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1. Introduction

The Fourth Annual Meeting of the International Society for the Advancement of
Respiratory Psychophysiology (ISARP) and the 16th International Symposium on
Respiratory Psychophysiology met, for the first time in the US, on October 13–15,
1997, in North Falmouth, Massachusetts, as a satellite conference with the 37th
Annual Meeting of the Society for Psychophysiological Research. The purpose here
is to summarize the substantive activities that marked the meeting.

The abstracts that follow represent nine posters (abstracts 19–28), presented in a
topically general session and 18 papers presented in five thematic sessions: Forced
Oscillation Techniques in Measurement of Airway Resistance (abstracts 1–4),
chaired by Deane Hillsman, USA; Breathing in Speech, Sign Language and
Stress-Disorders (abstracts 5–8), chaired by Paul Lehrer, USA and Omer Van den
Bergh, Belgium; Airway Obstruction (abstracts 9–11), chaired by Harry Kotses,
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USA; The Conditioning of Breathing (abstracts 12–15), chaired by Jorge Gal-
lego, France; and Breathing Retraining/Treatment (abstracts 16–18), chaired by
Eric Peper, USA. Interspersed among the paper sessions were invited addresses
by Karen Naifeh, USA, on ‘Bridging the Gap from Research to Clinical Prac-
tice: A Personal Journey’ and Stephen Porges, USA, on ‘Evolution-Dissolution:
A Model of Cardiopulmonary Function’ and a presidential address by Ronald
Ley, USA, on ‘Pavlovian and Operant Control of Breathing and the Acquisition
of Dyspnea/Suffocation Fear.’

The formal program, which began with opening remarks by Program Chair
Lawrence Schliefer, USA, was preceded by two workshops: one by Paul Lehrer,
USA, on ‘Biofeedback for RSA: A Promising Approach to Improving
Homeostasis’ and one by Christopher Gilbert, USA and David Mars, USA, on
‘Capnometry in the Treatment of Panic and Functional Cardiac Disorders.’ The
formal program closed with a consensus discussion on ‘Hyperventilation Syn-
drome Redux,’ chaired by Walton Roth, USA, with invited discussants Hans
Folgering, The Netherlands and Cornelius Wientjes, The Netherlands.

Abstracts

1. The forced oscillation technique in pediatric respiratory psychophysiologic re-
search

Fritz, G.K, McQuaid, E., Mansell, A.
Brown Uni�ersity, Rhode Island Hospital, Pro�idence, Rhode Island, 02903, USA

Children present particular problems to researchers in respiratory psychophysi-
ology. Research findings that lead to clinical advances in the pediatric realm are
especially important in that the benefits can come at a critical point in develop-
ment and are potentially lifelong. Despite the importance of the pediatric age
group, relatively little research is focused on children, in part, because of
methodologic difficulties. Children come in various sizes. Even in the age range
of 8–15 years, the largest subject may be twice as tall as the smallest. Thus, it is
critical to incorporate individual, normative differences in all respiratory parame-
ters, including intrinsic resistance. An efficient, well-tolerated technique for mea-
suring intrinsic resistance in children is especially important. Children are prone
to rapid changes in motivation and interest. Thus, effort-dependent assessments
are more problematic in children and non-effort-dependent measures are desir-
able. Pediatric subjects, as well as Human Subjects Committees, are appropri-
ately critical of research techniques that are tiring or unpleasant. In this
presentation, we will summarize our 4 years experience using the forced oscilla-
tion technique in two research paradigms to measure intrinsic airway resistance
in pediatric asthma patients. We conclude that this technique is child-friendly,
effort independent, reliable and sensitive.
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2. Psychophysiological research on airway impedance using the forced oscillation
technique among patients with asthma, panic disorder and healthy subjects

Lehrer, P.M.
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ, USA

Forced Oscillation pneumography has been used in several behavioral studies in
our laboratory to study respiratory impedance. This measure is particularly well-
adapted for psychophysiological research because it allows assessment of pulmonary
function while subjects are engaging in other behavioral tasks. We have used this
method to study the effects of both laboratory stressors and various respiratory
maneuvers designed to produce relaxation. We have recently reported data showing
that active tasks (mental arithmetic and reaction time) tend to reduce respiratory
impedance among asthmatic subjects, suggesting improvement in pulmonary func-
tion. Passive stressors (stressful films) do not produce this effect. We also have noted
this effect among individuals with normal pulmonary function. Patients with panic
disorder, however, whether asthmatic or not, do not show decreased impedance in
response to active tasks. Their airways appear to be maximally dilated at rest, to the
extent that psychological processes can produce this effect. We also have used
respiratory impedance in a pilot study involving biofeedback for respiratory sinus
arrhythmia (RSA) among asthmatic subjects. During periods in which subjects were
receiving biofeedback-assisted training to increase their RSA they tended to slow their
breathing and to produce decreases in airway impedance compared to muscle
relaxation and waiting-list control groups. The improved airway function generalized
to post-training periods and gradually increased over successive weeks of training.
Other studies from our laboratory found no effects on respiratory impedance for
increasing frontalis or shoulder muscle tension from paced breathing at eight or 12
breaths per minute, or from deliberate abdominal or thoracic breathing patterns.

3. Stress induced bronchoconstriction in children with asthma

McQuaid, E.L., Fritz, G.K., Nassau, J.H.
Brown Uni�ersity School of Medicine and Rhode Island Hospital, Pro�idence, Rhode

