
 

INDEX OF PAPERS and POSTERS 

INTERNATIONAL SOCIETY FOR THE ADVANCEMENT 
OF RESPIRATORY PSYCHOPHYSIOLOGY 

ANNUAL MEETING 2002 

The Abstracts of Papers and Poster Presentations of this conference are published in 
BIOLOGICAL PSYCHOLOGY 62 (2003) 211-242. The journal may be purchased  
or a .PDF file downloaded at http://www.elsevier.com/locate/biopsycho 

Permission to publish these abstracts on this Internet site has kindly been given by publishers 
ELSEVIER SCIENCE B.V. and the editors of BIOLOGICAL PSYCHOLOGY, and is 
gratefully acknowledged.  

All copyright rights remain the exclusive property of Elseiver Science B.V. and Biological 
Psychology.  

Internet links to Elseiver Science B.V. and Biological Psychology are as noted: 
Link to Elsevier / Biological Psychology 
Alternate Link to Elsevier / Biological Psychology  

 
 

WORKSHOP 
 

The forced oscillation technique for measuring respiratory impedance: 
Techniques and applications in psychophysiology 
Michael D. Goldman and Bernhard Dahme 

CLINICAL PROGRAM 
THERAPY FOR RESPIRATORY DYSFUNCTION: THEORY, PRACTICE AND 

MANAGEMENT 
Chair: Thomas Ritz 

 

1.) Cochrane Systematic Review: Breathing exercises for asthma. 
An Evidence based approach 
Elizabeth Holloway 
 

2.) The relationship between capnography data, Nijmegan scores, disease severity and  
disease specific quality of life in asthmatics 
David L. Beales, J. Colehan, and David Brodie 
 

3.) Dynamic hyperinflation physiology: Implications for chest physiotherapy 
Deane Hillsman, M.D. 
 

3.) How can we increase the efficacy of normalizing chronic hyperventilation? 
Yogi case data 



Bo von Scheele 
 

4.) The Papworth (UK) method of breathing retraining for dysfunctional breathing 
Elizabeth Holloway 
 

5.) COPD pulmonary rehabilitation in a solo practice 
Deane Hillsman, MD 
 

6.) Long-term stability of tidal volume measurement with a novel ambulatory monitor 
Michael Coyle and Frank H. Wilhelm 
 

7.) New devices for application in breathing therapy practice:Demonstration and 
discussion 
Peter Litchfield and Michael Coyle 
 

ENVIRONMENTAL AND PSYCHOLOGICAL INFLUENCES ON RESPIRATION 
 

Chair: Larry Schleifer 
 

8.) Breathing and performance under odor exposure 
Brigetta Danuser, Denise Moser, Tanja Vitale, Rene Hirsig, and H. Kruger 
 

9.) Effects of mental workload stress on end-tidal CO2 in computer work 
Larry Schleifer, Tom Spaulding, Brad Hatfield, Scott Kerick, and Ronald Ley 
 

10.) Breathing responses during affective picture viewing 
Patrick Gomez and Brigitta Danuser 
 

INVITED ADDRESS 
 

Introduction: Bernhard Dahme 

11.) Fifty years of noninvasive respiration monitoring: 
From body plethsmography to exhaled nitric oxide 
Arthur B. DuBois 
 

MEASURING LUNG FUNCTION IN PSYCHOPHYSIOLOGY 
 

Chair: Bernhard Dahme 
 

12.) Localizing the site of airway obstruction by impulse oscillometry 
Michael D. Goldman 
 



13.) Emotions in a box -  
Measuring the effects of affective picture viewing on airway resistance in  
asthmatic and nonasthmatic subjects by whole body plethsmography 
Andreas von Leupoldt and Bernhard Dahme 
 

14.) Use of portable spirometric devices in clinical research 
Elizabeth L. McQuaid, Gregory K. Fritz, Sue K. Adams, Shery l J. Kopel, Rick Carter, Diane 
Yaros,  
Keren Rosenblum, Robert B. Klein 

 

PSYCHOLOSOCIAL FACTORS IN ASTHMA: NEW PERSPECTIVES 
 

Chair: Thomas Ritz 
 
15. Psychosocial factors, health-related behaviors, 
respiratory viruses and exacerbations of asthma and other illnesses 
Andrew Smith 
 

16.) Stress and asthma from a psychoneuroimmunology perspective 
Duck-Hee Kang 
 

17.) Differential airway responses of healthy and asthmatic induviduals 
to posing of facial expressions of emotion 
Thomas Ritz, Bernhard Dahme, Miriam Thoens, and Christian Quast 
 

18.) The impact of panic disorder on asthma 
Jonathan M. Feldman, Paul M. Lehrer, Soo Borson, and Teal Hallstrand 
 

PRESEDENTIAL ADDRESS 
 

Gregory K. Fritz 
 

19.) How and why does one study respiratory perception in children? 
 

BEHAVIORAL INFLUENCES ON RESPIRATORY SYMPTOMS 
 

Chair: Andrew Harver 
 

20.) The ventilatory response to dynamic hyperinflation is corrupt 
Deane Hillsman, MD 
 

21.) Negative affectivity and accuracy of respiratory symptom perception 
Omer Van den Bergh, Winnie Winters, Stephan Devriese, Ilse Van Diest, Stephen De Peuter, 



Gerrit Vos, and  
Karel P. Van de Woestijne 
 

22.) Effects of feedback on the perception f resistive loads: A signal detection approach 
Andrew Harverr 
 

DYSFUNCTIONAL BREATHING 
 

Chair: Walton T. Roth 
 

23.) Are subjects with idiopathic hyperventilation a homogeneous group? 
Sandy Jack and C. J. Warburton 
 

24.) Dysfunctional levels in etCO2, SaO2 and RSA in epidemiological data 
from a study on working men and women: 
Between and within subject variation in psychophysiological parameters and 
psychosocial factors 
Ingrid von Scheele, Bo von Scheele, Tores Theorell, and Goran Hansson 
 

25.) Does a history of respiratory disorders influence the  
reaction of panic disorder patients to a 35% CO2 challenge 
Nicole van Beek and E. Griez 
 

26.) Breath-by-breath respiratory instability in panic disorder during 24-hour 
assessment 
Frank H. Wilhelm, Alecia E. Meuret, and Walton T. Roth 
 

27.) Modification of dysfunctional breathing in panic disorder and asthma 
Alecia E. Meuret, Frank H. Wilhelm, and Walton T. Roth 
 

POSTER SESSION 

1.) POSTER: CO2-administration in asthma using the rebreathing technique: 
A pilot study 
Steven De Peuter, Omer Van den Bergh, Geert Verlenden, and Maurits.Demendts 
 

2.) POSTER: Respiratory responses to noises and music 
Patrick Gomez, Ronny Ott, and Brigitta Danuser 
 

3.) POSTER: The age peculiarities of CNS response to hyperventilation 
Elena Gora and Vsevolod Vovt 
 



4.) POSTER: Psychophysiological charateristics of real-life panic attacks: 
is hypocapnea involved? 
Alecia E. Meuret, Frank H. Wilhelm, Mark Rothkopf, and Walton T. Roth 
 

5.) POSTER: End-tidal pCO2-levels in asthma patie nts in the laboratory and at home 
Thomas Ritz, Frank H. Wilhelm, Alecia E. Meuret, and Walton T. Roth 
 

6.) POSTER: Magnitude estimation of inspiratory resistive loads  
in healthy adolescents: Normative data 
Dale Steele, Sue Adams, Rick Carter, Shannon Mathis, Emily Millikin, Marianne Wamboldt, 
Gregory Fritz, and Anthony Mansell 
 

7.) POSTER: ETCO2, SaO2 and RSA in patients with stress-related symptoms 
Bo von Scheele and Ingrid von Scheele 
 

8.) POSTER: A new technology for 24-hour assessment of RSA 
with control for respiratory and physical activity variation 
Frank H. Wilhelm, Paul Grossman, Alecia E. Meuret, C. Barr Taylor, and Walton T. Roth 
 

INVITED ADDRESS 
 

Introduction: Gregory K. Fritz 
 

28.) Suffocation alarm theory: Update 
Donald Klein 
 

LEARNING OF RESPIRATORY SYMPTOMS 
 

Chair: Ronald Ley 
 

29.) A failure to observe re-instatement is a respiratory learning paradigm 
Gerrit Vos, Stephen Devriesse, Winnie Winters, Deborah Vansteenwegen, Dirk Hermans, 
Frank Baeyens, Paul Eelen, and Omer Van den Bergh 
 

30.) The conditioning of dyspnea/suffocation fear in the white rat: 
magnitude of CO2 concentration on fear-motivated freezing behavior and analgesia 
Ronald Ley, D. Mongeluzi, B. Calderone, H. Stock, and R. Roselline 
 

31.) Acquired symptoms in response to chemicals follow perceived rather than real 
contingencies 
Stephen Devriese, Winnie Winters, Ilse Van Diest, Stephen De Peuter, Gerrit Vos, Karel de 
Woestijne, and Omer Van den Bergh 
 



INVITED ADDRESS 
 

Introduction: Ronald Ley 
 

32.) Respiratory tests for diagnosis and evaluation of outcomes in anxiety disorder 
Walton T. Roth 
 

RESPIRATION AND HEART RATE VARIABILITY: 
BASIC RESEARCH AND CLINICAL APPLICATIONS 

 
Chair: Paul M. Lehrer 

 

33.) Respiratory sinus arrhythmia is associated with pulmonary gas exchange efficiency 
in healthy humans 
Nicholas D. Giardino 
 

34.) The relationship between heart rate measures, respiratory parameters,  
and emotional states in ecologically valid settings:  
Preliminary data using a new ambulatory monitoring system 
Richard Gevirtz and Frank H. Wilhelm 
 

35.) Resonance in the baroreflex system assessed by biofeedback 
Paul M. Lehrer and Evgeny Vaschillo 
 

 

A Cochrane systematic review:  
Breathing exercises for asthma.  

An evidence based approach 

Elizabeth Holloway1 & Felix Ram2 
1Departments of Psychology & 2Physiological Medicine St George's Hospital Medical School, UK 

Breathing therapy has been undertaken by many practitioners for centuries in order to relieve a variety of signs 
and symptoms. Prior to undertaking a trial and in an effort to discover all the available evidence for the efficacy 
of breathing exercises for the treatment of asthma, a Cochrane systematic review of randomized controlled trials 
was undertaken (web site: http://www.update-software.com/clibng/cliblogon.htm). This presentation aims to 
give an overview of the process and background of Cochrane systematic reviews and then more specifically to 
discuss this particular review with reference to the diverse methodology and results of the five included trials. 
Reference will be made to two further trials that will be included in the forthcoming update of the review.  

Searches of a number of databases, hand searching of references and bibliographies together with personal 
communication was undertaken in order to discover all currently available, relevant, randomized controlled trials 
(RCTs) documenting breathing training interventions for asthma. Thirty-two trials were identified as potentially 
relevant. Five trials met our inclusion criteria, a further two trials have recently been identified for inclusion. We 
are waiting for further information from these two authors regarding unpublished data necessary for 
incorporation into and completion of the review.  

Despite the fact that no definitive statistically or clinically reliable conclusions could be drawn from the evidence 
found in the review because of the small number of trials and participants and varied outcome measures some 
encouraging benefits and trends were revealed. Improvements were found in daily PEFR reduced bronchodilator 
use reported by one study and decreased number of exacerbations also reported in one study. One new study 



reported an improvement in the quality of life (p=0.043) and a reduction in inhaled bronchodilator use (p=0.008, 
36 patients) at one month. A trend in improved overall quality of life was also reported in the second study at six 
months (p=0.065) and improvement at one month (p=0.018, 31 patients).  

Larger patient numbers in further trials with well documented methodologies and results would enable more 
reliable conclusions to be drawn for these nonpharmacological interventions with minimal recorded adverse 
effects.  

 

The relationship between Capnography data,  
Nijmegen scores, disease severity and  

disease specific quality of life in asthmatics 

D L Beales, J Colehan, D Brodie 
Research Centre for Health Studies. Buckinghamshire Chilterns University College, United Kingdom 

In the study by Thomas M. et al (1) the Nijmegen questionnaire was sent to 307 adult patients i n an English 
country town general medical practice. Of the 209 questionnaires suitable for analysis, 63 patients scored more 
than 23 on the Nijmegen - a third of the respondents with a predominance of female to male (46/132 35%) v 
17/87 (20%), P=0.016). In a further study, (2) following randomisation of this group, significant improvements 
in quality of life were found at one month in those completing a three session breathing re-training programme, 
(P=0.01) with a respiratory physiotherapist. The control arm received equal time in an educational programme 
via the practice asthma nurse. Significant improvements were seen in asthma quality of life scores (AQLQ), 
symptom domain, and activities domain.  

This study builds on this work by collecting further data on asthmatic patients. Capnography profiles will be 
shown using equipment suitable for clinical consulting room use. Data on Nijmegen scores, asthma severity, 
levels of medication, FEV1 (Peak Flow) and disease specific quality of life measures, will be presented.  

A clinical controlled trial protocol is also being developed, in a fresh population of asthmatic patients, of 
breathing re-training combined with capnography, compared with United Kingdom specialised physiotherapy 
rebreathing training, and with nurse asthma education as the control arm.  

References: 
(1) Thomas M. McKinley R.K. Freeman E. Foy C. Prevalence of dysfunctional breathing in patients treated for 
asthma in primary care: cross sectional survey. BMJ 2001:322 (7294); 1075-6 
(2) Thomas M. McKinley R.K. Freeman E. Foy C. Breathing Retraining improves dysfunctional breathing in 
asthma. Conference proceedings of International Society of Applied Respiratory Psychophysiology; Oxford 
2001. 

 

 

Dynamic Hyperinflation physiology: 
Implications for chest physiotherapy 

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

Dynamic Hyperinflation (DH) has been recognized for many years, but has been a relatively neglected entity in 
pulmonary rehabilitation. Only recently there has been better understanding of the importance of this problem in 
COPD and Asthma, and a resurgence of interest. There is now strong evidence that the ventilatory response to 
DH by traditional mechanisms of chemical and mechanical feedback control are not adequate. Therefore, there is 
a need for cognitive breathing control, so-called "Breathing Exercises" or "Breathing Pattern" training to correct 
this lesion.  

This presentation will discuss the physiology of DH, why cognitive breathing control is needed, and breathing 
strategies to prevent and correct DH. Controversies in breathing strategies will be raised.  



