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Asthma Severity and Control: Current Issues and 
Conundrums 

Robert Klein, M.D. and Daphne Koinis Mitchell, Ph.D.  

The assessment of asthma severity plays an integral role in treatment recommendations and is 
affected by every aspect of management including adherence to medications, control of and 
response to environmental triggers, and symptoms perception.  

Classifying asthma severity according to the NHLBI guidelines remains challenging for 
several reasons.  

This program will focus on:  
1) conceptual and measurement difficulties associated with the classification of severity, 
2) the role of the assessment of asthma control and its association with asthma severity,  
3) future directions in the measurement of asthma severity. 

Changes expected to the 2006 NHLBI guidelines will be presented.  



We will also apply some of these challenges faced with the measurement of asthma severity 
to our current multi-site research examining contributions to asthma health disparities in 
Anglo and Puerto Rican children from Rhode and Island and Puerto Rico.  

 

ISARP WORKSHOP ON DYSPNEA MEASUREMENT 
Robert B. Banzett Ph.D., Chair  

Recognizing and reporting dyspnea is increasingly acknowledged as a central factor in 
management of respiratory illnesses such as asthma and COPD. It is a challenge, however, to 
reliably and validly quantify this inherently subjective experience.  

There are several afferent mechanisms giving rise to several sensations that are lumped under 
the word ‘dyspnea’. Methods and definitions vary widely, so it is incumbent upon the 
researcher to define and report measurement methods clearly. Ideally we should strive to use 
measures that can be applied in both laboratory and clinical research to enable translation of 
research results.  

Assessment of dyspnea sensations must take into account the intensity and quality of the 
sensations, as well as the impact of the discomfort on the patient’s functional capacity. When 
assessing dyspnea in the clinical setting, one must be alert to the confounding influence of 
non-respiratory complaints, such as fatigue, weakness, and lower extremity muscle and joint 
pain.  

In this workshop, senior researchers will present both basic methodologic issues that are 
essential for any dyspnea investigator to consider and the subtle interactions between the 
subject, the scaling method employed and the particular protocol that may not be described in 
the Methods section.  

Presentations will include: 
1) Dimensions and qualities of dyspnea. - (Robert Banzett, Ph.D.) 
2) Designing and using rating scales. - (Robert Lansing, Ph.D.) 
3) EEG evoked potentials in dyspnea measurement. - (Paul Davenport, Ph.D.) 
4) Clinical measurement of dyspnea in adult patients. - (Richard Schwartzstein, M.D.) 
5) Dyspnea measurement in asthmatic children. - (Gregory K. Fritz, M.D.) 
6) The affective dimension of asthma – The Asthma Symptom Profile. - (Paul Lehrer, Ph.D.) 

The six 20 minute presentations will be followed by a case based discussion.  

 

Ethnic differences in children's and parent's report of 
asthma symptoms: What do they see and hear?  

D. Koinis Mitchell, PhD, E. L. McQuaid, PhD, C. Esteban, MSN, MPH, S. Kopel, MSc., R. 
Klein, MD, R. Seifer, PhD, G. Canino, PhD, and & G. K. Fritz, MD.  

Background 
Identifying the mechanisms underlying asthma health disparities among children from 



specific ethnic groups has been the focus of much research over the past several years. Latino 
children and Puerto Rican children in particular, remain the most at risk for experiencing 
asthma morbidity. How individuals' recognize and report on asthma symptoms has been 
looked at in previous work; however, there has been less attention paid to ethnic group and 
subgroup differences in how children and parents experience specific asthma symptoms and 
how this may impact asthma morbidity.  

This study will describe differences in how parents and children identify asthma symptoms 
during exacerbations across ethnic groups and subgroups (African American, Puerto Rican, 
Dominican, and Anglo). How these reports differ by level of severity and level of asthma 
morbidity will also be analyzed.  

Method 
Participating families are from African-American, Latino, and Anglo backgrounds 
(approximately 50 in each group). Data from children (aged 7-11) and families have been 
collected. Children with asthma and their primary caregivers participate in interview-based 
assessments. A range of severity levels is represented. Child and primary caregiver's 
responses to specific items related to asthma symptom identification is assessed with the 
Family Asthma Management System Scale (FAMSS). Language preference is considered. 
Asthma morbidity in children will be represented by baseline pulmonary function data.  

Results Data analyses are currently underway.  

Conclusion 
Results will shed light on how children and families from specific ethnic groups understand 
and describe prevalent asthma symptoms observed during exacerbations. Differences in 
symptom reporting by may be associated with severity level and/or level of morbidity.  

Results have clinical implications in furthering knowledge on whether families' recognition 
and report of asthma symptoms may contribute to asthma health disparities for children from 
different ethnic and racial groups.  

 

Asthma symptom perception and parental modeling  
among inner-city families 

Jonathan M. Feldman, PhD (1), Erika J. Eisenberg, MA (1), Thea M. Oculato, CCLS, MEd 
(1),  
Dean Soto, BBA, RRT (2), Denise Serebrisky, MD (2), Ellen F. Crain, MD, PhD (2)  

Background:  
The purpose of this study was to examine the association between parental health beliefs, 
children's asthma symptom, and functional morbidity. We hypothesized that parents' health 
beliefs would be associated with children's symptom perception ability, and that both would 
be associated with functional morbidity.  

Method:  
Pilot data were collected on 12 children between the ages of 7-15 and their primary caregiver. 
Children with a physician-diagnosis of asthma were recruited from an inner-city asthma 



clinic. Children used a programmable electronic spirometer that prompted them to guess their 
PEF prior to exhalation over 5 weeks. Each subjective guess was classified as being in an 
Accurate Symptom Perception (ASP), Dangerous Symptom Perception (DSP; under-
perception), or Symptom Magnification (SM) zone. An index of functional morbidity was 
collected by parent report at baseline.  

Results:  
The proportion of SM blows was positively associated with functional morbidity (r = .69, p < 
.01), whereas the proportion of ASP blows tended to be negatively associated with functional 
morbidity (r = -.43, ns). Caregiver report of the child being more vulnerable to medical illness 
was associated with a lower proportion of ASP blows (r = -.58, p < .05) and greater functional 
morbidity (r = .50, p < .05). A negative attitude toward anti-inflammatory medication among 
caregivers tended to be associated with a lower proportion of ASP blows (r = -.53, p < .10) 
and a greater proportion of DSP blows (r = .52, p < .10). Both caregiver and child report of 
irritability and general physical symptoms experienced by the child during asthma 
exacerbation were associated with less ASP blows (r = -.30, r = -.63) and more DSP blows (r 
= .52, r = .76).  

Discussion:  
These pilot data suggest that caregivers' perception of their children's health and caregivers' 
attitude toward anti-inflammatory medication may play important roles in children's ability to 
detect asthma symptoms. Furthermore, emotional symptoms and physical symptoms not 
specific to asthma may detract from a child's ability to recognize asthma symptoms during 
exacerbation.  
 
(1) Ferkauf Graduate School of Psychology/Yeshiva University, Bronx, NY, USA 
(2) Department of Pediatrics, Jacobi Medical Center, Albert Einstein College of Medicine, 
Bronx, NY  

 

STATISTICAL APPROACHES TO ASSESSING  
CHILDREN'S ASTHMA SYMPTOM PERCEPTION  

Ronald Seifer, Ph.D.(1), Gregory K. Fritz, M.D.(1), Elizabeth L. McQuaid, Ph.D.(1), Sheryl J. 
Kopel M.Sc (1).,  
Robert B. Klein, M.D. (1), Marianne Z. Wamboldt, M.D. (2).  

Background:  
The ability of children to accurately monitor and detect their own asthma symptoms is a 
fundamental component of medical self-management. Our laboratory has studied this 
phenomenon by examining multiple trials within children, comparing their estimated peak 
flow with their measured peak flow. In this report, previously published reduction of the 
within-child data, summarized in a grid format, is compared with multilevel modeling of 
accuracy.  

Method: 
202 children in Providence, RI and Denver, CO participated in a study of symptom 
perception, and provided data for the current analyses. Pulmonary function was measured 
using a portable handheld device (providing peak flow results), which also prompted the child 



to estimate their peak flow prior to each trial. The individual trials (mean number = 39) were 
summarized first using a grid format to characterize proportions of accurate, over-estimate, 
and under-estimate guesses. Accuracy was also estimated using a 2-level regression, with 
child as the level 2 random factor.  

Results: 
We found moderate overlap of grid and regression indexes of accuracy. In general, the grid 
indexes of accuracy had stronger associations with other measures of child and family 
functioning (e.g., cognitive measures, family management strategies) than did the indexes 
from the 2-level regression.  

Discussion: 
We examined the multilevel regression model in this dataset because it is thought to be a 
more sophisticated statistical approach that simultaneously addresses the non-independence of 
trials (owing to nesting within children) and the degree of association between perceived and 
observed peak flow.  

The relatively crude, at least from a statistical perspective, grid method does not capture all of 
the elements available in the data. Still, the crude method prevailed in identifying child and 
family factors related to accurate symptom perception.  

Perhaps the explanation lies in the greater meaning embedded in the grid method compared 
with the more quantitative approach of the multilevel model method.  

(1) Bradley/Hasbro Children's Research Center/Brown Medical School 
(2) The Children's Hospital, Denver/University of Colorado Health Sciences Center  

 

THE RELATIONSHIP BETWEEN DAILY 
RECORDINGS OF  

SYMPTOMS AND LUNG FUNCTION IN CHILDREN 
WITH ASTHMA:  

NEW INSIGHTS FROM A DEVELOPING METRIC  

Zhi Yi Zhang (1), Harry Kotses (2), Andrew Harver (1), Robert White (3), C. Thomas 
Humphries (3), Buzz Foster (1)  

Background: 
Improvements in the correspondence between subjective (e.g., symptoms) and objective (e.g., 
lung function) measures of airflow obstruction should result in better asthma control. But 
demonstrating such improvements has not been easy: little consensus is evident among 
"symptom" measures; virtually all investigations to date are limited to recordings of peak 
flow; and the effects of feedback training in this context are seldom considered.  

The purpose of the present study was to design and test a metric of the relationship between 
daily recordings of symptoms and lung function in children with asthma.  



Method:  
Fifteen children with moderate-to-severe persistent asthma, ranging in age between 9 and 12 
years of age, were assigned randomly to one of two experimental conditions: diary and 
electronic lung function recording with knowledge of peak flow results (n=8); or diary and 
electronic lung function recording without knowledge of peak flow results (n=7).  

All children completed daily symptom diaries once each day for 30 days – and recorded lung 
function twice each day as well (Jaeger, AM2+) – during two separate 30-day home 
monitoring periods.  

Results:  
Levels of correspondence between subjective and objective measures of airflow obstruction 
observed in the second 30-day home monitoring period compared to the first 30-day home 
monitoring period improved in children in the feedback condition (p = .097) but not in those 
in the no feedback condition (p = .39) when the analyses involved a composite symptom score 
on the one hand and maximal mid-expiratory flow rate on the other hand.  

Discussion: 
Improvements in the correspondence between subjective and objective measures of airflow 
obstruction are evident in children with moderate-to-severe persistent asthma when they are 
provided knowledge about peak flow. However, improvements in the relationship between 
these quantities may depend on the simultaneous assessment of multiple subjective measures 
and on the assessment of both flow and volume measures of lung mechanics.  

(1) UNC Charlotte 
(2) Ohio University 
(3) Asthma & Allergy Specialists, P.A. 
Supported by NIH/NHLBI R01HL068706 

 

THE IMPACT OF EMOTIONS ON THE PERCEPTION  
OF BREATHLESSNESS IN PEDIATRIC ASTHMA  

Bernhard Dahme (1), Andreas von Leupoldt (1), Christine Schroeder (1), Angelika Bahr 
(2),Frank Riedel (2)  

Inaccurate symptom perception is increasingly recognised as contributing factor in asthma 
morbidity and mortality. Recent research has demonstrated that psychological factors can 
influence the perception of asthmatic symptoms such as breathlessness, but little is known 
about the impact of emotions on symptom perception in pediatric asthma.  

Therefore, the present study examined the impact of positive, neutral and negative emotions 
on the perception of breathlessness in fifteen children with mild asthma (mean age = 8.6 
years, range: 6-12 years).  

After a baseline condition, emotions were induced by watching three pre-tested film clips of 3 
minutes each while breathlessness was induced by breathing through a mild resistive load. 
Perceived breathlessness was rated after each condition on a pictorial visual analog scale 
followed by ratings of emotional responses on the two emotional dimensions of valence and 



arousal using the Self Assessment Manikin. Respiratory resistance at 5 Hz (R5) was measured 
before and after each condition with impulse oscillometry.  

Results showed successful emotion induction with increasing valence ratings from negative to 
neutral to positive film clip (p < .001) and higher arousal during positive and negative film 
clip compared to the neutral clip (p < .05). Respiratory resistance remained unchanged 
between all conditions. Although all film clips resulted in a decrease of perceived 
breathlessness, a significant reduction of breathlessness was only obtained for the positive 
film clip (p < .01).  

The results of the present study show that positive emotions decrease the amount of perceived 
breathlessness in children with mild asthma, irrespective of the level of respiratory loading 
and respiratory resistance. This underlines the impact of psychological factors such as 
emotions on symptom perception in pediatric asthma.  

(1) Department of Psychology, University of Hamburg, Hamburg, Germany 
(2) Childrens Hospital Altona, Hamburg, Germany  

 

The Development of Asthma:  
Environmental Influences on Gene Expression and 

Regulation  

David A. Mrazek, M.D.  

ABSTRACT PENDING 
 

Cognitive Mediators of the Association Between Anxiety  
and Impaired Exercise Performance in COPD 

Nicholas Giardino (1), Fernando Martinez (2), Jeffery Curtis (2), James Abelson (1), Alfred 
Fishman (3)  

Background:  
Anxiety in COPD patients is associated with higher self-reported disability, as well as 
objective measures of impaired exercise performance. However, the mechanisms through 
which anxiety impacts performance in COPD patients are unclear.  

Methods:  
Data were collected from 1218 patients with severe COPD enrolled in the National 
Emphysema Treatment Trial (NETT).  

Multiple linear regression models were used to test the association between Spielberger Trait 
Anxiety scores and 6-minute walk test distance (6-MWT) and maximum cardiopulmonary 
exercise test effort (Wmax), after controlling for confounding demographic and pulmonary 
function variables.  



Potential physiological and psychological mediators of the association between anxiety and 
outcome measures were then tested.  

Results:  
Trait anxiety was significantly associated with 6-MWT and Wmax after controlling for 
confounding variables. Dyspnea intensity, oxygen saturation, and respiratory variables during 
exercise did not mediate the association between anxiety and exercise performance.  

However, fear of hurting oneself by physical exertion was a significant mediator of the 
association between anxiety and objective exercise measures.  

Conclusions:  
In a well characterized group of patients with advanced COPD, trait anxiety appears to impact 
disability in part via dysfunctional beliefs about the negative consequences of physical 
exertion. These beliefs are, in theory, modifiable using cognitive, behavioral, or exercise 
therapies.  

(1) University of Michigan, Departments of Psychiatry (1) and Medicine (2) 
(3) University of Pennsylvania, Department of Medicine  

 

Repeated experiences of subjective air hunger and  
ventilatory behavior in response to hypercapnia in the  

Standard Rebreathing Test: effects of anxiety.  