Island, USA

Introduction: Recent research indicates that a discrete subgroup of adults with
asthma respond to emotional stimuli with increased bronchial obstruction. Research
has yet to examine these relationships in pediatric asthma. The present study
investigates airways reactivity to stress in children with asthma and in healthy children
(control group). Method: A total of 78 children with asthma (mean age=11.7) and
30 healthy controls (mean age=11.8) participated. Children sat quietly while 5 min
of baseline physiologic measurements were collected. Children then completed a
stressful task, during which they spoke into a tape recorder about an embarrassing
incident for 5 min. Skin conductance (EDG), skin temperature and heart rate were
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measured continuously with J&J software and equipment. Airway resistance was
measured at baseline and after the stressful task with a Ganshorn Oscillator. Results:
Children were classified as ‘stressed’ if they demonstrated a significant physiological
change (greater than 2 S.D. from baseline) in the expected direction for EDG,
temperature or heart rate during the stressful procedure. By this method, 85 children
(79%) were classified as ‘stressed’. Only data from these children were utilized in
subsequent analyses. A repeated-measures ANOVA was used to examine changes in
airway resistance from baseline to stress, with asthma status (asthma versus control)
as a between-subjects factor. Results demonstrated children with asthma had higher
intrinsic resistance compared to controls, F(1,83)=12.01, p�0.001. Asthmatics and
controls demonstrated a trend toward increased airway resistance under stress,
F(1,83)=3.43, p�0.07. Children with asthma did not show greater increases in
resistance relative to controls. A small proportion of children (9%) had increases of
greater than 25% of their initial airway resistance in response to stress. Three children
(4%) had increases of over 100% of their initial resistance. These results suggest that
a subset of children with asthma may have dramatic increases in airway resistance
in response to stressful emotional stimuli.

4. The influence of emotion on respiratory resistance in healthy and asthmatic
individuals: a case of arousal modulation?

Ritz, T., Dahme, B., Claussen, C., George, C.
Psychological Institute III, Uni�ersity of Hamburg, Germany

Experimental results from two studies are reported in which emotion induction
techniques were utilized to investigate the impact of happy and depressing emotional
states on airway function. In both studies, affectively homogenous series of happy
and depressing pictures and self-referent Velten statements were presented. Each
stimulus was viewed and subsequently imagined for a short time period. Total
respiratory resistance (TRR) was measured using the forced oscillation technique,
along with various autonomic parameters, ventilation and facial EMGs. Study 1
compared TRR measurements following each stimulus series in adult healthy and
asthmatic individuals. TRR was increased from baseline following all stimulation
conditions in both groups. The TRR increases were significant for asthmatics
following depressing stimulus series. Under these conditions, TRR changes correlated
positively between asthmatic subjects with changes in heart period and ventilation-
corrected respiratory sinus arrhythmia. In Study 2, 16 non-asthmatic students
volunteered to participate. Additional series of neutral pictures and statements were
included in the experimental protocol in order to study the effects of emotional
arousal versus emotion-unspecific stimulus processing. This time, TRR was measured
throughout all stimulus series. Again, TRR increased during happy and depressing
stimulus series, whereas no substantial changes or even decreases of TRR were
observed during neutral stimuli. This pattern of changes corresponded to ratings of
arousal, which were higher for happy and depressing stimuli than for neutral stimuli.
identified which explained the observed changes in TRR for all conditions. The results
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correspond to clinical reports on airway reactions in asthmatics during or following
both negative and positive emotional states.

5. Is speech breathing language specific?

Messum, P., Cross, B.
Department of Physiology and Department of Phonetics and Linguistics, Uni�ersity

College London, Gower Street, London WC1E 6 BT, UK

Our ability to phonate in different modes-speech, whisper, singing, etc., demon-
strates that we can and do train our respiratory system to create and control
sub-glottic pressure in a variety of ways, responding to the different demands we make
upon it. These behaviors are typically learned in childhood, although some adults
continue to work actively in this area, for example, on their breath support for singing.
With respect to speech, phoneticians have attempted to correlate activity of the
muscles of the lower respiratory tract with phonetic events, concentrating their efforts
on individual languages (usually English) and on speech in adults. Results in the past
have been inconclusive, which may partly explain why inter-language comparisons
of speech breathing and investigation of children’s speech breathing have been hardly
undertaken. Phoneticians use the term ‘speech breathing’ to describe the generation
and control of sub-glottic pressure for speech. In the absence of any substantial
contradictory data, phoneticians have assumed that a strategy of maintaining a
constant sub-glottic pressure for a given desired intensity of speech is common to
all languages. Thus, production differences in segmental, intonational and prosodic
phenomena across languages have been described exclusively in terms of differing
activity of the larynx and oral articulators. Our hypothesis is that some of the phonetic
demands of English that are not present in, for example, French, would plausibly
be met by a young English speaking child with a response involving the muscles of
the lower respiratory tract. (A more refined mechanism might then evolve into
adulthood). This would lead to language specific differences in speech breathing, that
may, we believe, go further than existing descriptions, to offer explanations of some
of the phonetic differences between languages. Results will be presented into
preliminary studies comparing the speech breathing of French and English native
speakers.

6. Psychophysiological changes during interpreting

Peper, E., Hughes Gibney, K., Giere, L., Keller, L.Institute for Holistic Healing

Studies, San Francisco State Uni�ersity, 1600 Holloway A�enue, San Francisco, CA

94518, USA

Sign language is an integral form of communication for over 16 million Ameri-
cans and ‘spoken’ primarily through movement of the hands, wrists, arms and
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shoulders. Professional sign language interpreters report a high incidence of
repetitive motion injuries (RMI)—discomfort and pain in the wrists, elbows,
shoulders and back. The purpose of this research was to explore the psychophys-
iological correlates associated with interpreting and to derive strategies to prevent
and reduce injury. The following physiological signals were recorded from four
volunteer sign interpreters: respiration with a strain gauge 2 inches above the
umbilicus, sEMG from the right and left upper trapezius and left and right
forearm extensor/flexor muscles; temperature with a thermistor on the left index
finger and skin conductance from the ring and middle fingers of the left hand.
The sequential conditions were pre-baseline (1 min each standing and sitting), 15
min of interpreting and post-baseline. The results showed that, with commence-
ment of interpreting, respiration rate increased (average 70%) and remained
rapid, shallow and thoracic throughout the interpreting task; hand temperature
was cool (71°C) and remained cool; skin conductance increased (average 50%)
during interpreting. Muscles were held slightly contracted with no microbreaks.
Most subjects were unaware of the significant changes in their bodies. These
physiological responses indicated chronic sympathetic arousal which inhibits re-
generation and exacerbates pain patterns. Cold hands, a possible result of hyper-
ventilation, increased stiffness in hands and wrists. To reduce the risk of RMI,
interpreters need to learn preventive strategies such as diaphragmatic breathing,
hand warming and incorporating microbreaks while working. When interpreters
integrate these skills, they may prevent or decrease pain and suffering and redis-
cover the joy of interpreting.