Chest Physiotherapy generally involves two distinct, but overlapping modalities. The first is classic 
physiotherapy involving chest wall mobilization, re-direction of pathologic movement to so-called 
"diaphragmatic breathing," respiratory coordination, and chest wall strengthening. The second is Breathing 
Pattern (BP) training. As generally practiced in COPD this is a slower respiratory rate, with a more prolonged 
expiratory phase and a larger Tidal Volume. S pecific breathing strategies to prevent and/or correct the DH 
lesion will be discussed.  

The problem of expiratory Dynamic Bronchial Compression (DBC) and strategies to minimize this lesion by 
controlled lung volumes and passive expiration will be discussed. The necessity for active expiration under 
certain circumstances, and therefore exacerbation of DBC, will be discussed.  

Conclusion: Every corrective breathing training strategy component has some undesirable consequences. The 
optimal chest wal l movement and BP strategy therefore is the best compromise among several conflicting 
requirements. Advocacy for a particular method must be cautious, and take this reality into account. Proper 
strategy must result in adequate Alveolar Ventilation, minimal Work of Breathing, optimal dyspnea control, and 
adequate respiratory muscle rest.  

 
 

EXPANDED ABSTRACT 
Presentation to the 

International Society for the Advancement of Respiratory Psychophysiology 
Ninth Annual Meeting 

Washington, D.C. --- September 30, 2002 
 

Dyspnea relief by chest physiotherapy techniques are substantially related to Dynamic Hyperinflation (DH) and 
the prevention and/or correction of this physiologic lesion. This presentation will describe Chest Physiotherapy 
techniques to correct this problem.  

Hyperinflation was first described by Dixon and Brodie in 1903 (Dixon WE, Brodie TG. Contributions to the 
physiology of the lungs. Part 1. The bronchial muscles, their innervation, and the action of drugs upon them. J. 
Physiol (Lond) 1903; 29: 97-173).  

 

This diagram from the 1955 edition of The Lung, by 
Julius Comroe et al shows the basic concept of 
progressive Air Trapping and an increase in the 
Residual Volume and Functional Resi dual Capacity 
(FRC) with increasing airway obstruction. 
 
Note the parallel decrease in the Inspiratory Capacity 
(IC), a common method to evaluate Dynamic 
Hyperinflation. 
 



 

This diagram is from a 1958 paper by William Miller 
(Am. J. Medicine; Vol.24, January/June, p.929, 1958), 
showing 1200cc of Air Trapping after only se ven 
hyperventilation breaths following a spirogram.  
 
Clearly, by the 1950's the process of Dynamic 
Hyperinflation was well known, and Dr. Miller had 
demonstrated it could be a very dynamic process. 
 
Of interest, the first six references in Dr. Miller's paper 
referred to United Kingdom chest physiotherapy 
publications from the 1930's. 

Remarkably, chest physiotherapy techniques failed to take root in the United States, despite the enthusiasm of 
som e advocates. And likewise the statement in Dr. Comroe's authoritative and popular 1955 text The Lung, "If 
patients with air trapping are taught to breathe out slowly, they can often breathe out more completely. This is 
one of the rational objectives of breathing exercises."  

Most probably the demise of early chest physiotherapy attempts in the United States can be traced to an 
American Thoracic Society consensus conference, the so-called "Sugarloaf Conference" (Conference on the 
Scientific Basis of Respiratory Therapy; Am. Review of Respiratory Disease, Vol. 110, No.6, December 1974). 
Despite the introductory chapter "Physical Therapy" by Dr. Thomas Petty (pp. 129-131) pointing out the positive 
results and enthusiasm of some reputable pumonologists in this emerging field, the Sugarloaf Conference 
proceeded to essentially ignore chest physical therapy, and by non-recommendation doomed this specialty to 
oblivion in the United States. The tragic results of this misguided non-recommendation are now slowly 
emerging.  

However, it is realistic to acknowledge the subject of "Breathing Exercises" has been a controversial one, as 
articulated by the 1992 statement from the European Respiratory Society: 
"...until more definitive evidence is available, breathing training cannot be recommended in COPD..." 
(Pulmonary Rehabilitation in Chronic Obstructive Pulmonary Disease (COPD) with Recommendations for its 
use - Donner, CF, Howard, P; European Respiratory Journal, 5, 266-275, 1992) 
It seems clear the advocates of chest physiotherapy for COPD have a burden to demonstrate the need for their 
services to the pulmonary community, and a responsibility to demonstrate the scientific validity oftheir 
techniques.  

There are many types of so-called "Breathing Exercises," as seen for example with:  

 Chest mobilization techniques (several varieties).  
 Respiratory muscle strengthening exercises A.) Strength training B.) Enduranc e training (several 

varieties of each).  
 Diaphragm awareness and use (several varieties).  
 Thoracic - Diaphragm coordination (several varieties).  
 Hyperventilation Syndrome (several varieties).  
 Cervical fracture - chest paralysis (several varieties).  
 Yoga / Meditation / numerous non-medical techniques.  

It seems clear that the term "Breathing Exercises" means many things to many people, and as generally used is 
literally a "Tower of Babel" resulting in an almost meaningless term. As such it is not surprising there is 
controversy surrounding this subject. Any rational discussion of Breathing Exercises requires a precise definition 
of what one means by Breathing Exercises, and precisely what one is doing therapeutically in that domain of 
interest.  

The authors definition of "Breathing Exercises" relates to the therapeutic Breathing Pattern associated with 
COPD / Emphysema / severe Asthma which is, breathing pattern training (in conjunction with chest physical 
therapy techniques) that promotes the minimal necessary level of Alveolar Ventilation in conjunction with 
minimal Work of Breathing.  



While empirical knowledge strongly suggests this pattern is one of a slower respiratory Rate, a larger Tidal 
Volume, a prolonged expiratory phase, and non-forced respiratory effort, the precise definition of the optimal 
Breathing Pattern / Breathing Exercise has yet to be defined by advanced pulmonary mechanics studies. Indeed, 
the precise ventilatory pattern will probably be found to be somewhat variable between different patients.  

Undisputed is the need to prevent and/or correct Air Trapping and Dynamic Hyperinflation. This re-
awakening of interest in DH has progressively emerged over approximately the past decade, as witnessed by 
multiple quality papers from the pulmonary community from many sources throughout the world.  

Particularly interesting is a paper by Canadian researcher Dr. Denis O'Donnell and colleagues, who have been 
studying DH i n COPD and Asthma for about the last decade. This paper is "Dynamic Hyperinflation and 
Exercise Intolerance in Chronic Obstructive Pulmonary Disease" (Am J Respir Crit Care Med Vol 164. pp 770-
777, 2001). Twenty five age matched normals were compared to 105 COPD patients (average age 64; average 
FEV1 0.94 L/S) while exercising doing cycle ergometry. A remarkably revealing Figure 3 from that paper is 
listed below. 

Note the Tidal Volumes are plotted in black within the 
Total Lung Capacity range, revealing the increased 
Functional Residual Capacity (i.e. the EELV or End 
Expiratory Lung Volume) in the COPD patients. 
 
With exercise the Tidal Volumes progressively 
increase, and at peak exercise the Respiratory Rate was 
30.7 and 30.3 for the normals and patients respectively.
 
Note particularly the end-expiration level. The FRC 
remains essentially stable in the normal subjects, but 
rises progressively in the COPD patients, indicating 
progressive Air Trapping and Dynamic Hyperinflation. 

Though the Respiratory Rates are not plotted, the apparent immediate increase in FRC in the COPD patients 
would indicate these patients were in a state of DH at rest, or just bordering on DH. Therefore, these patients 
(average FEV1 0.94) were intolerant to even a slight increase in their Respiratory Rate. Clearly, even a slight 
increase in respiratory frequency is precipitating Dynamic Hyperinflation, this because of a typical vicious 
cycle phenomenon, with progressively increasing hyperventilation making the DH lesion progressively 
worse. This is pathologic "Relative Hyperventilation" i.e. relative to the diseased lung's inability to tolerate this 
"normal" increased ventilatory rate with exercise. 
 
The same Dynamic Hyperinflation lesion is also present in Asthma. The reader is encouraged to read the paper 
by O'Donnell and colleagues "Breathlessness during Acute Bronchoconstriction in Asthma: Pathophysiologic 
Mechanisms (Am. Rev. Resp. Dis.; Vol 148, pp 1452-1459, 1993). And likewise their paper on bronchodilator 
influence in Dynamic Hyperinflation "Response of Lung Volumes to Inhaled Salbutamol in a Large Population 
of Patients With Severe Hyperinflation" (CHEST; Vol 121: 1042-1050, 2002). 
 
What this study clearly reveals is a failure of the multiple traditional breathing regulatory feedback control 
mechanisms. The implications are profound, and go far beyond any partial relief that might be given by 
traditional bronchodilator therapy.  

In order to efficiently correct the Dynamic Hyperinflation lesion it is clear that mandatory cognitive breathing 
control techniques must be employed to efficiently correct Dynamic Hyperinflation. 
 
The scientific justification for physical therapy breathing control techniques is now clear. Breathing training in 
significant COPD and Asthma is no longer an optional and controversial component of therapy. Breathing 
training must now be considered a critically important and mandatory requirement in COPD and 
Asthma.  

CHEST  PHYSIOTHERAPY 



Chest Physiotherapy in COPD / Emphysema has two major components: 
      1.) Traditional physiotherapy techniques (chest joint and muscle mobilization; muscula r stretching, 
strengthening, movement and coordination. 
      2.) Breathing Pattern training.  

Consider the classic Emphysema "Barrel Chest" deformity from Dr. Netter noted below. 

 

Note the general overinflation, including the upper chest. 
 
The upper chest now moves in the so-called "pump handle" up 
and down movement, due to actio n of the accessory "strap" 
muscles of respiration. This is a "trick movement" rescue attempt 
to increase ventilation. 
 
The lower chest is overinflated and less mobile as to the normal 
so-called "bucket handle" lateral and upward motion of the rib 
cage. This region of the chest normally is the major area of rib 
movement to assists breathing, and is the stabilizing region of 
diaphragm attachment necessary for that muscle to work 
properly. The diaphragm is the dominant chest wall organ of 
respir ation. 

The entire rib cage movement is relatively "frozen" and immobile. This is due to chronic overinflation, both 
anatomic overinflation related to alveolar destruction as well as Dynamic Hyperinflation. In this process of 
overdistention the respiratory excursions move into a stretched position of inefficient functionality, and rib 
movements are lessened. Essentially the ribs become (relatively) immobilized. The rib joints respond in a typical 
manner (e.g. as do the joints of an arm or leg placed in a cast, the surrounding joints are relatively immobile 
following cast removal) by pericapsular fibrosis and even greater loss of mobility.  

The initial therapy problem is therefore one of mobilizing the chest wall structures and then re-directing proper 
muscular action to optimize ventilatory capacity. This requires an understanding of chest wall anatomy ( from 
Grant, An Atlas of Anatomy, 3rd Edition, 1951) and correct mechanics. 
 

Note the upper ribs are relatively straight, and generally pointed 
downward, i.e. the posterior joints connecting to the spine are 
higher than the anterior costo-chondral joints. The inspiratory 
External Intercostal muscles are attached from the upper rib in an 
anterior slanting manner down to the next lower rib. Therefore, 
when these inspiratory muscles contract these ribs move in an 
upward manner, i.e. the "pump handle" movement. This 
movement is assisted by the accessory neck "strap" muscles 
attaching to the upper ribs.This "pump handle" movement 
involves mainly the upper four ribs, and lifts the chest upward and 
outward. 
 
Note the lower ribs are much more curved, and again the posterior 
joint is higher. The External Intercostal muscles are attached in a 
similar anterior slanting manner. However, when these muscles 
contract, because of the curved rib shape, these ribs move mainly 
in a lateral and outward manner, i.e. the "bucket handle" 
movement. This involves mainly the four lowest ribs. Note, with 
each rib pulling on the rib below there is a multiplier expansion 
effect, which produces this dominant rib motion of breathing. 

 



 

This diagram is from the text "Respiration in Health and 
Disease," by Reuben and Louis Cherniack, 1961. 
 
The Pump Handle and Bucket Handle movements 
and related rib joint motions are well displayed. 
 
 
 
 
 
 
 
 
 
 

This diagram is also from Cherniack and Cherniack. 
 

It shows the diaphragm attachment to the lower ribs. 
Because of the upward curved nature of the diaphragm 
attaching to the curved lower ribs, when the diaphragm, 
(the major organ of chest wall movement promoting i 
nspiration) contracts, the transverse lower chest 
movement is enhanced, i.e. the Bucket Handle 
movement. 
 
However, if the chest is overinflated, and the diaphragm 
relatively flattened, diaphragm contraction promoting 
inspiration is therefore impaired, because the ribs are 
now pulled relatively inward on inspiration.  

Restoring the diaphragm position to a better curved anatomic level of functionality is imperative.  

CHEST  MOBIL IZATION and STRENGTHENING 

The "frozen" chest must first be mobilized, in order for proper muscular activity to take place. Mobilization 
should concentrate on lower-lateral chest movement and expansion. The objective is to obtain more allowable 
thoracic "breathing room," as without an increased chest wall movement capacity any effort to improve 
breathing patterns will be limited.  

The following three pictures are from the Brompton Hospital manual of "Physiotherapy for Medical a nd 
Surgical Thoracic Conditions," 1967.  



 

Unilateral Chest Expansion may be done by the patient or 
assisted by a physiotherapist. The hand is placed on the lower rib 
margin in the mid to anterior axillary line. Deep exhalation is 
encouraged, while gently but firmly compressing the chest wall. 
The spine should be held straight during manipulation.  
 
On inspi ration the pressure is promptly removed, allowing for a 
natural elastic chest recoil. This results in a minimal effort, 
facilitated flow of air which the patient usually appreciates. 
Progressively greater excursions are attempted as the chest wall 
is felt to loosen.Note the emphasis on expiration, which will 
correct Dynamic Hyperinflation. 
 
Joint mobilization may be facilitated, particularly those 
articulating with the spine, by gentle deep massage and local heat 
or diathermy.  

Every patient should have their own Breathing Belt for self help Belt Exercises.  

A Breathing Belt may be constructed from an old sheet. The length is approximately floor to shoulder height. 
To construct a belt, begin with a width of about 14 to 16 inches. Fold the sheet lengthwise and sew the edge. 
Then again fold the sheet lengthwise and sew around all edges, and cross-stich to maintain the shape. The final 
width will be about 3 to 4 inches. 
 
