
INDEX OF PAPERS / LECTURES / WORKSHOPS 

MONDAY, OCTOBER 13,1997 
 

WORKSHOP A 

 
Biofeedback for RSA: A Promising Approach to Improving Autonomic Homeostasis 
 
Paul Lehrer, Ph.D. 
Robert Wood Johnson Medical School 
Piscataway, New Jersey, USA 
,  

WORKSHOP B 

 
Capnometry in the Treatment of Panic and Functional Cardiac Disorders 
 
Christopher Gilbert, Ph.D. 
Rampo College 
Mahawah, New Jersey, USA 
 
David Mars, Ph.D. 
Private Practice USA 

PAPER SESSION l 
 
Forced 0scillation Techniques in Measurement of Airway Resistance 
Chair: Deane Hillsman, USA 
 
The Forced Oscillation Technique in Pediatric Respiratory Psychophysiological Research 
G. Fritz, E. McQuaid, & A. Mansell, USA 
 
Psychophysiological Research on Airway Impedance using the Forced Oscillation Technique 
Among Patients With Asthma, Panic Disorder, and Healthy Subjects 
P. Lehrer, USA  
 
Stress-Induced Bronchoconstriction in Children with Asthma 
E. McQuaid, G. Fritz, & J. Nassau, USA 
 
The influence of Emotion on Respiratory Resistance in Healthy and Asthmatic Individual:A 
Case of Arousal Modulation? 
T. Ritz, B. Dahme, C. Claussen, & C. George, Germany 

 

PAPER SESSION ll 

Breathing in Speech, Sign Language, and Stress-Disorders 
Chairs: Paul Lehrer, USA, and Omer Van den Bergh, Belgium 



 
Is Speech Breathing Language Specific? 
P. Messum. & B. Cross, UK 
 
Psychophysiological Changes During Interpreting 
E. Peper, K.Gibney, L. Giere & L. Keller, USA 
 
The Measurement of Respiratory Parameters on 14-Year Old Females 
B. von Scheele & T. von Scheele, Sweden 
 
Hyperventilation in Motion Sickness: Correlate, Consequence, or Cause? 
C. Wientjes & W. Bles, The Netherlands 

PAPER SESSION III 
 
Airway Obstruction 
Chair: Harry Kotses, USA 
 
Are There Differences in the Symptom Perception and Subjective Experience of Airway 
Obstruction Provoked by Inhalation of Histamine vs. Metacholine? 
B. Dahme, C. ten Thoren, B. Leplow & K Tetzlaff, Germany 
 
Reactive Laryngeal Dysfunction Syndrome With Vocal Cord Dysfunction & Shortness of Breath 
After Toxic Chemical Exposure 
G. Heuser, 0. Aguilera, S. Heuser & L. Peyton, USA 
 
Threshold Resistance to Breathing in Children @ One Year Intervals 
A. Harver, USA 

INVITED ADDRESS 
 
Bridging the Gap From Research to Clinical Practice: 
A Personal Journey 
Karen Naifeh, Ph.D. 
Private Practice, USA 

PAPER SESSION IV 
 
The Conditioning of Breathing 
Chair: Jorge Gallego, France 
 
Classical Conditioning of Ventilatory Responses to Hypoxia in Rats 
E. Nsegbe, G. Vardon, P. Perruchet, J. Gallego, France 
 
Acquisition and Extinction of Odor-Related Somatic Complaints in Subjects Scoring High and 
Low on Negative Affectivity 
0. Van den Bergh, K Stegen, 1. Van Diest, C. Raes, P. Stulens, H. Veulemans & B. Nemery, Belgium 
 
Consistency of End-Tidal C02 Responses to Mental Arithmetic, Speech Preparation, and a Cold 
Pressor Test 



T. Spalding, USA 
 
Sensitization Control in the Acquisition of a Conditioned Decrement in End-Tidal C02 and 
Preliminary Findings From a Differential Conditioning Experiment 
R Ley, J. Ley & C. Bassett, USA 

PRESIDENTIAL ADDRESS 
 
Pavlovian and Operant Control of Breathing and the Acquisition of Dyspnea/Suffocation Fear 
Ronald Ley, Ph.D. 
University at Albany, SUNY 
Albany, SUNY 
Albany, NY, USA 

PAPER SESSION V 
 
Breathing Retraining/Treatment 
Chair: Eric Peper, USA 

Breathing Retraining in Hyperventilation 
A. Biswas & P. Meats, UK 
 
Glaucoma and Chronic Hyperventilation 
L. Pierce & S. Drance, Canada 

 
Effects of Breathing Retraining versus Cognitive Techniques on Cognitive and Somatic 
Components of State Anxiety and on Performance of Female Gymnasts 
J. Bessel & R. Gewirtz, USA 
 
Recent Advances in Nitric Oxide Research and Applications in Clinical Respiratory 
Physiology 
Robert Fried, USA 

INVITED ADDRESS 

 
Evolution-Dissolution: A Model of Cardiopulmonary Function 
Stephen Porges, Ph.D. 
University of Maryland 
College Park, Maryland, USA 

CONSENSUS DISCUSSION 11: 
 
Hyperventilation Syndrome Redux 
Chair: Walton D. Roth, M.D., 
Veteran's Administration Medical Center, 
Palo Alto, California, USA 
 
Invited Discussants: 
Hans Folgering, The Netherlands; 



Robert Fried, USA; 
Cornelis Wientjes, The Netherlands 

 

POSTER PRESENTATIONS 

Breathing retraining in hyperventilation. 
Asit Biswas and P. Meats, England. 

Breathing Pattern during exercise in pubertal asthmatics:  
a possible relationship with exercise-induced asthma. 
Francois Ceugniet, Francoise Cauchefer & Jorge Gallego, France 

Defensiveness and cardiac rhythm stress reactivity among people with asthma. 
Johnathan M. Feldman, Paul M. Lehrer and Richard Carr, and Stuart M. Hocron, USA. 

The effects of voluntary hyperventilation in twins. 
Elena Gora, Russia 

Reactive laryngeal dysfunction syndrome (RLDS) with vocal cord dysfunction and 
shortness of breath after toxic chemical exposure. 
G. Heuser, 0. Aguilera, S. Heuser, and L. Peyton, USA. 

Physiological response to abdominal vs. thoracic breathing in normal human subjects. 
Robert Laumbach, Paul Lehrer, and Richard Carr, USA. 

Peculiarities of the regulation of respiration during hyperventilation. 
Viktor Malkin and Elena Gora, Russia. 

Hemodynamic response to respiratory challenge in panic disorder. 
Jose Martinez, Jeremy Coplan, Susan Browne, Raymond Goetz, Lawrence Welkowitz, Laszlo 
Papp, 
and Jack Gorman, USA. 

Psychophysiological changes during interpreting. 
Erik Peper, Katherine Hughes Gibne, Lynne Gierce and Lelew Keller, USA 

A methodology for scoring hyperventilation syndrome: A potential clinical and research 
tool. 
Lorie Pierce, Canada. 

Glaucoma and chronic hyperventilation. 
Lorie Pierce and S.M. Drance, Canada. 

A parametric monitor for concise visual display and automatic pattern classification  
of the EEG during respiratory studies. 
Warren D. Smith and Deane Hillsman, USA. 

Mental performance and somatic complaints during hypocapnic and normocapnic 
overventilation. 



Omer Van den Bergh, Ilse Van Diest, Nathalie Schippers, Kris Stegen, and Karl P. Van de 
Woestijne, Belgium. 

Negative affect and bodily sensations induced by 5.5% C02 enriched air inhalation:  
disentangling attentional and interpretive processes. 
Omer Van den Bergh, Kris Stegen, Ilse Van Diest, Karl P. Van de Woestijne, Belgium. 

The connection between breathing and slow waves in the cardiovascular system. 
Evgeny Vaschillo, Russia. 

Hyperventilation symptom profiles of musicians with performance anxiety (stage fright). 
Suzana Widmer, England. 

