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ISARP met in San Diego, CA on 15–17 October 2000. The society focuses on
issues relating respiration and psychological factors. This year, most of the Monday
session was devoted to respiratory issues in Panic Disorder and other Anxiety
Disorders. Tuesday’s presentations centered on Asthma and other topics.

Overall, the dominant theme shifted from focus on hyperventilation syndrome to
subtler aspects of breathing and their role in various disorders or in promoting peak
performance.

Hyperventilation and Hypoventilation During Emotional Experiences

Akio Umezawa

Department of Psychology, Fukui University, 3-9-1 Bunkyo, Fukui 910-8507,
Japan
E-mail address: umezawa@edu00.f-edu.fukui-u.ac.jp

Our recent studies on respiration and emotion revealed that the inspiratory flow
rate (respiratory drive) significantly increases during psychological stressors such as
mental arithmetic, a cold pressor test and video-games, and also that duty cycle
(timing) and gas exchange (transcutaneous pCO2) are kept stable during stressors.

Psychophysiological detection of deception is a method of determining when an
individual is lying. It has been studied for a long time. It is well known that
deception is accompanied by large electrodermal responses reflecting increased
sympathetic nervous system activity. Because lie detection is stressful, it could be
hypothesized that an index of respiratory drive should increase significantly during
this task. To test this hypothesis, we conducted one experiment to compare the
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differences between respiratory changes under detection of deception in a mock-
crime situation and those under laboratory stress. Contrary to our expectations, the
results showed that breathing patterns under the detection of deception situation
were quite different from those under stress. Expiratory volume and minute
ventilation in response to critical questions were significantly smaller than those in
response to non-critical questions. An index of respiratory drive did not show any
significant increments. The results of this experiment suggest that respiration during
deception is characterized by inhibitory breathing. Our results also suggested that
emotional experience can induce hypoventilation as well as hyperventilation. Addi-
tional research will be necessary to clarify which feeling induces facilitation of
breathing and which feeling induces inhibitory breathing.

The Respiratory P300: in Support of the Triarchic Model of Amplitude

Ian M. Colrain & Kate E. Webster
Department of Psychiatry and Behavioral Sciences, Stanford University and De-
partment of Psychology, The University of Melbourne; LaTrobe University Mus-
culo-skeletal Research Center

Johnson has proposed a triarchic model of P300 amplitude that identified three
underlying constructs: information transmission, stimulus probability and stimulus
meaning. These constructs are thought to map onto underlying neural generators
that are responsible for the different aspects of processing. The outputs of these
generators then sum to produce the stereotypical P300 response with its character-
istic scalp topography. A late positivity can be readily observed in the averaged
evoked response to inspiratory loading or occlusion stimuli. Data will be presented
from four studies, which test different aspects of Johnson’s model to see if it also
applies to the respiratory P300. The data indicate that the respiratory P300 is
affected by information transmission, as it is larger for unequivocal stimuli and
shows a significant enhancement with attention. It is affected by stimulus probabil-
ity, with a highly significant relationship between amplitude and the number of
non-occluded breaths preceding the stimulus. Finally, in comparison with auditory
evoked potentials from the same subjects, it shows a very large effect of stimulus
meaning, with baseline amplitude values being very high to even high probability
stimuli. Data will also be presented showing the effects of early sleep onset on the
P300. The results of all studies indicate that the topographic distribution of the
respiratory P300 maps nicely onto that seen from other stimulus modalities.

Respiratory and Auditory P300 Amplitudes are Diminished in Asthmatics

Kate E. Webster & Ian M. Colrain
LaTrobe University Musculo-skeletal Research Center; Department of Psychiatry
and Behavioral Sciences, Stanford University and Department of Psychology, The
University of Melbourne
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The present study investigated the respiratory-related evoked potential (RREP) in
16 asthmatics and 16 matched controls. The goal was to evaluate the relationship
between respiratory sensitivity and the P3 component. It was hypothesised that
asthmatics would be less sensitive to respiratory stimuli and have reduced P3
amplitudes. Additionally, auditory evoked potentials (AEPs) were recorded from an
oddball paradigm in both groups and compared with the RREP results. The
perceptual sensitivity of subjects was assessed by means of a load magnitude
estimation task. Four magnitudes of resistive loads and no-load were applied for a
single breath 10 times each in random order. Respiratory sensitivity was estimated
using a modified Borg scale. Results showed little difference in perceptual sensitivity
between the groups, and in both groups, resistive load was linearly related to
magnitude estimation (asthma, R2=0.96; control, R2=0.99). For RREP assess-
ment, inspiratory occlusions were presented for 500 ms. For AEP assessment, 60 dB
and 1000 and 2000 Hz pure tones were presented for 100 ms, with the 2000 Hz tone
presented with a 20% probability (target). The scalp EEG was measured from 29
channels. Results showed that both the respiratory and auditory P3 components
were markedly reduced in the asthmatic group compared to the control group
(reduction of �30%). All other components were similar between the groups.
These results suggest an intrinsic reduction in P3 amplitude for asthmatic patients.
This may relate to differences in processing perceptual information. Importantly,
whatever the mechanism of the P3 deficit, it is not specific to occlusion stimuli.

Emotion, Stress and Airway Resistance: How Much More Do We Know Now?