7. The measurement of respiratory parameters in 14-year-old females

von Scheele, B.H.C., von Scheele, T.U.
Stress Medicine AB, Lasaretts�agen 110, S-821 31 Bollnas, Sweden

Dysfunctional breathing (DB) can be potentially harmful to health. Fried and
others discuss the negative effects of long term hyperventilation (HV) on the
alkaloid buffering system and the potential challenge to a person’s health status.
As most of our patients with stress-related diseases show a dysfunctional breath-
ing behavior including low exhalation CO2 (ETCO2), or normal ETCO2 but too
fast breathing indicating a ‘masked’ metabolic dysfunction, or too high ETCO2,
we ask ourselves when does it start and how common is it in (still) healthy
young subjects? Below we present some data on 14-years old females randomly
selected from a school in Bollnas, Sweden. The reason to choose young girls was
based on behavioral observations of groups of 14-year-old girls in Bollnas, a
small representative town in Sweden, where we estimated their breathing behav-
iors as not adequate. In some of our female patients we see similar behavioral
pattern paralleled by Oxygen saturation (SaO2) on 99–100% indicating an oxygen
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compensation (Bohr effect) and ETCO2 data as discussed above. Method: Nine
14-year-old female students were randomly selected. Exhalation CO2, respiration
rate, oxygen saturation and pulse rate were measured continuously during the
experimental condition; base line (BL), deep breathing, (DB), fast breathing (FB)
and BL each 2 min, except FB which consisted of 12 fast breaths before the test
started. Results: Clinical analysis of data indicate that none of the subjects
showed normal data according to our biological theory. Does it indicate our
biological theory is wrong or is this a general indication of a threat against the
health? The complexity in the data as well as measurement and methodological
problems in this study warrant a more sophisticated experimental design with
more clearly defined functional analysis and more subjects in different ages, as
well as psychosocial data.

8. Hyperventilation in motion sickness: correlate, consequence or cause?

Wientjes, C.J.E., Bles, W.
TNO Human Factors Research Institute, P.O. Box 23, 3769 ZG Soesterberg,
Netherlands

Data from two studies are presented that demonstrate that motion sickness
(MS) is associated with hyperventilation (HV). The first study was carried out at
sea, on board a naval vessel. Subjective MS scores, state anxiety and end-tidal
PCO2 were measured among 17 sailors during quiet sailing conditions and dur-
ing maneuvers that caused considerable heave motion of the ship. During the
maneuvers, PCO2 values were significantly lower and MS as well as anxiety
scores higher, among a subgroup of sailors who had reported to be prone to
seasickness, than among a subgroup that had reported to be insensitive. During
quiet conditions, there were no differences between groups. The second study
was carried out in a titling room in the laboratory among 12 healthy subjects.
MS scores and end-tidal PCO2 were measured during a baseline (no motion)
condition and during various combined roll and pitch motion patterns. Com-
pared to baseline, MS scores increased during all motion conditions. PCO2, on
the other hand, decreased significantly during a regular sinusoidal motion pat-
tern, but not during a complex and irregular motion pattern. It is proposed that
HV and MS may be linked in various ways. First, HV may be a correlate of the
anxiety that is observed during MS and/or it may be a consequence of the
mechanical effects of sinusoidal motion on diaphragm and thorax. Furthermore,
the HV-associated hypocapnia may be casually implicated in the aetiology of
MS: indirectly by contributing to the MS symptomatology and/or directly by its
potential influence on vestibular reactivity. The current findings are discussed in
the light of these propositions; and suggestions for further research are pre-
sented.
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9. Are there differences in the symptom perception and subjective experience of airway
obstruction provoked by inhalation of histamine versus metacholine?

Dahme, B.a, ten Thoren, C.b, Leplow, B.c, Tetlaff, K.d
a Uni�ersity of Hamburg, Hamburg, Germany
b Uni�ersity of Kiel, Kiel, Germany
c Schiffahrtsmedizinisches Institut, Kiel, Germany

Inhalative challenge of the airway by test doses of either histamine or metacholine
is common clinical practice to assess bronchial hypersensitivity in the diagnosis of
asthma. Both methods are accepted to be in like manner effective, even if this is not
undisputed. We studied the subjective effects of both methods on symptom perception
and their cognitive and emotional ‘side effects’. A total of 40 young male volunteers
who underwent routine lung function diagnosis were challenged by either of both
methods in a standard application. The specific airway conductance was measured
by whole body plethysmography, dyspnea and other subjective symptoms by the
modified Borg scale, cross modality matching (using a hand dynamometer) and the
Denver Asthma Symptom Checklist (ASCL). No significant method differences were
found regarding the provoked decline in specific airway conductance, in the Borg scale
and in cross modality matching. But histamine provocation was associated with
significantly more frequent symptoms of the ASCL. In both method groups we found
considerable clinically relevant differences between under- and over-estimators of the
measured specific airway conductance: Over-estimators were younger and alleged
more symptoms; under-estimators had a higher baseline airway resistance and lower
trait anxiety. No immediate discrete cognitive dysfunction of airway provocation has
been revealed.

10. Reactive laryngeal dysfunction syndrome (RLDS) with vocal cord dysfunction and
shortness of breath after toxic chemical exposure

Heuser, G., Aguilera, O., Heuser, S., Peyton, L.
Neuromed and Neurotox Associates, 566 St. Charles Dri�e, Thousand Oaks, CA 91360,
USA

Reactive Airways Dysfunction Syndrome (RADS) was described by Brooks and
Reactive Upper airways Dysfunction Syndrome (RUDS) was described by Meggs,
as results of short-term toxic chemical exposure. These syndromes can jointly or
separately occur and last for many years after a single short-term exposure. In this
presentation, we introduce the term RLDS as a condition which can also be triggered
by short-term chemical exposure and last for years as a single entity or in conjunction
with RADS and/or RUDS. Hoarseness (at times loss of voice) is the most frequent
symptom. However, stridor ‘wheezing’ and at times disturbance of swallowing are
also seen. Symptoms are triggered by exposure to very small amounts of chemicals
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(fumes, perfumes) and usually accompanied by at times significant shortness of
breath. Pulmonary function tests in many patients with RLDS may show only
mild impairment which does not explain the often significant shortness of breath.
RLDS is often misdiagnosed as psychogenic shortness of breath. A number of
case reports will be presented and tabulated.

