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ABSTRACT
Purpose:  The purpose of this study was to examine the 
therapeutic effects of lung volume reduction surgery (LVRS) 
and pulmonary rehabilitation on levels of dyspnea during 
functional activities in patients with diffuse emphysema.  
Methods:  Fifteen subjects who had undergone LVRS par-
ticipated in this study.  A visual analog scale (VAS) Activ-
ity Dyspnea Scales (VADS) measurement tool developed 
for this study was determined reliable in 10 subjects.  The 
VADS was used to assess changes in dyspnea with func-
tional activity in 10 subjects prior to and following the in-
terventions of LVRS and pulmonary rehabilitation.  Results:  
Results of this study indicate that LVRS followed by pulmo-
nary rehabilitation significantly reduces levels of dyspnea 
during functional activities.  Conclusion:  The VADS devel-
oped for this study is a valid and reliable method of assess-
ing changes in levels of dyspnea during functional activities 
in the LVRS population.
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INTRODUCTION AND PURPOSE
Chronic obstructive pulmonary disease (COPD), com-

prised of chronic bronchitis and emphysema, is progressive, 
inflammatory, and causes a partially reversible airflow ob-
struction.1,2  Emphysema is characterized by abnormal, per-
manent enlargement of airspaces distal to the terminal bron-
chioles, accompanied by destruction of the walls, without 
obvious fibrosis.3  Chronic obstructive pulmonary disease is 
the fourth leading cause of death in the United States and is 
the only leading cause of death increasing in prevalence.4  
People with COPD experience dyspnea on exertion which is 
primarily the result of airflow obstruction and is the principle 
cause of decreased functional ability.5 

Few effective treatment options exist for COPD, but 
recently lung volume reduction surgery (LVRS) has been 
shown to be effective in selected patients with emphysema.6  
Lung volume reduction surgery (LVRS) increases intrathoracic 
space and improves compliance of the lungs allowing for 
a more normal diaphragmatic breathing pattern.7-9  Post-

LVRS, people experience less dyspnea,6,10,11 improved lung 
volumes,10,12-14 increased exercise tolerance,6,10-14 and use 
less supplemental oxygen.11  Pulmonary rehabilitation is 
an integral part of the recovery from the procedure and is 
recommended as a component of care in current practice 
guidelines because it improves conditioning and quality of 
life.2,15,16    

Tools to measure the functional assessment of dyspnea 
have been developed, such as the Baseline Dyspnea Scale,17 
Medical Research Council Dyspnea scale,18 Modified Borg 
Scale,19 Modified Shuttle Walking test,20 Oxygen Cost 
Diagram,21 Pulmonary Functional Status and Dyspnea 
Questionnaire,22 and the UCSD Shortness of Breath 
Questionnaire.23  Although there are several tools to measure 
dyspnea, there are none that assess functional activities via 
self-report for use upon immediate discharge from the acute 
care setting.  The Baseline Dyspnea Scale17 and the Modified 
Shuttle Walking test20 require assessment by an observer 
interviewer. The UCSD Shortness of Breath Questionnaire 
and Oxygen Cost Diagram (VAS) have activities on the 
continuum that patients immediately upon discharge from 
the hospital setting would not engage in such as vacuuming 
and briskly walking uphill.24  A visual analog scale (VAS) is 
commonly used to assess breathlessness in patients post-
LVRS.25-29  The VAS was chosen as the measurement tool 
for this study because it demonstrates the ability to detect 
small changes.24  In addition, measurement tools that use 
categorical scales, such as the Medical Research Council 
Dyspnea Scale,18 Modified Borg Scale,19 and the Pulmonary 
Functional Status and Dyspnea Questionnaire22 may not 
be sensitive enough to detect small but possibly clinically 
important symptomatic changes.30

The main purposes of this study were to evaluate the 
therapeutic effects of LVRS followed by a 2-week (10 daily 
sessions) intensive pulmonary rehabilitation program on 
perceived dyspnea during functional activities in selected 
surgical patients with emphysema.  Reliability of a visual 
analog scale that was designed to assess subjective reporting 
of dyspnea during functional activities was evaluated among 
this selected LVRS patient population.

  
METHODS
Subjects

A sample of 15 subjects was randomly selected from a 
pool of candidates for LVRS.  To be included in this study 
all subjects were candidates who had undergone LVRS 
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and participated in pulmonary rehabilitation after LVRS at 
Chapman Medical Center (Orange, CA).