Bernhard Dahmea, Thomas Ritzb, Andrew Steptoeb, Miriam Thönsa & E�a Kilgusa

aPsychological Institute III, University of Hamburg; bDepartment of Psychology,
St. George’s Hospital Medical School, University of London, UK

Clinical reports have listed a variety of affective states as potential precursors of
asthmatic symptoms. Alexander (1950) suspected that states such as anger, sadness,
fear of separation, jealousy or sexual arousal would provoke asthma attacks. Prior
experimental or empirical studies mainly lacked control groups, so it was hard to
judge whether emotion induced airway obstruction is specific for asthmatics.

A number of recent experimental psychophysiological studies tried to gain more
insight into the mechanism of bronchoconstriction due to provoked emotions or
induced stress situations. The results were as follows: (1) Uniform increases in
oscillarory resistance (Ros) were observed in all emotional states in asthmatics and
healthy controls. (2) Negative emotions, mainly sadness, produced higher and more
consistent Ros increases than positive emotions. (3) In a systematic laboratory–field
comparison, the laboratory results could be replicated in the field with Ros values
due to induced sadness in the laboratory being the best predictor of FEV1 decreases
during the experience of negative mood states in the field. (4) Even mild mental and
emotional stress are associated with reliable Ros increases, sometimes more pro-
nounced in asthmatics than in healthy controls. (5) Bronchoconstriction during
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mental and emotional stress seems to be associated with a lack of vagal withdrawal
observed only in asthmatics but not in healthy controls. (6) Even if the emotion and
stress-induced Ros increases are associated with considerable effect sizes (ranging
from about 1.00 to 1.40), the underlying airway obstruction is only near the
threshold of just-noticeable differences and is therefore of little clinical significance.
Further research would benefit from specific dose–effect studies of emotion and
stress-induced bronchoconstriction in asthmatics and healthy controls.

Defensiveness as a Risk Factor for Stress-induced Bronchoconstriction in Asthma

Jonathan M. Feldman, Paul M. Lehrer, Stuart M. Hochron & Gary E. Schwartz

Department of Psychiatry, UMDS — Robert Wood Johnson Medical School,
Piscataway, NJ

Objective: Previous literature has shown that the psychological trait of defensive-
ness is related to elevated sympathetic reactivity to stress and to several cardiac risk
factors. The aim of this study was to examine if asthmatic patients with this trait
show elevated laboratory stress-induced asthma exacerbation.

Methods: Defensiveness was measured by the Marlowe–Crowne Social Desirability
Scale using a quartile split with defensive asthmatic patients defined as the upper
25%. Sixty-six non-defensive and 22 defensive participants with asthma were
exposed to laboratory tasks (initial baseline rest period, reaction time, and a shop
accident film), as described in a previous paper.

Results: Prior to the initial baseline period, no between-subjects differences were
present on pulmonary function measures. After exposure to the tasks, defensive
patients with asthma showed a decline on spirometry test measures, in comparison
with non-defensive asthmatic patients who displayed an increase. During the tasks,
there was evidence of greater respiratory sinus arrhythmia amplitudes and lower
skin conductance levels among defensive patients with asthma.

Conclusions: These data suggest that defensive patients with asthma may be at
greater risk for stress-induced bronchoconstriction and may show a stereotypical
difference in stress reactivity from defensive people without asthma: stress-induced
elevations in parasympathetic versus sympathetic activity.

Cognitive and Emotional Factors in Relation to Symptom Perception in Childhood
Asthma

Gregory K. Fritza, Elizabeth L. McQuaida, Sheryl J. Kopela, Anthony Mansella,
Jack H. Nassaua, Susan Penza-Cly�ea, Keren Rosenbluma, Diane Yarosa, Rick

Carterb, Robert Kleinb, Joan Bihun c & Marianne Wamboldt c
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aBrown University School of Medicine; bUniversity of Texas Health Center at
Tyler; cNational Jewish Medical and Research Center

Symptom perception is increasingly recognized as a key link in the chain of
variables connecting airway compromise and functional morbidity. This study
examined the relationship between symptom perception and psychological variables
in children with asthma.

Subjects were 64 children (58% male) with a mean age of 11.6 years (range: 7–17
years) who had mild-intermittent (7.8%) to severe (14.1%) asthma. Symptom
perception was assessed with the AM2 programmable, hand-held spirometer, used
at home at least daily for 1 month (mean assessments per child=53). Subjective
quantification of symptoms prior to each spirometric assessment (via a visual
analog scale and a guess of peak expiratory flow rate) was entered and locked in by
subjects immediately before each ‘blow’. Corresponding subjective and objective
values for each assessment were plotted on the vertical and horizontal axes of a
grid. Perceptual accuracy was defined in two ways: (1) the percentage of values in
the ‘accurate’ zone, i.e. subjective estimate within �10% of objective value and (2)
the percentage of values in the ‘danger zone’, i.e. subjective estimate �10% higher
than objective value, and objective compromise �20% from personal best spirome-
try. An intelligence estimate was derived from selected scaled scores (Vocabulary
and Block Design) of the WISC-III. Visual attention was measured by Conners’
continuous performance task (CPT), and auditory attention was measured by the
Arithmetic and Digit Span subtests on the WISC-III. Parents completed the
Connors Parent Rating Scale (CPRS), which provides parent report of attention,
impulsivity, etc. Children completed the Children’s Depression Inventory (CDI)
and the Multidimensional Anxiety Scale for Children (MASC).