Wan Li(1), Ilse Van Diest (1), Steven De Peuter (1), Katleen Bogaerts (1), Natalie Oyen (1), 
Nele Hombroux (1), Jorge Gallego (3), Karel Van de Woestijne (2) & Omer Van den Bergh 
(1)  

Background: 
Psychological factors may modify the perception of air hunger. In a previous study with the 
Modified Rebreathing Test (MRT) (Wan Li, et al., Physiology and Behavior, 88, 47-54, 
2006), habituation of the threshold for both the respiratory and the subjective air hunger 
response to a gradually increasing CO2 stimulus occurred across three repeated trials.  

However, the sensitivity of air hunger (rate of increase) habituated for low anxious 
participants, whereas it tended to sensitize for high anxious persons.  

In the present study, we wanted to replicate and extend these observations using the Standard 
Rebreathing Test (SRT), which does not include a hyperventilation phase before rebreathing. 
Such phase may have primed both respiratory behavior and subjective sensations in the MRT.  

Method: 
Three subsequent trials of a SRT (15 min ITI) were administered in healthy women (N=31) 
scoring high or low for trait anxiety. Respiratory behavior and the intensity of air hunger 
perception were measured continuously.  

Results: 
Air hunger perception habituated in both groups across trials. For the respiratory rate, 



habituation of the threshold and sensitization of sensitivity were found.The correlation 
between air hunger and respiratory rate was significantly lower in high trait anxious subjects 
than in low trait anxious subjects.  

Conclusion: 
These findings mainly replicate the habituation findings of the previous study, but not 
sensitization of air hunger in high anxious persons. This may be due to eliminating a 
hyperventilation phase before each rebreathing trial in the SRT compared to MRT.  

Also, high anxious persons seem to rely less on breathing related cues to determine subjective 
air hunger compared to low anxious subjects.  

(1) Research Group for Stress, Health and Well-being, Department of Psychology,  
University of Leuven, Belgium 
(2) Department of Lung Diseases, University Hospital Gasthuisberg,  
University of Leuven, Belgium 
(3) INSERM U676, Hôpital Robert-Debré, Paris, France 

 

Conditioned breathing behavior in a S1-S2 fear 
conditioning paradigm  

Ilse Van Diest (1), Pedro Guerra (2), Omer Van den Berg (1), Margaret M. Bradley (3), & 
Peter J. Lang (3)  

Background: 
Conditioned accelerative heart rate responses in a S1-S2 human fear conditioning paradigm 
have been thought to reflect action-oriented defensive responses, whereas decelerative heart 
rate responses are considered an anticipatory orienting response (Hodes, Cook, & Lang, 
1985).  

The present study aimed to explore respiratory and PETCO2-responses associated with these 
differential conditioned heart rate response patterns.  

Method: 
A differential conditioning paradigm was used. Forty-two participants viewed pictures of 
neutral or angry faces presented for 8 s (CSs), followed by a 95 dB human scream (US) 
presented for 6 s at picture offset. An 80 s inter trial interval (ITI) followed the US.  

For half of the participants, the US was preceded by an angry face (CS+), while the neutral 
face remained unpaired with the US (CS-). This was reversed for the other half.  

The experiment consisted of 4 consecutive phases: Acquisition (6 trials of CS+/CS-), 
Extinction (4 CS+/4CS-), Reinstatement (1 US only) and Test (1CS+/1CS-). Respiration, 
PetCO2, cardiac interbeat interval, skin conductance and corrugator muscle activity were 
measured.  

Cluster analysis was used to define groups of subjects whose conditioned heart rate response 
emphasized either acceleration, deceleration, or moderate deceleration.  



Results: 
During acquisition, conditioned increases in breathing frequency, inspiratory duty time, the 
accelerative component of the triphasic heart rate pattern and GSR developed in response to 
the CS+. All these conditioned responses disappeared during subsequent extinction.  

No evidence for the reinstatement of extinguished fear responses was found.  

When subjects were grouped according to their conditioned heart rate responses, only the 
subgroup of participants (N=15) showing conditioned accelerative heart rate responses also 
showed conditioned decreases in PETCO2 and conditioned increases in inspiratory duty time.  

Conclusion: 
This study provides evidence that a conditioned action-oriented defensive response set is 
accompanied with an increased respiratory duty cycle time and a tendency towards 
hyperventilation during aversive differential conditioning.  

(1) Research Group for Stress, Health and Well-being, Department of Psychology, University 
of Leuven, Belgium 
(2) University of Granada, Spain 
(3) Center for the Study of Emotion and Attention (CSEA), University of Florida, Gainesville, 
Florida USA 

 

Specific impact of emotions and attention on perceived 
intensity  

and unpleasantness of dyspnea  

Andreas von Leupoldt & Bernhard Dahme  

Recent research has shown that the perception of dyspnea, like pain, consists of a sensory 
(i.e., intensity) and an affective (i.e., unpleasantness) dimension. However, little is known 
about the specific impact of different emotions and attentional processes on these distinct 
dimensions. We therefore examined the influence of emotions and attention on the sensory 
and affective dimension of perceived dyspnea in two separate studies.  

In both studies dyspnea was induced in healthy volunteers by breathing through an inspiratory 
resistive load. In study 1 attention of 44 healthy volunteers (mean age = 27.7 years) was 
directed either to breathing or distracted by reading texts, while inspiratory time (Ti) and 
breathing frequency (f) were measured continuously.  

In study 2 emotional states were induced in 20 healthy volunteers (mean age = 29.8 years) by 
viewing three affective picture series (IAPS) of positive, neutral, and negative valence, while 
Ti, f, and oscillatory resistance (Ros) were measured. In both studies the experienced intensity 
and unpleasantness of breathlessness were rated on separate visual analog scales (VAS) after 
each condition.  

ANOVAs showed that attentional distraction in study 1 reduced the perceived unpleasantness 
of dyspnea (p<0.05), while the perceived intensity of dyspnea as well as Ti and f remained 
unchanged across conditions. In study 2 perceived unpleasantness of dyspnea increased from 



positive to neutral to negative series (p< 0.05), while perceived intensity of dyspnea as well as 
Ti, f and Ros showed no changes across conditions.  

The results of both studies suggest that the affective dimension of the perception of dyspnea is 
particularly vulnerable to emotional and attentional influences, irrespective of objective lung 
function. Future studies are required to confirm these findings in patient groups suffering 
from dyspnea.  

Department of Psychology, University of Hamburg, Hamburg, Germany  

 

DO COMPETITIVE BREATH HOLD DIVERS HAVE  
REDUCED AIR HUNGER RESPONSE?  

Andrew P. Binks (1,2), Robert B. Banzett (1,4,5), Andrea Vovk (1,6), Massimo Ferrigno (3,5)  

In normal subjects, breath holds are terminated due to a perception of intolerable need for air 
(‘air hunger'). We hypothesized that competitive breath-hold divers, who hold their breath 
substantially longer, should have substantially increased tolerance of air hunger.  

We tested the air hunger response of 4 divers who have held their breath for 6 - 9 min in 
competition. We tested the divers under conditions that eliminated the possibility of special 
techniques to reduce the physiological stimulus.  

Using a protocol previously used in normal subjects, we mechanically ventilated the divers to 
control tidal volume and respiratory rate (ventilation » 0.16 L·min-1·kg-1) and varied inspired 
PCO2 randomly in several discrete steps.  

Air hunger was rated throughout the protocol using a visual analog scale whose maximum 
was defined as "intolerable". SpO2 was maintained >97%.  

Divers 1, 2, and 4 reported the same uncomfortable urge to breath as do normal subjects; their 
air hunger vs PETCO2 response slopes were normal.  

The threshold for onset of air hunger for divers 1 & 2 was well within the range of the normal 
air hunger response; the threshold of diver 4 was shifted to a higher PETCO2, but the shift 
was largely accounted for by a higher-than-normal resting PETCO2.  

Diver 3 was unique amongst neurologically intact subjects we have studied: he denied feeling 
an urge to breathe, and denied discomfort.  

We conclude that divers exhibit little if any desensitization to air hunger, and that strategies to 
tolerate intense air hunger are a minor factor in their ability to tolerate long breath holds. 
Instead, these divers use physiological maneuvers prior to breath hold to reduce the intensity 
of the air hunger stimulus.  

They also reported air hunger decreases towards the end of breath hold, and that profound 
hypoxia at this time obtunds consciousness; we infer that the hypoxia may also dull the 
sensation of air hunger.  



(1) Physiology Program, Dept of Environmental Health, Harvard School of Public Health, 
Boston, MA.  
(2) University of New England, Portland, ME.  
(3) Dept of Anesthesiology, Brigham & Women's Hospital, Boston, MA.  
(4) Div. Pulmonary and Critical Care Med., Beth Israel Deaconess MC,  
(5) Harvard Medical School, Boston, MA. 6Current address: University of Florida, 
Gainesville, FL.  

Study performed at Physiology Program, Dept of Environmental Health, Harvard School of 
Public Health, Boston, MA, USA.  

Supported by HL46690 and Dept of Anesthesiology, Brigham & Women's Hospital  

 

THE EFFECT OF INFORMATION FRAME ON THE 
ACCURACY  

OF RESPIRATORY SYMPTOM PERCEPTION IN 
PERSONS  

WITH MEDICALLY UNEXPLAINED SYMPTOMS 
(MUS) 

Katleen Bogaerts, An Millen, Wan Li, Steven DePeuter, Ilse Van Diest, Elke Vlemincx, Stien 
Fannes, & Omer Van den Bergh  

Background:  
The aim of the study was to investigate the effect of a neutral versus a symptom information 
frame on the accuracy of respiratory symptom perception and on retrospective symptom 
reporting in non-clinical high and low reporters of Medically Unexplained Symptoms (MUS).  

Method:  
Participants (N=74) went through two trials using the Rebreathing Test. Each trial consisted 
of a baseline (60s), a rebreathing phase (150s), and a recovery phase 150s).  

The information frame was manipulated within subjects with order counterbalanced. In the 
neutral frame, participants were told that the gas mixture might alter breathing behavior and 
produce respiratory sensations. In the symptom frame, participants were told that the gas 
mixture might alter breathing behavior and induce respiratory symptoms and complaints.  

During each trial, breathing behavior was continuously monitored, and subjective sensations 
were rated every 10s. After each trial, participants filled out a symptom checklist. Within-
subject correlations were calculated between the subjective rating and its physiological 
referent for the rebreathing phase and recovery phase of each trial separately.  

Results: 
High MUS persons reported more (retrospective) complaints than low MUS persons, 
especially in the symptom frame. Only in the symptom frame, high MUS persons were less 



accurate compared to low MUS persons. The reduction in interoceptive accuracy in high 
MUS persons was most striking in the recovery phase of the symptom frame trial.  

Conclusion:  
Our results highlight the importance of the information frame used to interpret sensations for 
interoceptive accuracy in high MUS persons. The results also suggest a deficiency in 
symptom recovery in high MUS persons.  

Research Group for Stress, health and Well-being,  
Department of Psychology,  
University of Leuven, Belgium  

 

 

HYPOCAPNIA, CEREBRAL BLOOD FLOW  
AND LIGHT-HEADEDNESS DURING 

HYPERVENTILATION  

Johan Bresseleers (1), Ilse Van Diest, Guy Beyens (2), Peter Verhamme (2), Elke Vlemincx 
(1), Steven De Peuter, Stien Fannes, Katleen Bogaerts, Wan Li, Omer Van den Bergh  

Background: 
The relationship between hyperventilation-induced hypocapnia, cerebral blood flow (CBF) 
and the feeling of light-headedness is widely accepted. However, there is little research 
documenting the relationship between light-headedness and the decrease in CBF.  

The aim of this study was to investigate the strength of the relationship between hypocapnia, 
CBF and light-headedness by assessing all three components continuously during a voluntary 
hyperventilation episode.  

Method:  
Twelve participants were subjected to a six-minute hyperventilation trial. This trial consisted 
of two minutes of baseline, two minutes of hyperventilation and two minutes of recovery. 
During this trial, participants were instructed to rate light-headedness on a computer scale.  

Using transcranial Doppler ultrasonography, cerebral blood flow velocity (CBFV) of the right 
Middle Cerebral Artery (MCA) was assessed together with respiratory rate and PetCO2.  

Results: MCA CBFV and PetCO2 decreased during hyperventilation and increased during 
recovery in all subjects. Strong significant relationships were found in all subjects between 
PetCO2, MCA BFV and experienced light-headedness. The onset and the intensity of light-
headedness felt during hyperventilation, however, were highly variable across subjects.  

Conclusion:  
These results confirm that there is a strong relationship between hyperventilation-induced 
hypercapnia, a decrease in cerebral blood flow and the feeling of light-headedness.  



Although light-headedness is found to be strongly related to the decrease in CBFV, there 
seems to be a large intersubject variability in onset and intensity of light-headedness.  

(1) Research Group for Stress, Health and Well-being, Department of Psychology,  
University of Leuven, BELGIUM 
(2) Centre for Molecular and Vascular Biology,  
University of Leuven, BELGIUM  

 

DYSPNEA PERCEPTION FOLLOWING CIRCUIT 
EXERCISE  

TRAINING IN PATIENTS WITH ADVANCED COPD  
FOR THE ARMS AND LEGS  

R. Carter, J. Stocks, C. Nwasuruba, C. Harvey  

Study Objectives:  
To investigate changes in dyspnea as assessed by Borg scores during dynamic exercise for 
legs and arms, before and after circuit exercise training (ET) in patients with advanced COPD. 
Additionally, we sought to determine if the training program resulted in significant perceived 
HRQL dyspnea changes as assessed by the CRQ.  

Design, Patients and Intervention:  
This prospective clinical trial enrolled 126 patients with moderate to severe COPD 
(%PredFEV1 = 45.9 ±12.5%) who were evaluated before and after 16 weeks of a high 
intensity circuit ET program.  

Patient assessments included: pulmonary function; cycle ergometry (CE) and arm ergometry 
(AE) with gas exchange; 6-minute walk test (6MWT) with dyspnea measured using Borg 
scores and HRQOL assessed before and after training using the CRQ.  

Results: Following ET, work performance was significantly increased for CE, AE and 
6MWT (p < .0001). These changes were considered clinically significant with no change 
observed for pulmonary function (p > .05). Borg scores at peak exercise decreased for CE (–
0.95 ± 2.8 units, p <. 003); AE (-0.8 ± 2.6 units, p < .02) and 6MWT (-0.5 ± 2.3 units, p < 
.05). Borg scores for CE and AE at isotime demonstrated significant improvement (CE – 1.4 
± 2.0, p < .0001 & AE – 1.0 ± 2.1, p < .0001). Statistically significant and clinically relevant 
improvement in CRQ dyspnea (7.00 ± 5.76 (p < .0001)); emotional function (4.5 ± 6.3, p < 
.0001); fatigue (4.1 ± 4.1 p < .0001); mastery 3.1 ± 3.5, p < .0001) and total CRQ score (20.0 
± 15.9, p < .0001) was observed.  

Conclusion:  
Circuit ET improves upper and lower extremity work performance and significantly reduces 
dyspnea during exercise. HRQOL was improved indicating that patients perceive a positive 
response from ET. Thus, circuit ET reduces dyspnea and ameliorates part of the functional 
limitation imposed by the pathophysiology of COPD without altering pulmonary function. 
These results may translate to better self care, enhanced ambulation and quality-of-life.  



Texas Tech University, Lubbock, TX  
UT-Health Sciences Center-Tyler, TX  

 

THE RELATIONSHIP BETWEEN EVOKED 
POTENTIALS (EP) 

ELICITED BY INSPIRATORY OCCLUSION, 
NEGATIVE MOUTH  

PRESSURE, AND POSITIVE MOUTH PRESSURE  

Pei-Ying Sarah Chan, Yang-Ling Chou and Paul Davenport (1)  

Respiratory somatosensation is an integrated neural process that is a function of multiple 
sensory inputs. Inspiratory occlusion, positive P mouth air puffs and negative P's applied to 
the breathing circuit also elicit cortical evoked potentials.  