11. Threshold resistance to breathing in children at 1-year intervals

Harver, A.
Department of Psychology, UNC Charlotte, Charlotte, NC 28223, USA

The most common symptoms of asthma include chest tightness and a sense of
increased resistance to breathing. Numerous studies have compared the ability of
adults with and without asthma to detect ‘just noticeable’ increases to airflow
obstruction imposed by added resistive loads. Few reports have addressed, how-
ever, either the perception of loads in children or the reliability of individual
threshold levels. In this study, we compared the sensitivity of children to detect
added resistive loads on two occasions. Five children (mean age=11.0 years at
the first session) participated in two experimental sessions separated by about a
year (mean=334�20 days). At both sessions, subjects completed a question-
naire about general health, performed spirometry and judged changes in the
resistance to breathing in a threshold detection task. In the task, subjects
breathed on a mouthpiece and one of ten loads was added to inspiration (range,
0–3.96 cm H2O), once every 3–6 breaths. Each load was presented ten times for
a total of 100 load presentations. Following the presentation of each load,
subjects were asked to decide whether a load was present. Forced vital capacity
(p=0.097), height (p=0.073) and weight (p=0.012) increased from the first to
second session. On the other hand, the average threshold resistance to breathing
at the first session (mean=2.39 cm H2O) was not different, statistically, from
that obtained at the second session (mean=2.22 cm H2O). Moreover, threshold
levels obtained for each child at each session were reliably related, r=0.802,
p�0.05. I conclude that sensitivity to added resistive loads is a stable quantity in
children with normal lung function. (Supported, in part, by the Foundation of
UNC Charlotte and NIH Grant R25 RR10839).

12. Classical conditioning of ventilatory responses to hypoxia in rats

Segbe, E., Vardon, G., Perruchet, P., Gallego, J.a
a Laboratiore de Neurologie du De�elopment, Hospital Robert-Debre, 75019 Paris,
France

We performed a differential conditioning experiment with two odors (vanilla
and rose) as conditioned stimuli (CS+ and CS− ) and hypoxia (decrease in
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FlO2 from 21 to 8%) as the unconditioned stimulus. Breathing was measure
non-invasively using whole-body plethysmography. The rats (n=30) were divided
into two groups: CS+ (rose) and CS− (vanilla) or the reverse. During acquisi-
tion, 15 CS+ (with hypoxia) and 15 CS− (without hypoxia) were delivered in
random order. During the subsequent test, the rats randomly received three
CS+ and three CS− only (no hypoxia). Ventilatory responses to the CS+ and
the CS− were assessed by comparing pre-stimulus levels of ventilatory variables
and their peak value (the minimum value for breath duration, TTOT) over the
15-min period following the onset of each stimulus. The data showed that the
CS+ increased VE 20% more than the CS− (interaction pre-post by CS+
CS− : p�0.003). This difference was based upon conditioned increases in VT
(p�0.014) and decreases in TTOT (p�0.009). These data suggest that condi-
tioning may contribute to the ventilatory reflex to hypoxia in natural conditions.

13. Acquisition and extinction of odor-related somatic complaints in subjects scoring
high and low on negative affectivity

Van den Bergh, O.a, Stegen, K.a, Van Diest, I.a, Raes, C.a, Stulens, P.a, Veule-
mans, H.b, Nemery, B.b
a Department of Psychology, Uni�ersity of Leu�en, Tiensestraat 102, B-3000 Leu-
�en, Belgium
b Faculty of Medicine, Uni�ersity of Leu�en, Gasthuisberg, Leu�en, Belgium

In a respiratory learning paradigm with odors as conditioned stimuli (CSs) and
7.4% CO2 enriched air as the unconditioned stimulus (US), presented as com-
pounds during 2 min. Breathing trials, subjects learn to exhibit respiratory re-
sponses and somatic complaints upon presenting the odor only. However, this
effect appears only with unpleasant odors as CSs and not with pleasant ones and
it is also more pronounced in subjects scoring high on negative affect (NA). In
this study, we presented two unpleasant odors (ammonia and butyric acid) as
either a CS+ (mixed with CO2) or CS− (mixed with air) to a group of high
and low NA subjects (total N=64). Each subject received three CS+ and three
CS− trials during the acquisition phase. After a CS+ only and a CS− test
trial, half of the subjects within each NA group was given six consecutive CS+
only trials (extinction group). The other half was given five room air trials and
one CS+ only trial (wait group). High NA had more complaints overall than
low NA Ss, but there were no effects of NA on conditioning or extinction of
complaints. Conditioning and extinction effects on complaints were also equally
strong with both odor types. Extinction reduced the level of complaints from the
first to the last CS+ only trial. In the wait group, complaints tended to rise.
The results will be discussed as to their relevance for multiple chemical sensitivi-
ties (MCS).
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14. Consistency of end-tidal CO2 responses to mental arithmetic, speech preparation
and a cold pressor test

Spaulding, T.W.
Uni�ersity of Maryland, Department of Health Education, College Park, Maryland

20742-2611, USA

End-tidal CO2 (mmHg), an index of overbreathing, was examined in six womenand
six men who each experienced mental arithmetic (MA) and speech preparation (SP)
tasks and a cold pressor test (CPT) on two occasions spaced 1 week apart. The MA
task involved serial subtraction from a three-digit number by sevens on one day and
by nines on the other day. In the SP task the subject was asked to prepare mentally
a speech showing that he or she is the best candidate for a job or admission to graduate
school. On one occasion speeches were focused on credentials; on the other day, they
were focused on relevant personality attributes. The CPT involved the immersion of
the right foot in water at 4°C. Task order was randomly assigned and counterbal-
anced. All task periods were 2 min. Expired air was sampled with a nasal cannula
and analyzed by an Ametek Carbon Dioxide Analyzer. The protocol consisted of this
order: a 15-min rest, the first task, a 10-min rest, the second task, a 10-min rest and
the third task. The end-tidal CO2 response for each task was calculated as the mean
task level minus the mean of the last 2 min of the preceding rest period. Between-task
Spearman rank order correlations for responses were non-significant for both days,
indicating that intertask consistency was poor in this study. The results suggest that
overbreathing and therefore the opportunity to condition overbreathing, is situation-
ally specific for individuals.