The AM2 device worked well to collect and store longitudinal data from children
as young as 7. For the whole group, 12.3% of the subjective/objective points fell in
the danger zone and 53.4% in the accurate zone. Perceptual accuracy was associ-
ated with older age (r=0.26, P�0.05), higher IQ estimate (r=0.43, P�0.001),
better auditory attention (r=0.36, P�0.01), and lower parent rating of inattention
(r= −0.33, P�0.01) and oppositional behavior (r= −0.30, P�0.05). Danger-
ously poor perception was associated with poorer visual attention as measured by
the CPT (r= −0.31, P�0.05). Depressive and anxiety symptoms were not related
to perceptual accuracy.

These data support the feasibility of measuring real-world respiratory perception
in asthmatic children in a clinically meaningful way. Intelligence and attentional
variables were predictive of perceptual ability. Children with attentional difficulties
(e.g. ADHD diagnosis) may be at risk for poor perception of asthma symptoms.

Editing Criteria for Computerised Analysis of End-tidal PCO2 Measured by an
Ambulatory Capnograph

Catherine Osborne, John Varley* & William Gardner
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Dept of Respiratory Medicine & Allergy, Guy’s, King’s & St Thomas’s School of
Medicine, Denmark Hill Campus, Bessemer Rd, London SE5 9PJ; *Dept Physiol-
ogy, Worsley Medical & Dental Building, Leeds University LS2 9JT

End-tidal measurements of PCO2 are widely used as substitutes for arterial PCO2 in
normal subjects but there are few systematic data comparing the two. End-tidal
measurements can be easily invalidated by a poor capnograph response time and
shallow breathing with a failure to clear the dead space. Editing by eye is often
perfunctory and tedious or is not attempted, especially over the long runs produced
by ambulatory capnography with data collection either by telemetry on-line or by
a data logger off-line. We have developed a computer program sampling a PCO2

trace at 50 Hz, which detected a breath if PCO2 was below a variable threshold of
about 8 mmHg for more than 1/3 s, measured end-tidal PCO2 (PETCO2) by a peak
reading algorithm, simultaneously measured two values 0.25 and 0.5 s back from
the end-tidal value as measures of alveolar plateau slope, and approximately
measured inspiratory (TI) and expiratory times (TE) as the times between the up
and down legs of the trace. Breaths were removed if the slope values were more
than 2.5 and 5 mmHg, respectively, below PETCO2, if TI or TE were less than 0.9
s or greater than 10 s, if TI was more than 50% greater than TE, and/or if PETCO2

was more than 5 mmHg below adjacent values. All of these thresholds could be
‘fine tuned’ for individual subjects. We validated this with two protocols of resting
breathing and 15 min of formalized speech as representing the severest test of
editing. We studied 11 normal subjects and compared 121 arterialized venous PCO2

(PavCO2) samples with the computer detected end-tidal data with and without
automated editing. Without editing, PETCO2 was significantly different (P�0.001)
from PavCO2 [mean; 30.1 (SD 6.4) mmHg and 34.7 (SD 4.2) mmHg, respectively],
and the limits of agreement were wide: −6.6 to 15.8 mmHg. With computer
editing, PETCO2 estimated PavCO2 to within 0.5 (SD 1.0) mmHg with limits of
agreement of −2.5 to 1.5 mmHg, and there was a 99.8% agreement with editing by
eye over a total of 6684 breaths with a rejection rate of 49%. Valid measures could
be obtained in speech as long as more than six valid end-tidal values remained per
minute after editing. Thus, sophisticated editing of end-tidal traces is essential and
can be performed with a high degree of accuracy by an automated computer
system, even during speech.

The Range of End-tidal PCO2 in Normal Subjects and Mild Asthmatics Using
Computerised Ambulatory Capnography

Catherine Osborne, John Varley* & William Gardner

Dept of Respiratory Medicine & Allergy, Guy’s, King’s & St Thomas’s School of
Medicine, Denmark Hill Campus, Bessemer Rd, London SE5 9PJ; *Dept Physiol-
ogy, Worsley Medical & Dental Building, Leeds University LS2 9JT
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The range of arterial PCO2 (PaCO2) is generally quoted as 35–45 mmHg for
normal subjects. Arterial puncture is invasive and may influence the breathing being
measured, and end-tidal PCO2 (PETCO2) recorded from expired air is equivalent to
PaCO2 in resting subjects with normal lungs. We have argued that the lower limit
of the normal range for PaCO2 should be revised downward for patients during
activities of daily living outside the laboratory (Gardner, 1996). Symptoms of
hypocapnia (i.e. PaCO2 below the normal range) can occur in normal subjects over
a range of 14–29 mmHg (Rafferty et al., 1992). If they reduce their PaCO2 below
29 mmHg they may be prone to hypocapnic symptoms, which, if misinterpreted as
a more serious disease, could lead to a vicious spiral of increasing anxiety,
hyperventilation and invalidism (Gardner, 1996). Hyperventilation is well recog-
nized as a concomitant of acute asthma with only modest reductions of FEV1, and
we have also argued that a major aetiological factor in symptomatic hyperventila-
tion under some conditions is mild and previously undiagnosed asthma (Gardner et
al., 1992; Saiach et al., 1996; Osborne, 2000).