It is unknown if negative P changes in the mouth in the absence of altering the respiratory 
load elicits an EP equivalent to the inspiratory occlusion RREP.  

We hypothesized that the RREP is elicited by obstructed breathing rather than negative mouth 
P.  

The inspiratory occlusions elicited RREP was recorded in normal subjects. The mouth evoked 
potentials (MEP) were recorded with administering +20cm H2O positive P (MEP+), and 
negative mouth P's (MEP-) of –10cmH2O and –30cmH2O bilaterally to the buccal surface of 
the mouth.  

The pressure application did not alter the breathing circuit load.  

Normal subjects were presented with the RREP protocol. One group of subjects then received 
the positive pressure mouth EP protocol and a second group of subjects received the negative 
mouth EP protocol.  

The amplitudes and latencies for the RREP, MEP+ and MEP- were identified and measured 
in all trials. The RREP elicited Nf, P1, N1 and P300 peaks in all subjects. The Peak mouth P 
for inspiratory occlusions was less than –10 cmH2O. The MEP+ elicited a frontal, P50, N100 
and P300 peaks.  

These results demonstrate that P (MEP+) applied directly to the mouth surface elicits an EP. 
Negative P's approximately equal to the negative P generated by occlusion, in the absence of 
airway obstruction, do not elicit an EP. Negative P's can elicit an EP but the pressure must be 
much greater than the P's recorded with airway obstruction.  

(1) Dept of Physiological Sciences, University of Florida, Gainesville, FL, USA 
Supported by NIH-NHLBI grant HL48792  

 



ASSESSING DYSFUNCTIONAL BREATHING:  
COMPARISON OF MANUAL ASSESSMENT OF  

RESPIRATORY MOTION (MARM) AND  
RESPIRATORY INDUCTION PLETHYSMOGRAPHY  

(LIFESHIRT)  

Rosalba Courtney D.O. (7), Jan Van Dixhoorn M.D., PhD (8), Marc Cohen MBBS, PhD (7)  

Background:  
Breathing Pattern disturbances (BPD) such as abnormalities in thoraco- abdominal co-
ordination and thoracic dominance in breathing are an important aspect of dysfunctional 
breathing. BPD are associated with symptoms such as dyspnea [1, 2] and are considered to 
play a role in etiology of chronic back and neck pain [3-5].  

Two methods of assessment are compared. Measurements with Respiratory Induction 
Plethysmography (RIP or LifeShirt) are compared to a simple manual assessment technique, 
MARM, which assesses the distribution of thoraco-abdominal breathing movement [6]  

Method: 12 Yoga teachers were directed to make a series of combinations of 2 breathing 
(thoracic and abdominal) and 3 postural changes (sitting slump, normal and upright). 2 
examiners assessed their breathing using the MARM while simultaneous measurements with 
RIP were done.  

Results: High levels of inter examiner agreement of MARM were found (r=.844, p< .001) 
lower but still considerable agreement was found between examiners and RIP measures 
(r=.597, p<.001). Statistical analysis of repeated measures using MANOVA indicated that 
MARM was able to differentiate between thoracic and abdominal breathing patterns within 
subjects (F(1)=12,88, p<0.005), RIP was not able to make these differentiations.  

Conclusion:  
This study replicates earlier findings on reliability of MARM. It confirms that MARM 
appears to be a reliable tool for assessing breathing pattern. When used by trained examiners 
on trained subjects it appears more sensitive than RIP in differentiating between thoracic and 
abdominal breathing pattern.  

1. Altose, M., Respiratory Muscles and Dyspnea. Seminars in Respiratory Medicine, 1992. 
13(1): p. 1-6.  

2. Mannning, H. and R. Schwartzstein, Pathophysiology of Dyspnea. New England Journal of 
Medicine, 1995. 333(23): p. 1547-1551.  

3. Perri, M.A. and E. Halford, Pain and faulty breathing: a pilot study. Journal of Bodywork 
and Movement Therapies, 2004. 8(4): p. 297-306.  

4. Lewit, K., Relationship of faulty respiration to posture with clinical implications. Journal of 
the American Osteopathic Association, 1980. 79(8): p. 75-79.  



5. Hodges, P.W., I. Heijnen, and S.C. Gandevia, Postural activity of the diaphragm is reduced 
in humans when respiratory demand increases. Journal of Physiology, 2001. 537(3): p. 999-
1008.  

6. Dixhoorn, J.v., A method for assessment of one dimension of dysfunctional 
breathing:distribution of breathing movement. Biological Psychology, 2004. 67: p. 415-416.  

7 School of Health Sciences, RMIT University, Melbourne, Australia  

8 Centre for Breathing Therapy, Amersfoort, The Netherlands  

 

SYMPTOM PERCEPTION, FAMILY FUNCTIONING, 
AND  

FUNCTIONAL MORBIDITY IN PEDIATRIC ASTHMA  

Erika J. Eisenberg, MA (1), Dean Soto, BBA, RRT (2), Denise Serebrisky, MD (2), Ellen F. 
Crain, MD, PhD (2), Jonathan M. Feldman, PhD (1)  

Background:  
Family functioning is associated with pediatric asthma outcomes including report of asthma 
symptoms and health-related quality of life (Kaugars, Klinnert, & Bender, 2004). The 
previous literature has also shown that asthma symptom perception is associated with 
functional morbidity, which may be mediated by the family's response to asthma symptoms 
(McQuaid et al., in press).  

The purpose of this study was to explore the association between specific characteristics of 
family functioning, symptom perception, and functional morbidity  

Method:  
Study participants (N=13) were African-American and Puerto Rican children between 7-15 
years old who were recruited from an inner-city asthma clinic.  

The Functional Severity Scale (Rosier et al., 1994), Flexibility and Cohesion Evaluation 
Scales (FACES IV; Gorall, Tiesel, & Olson, 2004), and the Pediatric Quality of Life 
Questionnaire (PAQLQ; Juniper et al., 1996) were administered during two sessions separated 
by five weeks.  

In between sessions, children guessed and measured their peak expiratory flow (PEF) prior to 
taking asthma medication twice daily, and during times of asthma exacerbation.  

Results:  
Scores on the Family Cohesion Ratio scale of FACES IV, which measures the emotional bond 
that family members have toward one another, had a significant positive correlation with the 
proportion of blows in the Accurate zone (r = .70, p<.05) and a negative correlation with the 
proportion of blows in the Danger zone (under-perception of symptoms; r = -.58, p<.05). The 
FACES Rigid Score was significantly associated with functional morbidity (r = .56, p<.05). 
The PAQLQ was not associated with family functioning or symptom perception.  



Discussion:  
This pilot study suggests that children from cohesively balanced families (i.e.; neither 
enmeshed nor disengaged) may be more likely to perceive asthma symptoms accurately and 
less likely to not detect symptoms. Rigidity in a family system may be a risk factor for poor 
asthma outcomes. Future research will focus on collecting additional data on a larger sample.  

(1) Ferkauf Graduate School of Psychology/Yeshiva University, Bronx, NY, USA 
(2) Department of Pediatrics, Jacobi Medical Center,  
Albert Einstein College of Medicine, Bronx, NY  

 

EFFECT OF CONTROLLED MEDICATION 
ADHERENCE  

ON EXHALED NITRIC OXIDE LEVELS IN AN  
ASTHMA CAMP SETTING  

Cynthia A. Esteban, Elizabeth L. McQuaid, Sheryl Kopel, Jack Nassau, Jerilyn A. Devin, 
Robert B. Klein, Anthony Mansell, Daphne Koinis Mitchell, Christopher Camillo, Emily 
Houlihan  

Background:  
Exhaled nitric oxide (ENO) is a non-invasive marker of inflammation, and may be used to 
monitor anti-inflammatory control from inhaled corticosteroids (ICS). A positive relationship 
exists between patient adherence to medication and the reduction of ENO; however, the 
extent of this association in children over time and the influence of potential confounding 
factors (i.e. inhaler technique), need further study.  

The purpose of this pilot study was to determine the effect of 100% adherence to directly 
observed ICS treatment on ENO levels during a brief summer camp stay.  

Methods: Thirty children with asthma from urban, low SES backgrounds attended Asthma 
Camp. Nine children 11 to 13 years old (four male, five female) prescribed moderate/severe 
persistent level asthma medication, who reported missing at least half their doses at baseline, 
were selected to perform ENO on the first and last days of camp. Medication at camp was 
administered by physicians and nurses at scheduled times. AM and PM peak flows also were 
measured over time.  

Results:  
At baseline, mean Asthma Control Test (ACT) score was 18.9 (range 11). Mean ENO level 
was 72.3 ppb (range 145 ppb) on day 1, and 26.8 ppb (range 69 ppb) on day 5 (p=.005, 
t=3.869). Mean drop in ENO was -45.6 ppb.  

PM peak flow calculated as % personal best was 85% on day 1 and 93% on day 4 (p<.05, t=-
2.527).  

Conclusion:  
Children with moderate and severe asthma showed a significant decrease in their ENO levels 



when 100% adherent to 7 doses of their own ICS medication over a period of 90 hours (3.75 
days). PM peak flows also improved but not as dramatically and not for all participants.  

This study demonstrates that ENO can be a sensitive measure of medication adherence. 
Further studies will examine the role of environmental changes at camp on ENO.  

Bradley Hasbro Children's Research Center/Brown Medical School  

 

DESCRIPTORS OF DYSPNOEA IN PATIENTS WITH  
IDIOPATHIC HYPERVENTILATION (IHV):  

A COMPARISON WITH ORGANIC LUNG DISEASE  

Sandy Jack, (1,3), Paul S Albert (1), Jacky A Smith (2), James Lester (1), Matthew Cross, (3) 
Christopher J Warburton (1,3) and Peter M A Calverley (1,3).  

We have previously shown that patients with idiopathic hyperventilation demonstrate 
dynamic hyperinflation during a ramp incremental exercise test (Jack et al 2005) and also 
have comparable impairment of health status to patients with severe COPD, despite having 
normal lung function.  

Whether IHV patients use the same terms to describe their dyspnoea as those with obstructive 
and restrictive lung disease is not known.  

We aimed to evaluate the experience of breathlessness using verbal descriptors in moderate to 
severe asthmatic, COPD, idiopathic pulmonary fibrosis (IPF) and well-characterised IHV 
patients.  

160 postal questionnaires, comprising 45 questions (Elliott, 1991) about descriptors of 
breathlessness on exertion. 100 responses (24 asthma, 26 COPD, 24 IPF, 26 IHV) were 
analysed using principal components analysis with varimax rotation (exploratory factor 
analysis). Initial analysis was blinded to the 4 groups.  

The analysis suggested 3 dimensions of breathlessness, explaining 66.3% of the variance 
(KMO=0.917, Bartletts p=<0.001). 
1: unpleasant sensations in the chest (32.3%)  
2: air hunger (21.3%) 
3: wheeze (12.7%).  
There were no significant differences between the factor scores for unpleasant sensations in 
the chest or wheeze for the four diagnoses (ANOVA p=0.25 and 0.51 respectively). Air 
hunger scores however were significantly higher for IPF, than for the other groups (p=0.04)  

Patients with IHV characterised their breathlessness using the same terms as those with 
abnormal lung mechanics. Air hunger was predominantly reported in the IPF group, possibly 
reflecting an increased respiratory load to breathing. These data confirm the burden of 
symptoms experienced by IHV patients and support the need for further understanding of the 
aetiology and treatment of this poorly understood disorder.  



(1) Aintree Chest Centre, University Hospital Aintre, Liverpool, Merseyside,United Kingdom  
(2) North West Lung Centre, Wythenshawe Hospital, Manchester, United Kingdom  
(3) Division of Infection and Immunity, University of Liverpool, Liverpool, Merseyside, 
United Kingdom 

 

PREVALENCE OF IN-FLIGHT HYPERVENTILATION  
AMONG COMMERCIAL PILOTS 

Maria Karavidas, Psy.D; Paul M. Lehrer, Ph.D  

Background:  
Information on prevalence rates of hyperventilation among aviators has largely been restricted 
to general aviators or military pilots while little is known about hyperventilation among 
commercial pilots specifically. Studies on in-flight hyperventilation are, at best, inconclusive 
partly because aircrew do not readily endorse symptoms for fear of losing credibility with co-
workers and potential job loss; hence aviation administrations may not be aware of accurate 
prevalence rates and are therefore, likely to minimize risk of hyperventilation as a safety 
issue.  

A combination of factors associated with the experience of pilots is known to increase 
ventilation and therefore should increase risk of hyperventilation. Contributors include, 
reduced pressure, low relative humidity, specific pollutants and stress (e.g. mechanical issues, 
weather, increased terrorist threats).  

Symptoms of hyperventilation include dizziness and chest pain. Under some circumstances, 
hyperventilation may affect brain function, and impair judgement. Crew members and 
passengers with any pulmonary disorder (e.g. asthma) might be more susceptible to problems.  

In the latest review by the National Research Council (2002) sponsored by the Federal 
Aviation Administration titled "Airliner Cabin Environment and the Health of Passengers and 
Crew," determining levels of air components (e.g. CO2, O3) and addressing health issues 
related to travel were deemed "high priority."  

We believe that flight crew are necessarily exposed to cabin air components that increase 
likelihood of hyperventilation syndrome. This coupled with other environmental stressors 
specific to airline crew can be a potential problem.  

The SwissAir Flight 111 disaster off the coast of Nova Scotia on September 2,1998 
demonstrates the relevance of examining this issue further. Microphones in the masks were 
able to detect respiration rates of both the co-pilot and pilot. It is hypothesized that respiratory 
changes may have contributed to faulty emergency protocol.  

Although not as imminently ominous, mild hyperventilatory response may be common in 
aircrew and, in combination with a significant stressor, can result in devastating outcomes.  

Although the scope of our survey was limited to gathering information of hyperventilation 
prevalence, we speculate that many of the elements mentioned above are potential instigators 



not yet fully explored or monitored. Objectives To estimate the prevalence of in-flight 
hyperventilation among commercial pilots.  

The survey involved the use of a validated diagnostic tool comprised of 16 symptoms of 
hyperventilation.1 Each item has a 5-point scale (0=Never to 4= Very often).Design Postal 
questionnaire survey using Nijmegen questionnaire (assess 16 symptoms associated with 
abnormal breathing on a five point scale. A total symptom score of >23 has been reported as 
showing a sensitivity of 91% and specificity of 95% as a screening instrument in patients with 
diagnosed hyperventilation syndrome).  

Method:  
The one-page questionnaire and consent form were included in the Airline Division quarterly 
newsletter (Flight Deck Quarterly) as a tear/out self-mailer where the page could be torn out, 
folded, and returned to the pre-printed address. Previous survey studies examining health 
effects in air crew members have yielded response rates ranging from 15.3% to 55.1% with a 
reasonable response defined as at least 45%.2-4 Variables identified as being able to increase 
response rate were implemented in this study: shorter questionnaire, pre-paid postage, 
university sponsorship, follow-up.5  

Participants:  
All commercial pilots aged 18-65 were eligible to complete the newsletter questionnaire. 
Participants for the survey were recruited from the Teamsters Airline Union, an organization 
comprised of approximately 6,000 members. Main outcome measure Score of >23 on 
Nijmegen questionnaire.  