VAS Activity Dyspnea Scales (VADS)
A measurement tool using visual analog scales (VAS) 

(Figure) was developed and used to assess the subjects’ 
perceived dyspnea and use of oxygen during functional 
activities at 3 specific times for this study.  Questions 
regarding functional activities for the VAS Activity Dyspnea 
Scales (VADS) were developed based on Barthel Index Tasks.  
This index is a valid and reliable method for evaluation of 
functional activities and rehabilitation outcomes.31  The 
VAS design was a modified form of Noseda et al’s32 protocol 
using a 20-centimeter horizontal line for the subject to 
evaluate his/her perceived shortness of breath with each 
described functional activity.  The VAS design was modified 
so that the 20 cm horizontal line’s left end-point indicated 
the most severe level of dyspnea (20 cm) and the right end-
point (0 cm) indicated  presence of no dyspnea associated 
with the functional activity.  The maximum point was 
placed on the left side of the continuum because dyspnea 
is the cardinal symptom of COPD, particularly in those 
with emphysema,33 and in order to acknowledge that fact 
“severe” was placed as the first adjective one reads on the 
scale.  After the subject marked the position on the scale 
that represented the intensity of his/her breathlessness, the 
investigator measured the distance from the right anchor to 
the participant’s mark (0-20 cm).

The visual analog scale is a valid instrument for 
assessment of dyspnea during submaximal and maximal 
exercise.32,34,35  Specific functional activities that require 
metabolic equivalents (MET=multiple of resting metabolic 
rate, approximately equal to 3.5 ml O2

.kg body wt-1.min-1) 
in the submaximal range can be considered as submaximal 
forms of exercise.36  The selected functional activities of the 
VADS are considered as submaximal levels of exercise.

Procedure
All participants provided written informed consent, and 

the study was approved by the Institutional Review Board 
at Chapman Medical Center.  The procedure was explained 
in detail by the same physical therapist in a uniform manner 
to all participants.  Subjects, who consented to participate 
in the study, completed the VAS Activity Dyspnea Scales 
(VADS) at Chapman Medical Center approximately 2 
weeks prior to presurgical evaluation and potential surgical 
intervention (T1).  Surgical candidates, who met the 
inclusion/exclusion criteria and were formally admitted for 
LVRS, underwent the same preoperative physical therapy 
evaluation 2 days prior to surgical intervention.  At this 
time (T2), the VADS were given again to subjects.  The mean 
time duration between T1 and T2 was 14.8 + 1.9 days (mean 
+ SD) (range=11-17 days).  After subjects had undergone 
surgery and completed 10 daily sessions (2-week period 
from Monday-Friday) of pulmonary rehabilitation, they 
completed the third VADS (T3). 

 
Rehabilitation

All patients underwent a similar regimen of intensive 
2 week (10 daily sessions) pulmonary rehabilitation – 6 

hours/day for 5 days/week at Chapman Medical Center 
beginning the day following hospital discharge.  The 
actual time spent in rehabilitation (excluding meals, 
breaks, and transport time) approximated 3.5 to 4.5 hours 
per day with a total of 40 hours over the 2-week period.  
In accordance with evidence-based guidelines,15,16 
the rehabilitation consisted of an intensive 2-week (10 
days) outpatient regimen involving a multidisciplinary 
approach with physical therapy [total hours over 2 week 
period (15 hours)], nursing (8 hours), respiratory therapy 
(7 hours), dietetics (4 hours), occupational therapy (4 
hours), and psychosocial services (2 hours).  The physical 
therapist prescribed a specific exercise regimen tailored 
to the individual patient’s needs and goals, whereas 
the occupational therapist taught energy conservation 
measures and assessed needs for prosthetic devices or 
wheelchairs.  The respiratory therapist helped to oversee 
the exercise program, and taught breathing exercises, 
as well as the proper use of aerolized medications and 
oxygen.  Nurses helped to oversee the education program.  
A dietician helped participants formulate nutritional goals 
and provided education on proper diet.  A social worker 
assessed needs for home services, worked with third-
party payers to help patients obtain needed benefits, and 
provided counseling.  A psychologist was also available 
to provide counseling as well as instruction in coping 
strategies and relaxation strategies.