Epinephrine induced panic attacks and hyperventilation in panic disorders and in social 
phobia. 
Gudo A. Van Zijderveld, Ph.D., Dick J. Veltman, M.D., Ph.D., and Richard van Dyke, M.D., 
Ph.D., The Netherlands 

 
 

The Forced Oscillation Technique in 
Pediatric Respiratory Psychophysiological Research 

 
Gregory K. Fritz, M.D., Elizabeth McQuaid, Ph.D., Anthony Mansell, M.D. 
 
Children present particular problems to researchers in respiratory psychophysiology. 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 development, 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 parameters, 
including intrinsic resistance. An efficient, well tolerated technique for measuring 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 desirable. Pediatric 
subjects, as well as Human Subjects Committees, are appropriately critical of research techniques that are tiring 
or unpleasant. 
 
In this presentation, we will summarize our 4 years experience using the forced oscillation 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. 

 

Psychophysiological Research on Airway Impedance  
using the Forced Oscillation Technique Among Patients  

With Asthma, Panic Disorder, and Healthy Subjects 

 
 
PSYCHOPHYSIOLOGICAL RESEARCH ON AIRWAY IMPEDANCE USING THE FORCED 
OSCILLATION TECHNIQUE AMONG PATIENTS WITH ASTHMA, PANIC DISORDER, AND HEALTHY 
SUBJECTS 
 
Paul M. Lehrer, Ph.D.  
UMDNJ - Robert Wood Johnson Medical School 
Piscataway, NJ, USA 



 
Forced oscillation pneurnography 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 of laboratory stressors and of 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 function. 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 8 or 12 breaths per minute, or from deliberate abdominal or thoracic breathing patterns. 

 

Stress-Induced Bronchoconstriction in Children with Asthma 

 
 
Elizabeth L. McQuaid, Ph.D., Gregory K. Fritz, M.D., & Jack H. Nassau, Ph.D. 
Brown University School of Medicine and Rhode Island Hospital 
 
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 healthy controls. 
 
Method. Seventy-eight children with asthma (mean age = 11. 7) and thirty healthy controls (mean age = 11.8) 
participated. 
 
Children sat quietly while five minutes 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 five 
minutes. Skin conductance (EDG), skin temperature, and heart rate were 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 vs. control) as a between-subjects factor. Results demonstrated children with asthma had 
higher intrinsic resistance compared to controls, F(1,83) = 12.01, p .001. Asthmatics and controls demonstrated a 
trend toward increased airway resistance under stress, F(1,83) = 3,43, p .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. 
 

 



The Influence of Emotion on Respiratory Resistance in  
Healthy and Asthmatic Individual: 

A Case of Arousal Modulation ? 

 
Thornas Ritz, Bernhard Dahme, Christiane Claussen & Carmen George 
Psychological Institute III, University of Hamburg 
 
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 positively correlated between asthmatic subjects with changes in heart period and 
ventilation-corrected respiratory sinus arrhythmia. In Study 2, sixteen nonasthmatic 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 vs. 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.  
 
In both studies, no ventilatory parameter was identified which explained the observed changes in TRR for all 
conditions. The results correspond to clinical reports on airway reactions in asthmatics during or following both 
negative and positive emotional states. 
 
 

Is Speech Breathing Language Specific ? 

 
Piers Messum* and Brenda Cross 
Department of Physiology and *Department of Phonetics and Linguistics, 
University College London, Gower Street, London WC1E 6 BT, UK 
 
Our ability to phonate in different modes - speech, whisper, singing etc - demonstrates 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 behaviours 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 comparison 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. 
 

Psychophysiological Changes During Interpreting 

 
Erik Peper, Katherine Hughes Gibney, Lynne Giere and Llew Keller 
Institute for Holistic Healing Studies, San Francisco State University 
1600 Holloway Avenue, San Francisco, CA 94518 
 
Sign language is an integral form of communication for over 16 million Americans and "spoken" primarily 
through movement of the hands, wrists, arms and 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 psychophysiological correlates associated with interpreting and 
derive strategies to prevent and reduce injury.  
 
The following physiological signals were recorded from four volunteer sign interpreters: respiration with a strain 
gauge 2" 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 prebaseline (1 minute each standing and 
sitting), 15 minutes of interpreting and postbaseline.  
 
The results showed that, with commencement of interpreting, respiration rate increased (average 70%) and 
remained rapid, shallow and thoracic throughout the interpreting task; hand temperature was cool (710) 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 regeneration and exacerbates pain 
patterns. Cold hands, a possible result of hyperventilation, 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 rediscover the joy of interpreting. 
 
 

The Measurement of Respiratory Parameters 
on 14-Year Old Females 

 
B.H.C. von Schéele, Ph. D. & T.U. von Schéele 
Stress Medicine AB, Lasarettsvägen 110, S-821 31 Boltnäs, Sweden 
 
Dysfunctional Breathing (DB)(van Dixhoorn, 1997) can be potentially harmful to health. Fried (1993), Nixon 
(1994) and others discuss e.g. 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 breathing behavior including low 
exhalation C02 (ETC02), or normal ETC02 but too fast breathing indicating a "masked" metabolic dysfunction 
or too high ETC02 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 randomized from a school in Bollnäs, Sweden elaborating 
on the second question. The reason to chose young girls were based on behavioral observations of groups of 
fourteen age girls in Balance, a small representative town in Sweden, where we estimated their breathing 
behaviors as not adequate. In some of our female patients we see similar behavioral pattern paralleled by Oxygen 
saturation (Sa02) on 99-100% indicating an oxygen compensation (Bohr effect) and ETC02 data as discussed 
above.  
 
Method: Nine 14 year old female students were randomized to the study. Exhalation CO2, respiration rate, 
oxygen saturation and pulse rate were measured continuously during the experimental condition; Base Line 
(BL), Deep Breathing, BL, Fast Breathing (FB) and BL each two minutes except FB which consisted of 12 fast 
breaths instructed before the test started. 
 



Results: Clinical analysis of data indicate that none of the subject 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 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. 
 
 

Hyperventilation in Motion Sickness: 
Correlate, Consequence, or Cause ? 

 
CORNELIS J.E. WIENTJES & WILLEM BLES 
 
TNO HUMAN FACTORS RESEARCH INSTITUTE 
P.O. BOX 23, 3769 ZG SOESTERBERG, THE 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 of a naval vessel. Subjective MS scores, state anxiety, and end-
tidal PC02 were measured among 17 sailors during quiet sailing conditions and during manoeuvres that caused 
considerable heave motion of the ship. During the manoeuvres, PC02 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 tilting room in the laboratory among 12 healthy subjects. MS scores and 
end-tidal PC02 were measured during a baseline (no motion) condition, and during various combined roll and 
pitch motion patterns. Compared to baseline, MS scores increased during all motion conditions. PC02, on the 
other hand, decreased significantly during a regular sinusoidal motion pattern, 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 causally implicated in the aetiology 
MS: indirectly by contributing to the MS, symptomatology, an d/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 
presented. 
 

Are There Differences in the Symptom Perception and  
Subjective Experience of Airway Obstruction Provoked 

by Inhalation of Histamine vs. Metacholine ? 

 
Bernhard Dahme1, Corinna ten Thoren2, Bemd Leplow2 & Kay Tetzlaff3 
University of Hamburg1, University of Kiel2, Schiffahrtsmedizinisches Institut Kie13 
 
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 (Gimeno et al., 1992).  
 
We studied. the subjective effects of both methods on symptom perception and their cognitive and emotional 
"side effects". 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 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 overestimators of the measured specific airway conductance: Overestimators were younger 
and alleged more symptoms, understimators had a higher baseline airway resistance and a lower trait anxiety. No 
immediate discrete cognitive dysfunction of airway provocation have been revealed. 
 

REACTIVE LARYNGEAL DYSFUNCTION SYNDROME (RLDS) 
WITH VOCAL CORD DYSFUNCTION AND SHORTNESS OF BREATH 

AFTER TOXIC CHEMICAL EXPOSURE 

 
G. Heuser, M.D., Ph.D., 0. Aguilera, M.D., S. Heuser, M.A., L. Peyton. 
Neuromed and Neurotox Associates 
566 St. Charles Dr. Thousand Oaks, CA 91360 
 
Reactive Airways Dysfunction Syndrome (RADS) was described by Brooks and Reactive Upper airways 
Dysfunction Syndrome (RUDS) was described by Meggs as a result 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 (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. 
 