Results:  
Fifty-five pilots returned completed questionnaires. All questionnaires were suitable for 
analysis. Three subjects (5.5%) yielded a total score of 23 (severe hyperventilation) while 
39.3% has a score >10. The most frequent score obtained was a total of 10 (13%).  

The most commonly endorsed symptoms were: tension, bloating, cold hands or feet, and 
anxiety. The average rating for each of these four categories was "sometimes." Some pilots 
included explanations to their endorsements. The following written statements included in the 
questionnaires were, "I get these symptoms only at high cabin altitudes;" "I believe tenseness 
and anxiety to be related to pitiful compensation and job security fears."  

Conclusions:  
This survey yielded a low return ratio. Hence, our results must be interpreted with caution. 
5.5% of 55 pilots who completed this survey had scores suggestive of dysfunctional breathing 
while in-flight. If this rate is generalized, one could say that for every 1000 pilots 
approximately 55 of them may meet criteria for in-flight hyperventilation.  

Although further studies are needed to confirm these findings, these findings suggest scope 
for a therapeutic intervention. In fact, psychophysiologists have recently developed a simple 
set of respiratory exercises that counteract hyperventilation and its effects. Once the 
prevalence of this problem has been able to be documented, provisions can be made to 
include such techniques in air crew training. Additionally, industry issues (ie, job security, 
pension) that contribute to stress need to be highlighted.  

 



HEART RATE VARIABILITY (HRV) BIOFEEDBACK 
IN  

THE TREATMENT OF MAJOR DEPRESSIVE 
DISORDER (MDD):  

PRELIMINARY FINDINGS OF A CONTROLLED 
STUDY  

Maria Karavidas (1), Paul M. Lehrer (1), Igor Malinovsky (2)  

Purpose:  
Autonomic nervous system (ANS) dysfunction is thought to play a significant role in 
depression. Prior research indicates that individuals suffering from depression often show 
elevated vagal tone, decreased heart rate, fatigue, sleep disturbance, and sympathetic arousal.  

Heart Rate Variability (HRV) biofeedback involves training subjects to adjust their breathing 
rate to "resonant frequency (RF)" - a breathing rate (usually slower than the normal breathing) 
at which Respiratory Sinus Arrhythmia (RSA) is maximized. Although for most people, RSA 
is maximized when breathing at the rate of 6 breaths per minute (.1Hz.), the exact RF varies 
from one individual to another.  

HRV biofeedback has been used to treat asthma, hypertension and other conditions linked to 
ANS dysfunction.  

We hypothesized that this technique will have an effect on blood pressure modulation. 
Indirectly, through anatomical projections from the baroreceptors to the hypothalamus and 
limbic system, this method will increase modulation of emotionally and autonomically-
mediated reflexes throughout the body, resulting in reduction of depressive symptoms in our 
sample.  

Method:  
Recruitment advertisements were posted at various locations in the community and in local 
newspapers. We expect to completed targeted recruitment number (n=20) by October of 2006. 
To date, seven participants (aged 20-45) have completed the study and two are expected to 
return for follow-up sessions.  

Respondents who did not receive a diagnosis of MDD or those in treatment for depression 
elsewhere were excluded from the study. Respondents eligible to take part in the study were 
randomly assigned to either HRV biofeedback or sham control group.  

Subjects were invited to participate in four weekly 45-minute-long individual training 
sessions and asked to return for two follow-up sessions 2 and 4 weeks after completing 
training. Subjects were also instructed to practice the technique twice a day for 20 minutes 
and received computer software to facilitate home practice.  

Psychiatric symptoms were assessed with self-report and clinician rated questionnaires, while 
ECG and respiration were used to measure autonomic function. All data were collected during 
the intake, upon the completion of training and during the two follow-up sessions.  



Results and Conclusions:  
Brief preliminary data analysis of scores on Beck Depression Inventory-II (BDI-II) – a 
subjective self-report measure of depression severity gathered from 9 participants who 
completed biofeedback training, suggests that HRV biofeedback may be effective in reducing 
the severity of depressive symptoms.  

The paired-sample t-test was used to compare the BDI-II scores for the active treatment and 
sham control group. While the findings show an overall trend towards improvement of 
depressive symptoms in both groups, only the HRV biofeedback group had improved 
significantly at the end of training and during the second follow up (statistical analysis of BDI 
scores during the first follow-up was not conducted). Further data analysis will be conducted 
upon completion of the study.  

While we are unable to draw any definitive conclusions on the basis of the current findings, 
further evaluation of this intervention is warranted, particularly because it is easily learned, 
free of disturbing side effects and potentially fast-acting. This work will expand the field of 
HRV biofeedback by exploring a non-pharmacological treatment alternative for patients with 
depressive symptomotology.  

(1) UMDNJ-Robert Wood Johnson and 2Rutgers University  

 

Peak flow guess versus Borg rating:  
How do these symptom measures measure up  

in children with asthma?  

Sheryl J. Kopel, Elizabeth L. McQuaid, Gregory K. Fritz  

Background:  
Prompt detection of asthma symptoms increases the likelihood that treatment will be 
administered in time to avoid serious exacerbations. Quantifying asthma symptom perception 
hinges on multiple subjective estimates of symptom level paired with objective measures of 
pulmonary functioning over time. The purpose of the current analysis is to assess the relative 
utility of the Borg scale and Peak Flow Guess as subjective estimates of symptom level in 
children.  

Methods:  
202 children with asthma 7-17 years old attended a lab visit to complete questionnaires and 
receive instruction to the proper use of an electronic hand-held spirometer, which they 
subsequently used at home for 5-6 weeks. For each assessment, children entered a Borg rating 
(BR) and Peak Flow Guess (PFG) directly prior to blowing into the device. Two accuracy 
indices were generated for each child by correlating their Borg ratings and PFG with 
corresponding PEFRs over the assessment period. Relationships between the accuracy indices 
and demographic and asthma morbidity variables were explored.  

Results:  
Borg-PEFR indices ranged from –.71 to .81 (Mn = .20, sd = .26), and PFG-PEFR ranged from 
–.92 to .90 (Mn = .22, sd = .30)). Neither significantly predicted asthma morbidity (e.g., ER 
visits or hospital stays in the previous month). Borg-PEFR was positively related to age (r = 



.23, p<.01), while PFG-PEFR was positively related to IQ (.19, p<.01). Latino participants 
had significantly lower PFG-PEFR correlations than participants of other ethnicities (F = 
3.70, p<.01). Across participants, the indices were moderately related to each other (r = .42, 
p<.01).  

Conclusions:  
There was a high degree of variability within and across children on both subjective estimates. 
Case examples will be presented to illuminate some of the challenges of using this 
methodology with children, and suggestions will be offered to enhance the effectiveness of 
these methods with children.  

 

EFFECTS OF A SHORTENED ASTHMA  
SELF-MANAGEMENT GROUP PROGRAM  

Valentine Lemaigre (1), Omer Van den Bergh (2), An Victoir (2), Steven De Peuter (2), Geert 
Verleden (1)  

Background:  
Asthma self-management programs are effective but often time-consuming and need to be 
improved for easy implementation into regular asthma care.  

In the present study, we evaluated the effects of a shortened, little time-consuming asthma 
self-management program on asthma knowledge, asthma morbidity and asthma-related 
behaviour in a group of moderate to severe adult asthmatics.  

Methods:  
Asthmatics visiting the hospital for a regular pneumology consultation were invited to 
participate in an asthma self-management program consisting of 2 group sessions and 1 
individual session and containing education, cognitive restructuring and self-monitoring 
interventions.  

The effects of the program were evaluated in a group of 55 adult asthmatics (mean age 45 yrs, 
42% males, N=26 in intervention group, N=29 in control group) by administering 
questionnaires and diary exercises at baseline, immediately, 3 and 12 months after the end of 
the program (Asthma Symptom Checklist, Asthma Quality of Life Questionnaire, Positive 
and Negative Affect Schedule, Knowledge, Attitude and Self-Efficacy Asthma Questionnaire, 
2-week diary for peak-expiratory flow measures and asthma symptoms reporting).  

Results:  
Asthma-related knowledge and hyperventilation symptoms improved more in the intervention 
group than in the control group and this effect was maintained until 3 months after 
participation.  

General asthma symptoms improved significantly, but substantial symptom improvements 
were also found in the control group.  

The original effects in the intervention group on asthma knowledge and morbidity persisted 
partly but not significantly 1 year after participation.  



Conclusions:  
A shortened asthma group program for moderate to severe asthmatics had an impact on 
knowledge and asthma symptoms, especially hyperventilation symptoms, until 3 months after 
the end of the program. Continuous reinforcement and specifying the program content are 
essential aspects to obtain more robust and long-lasting effects.  

(1) Department of Respiratory Diseases, University Hospital Gasthuisberg, Leuven, Belgium 
(2) Research Group for Stress, Health and Well-being, Department of Psychology,  
University of Leuven, Belgium  

 

PARENTAL ATTACHMENT STYLES AND  
ASTHMA OUTCOMES IN PEDIATRIC ASTHMA 

Thea M. Oculato, CCLS, M.Ed. (1), Dean Soto, BBA, RRT (2), Denise Serebrisky, MD (2) 
Ellen F. Crain, MD, PhD (2), Jonathan M. Feldman, PhD (1)  

Background:  
The purpose of this study was to evaluate the association between parental attachment styles 
and children's asthma morbidity. There is evidence that attachment style may be predictive of 
health care use among adult patients with diabetes (Ciechanowski et al, 2004).  

A secondary goal was to examine the relationship between patient-provider communication, 
attachment style, and asthma morbidity.  

Methods:  
Participants (n = 12) were African-American and Puerto Rican children diagnosed with 
asthma between the ages of 7 and 15 years old and their primary caregiver. Families were 
recruited from an inner-city asthma clinic.  

The Relationship Questionnaire (RQ; Bartholomew & Horowitz, 1991), which is a four-
category instrument that describes relationship styles, was administered to the primary 
caregiver. The Parent Provider Communication and Partnership questionnaire was also 
administered.  

The Functional Severity Scale (Rosier et al., 1994) was administered at baseline and at a 5-
week follow-up to assess functional morbidity.  

Doser devices (MediTrack Products, Hudson, MA) monitored use of albuterol in naturalistic 
settings across 5 weeks.  

Results:  
An ANOVA showed that caregivers with Fearful Attachment style (M= 10.0, SD= 7.7) 
tended to report the highest level of functional morbidity, followed by caregivers with 
Dismissing Attachment (M= 8.5, SD= 12.0) style and Secure Attachment (M= 6.0, SD= 3.6).  

Children of caregivers with a Fearful Attachment style tended to have the highest level of 
albuterol use (M= 43.0, SD= 12.4), followed by Secure Attachment (M= 21.3, SD= 15.2) and 
Dismissing Attachment (M= 7.0, SD= 21.5).  



A correlation was found between parent-provider communication and functional morbidity 
both at baseline (r = .53) and at five-week follow-up (r = .67; p<.05).  

Conclusions:  
Children with asthma who have primary caregivers with a fearful attachment style may be at 
risk factor for poor asthma control. A secure attachment style may be associated with better 
asthma control. The association found between parent-provider communication and functional 
morbidity may be attributed to level of contact between caregivers and providers.  

(1) Ferkauf Graduate School of Psychology/Yeshiva University, Bronx, NY, USA 
(2) Department of Pediatrics, Jacobi Medical Center, Albert Einstein College of Medicine, 
Bronx, NY  

 

FREQUENCY AND VALANCE OF RESPIRATORY 
SENSATIONS 

AND THEIR ASSOCIATION TO EVERYDAY LIFE 
SITUATIONS 

FOR DIFFERENT SUBGROUPS OF PARTICIPANTS  

Sibylle Petersen (1), Matthias Morenings (1), Andreas von Leupoldt (1), Bernhard Dahme 
(1), Thomas Ritz (2)  

Verbal descriptors of respiratory sensations have been suggested as being an important source 
of diagnostic information about underlying mechanisms of breathlessness. This study 
investigated the frequency of experience of respiratory sensations in everyday life and their 
associations with discomfort and specific situations.  

Participants (N-657) rated 25 descriptors of breathlessness with regard to frequency of 
experience, valence, and incidence in four types of situations: sports/exercise, emotion/stress, 
disease, and others (not specified).  

Ratings were analyzed for the whole sample and for six non-overlapping sub-samples (n-
246): participants with pulmonary diseases (n-74), with adiposity (n-19), older participants 
(n=50), heavy smokers (n-27), participants exercising more than 4 h/week (n-18), and healthy, 
non-smoking, younger participants (n-58).  

The data was analyzed on item-level and on the level of our clusters revealed across the whole 
sample: obstruction, arrest of breathing, effort, and intense breathing.  

Respiratory sensations clearly differed in frequency, discomfort, and incidence in different 
situations on item and cluster-level. Sensations of obstruction and arrest of breathing were 
rather infrequent but associated with high discomfort and disease situations, whereas intense 
breathing was more common and associated with sport/exercise and less discomfort.  

Furthermore, differences between sub-samples were found e.g. participants with pulmonary 
diseases reported significantly more familiarity with items describing sensations of effort 



(compared to other groups except smokers and sportive participants) and obstruction 
(compared to other groups except smokers). Older participants reported generally less 
frequency and discomfort of respiratory sensations than other groups, e.g. less discomfort 
associated with intense breathing than participants with pulmonary disease.  

The results show a high variability of respiratory sensations within and between sub-samples 
regarding frequency, discomfort and situational incidence which might be explained by 
disease-related mechanisms and age-related reduction in sensitivity.  

In analyzing the language of dyspnea these differences should be considered to increase the 
diagnostic value of verbal descriptors of breathlessness.  

(1) University of Hamburg, Germany 
(2) Southern Methodist University, Dallas, TX USA  

 

COMPARING THE STRUCTURE OF VERBAL 
DESCRIPTORS 

OF RESPIRATORY SENSATIONS BETWEEN 
HEALTHY 

INDIVIDUALS WITH PULMONARY DISEASE:  
FINDINGS WITH CLUSTER ANALYSIS, 

MULTIDIMENSIONAL 
SCALING, AND PREFERENCE ANALYSIS 

Sibylle Petersen (1), Andreas von Leupoldt (1), Matthias Morenings (1), Bernhard Dahme 
(1), Thomas Ritz (2)  

Prior studies investigating the language of dyspnea found similar groups of descriptors for 
respiratory sensations in healthy subjects and patients with respiratory diseases.  

This study investigated whether similar clusters and dimensions of dyspnea can be found in 
healthy younger individuals, older individuals, and individuals who reported suffering from 
respiratory disease and whether these clusters have been the same emotional connotation for 
these groups. For that we combined the analysis of clusters and dimensions with (non-) 
preference analysis.  

Seventy-five participants with respiratory diseases (mean 28.2 years), fifty healthy older 
participants (mean 57.5 years, range: 47-89 years) and fifty-eight healthy younger participants 
(mean 23.5 years) rate 25 descriptors of respiratory sensations with regard to frequency of 
experience, associated discomfort, and their relationship to three types of situations: 
sports/exercise, emotions/stress and illness.  

In addition to cluster-analysis, a two dimensional configuration of descriptors was built for 
each group by multidimensional scaling (MDS).  



(Non-) Preference-analysis were performed to visualize the average frequency – and 
discomfort-ratings of each group by integrating two vectors in these configurations using 
linear regression.  

Two MDS-dimensions, "activity" and "need", were found for older participants, whereas in 
the other groups dimensions better labeled as "effort" and "need" emerged.  