15. Sensitization control in the acquisition of a conditioned decrement in end-tidal CO2

and preliminary findings from a differential conditioning experiment

Ley, R.a, Ley, J.b, Bassett, C.c
a Uni�ersity at Albany, SUNY Albany, Albany, New York, 12222 USA
b Uni�ersity of New Hampshire, Durham, New Hampshire, USA
c Atlas Copco Comtec, Albany, New York, USA

In the first experiment to demonstrate that a decrement in end-tidal CO2 could be
acquired in a Pavlovian conditioning paradigm, a control group was employed to
confirm that the mental stress induced by counting backwards by seven’s from a given
number was an effective UCS for the elicitation of overbreathing (drop in end-tidal
CO2 from baseline), whereas the cognitive activity required by reading silently the
same subtraction problem (serial subtraction of seven’s from a given number) was
not effective in eliciting overbreathing. The present study reviews the results of the
earlier study and presents subsequent data which demonstrate that the CR obtained
in the earlier study was not an artifact of sensitization produced by the negative
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attributes of the UCS. In addition to these data, preliminary findings from a
differential conditioning study, consisting of two independent experiments which
replicate the findings of the earlier experiment, are presented. The consistent findings
of these three experiments suggest strongly that hyperventilation, measured in terms
of a drop in end-tidal CO2 from baseline, can be acquired as a CR in a Pavlovian
conditioning paradigm.

16. Breathing retraining in hyperventilation

Biswas, A.a, Meats, P.b
a Uni�ersity of Leicester, Leicester, UK
b Uni�ersity of Nottingham, Nottingham, UK

Patients with hyperventilation have slow recovery of end-tidal carbon dioxide
(etCO2) after a period of voluntary overbreathing. We offered a course of six 30-min
sessions of biofeedback aimed at improving awareness and control of hyperventila-
tion. A total of 20 subjects were included, who had low baseline etCO2 (0.5 kPa) or
in whom voluntary overbreathing provoked their presenting symptoms. In the
sessions, the patients breathed through a mouth piece connected to a spirometer and
capnograph. The etCO2 pulse rate (PR), respiratory rate (RR) and minute volume
(MV) were displayed continuously on the capnograph screen and recorded every
minute. The Hospital Anxiety and Depression Scale (HAD) was administered at the
beginning of each session. The patients were asked to breathe normally for the first
10 min, then deliberately hyperventilate for three minutes. After this the patients were
instructed to modify their breathing so as to increase etCO2 back to baseline levels,
using the displayed values. The time taken to return to within 0.5 kPa of baseline
was noted (T rec). In the sixth session, the same procedure was followed except that
the patients were not shown the display. As far as possible, other aspects of the
patients’ treatment were not altered during the course of biofeedback. There was a
highly significant reduction in the ‘T rec’ by the end of treatment (p�0.001). There
were no significant differences in the baseline values of etCO2, PR, RR, MV and HAD
Scale anxiety and depression scores between the start and end of treatment. The results
suggest that patients can achieve a worthwhile improvement in the control of their
breathing in acute hyperventilation, despite the persistence of baseline physiological
overarousal.

17. Glaucoma and chronic hyperventilation

Pierce, L.a, Drance, S.M.b

a 686 Layton Court, PICKERING, Ontario, CANADA L1W 3W5
b Department of Ophthalmology, Uni�ersity of British Columbia, Eye Clinic-Vancou�er

Hospital, 2211 Wesbrook Mall, Vancou�er, BC, V6T 2B5, Canada

The documented manifestations of chronic hyperventilation, or overbreathing,
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appear to have many similarities with the clinical features and research findings of
glaucoma. Chronic hyperventilation (HV) refers to breathing in excess of the
metabolic demands of the individual. Obligatory overbreathing may, due to the
production of respiratory alkalosis, have implications on the delivery of blood supply
to the tissues and/or the ability of oxygen to dissociate from hemoglobin to the tissues.
This pilot study examined a variety of anatomical and psychophysiological variables
in glaucoma patients (n=22) and age and sex-matched controls (n=16) whose
average age was 70.1 years. These variables were predicated to indicate a tendency
to chronic overbreathing. Measurements were taken in resting postures and during
challenges to the subject’s breathing patterns and rates. Particular emphasis was given
to the subject’s ability to recover to baseline levels after the breathing was challenged
with various stressors. Variables measured included respiration rate, pCO2 (end-tidal
CO2) levels, hand temperature (TEMP), galvanic skin responses (GSR), heart rate
(HR) and electromyography (EMG) of the scalene and anterior thoracic intercostal
muscles. The main indicators of HV anticipated were low resting pCO2 levels (�34
mmHg), above normal resting respiration rate (=15 bpm) and an inability to recover
either pCO2 levels or respiration rate to baseline levels within 90 s. after a stressor.
A descriptive analysis scored each subject on six indicators of hyperventilation. The
subjects with glaucoma showed a greater tendency towards hyperventilation when
charted by histogram. Statistical analysis by Student’s t-test was completed on the
main indicators (pCO2, RR). Sample means of differences between groups showed
higher pCO2 levels in controls than in glaucoma patients in both resting and recovery
states only at (p=0.10), with the greater difference occurring in the static state. There
were no statistically significant differences in mean respiration rates between patients
and controls, nor were there statistically significant differences in recovery levels of
respiration rate. The findings of this pilot study suggest that further research into
the possible effects of chronic hyperventilation on glaucoma are warranted. Breathing
retraining may prove to be a valuable therapy for those persons diagnosed with, or
at risk for, glaucoma. Areas of further investigation are suggested.