Threshold Resistance to Breathing in 
Children at One Year Intervals 

 
Andrew Harver, Ph.D. 
 
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, however, 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 (M = 11.0 yrs at the first session) participated in two experimental sessions separated by about a 
year M = 334± 20 days). At both sessions, subjects completed a questionnaire 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 10 loads was added to inspiration (range, 0 - 3.96 cmH20 - 1-' - s), once 
every 3 to 6 breaths. Each load was presented 10 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 = 
.097), height (p = .073), and weight (p = .012) increased from the first to second session. On the other hand, the 
average threshold resistance to breathing at the first session (M = 2.39 cm.H20 - 1-' - s) was not different, 
statistically, from that obtained at the second session (M = 2.22 cmH20 - 1-' - s). Moreover, threshold levels 
obtained for each child at each session were reliably related, r = 0.802, p .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. 
 
 

Bridging the Gap From Research to Clinical Practice 

Karen H. Naifeh, Ph.D. 

(This address was given at the 1997 ISARP Annual Meeting in Cape Cod, Massachusetts)  

When I started into research as a physiology graduate student at Baylor College of Medicine in 1966, it never 
entered my mind that I would eventually become a clinician. I started way down on the phylogenetic scale, with 
Crocodilians, and over the years worked my way up to humans, not as part of any conscious plan on my part, but 
because I was fascinated with the interaction of mind and body.  

My focus has always been primarily on respiration. My path through research and then clinical work has brought 
to me a deep appreciation for the fundamental role of breathing which underlies physiological and very probably 
also psychological states.  

These days most of the clinically relevant respiratory psychophysiology relates to hyperventilation, low PC02 
and/or thoracic dominant breathing. All of these, I believe, reside at one end of the spectrum of levels of arousal, 
while the research I did early on, relates to the other end of the spectrum-states of low arousal.  

In bridging from research to clinical work I have come away with a sense of the entire continuum and an 
appreciation for the fundamental substrate for states of consciousness and alterations in them which respiration 
seems to provide. I'd like to share with you my journey, as I know that looking at the whole system permits more 
accurate understanding of each part of it.  

My work with Crocodilians at Baylor was "assigned" to me by my major professor, Hebbel Hoff, but through it I 
learned a lot about respiratory neurophysiology which laid a good foundation for the clinical work with 
breathing that I do now.  

After receiving my Ph.D. in 1970 I stopped work to raise children. I went back to research in 1972 at UCLA, 
where I got involved in research on operant conditioning of physiological responses, an early variation of 
biofeedback. The research involved training kittens to delay maturation of their visual evoked potentials using 
first negative and then positive feedback. I was quite intrigued that such modification was possible of something 
that had always been assumed to be so fixed. I wondered how else this technique could be applied. (Notice I had 
gone up the phylogenetic scale from reptiles to mammals by now.)  

When I moved to San Francisco in 1975, I looked up Joe Kamiya, who was using this operant conditioning 
approach with humans and calling it biofeedback. Joe worked primarily with the EEG, but in his laboratory was 
Beverly Timmons, who had done a study of respiratory changes during sleep onset, and through her I became 
interested in doing further work in this area. It was a chance to bring forward my knowledge of respiratory 
neurophysiology and apply it in an area where there was clearly a mind-body interaction: sleep onset and the 
attendant changes in conscious state.  

I received a National Institute of Mental Health postdoctoral fellowship to expand and quantify Bev's work on 
the shift from abdominal-dominant to thoracic-dominant respiratory patterns with the shift from alpha-dominant 
to stage 1 sleep-dominant EEG patterns during sleep onset, and to look at changes in end-tidal carbon-dioxide 
levels as well. Here are the results of those studies. "End-tidal" means the level measured from lung air at the end 
of expiration, and is considered equivalent to arterial carbon dioxide level.  

The study (Naifeh & Kamiya, 1981) showed how closely tied respiratory changes are to shifts in states of 
consciousness, and demonstrated interconnections between respiratory centers and sleep-awake centers. These 
interconnections intrigued me and I wanted to find out if biofeedback could be used to help people manipulate 
states of consciousness by altering respiratory control.  



The second part of my postdoctoral research was aimed at finding out if people could control end-tidal C02 with 
biofeedback, and what that would do to EEG indicators of level of wakefulness (Naifeh, Kamiya & Sweet, 
1981). I instructed subjects to increase end-tidal C02 during "up" trials and decrease C02 during "down" ' trials. 
They were not to use breath holding or hyperventilation, but rather to find a way to make the changes that felt 
relatively "natural" in terms of their breathing pattern. Four 15-minute trials, "up", "down", "up", "down" or vice 
versa were carried out over 5 or 6 training sessions.  

We discovered after the first couple of biofeedback sessions that subjects did get drowsy during "up" trials and 
often fell asleep. Once they did so they no longer paid attention to the change in type of trial. We therefore 
decided to wake subjects up if they showed sleep spindles in the EEG. The results of the study were that subjects 
learned to "decouple" changes in C02 level from changes in level of wakefulness. In early training sessions 
subjects became drowsy during up trials and more wakeful during down trials, but by the last training session or 
two they were staying either drowsy or awake for the entire session, while raising C02 level during up trials and 
lowering C02 level during down trials.  

The decoupling Of C02 level and EEG state made me skeptical that C02 biofeedback would be useful for 
insomnia, and I was still intrigued by the interconnections between respiratory centers and sleep-wake centers 
demonstrated in my earlier research. Another situation where this same interconnection might be studied was 
meditation. I discovered in the research literature that the EEG during meditation seemed to be a prolongation of 
the normally short transitional state between sleep and wakefulness. Since my earlier research had shown that 
significant respiratory changes occur during this state, I wanted to see what happened to these respiratory 
variables during meditation and whether they were as closely tied to changes in the EEG as they are in sleep 
onset. I studied meditators from three different disciplines (Yoga, Zen and Tibetan) and as they meditated and as 
they napped. I also studied a relaxation control group as they relaxed and as they napped.  

What I found was, first, that all meditation subjects displayed periods of high EEG alpha activity during 
meditation, as did all controls during relaxation. Many, but not all, of the meditators also displayed a shift from 
EEG alpha to stage 1 sleep activity at least once during each meditation session. All controls displayed similar 
shifts to stage 1 sleep activity during all relaxation sessions. None of the meditators entered EEG stage 2 or 
deeper during a meditation session, but two control subjects entered stage 2 sleep during relaxation. In the sleep 
sessions, as one would expect, all subjects showed periods with high EEG alpha and also periods with stages 1 
and 2 sleep EEG activity.  

Control subjects relaxing showed the same coupled patten of EEG and PCO2 changes as were found during 
normal sleep onset in all groups. However, meditators meditating did not show the same coupled pattern of EEG 
and PC02 changes as is found in normal sleep onset. For them, PCO2 increased while stage A was present and 
stayed up when stage 1 EEG activity appeared.  

In summary, meditators meditating were found to differ significantly from controls relaxing and from themselves 
falling asleep in terms of the pattern of EEG and PC02 changes which occurred. During the wake-sleep 
transition in all subjects, and during relaxation in controls, there was a significant increase in PC02 only in 
association with stage 1 (drowsy) EEG activity. During meditation, on the other hand, there was as large an 
increase in PC02 in association with stage A as with stage 1. Thus an increase in alveolar PC02 was apparently 
not dependent on a lowering of cortical arousal to EEG stage 1 sleep levels during meditation, as it normally is 
during sleep onset. This was corroborated by our findings that during meditation PC02 increased well before 
EEG stage 1 activity appeared, and in four subjects increased even though stage 1 activity never appeared during 
the session. During sleep onset PCO2 increased relatively simultaneous with, or after EEG stage 1 activity had 
appeared.  

Before exploring the possible causes of this PCO2 increase, it might be helpful to review the neurophysiology of 
C02 regulation. The respiratory centers of the brain regulate PC02 by means of changes in ventilation. If 
metabolic rate changes, C02 production will increase or decrease, and the respiratory centers will then adjust 
ventilation so as to keep PC02 quite constant at a given set-point. Ventilation will increase if C02 production has 
increased, and conversely, ventilation will decrease if C02 production has decreased. Changes in level of C02 in 
the alveoli or the blood (the C02 set-point) thus reflect changes in central nervous system ventilatory drive.  