We observed four largely comparable clusters in all groups: "obstruction," "arrest-of-
breathing", "effort" and "intense breathing".  

However, in healthy participants a sub-cluster of "effort", "coordination" emerged, combining 
problems of inhalation and exhalation, whereas inhalation joined the "obstruction"–cluster in 
the other groups.  

Preference-analysis demonstrated differences in frequency and discomfort-rankings, e.g. 
participants with respiratory disease showed strongest associations of discomfort with 
"obstruction"-descriptors, healthy participants with "effort" / "coordination"-descriptors.  

Our results suggest that clusters of descriptors of dyspnea show variations between different 
groups of participants and therefore might reflect distinct mechanisms of breathlessness in 
health vs. disease and younger vs. older age. Preference analysis showed that descriptors of 
dyspnea might have different emotional connotations for different groups.  

(1) University of Hamburg, Germany 
(2) Southern Methodist University, Dallas, Texas, USA  

 

THORACO-ABDOMINAL COORDINATION 
MEASUREMENT 

USING RESPIRATORY INDUCTIVE 
PLETHYSMOGRAPHY: 

EFFECTS OF EMOTION INDUCTION AND 
ANTICHOLINERGIC BRONCHODILATOR IN 

ASTHMA 
AND HEALTHY VOLUNTEERS 

Thomas Ritz (1), Antje Kullowatz (1), Anne Kretschmer (2), Frank Kanniess (3), Bernhard 
Dahme (2),  
and Helgo Magnussen (3)  

It has been suggested that measurements of the coordination between rib cage and abdomen 
during breathing are sensitive to airway obstruction in asthma.  

Respiratory inductive plethysmography offers the opportunity to measure such changes 
continuously and non-invasively during behaviorally challenging laboratory situations. We 
used the Life Shirt System (VivoMetrics Inc.) to explore changes in thoraco-abdominal 



coordination during experimental emotion induction with pictures and films in asthmatics and 
non-asthmatic controls.  

We also explored whether an anticholinergic bronchodilator (ipratropium bromide) would 
affect thoraco-abdominal coordination.  

The experimental protocol included two laboratory sessions on two separate days. On both 
days, participants (53 asthmatics, 25 non-asthmatics) viewed pleasant, unpleasant and neutral 
film clips or picture blocks. On one day, participants received ipratropium before the session 
and on the other day a placebo inhaler in a randomized, double dummy order.  

For offline analysis of the thoracic and abdominal inductive plethysmography recordings, we 
calculated the percentage of rib cage contribution to tidal volume and the phase relations 
during inspiration and expiration using the Vivologic interactive biosignal analysis software.  

Results suggested that the rib cage contributed to overall volume to a greater degree during 
baseline than presentation periods, which may indicate nonspecific preparatory or expectancy 
effects.  

Also, indices of phase relations for inspiration and expiration showed higher asynchronous 
motion during baseline than presentations, with stronger reductions during pictures. 
Expiratory asynchrony showed the least reduction during pleasant films.  

In addition, asynchrony during inspiration was reduced due to medication. No differences 
between asthmatic and non-asthmatic participants were found.  

Thus, although thoraco-abdominal coordination is sensitive to experimental procedures, these 
changes appear to be nonspecific with regard to respiratory disease.  

(1) Department of Psychology, Southern Methodist University, Dallas, TX, USA 
(2) Department of Psychology, University of Hamburg, Germany 
(3) Pulmonary Research Institute, Hospital Grosshansdorf, Germany 

Supported by a grant of the Deutsche Forschungsgemeinschaft (DFG Ri 957/3-1)  

 

SOME FEATURES OF SIX TIMES PER MINUTE 
BREATHING PHENOMENON 

(1)Evgeny Vaschillo, Bronya Vaschillo, Marsha E. Bates, Robert Pandina, Sushismita Ray, 
Tomoko Udo,  
and Jamie Kingeter, (2)Paul Lehrer  

Background:  
Slow breathing at a frequency around 0.1Hz strongly affects autonomic functions. It is known 
that 0.1Hz breathing procedure improves respiratory function and gas-exchange, enhances 
baroreflex gain, and restores vagal-sympathetic balance.  



This procedure has been effectively used for treatment of asthma, major depression, 
hypertension, and fibromyalgia.  

The goal of current study was to investigate a variety of features of 0.1Hz breathing to better 
understand nature of its benefits.  

Method:  
55 healthy, 21-24 years old participants completed 5-minute 0.1Hz breathing procedure. 
Participants were asked to breathe slowly but not too deeply, following a pacer on the 
computer screen.  

We recorded the following measures for 5 minutes each before (baseline) and during the 
procedure: ECG and finger pulse to evaluate heart rate (HR) and pulse transit time (PTT); 
thoracic and abdominal respiration from strain gauges to estimate tidal volume (TV); finger 
pulse, finger temperature, and palmar skin conductance (SC) from the right hand.  

Statistical data and spectra of the recorded functions and the transfer function between TV 
and HR (as RRI sequence) were calculated. Reactions of the functions to paced breathing 
were estimated as power of the spectra at 0.1Hz (0.1Hz indices).  

Results:  
Paced breathing elicited high amplitude oscillations at 0.1Hz in HR, PTT, and sometimes in 
finger pulse amplitude (FPA) and SC.  

HR 0.1Hz indices differed considerably (in the range of 36820 ms2 to 1749333 ms2) among 
the participants.  

The coherence and phase between HR and TV oscillations 0.1Hz were, respectively 
(m±stderr), 0.938±0.014 and 25.3±5.6º.  

Although coherence was close to 1.0, there was no correlation between HR and TV 0.1Hz 
indices.  

A significant correlation was found between HR and PTT 0.1Hz indices (r=0.82, p<0.0001) 
and between PTT and FPA 0.1Hz indices (r=0.53, p=0.0081).  

Conclusion:  
The results corroborate the theory that the 0.1Hz breathing phenomenon is based on HR 
resonance. Triggered by breathing, HR resonance elicits high oscillations in cardiovascular 
functions, which thereby can be used to tone up autonomic reflexes.  

(1) Center of Alcohol Studies. Rutgers, State University of New Jersey. USA 
(2) University of Medicine and Dentistry of New Jersey – Robert Wood Johnson Medical 
School 

Research was supported by NIDA and NIAAA.  

 



INTEROCEPTIVE CONDITIONING OF BREATHING 
RESPONSES  

Ilse Van Diest (1,2), Paul Davenport (2), Omer Van den Bergh (1), Sarah Miller (2) and Erin 
Robertson (2)  

Background:  
As a model for the acquisition of dyspneic fear, we aimed to develop an interoceptive 
conditioning paradigm in which participants learn that a mechanical respiratory load predicts 
a CO2 – challenge.  

Method:  
Participants (N = 28) were tested in a differential conditioning paradigm. An inspiratory 
resistive load (15 cmH20) and an increased pressure on the upper arm (40 mmHg) served as 
conditional stimuli (CSs); a 20 s inhalation of 20% CO2 enriched air served as unconditional 
stimulus (US). CSs were presented 5 s prior to and co-terminated with the US.  

During the acquisition phase, each subject received one CS with CO2 (CS+) and the other 
stimulus with room air (CS-). The type of CS associated with CO2 was counterbalanced 
across participants.  

In the extinction phase, both CSs were administered without CO2. Both acquisition and 
extinction consisted of 3 CS+ and 3 CS- presentations (semi-randomized). FETCO2, mouth 
pressure, airflow and tidal volume were recorded during stimulus presentations. Subjective 
panic and breathlessness were assessed after each stimulus presentation.  

Results:  
Participants learned to increase their tidal volume and to develop a more negative mouth 
pressure in response to the CS+load during acquisition. This anticipatory breathing response 
did not develop in response to the CS+cuff or to the CS-load.  

Subjective breathlessness and panic were conditioned to the CS+cuff, but not to the CS+load. 
The load elicited panic symptoms, irrespective of whether it was paired with CO2 or not.  

Conclusion:  
There was a learning effect for the load on the breathing pattern during acquisition. For the 
subjective responses, a learning effect for the CS+cuff was observed following acquisition. 
However, the load was too aversive on its own to act as a CS for subjective fear learning.  

(1) Research Group for Stress, Health and Well-being, Department of Psychology, University 
of Leuven, Belgium 
(2) Department of Physiological Sciences, University of Florida, Gainesville, Florida USA  

 

SENSORY AND AFFECTIVE ASPECTS OF DYSPNEA  
CONTRIBUTE DIFFERENTIALLY TO THE  

BORG SCALE'S MEASUREMENT OF DYSPNEA  



Andreas von Leupoldt, Rita Ambruzsova, Simone Nordmeyer, Nina Jeske & Bernhard Dahme  

Recent research has demonstrated that distinct dimensions in the perception of dyspnea can be 
differentiated. However, most studies to date have only employed a global rating scale for the 
measurement of this sensation, which does not differentiate between these distinct aspects.  

Therefore, this study examined how sensory and affective aspects of dyspnea influence the 
commonly used global Borg scale's measurement of dyspnea.  

Dyspnea was induced in sixteen healthy participants (mean age = 26.2 years) by breathing 
through an inspiratory resistive load in two experimental conditions (attention vs. distraction) 
of 5 minutes each, while inspiratory time (Ti) and breathing frequency (f) were measured 
continuously.  

After each of the two conditions the experienced intensity (i.e., sensory dimension) and 
unpleasantness (i.e., affective dimension) of dyspnea were rated on separate visual analog 
scales (VAS), followed by a global rating of dyspnea on the Borg scale.  

Multiple linear regression models were calculated to analyze the predictive validity of VAS 
ratings of intensity and unpleasantness on the Borg scale ratings.  

When participants attended to their breathing, only VAS intensity scores showed a significant 
influence on Borg scale ratings (p < 0.05). In contrast, only the VAS unpleasantness scores 
showed a significant influence on Borg scale ratings, when participants were distracted (p < 
0.05). Changes in ventilation did not contribute to these results, as differences between both 
experimental conditions were found neither for Ti nor for f.  

The results suggest that sensory and affective aspects of dyspnea in different experimental 
contexts contribute differentially to the global measure of dyspnea by the Borg scale. A 
differentiation between these aspects in future studies through the use of separate rating scales 
might therefore yield more detailed information on the perception and report of dyspnea. 
However, a replication of the presented findings in different patient groups is clearly needed.  

Department of Psychology, University of Hamburg, Hamburg Germany  

 

RELIABILITY OF GERMAN LANGUAGE 
DESCRIPTORS 

OF RESPIRATORY SENSATIONS  

Andreas von Leupoldt (1), Sibylle Petersen (1), Stefanie Scheuchl (1), Katja Füllekrug (1), 
Christina Gerwin (1), Rüdiger Reer (2), Bernhard Dahme (1)  

Verbal descriptors of dyspnea have been suggested as being useful in providing clinically 
important diagnostic information on the underlying pathophysiology, which might be of 
further relevance for choosing the optimal treatment of this impairing symptom.  



However, little is known about the reliability of these descriptors and how they are related to 
the sensory and affective dimension of perceived dyspnea.  

Therefore, we examined the reliability of a previously developed German language list of 20 
respiratory symptom descriptors adapted from Simon et al. (Am Rev Respir Dis 
1998;140:1021-1027). Furthermore, we studied the association of these descriptors with the 
sensory and affective dimension of dyspnea.  

Fourteen healthy volunteers (mean age=26.9 years) performed incremental cycle-ergometer 
exercise and a voluntary breath-holding test during which they rated the perceived intensity 
(VAS-I) and unpleasantness (VAS-U) of dyspnea on separate visual analog scales. Following 
this, they judged their sensations of dyspnea using the list of symptom descriptors. Both 
conditions were repeated in reverse order on a subsequent occasion.  

Ventilatory measures, heart rate, blood lactate, VAS-I and VAS-U during cycle-exercise as 
well as breath-holding time, VAS-I and VAS-U during breath-holding were similar on both 
occasions.  

Separate hierarchical cluster analyses identified four clusters of verbal descriptors of dyspnea, 
which were widely comparable between both occasions: effort, speed, obstruction and 
suffocation. Separate multidimensional scaling analyses (MDS) confirmed these four clusters 
for each occasion.  

On both days, perceived unpleasantness of dyspnea showed significant correlations 
(Spearmans rho) with all four clusters during cycle-exercise, while perceived intensity was 
only correlated with effort or speed, respectively. No such correlations were obtained for 
breath-holding.  

The findings suggest that separable clusters of German language descriptors of dyspnea are 
reliably used by healthy volunteers. These clusters are comparable to previously described 
clusters in other languages and are differently associated with the sensory and affective 
dimension of dyspnea.  

(1) Department of Psychology, University of Hamburg, Hamburg, Germany 
(2) Institute for Sports and Exercise Medicine, University of Hamburg, Hamburg, Germany  

 

RESPIRATORY RESPONSE TO TRANSIENT, 
REVERSIBLE TRACHEAL OBSTRUCTION IN RATS 

Andrea Vovk, Kathryn Pate and Paul W. Davenport  

Intrinsic airway obstruction by bronchoconstriction elicits a non-specific, sustained increase 
in resistance (R) load, decrease in compliance, and changes in arterial blood gases.  

To study the respiratory response to only airway mechanical changes, extrinsic R and elastic 
loads are useful because they do not alter compliance or blood gases. However, extrinsic 
respiratory loads are not intrinsic changes in airway mechanics. Hence, the effect of transient, 
specific intrinsic airway obstruction on the respiratory response is unknown.  



We hypothesized that transient reversible tracheal compression would increase the R load to 
the airway with no change in compliance, and would elicit a load compensation respiratory 
motor pattern response (increase diaphragm activity and decreased breathing frequency).  

Anesthetized rats were instrumented to record diaphragm EMG (Dia) with bipolar electrodes 
and esophageal pressure (Pes) with a fluid filled catheter. An inflatable cuff was sutured 
around the extrathoracic trachea.  

With the trachea intact, inflation of the cuff for 2-15 breaths significantly increased the 
change in Pes and Dia while breathing frequency was slowed due to an increase in Te and to a 
lesser extent Ti. Deflation of the cuff returned Pes and Dia to control, while Ti was less and 
Te greater than control.  

End expiratory Pes was the same for control, cuff inflation and deflation, suggesting 
compliance did not change.  

Inflation of the cuff with tracheostomy distal to the cuff did not change Pes, Dia, Ti or Te, 
indicating that the inflatable cuff did not change compliance or cause load compensation.  

The respiratory motor pattern was characteristic of the load compensation response for 
extrinsic loads. Inflation of the cuff in the absence of an obstruction to airflow did not elicit a 
change in breathing pattern.  

This method of reversible intrinsic airway obstruction is a useful technique to investigate load 
compensation responses in airway intact rats.  

Department of Physiological Sciences, University of Florida, Gainesville, FL 32610  

 

PSYCHOPHYSIOLOGICAL RESPONSES OF PANIC 
PATIENTS 

AND CONTROLS TO VOLUNTARY 
HYPERVENTILATION  

Eileen Wollburg (1,2,3), Walton T. Roth (1,2), Ansgar Conrad (1,2,4), Alicia E. Meuret (5), 
& Sunyoung Kim (1,2)  

Background Acute hyperventilation (HV) has long been linked to anxiety and panic attacks. 
Panic disorder (PD) patients in particular may show a slower recovery from HV.  

However, recent studies suggest that PD patients only differ from non-anxious controls in 
their subjective response to HV.  

The purpose of this study was to investigate if the physiological response to a 20 mm Hg HV 
challenge would distinguish PD patients from a psychiatrically healthy control group.  