Unilateral Belt Exercises for the left chest is done by fixing the Breathing Belt under the outside  

of the left leg, then bringing the belt under the right arm and then 
placing it around the left lower rib margin. 
 
The belt is then grasped with the right hand over the center of the 
chest. 
 
Then, during deep exhalation the right hand pulls on the belt to 
compress the left lower chest. At the beginning of inspiration the 
pressure is promptly released to permit chest recoil and a sudden 
inflow of air. 
 
Generally posture should be held erect. However, during 
exhalation the patient my achieve greater chest compression by 
leaning to the left, while pulling the belt to the right. While this 
may be useful as an advanced mobilization trick, routine use of 
this technique should not be encouraged, as it may promote 
undesirable "trick movements." 

The patient should try to develop a breathing rhythm, and progressively deepen both inspiration and expiration, 
while applying progressively firmer expiration tension to the belt. Again, the emphasis is on expiration. 



 

Bilateral Chest Expansion may be done by the patient, or with 
therapist assistance. 
 
The technique is best done semi-reclining upright in a 
comfortable chair. Note the hand placement at the lower rib 
margins in the mid to anterior axillary lines. 
 
Patient's beginning a rehabilitation program can usually be easily 
taught on their first office visit to place their hands in this 
position and to "Concentrate on breathing OUT, and when you 
breathe in, put the air where your hands are." This notion seems 
foreign to most patients, and they should be reassured that "You 
can't take in a breath of fresh air until you first get rid of the last 
breath of stale air." Patients are usually gratified to note some 
immediate improvement to their dyspnea distress, despite the 
simplicity of these instructions. This is mainly due to reduction 
of Dynamic Hyperinflation. 

Later, as the patient progress, they may be taught to apply external rib pressure for chest mobilization, and still 
later the specifics of strengthening and coordinated diaphragm breathing.  

In a month or so, when the chest is moving better, there is usually a need for inspiratory muscle strengthening as 
these muscles are often weakened by being relatively encased within the rigid thorax. On occasion one may even 
observe intercostal indrawing with inspiration as the mobilization process advances. This indrawing corrects as 
the intercostal muscles strengthen. For the first three or four months the breathing training as described provides 
sufficient muscular stress for proper rehabilitation. Thereafter there is a place for an additional inspiratory work 
load, which may be provided by a number of commercially available devices. Whatever device is used, the 
inspiratory work load should be sufficient for muscle training stress, approximately 30-40 cm H2O pressure.  

A more advanced Belt Exercise technique can also provide inspiratory muscular exercise. Instead of abruptly 
discontinuing external compression at the beginning of inspiration, the compressing pressure is gradually 
relaxed, in a manner that always applies a slight degree of resistance to expansion, and therefore encourages 
active but gentle inspiratory muscle effort. Then, as strength improves, the relaxing inspiratory force applied can 
be made more resistive, to encourage greater muscular training effort to enhance the strengthening objective.  

For the patient with extremely atrophied inspiratory muscles with very low resistive pressure requirements, 
physiotherapists will recognize this is in fact a form of the PNF (Proprioceptive Neuromuscular Facilitation) 
technique.  

Bilateral Breathing Belt Exercises should be a part of the daily routine of all patients in the first months of 
rehabilitation training, and practiced periodically thereafter to maintain these skills. During active rehabilitation 
training the Belt Exercise should be done only twice daily, for only five minutes, and come at the end of a five 
minute Breathing Training session which will be described later.  

The technique is performed by placing the Breathing Belt around the back, and then each end positioned over the 
lower rib margins. The right hand grasps the left end in the left anterior axillary line, and likewise the left hand 
grasps the right end in the right anterior axillary line, with the hands and arms crossing each other in front of the 
chest. The belt should be snuggly fitting, so the patient can easily feel the chest moving with quiet respiration. It 
is usually best to be comfortably seated, though the technique may be done lying supine.  

After a larger than usual inspiration breath, slowly perform a long and exaggerated exhalation, using slight 
muscular effort to exhale. Then, about half way through expiration apply a firm and progressive pressure to the 
lower chest regions by pulling on both ends of the belt equally. The manner of chest compression requires 
careful instruction. If too abrupt and forced it can be damaging. Patients usually relate well to the analogy of 
wringing out a wet towel, with the instruction "If you try to suddenly wring out a wet towel you will get some 
water. But if you gradually but firmly wring the towel out you will get more water with less effort."  

Then, after a long exhalation, abruptly remove the belt pressure and simultaneously breathe in gently. The 
patient should try to feel a satisfying rush of air going into the lower-lateral chest regions. Again, the emphasis is 
on expiration, to mobilize the chest and reduce Dynamic Hyperinflation (and coincidentally aid in peripheral 
secretion removal). Inspiration should be focused on the lower-lateral chest, gentle, and smoothly coordinated 



with any inspiration effort. Forced or gasping inspiration is an abnormal trick movement and must be eliminated. 
Note carefully that any voluntary expiration effort should be minimal, to minimize Dynamic Bronchial 
Compression and therefore minimize premature peripheral airway closure. This carefully targeted rise in intra-
abdominal pressure will promote the upward displacement of the diaphragm to a more normal curved position, 
which in turn will improve diaphragm functionality.  

As a subset of this exercise patients should be taught the Inspiration Limitation technique. There is a natural 
tendency for the dyspneic patient to want to take in a full breath of air. This only perpetuates the Dynamic 
Hyperinflation lesion. They should be taught to limit their inspiratory effort to only 75-80% of their desired 
normal breath volume. This is an excellent trick for u rgent Dynamic Hyperinflation correction if done over 
several breaths. Patients who understand this trick seem to instinctively select an appropriate inspiration volume 
and therefore prevent Dynamic Hyperinflation.  

Repeat this slow breathing cycle only about five times at the beginning, to prevent fatigue. Later when the 
patient is better mobilized and stronger the cycles of exercise may last a minute or two. The entire exercise 
should not exceed five minutes, and be done only twice daily after the five minute period of breathing pattern 
training as described later. This limited exercise time appears to be quite adequate, and prevents undue fatigue 
and boredom. Therapy and exercise routines that intrudes excessively on the patient's life style is an invitation to 
non-compliance.  

Patients usually find the crossed motion of the hands and pulling on expiration to be quite confusing. It is very 
helpful for the physiotherapist to teach the method by holding the patient's hands and then pulling on same to 
give the patient an understanding of the rhythm of the exercise and the proper pressure to apply, and when to 
release that pressure.  

Patients may tend to rock forward during exhalation and straighten up during inspiration. If not too exaggerated 
and done in a coordinated manner this is helpful, as this will give greater chest compression and overinflation 
reduction.  

A very long expiration with exaggerated forward bending, to the point where the hands are now on the patient's 
legs and p ressing firmly into the upper abdomen to force further lung emptying is known as the "Respiratory 
Squeeze." This is a good technique (though it is fatiguing) for emergency lung deflation in cases of acute 
Dynamic Hyperinflation. This is also an excellent technique for mobilizing peripheral retained mucus (to be 
followed be the so-called "Huff Cough" technique for final secretion expectoration).  

NOTE: Patients usually complain of diffuse aching chest wall pain for about six weeks a fter chest mobilization. 
This is normal, and reflects the usual complaints of stiff joints and muscles now being re-activated.  

BELLY PUFFING. In a wide spectrum of neurologic and muscular diseases, patients develop so-called "Trick 
Movements" in an attempt to compensate for lost functionality. There are good Trick Movements which aid 
functionality, and bad Trick Movements which interfere with functionality. The physiotherapist must learn to 
recognize undesirable Trick Movements and eliminate them, while enhancing productive compensatory 
movements. Belly Puffing is a bad Trick Movement.  

Belly Puffing is easy to perform, and therapists should learn the technique to gain insight as to how readily this 
can be done. Lying supine (in order to eliminate an artifact of abdominal content movement), practice puffing 
the abdomen in and out. Then, puff the abdomen out while exhaling, and pull the belly in while inhaling. 
Normally of course the abdomen expands due to decent of the diaphragm on inspiration, and conversely 
contracts as the diaphragm rises on expiration. The Belly Puffing trick movement is therefore an abnormal 
artifact, which is exactly opposite of normal abdominal breathing movements. It must be carefully watched for, 
and eliminated.  

A traditional technique to teach "Diaphragm (or Abdominal) Breathing" is to have the patient place one hand on 
the anterior upper chest and the other just below the xiphoid. The patient is then instructed to not move the upper 
hand while breathing in, and simultaneously make the lower hand move outwards with inspiration. This 
traditional technique should be abandoned, as it encourages the abnormal Trick Movement of Belly Puffing.  

The abnormal "pump handle" upper chest movement will go away naturally if the patient is consistently coached 
to perform Diaphragm Breathing by concentrating on the "bucket handle" movement on the lower-lateral rib 
margin at the mid to anterior axillary line position. The abdominal movement that develops subsequently will 
then more accurately reflect true diaphragm excursions.  



Along with breathing physiotherapy it is important to begin general measures directed at peripheral muscle 
reconditioning. Typically patients with exertional dyspnea limitation become sedentary and deconditioned. The 
deconditioned muscle metabolizes inefficiently, requiring more oxygen and giving off more CO2 and acid 
metabolites for a given work load than well conditioned muscles. The deconditioned patient therefore must 
provide more ventilation than normally required, adding an additional ventilatory burden. Typically this leads to 
a vicious circle of less activity and further deconditioning. Improving peripheral muscle conditioning is therefore 
very important in overall pulmonary rehabilitation, in order the patient may be more mobile with relatively less 
ventilatory needs.  

It is beyond the scope of this presentation to discuss peripheral exercise programs. Generally this author 
recommends endurance oriented training for the legs (to enhance walking mobility) and to some degree strength 
oriented training for the arms (to enhance activities of daily living such as getting out of a chair).  

BREATHING  PATTERN  TRAINING 

When the chest wall has been restored to better functionality, it is now necessary to instruct the breathing 
apparatus as to what to do. This is the domain of Breathing Pattern Training.  

Dating to at least the 1930's, largely empiric chest physiotherapy techniques evolved for treating COPD and 
Asthma, mainly in the United Kingdom. The breathing pattern component generally called for a slowing of the 
respiratory Rate, an increase in the Tidal Volume, and a prolongation of the Expiratory Time phase.  

Specifics of the various respiratory parameters were not defined. At the 1995 ISARP conference this author 
presented a visual biofeedback technique to permit precise definition of the inspiration and expiration parameters 
(See: "A visual biofeedback method to define and teach breathing patterns" and "Clinical experience with a 
visual biofeedback method in COPD rehabilitation" Biological Psychology; Vol. 43 No. 3, pages 261 and 243-
244, June 1996).  

Briefly, an inspiration / expiration mechanical 
"Breathing Prescription" is designed by menu selection 
as a volume versus time analog display. A cursor blinks 
along this analog to prompt the patient where to be 
breathing. 
 
The patient's real time breathing signal is displayed. In 
the example shown the inspiratory effort is below the 
programmed line, therefore instructing the patient to 
inspire faster. The objective is to have the patient make 
a perfect match on the Breathing Prescription line. 
 
 



 

Here is an example of a patient Air Trapping with 
Dynamic Hyperinflation. 
 
In the upper screen the patient's display is routinely 
blanked out, in order to obtain a standardized picture 
(Tidal Volume 1000cc, Respiratory Rate 10 bpm) of the 
patient's native breathing pattern. Note on expiration the 
patient's Resting Expiratory Level (REL) does not 
return to baseline, i.e. the Functional Residual Capacity 
(FRC) is increasing due to Dynamic Hyperinflation. 
 
The lower screen is with the patient following the 
Breathing Prescription. Note she is doing very well, 
with the REL now returning to the baseline FRC, thus 
resolving any Dynamic Hyperinflation. 
 
 
When you can see the patient breathe it provides much 
insight, and when the patient can see what they need to 
do they can easily relate to complex instructions. 

A copy of this training record is routinely given to the patient. Note the hand written no tations of good 
performance, and performance that needs correcting. Note also the training instructions to practice their 
breathing training only twice a day, and for only five minutes.  

Patients are instructed to recline in a comfortable chair, to relax, and to concentrate and to "Put this breathing 
picture in your mind." This five minutes of breathing pattern practice was then followed by five minutes of Belt 
Exercise. The brief periods of training done only twice daily avoid und ue fatigue, and boredom, and are only 
minimally intrusive on the patient's life style. Generally within two to three months most patients exhibit 
substantial breathing skills on follow-up review. Note carefully this breathing prescription is one that will 
prevent Dynamic Hyperinflation.  

While the time of development of breathing skills is perhaps slower than in some programs, the fact that the vast 
majority of the training is shifted to the patient (generally only 2 to 4 physician / therapist v isits are needed in 
the first three months of rehabilitation), it is clear this is a very cost effective breathing re-training method.  

Using this same patient example, strategies of Dynamic Hyperinflation correction have been drawn.  



 

The commonest and usually best deflation strategy is a 
non-forced, or minimally forced, prolongation of the 
expiratory time by a pproximately 25%. This will 
minimize the problem of Dynamic Bronchial 
Compression (DBC) as discussed below. 
 
Repeated over several breaths all Dynamic 
Hyperinflation should be corrected, and the patient 
comfortable within 10 or so breaths. 
 
If this does not correct or substantially reduce the acute 
dyspnea level, probably the patient is making the 
mistake of fully inspiring and therefore re-establishing 
the overinflation lesion. In this case the Inspiration 
Limitation technique will resolve the problem. 
 
The second basic strategy is a forced expiration 
technique, without expiration prolongation. The 
technique is fatiguing, and to be used only as a rescue 
technique for severe overinflation. Properly done it 
should promptly resolve the Dynamic Hyperinflation 
lesion. 

Patients should be thoroughly instructed in recognizing and avoiding the Rescue Breathing Pattern which is a 
common psychological based reason for acute dyspnea attacks. Anxiety is a common trigger for 
hyperventilation, and anxiety based on the dyspnea sensation is a particularly powerful emotional stimulus to 
induce hyperventilation. In the COPD patient this can trigger Dynamic Hyperinflation.  

Typically a COPD patient will experience mild exertion dyspnea, become anxious, hyperventilate, and promptly 
convert a mild dyspnea situation into a severe dyspnea attack. For details see the authors ISARP 2000 
presentations "The Rescue Breathing Pattern: Physiologic and Psychologic Consequences in COPD" and "A 
Breathing Pattern Training and Portable Activation System: Use in the Rescue Breathing Pattern in COPD" 
(Biological Psychology; Proceedings of the 7th Annual Meeting of ISARP, Vol. 56 No. 1, pp 63-81, March 
2001).  