During wakefulness there is a contribution to normal rhythmic respiration from both automatic chemical drive, 
involving C02 and 02 regulation, and from the cerebral cortex, which provides a facilitatory input (Phillipson, 
1978; Fink, 1961). During wakefulness an inhibitory component of cortical drive can also come into play, as 
when we hold our breath. There is evidence that during sleep onset the C02 component of automatic drive 
decreases to some extent (Douglas, White, Weil, Pickett & Zwillich, 1982; Gothe, Altose, Goleman & Cherniak, 



1981). During drowsiness and sleep onset the cortical components of central ventilatory drive have been shown 
to disappear altogether (Fink, 1961).  

The increase in PCO2 found in this study reflects a decrease in ventilatory drive. It also indicates a drop in 
ventilation, especially given that basal metabolic rate during meditation has been reported either not to change or 
to decrease during meditation (Fenwick et al, 1977; Kesterson & Clinch, 1989; Wallace et al, 1971; Wilson et al, 
1986). From a neurophysiological perspective, alveolar PC02 could increase as a result of changes in one or 
more of the 2 components of central ventilatory drive: (1) a decrease in the automatic component, (2) an 
increased inhibitory input from the voluntary cortical component or (3) a decreased facilitatory input from the 
voluntary cortical component.  

One possible explanation for the increased PC02 during periods of meditation with EEG alpha present (relaxed 
wakefulness) is that the same changes are occurring that normally occur with sleep onset, but have been 
decoupled from their usual association with EEG changes. Evidence that this sort of decoupling can occur 
neurophysiologically has come from the work of Hugelin and Cohen (Hugelin & Cohen, 1963). They showed, in 
sleeping cats, that moderate stimulation of part of the reticular activating system (the brain's arousal system) 
produced an EEG shift to wakeful activity plus increases in ventilation to wakeful levels; in other words 
activation of the EEG and of respiration. However, minimal stimulation produced cortical activation (EEG 
alpha) without changing respiration; respiration remained at sleep levels. This is the pattern found during 
meditation: EEG activity of relaxed wakefulness and PC02 levels of sleep.  

Another possible explanation for these PC02 findings is that during meditation there is an increase in inhibitory 
input to the respiratory centers from cortical areas of the brain. Such inhibition could be conscious or 
unconscious. Cortical inhibition of breathing has been shown to occur unconsciously in connection with speech 
and even silent reading (Phillipson, McClean, Sullivan & Zamel, 1978), and could possibly occur in connection 
with other factors as well.  

Conscious active inhibition of breathing is sometimes taught as part of meditative practice, as in Yogic 
pranayama, where long, slow inhalations and exhalations are prescribed. Indeed, Stanescu and colleagues 
(Stanescu, Nemery, Veriter & Marechal, 1981) found changes in ventilation, tidal volume, respiratory rate and 
alveolar PC02 during baseline resting conditions in practitioners of such hatha yoga breathing exercises as 
compared to controls, and attributed such differences to chronic conscious manipulation of respiration. However, 
unlike the meditators in the Stanescu et al study, the controls and meditators in the present study showed no 
differences in alveolar PCO2 during baseline conditions, nor did meditators report practicing any active 
manipulation of breathing. This possibility is therefore less likely than the former two.  

The findings of this study also have implications for the study of the relation of subjective states to physiologic 
activity. Meditators often report that meditation "feels" different from drowsiness or sleep, even though, as 
mentioned previously, many studies have reported EEG activity of sleep stages during meditation. The 
differences in central neural processes which appear to be operating during meditation as compared to sleep 
onset, as demonstrated in this study, may be associated with the differences in subjective state reported.  

In 1989 I decided to leave research and go back to graduate school for a clinical degree. Fortunately, I was able 
to use the data from my meditation study for a dissertation, one requirement of the clinical psychology doctorate. 
In doing so I reviewed the literature on meditation with a more clinical lens and related it to my findings in the 
following way: The main results of this study show that EEG patterns during meditation are of relaxed 
wakefulness and very early EEG stage 1, the transitional area between wake and sleep, and that alveolar PCO2 
elevations and other indications of changes in central ventilatory drive consistent with sleep onset are also 
present. EEG stage 1 has long been associated with hypnagogic imagery, with its primary process type of 
mentation which is quite similar to dream mentation (Foulkes & Vogel, 1965). Since elevations in alveolar 
PCO2 typically occur during EEG stage 1 sleep, they may be an intrinsic part of the mechanism which permits 
hypnagogic imagery. That a similar increase in alveolar PC02 occurs in association with EEG of relaxed 
wakefulness during meditation may mean that such hypnagogic processes can occur in a state of greater 
awareness and access to memory. The implications of this hypothesis are that the EEG-PC02 patterns reported 
here may be the physiological substrate by which there occurs such phenomena as adaptive regression (Shafli, 
1973), a loosening of personal construct systems (Kelly, 1955), blockage of the repressive barrier (Delmonte, 
1987), or loosening of defenses (Kutz et al, 1985), all of which have been offered as explanations for the 
therapeutic efficacy of meditation.  

Respiration may similarly play a role in providing a physiological substrate for fight-or-flight phenomena at the 
other end of the arousal spectrum as well. Low PC02 associated with activated EEG activity may be part of the 



physiological substrate for rapid, linear, goal-directed thinking required for high pressure or crisis situations. 
Certainly there are studies in the literature documenting lowered C02 levels just prior to final exams and other 
types of stressful situations. Animal studies, such as those of Hugelin & Cohen, have shown increased 
respiration and lowered PCO2 as a result of direct stimulation of the ARAS. At the furthest end of the high 
arousal continuum, one might hypothesize that very low C02 levels might directly promote the strong sense of 
alarm and anxiety that is present in panic attacks by means of these same respiratory center-arousal center 
interactions. This would be a separate influence from the obvious ability of distressing symptoms produced by 
low PC02 to cause anxiety and alarm.  

Of course at this point this is all speculation, but does provide a cohesive framework for thinking about the entire 
spectrum of low arousal to high arousal states of consciousness and the relation of breathing to these. It also 
provides a framework for understanding more completely the mechanisms by which breathing retraining might 
be working to alleviate panic symptoms. Increasing PC02 by these techniques certainly reduces the presence and 
intensity of the symptoms brought on by low PC02, but in addition it might be promoting a shift from fight-or-
flight oriented mentation to calmer, lower-arousal type mentation through this respiratory center-arousal center 
interconnection.  
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Classical Conditioning of Ventilatory Responses  
to Hypoxia in Rats 

 
Elise Nsegbe, Guy Vardon, Pierre Perruchet, Jorge Gallego. 
 
We performed a differential conditioning expedment with two odors (vanil= la and rose) as conditioned stimuli 
(CS+ and CS-) and hypoxia (decrease in F102 from 21 % to 8%) as the unconditioned stimulus. 
 
Breathing was measure= d non-invasively using whole-body plethysmography. The rats (n=3D30) were divided 
into two groups: CS+: rose and CS-: vanilla, or the reverse. Duri= ng acquisition, fifteen CS+ (with hypoxia) and 
fifteen CS- (without hypoxia) were delivered in random order. During the subsequent test, the rats randomy 
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 min 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-: p0.003). 
This difference was based up= on conditioned increases in VT (p0.014) and decreases in TTOT (p0.009). 
 
These data suggest that conditioning may contribute to the ventilatory reflex to hypoxia in natural conditions. 
 

Aquisition and Extinction of Odor-Related Somatic  
Complaints in Subjects Scoring High and Low Negative Affectivity 

 
AUTHORS: Omer Van den Bergh', Kris Stegen', Ilse Van Diest', Cathy Raes', Peter Stulens', Hendrik 
Veulemans* & Ben Nemery* 
'Department of Psychology, University of Leuven, Tiensestraat 102, B-3000 Leuven, Belgium 
*Faculty of Medicine, University of Leuven, Gasthuisberg, Leuven Belgium 
 
In a respiratory learning paradigm with odors as conditioned stimuli (CSs) and 7.4 % C02 enriched air as the 
unconditioned stimulus (US), presented as compounds during 2 min. breathing trials, subjects learn to exhibit 
respiratory responses 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) (Van den Bergh et al., 1995; 1997; in press. 
 