In the present study, we wished to determine whether some normal subjects and
mild/moderate chronic asthmatics demonstrate levels of PETCO2 below the ac-
cepted normal lower limit during activities of daily living. We used our new
miniature ambulatory capnograph sampling from a fine nostril catheter with data
collected by either on-line by telemetry or off-line by a data logger to study
PETCO2 in 23 normal subjects and 11 mild/moderate asthmatics over 4 h during
normal activities within the workplace, and at home in eight of the normal subjects.
For the normal subjects, the mean PETCO2 was 37.3 (S.D. 2.8) mmHg and the
lowest limit of the range (mean minus 2S.D.) was between 30 and 35 mmHg in 15
subjects and below 30 mmHg in four (one male, three females). There was no
correlation between PETCO2 and lung function, psychological scores, gender or
between work place and home. The responses of the asthmatics were not signifi-
cantly different from those of the normal subjects. Thus, we confirmed that the
majority of both normal subjects and mild asthmatics during activities of daily
living had PETCO2 values well below the accepted lower limit of 35 mmHg and
within the range at which symptoms of hypocapnia could occur. These subjects
may be more vulnerable to developing clinically significant hyperventilation. We
were not able to confirm that mild asthmatics have more dramatic hyperventilation
during activities of daily living than normal subjects. The hyperventilation in our
previously studied patients with mild asthma may have had an additional or
alternate etiology.

References
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A New Treatment for Panic Disorder: pCO2 and Respiratory Rate Feedback As-
sisted Breathing Training at Home

Frank H. Wilhelm, Alicia E. Meuret & Walton T. Roth

Stanford University and the Palo Alto VA Health Care System
Presented at ISARP 2000

Shortness of breath is a common symptom during panic attacks. Recent results
from our and other laboratories indicate persistent respiratory anomalies in
panic disorder patients even when they are not having panic attacks. These
include increased frequency of sighing, apneas, and respiratory rate, increased
tidal volume variability, lower baseline pCO2, and slow pCO2 recovery after
sighs and voluntary hyperventilation. We developed a treatment that specifically
targets these respiratory abnormalities. During five weekly 1 h treatment ses-
sions, patients learn and experience how their end-tidal pCO2 level, respiratory
discomfort, and anxiety are affected by different breathing patterns (for example,
combinations of various depths and rates of breathing, sighing, breath holding,
and abdominal versus thoracic breathing). Patients are taught the theoretical
connections between anxiety and respiration and how to adopt a relaxed and
effortless abdominal breathing pattern. Between sessions, patients take home a
small hand-held capnometer for intensive practice of newly learned respiratory
patterns. Patients practice breathing 20 min twice daily in synchrony with tape-
recorded tones modulated in pitch to indicate the timing for inspiration, expira-
tion, and pauses. The patients’ initial goal is to keep their pCO2 level constant
during the paced breathing and, later in the training, to increase it by several
mmHg while maintaining a relaxed state. The breath-by-breath respiratory rate
and pCO2 levels are stored in the capnometer memory and reviewed with the
therapist during the weekly treatment sessions. Anxiety, symptoms and breathing
patterns (respiratory rate, tidal volume, end-tidal pCO2) are assessed before and
after therapy using a 24 h physiological monitoring system and diaries. Initial
results indicate that patients find the rationale of the therapy convincing, are
highly compliant (which is monitored by the capnometer recordings during each
exercise), and show systematic increases in baseline pCO2 and decreases in anxi-
ety over the course of therapy.
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Suffocation and Respiratory Responses to Carbon Dioxide in Individuals with
Panic Disorder

Y. Rasso�skya, M. G. Kushnerb, E. Hurlimanb, N. J. Schwarzeb & O. D.
Wangensteen c.
(supported by NIAAA grant cR29-AA09871)
aUCLA Neuropsychiatric Institute and Hospital; bDepartment of Psychiatry Uni-
versity of Minnesota, Fairview-University Hospital; cUniversity of Minnesota De-
partment of Physiology

Studies repeatedly show that individuals with panic disorder (PD) are highly
reactive to inhalations of CO2. However, the reason for this hypersensitivity to
CO2 among PD individuals has not yet been elucidated. Given the primacy of
CO2 in regulating respiratory processes, several investigators have suggested that
abnormal processing of CO2 and related mechanisms that underlie the experience
of suffocation may be important in the development and/or maintenance of PD
(e.g. Gorman et al., 1988; Klein, 1993). Thus, the purpose of the present study
was to examine the relevance of abnormal CO2 processing in panic. To this end,
we compared the response to CO2 buildup between 40 individuals with PD and
32 healthy controls, using two techniques thought to increase central levels of
CO2 (i.e. breathing cessation challenge and the Read rebreathing procedure). We
found that, compared with controls, individuals with PD had a greater ventila-
tory response to the Read rebreathing procedure, as well as a lower end-tidal
CO2 value following the breathing cessation challenge, both of which are indica-
tive of hypersensitivity to CO2 in the PD sample. Individuals with PD also
reported a greater experience of continuously measured suffocation and termi-
nated the challenge procedures sooner than healthy controls. Furthermore,
within the sample of PD individuals, we found that those who terminated the
rebreathing procedure prematurely had a greater ventilatory response to CO2

than those individuals who completed the entire rebreathing period. These find-
ings suggest the possibility for etiological heterogeneity within the PD population
and a method to subdivide individuals with PD into more etiologically homoge-
nous subgroups. Identifying more homogenous subtypes of PD with etiologically
simpler networks might, in turn, simplify the search for clues to etiological
factors that underlie the psychopathology of PD.
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Emotionally Induced Asthma: Fact or Fiction?

