-structuring of CNS response to peripheral and experienced pain. The 

response triggers the efferent and afferent pathways that result in normal inhibition of pain. 

Experimentation with the devices with Fibromyalgia patients shows that this actually occurs in the 

short run and, more importantly, with the proper OBT therapy, that this change can be maintained 

at least over 12 months12.  

The current stimulus is administered in the form of a biphasic square wave to avoid net potential 

charges. The stimulus has a phase change frequency of 1 kHz. 

The negative edge of the cathodal pulse activates the axons of primary afferents directly, 

bypassing the receptor and receptor processes such as sensitization and fatigue.  The sensitivity of 

axons to the electrical stimulus is related to directly to axon diameter. As stimulating current is 

increased from zero, the first sensory axons activated are the large diameter, thickly myelinated A-

beta afferents that mediate fine touch. As stimulating current is further increased the stimulus 

activates the thinly myelinated A-delta afferents, a subset of which mediate localized pain sensation, 

usually of a sharp pricking or buzzing quality. This is the mechanism of pain activation used here. 
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Increasing stimulus current further activates the unmyelinated C-fiber afferents, a subset of which 

evokes pain that is usually perceived as burning. C-fiber stimulation is used in methods that evoked 

the nociceptive reflex. The sensations are quite unpleasant and not necessary for the method 

described here. 

• Conclusion 

The device delivers randomized pain and pain-free stimuli in conjunction with the cardiac cycle 

at the point that they are most useful. This procedure – the method of peripheral electrical 

stimulation dependent on cardiac cycle - is designed to have the greatest impact upon the pain 

regulatory systems of the brain and the heart, which influences both the sympathetic and 

parasympathetic excitatory and inhibitory pain systems. In essence, the stimulation creates a 

situation in which the brain can relearn how to react to pain. SET uses this pain pattern disruption 

in conjunction with OBT that addresses pain behaviors, pain cognitions, and pain adaptations and 

lead to a new programming of the brain. This paper describes the technical details of the 

stimulation protocol. 

This electrical stimulation design may activate NTS reflex arcs. The NTS, at the head of the 

nervus vagus, inhibits pain, improving sleep and decreasing blood pressure. 

In pilot studies with fibromyalgia and low back pain patients, we applied the electrical stimulation 

design as a treatment with 10 repetitive sessions applied within 5 weeks that were combined with 

the highly effective operant-behavioral pain therapy (SET). This initial approach resulted in 

remission of the chronic pain for more than 6 months in 100% of the patients and for 12 months in 

82% of the patients. An own RCT-study has found that either of treatment protocols alone are only 

marginally effective, however when combined the treatment is highly effective. Comorbid symptoms 

such as hypertonia, unrefreshed sleep, diabetes mellitus were significant clinically improved. Thus, 

diseases such as chronic pain, essential hypertonia, sleep apnea and hyperglycemia might profit, 

with long-lasting effects, from treatment that combines OBT and electrical stimulation dependent on 

the cardiac cycle.  
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Table 1: Stimulation protocol 

StimTime 
(% of IBI) 

StimOn 
(ms) 

StimOff 
(ms) 

Duration 
(count) 

Amplitude 
(mA) 

Pause 
(s) 

20 7 12 5 DT 5 
80 7 12 5 DT 5 
20 7 12 5 HTT 5 
80 7 12 5 HTT 5 
20 7 12 5 TT 5 
80 7 12 5 TT 5 
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Figure 1: Example ECG, area I shows the systolic time range and area II the diastolic range. The area 

IBI indicates the time between two R-waves. 

See: figure1.pdf 

Figure 2: Wiggers Diagram - BP changes in the cardiac cycle over time. 

Notes: Source: Guyton's: Textbook of Medical Physiology - 10th Edition. 2000. Chapter 9 - Page 99 

See: figure2.pdf 

Figure 3: Acquisition and stimulation setup. 

See: figure3.pdf 

Figure 4: Schema: a) ECG waveform, b) Level L2 first detection threshold and L1 second threshold c) 

Output, generated trigger-pulse. 

See: figure4.pdf 

Figure 5: Measured Signals on both sites: acquisition-unit and oscilloscope. a) Recorded Signal and 

corresponding output trigger pulse (Acqisition-unit). b) Input Signal and output trigger-pulse 

(Oscilloscope).  

See: figure5.pdf 

Figure 6: Synchronized measurement of ECG and pulse-wave. Pulse wave was measured by an 

inductive motion sensor. 