Methods:  
We assessed psychophysiological data of 13 panic patients and 5 non-anxious controls during 



a voluntary hyperventilation test (VHT). Participants were instructed to hyperventilate for 3 
minutes to end-tidal volumes of 20 mm Hg, and then to sit quietly for 8 minutes.  

Skin conductance, muscle activity, and cardiopulmonary measures were recorded 
continuously. Participants rated their feelings and sensations several times during the VHT on 
customized questionnaires. After the laboratory procedure, participants filled out a number of 
questionnaires, including the Anxiety Sensitivity Index (ASI) and the Beck Depression 
Inventory (BDI).  

Results:  
PD patients scored higher on the ASI and BDI compared to the controls. Both groups 
achieved a level of 20 mm Hg during HV.  

As expected, there were time effects during recovery with the pCO2 level increasing, and 
tidal volume, heart rate, and skin conductance decreasing. PD patients and non-anxious 
controls did not differ on any physiological measures at baseline, during HV or recovery, but 
PD patients did experience higher anxiety, distress, and shortness of breath, and felt less in 
control during the VHT.  

Conclusion:  
We replicated the finding that PD patients experience greater distress in reaction to HV. 
Because physiological measures during the VHT did not differ between groups, we cannot 
definitely assert that the reaction of PD patients to voluntary HV of 20 mm Hg is different 
from non-anxious controls.  

(1) Stanford University, USA 
(2) VA Palo Alto Health Care System, USA 
(3) Universität Dresden, Germany 
(4) Universität Tübingen, Germany 
(5) Southern Methodist University, USA  

 

SPEAKING-RELATED DYSPNEA IN DISEASE 

Molly Yarkosky, M.S., CCC-SLP (1) , Jeannette D. Hoit, Ph.D., CCC-SLP (1) Robert W. 
Lansing, Ph.D. (2,3)  

Background:  
Because the act of speaking requires that respiratory resources be shared, speaking can cause 
or exacerbate dyspnea and can interfere with the ability to communicate normally. The 
consequences of this can range from loss of employment, to social isolation, to poor quality of 
life. Although speaking-related dyspnea appears to be an important clinical problem 
(American Lung Association, www.lungusa.org; O'Driscoll et al., 1999 and Lee et al., 1998), 
almost nothing is known about its nature and its effect on speaking behavior.  

Methods:  
Subjects with a variety of neural, pulmonary, and cardiac diseases were interviewed using a 
questionnaire. Subjects were queried regarding intensity and quality of breathing sensations 
associated with a wide range of speaking activities.  



Results:  
Seventy-five percent of the respondents (range of 50-100% across diagnostic categories) 
reported having problems with their breathing while speaking.  

Problems were least frequent for speaking while sitting and most frequent for speaking while 
performing physical activity. Breathing problems were commonly associated with speaking 
for a long time, speaking on the telephone, and speaking while feeling emotional.  

Speaking-related dyspnea was characterized by air hunger (89%), physical work (74%), and 
mental effort (70%).  

Of the respondents who reported breathing difficulty while speaking, 74% indicated that they 
altered their speaking behavior because of their breathing difficulty and 67% stated that they 
limited their participation in speaking activities because of their breathing difficulty.  

All respondents denied ever having been asked previously about their speaking and breathing.  

Conclusions:  
Our findings show that speaking-related dyspnea is common in individuals with a broad range 
of medical conditions, that such dyspnea causes people to alter the way they speak and/or 
limits their speaking activities, and that healthcare professionals are not asking patients about 
breathing comfort for speaking.  

We are continuing this work with a focus on patients with chronic obstructive pulmonary 
disease.  

References: 
(4) Lee, L., Friesen, M., Lambert, I.R., & Loudon, R.G. (1998). Evaluation of dyspnea during 
physical and speech activities in patients with pulmonary diseases. Chest, 113, 625-632.  

(5) O'Driscoll, M., Corner, J., & Bailey, C. (1999). The experience of breathlessness in lung 
cancer. European Journal of Cancer Care, 8, 37-43.  

(1) Department of Speech, Language, and Hearing Sciences, University of Arizona, Tucson, 
AZ 
(2) Department of Psychology, University of Arizona, Tucson, AZ 
(3) Molecular and Integrative Physiological Sciences, Harvard School of Public Health, 
Boston, MA  

 

THE STRESS-ASTHMA RELATIONSHIP IN 
CHILDREN:  

SOME PROGRESS TOWARDS SOLVING THE 
PUZZLE  

Seija Sandberg  



While there is still an open verdict for the role of stress in the pathogenesis of childhood 
asthma, a growing body of research suggests that psychosocial stress is a contributory factor 
development of asthma especially during early childhood. However, the area of study where 
the evidence is fairly robust concerns stressful experiences exacerbating the symptoms of 
asthma in children.  

Despite this robust pattern of findings, little is known about the underlying mechanisms 
responsible. Experimental studies have produced inconsistent findings. One reason for this 
may lie in the difficulty of experimentally creating true stress conditions – instead, the effects 
of emotional arousal have mostly been measured. Only animal studies have so far managed to 
examine mediators of stress-induced pathways in some detail.  

The presentation will first briefly review the results of a prospective study by the author and 
colleagues in conjunction with those of a recent case – control study by Miller & Chen 
(2006). The former showed that a severely negative life event significantly increases the risk 
of an acute exacerbation of asthma immediately afterwards, and again after a period of a few 
weeks.  

Chronic background stress both magnified the risk related to stressful life events and affected 
the timing of maximum risk. The latter added a possibly important validation of these results. 
It showed that children with asthma who experienced a severe life event in the context of 
chronic stress had diminished expression of genes encoding glucocorticoid and B2-adrenergic 
receptors relative to children without comparable stress exposure.  

An attempt will then be made to discuss the above finings in the context of stress affecting the 
immune processes implicated in asthma, and within the framework of emotional 
dysregulation/physiological dysregulation, possibly reflecting a common underlying genetic 
vulnerability to atopy and asthma.  

Department of Mental Health Sciences, University College, London  

 

PSYCHOLOGICAL FACTORS AND AIRWAY 
INFLAMMATORY 

STATUS IN ASTHMA PATIENTS AND HEALTHY 
CONTROLS 

Antje Kullowatz (1), David Rosenfield (1), Bernhard Dahme (2), Helgo Magnussen (3), Frank 
Kanniess (3), 
and Thomas Ritz (1)  

Background:  
Associations between psychological factors and asthma exacerbation have been demonstrated, 
but the relationship between airway inflammation and psychological factors is largely 
unexplored. Thus, we examined the association of negative mood and daily hassles with 
inflammatory status (FeNO) and lung function (FEV1) in a longitudinal study, controlling for 
aspects of disease (asthma vs. health), pollen allergy risk, and air pollution (ozone), which are 
factors known to influence FeNO independently from psychological factors.  



Method:  
Data were analyzed from 73 participants (48 asthmatics, 25 controls) who filled in a 
questionnaire on daily hassles in the last three months at two appointments three months 
apart. At the beginning of each appointment participants also rated their current negative 
affect (NA) followed by measurement of FeNO and FEV1. Pollen allergy risk was calculated 
by multiplying skin prick test wheal size with actual levels of the respective allergen on that 
day. Ozone values were recorded for the respective day from the nearest public monitoring 
station.  

Results:  
In general, asthmatics had lower values in FEV1 and higher values of FeNO than non-
asthmatics. For lung function, higher NA was significantly associated with lower FEV1 and 
interestingly, in tendency higher daily hassles with higher FEV1. Ozone and allergic exposure 
did not have a considerable influence on lung function.  

For airway inflammation, the pattern of changes was consistent with the lung function. Higher 
NA was linked to higher FeNO in tendency, and higher daily hassles were significantly 
associated with lower FeNO. Higher ozone levels were also linked to higher FeNO in 
tendency. In general, the associations with FeNO were stronger for asthmatics.  

Conclusion:  
Psychological variables are consistently associated with lung function and airway 
inflammation. The findings indicate that effects of acute NA must be distinguished from 
chronic stress. The opposite direction of influences for state NA and daily hassles may be 
linked to differential recruitment of the HPA axis.  

(1) Department of Psychology, Southern Methodist University, Dallas, TX, USA 
(2) Department of Psychology, University of Hamburg, Germany 
(3) Pulmonary Research Institute, Hospital Grosshansdorf, Germany 

Supported by a grant of the Deutsche Forschungsgemeinschaft (DFG Ri 957/3-1)  

 

WHY DO YOU SIGH? 

Elke Vlemincx, Ilse Van Diest, Steven De Peuter, Stien Fannes, Katleen Bogaerts, Wan Li, 
Johan Bresseleers, 
& Omer Van den Bergh  

Background:  
Both stress and relief have been suggested as psychological triggers of sighing. This study 
aimed to assess the sigh frequency during contrasting situations of tension and relief.  

Method:  
Participants (N=36) were subjected to 60 successive trials, consisting of three phases: a cue 
presentation (10s), a noise phase (10s) and an intertrial interval (ITI, 15s). Each of three cues 
predicted a different chance of exposure to an 85 dBA white noise, namely 100%, 50% or 0%.  



Participants rated how tense and relieved they felt during the cue presentation, the noise phase 
and the ITI on a scale from 0 (not at all) to 9 (extreme). At the end of each ITI, they also rated 
how bored they had felt during the past trial. Breathing parameters were continuously 
recorded throughout the experiment.  

Results:  
Participants felt overall tense in phases in which the noise was anticipated or present. Relief 
was predominantly felt during ITI's following noise, in phases in which the expected noise did 
not occur or was predicted not to come. Results show more sighing in phases in which relief 
increased, compared to phases in which participants felt overall tense. However, sighing could 
not only be predicted by an increased feeling in relief, but also by a tense feeling.  

Discussion:  
These results suggest that sighing can be triggered by an increase in relief. However, it 
appears that this acute feeling of relief mainly provokes sighing when the feeling of tension 
remains high.  

Research Group for Stress, Health and Well-being, Department of Psychology, University of 
Leuven, Belgium  

 

STRESS, IMMUNITY, AND AIRWAY FUNCTION 
IN ADOLESCENT ASTHMA 

Jack Nassau (1), Gregory Fritz (1), Robert Klein (2), Surendra Sharma (2), Emily Houlihan 
(1), Diane Andrade (2), and Alison Miller (1)  

Background:  
Patients with asthma often report that stress exacerbates their symptoms, and laboratory stress 
increases bronchoconstriction in some asthma patients. Airway inflammation, regulated by 
the immune system, is a key feature of asthma.  

This study investigated the influence of a laboratory stressor on: 1) self-reports of stress (state 
anxiety); 2) psychophysiological indices of stress (peripheral temperature and skin 
conductance); 3) biochemical indices of stress (catecholamines and cortisol); 4) immune 
mediators of airway inflammation (Th1- and Th2-type cytokines); and 5) airway function 
(respiratory resistance, PEFR, and dyspnea) in adolescents with asthma and controls.  

Method:  
Eighty-three adolescents (49 with asthma) completed a day-long protocol that included a 10-
15 minute laboratory stressor (the Social Competence Interview). Self reports of stress; 
psychophysiological and biochemical measures of stress; Th1- and Th2-type cytokines 
associated with asthmatic airway inflammation (specifically IFN-g and IL-5); and measures of 
airway function were collected prior to the stressor and up to 7 hours thereafter.  

Results:  
Self reports of anxiety increased; peripheral temperature decreased and skin conductance 
increased; and norepinephrine and plasma cortisol levels increased in response to the stressor 



(all ps < .05 or .001). There were no differences between the groups on these measures of 
stress response.  

Compared to controls, however, adolescents with asthma showed a relative increase in the 
ratio of cells staining for IL-5 v. IFN-g following the stressor. There was a trend (p < .1) for 
the IL-5:IFN-g ratio to be higher in adolescents with asthma immediately following the 
stressor and a significant difference between the groups (p < .05) approximately 2.5 hours 
after the stressor.  

Adolescents with asthma also showed a trend (p < .1) to have increased respiratory resistance 
4.75 hours after the stressor and decreasing PEFR beginning 1.5 hours after the stressor; their 
ratings of dyspnea, however, appeared to decrease as the study day progressed. No changes in 
measures of airway function among controls were found.  

Analyses of associations among indices of stress, immune response, and airway function are 
pending.  

Conclusions:  
These data suggest that adolescents with asthma and healthy adolescents do not differ with 
respect their basic perceptual, psychophysiological, and biochemical stress responses, but do 
differ with respect to how their immune system and airways respond to such stress.  

Because adolescents with asthma showed a shift toward a Th2-type response, a response that 
could promote airway inflammation, these data also suggest a mechanism through which 
stress may exacerbate asthma symptoms.  

(1) Bradley Hasbro Children's Research Center, Department of Psychiatry and Human 
Behavior,  
Brown Medical School, Providence, RI, USA 
(2) Department of Pediatrics, Brown Medical School, Providence, RI, USA  

 

Breathing, Breathlessness and the Brain: 
Insights from Functional Neuroimaging  

Karleyton C. Evans, MD  

For more than a decade, functional neuroimaging methods have proven to be powerful tools 
that have advanced models of sensorimotor, cognitive and affective brain function. A limited 
few studied have used oxygen-15 positron emission tomography (O-15 PET) and blood 
oxygen level dependent functional magnetic resonance imaging (BOLD fMRI) to investigate 
hypotheses related to the control of breathing and dyspnea perception.  

These blood flow dependent imaging methods are sensitive to cerebral vascular dynamics 
imposed by changes in blood gases associated with the methods typically employed in 
respiratory psychophysiology. The confounds related to alterations in blood gases and other 
limitations in applying O-15 PET and BOLD fMRI to the study of respiratory 
psychophysiology will be addressed.  



Moving beyond the challenges confronting neuroimaging studies of respiratory 
psychophysiology, studies of breathing control will be reviewed from a historical perspective. 
The recent evidence for simultaneous cortical (e.g., sensorimotor cortex, supplementary motor 
area) and brainstem activity during voluntary breathing will be addressed. The activation of 
cerebellar, limbic and paralimbic structures during dyspnea will also be presented. As 
converging lines of evidence support the insular cortex as an essential element in the circuitry 
for dyspnea perception, the insula's role as a sensorimotor and cognitive-affective integration 
center will be examined.  

Lastly, the application of BOLD fMRI to study the subconscious control of breathing during 
meditation will be discussed as preliminary evidence suggests coordinated pontine, cerebellar 
and insular activity during meditation.  

Department of Psychiatry, Massachusetts General Hospital, Harvard Medical School  

International Society for the Advancement of Respiratory Psychophysiology, Newport, RI, 
2006.  

 

ANIMAL MODELS: NEED, PROBLEMS, CRITERIA, 
POSSIBILITIES 

Robert B. Banzett PhD  

Dyspnea, the perception of respiratory discomfort, is the leading symptom of 
cardiopulmonary disease. Despite its clinical importance, the state of our understanding is 
decades behind the pain field. One reason is that dyspnea research has been hampered by the 
lack of an animal model. The progress in understanding dyspnea in humans over the past two 
decades has brought us to a point where an animal model is feasible. This workshop is 
intended to address the questions that need to be answered before proceeding with an animal 
model.  

First – what do we need an animal model for? What is the promise for experiments to 
determine neural pathways, to test pharmacological interventions, etc.?  

Second – what outcome measures would we find acceptable? Dyspnea studies in humans 
depend on the ability of humans to communicate their internal sensations verbally, with rating 
scales, etc. Animal studies will require other outcome measures. It is not adequate to measure 
breathing frequency, tidal volume, respiratory muscle activity, etc. These variables are 
generally under reflex control, and depending on circumstance may be positively or inversely 
related to dyspnea. Among the outcome measures we will consider today are behavioral 
avoidance markers, behavioral choices, and functional brain imaging.  