Thomas Ritz & Andrew Steptoe

Department of Psychology, St. George’s Hospital Medical School, University of
London

Although a certain percentage of asthmatic patients report various emotional
experiences as precipitants of asthmatic symptoms, these reports seem to have little
predictive validity for psychologically induced airway responses in laboratory
studies. We suspected that two factors contribute to this poor outcome, (1)
problems in the measurement of perceived trigger, and (2) the choice of laboratory
tasks with little relevance to emotional triggers in daily life. The proneness to
psychological triggers has previously been assessed by clinical interviews or rating
scales of unknown reliability and validity. In addition, prior studies have preferred
stress-induction or bronchoconstrictive suggestions as experimental stimuli. We
therefore developed an Asthma Trigger Inventory (ATI) for a psychometrically
sound measurement of perceived triggers of asthma. Scores of the emotional trigger
subscale were correlated with airway responses to emotional film clips in the
laboratory. Patients completed a pilot version of the inventory before the labora-
tory session. They then viewed a number of short movie sequences pre-evaluated
for eliciting distinct positive, negative, and neutral emotional states, and completed
two classical stress tasks, mental arrithmetic and medical slides viewing. Airway
response was measured by oscillatory resistance throughout film clips and tasks.
The emotional trigger score of the ATI was positively correlated to resistance
increases during all films, in particular positive films. In contrast, a single item
rating scale for psychological trigger factors from a questionnaire on clinical history
of asthma showed no significant associations with resistance increases during films.
No relationship between the emotional trigger score and resistance increases during
stress tasks was found. We conclude that patients’ reports of emotional asthma
triggers, if measured adequately, can predict actual responding of the airways to
emotional stimulation. The relevance of trigger reports to symptom aggravations or
asthma attacks remains to be shown.

Symposium. Applying Respiratory Psychophysiology in the Clinic

Chair: Walton T. Roth

Participants : Frank H. Wilhem, Richard N. Gevirtz, Thomas Ritz

Applying respiratory psychophysiology to clinical problems has been stimulated by
respiratory theories of anxiety disorders and by the awareness of psychological
influences on lung diseases such as asthma. Recent advances in laboratory and
ambulatory recording of respiratory measures have shown that respiration is
multifaceted and contains unsuspected psychological information about disease
states and traits. The presenters will bring us up to date on four issues that have not
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been addressed adequately until recently. First, what is the relationship between
hyperventilation or other respiratory disturbances and the currently accepted
classification of anxiety disorders? Second, is it really possible to make sense of
respiratory data gathered in non-laboratory settings? Third, is there any clinical
value in analyzing heart rate variability, much of which is a function of respiration?
Fourth, how much does emotional state account for respiratory resistance in
normals and asthmatics?

Respiration is Altered in Anxiety Disorders After All

Frank H. Wilhelma,b, Walton T. Rotha,b, Alexander L. Gerlacha,b, George W.
Alpersa,b & Werner Traberta,b

aStanford University, Department of Psychiatry and Behavioral Sciences; bVeterans
Affairs Palo Alto Health Care System

The hyperventilation syndrome clearly overlaps symptomatically with Panic Disor-
der (PD), but Garssen et al. (1996), using ambulatory transcutaneous pCO2

measures, found a decrease of pCO2 during only one of 24 panic attacks. The
suffocation false alarm theory of panic has not been supported by observations of
increases in pCO2 preceding attacks. Yet, recent work from our laboratory does
point to altered respiration in at least three circumstances. First, consistent with
older reports, we found that PD patients voluntarily hyperventilating to equal
degrees of hypocapnia showed a slower rise of pCO2 back towards baseline than
equally anxious Social Phobics or less anxious controls. This may be another
example of PD patients’ slower recovery from stress activation. Second, when
quietly sitting, PD patients tend to be hypocapnic compared to equally anxious
patients with Generalized Anxiety Disorder or to less anxious controls. Oddly, this
hypocapnia is related not to increased mean minute volume but to an increased
frequency of larger sigh breaths. Thus, hyperventilation does not have to be huffing
and puffing. Breath-to-breath analysis implied lower, not higher, peripheral
chemoreceptor sensitivity in PD. Third, ambulatory monitoring of end-tidal pCO2

showed that driving phobics even without PD have lower pCO2s when driving;
these levels tend to normalize with repeated exposure to the driving situation. Thus,
ambulatory monitoring can document the extent of clinical improvement and
synchrony of change between self-reported anxiety and changes in respiration.

The Use of Heart Rate Spectral Data in the Treatment of Psychophysiological and
Anxiety Disorders

Richard N. Ge�irtz
California School of Professional Psychology, San Diego

Modern technology has made possible the rapid calculation and display of compo-
nent spectral bands present in the variation of interbeat intervals (IBI). The near
simultaneous presentation of this data can allow the therapist or the client to see
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aspects of autonomic nervous system and respiratory patterns that may clarify
possible mediators of symptoms. Thus, high-frequency activity (0.15–0.4 Hz) is
known to be modulated by the parasympathetic nervous system in conjunction with
respiration, low-frequency activity (0.08–0.14 Hz) by baroreceptor-mediated blood
pressure changes, and very low frequency (0.003–0.07 Hz) by sympathetic visceral
pathways. While the measurement of these data in long epochs is well researched,
little is known about the shorter dynamic changes that occur as a result of
physiological or psychophysiological processes. This presentation will illustrate both
the promises and challenges of using spectral heart-rate data in a dynamic application
setting. Case examples will be presented to illustrate the richness of this data source
and the specific methodological limitations of each frequency range.

Effects of Emotion on Respiratory Resistance in Health and Asthma: Arousal or Valence
Modulation?