DYNAMIC BRONCHIAL COMPRESSION 



 

This simple cartoon illustrates Dynamic Bronchial 
Compression by reducing the lung to one alveolus and 
one peripheral airway within the chest. 
 
As the chest wall moves inward on expiration, pressure 
is generated on the alveolus to produce exhalation. 
 
At the same time this necessary driving pressure is also 
being applied to the peripheral airways. If the peripheral 
airways are deficient in elastic support, to maintain the 
airway in an open position, a Critical Closing Pressure 
is exceeded and the airway collapses, with a resulting 
increased airway obstruction and air flow limitation. 

 

This more complete DBC illustration is also taken from 
Comroe's text. 
 
It is clear from these diagrams that it is necessary to 
generate a positive driving force within the chest to 
achieve expiration. 
 
However, if the driving exhalation force is excessive, 
there will be premature peripheral airway collapse and 
expiration will be impaired. 
 
This is a particularly severe problem in Emphysema, 
where the airways are distorted and deficient in elastic 
support to help maintain an open state. 

This leads to a fundamental chest physiotherapy problem and conflict. Dynamic Hyperinflation correction 
requires a decrease in the overinflated FRC. However, the Dynamic Bronchial Compression lesion will be 
helped by an increased FRC, which will relatively expand the lung and therefore enhance the elastic support of 
the airways. Both therapy concepts and concerns are valid. The problem then becomes one of which 
pathophysiological lesion is dominant, and how far can one apply a competing therapy modality before imposing 
an added functional burden.  

Proponents favoring an increased working lung volume include chest physiotherapy pioneers Diana Innocenti 
and Dr. Claude Lum ("Breathing Exercises in the Treatment of Emphysema" Physiotherapy; pp. 437-441, 
December, 1966). Their concerns are valid, and must be addressed within the problem of the Dynamic 
Hyperinflation lesion.  

While it is desirable to maintain a totally passive exhalation by using only the elastic recoil of the chest wall to 
provide the driving pressure (to minimize DBC), at times this is not possible. Some added expiratory force may 
be required if the patient cannot return to their FRC baseline, or, if the expiratory time becomes so pro longed 
that the overall respiratory Rate is excessively slowed. If needed, the expiratory force should be applied as late as 
possible during exhalation, and only the minimum force necessary should be applied. Indeed, this is a 
challenging task that touches more on the art of chest physiotherapy.  

NOTE: For patients with a flattened diaphragm secondary to severe overinflation, a moderate degree of upper 
abdominal compression at the end of expiration may aid in forcing the diaphragm into a better working position.  

Occasionally forced expiration can be a useful technique for emergency decompression of severe hyperinflation. 
However, this is a "brute force" technique and very exhausting, and should only be used in a limited manner, and 
with discretion.  



The physiologic conflict may be put in perspective by this modified diagram from O"Donnell and colleagues. 

 

Line "A" is a theoretical maximal correction of 
Dynamic Hyperinflation. 
 
Line "C" is a theoretical level of Dynamic 
Hyperinflation correction where Dynamic Bronchial 
Compression first begins. 
 
Line "B" is a theoretical level where Dynamic 
Hyperinflation correction results in a dominant 
Dynamic Bronchial Compression lesion. 
 
 
QUESTION: Where would the reader place Line B ? 

The answer to this question would clarify important practical chest phys iotherapy technique questions and 
controversy. It awaits study by advanced pulmonary mechanics research. Perhaps the promising Expiratory Flow 
Limitation (EFL) estimation method by Eltayara, Becklake, and Volta et al (Relationship between chronic 
dyspnea and expiratory flow limitation in COPD patients. Am J Respir Crit Care Med 1996; 154: 1726-1734) 
might be used to advantage here.  

Many of the chest physiotherapy techniques and breathing pattern manipulations have both beneficial as well as 
adverse consequences on other parts of overall physiologic needs. With this in mind, one should be cautious 
about strong advocacy for one or another particular technique. The focus should be on the dominant physiologic 
problems, and resolving these problems with the best possible compromise strategies, while keeping in mind 
potential adverse consequences of the therapy program.  

Regardless of any therapy controversies, chest physiotherapy in COPD and Asthma resides on a firm scientific 
foundation, and long standing empiric experience of beneficial results in dyspnea relief. The time for re-
introduction into the United States seems long overdue.  

 

How can we increase the efficacy of  
normalizing chronic hyperventilation?  

Yogi case data.  

Bo von Schéele, PhD 
The Institute for Psychophysiological Behavioral Medicine,  
IPB, IPM, Karolinska Institute, Sweden. 
bo.vonscheele@stressmedicine.se 

It is crucial to normalize dysfunctional etCO2 in clinical work with patients with stress related d isorders. The 
reason why respiratory-metabolic parameters become dysfunctional in patients with stress related disorders 
relates to evolutionary factors (von Schéele & von Schéele, 1999) and when it becomes chronic it requires much 
effort in terms of tailoring breathing strategies. Throughout the years we have used different approaches and so 
far we are most satisfied with the Tibetian one. We always measure carefully cardiovascular, autonomic and 
respiratory-metabolic (and blood gases) parameters. Data are discussed from a medical provider well 
experienced in Yoga which highlight the need for observing and understanding the physiology during breathing 
training.  

Methods: ECG, heart rate, respiratory sinus arrhythmia (RSA), skin temperature, skin conductance, end-tidal 
CO2 (etCO2), oxygen saturation (SaO2) and respiration rate are measured continuously in our laboratory during 
(i) baseline, (ii) the performance of a specific Yoga breathing technique, and (iii) baseline.  



Result. Duri ng the Yoga-breathing the RSA pattern changed directly to a modified "two-peak RSA", indicating 
dysfunction in the interplay between respiratory and cardiac behaviors. Normally it is one sinus curve per breath. 
Spectral analysis of ECG showed also some unusual patterns. This kind of dysfunction has not been observed 
before, as far as we know. The etCO2 increased to over 7% and stayed at that level during the following base 
line. This is very unusual requiring a biological explanation. SaO2 is interestingly not changed indicating no 
influence by the generated acidosis.  

Discussion: This case symbolizes the requirement that breathing intervention in patients should rely on proper 
data. As this clinical field is under-researched, it is important to elaborate research questions such as: What 
consequences have compensatory buffering during chronic alkalosis and acidosis? What is "behind" an observed 
or "masked" (by efficient respiratory buffering) acidosis? Why is the frequent observed acidosis in pat ients with 
stress related dysfunctions not discussed in the literature as well as strategies for its normalization?  

 

The Papworth (UK) method of breathing retraining  
for dysfunctional breathing 

Elizabeth Holloway 

No abstract available 

 

COPD pulmonary rehabilitation in a solo practice 

Deane Hillsman, M.D. 

No abstract available 

 

Long-term stability of tidal volume measurement  
with a novel ambulatory monitor 

Michael A. Coyle1 and Frank H. Wilhelm2 
1VivoMetrics, Inc., Department of Clinical Research, Ventura, CA, USA  
2Department of Psychiatry and Behavioral Sciences, Stanford University Medical School, and the VA Palo Alto 
Health Care System, Palo Alto, CA, USA 

Accurate measure ment of respiratory function parameters outside the laboratory is important for clinical 
monitoring and for understanding mechanisms that govern this complex system. Until now, ambulatory 
monitoring of the pulmonary system has been impractical due to inherent limitations of available devices.  

We investigated the use of a novel ambulatory system (LifeShirt™, VivoMetrics, Inc., Ventura, CA, USA) and 
the stability with which it measured tidal volume (VT) over an extended period. Five subjects wore the L 
ifeShirt™ for five consecutive days.  

Subjects were instructed to maintain normal daily activities for the duration of the study. They were allowed to 
briefly remove the system once per day.  

The respiratory sensors embedded in the LifeShirt™ were calibrated to absolute VT at the beginning of 
recording day 1 by having subjects breathe into a fixed volume bag. This calibration procedure was repeated at 
24-hour intervals. After each calibration, subjects were required to sit quietly for five-minut e baselines.  

Baseline VTs were computed for days 2 to 4 using the day 1 calibration and these values were compared to 
baseline VTs computed for days 2 to 4 using each day's calibration. Deviations of VTs based on these different 
calibrations were small and not significant (7.7%, 6.4%, 2.9%, 7.1%, for days 2 to 4, respectively).  

These results indicate that the initial VT calibration remained accurate over 4 days of measurement, even with 
subjects taking the LifeShirt™ system off occasionally.  



We conclude that the LifeShirt™ system has minimal within subject error in VT measurement, and it is a stable, 
robust ambulatory device for the measurement of VT for extended periods.  

 

New devices for application in breathing therapy practice: 
demonstration and discussion 

Peter Litchfield and Michael Coyle 

No abstract available 

 

Breathing and performance under odor exposure 

Brigitta Danuser1, Denise Moser2, Tanja Vitale1, René Hirsig2, and Helmut Krueger1 
1Institute for Hygiene and Applied Physiology, Swiss Federal Institute of Technology, Switzerland 
2Institute of Psychology, Department of Applied Psychology, University of Zurich, Switzerland 

Influences of odors on human behavio r and mental performance are generally accepted phenomena, despite a 
lack of scientific proof. We investigated the influences of odor exposure on performance in a complex task and 
on breathing measures. The complex task was composed of a tracking part and of a short-term memory and a 
peripheral reaction part.  

Twelve participants (6 f, 6 m, age 20-36 years) were exposed during rest or while performing the task to four 
different odors (two positively and two negatively attributed odors) at two intensiti es. Intensity 1 corresponded 
with the individually assessed odor perception threshold (OTh), and intensity 2 was twice the concentration of 
the OTh.  

Two approaches were used to examine breathing changes: The first was to calculate the means over the different 
conditions and the second consisted of expressing the median of 5 breaths after odor onset in percent of the 5 
breaths before odor onset.  

By means of an analysis of variance with repeated measures, the influence of cognition (rest-task), odors (4 
levels) and odor intensity (3 levels) as within factors on the dependent variables minute ventilation, inhalation 
flow (Vi/Ti), performance scores, and affective judgments were tested.  

Mean breathing parameters differentiated between rest- and task conditions but not between odor conditions. The 
analyses of 5 breath after odor onset revealed that the higher intensity of the malodors induced a short-term 
decrement in inhalation flow during rest and work. During exposure to the malodors, perf ormance in the short-
term memory task was impaired compared with control trials; no effect was found for the positive judged odors. 
In the reaction task, reaction time increased especially under one malodor (NH3).  

The study suggests that malodors are capable of inducing a short-term breathing depression and deteriorating 
performance.  

 

Effects of mental workload stress on  
end-tidal CO2 in computer work 

Lawrence Schleifer1, Tom Spalding1, Brad Hatfield1, Scott Kerick1, and Ronald Ley2 
1University of Maryland, USA 
2University at Albany, State University of New York, USA 

The data reported here are preliminary findings on changes in respiration taken in connection with a program of 
research designed to address the question of how psychosocial stress in computer work contributes to 
musculoskeletal disorders of the upper extremities, neck, and shoulder. The specific purpose of the present study 
was to determine the effects of high- and low-mental-workload stress on end-tidal CO2 (ETCO2), one of several 
physiological measures taken concurrently.  



Twenty-one subjects who could type at least 40 words per minute participated in the study. Using a within-
subjects design, each subject completed an 18-minute mental task under high- and low-stress conditions. The 
order presentation of the mental task conditions was counterbalanced.  

Under the high stress condition, the subjects counted backwards by units of seven from three-digit minuends 
(e.g., 903-7=896, 896-7=889, etc.) as rapidly as they could and keyed the remainders in alpha form into a 
computer. Under the low mental-stress condition, no mental calculations were performed. In this condition, the 
study participants read backward-sevens subtractions presented on a video-display screen and keyed the 
remainders in alpha form into a computer.  

The mean drop in ETCO2 from resting baseline to the 18-minute task was significantly greater for the high 
mental-stress condition than the low mental-stress condition.  

These results support the hypothesis that mental workload stress in computer work results in 
pyschophysiological changes in breathing. The implications of these study findings for musculoskeletal disorders 
are discussed within the framework of a hyperventilation theory of job stress (Schleifer, Ley, & Spalding, 2002).  

 

Breathing responses during affective picture viewing 

Patrick Gomez and Brigitta Danuser 
Institute for Hygiene and Applied Physiology, Swiss Federal Institute of Technology, Switzerland 

Previous research has demonstrated covariation of physiological responding with judgments of affective valence 
and arousal. Until now, however, links between affective dimensions and respiratory parameters have not been 
investigated in detail.  

In this study, eight slide series varying widely in affective valence and arousal were shown to 26 subjects (14 
men and 12 women), while respiration, skin conductance and heart rate were recorded. Respiration was 
measured using a volume calibrated respiratory inductive plethysmograph (Respitrace). Affective judgments 
were registered using the 9-point Self Assessment Manikin. Slide series consisted of five pictures, chosen from 
the IAPS, which were similar in their normative distribution of ratings. Time presentation of each picture was 6 s 
so that a series lasted 30 s.  

For the physiological parameters, the average of the 30-s presentation was divided by the 30-s prestimulus 
average. The ratio was log-transformed to normalize the distribution. Relationships between affective judgments 
and physiological parameters were assessed by testing the following linear model with Systat 9.0: Physiological 
parameter = constant + subject + valence rating + arousal rating + subject x valence rating + subject x arousal 
rating + valence rating x arousal rating. Interactive backward stepping was used to explore the data. A term was 
included in the model when its p-value was lower than 0.05.  

Inspiratory time, total breath duration and heart rate decreased, while skin conductance increased with arousal 
ratings. Mean inspiratory flow (Vi/Ti) and thoracic breathing (%RC) were significantly related to both affective 
dimensions. Vi/Ti was lowest for positive low-arousal pictures and highest for negative and positive high-arousal 
pictures. %RC was stronger during positive than negative pictures and during high-arousal than low-arousal 
pictures.  

These findings stress the importance of the arousal dimension in respiratory responding, but also indicate a 
modulatory role of affective valence.  