The physical therapy component of the rehabilitation 
program included daily exercise that was approximately 
1½ hours in duration.  The physical therapist reinforced 
strategies taught during the rehabilitation program 
including pursed lip breathing, coughing and secretion 
management, self-monitoring, stress reduction, and 
relaxation techniques.  The exercise training program was 
supervised by a physical therapist and incorporated lower 
extremity endurance exercise by walking on a treadmill (5 
minutes warm-up, 10-20 minutes exercise, and 5 minutes 
cool-down) and ascending/descending stairs (15 minutes) 
(5 times per week), supported upper extremity exercise 
(using an unresisted upper body ergometer for 15 minutes) 
and unsupported upper extremity exercise included 
stretching of elastic bands and/or the use of free weights (4 
exercises, 3 times per week for 15 minutes), and 9 flexibility 
exercises (5 times per week for 15 minutes).  Heart rate, 
blood pressure, and oxygen saturation were measured at 
rest, during exercise, and in recovery to monitor exercise 
intensity and safety.  Exercise heart rate was targeted to 
an intensity of 50% to 75% of maximum heart rate15 and 
oxygen saturation to >90%.1,2  Subjects exercised at a level 
that gave them moderate dyspnea (modified Borg level 
3).19  Pulmonary rehabilitation programs routinely use the 
participant’s breathlessness to monitor training and training 
at this level has been shown to increase endurance at the 
end of a pulmonary rehabilitation program.37  Intensity and/
or duration was increased by the physical therapist when 
patients reported a dyspnea level of 2 (easy breathing) 
on the modified Borg scale.  The education component 
was tailored to the individual patient and covered 
topics such as an overview of COPD, breathing training, 
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energy conservation, medications, nutrition, oxygen 
therapy, relaxation, secretion clearance, sexuality, stress 
management, travel, and what to do in emergencies (5 
times per week for 2 hours/day). 

  
Physiological Data

Resting physiological data were obtained prior to surgical 
intervention (T2) and following surgical intervention and 
pulmonary rehabilitation (T3) and included the following 
values:  heart rate (HR), oxygen saturation (SpO2), and 
pulmonary function test (PFT) results.  HR, SpO2, distance 
ambulated, and amount of oxygen used were measured 
during the Six Minute Walk tests conducted at the same 
time points.

Data Analysis
All data analyses were performed using SPSS 16.0 for 

Windows (SPSS Inc. Chicago, IL).    The Intraclass Correlation 
Coefficient (3,1) was performed to establish the test-retest 
reliability of the scores on the VAS Activity Dyspnea Scales 
(VADS) between T1 and T2.  A reliability coefficient > 0.75 
was chosen as good evidence of reliability.38  Walter, 
Eliasziw, & Donner39 set optimal sample sizes for ICC based 
on desired power level, magnitude of the predicted ICC, 
and the lower confidence limit, concluding that the 0.95 
confidence level, the 0.80 power level, and 2 ratings per 
subject would require a sample of 5.  Reliability was further 
assessed by Cronbach’s alpha, a statistic used to evaluate 
internal consistency, or the extent to which the different 
items on the VADS measure the same construct.40  An 
internal consistency criterion of 0.70 was chosen as good 
evidence for reliability.41

The Minimum Detectable Change (MDC) using a 95% 
confidence interval (MDC95) was calculated on the VADS 
using the formula42

	 MDC=Z-SCORElevel of confidence X SDbaseline X √2[1-rtest-retest])

A two-way repeated measures Analysis of Variance 
(ANOVA) (2x10) was used to analyze differences in dyspnea 
scores between times and items on the VADS at T2 and T3.  
Post-hoc multiple comparisons were performed using the 
Bonferroni test.  A MANOVA was done to conduct simple 
main effects analysis on items on the VADS.  Two-tailed 
paired sample t-tests with Bonferroni’s correction were 
used to analyze differences in physiologic data and distance 
ambulated at T2 and T3.  Data were considered significant 
at alpha < 0.05.

RESULTS
Subject Characteristics

Ten subjects participated in the reliability study (T1-
T2).  There were 4 men and 6 women with an age range 
of 55-73 years old.  The mean age of the subjects was 62.6 
+ 5.8 years.  Smoking history was defined by pack-years 
(product of #packs[s]/day and # years smoked).  All subjects 
were former smokers and the mean pack-years were 47.3 
+ 19 pack-years, ranging from 20-74 pack-years.  Prior 
to admission to the LVRS program, all subjects had quit 

smoking on average 10.0 + 8.7 years, ranging in time of 
smoking cessation from 2 to 29 years.  

Five of the 10 subjects in the reliability study also 
completed T3.  Ten subjects participated in the change in 
dyspnea scores pre- and post-LVRS (T2-T3).  There were 5 
men and 5 women with an age range of 45 to 73 years.  
The mean age of the subjects was 61.7 + 8.1 years.  All 
subjects had a smoking history and the mean pack-years 
were 50.5 + 27.1 pack-years, ranging from 20 to 105 pack-
years.  Prior to admission to the LVRS program, all subjects 
had quit smoking for a period ranging from 1 to 29 years 
with a mean of 10.1 + 7.9 years.  There were no significant 
differences in patient characteristics between reliability 
subjects and test subjects.