See: figure6.pdf 
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CARDIAC GATING OF PERIPHERAL AFFERENT STIMULATION RESTORES BAROREFLEX SENSITIVITY, 
REDUCES PAIN SENSITIVITY AND CLINICAL PAIN REPORT IN FIBROMYALGIA PATIENTS 
Kati Thieme, PhD1, 2, William Maixner, DDS, PhD 2 , Richard H. Gracely, PhD2 

1 Department of Medical Psychology, Phillips-University of Marburg, Germany, 2Ctr. for Pain Res. and Innovation, Univ. of North Carolina, Chapel Hill, NC, USA 
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INTRODUCTION. 
An important component of intrinsic pain regulatory systems is 
defined by cardiovascular dynamics that influence baroreceptor 
sensitivity (BRS). In healthy individuals, an elevation in resting 
arterial blood pressure is related to lower pain sensitivity.  
This 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 influence the perception of 
experimentally evoked and ongoing clinical pain.  

METHODS.
Thirty pain-free normotensives (HC) and 32 FM received four 8-
minutes-trials in which electrical stimuli were administered to the 
index finger during different phases of the cardiac cycle. In the test 
condition, non-painful electrical stimuli and painful electrical stimuli 
at 50% and 75% of the electrical pain tolerance were administered 
during both the systolic and diastolic phase in randomized order. In 
two control trials, one delivered only painful electrical stimuli and 
another delivered both non-painful and painful stimuli independent 
of the cardiac cycle phase.  

30 x 11 + 15 x 10 = 330 + 150 = 480 seconds = 8 minutes.  
The length of the stimuli is 135 msec and is given each 5 seconds. 

Table 1: SP - Protocol 

The events in this table occur 11 
times with a pause of 15 sec. 
between each run. 

Analysis. The magnitude of clinical pain, sensory thresholds, as well 
as 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. 

RESULTS.
Pain and tolerance thresholds were significantly different between 
FM and HC, increased by 15.1% and 25.2% in FM during the test 
protocol in contrast to 9.4% and 11.6% for HC.  
In contrast during control trials,, the increases in thresholds in FM 
were significantly lower than the increases in HC (P<0.001).  

FM Clinical Pain significantly decreased by 65.79% during the 
SP - protocol but not during the control protocols (all p’s<0.01). 

Prior to  stimulation, BRS was diminished in FM compared to HC 
(p<0.01). 

Blood Pressure in FM patients increased after the cardiac cycle 
related stimulations (SP- and P-protocol) but not after the Non-SP-
protocol, a condition similar to the experience of real life. In 
contrast, blood pressure in HC increased also after the Non-SP-
protocol (all p’s<0.01). 

Figure 3: Differences  in 
baseline  BRS between  FM 
and HC 
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BRS was increased in FM compared to HC after the SP-protocol, in 
which stimulation was dependent on the cardiac cycle. In contrast, 
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Figure 4: Differences 
in BRS between  FM 
and HC after SP-, P- 
and Non-SP-Protocol 

Figure 1: Changes of  Pain and Tolerance Thresholds during the 
1st and 2nd trial of SP-, P- and Non-SP in FM and HC 

Figure 2: Changes of systolic and diastolic blood pressure between 
baseline and SP-, P- and Non-SP- protocols. 
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Vagal response (HF) increased in FM after the SP-protocol (p<0.01). 

Figure 5: 
Differences   
in HF between 
FM and HC 
after SP-, P- 
and Non-SP-
Protocols 

CONCLUSION:
Despite diminished BRS in FM, the combination of electrical 
painful and non-painful stimuli applied during specific  phases of 
the cardiac cycle diminished pain sensitivity and reduced 
fibromyalgia pain.  Pain and stress reduction mediated by 
variations in BP may serve as an instrumentally learned 
mechanism for stress inhibition in healthy persons.  
In FM patients, this internal "coping" mechanism may be inactive 
or blocked. The SP protocol activated the internal “coping” 
mechanism that unblocked or facilitated pain inhibition in FM, 
possibly by increased activation of brain stem and basal forebrain 
regions involved in pain modulation. 