Third – What species will be suitable models? Not all mammalian species respond in the same 
way to the laboratory dyspnea stimuli we use in humans. What are the criteria for selection, 
and what are the likely and unlikely species?  



Fourth -- what are the ethical considerations? Dyspnea, like pain, is uncomfortable. Under 
what circumstances can we ethically cause dyspnea in animals, and how can we use their 
ability to make behavioral choice as a means of limiting discomfort?  

My hope is that this meeting will be seminal in setting an important research agenda. We 
begin this endeavor with expertise from a wide range of fields to put it on the most promising 
course.  

Division of Pulmonary & Critical Care Medicine. Beth Israel Deaconess Medical Center, 
Harvard Medical School and 
Molecular & Physiological Sciences Program, Harvard School of Public Health  

 

A BEHAVIORAL MODEL OF RATS' AVERSION 
TO CO2 AND HYPOXIA  

R.D. Kirkden, L. Niel & D.M. Weary  

The most common procedure for killing laboratory rodents is by exposure to carbon dioxide 
(CO2) gas, either at a high static concentration (the pre-fill method), or a gradually increasing 
concentration (the gradual-fill method). However, there is evidence that rats find CO2 
exposure aversive during both of these methods.  

Aversion to high static concentrations is attributed at least in part to pain, but this cannot 
explain aversion during the gradual-fill method, because the CO2 concentration at which 
consciousness is lost is below the pain threshold. Instead, the most likely explanation is a 
sensation of dyspnoea.  

Experiments carried out at the University of British Columbia have investigated rats' aversion 
to CO2 and other gases using an approach-avoidance test, in which subjects are offered 
palatable food items as an incentive to remain in the gas.  

We have shown that rats are averse both to CO2 and to hypoxia caused by a high 
concentration of argon, and that their aversion to CO2 is not due to the novelty of this 
atmosphere.  

Moreover, by measuring latency to leave the chamber, and (in the gradual-fill method) the 
CO2 concentration at which subjects leave, we have been able to compare aversion to 
alternative treatments, such as different CO2 flow rates, and CO2 versus a CO2 + O2 mixture.  

We have also attempted to quantify the strength of aversion to CO2 by manipulating food 
deprivation, but this version of the procedure has run into methodological difficulties that 
might be due to an interaction between hunger and fear.  

We are currently investigating the hypothesis that dyspnoea is a cause of aversion to CO2, by 
exposing rats to a furosemide aerosol prior to testing. The methodology has some limitations, 
but may prove to be a useful model of dyspnoea.  



Animal Welfare Program, Faculty of Land and Food Systems,  
University of British Columbia  

 

Functional Magnetic Resonance Imaging in Conscious 
Animals: 

Methods and Applications in Neuroscience Research  

Craig F. Ferris  

Functional magnetic resonance imaging (fMRI) at high magnetic field strengths (4.7T – 
11.7T) has far superior spatial and temporal resolution than any other non-invasive imaging 
technique. Functional MRI using the BOLD (blood oxygenation-level-dependent) technique 
measures changes in blood flow to areas of increased synaptic and neuronal activity.  

Mobil protons associated with hydrogen atoms in water are the primary source of MR signal. 
The level of paramagnetic deoxygenated hemoglobin in the blood vessels alters the magnetic-
susceptibility of protons aligned in the magnetic field of the spectrometer.  

Enhanced neuronal activity is accompanied by an increase in metabolism concomitant with 
changes in cerebral blood flow and volume to the area of activation. The local blood flow to 
this area exceeds oxygen uptake, lowering the level of deoxygenated hemoglobin and 
increasing the T2*-relaxation time and MRI signal intensity.  

Fully conscious animals are not used routinely in fMRI studies because of technical problems 
associated with motion artifacts. Any minor head movement distorts the image and may also 
create a change in signal intensity that can be mistaken for stimulus-associated changes in 
brain activity.  

In addition to head movement, motion outside the field of view can also obscure or mimic the 
signal from neuronal activation. Therefore most fMRI studies use general anesthetics to 
immobilize the animal. However, anesthetics preclude the study of brain activity involving 
cognition and emotion. Furthermore, anesthetics depress neuronal activity reducing BOLD 
signal. To circumvent these problems technology was developed to image fully conscious 
animals.  

Methods: 
Restrainers for several different mammalian species have been developed consisting of head 
and body holder with built-in radiofrequency electronics (www.insightmri.com). Prior to 
imaging animals are habituated to the restraint stress and imaging procedure in a simulated 
environment. During MR sessions, animals are first lightly sedated with isoflurane and placed 
in the MR head and body holder. Once securely restrained animals are allowed to awaken.  

High-resolution anatomical data sets are acquired using a multi-slice spin-echo (RARE) pulse 
sequence. In plane spatial resolution is ca 120 m x 120 m with a slice thickness of 1 mm. 
Multislice FSE T2 weighted images are acquired across most of the brain at 6-12 sec 
intervals.  



BOLD signal changes between control and stimulation periods are analyzed using a multi-
segmented 3D atlas for mice, rats or monkeys. Significant differences can be presented as 
activation maps, volume of activation or time-course plots.  

 

Animal Models of Dyspnea: 
Central Neural Measures of Respiratory Sensory 

Activation 

Paul W. Davenport, PhD  

Dyspnea in veterinary medicine is a symptom that refers to the clinician observing the animal 
exhibiting difficulty in breathing. Animals do not report feelings, hence animal "dyspnea" is 
not the human defined sensation of dyspnea. Animal dyspnea originates from disrupted 
breathing which causes aversive behavior in animals. The causes of dyspnea in animals are 
due to activation of multiple respiratory modalities.  

The assumptions for animal models of dyspnea: 1) Respiratory disruption results in 
behavioral changes of breathing, 2) Neural processes mediate this awareness, 3) Sufficient 
disruption leads to fear and anxiety, 4) Respiratory dysfunction motivates/elicits behavioral 
adaptations, 5) Respiratory stimuli elicit brain activity 6) Somatosensory and affective neural 
pathways are activated by respiratory stimuli.  

Animal respiratory sensory processing has been studied with several methods for 
investigation: 1) determination of the modality mediating the sensation, 2) determination of 
the sensory threshold, 3) determination of the stimulus-response relationship, 4) determination 
of the neural pathways, 5) determination of the motor outcomes 6) determination of 
conditioned behavioral responses.  

The results of animal studies have reported that respiratory sensory responses can be studied 
in awake and unanesthetized animals. Animals have been used to study sensori-motor neural 
mechanisms throughout the neuroaxis, i.e. from respiratory afferent to cerebral cortex.  

Animals exhibit stress, fear, anxiety responses to respiratory stimuli. Chemical and 
mechanical stimuli that produce a sensation of "dyspnea" in humans elicit fear and anxiety in 
animals, perhaps the animal analogue of dyspnea.  

Respiratory sensory input is gated-out of the cerebral cortex during eupneic breathing, 
probably by thalamic neurons. Respiratory mechanoreceptors activated thalamic neurons, 
somatosensory cortical neurons and insular cortical neurons. The neural pathways are present 
for respiratory afferent activation of discriminative and affective sensory neural processes.  

Animal studies with adequate controls are very useful for invasive investigation of the neural 
mechanisms analogous to human neural systems mediating dyspnea.  

Department of Physiological Sciences, College of Veterinary Medicine,  
University of Florida, Gainesville, FL 326010  

 



AVERSION TO HYPERCAPNOEA OR HYPOXIA IN 
PIGS: 

BEHAVIOURAL RESPONSES TO DYSPNOEA 

A.B. M. Raj  

Phylogenic studies reveal that peripheral carbon dioxide chemoreception evolved prior to 
central (brain) chemoreception during vertebrate evolution. Therefore, all the vertebrates have 
biological predisposition to detect elevated carbon dioxide levels in the atmosphere and, 
several species of them, given a free choice, avoid such atmospheres.  

Background scientific literature also suggests that breathlessness (dyspnoea) can occur due to 
changes in the blood oxygen and/or carbon dioxide levels. For example, exercise induces 
breathlessness through the gradual increase in blood carbon dioxide concentration. On the 
other hand, inhalation of high concentrations of carbon dioxide results in rapid increases in 
blood carbon dioxide concentration, and this is more effective in producing dyspnea.  

It is also worth noting that the severity of breathlessness in humans seemed to depend upon 
the rate at which the blood carbon dioxide increases. In humans, a blood carbon dioxide 
tension increase of 5 mm Hg above normal will stimulate respiration, whereas the blood 
oxygen tension has to decrease by about 60 mm Hg from the normal level before hypoxia 
stimulates the respiratory centres in the brain. It is therefore apparent that hypercapnia is a 
more potent respiratory stimulant than hypoxia.  

Aversion to the initial exposure to argon-induced hypoxia or carbon dioxide-induced 
hypercapnia has been used (e.g. passive avoidance tests in the presence of a reward) to 
determine the severity of respiratory distress in pigs.  

The results of our study clearly indicated that pigs do not show any aversion to the inhalation 
of 90% argon in air (2% residual oxygen); the majority (75%) of pigs did not show aversion 
to 30% carbon dioxide in air but they evacuated the atmosphere on prolonged exposure; 
whereas, the majority (88%) of pigs avoided an atmosphere containing a high (90%) 
concentration of carbon dioxide in air.  

It has been reported that human volunteers also find inhalation of 40% by volume of carbon 
dioxide extremely unpleasant. It is therefore not surprising to note that pigs, being 
phylogenetically close to humans, also experience the same. Fasting them for up to 24h before 
exposure to 90% carbon dioxide in air did not overcome the aversion.  

Passive avoidance tests also showed that pigs have spent similar times feeding in air and 
anoxia, and, as would be expected, several of them lost consciousness (as determined from the 
occurrence of loss of posture) whilst eating apples presented in the anoxic atmosphere. Some 
pigs that were exposed to less than 70% carbon dioxide in air showed escape attempts. By 
contrast, during exposure to argon-induced hypoxia, pigs lost posture without any evidence of 
behavioural arousal or escape attempts.  

References: 
Cooper, J., Mason, G. and Raj, M. 1998. Determination of aversion of farmed mink (Mustela 
vison) to carbon dioxide. The Veterinary Record, 143: 359-361.  



Raj, A.B.M. 1996. Aversive reactions of turkeys to argon, carbon dioxide, and a mixture of 
carbon dioxide and argon. The Veterinary Record, 138: 592-593.  

Raj, A.B.M. and Gregory, N.G. 1995. Welfare implications of gas stunning pigs 1. 
Determination of aversion to the initial inhalation of carbon dioxide or argon. Animal 
Welfare, 4: 273-280.  

Raj, A.B.M. and Gregory, N.G. 1996. Welfare implications of gas stunning pigs 2. Stress of 
induction of anaesthesia. Animal Welfare, 5: 71-78.  

Raj, A.B.M. and Mason, G. 1999. Determination of reaction to argon-induced anoxia in 
farmed mink (Mustela vison). The Veterinary Record, 145: 736-737.  

Department of Clinical Veterinary Science, University of Bristol, Langford BS40 5DU, 
United Kingdom  

 

Bilateral Elimination of the pre-Botzinger Complex 
May Not Eliminate "Air Hunger" in Awake Goats.  

Julie M. Wenninger, Ph.D.  

While different views exist as to the location of respiratory rhythmogenesis, one predominant 
site is the pre-Bötzinger Complex. The objective was to determine whether breathing would 
be sustained in awake goats after bilateral destruction of the pre-Bötzinger Complex.  

Goats were instrumented with chronically implanted bilateral microtubules. After a full 
surgical recovery, the neurokinin-1 receptor specific neurotoxin, saporin conjugated to 
substance P was made. Two weeks later the glutamate receptor neurotoxin ibotenic acid 
(50mM, 10ml) was injected. All injections were bilateral and made during wakefulness.  

Following the ibotenic acid injection, all goats had a marked sustained tachypnea (>1 hr) after 
which breathing rapidly declined, leading to terminal apnea in three airway-intact goats.  

In four other tracheostomized goats, mechanical ventilation was initiated shortly after the 
peak in tachypnea in order to avoid severe hypercapnia and hypoxemia. While ventilated over 
the next four hours, there was no phasic respiratory muscle activity as long as arterial blood 
gases were normal. Periodically the goats were briefly removed from the ventilator which 
resulted in severe hypercapnia, hypoxemia, as well as phasic abdominal and diaphragm 
muscle activities. These goats preferred not to or were unable to maintain a standing posture. 
Once recumbent, some goats maintained the normal sternal posture for all or part of the time. 
The most prevalent behavioral response was a cataonic-like motor reaction, characterized by: 
a.)lying on one side and resisting attempts to change posture, b)overall diminished motor 
initiative with long periods of inactivity broken by tonic-clonic whole body muscle 
contractions occurring always but not restricted to periods of hypoxemia and hypercapnia, and 
c) general restlessness and staring, bulging eyes  

On the basis of long experience with goat behavior, we interpret these signs as indicators of 
discomfort We can find no reasons these goats should have experienced pain; thus , we 



speculated that some of these informally observed behaviors resulted from dyspnea, 
specifically "air hunger."  

Accordingly, since the nuclei hypothesized responsible for eupneic respiratory rhythm were 
ablated and phasic diaphragm activity was absent during these periods, it seems these data do 
not support the hypothesis that air hunger results from projection of a copy of respiratory 
center motor activity to forebrain perceptional areas.  

In addition, the data indicate the pre-Bötzinger complex is required for eupneic breathing and 
in the absence of the pre-Bötzinger complex, an abdominal muscle rhythm generator sustains 
a low level of breathing.  

University of Wisconsin School of Veterinary Medicine  

 

Inspiratory Occlusion Elicited Expression of C-fos Protein 
in the Rats Central Nervous System (CNS) 

Paul W. Davenport, PhD and Olga E. Malakhova, PhD  

Detection of c-Fos protein in neurons has been used to identify neuronal systems that are 
activated by specific sensory stimulation. This technique provides immunohistochemical 
evidence of neural structures that increase their activity in response to stimulation of afferent 
nerves or nuclei. Positive signals (c-Fos expression) indicate anatomical and physiological 
organization of brain pathways involved in processing afferent information.  

It was hypothesized that respiratory mechanical stimulation using inspiratory occlusion 
(OCCL) would elicit c-Fos expression in the CNS of spontaneously breathing rats.  

Experiments were performed in anesthetized rats, tracheostomized (TR) and breathing 
spontaneously.  

Experimental Group: the tracheal cannula was connected to a rat non-rebreathing valve. 
OCCLs were presented for a single inspiration every 3-4 breaths. There were 4 Control 
Groups: 
1) rats with the tracheal cannula and the non-rebreathing valve but no OCCL, 
2) rats TR with a resistance equal to the non-rebreathing valve resistance, 
3) spontaneously breathing TR rats  
4) rats only anesthetized.  

After the completion of post-stimulation period the rats were perfused with 
paraformaldehyde. The brain and spinal cord were sectioned and processed for c-Fos. OCCL 
elicited c-Fos expression in specific nuclei in the rat CNS.  

OCCL activated neurons were identified in the superficial laminae of the spinal dorsal horn at 
C3-C5 levels. OCCL elicited c-Fos was found in brainstem nuclei: Sol, VLM, Cu, PAG, LPB. 
C-Fos elicited by OCCL identified in diencephalic nuclei:  



PAP, PV, SO, which may coordinate inputs, and relay them to c-Fos expressing neurons in 
the sensorimotor cortex: M1, M2, SI, via a thalamocortical pathway. This pathway be 
involved in the proprioceptive control of respiration.  