Thomas Ritz

University of London, Department of Psychology, St. George’s Hospital Medical
School

Clinical evidence suggests that positive and negative emotional states are capable of
eliciting airway obstruction in asthmatic patients. As most experimental studies have
focused on negative emotional states, it is not clear whether the airways react to
general emotional arousal or only to negative valence. Since comparisons with healthy
control groups are rare, little is known about the disease specificity of induced airway
responses to emotion. Experimental emotion induction was investigated in five
laboratory studies. Participants were healthy adult volunteers and asthmatic patients
with mild to moderate disease. Emotions were induced by viewing and imagery of
affective pictures, by self-referent statements, or by emotional film sequences.
Respiratory resistance was measured continuously using the forced oscillation
technique. Three studies provided evidence for an arousal modulation of respiratory
resistance, whereas two further studies showed that resistance increases were limited
to negative emotional states. Ventilatory mediators played only a minor role in
shaping the observed resistance changes. No consistent relationship of airway
response to cardiac vagal control was found across studies. In general, the airway
response was comparable in direction between healthy and asthmatic participants,
with little differences in effect size. I will discuss these results in terms of the clinical
significance of the emotion induction material, participants’ familiarity with it, and
clinical relevance of different parameters of the airway response.

Specific Inspiratory Muscle Training

Tania Clifton-Smith, MNZSP, DipPHYS, NZMTA, ITEC (LON) Specialist Physio-
therapist, Breathing Works

Research has been carried out since the late 1800s on the effect and importance of
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respiratory muscle strength (Nicholson, 1890).
Anecdotally, it has been reported that in the First World War, soldiers were

encouraged to exercise their muscles of respiration by breathing through cotton
wool causing increased resistance with the aim to improve inspiratory muscle
strength, leading to improved cardiovascular performance.

Can this be possible?
Does respiratory muscle fatigue exist?
If so, can respiration effect performance?
If it does, will strengthening of these muscles make a difference?
How do we strengthen them?

This presentation will answer the above questions.
I will:

1. Give a brief review of the literature on the topic respiratory muscle fatigue.
2. Give a brief review of the literature on inspiratory muscle training both in the

fields of research and practice.
3. Present three case histories looking at the effectiveness of strengthening the

respiratory muscles.
These will be presented to examine the effect and results of Specific Inspiratory
Muscle Training (SIMT).
� The first case is a 42 year old female who presents with life-long asthma.
� The second is a 56 year old female with chronic occupational overuse syndrome,

(RSI)
� The third case is a 26 year old ex-competitive triathlete presenting with fatigue

at rest and extreme SOBOE (shortness of breath on exertion).
All three subjects were followed over an 8 week period, in which time they carried
out SIMT.

References
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Resonant Frequency Heart Rate Variability Biofeedback: Effects on Cardiovascular
and Baroreflex Function

P.M. Lehrer & E.G. Vashillo

UMDNJ — Robert Wood Johnson Medical School

It is known that respiratory activity continually perturbs cardiovascular hemody-
namics. Respiration modulates the activity of most sympathetic and parasympa-
thetic efferents. The autonomic efferents in turn modulate heart rate (HR), arterial
and central venous pressures, and peripheral vascular resistance with respiratory
periodicities. The changes in arterial pressure, arterial PCO2, PO2, and pH, which
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result from the changes in respiratory activity, modulate the activity of both the
autonomic and central nervous systems through afferent impulses from baro and
chemoreceptors. These complex and constant effects of respiration actively affect
human condition.

We found previously that the human cardiovascular system has resonant fea-
tures. Each person has a specific resonant frequency in the range of 0.055–0.12 Hz.
Breathing at the resonant frequency causes high amplitudes of both heart rate (HR)
and blood pressure (BP) oscillations. We hypothesized that breathing at the
resonant frequency trains the reflexes of cardiovascular system, in particular the
baroreflex.

We taught ten healthy subjects to increase the amplitude of HR oscillations using
breathing at resonant frequency and HR biofeedback. Each subject took ten 20 min
biofeedback sessions over a 1.5–2 month period and practiced for 40 min daily at
home (two sessions of 20 min each) using a home trainer biofeedback device. Four
of these sessions involved complete physiological assessments, as described below.
An additional seven subjects constituted a control group. They received four 20 min
record sessions within a period of 1.5–2 months. During each of the four recording
sessions, we recorded respiration, HR and beat-to-beat BP during each session and
5 min before each session (base line).

We found the following significant changes among subjects receiving biofeedback
between the baseline of the first session and the baseline of the last: systolic BP
decreased from 110.3�11 mmHg to 99.7�10 mmHg (P�0.01); diastolic BP
decreased from 66.3�7.9 mmHg to 59.6�8.7 mmHg (P�0.03); respiration total
spectral power decreased from 59.25 arb2 to 42.60 arb2 (P�0.05); HR total
spectral power increased from 3910 ms2 to 5378 ms2 (P�0.02); systolic BP total
spectral power increased from 26.1 mmHg2 to 36.3 mmHg2 (P�0.01); baroreflex
gain increased from 12.0�4.0 ms/mmHg to 14.0�5.9 ms/mmHg (P�0.05).
Averaged across the 10 subjects, baroreflex gain during biofeedback training was
17.9�6.8 ms/mmHg. None of these measures changed significantly for subjects in
the control group.

In conclusion, we found evidence that breathing at the resonant frequency,
assisted by biofeedback for increasing amplitude of respiratory sinus arrhythmia,
increased the variability in cardiovascular function, increased baroreflex gain, and
decreased BP.