Supported by German Research Foundation TH 899/7-1 
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PSYCHOLOGICAL PAIN TREATMENT IN FIBROMYALGIA: SYSTOLIC EXTINCTION TRAINING (SET) RESTORES 
BAROREFLEX SENSITIVITY, REDUCES PAIN SENSITIVITY AND CLINICAL PAIN REPORT  

K. Thieme1,4, PhD, H. Kraemer2, MD, U. Koehler3, MD, T. Meller1, MA, R. Malinowskir1, MA, W. Maixner4, DSS, PhD, R.H. Gracely4
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INTRODUCTION.  
Important components of intrinsic pain regulatory systems are 
modulated by cardiovascular dynamics that influence baroreceptor 
sensitivity (BRS). The present study evaluated the effects of 
extinction training combined with electrical stimulation administered 
during either the systolic or diastolic phases of the cardiac cycle 
delivered in a randomized order (“systolic extinction training”, SET) 
in patients with fibromyalgia syndrome (FMS). SET was compared 
to treatment with extinction training combined with electrical 
stimulation delivered independent of the cardiac cycle a “placebo” 
condition (PC).  

METHOD.  
Forty patients who fulfilled the American College of Rheumatology 
criteria for FMS and showed an elevated blood pressure response 
to a laboratory stressor termed hypertensive stress reactivity were 
randomly assigned to SET (n = 20), or PC (n = 20). Assessments of 
clinical pain, pain threshold, pain tolerance, baroreflex sensitivity 
(BRS), blood pressure and heart rate, cognitive and behavioural 
variables as well as sleep architecture and sympathetic outflow 
measured by microneurography were performed pretreatment and 
post-treatment as well as at 6 to 12 months posttreatment.  CONCLUSION:  

These results suggest that SET is effective in treating patients with 
FMS producing long lasting pain remission. Furthermore the findings 
show that the (1) greater blood pressure responses to stress predicts 
a greater reduction in clinical pain report and (2) increase in physical 
activity observed following SET is associated with a restoration of 
BRS, cortical pain inhibition, sympathetic outflow and sleep 
architecture. Even though baseline BRS is diminished in FMS 
patients, electrical stimulation delivered in a manner dependent on 
cardiac cycle phase when combined with extinction training is highly 
effective in reducing pain and restoring functions in a FMS subgroup 
characterized by hypertensive blood pressure stress reactivity. 
Supported by German Research Foundation TH 899/7-1  

and NIH R01AR054895-01A1  

Hour 1: Structured Extinction 

Training with Training of Perception 
and Increase of physical Activity 
Hour 2: BRS modifying-Stimulation 
by delivering pain-free and two 
different pain stimuli adjusted by 
individual pain tolerance dependent 
on cardiac cycle 

10 Sessions with 2 hours in 5 weeks 
Design of Systolic Extinction Training - SET 
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ampere 

T1 T2 T3 T4 

200 - - - - - -     

200 - - - - - -     

400 0 - - - - -     

600 0 - - - - -     

800 0 0 - - - -     

1000 0 0 0 - - -     

1200 0 0 0 - 0 -     

1400 1 0 0 0 0 0     

1600 1 0 0 0 0 0     

1800 1 0 0 0 0 0     

2000 1 0 0 0 0 0     

2200 2 0 0 0 0 0     

2400 2 1 0 0 0 0     

2600 4 1 0 0 0 0     

2800 4 1 1 0 0 0     

3000 4 3 1 0 0 0     

3200 6 3 1 2 0 0     

3400 6 3 1 2 0 0     

3600 6 3 1 2 1 0     

3800 6 5 1 2 1 0     

4000 9 5 3 2 1 1     

4200 10 5 3 2 1 1     

4400   5 3 2 1 1     

4600   8 3 2 1 1     
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Table1. A single SP-protocol  
of Session 1 of SET 

Table2. A single SP-protocol  
of Session 10 of SET 

BRS-modifying Stimulation 

 Assessment of ratings to  
    define sensory and pain  
    threshold as well as  
    pain tolerance 
 Calculation of 50% and 75%  
    of pain tolerance 
 First 8-minutes stimulation 
 Assessment of ratings 
 Renewed calculation of 50%  
    and 75% of pain tolerance 
 Second 8-minute stimulation 
 Final assessment of ratings 

Patients receiving SET reported a significant reduction in Clinical 

Pain Intensity post-treatment (all Ps < 0.001). In contrast to the PC 
group, 82% of the SET participants showed a long lasting pain 
remission and 18% a pain reduction to 12.5 (VAS 0-100, P < 0.001). 