18. Effects of breathing retaining versus cognitive techniques on cognitive and somatic
components of state anxiety and on performance of female gymnasts

Bessel, J., Gevirtz, R.
California School of Professional Psychology, San Diego, CA, USA

In the present study a psychophysiological and cognitive intervention aimed at
lowering precompetitive state anxiety were compared to a no-treatment control
group. Participants, 31 female gymnasts, responded to the Competitive State Anxiety
Inventory-2 (CSAI-2) prior to competition. Baseline measures were taken of
physiological markers of anxiety: End tidal CO2 (ETCO2) and Respiration Rate (RR).
Participants were then matched and assigned to three groups: breathing retraining
(n=11), cognitive thought control (n=10) and wait-list control group (n=10).
Participants completed and 8–12 week intervention in a field-setting. Resultssug
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gested that both treatment groups significantly improved performance compared to
controls. No significant changes in self-reported state-anxiety were found for any
group. This study provided support for using modality specific interventions to
improve performance. Physiological measures of ETCO2 and RR were significantly
improved in the breathing retraining group compared to the other two groups.
Research supports understanding what physiological variables and cognitive vari-
ables mediate the anxiety-performance relationship. The results support further
exploration of the role of subtle hyperventilation as a mediator between pre-compet-
itive state anxiety and performance.

19. Breathing pattern during exercise in pubertal asthmatics: a possible relationship
with exercise-induced asthma (EIA)

Ceugniet, F.a, Cauchefer, F.a, Gallego, J.ba

Le Balcon de Cerdagne, 66120 Font-Romeu, France

b Laboratoire de Neurologie et Physiologie du De�elopment, Hopital Robert-Debre,
75019 Paris, France

We compared the ventilatory response to incremental submaximal test on bicycle
ergometer in two groups of subjects with severe asthma: those who showed EIA in
a preliminary running test against those who did not show EIA (n=17 and 13,
respectively). We found that the peak increase in breathing frequency (fR) expressed
as percent baseline was significantly higher in EIA-subjects than no-EIA subjects:
249%�60 versus 194%�53. By contrast, the following variables were not signifi-
cantly different in EIA and no-EIA subjects: age, height, weight, pulmonary function
tests, peak work loads, VE, VO2, VO2 and heart rate. Further analyses showed that
the overall difference in fR between EIA and no-EIA subjects relied upon a subgroup
of generally post-pubertal subjects. We concluded that the differences in breathing
pattern between EIA and no-EIA subjects were not caused by differences in physical
conditioning or obstructive responses during exercise. These differences may reflect
a behavioral adaptation of ventilatory response to exercise to avoid heat and water
exchanges.

20. Defensiveness and cardiac rhythm stress reactivity among people with asthma

Feldman, J.M., Lehrer, P.M., Carr, R.E., Hochron, S.M.
Psychophysiology Laboratory, D-330, Department of Psychiatry, Robert Wood

Johnson Medical School, 671 Hoes Lane, Piscataway, 08854, USA

This study explored the relationship between defensive and cardiac rhythm
reactivity to stressors among 95 asthmatics and 36 non-asthmatics. The objective was
to determine whether defensive individuals with asthma respond to stress differently
than defensive individuals without asthma. Participants were adults aged 18–40 years.
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Those scoring in the top quartile of the Marlowe–Crowne Social Desirability Scale
were defined as defensive. The experiment consisted of an initial rest period and four
tasks (mental arithmetic, reaction time and two stressful movies). ANCOVAs were
performed with respiratory sinus arrhythmia (RSA) and heart rate (HR) as the
dependent variables. Age and gender were treated as covariates. In RSA, an
interaction was found between asthma and defensiveness (p�0.05). Among partic-
ipants with asthma, those scoring high on defensiveness manifested higher RSA across
the tasks than non-defensive individuals (p�0.05). Among individuals without
asthma, this pattern was reversed: those scoring high on defensiveness had lower RSA.
The asthma by defensiveness interaction also was present in HR (p�0.05). Among
participants with asthma, those scoring high on defensiveness appeared to have a
slower HR across the tasks than those who were non-defensive. Asthma-free
individuals scoring high on defensiveness had higher heart rates. The findings among
non-asthmatics are consistent with the previous literature showing elevated sympa-
thetic activation among defensive individuals exposed to stress. However, these data
reveal that defensive individuals with asthma may show a different autonomic pattern
of stress reactivity: elevated parasympathetic arousal. This pattern may render them
particularly vulnerable to stress-induced asthma exacerbation.

21. Physiological response to abdominal versus thoracic breathing in normal human
subjects

Laumbach, R., Lehrer, P., Carr, R.
UMDNJ-Robert Wood Johnson Medical School, Department of Psychiatry, 675 Old

Hoes Lane, Piscataway, NJ 08854, USA

Abdominal breathing is an important element in relaxation and stress management
techniques. Clinical evidence demonstrates that abdominal breathing can produce
therapeutic effects, but the underlying physiology is unknown. The goal of this study
was to investigate physiological responses to alteration in the locus of breathing,
examining the hypothesis that abdominal breathing produces physiological changes
associated with relaxation. Seventeen healthy adult subjects were randomly assigned
to one of two treatment groups. The groups differed only in the sequence in which
subjects encountered four 5-min trials (pre- and post-test baselines, abdominal and
thoracic breathing). Prior to the pre-test baseline, all subjects received 5 min of
instruction in abdominal and thoracic breathing, followed by a 5 min practice period.
The following measurements were taken during each trial: EKG, minute volume,
percent end-tidal CO2 (PETCO2), respiration rate and heart rate. Amplitude of
thoracic circumference was significantly increased during thoracic breathing and
abdominal breathing (both p�0.0001). Comparison of abdominal and thoracic
breathing trials showed no significant differences in any of the measured physiological
variables. Tidal volume was significantly higher and PETCO2 significantly lower
during test periods compared to baseline periods (p=0.0329 and p=0.0024).
Comparison of subject ratings of psychological relaxation showed no significant
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differences between thoracic and abdominal trials or between pre- and post-baselines.
Subjects reported feeling more relaxed during baseline trials compared to test
conditions (p=0.0217). The results of this study suggest that, in normal subjects,
altering the locus of breathing may produce immediate physiological effects involving
deeper breathing and perhaps, hyperventilation. Although there were no significant
changes in respiration rate, force of ventilation or minute volume of ventilation
between rest and test periods, the results suggest that the subjects tended to
hyperventilate during the test periods. Subjects did not feel more relaxed during
abdominal as compared to thoracic breathing trials and subjects reported feeling less
relaxed during the test trials compared to baseline trials. These physiological and
psychological effects suggest that conscious alteration of breathing locus may be a
mildly stressful task during an initial session with no previous training.