In this study, we presented two unpleasant odors (ammonia and butyric acid) as either a CS+ (mixed with C02) 
or CS- (mixed with air) to a group of high and low NA subjects (total N=64). Each subject received 3 CS+ and 3 
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 6 consecutive CS+ Only trials (extinction group). The other half was given 5 room air trials 
and 1 CS+ Only trial (wait group). High NA had more complaints overall than low NA Ss, but there were no 
effects of NA on conditioning nor 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 sensitivities (MCS). 

 

Consistency of End-Tidal CO2 Responses to  
Mental Arithmetic, Speech Preparation, and a Cold Pressor Test 

 
Thomas W. Spalding 
Department of Health Education 
University of Maryland 
College Park, Maryland 20742-2611 
 
End-tidal C02 (mm, Hg), an index of overbreathing, was examined in six women and six men who each 
experienced mental arithmetic (MA) and speech preparation (SP) tasks and a cold pressor test (CPT) on two 
occasions spaced one 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 mentally prepare 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 degrees C. Task order was randomly assigned and counterbalanced. 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 I 0-min rest, the second task, a 10-min rest, 
and the third task. The end-tidal C02 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 nonsignificant 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 situationally 
specific for individuals. 
 

Sensitization Control in the Aquisition of a  
Conditioned Decrement in End-Tidal CO2 and  

Preliminary Findings From a Differential Conditioning Experiment 

 
Ronald Ley 1, Jessica Ley 2, Charles Bassett 3 
1 University at Albany, SUNY, Albany, New York, USA 
2 University of New Hampshire, Durham, New Hampshire 
3 Atlas Copco Comtec, Albany, New York, USA 
 
In the first experiment to demonstrate that a decrement in end-tidal C02 could be acquired in a Pavlovian 
conditioning paradigm, a control group was employed to confirm that the mental stress induced by counting 
backwards by 7's from a given number was an effective UCS for the elicitation of overbreathing (drop in end-
tidal C02 from baseline), whereas the cognitive activity required by reading silently the same subtraction 
problem (serial subtraction of 7'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 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 C02 from baseline, can be acquired as a CR in a Pavlovian conditioning paradigm. 
 
 

 



Pavlovian and Operant Control of Breathing and  
the Acquisition of Dyspnea / Suffocation Fear  

Abstract Pending  

Breathing Retraining in Hyperventilation 

 
Dr. A. Biswas University of Leicester, Leicester, U.K. * 
 
Dr. P. Meats niversity of Nottingham, Nottingham, U.K. 
 
Patients with hyperventilation have slow recovery of end -tidal carbon dioxide (etC02) after a period of 
voluntary overbreathing. We offered a course of six 30 minute sessions of biofeedback aimed at improving 
awareness and control of hyperventilation.  
 
Twenty subjects were included, who had low baseline etC02 ( 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 etC02, 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 ten minutes, then deliberately hyperventilate for three minutes. After this the patients were 
instructed to modify their breathing so as to increase etC02 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 etC02, 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. 
 
Correspondence* Dr Asit B.Biswas, Lecturer in Psychiatry, University of Leicester 
Leicester Frith Hospital, Groby Road, Leicester LE3 9QF, United Kingdom 
 

Glaucoma and Chronic Hyperventilation 

 
Lorie Pierce, B.A.* 
S.M. Drance, OC, MD, FRCSC, FRCS(Eng)** 
 
*686 Layton Court, PICKERING, Ontario, CANADA LIW 3W5  
** Department of Ophthamology, University of British Columbia, Eye Clinic  
Vancouver Hospital, 2211 Wesbrook Mall, VANCOUVER, B.C., CANADA V6T 2B5 
 
The documented manifestations of chronic hyperventilation, or overbreathing, 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 the blood stream to the tissues. 
 
This pilot study examined a variety of anatomical and psychophysiological variables in glaucoma patients 
(n=22) and age & sex-matched controls (n= 16) whose average age was 70.1 yrs. These variables were predicted 
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, pC02 (end-tidal C02) levels, hand temperature (TEMP), galvanic 
skin response (GSR), heart rate (HR), and electromyography (EMG) of the scalene and anterior thoracic 



intercostal muscles. The main indicators of HV anticipated were low resting pC02 levels ( 34 mm/Hg), above 
normal resting respiration rate ( 15 bpm), and an inability to recover either pC02 levels or respiration rate to 
baseline levels within 90 secs. 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 (pC02, RR). Sample means of 
differences between groups showed higher pC02 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. 
 

Effects of Breathing Retraining versus Cognitive  
Techniques on Somatic Components of State Anxiety  

and on Performance of Female Gymnasts 

 
Jennifer Bessel, Ph.D. & Richard Gevirtz, Ph.D. 
California School Of Professional Psychology, San Diego, CA 
 
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 CO, (ETCO,) 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 an 8-12 week 
intervention in a field-setting. 
 
Results suggested 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 ETC02 and RR were 
significantly improved in the breathing retraining group compared to the other two groups. Research supports 
understanding what physiological variables and cognitive variables mediate the anxiety-performance 
relationship. 
 
The results support further exploration of the role of subtle hyperventilation as a mediator between pre-
competitive state anxiety and performance. 
 
Correspondence to: Richard Gevirtz, Ph.D., CSPP-San Diego, 6160 Comerstone Ct. 
San Diego, Ca 92121, 619-623-2777, rgevirtz@mail.cspp.edu 
 

Recent Advances in Nitric Oxide Research and  
Applications in Clinical Respiratory Physiology 

 
Robert Fried, Ph.D. 
Respiratory Psychophysiology Laboratory 
Hunter College, City University of New York 
 
Nitric oxide (NO) is a curious inorganic biological molecule which was recently grudgingly granted 
neurotransmitier status by the medical scientific community. A noxious toxic gas and a potent free radical, NO is 
now widely held to be crucial to all life functions. Central and peripheral neurons derive it in profusion from the 
amino acid L-arginine with the nitric oxide synthase (NOS) enzyme in response to a wide variety of stimuli. NO 
has neither vesicles nor uptake enzyme. Neurons and arterial endothelial cells derive it directly. It diffuses to 



nearby organs, decays in a few seconds and exits the body in nitrates. 
 
NO would be a mere physiological oddity except that it is now recognized to be the arterial and bronchial 
vasodilator, playing a key role in respiration from the cellular-level up. This paper wil1 briefly summarize the 
history of NO research and will detail its physiology and its role in neuronal, vascular, pulmonary/respiratory 
function, and its application in clinical treatment or breathing disorders ranging from asthma to pulmonary 
hypertension. The following sample of references illustrate the breadth of current research: 
 
Belvisi, M. G., Stretton, C. D., Yacoub, M., & P. J. Barnes (1992): Nitric oxide is the endogenous 
neurotransmitter of brochodilator nerves in humans. European Journal of Pharmacology, 210, 221-222. 
 
Celermajer, D. S., Dollery, C., Burch, M., & J. E. Deanfield (1994): Role of endothelium in the maintenance of 
low pulmonary vascular tone in normal children. Circulation, 89, 2041-2044. 
 
Frostell, C., Fratacci, M.D., Wain, J. C., Jones, R., & W. M. Zapol (199 1): Inhaled nitric oxide. A selective 
pulmonary vasodilator reversing hypoxic pulmonary vasoconstriction. Circulation, 83, 2038-2047. 
 
Gerlach, H., Rossaint, R., Pappert, D., Knorr, M., & K. J. Falke (1994): Autoinhalation of nitric oxide after 
endogenous synthesis in nasopharynx. The Lancet, 343, 518-519. 
 
Rossaint, R., Falke, K., Lopez, F., Slama, K., Pison, U., & W. M. Zapol (1993): Inhaled nitric oxide for the adult 
respiratory distress syndrome. New England Journal of Medicine, 328, 399-405. 
 