RESULTS.  
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Figure 2. Changes of clinical pain immediately 
and 6-12 months after SET and PC  

The pain reduction was associated with a significant increase in BRS.  
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Figure 4. Changes of BRS 
immediately and 6 - 12 
months after SET and PC  P < 0.01 

The remission of Clinical Pain was associated with a significant 
decrease in Blood Pressure, and an increase in EMG and 

Physical Activity measured in MPI (all P’s<0.01). 

In addition, the SET group demonstrated statistically significant 
higher improvements in central functions (all Ps < 0.001) as well as 
an improvement in sleep architecture (P < 0.01) and a reduction in 
sympathetic outflow (P < 0.01) compared the PC group.  
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Figure 3.  

Changes of sensory, 
pain thresholds and 
pain tolerance 
immediately and 6 to 
12 months after SET 

Figure 1. Design of SET 
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Figure 6. Decrease of the 
sympathetic outflow after SET 

Figure 7. Restoration of sleep architecture after SET 
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Psychological Pain Treatment in Fibromyalgia: Systolic Extinction Training (SET) and Cardiovascular 

Training restores Baroreflex Sensitivity, reduces Pain Sensitivity and Clinical Pain Report 
T. Meller1, MA, S. Wolf1, BSc, R. Malinowski1, MA, W. Maixner2, PhD, R. H. Gracely2, PhD & K. Thieme1, PhD 

1Psychological Med., Philipps Univ. Marburg, Marburg, Germany, 2Ctr. for Pain Res. and Innovation, Univ. of North Carolina, Chapel Hill, NC, USA 

Introduction Important components of intrinsic pain regulatory systems 
are modulated by cardiovascular dynamics that influence baroreceptor 
sensitivity (BRS). The present study evaluated the effects of extinction 
training combined with electrical stimulation administered during either the 
systolic or diastolic phase of the cardiac cycle (“systolic extinction training”, 
SET) in patients with fibromyalgia syndrome (FMS). SET was compared to 
cardiovascular training (CVT) combined with the same electrical 
stimulation. 

Conclusions These data suggest that cardiac gating of peripheral afferent 
stimulation may result in long lasting pain remission if it is combined with an 
effective behavioral treatment but not if combined with physical training 
only. We conclude that SET activates both sensory and cognitive-affective 
brain regions involved in pain inhibition while CVT seems to activate 
sensory brain regions only, and therefore – in contrast to SET – fails to re-
establish functionality of intrinsic pain inhibition mechanisms. 

Results 1 – Clinical Pain & Thresholds Only SET but not CVT 
showed a significant effect on clinical pain intensity, whereas all thresholds 
significantly increased in both groups (all Ps < 0.01). 

Results 2 – Baroreflex Sensitivity  Both SET and CVT patients 
show a significant increase in BRS (PRSA) after training (all Ps < 0.05). 

Results 3 – EEG Components SET as well as CVT patients show 
changes in cortical pain processing after training as indicated by changes 
in early and late EEG components (N50, N150, P260, P390), with greater 
effects for SET.  

Supported by German Research Foundation TH 899/7-1 and NIH R01AR054895-01A1  Contact: Dipl.-Psych. Tina Meller, Philipps University of Marburg, tina.meller@staff.uni-marburg.de 

Methods 35 FMS patients with an elevated blood pressure response to 
laboratory stressors were randomly assigned to either SET (n = 20), or 
CVT (n = 15). Clinical pain, sensory, pain and tolerance thresholds, 
psychophysiological measures and EEG components (N50, N150, P260, 
P390) were assessed pre- and post-treatment. 

Therapeutic Design Patients in each 
group received 10 sessions over two 

weeks (2/week). Each session combined 
electrical stimulation (see Fig1) with: 

PS078 
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Fig. 1. Individually adjusted stimuli 
of three different  intensities are 
administered during either the 
systolic or diastolic phase of the 
cardiac cycle.  

 SET 50 min of psychological
Extinction Training (perception training, 
increasing physical activity and self-
assertiveness) 

 CVT 30 min of mild cardiovascular
workout on a bicycle ergometer, 
instructed by a trained physiotherapist. 

Fig. 2. Clinical pain report (left) and individual sensory, pain and tolerance  thresholds 
(right) before and after training for SET and CVT group.  

Fig. 3. Mean BRS (PRSA) for relaxation (left) and stress phases (right) before and after 
training for SET and CVT group.  
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Fig. 4. Stimulus evoked 
potentials before (left) 
and after (right) training 
for SET and CVT in 
electrode C4 after 
administration of elec-
trical stimulus, different 
lines indicate different 
stimulus intensities.  
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