22. Hemodynamic response to respiratory challenges in panic disorder

Martinez, J.M., Coplan, J.D., Browne, S.T., Goetz, R., Welkowitz, L.A., Papp, L.A.,
Gorman, J.M.
Biological Studies Unit, New York State Psychiatric Institute and Department of

Psychiatry of Columbia Uni�ersity, 722 West 168 Street, New York 10032, USA

This study compares the hemodynamic response of panic disorder subjects with
that of normal controls during respiratory challenges. Panic patients meeting
DSM-IIIR criteria for panic disorder and normal controls were challenged with room
air hyperventilation, 5% CO2 and 7% CO2 breathing. Measurements of pulse and
blood pressure were taken at resting baseline and before and at the end of each
respiratory challenge. Panic attack to each challenge was determined by using raters
blinded to subject diagnosis and the subject’s self-rating of panic. Significantly larger
systolic and diastolic blood pressure increases were found in patients who panicked
to room air hyperventilation, than non-panicking patients or normal controls. No
significant blood pressure differences were found with 7 or 5% CO2 challenges, but
greater pulse rates were found in the patient group. Method: The experiment consisted
of seven periods as follows: (1) Baseline, room air breathing for 20 min; (2) either
5% CO2 in balanced room air (20 min) or room air hyperventilation (15 min)
randomly assigned. Room air hyperventilation was set at 30 breaths per minute and
a metronome with a flashing light was used to help maintain this rate. The subject
was told to breath every time the light flashed; (3) room air breathing, for 15 min;
(4) The intervention not given in period two; (5) room air breathing, for 15 min; and
(6) 7% CO2 in balanced air, for 20 min. Results: There were no significant baseline
differences in pulse or systolic and diastolic blood pressures between patients and
controls. None of the three first baseline variables in the three group (normal controls,
non-panic patients and panic patients) analyses of covariance (ANCOVA) with
gender as a factor and covarying for order of the first two interventions, differentiated
subjects who would go on to panic to 5% CO2 or 7% CO2 challenges. However, using
the blinded rater call of panic, there was a significantly higher first baseline systolic
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blood pressure in the patients who would go on to panic during the hyperventilation
period compared to the controls and non-panic patient groups. Normal controls were
also lower than panic patients at baseline. These opposite reactions in blood pressure
during hyperventilation led to a group by time interactions for systolic blood pressure
and for diastolic blood pressure. Panickers had a significant increase in systolic blood
pressure (from baseline prior to hyperventilation to post hyperventilation) while
normal controls and non-panic patients had a significant decrease. The panickers had
a similar significant increase in diastolic blood pressure while normal controls and
non-panic patients decrease their diastolic blood pressures.

23. A methodology for scoring hyperventilation syndrome: A potential clinical and
research tool

Pierce, L.
686 Layton Court, PICKERING, Ontario L1W 3W5, Canada

The current approaches to objectifying the syndrome produced by chronic
overbreathing, or hyperventilation syndrome (HV), have been disparate. On the one
hand is the artistry of clinical observation and the application treatment which may
be subtle and highly individual. On the other hand is the scientific research model
which demands specificity and significance of variation. The methodology reported
in this poster was employed in a study investigating the possible relationship between
chronic overbreathing (HV) and glaucoma. This methodology forms and attempt to
seek a middle ground between the current approaches and to provide a template for
clinicians and researchers to employ in their work.

24. A parametric monitor for concise visual display and automatic pattern classification
of the EEG during respiratory studies

Smith, W.D.a, Hillsman, D.ba

Biomedical Engineering Program, California State Uni�ersity, Sacramento, 6000 J.
Street, Sacramento, California 95819-6019, USAb Pulmonary Di�ision, Uni�ersity of

California, Da�is School of Medicine, UC Da�is Medical Center, 870 El Chorro Way,
Sacramento, California 95864, USA

Induced lower frequency electroencephalogram (EEG) has been linked with
decreased neural respiratory drive (P100), changing respiratory patterns and increased
probability of ventilator weaning success. A method of monitoring the EEG is
presented that is convenient for investigating how the EEG may be related to
respiratory drive and breathing pattern alterations. A better understanding of these
relationships might lead to clarification of cortical neurological signals related to
respiratory drive in mechanisms. The challenge in monitoring and using EEG is to
represent it on line in a concise, yet meaningful, form. Even one channel of raw EEG
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time waveform in the present system consists of an overwhelming 100 data points
each second. Traditional Fast Fourier Transform (FFT) processing condenses the
EEG into a 60-data-point power spectrum for each 10 s of raw data. Single-valued
representations of the EEG, such as median frequency or � amplitude, are simple
but can be misleading because they fail to preserve the true multi-peak structure of
the EEG spectrum. A monitor is described here that represents the shape of the EEG
power spectrum completely, yet concisely. The monitor Spectral Component Parame-
ter analysis to condense the EEG power spectrum to 12 parameter values every 10
s. These parameter values correspond directly to familiar EEG features, such as the
frequencies, amplitudes and regularity of the �, � and � activities. The monitor
displays the time course of these spectral parameter values in a novel icon format
on a frequency/time graph that clearly reveals changes and trends in the individual
components of the EEG spectrum. The spectral parameters are convenient for
automatic pattern classification by discriminant analysis, logistic regression and
neural networks. These techniques can reveal how each individual component of the
EEG spectrum relates to respiratory or other variables of interest. The Spectral
Component Parameter Analysis algorithm has been adapted to a laptop or personal
computer.