A Tool for Analysis of Dysfunctional Breathing and its Correction in Patient
Populations

B.H.C. �on Schéele, Ph. D. & I.A.M. �on Schéele, M.A., R.N.
Stress Medicine AB, Lasarettsvägen 110, S-821 31 Bollnäs, Sweden

Introduction: Long-term stress might repeatedly trigger hyperventilation (HV) (von
Schéele & von Schéele, 1999) to become automatic, which in turn might lead to a
varity of different disorders, e.g. cerebral vascular constriction reducing available
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oxygen and thereby hypoxia and depletion of buffering systems with, for example,
‘burn out’ effects on cellular levels. In some of our patients, we observe not only
hypocapnea (low ETCO2, below 4.5%) and oxygen compensation (SaO2, 99–100%)
but also, as a result of log-termed depletion of alkalical systems, hypercapnea. Data
from our clinics (von Schéele et al., in press) indicate that for an adequate stress
profile analysis and proper diagnosis in patients suffering from chronic stress-
related disorders, an analysis of respiratory and metabolic parameters is of crucial
importance as is a platform biobehavioral treatment.

Method: To combine effective diagnostic and treatment where the patients can do
most of the ‘work’, we have developed a system, www.air-pas.com (Artificial
intelligence based, Interactive Respiratory Psychophysiological Analysis System)
that measures (a) Exhalation carbon dioxide, (b) Oxygen saturation, (c) Heart rate
and (d) Blood volume pulse. The AIR-PAS contents different diagnostic and
treatment protocols and generate diagnosis reports and interactive suggestions
during biofeedback training directly followed by a report.

Results: Among 37 patients with stress-related problems during treatment, initially,
six had a normal ETCO2, 21 low, 10 high (above 5,5%) and six so-called masked
acidosis. Patients with severe organic cardiac diseases showed a similar dysfunc-
tional pattern as those with functional. Treatment results from an increasing
number of patients are promising, and controlled studies will come.
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Diagnostic Tools for Analysis of Dysfunctional Breathing and its Effects on Psycho-
physiological Systems

B.H.C. �on Schéele, Ph. D. & I.A.M. �on Schéele, M.A., R.N.
Stress Medicine AB, Lasarettsvägen 110, S-821 31 Bollnäs, Sweden

During cognitive appraisal of threat, hyperventilation (HV) might directly be
triggered (von Schèele and von Schèele, 1999), which in turn might lead directly to
cerebral vascular constriction reducing available oxygen and thereby hypoxia (Lum,
1984; Fried, 1993). Probably, HV can also be triggered by the orienting response in
some patients; at least patient reports indicate this. In some of our patients, we
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observe not only hypocapnea (low ETCO2) and oxygen compensation (SaO2

99–100%) but also depletion of alkalical systems (von Scheele and von Scheele,
1999) as well as dysfunctional intra cellular buffering (measured indirectly
extracellular).

The observations above indicate that for an adequate stress profile analysis and
proper diagnosis in severe, patients suffering from stress chronic related disorders,
not only electro-physiological but also respiratory and metabolic parameters, are of
crucial importance in the analysis — and this is not only for disorders related to
brain functioning, e.g. panic and epilepsy but for the whole field of stress-related
disorders. The dysfunctional effects from the systems involved may even be
synergistic.

Recently, also, interest has developed concerning insulin resistance (related to
influence from low intracellular Mg and increases in Ca as well as food intake and
absence of exercise) and glucose sensitivity. In von Scheele and von Scheele (1997),
hypoglycemia and anxiety were discussed, referring to Lum (1994) and Guyton
(1991) and its relation to dysfunctional breathing.

To combine an effective diagnostic that gives concrete guidelines about treatment
strategies, we have developed a measurement system that is easy to use and also
analyzes data and gives interactive suggestions that can increase the effect of a
patient’s training.

Data from clinical testing are reviewed from different patient populations —
from tortured victims to patients with mild stress-related dysfunctions where
diagnostics suggest a different treatment program and where post-tests clearly show
the result of the treatment.

The Treatment of Panic Disorder: A Comparison Between Breathing Retraining and
Cognitive Behavioral Therapy

Beth Creager Berger, Ph.D & Richard Ge�irtz, Ph.D.
California School of Professional Psychology, San Diego, CA

There has been an increase in interest over the past 10 years in the respiratory
aspects of panic. It has been thought that breathing retraining would be effective in
the treatment of panic if the respiratory aspect was a primary element in panic.
However, few studies have looked at breathing retraining on its own in the
treatment of panic. Accordingly, this research was designed to determine whether
breathing retraining (BR) would be as effective as cognitive–behavioral therapy
(CBT) in decreasing the frequency and severity of panic symptoms.

Participants: The participants in this study were between the ages of 18 and 60
years. They responded to local advertisements or were referred by their physicians
to the study. Eighty people were assessed with a diagnostic screening tool, and 44
people were excluded after the initial screening based on the exclusion criteria. Of
those accepted into the study, 14 females and seven males completed treatment.
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Measures: The self-report measures were: the panic attack journal, the panic
disorder severity scale (pdss).

Beck depression inventory (bdi). Physiological measurements were made with the
C2SMO ETCO2/SpO2 Monitor model 7100 (capnometer) manufactured by
Novametrix Medical Systems, Inc. (Wallingford, CT).

If patients met criteria for the study after a 4 week baseline, they were randomly
assigned to either 6 weeks of BR or 10 weeks of CBT. At the first session, last
session, and 4 week follow-up, patients were again given all measures. Panic-attack
journals were given at the initial screening session, at the first session, and at the
last session.

BR: The breathing-retraining protocol was taken from DeGuire et al. (1992). The
BR sessions occurred once per week for approximately 30–60 min.