 

Fifty years of noninvasive respiration monitoring:  
From body plethysmography to exhaled nitric oxide 

Arthur B. DuBois 
John B. Pierce Laboratory and Yale University, New Haven, USA 

During WWII, Fenn, Rahn and Otis depicted alveolar air pathways using an O2-CO2 diagram and work of 
breathing with a pressure-volume diagram. Then, Otis placed subjects head out in a Drinker respirator to 
measure the force needed to expand the relaxed chest and produce airflow at the mouth.  



As a medical research fellow in 1950, I borrowed an aircraft cylinder and attached it to a D.C. motor run at 1 to 
30 Hz to explore higher frequency responses of the chest. I discharged compressed air from a canister to produce 
a square wave of pressure in the respirator to measure the transient response of the chest. I used a newly made 
infra-red CO2 meter to trace alveolar gas concentrations during various breathing patterns. Differential equations 
were used to define mechanics and gas exchange.  

Julius Comroe foresaw that Medicine needed such bedside and laboratory methods and took on Robert E. Forster 
for mass spectrometry, blood gas electrodes and diffusing capacity, and myself for respiratory mechanics, 
pulmonary blood flow, and alveolar gas exchange. Forster and I were host to talented research fellows from the 
medical specialties.  

I resumed frequency response measurements using small pistons and Lilly manometers. But, Julius Comroe and 
Stella Botelho had built a steel cabinet to try to measure thoracic gas volume and airway resistance. They ran 
into artifacts of temperature and humidity and O2-CO2 exchange during the breathing cycle. I instrumented the 
box with capacitance manometers and re-breathed the air in the box either in a warm wet bag or else within the 
confines of a flow meter, using rapid shallow breathing. Research fellows and I explored numerous physiological 
and clinical variables.  

Later, in New Haven, I recorded nitric oxide concentrations in air from the nose, trachea, and alveoli. As the new 
methods were adopted in clinical specialties for diagnosis and treatment of disease, manufacturers found a 
market justifying the cost of improving the equipment but placing it beyond the reach of basic investigators.  

Yet, a worthy objective is to explore the influence of the mind on the autonomic control of airway smooth 
muscle tone. Older models of equipment that are less expensive often are more adaptable and may be better 
suited to the exploratory needs of psychophysiologists.  

 

Localizing the site of airway constriction  
by impulse oscillometry 

Michael D. Goldman 
University of California at Los Angeles  

Impulse oscillometry may induce anxiety in some participants as a result of the "impulsive" nature of the forced 
oscillation (FO), in contrast to more gentle forces applied with pseudorandom noise (PRN FO). In the large 
majority of participants with hyperresponsive airways, this is not a problem, and acceptable studies can be 
completed.  

FO applies bursts of pressure to the airway opening that cause associated flow perturbations superimposed upon 
the participant's normal respiratory flow pattern. Current technology uses a computer to derive relationships 
between forced bursts of pressure and resulting bursts of flow, as distinguished from the participant's normal 
respiratory flow, to calculate resistance and reactance.  

Low fre quency portions of pressure and flow bursts (5-15 Hz) are transmitted with relatively little attenuation, 
to more peripheral lung regions while high frequency pressure/flow perturbations (20 Hz and higher) are not 
transmitted to the periphery. Accordingly, low frequency changes, without corresponding high frequency 
changes signal peripheral airway changes. In contrast, high frequency changes alone, or equal changes in low 
and high frequency resistance, indicate central airway responses.  

This guideline demonstrates how changes in tongue position cause an easily recognizable artifact that can be 
avoided by use of a new mouthpiece with a tongue depressor that stabilizes the position of the tip of the tongue. 
This results in lower resistance than with conventional mouthpieces.  

In addition, the brief pulses used in impulse oscillometry can identify the distribution between inspiration and 
expiration of changes in participants undergoing bronchial provocation or therapeutic challenge. It is possible to 
recognize changes in subjects with hyperresponsive airways provoked by a deep inspiration. Within the 
expiratory phase, it is possible to assess the impact of breathing patterns that include active expiration, resulting 
in substantial increases in expiratory over inspiratory resistance. This is often seen in children with asthma, and 
patients with COPD, but only uncommonly in adult asthmatic patients.  

 



Emotions in a box – Measuring the effects of  
affective picture viewing on airway resistance in  

asthmatic and nonasthmatic subjects  
by whole body plethysmography  

Andreas von Leupoldt and Bernhard Dahme 
Psychological Institute III, University of Hamburg, Germany 

It is a popular psychosomatic hypothesis that strong emotions can provoke airway obstructions in asthmatic 
patients. We tested this assumption in a specific experimental context by using whole body plethysmography to 
control airways reactivity - the gold-standard for measuring airway resistance.  

In the present study, 30 asthmatic and 30 nonasthmatic participants viewed 3 affectively homogeneous series 
with pictures of positive, neutral and negative valence with videoglasses (Olympus Eye-Trek) while seated in the 
glassbox of a body plethysmograph (Jaeger Body Test). The pretested picture series of 7 minutes length were 
selected from the International Affective Picture System (IAPS; Center for the Study of Emotion and Attention, 
1999) which is a commonly employed instrument to induce brief affective states.  

Airway resistance (Raw), specific airway resistance (sRaw), thoracic gas volume (TGV), and mood were 
measured immediately after each presentation, sRaw in addition immediately before and during each 
presentation. Heart rate and skin conductance level were recorded continuously.  

According to subjects ratings based on a dimensional model of emotions the relevant affective and neutral states 
were successfully induced without differences between both groups.  

We observed significant increases of Raw and sRaw in asthmatic participants following negative stimulation, 
whereas positive stimulation caused only slight insignificant increases in this group.  

Nonasthmatic subjects showed insignificant trends for increases after positive pictures in Raw and after positive 
and negative pictures in sRaw. No substantial effect for mood induction on TGV was found in both groups.  

The results show that the experience of negative emotions induced by viewing affective pictures is able to reduce 
pulmonary function in asthmatic subjects. This is in line with earlier results measuring airways reactivity by 
forced oscillation technique.  

 

Use of portable spirometric devices in clinical research 

Elizabeth L. McQuaid, Gregory K. Fritz, Sue K. Adams, Sheryl J. Kopel, Rick Carter, 
Diane Yaros, Keren Rosenblum, and Robert B. Klein  
 
Rhode Island Hospital, Brown Medical School, Providence RI, USA 
University of Texas Health Center at Tyler, USA  

Hand-held spirometric devices to measure a variety of lung functions are increasingly available for use in 
clinical research settings. Use of these devices in large-scale research adds a potentially rich source of 
naturalistic data, as individuals can record their pulmonary functions on multiple occasions over time without the 
inconvenience of a laboratory visit. Certain methodological issues must be addressed, however, such as 
procedures to minimize device loss and to identify unique data problems.  

The present paper addresses the methodological "pro's and con's" of using a portable, hand-held spirometric 
device in research data collection, using a paradigm to assess children's symptom perception in asthma.  

Information from two waves of data collection, the first using standard spirometry (n=86 children, aged 8-15 
years, in a camp setting), and the second using hand-held spirometers (n=102 children, aged 7-16 years, in the 
home setting), will be compared.  

Procedures to minimize device and data loss, to inspect data for irregularities, and to manage data with varying 
numbers of observations per participant will be reviewed.  



Our work demonstrates that, although there is more initial cost in purchasing hand-held devices, the benefits in 
terms of greater naturalistic observation, minimal subject burden, and greater potential variability in lung 
function over time make it a preferred technique for long-term data collection.  

 

Psychosocial factors, health-related behaviors, 
respiratory viruses and 

exacerbation of asthma and other illnesses 

Andrew Smith 
Centre for Occupational and Health Psychology, Cardiff University, UK 

The aim of this presentation is to review recent research on factors associated with susceptibility to upper 
respiratory tract infections (URTIs) and assess the extent to which these may be associated with exacerbations of 
asthma.  

The first part of the talk will review research on psychosocial factors and susceptibility to experimentally 
induced upper respiratory tract infections. This will be followed by an overview of associations between 
psychosocial factors, health-related behaviors and naturally occurring URTIs.  

A detailed account of a study of the role of psychosocial factors and URTIs in exacerbation of asthma will then 
be given. Results from this study showed that those who did not report symptomatic colds leading to 
exacerbation of asthma (an episode) were more likely to be male, consume more alcohol and have lower 
negative affectivity scores.  

For those who reported at least one episode, frequency of illness was related to more negative life events and 
lower social support. Smokers were more likely to have to seek medical care when they developed a cold-
induced exacerbation of asthma.  

Overall, these results show factors that increase the risk of URTIs are also associated with exacerbation of 
asthma.  

 

Stress and asthma from a psychoneuroimmunology perspective 

Duck-Hee Kang 
University of Alabama-Birmingham School of Nursing, USA 

Stress may exacerbate an asthma condition. However, mechanisms by which stress modulates asthma 
exacerbation are unclear. Given that airway inflammation and autonomic dysfunction are key features in asthma, 
psychoneuroimmunology perspectives seem to be highly appropriate to investigate potential mechanisms.  

Stress is known to alter various immune and neuroendocrine responses. Thus, it can be hypothesized that stress 
induces increased proinflammatory activities, a shift toward a Th2 cytokine pattern, and higher parasympathetic 
reactivity contributing to impaired lung function and aggravated asthma symptoms.  

We first tested these hypotheses in mild asthmatic students using a natural stressor of final examinations. During 
stressful periods, peripheral leukocytes released greater amounts of interleukin (IL)-6 and neutrophil superoxide 
anions but lesser amounts of IL-2 and gamma-interferon (IFN-g). Increased superoxide release persisted for 2-3 
weeks after examinations, suggesting prolonged inflammatory activities to stress.  

Autonomic reactivity showed decreases in both sympathetic and parasympathetic tones but a shift toward higher 
sympathetic balance.  

Later, airway cytokine responses to stress were tested for Th1 (IL-2 and IFN-g) and Th2 (IL-4 and IL-5) 
cytokines and their ratios.  

Using a murine model of asthma, bronchoalveolar lavage fluid was collected following acute and repeated open-
field stress. While healthy mice showed significantly lower IL-4 but higher IL-2:IL-4 and IFN-g:IL-4 responses 
to both acute and repeated stress, asthmatic mice showed significantly higher IL-4 and IL-2:IL-5 but lower IFN-



g and IFN-g:IL-5 responses under acute stress. To repeated stress, asthmatic mice showed responses similar to 
those of health mice.  

These findings suggest that acute stress induces a more Th2-like pattern in asthmatic mice and that this might 
serve as a mechanism mediating the effects of stress on asthma exacerbation.  

Given considerable individual variability in human stress reactivity, however, further investigations are 
warranted to characterize subsets of asthmatics who may be at higher risk for developing detrimental lung 
function and asthma symptoms under stress.  

 

Differential airway responses of healthy individuals 
and asthmatic patients  

to posing of facial expressions of emotion 

Thomas Ritz1, Bernhard Dahme2, Miriam Thoens2, and Christian Quast2  
1Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
and VA Palo Alto Health Care System, USA 
2Psychological Institute III, University of Hamburg, Hamburg, Germany  

Facial muscle activity and emotional expression have been linked to airway function in health and asthma. Facial 
muscle tension has been found to be associated with both improvement and decline in lung function in previous 
studies. Moreover, clinical literature suggests that suppression of emotion or inadequate expression of emotion 
can trigger asthma symptoms.  

We studied the impact of voluntary manipulation of affective facial expression on respiratory resistance using an 
experimental simulation of facial communication.  

In a within-individual design, participants were presented three series of six happy faces and three series of six 
angry faces. Within each series, each of three different instructions were given once: to respond to each face by 
either posing a congruent face (e.g. a happy face when seeing a happy face), posing an incongruent face (e.g. an 
angry face when seeing a happy face), or by inhibiting any facial expression (show no expressio n at all). In 
addition, four control faces showing surprise or nonemotional grimaces were presented with the instruction to 
imitate the faces.  

Respiratory resistance, additional measures of ventilation, and autonomic nervous system function were 
measured at baseline and following each series of faces. Facial muscle activation during posed expressions was 
quantified by electromyograms from the corrugator supercilii, orbicularis oculi, and zygomaticus major sites.  

Asthma patients showed increases of respiratory resistance following all conditions, with the greatest increase 
following incongruent expressions. Healthy participants showed a reverse pattern, with decrease in resistance 
following all conditions and the greatest decrease following incongruent expressions.  

The only other parameter showing a similarly diverging response pattern between patients and healthy 
participants was skin conductance level. Both groups reported the greatest effort in posing incongruent facial 
expressions.  

We conclude that asthmatic airways respond fundamentally differently from healthy airways toincongruent 
emotional facial expression.  

 

The impact of panic disorder on asthma 

Jonathan M. Feldman1, Paul M. Lehrer2, Soo Borson3 ,and Teal Hallstrand4 
 
1Department of Psychology, Rutgers University, New Brunswick, NJ, USA 
2Department of Psychiatry, UMDNJ – Robert Wood Johnson Medical School, Piscataway, NJ, USA 
3Department of Psychiatry and Behavioral Sciences, University of Washington School of Medicine, Seattle, 
WA, USA 
4Division of Pulmonary and Critical Care, University of Washington School of Medicine, Seattle, WA, USA 



Panic disorder (PD) occurs in individuals with asthma at a higher rate than in the general population. Although 
previous research has shown that generalized panic-fear is a risk factor for suboptimal management of asthma, 
there is little research on the effects of PD on asthma morbidity.  

The purpose of this study was to assess whether PD may complicate treatment of asthma via behavioral 
mechanisms.  

Twenty-seven patients with asthma-only and 19 asthma-panic participants completed the Juniper Asthma 
Quality of Life Questionnaire, the Asthma Symptom Checklist, and the MMPI Panic-Fear Scale. In addition, 
medical records related to asthma treatment were obtained for the past 12 months.  

Asthma-panic patients visited their primary care physicians at a higher rate than asthma-only patients. 
Furthermore, asthma-panic participants reported a poorer qu ality of life related to asthma and greater illness-
specific and generalized panic-fear than asthma patients without PD.  

These findings were independent of asthma medication level, pulmonary function, age, gender, race, health 
insurance, and socioeconomic status.  

Among asthma-panic patients, a very high rate of agoraphobia (90%) was found and twice as many individuals 
reported an earlier onset for asthma attacks versus panic episodes.  

These data suggest that patients with asthma and PD are at risk for suboptimal management of asthma, greater 
perceived impairment from asthma, and a higher level of emotional dysregulation connected with asthma.  

The findings from this study have identified potential areas to target in interventions with this population.  