Reliability of Baseline Scores of VAS Activity Dyspnea Scales
Data of the first 10 subjects who completed the VAS 

Activity Dyspnea Scales (VADS) at T1 and T2 were used 
to assess the test-retest reliability of the VADS for the 
study.  The ICC for test-retest reliability on the VADS was 
excellent at 0.92, p < 0.05.  The 95% confidence intervals 
ranged from 0.72-0.98.  The VADS demonstrated excellent 
internal consistency (α=0.96).  The MDC95 for the VADS 
was 5.02 cm.

Dyspnea Scores Before and After LVRS and Rehabilitation
A two-way repeated measures ANOVA (2X10) 

conducted to evaluate the effect of time and items on 
dyspnea scores on the VADS showed a main effect for time.  
Dyspnea scores were significantly improved after LVRS and 
rehabilitation (2.49 + 4.04) compared to baseline (8.28 
+ 6.40), F (1,180) = 75.27, p < 0.05.  There was also a 
main effect for items on the VADS.  Dyspnea scores differed 
significantly among the items, F (9,180) = 6.44, p < 0.05.  
Dyspnea scores while performing both a 6-minute walk 
and climbing one flight of stairs were significantly higher 
than mean scores at rest, getting in and out of bed/chair, 
and eating, p < 0.05.  Dyspnea scores while bathing were 
significantly greater than mean scores at rest and getting 
in and out of a chair, p < 0.05.  Additionally, there was a 
significant interaction between time and items, F (9,180) = 
1.94, p < 0.05.  The time by item interaction was analyzed 
using a simple main effects analysis.  Dyspnea scores on 
all items significantly improved over time except during 
performance of a 6-minute walk and getting in/out of a 
chair, p < 0.05.  Means and standard deviations for items 
are listed in Table 1.

Physiologic Data 
Resting heart rate and resting values of SpO2 did not 

change significantly from pre-LVRS (T2) to post-LVRS (T3) 
(Table 2).  A significant increase of 166.0 + 73.3 feet dur-
ing the 6-minute walk test was seen following surgery and 
pulmonary rehabilitation (T3) (p < 0.05).  Datum of distance 
ambulated for one subject during the timed 6-minute walk 
test at T2 was determined to be an outlier (Z>2) and was re-
moved from statistical analysis.43  Peak heart rate measured 
during the 6-minute walk test increased significantly from 
109 to 116 bpm (p < 0.05).  Oxygen saturation and oxygen 
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use were not significantly different in these subjects dur-
ing the 6-minute walk following surgery (T3) compared with 
pre-LVRS (T2) values (Table 2).

Table 1.  Visual Analog Scale Changes in Dyspnea Between 
T2 and T3 (n=10)

Question No. (MET*) Pre-LVRS (T2) 
Mean+SD (cm)

Post-LVRS (T3)
Mean+SD (cm)

1. Resting (1 MET) 4.40+4.81  .40+0.54*,†

2. 6-minute walk (4 METs) 10.53+4.96 7.70+5.50‡

3. 1 flight of stairs (8 METs) 13.05+6.01 5.10+5.53*,‡

4. In and out of bed (2 METs) 6.00+6.07 1.80+3.98*

5. In and out of chair (2 METs) 2.80+4.33 .90+1.71†

6. �Morning hygiene and 
Grooming (2 METs)

8.70+6.32 1.20+2.18*

7. Bathing/showering (2 METs) 13.60+6.10 2.90+4.65*

8. Dressing (2 METs) 11.12+6.26 1.60+2.50*

9. Eating (1.5 METs) 5.70+5.47 1.20+2.34*

10. Speaking (1.0 METs) 6.90+5.34 2.10+3.48*

Mean+SD (cm) 8.28+6.40 2.49+4.04*

NOTE.  Higher numbers indicate increased dyspnea.
*=Estimates of MET levels are provided for each functional activity.  
Metabolic equivalent based on Ainsworth et al36

*=Significantly decreased dyspnea from T2, p < 0.05
†=Significantly less dyspnea than questions 2, 3, & 7, p < 0.05
‡=Significantly more dyspnea than questions 1, 4, 5, & 9, p < 0.05

Table 2.  Change in Physiologic Parameters at T2 and T3 
(n=10)