Stamler, J. S., Loh, E., Roddy, M.A., Currie, K. E., & M. A. Creager (1994): Nitric oxide regulates basal 
systemic and pulmonary vascular resistance in healthy humans. Circulation, 89, 2035-2040. 
 
Valiance, P., Patton, S., Bhagat, K., MacAllister, R., Radomski, M., Moncada, S., & T. Malinski (1995): Direct 
measurement of nitric oxide in human beings. The Lancet, 346, 153-154. 
 

Evolution-Dissolution:  
A Model of Cardiopulmonary Function 

 
Abstract pending 
 

Consensus Discussion ll: 
Hyperventilation Syndrome Redux 

 
Abstract pending 
 

Breathing retraining in hyperventilation 

Asit Biswas and P. Meats, England.  

Abstract pending 

 

Breathing Pattern during exercise in pubertal 
asthmatics: a possible relationship with  

exercise-induced asthma 

 
rancois Ceugniet 1, Francoise Cauchefer 1, & Jorge Gallego 2. 
 
1. Le Balcon de Cerdagne, 66120 Font-Romeu, France. 
2. Laboratoire de Neurologie et Physiologie du Developpernent, 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 significantly different in EIA- and no-EIA subjects: age, height, weight, pulmonary function 
tests, peak work loads, V'E, V'02 V'O2 and heart rate. Further analyses showed than 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. 
 

Defensive and cardiac rhythm stress reactivity  
among people with asthma 

 
Jonathan M. Feldman (1), Paul M. Lehrer (2), Richard E. Carr (2), Stuart M Hochron (2) 
 
(1) Rutgers University, (2) UMDNJ- Robert Wood Johnson Medical School 
 
This study explored the relationship between defensiveness 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. 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 .05). Among participants with asthma, those scoring high on defensiveness 
manifested higher RSA across the tasks than nondefensive individuals (p .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 . 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 sympathetic 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. 
 
Correspondence should be sent to Mr. Jonathan Feldman Psychophysiology Laboratory, D-330, Department of 
Psychiatry, Robert Wood Johnson Medical School, 671 Hoes Lane, Piscataway, NJ 08854. Email: 
jfeld@eden.rutgers.edu Telephone: 732-235-4413 Fax: 732-235-4430 
 

The effect of voluntary hyperventilation in twins 

 
Gora Elena, (1994). State Pedagogical University, Box 305, 125190 Moscow, Russia 
 
The information about genetic and environmental factors is very important for the prognosis of the responses of 
health organism on hyperventilation. Our aim was to study the degree of genetic dependence of cardiorespiratory 
and CNS parameters during the voluntary hyperventilation (VH). 
 
We examined 5 pairs of mono-zygotic and 5 pairs of dizygotic girls-twins 17-21 years old at rest and during 2 



min. VH. The parameters of external respiration and interchange of gases, PAC02, PA02, ECG, arterial pressure 
and EEG were registered. The average withinpair variance ( ), the coefficient of withinpair correlation (r) and the 
coefficient of similarity of Holzinger (H) were calculated. 
 
The results showed the increase of the genetic control of cardiorespiratory parameters during VH. The EEG 
responses on VH more depended on genetic factors. The environmental factors conditioned only the degree of 
EEG changes. The same time of appearance of slow (and) waves on EEG of monozygotic twins indicated the 
genetic dependence of the sensitiveness of the subjects to hypocapnia. 
 
So we revealed the tendency of hereditability of cardiorespiratory and CNS responses on HV. 
 

Reactive laryngeal dysfunction syndrome (RLDS) 
with vocal cord dysfunction and  

shortness of breath after toxic chemical exposure 

Abstract pending 
 

Physiological response to abdominal vs. thoracic  
breathing in normal human subjects 

 
Robert Laumbach MD MPH, Paul Lehrer, PHD, Richard Carr, PSYD 
Department of Psychiatry 
UNMNJ-Robert Wood Johnson Medical School 
675 Old Hoes Lane, Piscataway, NJ 08854 
 
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-minute trials (pre- and post-test baselines, abdominal 
and thoracic breathing) . Prior to the pre-test baseline, all subjects received 5 minutes of instruction in abdominal 
and thoracic breathing, followed by a 5 minute practice period. The following measurements were taken during 
each trial: EKG, minute volume, percent end-tidal C02 (PETC02), 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 PETC02 
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 difference 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. 
 

Peculiarities of the regulation of respiration  
during hyperventilation 



Malkin Viktor, Gora Elena, 1996 
Russian State Academy of Physical Culture, Moscow, Russia 
 
Our aim was to study the peculiarities of the regulation of respiration during the hyperventilation (HV). 
 
We examined 690 healthy males 18-23 years old at rest, during and after the HV tests: 2 min. voluntary 
hyperventilation (VH) and 3 min. isocapnic hyperventilation (IH). The parameters of external respiration and 
interchange of gases, PAC02, pneumograrn, ECG and EEG were recorded. 
 
According to the individual manifestation of respiratory rhythmics we suggested the classification of individual 
types of respiration in the normal conditions, during and after the HV tests. The results showed, that the variety 
of the types of respiration during and after the tests depended on the initial types of respiration at rest. So the 
individual peculiarities of the respiratory regulation can be defined not only by the initial type of respiration, but 
also by the responses on the HV tests. 
 
One of the leading factors of the development the HV state is the rate of withdrawal of C02 from the organism. 
According to the dynamics of PAC02 the period of 2 min. VH was divided into 3 phases: 1-the phase of fast 
lowering of PAC02; II-the phase of relative constancy of PAC02; III-the phase of restoration of PAC02 after 
HV. The beginning of the second phase was one of the indexes of the individual perceptibility of the subjects to 
the lowering of PAC02. According to the individual perceptibility to the loss of C02 the subjects were divided 
into groups taking into account the degree of the lowering of PAC02. 
 
The results showed that it was depended on the type of respiration. So the absence of the conventional opinion of 
the mechanisms of alterations in respiratory regulation during the development the HV state is caused by their 
individual variety. They depended on the individual perceptibility of the subjects, to neurogenic and humoral 
factors. 
 

Hemodynamic response to respiratory challenge  
in panic disorder. 

 
Jose M. Martinez, M.A., Jeremy D. Coplan, M.D., Susan T. Browne, B.A., Raymond Goetz, Ph.D., Lawrence A. 
Welkowitz, Ph.D., Laszlo A. Papp, M.D., Jack M. Gorman, M.D. 
 
BIOLOGICAL STUDIES UNIT, NEW YORK STATE PSYCHIATRIC INSTITUTE, and 
DEPARTMENT OF PSYCHIATRY OF COLUMBIA UNIVERSITY, NEW YORK, NY 
722 West 168 Street, New York, NY 10032 
 
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% C02 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% C02 challenges, but greater pulse rates were found in the patient group. 
 
METHODS: The experiment consisted of seven periods as follows: I)Baseline, room air breathing for 20 
minutes. 2) either 5%CO2 in balanced room air (20 minutes) or room air hyperventilation (15 minutes) 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 breathe every time the light flashed. 3) Room air 
breathing, for 15 minutes. 4) the intervention not given in period two. 5) Room air breathing, for 15 minutes. 6) 
7% C02 in balanced air, for 20- minutes. 
 
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% C02 or 7% C02 
challenges. However, using the blinded rater call of panic, there was a significantly higher first baseline systolic 
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 pressure's. 
 

Psychophysiological changes during interpreting 

Abstract pending  

 

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

 
Lorie Pierce, B.A., Biofeedback Therapist 
Private Practice, Toronto, CANADA 
686 Layton Court, PICKERING, Ontario, CANADA L1W 3W5, (905) 839-6148 
 
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 
of treatment which may be subtle and highly individual. On the other hand, is the scicntific 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 an attempt to seek a middle ground 
between the current approaches and to provide a template for clinicians and researchers to employ in their work. 
 