 

Presidential Address 

How and why does one study 
respiratory perception in children? 

Gregory K. Fritz 
Rhode Island Hospital, Brown Medical School, Providence, RI, USA 

Despite the inherent logic of working with children, who are in the early phases of developing their patterns of 
living with asthma, most psychobiological research with asthmatic patients has focused on adults.  

One area in respiratory psychophysiology of increasing interest in recent years is symptom perception - the 
process of recognizing respiratory compromise. Our group has focused on understanding symptom perception 
specifically in childhood asthmatics.  

This presentation will describe our scientific journey to the frontier of knowledge about symptom perception in 
the pediatric population.  

Methodological issues unique to studying children include motivation, technique in spirometry, developm 
entally appropriate instructions, and consideration of family involvement.  

The AM2 programmable hand-held spirometer is a technological advance that allows valid home data collection.  

The Asthma Risk Grid represents substantial progress in quantifying symptom perception ability in the real 
world.  

Findings about the determinants and clinical importance of symptom perception are becoming available, and 
they replicate and expand upon initial work demonstrating links between poor symptom p erception and 
increased asthma morbidity.  

 



The ventilatory response to dynamic hyperinflation is corrupt 
Deane Hillsman, MD 

No abstract available 

 

Negative affectivity and accuracy of 
respiratory symptoms perception  

Omer Van den Bergh1, Winnie Winters1, Stephan Devriese1, Ilse Van Diest1, Steven De Peuter1, Gerrit Vos1, 
and Karel P. Van de Woestijne2 
 
1Department of Psychology, 2Faculty of Medicine, University of Leuven, Belgium 

Purpose. To investigate the accuracy of respiratory symptom perception in participants scoring high and low for 
negative affectivity in different informational contexts.  

Method. Data from a differential respiratory conditioning paradigm (N=56) were reanalyzed, focusing on the 
within-subject correlations between minute ventilation and the subjective symptom of faster and/or deeper 
breathing (5-point rating scale).  

Each participant received 10 subsequent breathing trials of 2 min. Two trials contained only room air, three trials 
implied breathing a compound of a foul smelling odor (ammonia) mixed with 5.5 % CO2 enriched air, and 3 
trials consisted of a fresh smelling odor (niaouli) mixed with room air (this combination was reversed in half of 
the participants).  

Finally, two trials implied breathing each of the odors mixed with room air. In half of the participants, a positive 
framing was given ("some air mixtures may induce a pleasantly arousing feeling, like when being in love"), in 
the other half a negative framing was provided ("some air mixtures may induce feelings of being anxious and 
distressed).  

Results. Accuracy was overall fairly good (r's between .53 and .76), except for high NA participants in the 
condition where a foul smelling odor had been mixed with CO2 and was presented in a negative information 
frame (r = .03; 3-way interaction NA x Information x Odor F(1,47) = 5.13; p < .05).  

Conclusion. Uncoupling of respiratory symptoms and behavior is likely to occur in high NA persons in 
situations characterized by negative affective cues.  

 

Effects of feedback on the perception of resistive loads: 
A signal detection approach  

Andrew Harver 
University of North Carolina at Charlotte, USA 

The most common symptoms of asthma are chest tightness and a sense of increased effort to breathing. Study of 
the ability of individuals to detect increases in airways obstruction could contribute to self-man agement 
strategies available to asthmatics.  

In this study, we compared the effects of a perception training task on the sensitivity of healthy young adults (M 
= 22 yrs) to detect external resistive loads. Four men and 12 women completed a questionnaire about general 
health, performed spirometry, and judged changes in the resistance to breathing in four experimental sessions.  

In both the first and fourth sessions, subjects breathed on a mouthpiece and one of 10 loads was added to the 
breathing circuit, 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. The threshold 
resistance to breathing was obtained by regressing the added resistance of the 10 loads against the proportion of 
yes responses and predicting the load detected 50% of the time.  



In both the second and third sessions, participants completed a perception training task. The task consisted of 
100 trials comprised of 50 signal (i.e., S+) and 50 non-signal trials (i.e., S-) presented in five blocks of 20 trials 
each (10 S+ and 10 S-); the order of "signal" and "non-signal" trials was random. Prior to the training task, 
subjects were informed that for each trial they were to judge whether or not an increased resistance was present 
on selected inspirations.  

Eight subjects assigned to a Feedback condition received immediate feedback about the correctness or 
incorrectness of their responses after each trial on a video monitor; no knowledge of performance was provided 
to the eight subjects assigned to the No Feedback condition.  

Signal detection outcomes were more similar than dissimilar in subjects assigned to either Feedback or No 
Feedback conditions. Subjects who received feedback during perception training, however, exhibited 
improvements in the detection of added loads in the fourth, compared to the first, experimental session although 
the improvements were not statistically reliable.  

I conclude that perception training effects are dependent on the level of the training stimulus.  

 

Are subjects with idiopathic hyperventilation a homogenous group?  

Sandy Jack and Christopher.J. Warburton. 
Aintree Chest Centre, University Hospital Aintree, UK 

Idiopathic hyperventilation (IH) is a poorly understood condition with sustained hypocapnia and no discernible 
etiology – although it has been postulated that behavioral and emotional factors may play an important causal 
role.  

We have attempted to clarify the relationship between behavioral influences and ventilatory responses in 39 
subjects (mean age 51.3 (11.6) years, 16 males, 23 females) reporting symptoms consistent with IH.  

Subjects had normal lung function and gas transfer (DLco); arterial blood gases evidenced fully compensated 
respiratory alkalosis (pH 7.40 ± 0.05, PCO2 29 ± 4.5, PO2 117 ± 17.3 base excess – 4.5± 2.9).  

Subjects completed Hospital Anxiety and Depression scores, St George's Respiratory Questionnaires and 
Nijmegen questionnaires.  

Cardio-respiratory exercise tests were performed to the limit of tolerance using a ramp incremental protocol and 
cycle ergometry, also breath hold tolerance tests on 100% and 21% O2.  

Significant anxiety and depression and frequent significant symptomatology associated with hyperventilation 
were shown. Ventilatory responses to exercise were complicated by the fact that a large group of subjects 
manifest acute additional hyperventilation (AA-IH) (either immediately prior to or at onset of muscular exercise 
(i.e. respiratory exchange ratio > 1.0), the remainder were considered a "pure" chronic group (C-IH).  

The results demonstrated that there were no significant differences in anxiety or depression scores nor quality of 
life and symptomatology.  

Breath hold tolerances tests were also similar in both groups, demonstrating significantly reduced breath hold 
times on both O2 concentrations.  

The ventilatory respo nse to exercise was augmented with a reduction in CO2 set point in both groups (AA-IH = 
28 ± 4.2 and C-IH = 29.6 ± 4.0 mmHg).  

Resting breathing frequency was surprisingly significantly higher in the C-IH (33.7 ± 8) compared to the AA-IH 
group (27.7 ± 7 breaths/min).  

There was a significant correlation in the additional acute group between anxiety and resting heart rate, which 
may be explained by anticipatory anxiety.  



These data demonstrate that there are different responses to exercise in this seemingly homogenous group, 
although this does not appear to affect any other characteristic of the group as a whole. Whether the different 
responses to exercise relate to chronicity of symptoms needs further study.  

 

Dysfunctional levels in etCO2, SaO2 and RSA in epidemiological data 
from a study on working men and women: 

Between and within subject variation 
in psychophysiological parameters and psychosocial factors 

Ingrid von Schéele1,2, Bo von Schéele1,2, Töres Theorell2,3, and Göran Hansson1 
 
1Stress Medicine AB, Bollnäs, Sweden 
2National Institute for Psychosocial Factors and Health, Stockholm, Sweden 
3Division for Psychosocial Factors and Health, Department of Public Health Sciences, 
Karolinska Institutet, Stockholm, Sweden 

The aim was to explore relationships among psychosocial factors and physiological parameters and reactivity in 
a working population.  

A stratified sample of 115 employees in the community of a middle-sized rural community in north Sweden was 
examined, with equal-sized groups of men and women in the ages 26 – 35, 36 – 45, 46 – 55, 56 – 65. Each 
subject was examined at baseline, during relaxation, during experimental laboratory stress (verbal and 
mathematics stress) and during deep breathing.  

End-tidal CO2 (etCO2), oxygen saturation (SaO2), heart rate, respiratory sinus arrhythmia (RSA), systolic and 
diastolic blood pressure, finger temperature, electrodermal activity, and EMG frontalis were monitored during 
these conditions.  

Psychosocial factors were assessed by means of a questionnaire measuring decision latitude and control factors 
at work as well as support at and outside work and education.  

The most striking physiological finding was the pronounced lowering of systolic and diastolic blood pressure 
during deep breathing and the high percentage of dysfunctional levels in etCO2, SaO2 and RSA both at baseline 
and during the tasks.  

 

Does a history of respiratory disorders influence 
the reaction of panic disorder patients to a 35% CO2 challenge?  

Nicole van Beek, Koen Schruers, and Eric Griez 
Department of Psychiatry, Maastricht University, PMS Vijverdal, Maastricht, The Netherlands  

Currently, there is substantial research interest in respiration and pulmonary physiology among patie nts with 
panic disorder. Several studies reported a link between panic and respiratory disorders.  

CO2 is a well-known key factor in respiratory regulation. Furthermore, patients with panic disorder are 
vulnerable to a 35% CO2 challenge. However, not all panic disorders patients are equally vulnerable to this 
hypercapnic gas mixture. Some patients show a stronger increase in anxiety and panic symptomatology than 
others. This difference in CO2 vulnerability may be related to respiratory disorders.  

We investigated whether panic disorder patients with a history of respiratory disorders are more reactive to the 
35% CO2 challenge than those without such a history.  

The two panic groups did not differ in CO2-induced anxiety, experimental panic symptoms or number of panic 
attacks after the challenge.  

 



Breath-by-breath respiratory instability in panic disorder 
during 24-hr assessment 

Frank H. Wilhelm, Alicia E. Meuret, and Walton T. Roth  
 
Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
and VA Palo Alto Health Care System, USA 

Breath-by-breath respiratory dysregulation has been identified as a prominent biological feature of panic disorder 
(PD) in laboratory studies, but its validity has not been confirmed in real-life settings.  

We recorded calibrated respiratory waveforms using dual-sensor inductive plethysmography in 16 PD patients 
and 16 healthy controls over 24-hr periods. In addition, control measures such as motility and speaking activity 
were recorded.  

Since variation in tidal volume during the daytime is largely related to physical activity, we instructed subjects to 
perform a Basal Activation Test (BAT, 3 min walking followed by 8 min quiet sitting) at 5 scheduled times.  

Full-disclosure analysis allowed exclusion of movement artifacts in the respiratory waveforms and subsequent 
breath-by-breath scoring of tidal volume. We quantified variability of the tidal volume series during 3 min of 
walking and 3 min at the end of quiet sitting using the coefficient of variation (SD/mean). This metric minimizes 
the effects of artifactual drifts in the respiratory calibration during the 24-hr recording.  

Results indicate a significant interaction of diagnostic group (PD, control) x task (walking, sitting), 
F(1,30)=5.57, p<.02, due to elevated tidal volume instability in PD patients during standardized quiet sitting 
baselines throughout the day.  

Self-reports of anxiety, dyspnea and sighing were higher in PD patients than in controls (p<.01).  

We conclude that respiratory dysregulation is a pervasive pathophysiological marker of PD.  

 

Modification of dysfunctional breathing 
in panic disorder and asthma 

Alicia E. Meuret, Frank H. Wilhelm, Thomas Ritz, and Walton T. Roth  
 
Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
and VA Palo Alto Health Care System, USA 

Hypocapnic breathing has been linked to adverse health outcomes in mental disorders and somatic diseases. In 
particular, hypocapnia has been suggested as an underlying factor for the development of panic attacks. 
Hypocapnia can also lead to bronchoconstriction and symptom exacerbations in asthma.  

A dysfunctional breathing pattern with high respiration rates and high or variable tidal volumes including 
frequent sighing can cause a drop in pCO2, and maintain low pCO2 levels over time. Retraining of breathing to 
increase pCO2 levels could therefore be a desirable treatment goal for both panic disorder and asthma patients.  

However, breathing training interventions so far have failed to produce convincing evidence that stable long-
term increase in pCO2 levels can be achieved in these patient populations.  

We therefore studied the effectiveness of a pCO2 biofeedback-assisted intervention for normalizing 
dysfunctional breathing patterns and raising CO2 levels in panic and asthma.  

Patients were treated with a 4-week program of biofeedback-supported paced breathing home training and 
supervised training sessions.  

PCO2 was displayed using a hand-held miniature capnometer. The electronic memory of the device allowed for 
storage of data from the home exercises. This feature helped to tailor the supervised training sessions to patients' 
needs and to maintain a high compliance with the training schedule.  



Asthma patients also performed self-assessments of lung function and symptoms using an electronic pocket 
spirometer with diary functions.  

The results showed that increases in pCO2 levels can be achieved in panic disorder and asthma. Increased levels 
were stable across the 8-week follow-up period. Panic patients showed a pronounced decline in panic attack 
frequency and severity due to the training.  

Preliminary data from an asthma patient sample suggests that asthma symptoms and within-day variability of 
lung function (as an indicator of asthma control) were reduced by the training, while basal lung function 
remained unchanged.  

 

CO2 administrations in asthma patients 
using the rebreathing technique: 

A pilot study  

Steven De Peuter1, Omer Van den Bergh1, Geert Verleden2 and Maurits Demedts2 
 
1Department of Psychology, 2Faculty of Medicine, University of Leuven, Belgium 

Purposes. CO2 inhalation may be a helpful technique to study symptom perception in asthmatic patients. This 
pilot study investigated the effects of CO2 induced hyperventilation on asthmatic airways. In addition, the 
sensitivity of the Asthma Symptom Checklist (ASC) to tap changes in symptomatology as a result of this 
technique was assessed.  

Method. Mild to moderate asthmatics (n=16) went through a baseline trial, implying air breathing and 3 CO2 
rebreathing trials of approximately 3 min to a FetCO2 increase of 2 % above baseline. Ve, Vi, Te and Ti were 
monitored continuously. At baseline and after each trial, resonant frequency and 6Hz frequency dependency 
were measured with the Forced Oscillation Technique (FOT), as well as the level of complaints (ASC). Before 
and after the procedure, FEV1, FVC and PEF were measured. Additionally, participants completed the PANAS, 
measuring negative affectivity (NA) and an experimental version of a Catastrophizing scale.  