OCCL activated c-Fos neurons in limbic pathways including BMA, the hypothalamus (SO 
and PAP) and PV thalamus. These nuclei may be part of a limbic pathway involved in the 
coordination of the respiratory component of vegetative and somatomotor reactions.  

Dept. of Physioliological Sciences, University of Florida, Gainesville, FL 32610  

 

Respiratory behavior in an odor - 
20% CO2 inhalation learning paradigm  

Stien Fannes (1), Ann Meuldersa (1,2), Ilse Van Diest (1), Steven De Peuter (1), Katleen 
Bogaerts (1), Wan Li (1), Debora Vansteenwegen (2), & Omer Van den Bergh (1)  

Background: 
Several sources suggest that breathing regulation is partly controlled by feed-forward 
mechanisms, that is, correction is performed before actual deviations in blood gas values 
occur. Classical conditioning has been suggested to govern this process (Dworkin, 1993).  

This study aimed to test whether anticipation of a disturbance of blood gas levels would 
induce breathing behavior compensating for the anticipated disturbance.  

Method: 
In a differential respiratory learning paradigm, we used ammonia and butyric acid as 
conditional odor cues (CSs) and a 20% CO2-enriched air inhalation as an unconditioned 
stimulus (US). During acquisition, one odor was mixed with 20 % CO2-enriched air during 
30 s breathing trials (CS+ trial), while the other odor was presented with roomair (CS– trial).  

During subsequent extinction, both the CS+ and the CS- odors were presented with roomair. 
Both acquisition and extinction consisted of 3 CS+ and 3 CS- trials (semi-randomized). The 
particular odor used as CS+ or CS- was counterbalanced across participants.  

Results: 
During acquisition, participants paradoxically decreased their ventilation (both tidal volume 
and breathing frequency) upon presentation of the CS+. Ventilation increased (both volume 
and breathing frequency) only towards the end of the 30 s breathing trial. This pattern was not 
observed for CS- acquisition trials. During extinction, no differences between CS+ and CS- 
were observed.  

Conclusion: 
Participants try to avoid the CO2 by decreasing their ventilation during CS+ acquisition trials. 
Because this paradoxical decrease in ventilation was observed from the first CS+ acquisition 
trial on, but not during the first CS+ extinction trial, our data suggest that the taste of the CO2, 
rather than the odor-cue, may have signalled the US. Our findings have implications for 
studies using inhalation of elevated CO2-levels to induce symptoms, such as in panic 
research.  



(1) Research Group for Stress, Health and Well-being, Department of Psychology, University 
of Leuven, Belgium 
(2) Centre for the Psychology of Learning and Experimental Psychopatholgy, University of 
Leuven, Belgium  

 

Raising end-expiratory volume relieves air hunger 

A.Vovk (1) and A.P.Binks (1,2)  

Background: 
Air hunger (AH) is one of the most distressing respiratory sensations. Increasing lung volume 
may relieve AH by increasing the neural activity from slowly adapting pulmonary stretch 
receptors (PSR). We hypothesized that raising end-expiratory volume (EEV) will relieve AH.  

Methods: 
Six healthy subjects (3 female; 31±4 yrs) were mechanically ventilated. All interventions 
were performed in both the upright and supine positions. AH was generated by reducing tidal 
volume by 50% from control levels (CTL 12±2 L/min). Breathing frequency was 12 
breaths/min and PETCO2 was maintained at 2 Torr above resting breathing levels. EEV was 
raised by increasing PEEP to 2, 4, 6 and 8 cmH2O for 1 min periods during both CTL and AH 
conditions. AH intensity was rated at the end of each breath using a VAS defined as ranging 
from ‘none' to ‘intolerable'. Changes in AH during the addition and removal of PEEP were 
compared to changes in EEV.  

Results: 
AH decreased by 7, 13, 21 and 29% at 2, 4, 6 and 8 cmH2O of PEEP respectively (p<0.05). 
Returning PEEP to 0 produced an increase in AH to slightly above pre-PEEP levels (14, 21, 
34 and 31%). AH was not reported during CTL conditions and increasing EEV did not change 
this. However, the removal of PEEP in the CTL condition caused a slight increase in AH. The 
slope of AH vs. EEV plot was the same for the on and off responses. The slope was greater 
for upright than supine position (0.51 vs 0.27 %/cmH2O, respectively) suggesting AH relief is 
greater in the upright position.  

Conclusion: 
Increasing EEV decreases AH. These data support the hypothesis that AH is reduced by 
increasing PSR activity. The increase in AH post-PEEP during AH and CTL conditions is 
consistent with PSR adaptation.  

(1) Physiology Program, Harvard School of Public Health, Boston MA 
( 2) Biological Sciences, University of New England, Portland, ME  

 

Autonomic Function in Patients with 
Recurrent Abdominal Pain and Normal Controls  

Erik Sowder, Richard Gevirtz, Anu Kotay, Warren Shapiro  



Background:  
Recurrent Abdominal Pain (RAP) has been hypothesized to be associated with a deficit in 
autonomic nervous system recovery to stress and an enhanced behavioral and subjective 
response to pain. Most currently empirically validated treatments make use of this hypothesis 
to some extent. This study investigates cardio-respiratory physiology, a measure of 
sympathetic activation, in children with RAP and asymptomatic children.  

Method: 
Patients diagnosed with RAP were referred for Heart Rate Variability (HRV) Biofeedback by 
a pediatric gastroenterologist (the fourth author) at Kaiser Permanente in San Diego. The 
patients were referred to and seen by one of three doctoral interns in the pediatric 
gastroenterology department at Kaiser Permanente.  

Patients were monitored with ambulatory physiological monitoring equipment (VivoMetrics 
LifeShirt) for six to twelve hours pre and post treatment. Asymptomatic children also wore 
the LifeShirt for six to twelve hours. The ambulatory physiological measures used for this 
study include several cardio-respiratory parameters.  

Results: 
Thirty children have worn the LifeShirt. Twenty of which, have been diagnosed with RAP, 
and ten of which have no RAP symptoms. Preliminary analysis reveals differences in RSA 
between groups {F (5) =16.744 (p<.001)} and, among children with RAP, differences in RSA 
before and after HRV Biofeedback {t (5) = -5.563(p<.001)}. Data analysis is ongoing and 
will be presented.  

Conclusions: 
Ambulatory monitoring revealed considerable differences in RSA between patients with RAP 
and asymptomatic children. Ambulatory data also supported changes in RSA pre and post 
treatment.  

Kaiser Permanente and Alliant University San Diego, CA  

 

Changes in Physiological and Psychological Parameters in 
Physiologically-Oriented versus Cognitive Therapies in 

Panic Disorder  

Alicia E. Meuret (1), Stefan G. Hofmann (2), James Abelson (3), Walton T. Roth (4), David 
A. Moscovitch (5)  

Background:  
Cognitive-behavioral therapy (CBT) has become the "gold standard" treatment for panic 
disorder with agoraphobia (PDA).  

Breathing retraining, which was once thought to be a necessary component of CBT for PDA, 
has now been de-emphasized in or removed completely from such protocols. Modifying 
respiration is theoretically justified not only because respiration expresses stress activation, 
but also because both the hyperventilation (Ley, 1983) and suffocation false alarm (Klein, 
1993) theories of panic emphasize dysfunctional respiration.  



Yet, directing therapeutic efforts towards modifying breathing or any other physiological 
parameter goes against the current theoretical and therapeutic thrusts of cognitive-behavioral 
interventions. From a cognitive therapy standpoint, the anxiety-blocking effect of breathing 
training is counter-therapeutic, since emotional activation produced by hyperventilation is 
thought to facilitate cognitive restructuring. Therefore, patients may be able to avoid a 
corrective learning experience by temporarily reducing anxiety symptoms with breathing 
techniques, thus undermining any benefits of exposure treatment and reducing the chance for 
real cognitive change.  

Methods:  
The aim of this two-phase study was to test these hypotheses by subjecting panic patients with 
agoraphobia to either 4-weeks of pCO2-biofeedback assisted breathing training (BRT) or 
cognitive therapy (CT), followed by 3 in-vivo exposure session. Psychophysiological 
parameters (pCO2, respiration rate, heart rate, and oxygen saturation) were measured 
throughout therapy and during in-vivo exposures.  

Results:  
Preliminary data suggest that patients' initial pCO2 levels were in a hypocapnic range, and 
changed to a normocapnic range only for patients assigned to BRT, not those assigned to CT. 
Physiological activation across in-vivo exposures was comparable in both treatment groups. 
Means in avoidance however suggest that BRT patients may do better in terms of avoidance 
reduction at follow-up.  

Conclusions:  
Our preliminary data provide little evidence for counter-therapeutic effects of a 
physiologically-informed breathing-retraining intervention.  

(1)Southern Methodist University  
(2) Boston University 
(3) University of Michigan 
(4) Stanford University 
(5)Anxiety Treatment and Research Centre, St. Joseph's Healthcare, Hamilton  

 

Respiratory Sinus Arrhythmia (RSA) and Smart Vagal 
Research: 

How to Avoid Dumb Vagal Conclusions and 
Why RSA Might Really be Biologically Functional  

Paul Grossman  

Background: 
Respiratory sinus arrhythmia (RSA) is a cardiorespiratory phenomenon related but not 
identical to parasympathetic control of the cardiac cycle. Over the last 20 years, an enormous 
swell of popular science has increasingly assumed that RSA is a sensitive measure of the 
quantity of central vagal traffic to the heart.  



More recently, many psychologists and psychophysiologist have embraced the highly 
speculative hypothesis that RSA is fundamental to an understanding of relations between 
physiology and socio-emotional characteristics, and that RSA reflects advanced mammalian 
evolution of those bio-psychosocial relations.  

Nevertheless, basic assumptions regarding the etiology, evolution and psychophysiological 
properties of RSA are severely flawed. This presentation evaluates several of these 
assumptions and attempts to provide a sounder mooring.  

Methods:  
(1) I examine the validation literature assessing RSA as an estimate of individual differences 
in cardiac vagal tone and within-individual variations in cardiac parasympathetic control;  
(2) I weigh evolutionary arguments that RSA represents a distinctive mammalian alteration of 
cardiac vagal control;  
(3) I appraise the psychophysiological literature on associations between RSA and socio-
emotional measures; and  
(4) based on evolutionary and experimental studies,  

I propose that RSA primarily represents a biologically adaptive mechanism to optimize 
physical energy exchange across the range of metabolic and behavioral variations that alter 
ventilatory, cardiovascular and autonomic parameters.  

Results and Conclusions:  
(1) The existing literature strongly indicates that RSA is an index of phasic modulation of 
final vagal effects upon heart rate but may not be closely associated with levels of central 
vagal traffic to the heart;  
(2) fish and rattlesnakes can manifest RSA;  
(3) associations between RSA and socio-emotional characteristics are highly inconsistent 
across studies and typically very weak when found;  
(4) RSA is sometimes correlated with cardiac vagal tone because of covariation of physical 
activity, vagal control of heart rate and adaptive ventilatory-behavior-metabolic interactions 
that make energy exchange more efficient when heart rate slows down during expiration.  

Affiliation: Psychophysiology Research Laboratory, Department of Psychosomatic Medicine, 
University of Basel Hospital, Basel Switzerland  

 

EFFECTS OF REPEATED RESISTIVE LOAD 
DISCRIMINATION 

TASKS ON QUALITY OF LIFE IN 
CHILDREN WITH ASTHMA AND CAREGIVERS 

Andrew Harver (1), Harry Kotses (2), Allison McLacklan(1), Amanda Mosby(1), and Lori A. 
Thurber (1)  

Background:  
Study of resistive load perception has yielded considerable knowledge about the 
psychophysics of breathing sensations. However, there is no evidence that participation in 



load perception task impacts asthma-related outcomes outside the laboratory such as health 
care utilization or health-related quality of life.  

The purpose of the present study was to compare differential effects of two resistive load 
discrimination tasks on asthma-related quality of life in both children with asthma and their 
caregivers.  

Method:  
Forty-eight children with moderate-to-severe persistent asthma, ranging in age between 9 and 
12 years of age, were assigned randomly to one of two experimental conditions following 
completion of three asthma education sessions and 30 days of symptom monitoring: threshold 
resistance training without feedback (n-25) or signal detection training with feedback (n – 23).  

In each of four separate sessions children judged the presence or absence of resistive loads 
added to inspiration. During each session children breathed on a mouthpiece and 100 loads 
were added to inspiration (range, 0.20-7.58 cmH2O/1/sec), once every 3 to 6 breaths. All 
children completed the Childhood Attitude Toward Illness Scale (CATIS) – and all caregivers 
completed the Paediatric Asthma Caregiver's Quality of Life Questionnaire (PACQL) – both 
before and following the four load discrimination sessions.  

Results:  
Improvements in health-related quality of life were observed following participation in 
resistive load discrimination tasks for both CATIS scores {F(1,45)=10.02, p < .01} and 
overall PACQL scores {F(1,46) = 7.48, p < .01}.  

Discussion:  
Participation in resistive load discrimination tasks results in improvements in health-related 
quality of life. Such improvements may result from practice discriminating increases in 
airflow obstruction that otherwise motivates adaptive self-management behaviors outside the 
laboratory.  

(1)UNC Charlotte 
(2) Ohio University  

 

RESPIRATION, RESONANCE, RESILIENCE, 
RELIGION, 

AND SELF-REGULATION 

Paul Lehrer, PhD  

Functions of respiration, in addition to oxygenation, speech, etc., include producing a rhythm 
in various physiological systems that can stimulate various self-regulatory reflexes. 
Respiration also anticipates body needs for ventilation, as well as responding to them, causing 
fluctuations in pCO2, sometimes including hyperventilation.  

We present data showing the highly experienced commercial and test pilots show dramatic 
decreases in pCO2 during very difficult flight simulator tasks, correlated with increased 
minute ventilation and inspiratory flow rate. These same flight tasks produced decreases in 



high-frequency heart rate variability (HF HRV), and increases in heart rate, very low-
frequency (VLF) HRV, and the LF:HF HRV ratio --- suggesting withdrawal of vagal activity 
and increased sympathetic dominance.  

HRV also reflects resilience and survivability. Exposure to inflammatory cytokines 
(lipopolysaccharides) decreases HRV, both respiratory sinus arrhythmia and VLF. HRV can 
be increased voluntarily by breathing at the resonant frequency of the baroreflex system for 
each individual, usually between 4.5 – 7 breaths/minute, where respiration uniquely 
stimulates the baroreflex.  

Also, a phase convergence between respiration and heart rate at this respiratory frequency 
produces increased gas exchange efficiency. People who regularly practice breathing at this 
rate show improvements in asthma, emphysema, hypertension, depression, insomnia, and 
various pain conditions, as well as increases in resting baroreflex gain.  

Even external stimulation at 0.1 Hz (approximately resonant frequency) produces large HRV 
increases that sensitively reflect autonomic reactivity.  

Various religious and meditative activities (including singing, chanting, reciting prayers, etc.) 
tend to slow breathing to approximately this rate, thus producing similar salutary health 
effects. Zen monks show large increases in HRV during tanden breathing.  

In summary, respiration is sensitive to psychological demand, and respiration can stimulate 
oscillatory regulatory mechanisms, through the body's resonance characteristics. HRV 
oscillations stimulated in this way sensitively assess functional state. Various religious 
practices stimulate these mechanisms. How you breathe can affect health and resilience.  

 