Glaucoma and chronic hyperventilation 

 
Lorie Pierce, B.A.* 
S.M. Drance, OC, MD, FRCSC, FRCS(Eng)** 
 
*686 Layton Court, PICKERING, Ontario, CANADA LIW 3W5 
** Department of Ophthamology, University of British Columbia, Eye Clinic  
Vancouver Hospital, 2211 Wesbrook Mall, VANCOUVER, B.C., CANADA V6T 2B5 
 
The documented manifestations of chronic hyperventilation, or overbreathing, 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 the blood stream to the tissues. 
 
This pilot study examined a variety of anatomical and psychophysiological variables in glaucoma patients 
(n=22) and age & sex-matched controls (n= 16) whose average age was 70.1 yrs. These variables were predicted 
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, pC02 (end-tidal C02) levels, hand temperature (TEMP), galvanic 
skin response (GSR), heart rate (HR), and electromyography (EMG) of the scalene and anterior thoracic 
intercostal muscles. The main indicators of HV anticipated were low resting pC02 levels ( 34 mm/Hg), above 
normal resting respiration rate ( 15 bpm), and an inability to recover either pC02 levels or respiration rate to 
baseline levels within 90 secs. 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 (pC02, RR). Sample means of 
differences between groups showed higher pC02 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. 
 

A parametric monitor for concise visual display  
and automatic pattern classification of the EEG  

during respiratory studies 

 
Warren D. Smith, Ph.D.,(1) and Deane Hillsman, M.D.(2) 
 
1.) Affiliation: Biomedical Engineering Program 
California State University, Sacramento 
Address: 6000 J Street, Sacramento, California 95819-6019, USA 
E-mail: smithwd@csus.edu - Phone: (916) 278-6458. FAX: (916) 278-7215 
 
2.) Affiliation: Pulmonary Division, University of California, Davis School of Medicine,  
UC Davis Medical Center, Sacramento, California 
Address: 870 El Chorro Way, Sacramento, California 95864, USA 
E-mail: deane.dhillsmn@ieee.org - Phone: (916) 359-0292 FAX: (916) 359-0292 
 
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 neurologic signals related to respiratory drive 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 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 seconds of raw data. Single-valued representations of the EEG, such as median frequency 
or alpha 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 uses Spectral Component Parameter Analysis to condense the EEG power spectrum to 12 parameter 
values every 10 seconds. These parameter values correspond directly to familiar EEG features, such as the 
frequencies, amplitudes, and regularity of the delta, alpha, and beta 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. 

 



EXPANDED ABSTRACT) 

A PARAMETRIC MONITOR FOR CONCISE VISUAL DISPLAY AND AUTOMATIC PATTERN 
CLASSIFICATION OF THE EEG DURING RESPIRATORY STUDIES 

 
Warren D. Smith, Ph.D. and Deane Hillsman, M.D. 

 

BACKGROUND 

Weaning patients from ventilator dependency is a major problem in pulmonary medicine, with large human and 
economic cost. At least some patients in the so-called "difficult to wean"' category probably suffer from one or 
another form of poorly understood respiratory center dysfunction. Severe illness such as shock, sepsis, etc., as 
well as a wide spectrum of functional and metabolic disturbances, can cause profound but usually temporary 
dysfunction.  

Many patients who fail to wean are known to have excessive neurological drive from the respiratory center, as 
determined from the P 0. 1 second ("P 100") test. Jubran and Tobin recently reported that patients who fail a 
weaning trial immediately display a rapid and shallow breathing pattern on removal from ventilatory support, 
while those patients who succeed in weaning display this typical exhaustion breathing pattern only as they 
become fatigued (See: "Pathophysiologic Basis of Acute Respiratory Distress in Patients Who Fail a Trial of 
Weaning from Mechanical Ventilation;" Jubran, Amal, and Tobin, Martin J.; American Review of Respiratory 
and Critical Care Medicine 1997; v 155 pp906-915).  

This raises the possibility of strong but corrupted neurologic driving signals from the respiratory center sending 
out poorly coordinated and/or otherwise improper breathing pattern signals.  

Therefore, if proper breathing patterns were visually provided to these patients as a biofeedback model breathing 
pattern they presumably should be able to follow same and maintain ventilation and therefore accelerate the 
weaning process. And during this time the respiratory center presumably would also be undergoing a training or 
reconditioning process to become more functional, thus expediting complete removal from ventilatory support.  

Holliday and Hyers using relaxation techniques and a simple visual biofeedback Tidal Volume prompting 
method have demonstrated significant effectiveness (reduction in average ventilator days from 32.6 to 20.6) in 
weaning "hard to wean'' patients from ventilator dependency (See: "The Reduction of Weaning Time from 
Mechanical Ventilation Using Tidal Volume and Relaxation Biofeedback;" Holliday, Jerome E. and Hyers, 
Thomas M.; American Review of Respiratory Diseases, 1990; v 14 1: pp 1214-1220).  

Postulating that "high neural respiratory drive (P 100 >4.5 cmH20)" was the underlying problem, Holliday and 
colleagues extended their work in a report before the American Association for Respiratory Care convention in 
1996 (See: "Reduction in Neural Respiratory Drive to Reduce Ventilator Weaning Failures Using Biofeedback:" 
Holliday, JE, Haake, R., Range, M; Respiratory Care Open Forum, American Association for Respiratory Care 
convention, 1996).  

The apparatus used was the "Computerized Diaphragmatic Breathing Retraining (CBDR)" from RFB 
Technologies, Deerfield Beach, Florida. This device consists of virtual reality goggles and earphones, and 
chest/abdominal motion sensing by infrared radar. Rapid/shallow/irregular breathing produces an unpleasant 
audio- visual sensation, whereas slow/deep breathing produces pleasant sounds and visual images.  

In an uncontrolled study involving nine hard to wean patients, there was significantly suggestive evidence this 
technique aided the weaning process. These patients developed lower respiratory rates and increased tidal 
volumes, despite the lack of specific prompting of pulmonary mechanics. And most interesting, while inducing 
what seems to be these generally accepted desirable breathing patterns, the P 100 values dropped significantly, 
and, this in conjunction with a reduction of the EEG frequency almost into the alpha range.  

The significance of these observations, if any, is not clear. Perhaps the EEG changes noted are casual and 
unrelated. But the possibility that a technique to induce relaxation and EEG changes should result in breathing 
pattern modifications felt to be desirable to those interested in the pulmonary mechanics of hard to wean patients 



is interesting, The perhaps central role of the EEG in this pathophysiologic process seems to be an area worthy 
of exploration.  

EEG MONITOR METHODOLOGY 

In the late 1970's Dr. Warren Smith began development of a single channel EEG monitoring system for clinical 
use. The object was to use advanced mathematical programs to extract the information content of complex EEG 
waveforms, and to make a simplified real time visual display icon that could be used by physicians who were 
unfamiliar with the complexities of standard EEG interpretation.  

A common method of complex waveform analysis was, and is, the use of Fast Fourier Transformation (FFT) 
algorithms, to extract and display the Power Spectrum. This results in a complex graphic output, with multiple 
irregular peaks that can be difficult to interpret. Moreover, more subtle and potentially important information 
may be obscured by the complexity of the graphics.  

In 1978-79 Dr. Smith was a summer visiting scholar at the Lawrence Livermore Laboratory, where he was 
introduced to the advanced signal processing techniques which had been developed for military and intelligence 
purposes. He was permitted to use this technology for civilian purposes.  

This resulted in further development of a technique known as Spectral Component Parameter Analysis 
(SCPA) which computes a Power Spectrum using Parametric Analysis instead of FFT analysis. This results in 
a smoothing of the typical jagged display obtained from the FFT. More significant however, Parametric Analysis 
breaks the complex waveform down into up to four individual dominant components.  

This information is output in graphic form to a Continuous Power Spectrum Curve. Additionally, these 
individual components are translated into a simple icon for clinical use.  

In this manner, the truly dominant portions of the Power Spectrum are easily detected, and in addition the more 
subtle components, which may contain relevant information, are appropriately displayed for clinical correlation. 
The system provides real time information as the output display is refreshed every ten seconds.  

The system originally was implemented in an Apple 11 computer, and has been in regular use in several hundred 
cases in Dr. Smith's dominant interest in EEG analysis during anaesthesia. Dr. Smith plans to convert this 
program into a modern computer system by use of the LabVIEW development system.  