Results. No significant changes in airway resistance occurred, despite significant increases in respiratory rates 
and volumes. Subjective symptoms of Irritability and Fatigue (ASC-subscales) decreased significantly from 
baseline to rebreathing trials, but no other effects on symptoms were observed. Catastrophizing scores were 
highly correlated with total ASC symptoms and all subscales for rebreathing trials 1 and 2. NA of the subjects 
did not correlate with the symptoms.  

Conclusion. CO2 can be administered safely to asthmatics by means of the rebreathing technique. The drop 
from baseline to the rebreathing trials in 

 

Respiratory responses to noises and music 

Patrick Gomez, Ronny Ott, and Brigitta Danuser 
Institute for Hygiene and Applied Physiology, Swiss Federal Institute of Technology, Switzerland 

In this study, we investigated the relationships between judgments of valence and arousal and respiratory 
responses while listening to noises and to music.  

Sixteen environmental noises (e.g., chirping birds, siren) and 16 instrumental music fragments of 30 s duration 
were presented to 31 participants (16 men and 15 women), while respiration, skin conductance and heart rate 
were recorded. Respiration was measured using a volume calibrated respiratory inductive plethysmograph 
(Respitrace). Affective judgments were registered using the 9-point Self-Assessment Manikin. High intra-
stimulus affective homogeneity was guaranteed by little variations in the acoustic characteristics over the 30 s.  

For the physiological parameters, the average of the last 15-s of presentation was divided by the 15-s prestimulus 
average. The ratio was log-transformed to normalize the distribution. Relationships between affective judgments 
and physiological parameters were assessed by testing the following linear model with Systat 9.0: Physiological 
parameter = constant + subject + valence rating + arousal rating + subject x valence rating + subject x arousal 



rating + valence rating x arousal rating. Interactive backward stepping was used to explore the data. A term was 
included in the model when its p-value was lower than 0.05.  

For noises, breathing became faster and minute ventilation augmented with decreases in valence for relatively 
low-arousal stimuli and with increases in arousal for relatively positive stimuli.  

For music, breathing became faster and minute ventilation augmented with increases both in valence and arousal. 
Inspiratory volume was unrelated to affective reports.  

Mean heart rate increased with rated arousal for noises but not for music while skin conductance increased with 
arousal ratings for music but not for noises.  

Although both noises and music are sound-vibrations, differences in the physiological response patterns were 
observed between the two types of acoustic stimuli possibly reflecting differences in their processing.  

 

The age peculiarities of CNS responses to hyperventilation 

Gora E., and Vovtchenko V. (1994). 
Department of Anatomy and Physiology, State Pedagogical University, 
Box 305, Moscow 125190, Russia. 

It is known, that most children and adolescents react to psychoemotional factors by changes in the respiratory 
system, just by the development of hyperventilation.  

Our aim was to study the age peculiarities of CNS (including higher nervous activity) reactions to 
hyperventilation.  

We examined 90 healthy subjects 12-16 years old at rest, during and after the hyperventilation test (2 minutes of 
voluntary hyperventilation). The parameters of external respiration and interchange of gases, EEG and EMG of 
the muscles of right forearm were recorded. The reaction time to light stimulus was measured.  

The psychological tests for the estimation of intellectual performance, memory, handwriting, anxiety, differential 
self-appraisal of functional state were used before and after hyperventilation.  

The most distinct responses to hyperventilation test were revealed in 13-14 years old girls and 14-15 years old 
boys.  

We conclude that the subjects of these ages possess a high sensitivity of the CNS to hyperventilation induced 
neurohumoral alterations in the organism, especially to hypocapnia. The nonlinearity in the ontogenesis 
regularity of the development of CNS reactions to hyperventilation was noted.  

 

Psychophysiological characteristic of real-life panic attacks: 
Is hypocapnia involved? 

Alicia E. Meuret, Frank H. Wilhelm, Mark Rothkopf, and Walton T. Roth  
 
Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
and VA Palo Alto Health Care System, USA 

Hyperventilation has often been thought to be an important element of panic attacks. However, empirical 
evidence for the role of hypocapnic breathing during panic attacks is scarce.  

Previous research using ambulatory monitoring of transcutaneous pCO2 has not yielded much evidence of 
hypocapnia during daily life panic episodes, but the monitoring methodology might have been too insensitive to 
pick up momentary changes of pCO2.  



Therefore, we used an electronic miniature capnometer to measure end-tidal pCO2 during repeated 24-h 
assessments of respiration and autonomic function in panic patients.  

Forty-four patients meeting DSM-IV criteria for panic disorder, were recruited to participate in breathing 
training, and were monitored before and after the training. In addition, 19 of these patients who had been placed 
on a waiting list group were monitored twice before the training at a 4-week interval. Patients also performed 
voluntary hyperventilation tests in the laboratory and at home.  

During initial monitoring, 25% (11 patients) experienced panic attacks with four or more symptoms, and 2 
patients experienced more then one attack. During the second pre-training monitoring, only 1 out of 19 patients 
reported a panic attack. Duration of attacks ranged from 1 to 45 min.  

Anxiety was the strongest symptom reported (on average "8" on a scale from "1" to "10"), followed by shortness 
of breath, awareness of breathing, and heart palpitations (on average "6" to 7").  

None of the panic attacks was triggered by voluntary hyperventilation. No panic attack was reported during post-
training ambulatory monitoring.  

Even strong attacks were accompanied by only small changes in pCO2 compared to changes during voluntary 
hyperventilation tests. Blind raters were not able to distinguish between pCO2 recordings during panic episodes 
and recordings during dummy episodes of an equal length.  

We conclude that hypocapnic breathing only plays a minor role in real-life panic episodes.  

 

End-tidal PCO2-levels in asthma patients 
in the laboratory and at home 

Thomas Ritz, Alicia E. Meuret, Frank H. Wilhelm, and Walton T. Roth  
 
Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
and VA Palo Alto Health Care System, USA 

Asthma patients may have a chronic tendency to hyperventilate and thereby trigger symptom exacerbation. 
Indeed, some studies with laboratory measurements of basal pCO2 levels in asthma support this idea. However, 
little is known about the validity of these findings in more natural environments. End-tidal pCO2 (etpCO2) 
might be lowered because of demanding or stressful procedures in the laboratory more than in typical outside 
settings.  

We measured etpCO2 levels in asthmatics and healthy controls during scheduled periods of 24-h ambulatory 
monitoring using an electronic pocket ca pnometer.  

To control for respiration rate as a potential confounding factor, participants performed paced breathing tasks at 
three different speeds (8, 10.5 and 16 breaths/min). Tasks were scheduled during the initial and final morning 
assessments while participants were still in the laboratory and during the afternoon, evening, and next morning 
in participants usual outside environment.  

Recording periods in the laboratory during quiet sitting without paced breathing and outside the laborat ory 
during minimal physical activity (established by accelerometry) have been analyzed our first 11 asthma patients 
and 6 healthy controls.  

Results showed that etpCO2 was systematically higher at home than in the laboratory for both groups. Faster 
respiration rates of the paced breathing conditions were associated with lower etpCO2.  

Substantial group differences in etpCO2 were observed only during unpaced conditions outside the laboratory: 
Asthma patients showed lower etpCO2 levels along with higher respiration rates compared to healthy controls.  

These preliminary data suggest that pCO2 outside the laboratory tends to be lower in asthma patients than 
controls, and that being in the laboratory has an effect on resting pCO2 levels. This "white-coat hyperventilation" 
could result in an overestimation of the prevalence of hypocapnic breathing in patient groups and healthy 
controls.  



 

Magnitude estimation of inspiratory resistive loads 
in healthy adolescents: Normative data 

Dale Steele1, Sue Adams1, Rick Carter3, Shannon Mathis3, Emily Millikan2, Marianne Wamboldt2, Gregory 
Fritz1, and Anthony Mansell1 
 
1Brown Medical School, Providence, RI, USA 
2National Jewish Medical and Research Center, Denver, CO, USA 
3The University of Texas Health Center at Tyler, Tyler, TX, USA 

Previous studies have suggested blunted perceptual sensitivity to inspiratory resistive loads in adults and children 
with histories of life-threatening asthma. Because a peak in asthma mortality occurs during adolescence, we have 
begun a multi-site study of resistive load perception in healthy adolescents and in those with asthma. Herein we 
report normative data for magnitude estimation of inspiratory resistive loads in 46 healthy adolescents aged 12-
18 years.  

Our magnitude scaling technique was closed, using demonstrated near-complete obstruction (score of 10) and no 
obstruction (score of 0) as reference standards. Added resistances of 2.5, 5, 10, 20 and 30 cm H2O/L/s and a no-
load were presented, five times each, in a pseudorandom order. Inspiratory flow rates were kept within a 
constant range, which was specific to each subject, by displaying a flow signal on a laptop screen. Subjects 
recorded their subjective estimations of magnitude by placing a cursor on a linear scale.  

Nonlinear regression analysis using Stata, version 7.0, was used to fit the power function described by Stevens' 
Law to the observed data. Stevens' Law (R=cSn + b) describes the expected relationship between perceived 
intensity R and the physical stimulus S (resistance). The parameter ‘b' was added to model the possibility that 
some children report scores > 0 when presented with no-added resistance.  

Stevens' Law was found to fit the observed data well, where the median exponent (n) for the group was 0.64 
(Interquartile range 0.54-0.75), the median of c was 0.77 (IQR 0.49 – 1.31) and the median of b was 0.03 (IQR -
0.34 to 0.51).  

 

ETCO2, SaO2 and RSA in patients with 
stress-related symptoms  

Bo von Schéele, and Ingrid von Schéele 
Stress Medicine AB, Bollnäs, Sweden 

The reason why respiratory-metabolic parameters become dysfunctional in patients with stress related disorders 
relates to evolutionary factors. Epidemiological data indicate that such changes occur before symptoms emerge. 
Our clinical data indicate that respiratory-metabolic parameters must be included in a biopsychosocial systems 
analysis of severe, chronic stress related problems. We find that most patients referred to us lack proper analysis 
of relevant parameters as well as any ideas how to change their problems.  

Methods: Psychophysiological Stress profile analysis (PSP) is one part of our examination. During PSP, ECG, 
respiratory sinus arrhythmia (RSA), skin temperature, skin conductance, end-tidal CO2 (etCO2), oxygen 
saturation (SaO2), and respiration rate are measured during various tasks, such as deep breathing, verbal stress, 
mental arithmetic stress, and relaxation (each for 2 min). Intervention includes nutrition-, motion-, breathing-, 
biofeedback- and cognitive behavioral strategies.  

Case illustrations: A patient with chest pain examined at the emergency (no findings and explanations given) 
was examined by us directly afterwards. His data showed "dysfunctional" RSA, low etCO2, and a pronounced 
SaO2 variation (89-98%). After three weeks and two treatment sessions he had recovered both subjectively and 
physiologically. One young woman with severe dizziness and daily fainting for years showed very low pCO2 
(measured in capillary blood) and etCO2 (oxycapnometry) as well as a pronounced variation in SaO2. After two 
months of careful intervention with breathing training the patient was free of symptoms. Ayoung man suffering 
from "burn out"-problems, but with no physiological examination supporting this diagnosis, was treated with 
most methods including cognitive-behavioral therapy. He had showed very high etCO2 before the treatment, and 
recovered in health and functioning as well as in etCO2 and SaO2 after three visits and is still well after two 
years.  



Discussion: Most of our patients need multidisciplinary intervention with specific focus on breathing. Clinical 
work with stress related dysfunctions over the years have highlighted the need for a cost-effective, pedagogically 
simple but scientific effective measurement system.  

 

A new technology for 24-hr assessment of RSA 
with control for respiratory and physical activity variation 

Frank H. Wilhelm, Paul Grossman, Alicia E. Meuret, C. Barr Taylor & Walton T. Roth  
Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
and VA Palo Alto Health Care System, USA 

Respiratory sinus arrhythmia (RSA), measured as the magnitude of RR-interval oscillations within a frequency 
band associated with respiration (0.15-0.5 Hz), is widely used as an index of cardiac vagal control in health and 
disease. 24-hr assessment of RSA is thought to reflect the diurnal net sum of vagal influences on the heart and to 
be importantly related to cardiac health.  

Mounting laboratory evidence indicates that tonic cardiac vagal control can best be estimated after adjustments 
for respiratory confounds such as tidal volume and respiratory rate. 24-hr measurement with large variation in 
respiratory activity is especially subject to such confounding. In addition, physical activity and standing posture 
both reduce cardiac vagal outflow, and thus could paradoxically result in misinterpretation of low RSA in 
physically active subjects.  

Recently, respiratory impedance plethysmography systems have been developed that are portable and include 
sensors for continuous monitoring of ECG, motility, posture and other functions to help researchers and 
clinicians gather reliable information on respiratory and physical activity as controls in the assessment of RSA.  

We analyzed 24-hr data of 40 subjects to identify the interrelationships between respiratory parameters, motility, 
and RSA. RSA was assessed for adjacent 120-sec periods using Welch's average periodogram method. Averages 
for all other parameters were computed for these periods.  

Within-subject pairwise correlations indicate that RSA is on average negatively correlated with minute 
ventilation (a measure of metabolic activity, -.58), heart rate (-.62), motility (-.34), respiratory rate (-.35), and 
tidal volume (-.61).  

Motility is positively correlated (.50 to .65) with all measures except RSA. Activity levels averaged across the 
day are related to diurnal net sum RSA in between-individual analyses.  

The data show that physical activity and respiratory factors are central determinants of 24-hr RSA levels.  

We conclude that naturalistic respiratory and motility assessment, as is now easily feasible with the LifeShirt 
system, can help with interpreting the clinical significance of RSA findings.  

 

Suffocation false alarm theory: Update 

Donald Klein 
Columbia University, New York State Psychiatric Institute, USA 

In 1993 I hypothesized that the spontaneous panic characteristic of panic disorder (PD) was due to a 
psychophysiological misinterpretation by a specific suffocation monitor that then misfires a specific suffocation 
alarm system. This hypothesis attempted to integrate the findings that CO2 and IV lactate provoked panic in 
patients with PD but not other anxiety disorders and were blocked by specific anti-panic agents.  

Other data derived from congenital central hypoventilation syndrome (as a PD converse), the centrality of 
dyspnea to panic (but not to fear), the role of hyperventilation, sighing, yawning, mass hysteria, panic during 
relaxation and sleep, late luteal phase dysphoric disorder, pregnancy, childbirth, pulmonary disease, separation 
anxiety, and treatment were adduced. This stirred controversy. On the whole these observations have been 
confirmed.  