CBT: The cognitive therapy protocol used was a revised version of the Therapist’s
Guide for the Mastery of Your Anxiety and Panic II and Agoraphobia Supplement
(MAP II Program) by Craske et al. (1994).

Results: The number of total panic attacks, the scores on the PDSS, the BDI, and
respiratory rates did not yield any treatment by time interactions, but all had a
significant main effect for Time. There were no significant post-treatment differ-
ences between the treatment groups on any of these measures except the BDI scores
for the CBT group (significantly lower than the BR group).

The present study indicated that breathing retraining was as effective as cognitive
behavioral therapy in the treatment of panic disorder

A Respiratory Biofeedback Solution for the Rumination Syndrome

Bernard Landis, Ph.D. & Arnon Lambroza, M.D.
Weill Medical College of Cornell University

Recurrent regurgitation, during and/or after meals is the major symptom of a
perplexing condition known as rumination but is often diagnosed in such terms as
gastroesophageal reflux disease, gastrointestinal motility disorders, psychogenic
vomiting, etc. Unlike vomiting, rumination feels effortless and is not associated
with with an organic etiology. Against the sufferer’s volition, food is brought from
the stomach into the mouth where it is spit out or re-swallowed.

In successfully treating seven or eight medically screened ruminators, aged
16–72, with a duration of symptoms from 1 to 30 years, we noted a consistent
breathing pattern in these patients, of which they were unaware. They all tightened
their abdominal muscles while inhaling, as if they were in a constant fight-or-flight
reaction.

While a few earlier studies noted that ruminators constract their stomach muscles
while eating, we were the first to report that such contraction, along with a strong
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ribcage movement upwards, was part of a thoracic breathing pattern. By modifying
the patient’s respiratory style to a slower, effortless, more diaphragmatic mode of
breathing, abdominal muscles were more relaxed.

Patients were taught ways of incorporating this breathing approach into their
eating and swallowing behavior. In addition, they were taught a muscle-relaxation
exercise to practice before, during and after eating and drinking.

This practice led to complete or almost complete symptom cessation in seven out
of eight consecutively referred patients. (The eighth person did not comply with the
protocol.)

The Rescue Breathing Pattern: Physiologic and Psychologic Consequences in COPD

Deane Hillsman, M.D.
University of California at Davis, Pulmonary Department, Sacramento, California,
USA

The Rescue Breathing Pattern (RBP) is a universal cognitive response to dyspnea
distress.

Simply stated, the RBP is to ‘pump air in and out of the lungs as fast as you can.’
For patients with restrictive lung disease, the RBP is a proper physiologic

response, and the breathing pattern is dictated by a reduced and inelastic pul-
monary reservoir.

In obstructive lung disease, and particularly with emphysema and loss of lung
elastic recoil, the RBP is an improper response as it will lead to air trapping and
dynamic hyperinflation.

Overinflation places the chest bellows mechanism in a position of mechanical
disadvantage and will independently exacerbate the dyspnea sensation. These
physiologic principals may be understood by a consideration of the flow–volume
loop and in particular the static pressure–volume curve.

To prevent and correct overinflation, the COPD patient must breathe slowly,
with a larger tidal volume and a prolonged expiratory phase, and breathe gently.
This corrective breathing pattern is 180 degrees out of phase with the RBP. The
RBP is therefore a corrupting reflex in COPD.

The commonest complaint in COPD is dyspnea, usually after an event of
exertion or uncontrolled coughing. Frightened patients commonly activate the
RBP, which in turn will further exacerbate their dyspnea. This leads to a feeling of
loss of control, and will compound their psychologic problems. When COPD
patients learn to control the RBP, they usually regain a significant measure of
psychologic control.

Conclusion: The RBP is a universal response to dyspnea and in COPD is a corrupt
response leading to further dyspnea and a sense of psychologic loss of control.
Control of the RBP in COPD will improve dyspnea and help to restore confidence
and loss of control.
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A Breathing Pattern Training and Portable Activation System: Use in the Rescue
Breathing Pattern in COPD

Deane Hillsman, M.D.
University of California at Davis, Pulmonary Department, Sacramento, California,
USA

A visual biofeedback breathing pattern training system has been described at the
1995 ISARP meeting. Briefly, by menu selection of pulmonary parameters, an
infinite variety of breathing patterns may be generated. The display is auto-cor-
rected to a full volume–time display, and a cursor flashes across the programmed
analog in the right time domain to prompt patient performance. In real time, the
patient sees their breathing performance and thereby has a visual biofeedback
signal to correct performance.

It is theorized that the auto-scale display is a particularly effective training tool
as it forces the patient to focus on feeling the desired performance.

In a COPD pulmonary rehabilitation program, patients were given a copy of
their desired breathing analog with instructions to practice twice daily for 5 min
and to ‘put the picture in your mind’ while practising breathing exercises. With this
minimal program, most patients were following the desired breathing pattern within
2–3 months. Part of the program was visual instruction on lung deflation to correct
air trapping and overinflation. Long-term retention of the learned breathing pattern
was variable, and use of the learned breathing pattern was likewise variable and
anecdotally successful.

Provision of audio prompting at the beginning of inspiration (high pitched
‘beep’) and expiration (low pitched ‘beep’) provided a prompt that enabled patients
to reproduce the desired breathing pattern without the visual prompt. It is theorized
that this simple audio prompt activates the complex visually learned breathing
pattern. A portable audio and simple LED prompting device has been developed.

Conclusion: A breathing pattern training and portable activation system has been
developed for COPD and has implications for Hyperventilation Syndrome control.

.