STANDARD MULTICHANNEL EEG 

 

SINGLE CHANNEL MONITOR EEE 



 

POWER SPECTRAL DENSITY DISPLAY DERIVED FROM FFT 

 

This is a Power Spectral display using typical FFT techniques. Unipolar electrode, with the patient rapidly 
progressing from very light to deep anaesthesia. Note the jagged, complex FFT display.  

PARAMETRIC ANALYSIS METHOD 



 

The Parametric Analysis method takes the dominant data peaks and provides an analysis of the entire component 
of each of these areas of data.  

POWER SPECTRUM USING PARAMETRIC ANALYSIS 

 

Power Spectrum of the same patient using the Parametric Analysis technique. Note the data displays are now 
more focused, and with a smoother display.  



SPECTRAL COMPONENT PARAMETERS 

 

CENTER FREQUENCY: Central frequency of the peaks of the Power Spectrum, Indicated by relative position 
of the icon within the output graphic, and centered at the base of the side arm.  

HALF WIDTH: Widths of the peaks of the Power Spectrum. Indicates the regularity / irregularity of the 
waveform oscillations by the length of the horizontal bar. (Short = regular --- Long = irregular)  

POWER: Spectral Power. The area under the spectral peak of interest. Indicated by the length of the sidearm. 
(Short = Low Power --- Long = High Power)  

CENTER FREQUENCY 

 

Center Frequency is indicated at the juncture of the side stick graphic. The frequency noted in these examples is 
7 and 19 Hz.  

HALF WIDTH 

 



The Half Width is a measure of waveform regularity. The top example notes a quite regular waveform, with a 
short lower horizontal stick indicator. The lower waveform is quite irregular, and this is indicated by a long 
horizontal indicator.  

POWER 

 

The Power, or Spectral Power, is the area under the spectral peak. Note, there may be greater Spectral Power in a 
lower peak of data, if the overall width and base of the spectral peak is wider; i.e. the most dominant peak as 
seen in an FFT display may not necessarily have the greatest Spectral Power.  

Here the upper peak has relatively low power, as indicated by the short sidearm. The lower peak with greater 
power has a long sidearm.  

DYNAMIC SPECTRAL COMPONENT PARAMETER CHANGES 

 

The present system will evaluate up to four peaks of interest. Here the same patient anaesthesia data is displayed 
dynamically over a 200 second interval using the Spectral Component Parameters technique.  

SPECTRAL COMPONENT PARAMETERS AND CONTINUOUS POWER SPECTRUM CURVE 



 

Here the Spectral Component Parameters are displayed alongside of the Continuous Power Spectrum Curve.  

Note the higher (more prominent) middle peak actually has less Power than the left peak. Note the inconspicuous 
peak on the right, which may in fact contain important data, is fully characterized.  

EEG CHANGES DURING ISOFLURANE ANAESTHESIA 

 

Continuous Power Spectrum Curve on left; Spectral Component Parameters on the right.  

ANALYSIS TECHNIQUES 

Each of the component parts of the display icon (Center Frequency, Half Width, and Power) are drawn and 
displayed based on a specific numeric value. These numeric values are therefore available for correlative 
analysis to associate with relevant clinical events.  



Correlative analysis has been attempted by using:  

 Discriminate Analysis  
 Neural Networks  
 Logistic Regression  

 
This work is still in progress. It has proven to be very complex, and statements as to definitive correlates in 
anaesthesia technology would be premature. Approximately 90% accuracy in detecting the level of anaesthesia 
has been achieved. The technique has revealed additional complexity, and further data and analysis is needed.  

CONCLUSION 

A clinically oriented EEG monitoring system with parallel research capability has been developed for 
anaesthesia technology. Real time complex data is refreshed every ten seconds and displayed as a simplified 
icon.  

The system analyzes individual waveform components of the EEG by use of Spectral Component Parameter 
Analysis. The digital output of the individual components of the Power Spectrum can be analyzed by using 
methods such as Discriminant Analysis, Neural Networks and Logistic Regression.  

The system would be suitable for clinical and research needs in respiratory psychophysiology, and other 
psychological or physiological projects using EEG technology.  
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Mental performance and somatic complaints during  
hypocapnic and normocapnic overventilation 

 
Omer Van den Bergh 0, Ilse Van Diest 0, Nathalie Schippers 0, Kris Stegen 0 & Karel P. Van de Woestijne *.  

0 University of Leuven, Department of Psychology, Tiensestraat 102, B-3000 Leuven, Belgium 
* Faculty of Medicine, University of Leuven, Gasthuisberg, Leuven 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 
performance deficits are associated with these subjective complaints. 
 
In the present study, female healthy subjects (N=44) performed two alternating Stroop-like tasks immediately 
after deep breathing for 3 minutes at 30 breaths per minute, producing hypocapnia. Normocapnic overbreathing 
at the same pace, obtained by adding little amounts of 35% C02 enriched air during inspiration, served as a 
within-subject control condition. Both tests were run separate days in a counterbalanced order and were each 
preceded by the same Stroop, tasks during non-nal 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 perfon-nance deficits were depending 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. 

 

Negative affect and bodily sensations induced by  
5.5% CO2 enriched air inhalation:  

disentangling attentional and interpretive processes 

 
Omer Van den Bergh 0, Kris Stegen 0, Ilse Van Diest 0, & Karel P. Van de Woestijne *. 
0 University of Leuven, Department of Psychology, Tiensestraat 102, B-3000 Leuven, Belgium 
* Faculty of Medicine, University of Leuven, Gasthuisberg, Leuven, Belgium 
 
Negative affectivity (NA) is correlated with the level of subjective health complaints. 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% C02 breathing trials inducing transient low, intensity somatic sensations. Prior to 
each C02 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 C02-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 an attentional, but not on an 
interpretative bias. The results will be supplemented with data on respiratory behavior. 
 

The connection between breathing and slow waves  
in the cardiovascular system 

Abstract pending  

 

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

 
Suzanna Widmer  
Centre for Community Care and Primary Health, University of Westminster, 
115, New Cavendish Street, UK-London W1 M 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 investigations 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 (HV'S) in a performance (HVP) and a non-performance (HVINP) situation. 
 
The results revealed a positive correlation between IVIPA and HVP (r=0.71;p=0.00), between 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 HVS and non-HV'S. More than two 
thirds of the highly anxious musicians were classified as symptomatic HVS in performance and 41.6% as HVS 
in a non-performance situation. Females were about three times more likely to be HVS (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 reporting 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 IVIPA. 
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. 
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Epinephrine subserves many emotions and has in particular long been associated with the physiological basis for 
fear. A pooled analysis of data, from three,. epinephrine - infusion studies with a similar maximal infusion rate 
(80 ng/kg/min) in patients with panic disorder or with social phobia was performed. The aim of this investigation 
was to study the role of hyperventilation as part of an epinephrine-induced panic attack. 
 
The three trials included 89 evaluable patients. Transcutaneous PC02 (tcpC02) levels were continuously 
recorded and analysed in relation with heart rate (HR) , diastolic and systolic blood pressure (DBP and SBP) , 
and level of distress. Sixty-eight panic disorder patients and eleven social phobics received adrenaline, ten panic 
disorder patients received placebo. Using strict criteria for panic attacks, the panic rate was 41%. The general 
psychophysiological response pattern appeared consistent. A decrease in tCPC02, an increase in HR, SBP, DBP 
and perceived distress characterized the periods of acute panic during epinephrine administration. Power spectral 
analysis of heart rate variability in one of the trials showed that epinephrine did not affect high frequency 
fluctuations in the cardiac heart rhythm suggesting unchanged vagally controlled respiratory influences on heart 
rate. However, other parasympathetic indices showed diminished vagal tone. 
 
It can be concluded that (a) Epinephrine causes panic and physical symptoms in anxiety disorder patients (b) B-
adrenergic stimulation and panic cause a mild but significant decrease in tcpC02 (c) The greater the fall in 
tcpC02, the higher the frequency in which subjects report to experience stress-related bodily symptoms in daily 
life, especially in females (d) Epinephrine elicits both sympathetic stimulation and vagal withdrawal. 