Important new findings are: 
 
1) Hypoxia as a panicogen in PD reinforcing the centrality of a suffocation detector. 
 
2) CO2 hypersensitivity in children with separation anxiety disorder but not in social anxiety 
 
3) Defining respiratory irregularity in PD as sighing 
 
4) Clear demonstration of prolonged hypocapnia following sighs in PD but not in general anxiety disorder or 
normals. 
 
5) Demonstration by ambulatory respiratory measures of acute tidal volume hyperpnea during spontaneous 
panic. 
 
6) The development of a practical computerized ambulatory 24 hour polygraphy including respiratoryfrequency 
and tidal volume, EKG, pulse oximetry, etc. 
 
7) Preliminary demonstration that normal humans are made vulnerable to lactate induced dyspnea and hyperpnea 
by a preliminary naloxone infusion: suggesting (as does separation anxiety and CO2 hyper sensitivity ) a 
dysfunction of the endogenous opioid system. 
 
8) Brain scan demonstration that air hunger (dyspnea) is associated with a distinctive pattern of neural activation 
including cerebellar areas associated with food and water hungers. 

 

A failure to observe reinstatement in a respiratory learning paradigm 

Gerrit Vos, Stephan Devriese, Winnie Winters, Deborah Vansteenwegen, Dirk Hermans, Frank Baeyens, Paul 
Eelen, and Omer Van den Bergh 
University of Leuven, Belgium 

Purpose. In a tone-shock fear conditioning paradigm, acquired but extinguished fear in response to the tone 
easily re-appears after a single experience of a shock alone (reinstatement), which is held responsible for the 
return of fear (ROF) after exposure therapies. Because our laboratory model of Multiple Chemical Sensitivity 
relies on a learning account of symptoms in response to chemicals (Van den Bergh et al., 2001, Ann. N.Y. Ac. 
Sci, 933, 278-290), the present study investigates the effect of reinstatement on acquired but extinguished 
symptoms in response to chemicals.  

Method. Diluted ammonia (0.8%) and butyric acid were used as conditional odor cues (CSs); breathing air 
enriched with 10% CO2 was used to induce symptoms (unconditional stimulus, US). During the acquisition 
phase, one odor (CS+) was always mixed with the US (3 trials), the other odor (CS-) with regular room air (3 
trials). A subsequent extinction phase implied 4 CS+ only and 4 CS- trials. Next, one CO2 inhalation trial 
without odor was given to half of the participants (reinstatement), whereas a regular air trial was presented to the 
other half. A final test phase implied one CS+ only and one CS- trial. Verbal measures implied US-expectancy 
during the trial, symptom scores after each trial and evaluative measures after each phase. Ventilatory responses 
(inspiratory and expiratory time and volume, FETCO2) were measured during each trial.  

Results. Unexpectedly, no conditioning effects were observed, except for a marginal effect on FETCO2, and 
reinstatement effects could not be tested. Main effects of odor dominated the pattern of results: sensing butyric 
acid induced more symptoms overall. Effects found in breathing responses probably reflect attentional responses.  

Conclusion. Despite reliable previous observations of symptom acquisition in response to chemicals, symptom 
learning did not occur. This may have been due to several parametric differences between the present and 
previous studies.  

 

The conditioning of dyspnea/suffocation fear 
in the white rat: 

Magnitude of CO2-concentration on fear-motivated freezing behavior and analgesia  



Ronald Ley, Donna Mongeluzi, Barbara Caldarone, Howard Stock, and Robert Rosellini 
University of Albany, State University of New York, USA 

Previous studies in our laboratory have shown that 30-s exposure to 100% carbon dioxide (CO2) can serve as an 
effective unconditioned stimulus (US) in a Pavlovian conditioning paradigm in male white rats. Although the US 
exposure employed in the initial studies was sufficient for producing a context-specific enhancement of freezing 
and analgesia, the design of the studies did not provide the means for the determining the nature of the 
relationship between levels of conditioned fear (duration of freezing behavior) and variable magnitudes of the 
US (i.e., concentrations of CO2).  

The purpose of the present experiment was to determine if there is a positive increase in the relationship between 
the concentration of CO2 (0%, 5%, 35%, 100%) on the conditioning trial and the duration of freezing behavior 
during four extinction trials.  

Results confirmed that the magnitude of conditioned fear was an increasing function of CO2 concentrations.  

Additional results demonstrated that the magnitude of conditioned fear was positively correlated with the 
duration of exposure to a US of 100% CO2 and that trace intervals (time between offset of CS and onset of US) 
as long as 15, 30, and 60 minutes showed evidence of conditioned fear, but that briefer intervals of zero and five 
minutes led to conditioned fear of greater magnitude which showed no evidence of extinction after four daily 
trials.  

These results are interpreted as additional support for Ley's hypothesis that dyspnea/suffocation fear can be 
acquired as a conditioned response in panic disorder.  

 

Acquired symptoms in response to chemicals follow 
perceived rather than real contingencies 

Stephan Devriese1, Winnie Winters1, Ilse Van Diest1, Steven De Peuter1, Gerrit Vos1, Karel P. Van de 
Woestijne² and Omer Van den Bergh1 
 
1Department of Psychology, 2Faculty of Medicine, University of Leuven, Belgium 

Purpose. Multiple Chemical Sensitivity (MCS) refers to the occurrence of diffuse symptoms (e.g. shortness of 
breath, dizziness, fatigue, etc.) in response to subtoxic levels of chemical substances. Building a laboratory 
model of MCS, we showed earlier that symptoms in response to chemicals can be acquired through learning 
experiences (Van den Bergh et al., 2001, Ann. N.Y. Ac. Sci, 933, 278-290). The present study focused on the 
potential role of post-learning processes (US-inflation) to explain the exacerbation of symptoms over time.  

Me thod. Diluted ammonia (0.8%) and butyric acid were used as conditional odor cues (CSs); breathing air 
enriched with 10% C02 was used to induce symptoms (unconditional stimulus, US). Participants (n=53) 
breathed one odor mixed with CO2 and a control odor mixed with air in 80 sec breathing trials (acquisition 
phase).  

Next, similar breathing trials were administered without CO2 (test phase). US-inflation was realized through 
presenting reading material, describing MCS and a case vignette of a patient, between the learning and the test 
phase in half of the participants. Breathing behavior was measured during and subjective symptoms were 
assessed after each trial.  

Results. The US-inflation manipulation did not affect the results. In addition, a reversed conditioning effect 
occurred: more symptoms occurred to the odor previously presented with air, especially when it had been butyric 
acid. Post-hoc analyses showed that a number of participants retrospectively had identified butyric acid as 
causing most symptoms during the acquisition phase.  

Conclusion. Biasing information may induce a discrepancy between perceived and real contingency. Symptom 
reporting follows perceived contingency.  

 



Respiratory tests for diagnosis and evaluation of 
outcomes in anxiety disorders 

Walton T. Roth, Frank H. Wilhelm, Alicia E. Meuret, and Georg W. Alpers 
Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
and VA Palo Alto Health Care System, USA 

Abnormalities of respiration have been postulated to be central to the hyperventilation syndrome and to panic 
disorder. A tendency towards hyperventilation or an overly sensitive suffocation alarm have been thought to lead 
to anxiety or panic.  

A central feature of phobias, the fight-flight response, has a clear respiratory component. Thus, respiratory 
responses could play an important role in clinical diagnosis and the evaluation of therapy outcomes.  

We review findings from studies that have found differences in respiration between anxious patients and 
controls, and assess their potential applicability in clinical tests.  

Possible test procedures include voluntary hyperventilation, inhalation of CO2, exposure to phobic situations, 
quiet sitting, respiratory sleep monitoring, and respiratory 24-hour monitoring.  

Possible response measures include self-report of emotions and symptoms, and a variety of physiological 
respiratory parameters such as end-tidal pCO2, and indices of the depth and timing of ventilation (average 
response and instability measures) .  

Goals of testing include diagnostic prediction of who will respond to specific therapies, and assessment of 
therapeutic outcome. Desirable psychometric properties of any test are reliability and validity.  

We conclude that although no current tests have been unequivocally demonstrated to be clinically useful, some 
show promise: for diagnostic and outcome measures for situational phobias, end-tidal pCO2 in feared situations 
and speed of recovery from voluntary hyperventilation; for diagnostic measures for panic disorder, initial 
responses to voluntary hyperventilation or to CO2 inhalation, and respiratory variability during quiet sitting.  

 

Respiratory sinus arrhythmia is associated with 
pulmonary gas exchange efficiency in healthy humans 

Nicholas D. Giardino 
Department of Rehabilitation Medicine, University of Washington, USA 

Respiratory sinus arrhythmia (RSA) may serve to improve the efficiency of pulmonary gas exchange by 
matching ventilation to perfusion within each respiratory cycle.  

Thus, for example, the beneficial effects of slow, deep breathing for persons with lung disease may be due, in 
part, to the increase in RSA that occurs with this respiratory pattern.  

To test the hypothesis that RSA independently contributes to pulmonary gas exchange efficiency, respiration 
rate, tidal volume, minute ventilation (VE), exhaled carbon dioxide (VCO2) and oxygen (VO2), and ECG were 
measured in 10 healthy volunteers during paced breathing at random rates between 5 and 12 breaths per minute. 
Time-series of equidistant (4Hz) samples of heart rate determined from R-R intervals were detrended, and RSA 
was computed as the spectral density estimate at the respiratory frequency.  

Pulmonary gas exchange efficiency was measured as the average ventilatory equivalent of CO2 (VE/VCO2) and 
O2 (VE/VO2) during each paced breathing period.  

Across subjects and paced breathing periods, RSA was significantly associated with CO2 and O2 gas exchange 
efficiency after controlling for the effects of respiration rate and tidal volume.  

These results are consistent with previous findings from canine studies and further support the theory that RSA 
serves to improve pulmonary gas exchange and circulatory efficiency.  



 

The relationship between heart rate spectral measures, 
respiratory parameters, and emotional states in 

ecologically valid settings: Preliminary data using a 
new ambulatory monitoring system 

Richard Gevirtz1 and Frank H. Wilhelm2 
 
1CSPP at Alliant International University, San Diego, CA, USA 
2Department of Psychiatry and Behavioral Sciences, Stanford University Medical School, and 
the VA Palo Alto Health Care System, Palo Alto, CA, USA 

Laboratory studies examining the association of emotional states, respiratory parameters and spectral heart rate 
measures have suffered from the inevitable lack of ecological validity imposed by the lab setting.  

This has especially been a problem for researchers exploring "functional" disorders such as irritable bowel 
syndrome (IBS) since most theories posit persistent low level stressors as producing dysfunctional patterns in 
autonomic nervous system activity and respiration.  

New technologies (LifeShirt tm , VivoMetrics, Inc. ) allowing 8-24 hour data collection (with high sampling 
rates), on numerous physiological measures opens the way for much more detailed study of the relationship 
between autonomic nervous system parameters, respiratory changes, and emotional states ranging from 
contentment to worry to stress.  

In this preliminary study, two asymptomatic individuals and two IBS/general anxiety disorder (GAD) patients 
logged emotional and activity states for an 8 hour period while multiple respiratory and heart rate spectral 
measures were recorded on a personal digital assistant and summarized into 30 second epochs.  

Very low frequency (VLF), low frequency (LF), high frequency (HF) heart rate data were related to emotional 
states in that vagal withdrawal or enhancement seemed to match threatening or comforting situations 
respectively.  

VLF, usually thought to be sympathetically mediated, appeared to be a sensitive indicator of state arousal in 
most subjects, and perhaps of longer term arousal in IBS/GAD patients.  

While the data collected is quite preliminary, it points the way to an exciting opportunity to study "mind/body" 
disorders in naturalistic states in order to discover possible mediators of symptoms. Disorders that might be 
considered are migraine, myofascial pain, fibromyalgia, recurrent abdominal pain, hypertension, non-cardiac 
chest pain, etc.  

 

Resonance in the baroreflex system assessed by biofeedback 

Paul M. Lehrer and Evgeny Vaschillo 
UMDNJ  Robert Wood Johnson Medical School, Piscataway, NJ, USA 

Parameters of baroreflex function and heart rate variability correlate highly cardiovascular adaptiveness, and 
predict survival under extreme conditions. Our studies have used biofeedback and transfer function analysis to 
study these parameters in more detail than previously has been done.  

In a study of six Russian cosmonauts, instructed match a standard oscillatory stimulus with their heart rate 
variability, we found maximum variability amplitude at approximately 0.1 Hz, and minimum amplitude at 
approximately 0.03 Hz.  

An interplay between biofeedback and baroreflex processes produced the effects at these frequencies, apparently 
at resonant frequencies in the baroreflex system. At ca. 0.1 Hz heart rate and blood pressure oscillated 180o out 
of phase with each other such that biofeedback and baroreflex activity augmented each other, while at ca. 0.03 
Hz they oscillated completely in phase (0o) such that the two processes opposed each other.  



However blood pressure oscillations were high at frequencies where heart rate oscillations were low and vice 
versa, suggesting a slower time constant in the vascular limb of the baroreflex.  

Similarly, we gave heart rate variability biofeedback t raining to 23 healthy and 47 asthmatic adults, and found 
clear evidence for resonance: high oscillation amplitudes almost entirely at a single frequency, producing greater 
total variability. The frequency at which resonance occurred in heart rate variability did differ among 
individuals, but the average did not differ between asthmatic and healthy individuals, nor was it related to age or 
weight. The resonant frequencies were higher among women than men, and were linearly inversely related to 
height (r = -0 .6, p < .0001).  

These data suggest that important parameters of cardiovascular system function can be effectively measured 
using biofeedback. These include heart rate and blood pressure resonant frequencies, baroreflex gain and 
sensitivity at each individual's resonant frequency, as well as time constants and delay in the heart rate and 
vascular tone baroreflexes.  

These may reflect processes such as arterial stiffness, heart or nervous system dysfunction, and emotional or 
physical stress.  

Resonances in the cardiovascular system may be prominent sources of commonly observed patterns of heart rate 
variability.  

We have preliminary evidence that, because of resonance features, HRV biofeedback stimulates the baroreflexes 
and "trains" them, thereby increasing resting baroreflex gain. It also improves pulmonary function, both among 
asthma patients and healthy individuals, and there is preliminary evidence that it may be helpful in managing 
hypertension.  

 