25. Mental performance and somatic complaints during hypocapnic and normocapnic
overventilation

Van den Bergh, O.a, Van Diest, I.a, Schippers, N.a, Stegen, K.a, Van de Woestijne,
K.P.b
a Uni�ersity of Leu�en, Department of Psychology, Tiensestraat 102, B-3000 Leu�en,
Belgium
b Faculty of Medicine, Uni�ersity of Leu�en, Gasthuisberg, Leu�en, Belgium

Hyperventilation, producing hypocapnia (a reduced carbon-dioxide pressure in the
blood), is associated with physiological changes in the brain and with subjective
complaints of mental functioning (dizziness, concentration problems, derealization
and feeling confused). However, little research documents whether mental perfor-
mance deficits are associated with these subjective complaints. In the present study,
female healthy subjects (n=44) performed two alternating Stroop-like tasks imme-
diately after deep breathing for 3 min at 30 breaths per minute, producing hypocapnia.
Normocapnic overbreathing at the same pace, obtained by adding little amounts of
35% CO2 enriched air during inspiration, served as a within-subject control condition.
Both test were run on separate days in a counterbalanced order and were each
preceded by the same Stroop tasks during normal breathing. Subjects reported more
and other complaints after hypocapnia compared to normocapnia. Also, more errors
were made and slower reaction times were observed during hypocapnia, that did not
correlate with the level of complaints. However, the specific performance deficits were
dependent on the order of presentation and on the specific time block during the
measurement window, suggesting that learning and strategic options of the subject
(speed/accuracy) strongly modulate the physiological effects of hypocapnia.
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26. Negative affect and bodily sensations induced by 5.5% CO2 enriched air inhalation:
disentangling attentional and interpretative processes

Van den Berg, O.a, Stegen, K.a, Van Diest, I.a; Van de Woestijne, K.P.b
a Uni�ersity of Leu�en, Department of Psychology, Tiensestraat 102, B-3000 Leu�en,
Belgium
b Faculty of Medicine, Uni�ersity of Leu�en, Gasthuisberg, Leu�en, Belgium

Negative affectivity (NA) is correlated with the level of subjective health com-
plaints. Two processes have been suggested to account for this finding: high NA
subjects (1) are more likely to attend to and perceive normal internal physical
sensations and minor aches; and (2) tend to experience them in a negative way. Both
processes were tested in an experiment in which low and high NA subjects (n=44)
received one room air trial, followed by three 5.5% CO2 breathing trials inducing
transient low intensity somatic sensations. Prior to each CO2 trial, subjects received
either positive (feeling elated), negative (feeling bad) or neutral information about
the sensations that might occur. Respiratory behavior was measured and subjects
rated (1) the intensity and (2) the (un)pleasantness of the experienced somatic
sensations. Results showed that only during room air breathing, high NA subjects
reported more intense somatic sensations than low NA subjects, while no effects were
found on pleasantness ratings. During CO2-trials, high NA subjects did not report
more intense nor more unpleasant sensations with neutral information and they were
not more affected by negative, nor more resistant to positive information, compared
to low NA subjects. These results suggest that the link between NA and complaints
mainly bears on attentional, but not on an interpretative, bias. The results will be
supplemented with data on respiratory behavior.

27. Hyperventilation symptom profiles of musicians with performance anxiety (stage
fright)

Widmer, S.Centre for Community Care and Primary Health, Uni�ersity of Westmin-
ster, 115, New Ca�endish Street, London W1M 8JS, England

Hyperventilatory symptoms in anxiety disorder are well documented although the
causal relationship between hyperventilation (HV) and anxiety is still ill defined.
However, little is known about the relationship between HV and music performance
anxiety (MPA). Based on the findings of investigation into anxiety disorder one would
predict that HV might be a prominent feature of debilitating MPA. This was examined
in a questionnaire study with 141 classically trained musicians. MPA and trait anxiety
were assessed with the Spielberger State-Trait Anxiety Inventory and the Personal
Report of Confidence as a Performer. The Nijmegen questionnaire (NQ), a 16-item
HV symptom checklist, was employed to identify symptomatic hyperventilators
(HVS) in a performance (HVP) and a non-performance (HVNP) situation. The results
revealed a positive correlation between MPA and HVP (r=0.71; p=0.00), between
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HVP and trait anxiety (r=0.54; p=0.00) and between each of the 16 HVP (NQ)
items and MPA. The whole sample was divided into low, medium and highly
anxious musicians and further subdivided into HV’S and non-HV’S. More than two
thirds of the highly anxious musicians were classified as symptomatic HV’S in
performance and 41.6% as HV’S in a non-performance situation. Females were
about three times more likely to be HV’S (HVP and HVNP). Highly anxious
musicians scored higher on all 16 HVP items as compared to low anxious
musicians. A comparison between those musicians reporting little and those report-
ing strong performance impairment due to MPA showed that the latter group
reached higher scores in 12 out of 16 HVP items. HVP symptom profiles remained
relatively unaffected by the instrumental category. The positive association between
HVP and MPA as well as the HVP symptom profile of highly anxious musicians
which was found in this study suggests the existence of a HV-related type of
debilitating MPA. Musicians may be particularly vulnerable to the potentially
anxiogenic effects of HV symptoms (e.g. shortness of breath, impairment of manual
dexterity) since these may interfere with technical abilities.

28. The connection between breathing and slow waves in cardiovascular system

Vaschillo, E.
Decabristo� st. 35 190121, Saint Petersburg, Russia

The phenomena of interdependencies between breathing and heart rate is known.
This phenomena is defined as RSA. During the last several years there have been
a lot of publications about RSA. They show that it plays an important role in
functioning of a human body. But at the current moment RSA is not studied
enough. Our research is devoted to studying the mechanisms that cause RSA, the
structure of RSA, its role in supporting of the normal functioning of a human body
and the possibility to use RSA to treat patients with different illnesses (neurosis,
vegetovascular dystonia, heart rate irregularities, bronchial asthma). Our studies
show that due to the RSA, a man can impose high-amplitude oscillations upon his
cardiac rhythm by special breathing. Every man has his own individual frequencies
where the oscillations can be imposed. These cardiac rhythm oscillations cause the
oscillations of arterial blood pressure. As the result of both oscillations, the blood
circulation in peripheral parts of the body becomes better, the finger temperature
rises. It produces a relaxation effect on the body, the pulse rate decreases, arterial
pressure is normalized. We have shown that the high amplitude of heart rate
oscillations and blood pressure can be produced because of the resonance charac-
teristics of cardiovascular system. These resonance features are defined by the
baroreceptor reflex. Breathing with the resonance frequency is necessary only to
start the internal oscillations of the system. In our opinion one of the most
important functions of breathing is its influence on the heart rate and blood
pressure. .