Parameter  Pre-LVRS (T2)
Mean+SD

 Post-LVRS (T3)
Mean+SD

Resting HR (bpm) 92.00+15.65 94.00+13.47

Resting SpO2 (%) 95.40+2.12 94.70+2.78

Resting O2 (L/min) 0.50+1.11 0.50+1.04

6-minute walk test (ft) 878.00+351.00 1044.00+342.00*

     Peak HR (bpm) 109.00+10.59 116.00+5.50*

     SpO2 (%)† 87.60+5.34 88.80+3.00

     O2 (L/min)  1.00+1.68 1.33+1.90

FVC (L) 1.82+0.29 2.25+0.56‡

FEV1 (L) 0.65+0.11 1.04+0.21‡

FEV1/FVC (%) 39.00+0.11 51.00+0.11‡

NOTE.  One outlier removed from analysis from 6-minute walk data 
(Z>2)43

*=Indicates that post-LVRS and rehabilitation values significantly 
greater than baseline, p < 0.05
†=Oxygen saturation was continuously monitored, supplementary 
oxygen was supplied to keep oxygen saturation > 88%
‡=Indicates that post-LVRS and rehabilitation values significantly 
greater than baseline, p < 0.01

Pulmonary Function Tests
Pulmonary function data collected pre-LVRS (T2) and 

post-LVRS (T3) were significantly increased following 
surgery and pulmonary rehabilitation.  Forced vital capacity 
(FVC) increased significantly from 1.82L to 2.25L (p < 
0.05) and forced expiratory volume in one second (FEV1) 

increased significantly from 0.65L to 1.04L (p < 0.05).  The 
ratio FEV1/FVC also improved significantly from 39% to 
51% predicted volume (p < 0.05) among these subjects 
between pre-LVRS (T2) and post-LVRS (T3) (Table 2).

DISCUSSION
This study is the first attempt to assess levels of dyspnea 

with a newly developed measure of dyspnea during 
functional activities in people with emphysema post-LVRS 
and rehabilitation.  The data demonstrate excellent test-
retest and internal consistency reliabilities of the newly 
developed VADS.  This study has shown that the VAS 
Activity Dyspnea Scales (VADS) can be used to assess 
dyspnea associated with activities of daily living performed 
immediately upon hospital discharge in patients post-LVRS.  
These results compare favorably to previous assessments of 
VAS reliability in people with COPD at submaximal32,34 and 
maximal32,34,44 exercise capacities.  

This study has shown that LVRS followed by 2 weeks of 
intensive pulmonary rehabilitation can improve dyspnea in 
individuals with emphysema.  The mean score on the VADS 
significantly decreased from T2 (X=8.28) to T3 (X=2.49).  
Analysis of the 10 items revealed significant improvements 
in levels of dyspnea at rest and during 7 of the 9 functional 
activities.  The intervention of LVRS followed by 2 weeks 
(10 daily sessions) of intensive pulmonary rehabilitation 
positively affects the sensation of dyspnea perceived during 
the majority of functional activities contained in the VADS.  
The most significant improvements in dyspnea scores 
were those functional activities for questions 7 (bathing/
showering), 8 (dressing), and 3 (climbing one flight of stairs) 
(p < 0.05) (Table 1).  These were the same activities that 
elicited the most severe levels of dyspnea at baseline (T2).  
Because patients’ perceptions of dyspnea have improved, it 
follows that improvements in their abilities to function will 
lead to overall increases in functional capacity.

To examine the effects of an intervention, a therapist 
needs to know when change in an observed score indicates 
that real change has occurred.  This is called the “minimum 
detectable change” (MDC) and has been defined by Haley 
et al42 as the amount of change required to be 95% confident 
that an observed change in scores reflects real change in the 
underlying variable.  Scores at or above the MDC level are 
due to patient improvement on the measurement tool rather 
than measurement error.  The MDC95 value for the VADS 
was calculated as 5.02 cm.  The mean dyspnea score on the 
VADS significantly improved 5.79 cm following LVRS and 
rehabilitation (from T2 to T3) indicating the improvement in 
dyspnea levels is due to patient improvement. 

Results of change in dyspnea scores between pre-LVRS 
(T2) and post-LVRS (T3) were significantly improved for all 
functional activities except for the activity of getting into and 
out of a chair and during a 6-minute walk (Table 1).  The level 
of dyspnea experienced by subjects while getting in and out 
of a chair was similar to resting levels of dyspnea at both 
time periods.  No improvement can be detected in a subject 
who has the best possible score prior to the intervention.  
Ten percent of subjects reported no dyspnea at baseline 
(T2) while getting in/out of a chair at baseline (T2).  Lack of 
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improvement in dyspnea score for this activity suggests that 
there was a floor effect.  Conversely, the 6-minute walk is the 
longest in duration of the functional activities described in 
the VADS.  Subjects experienced the highest level of dyspnea 
during this activity post-LVRS and pulmonary rehabilitation 
(T3).  Distance ambulated during the 6-minute walk test 
pre-LVRS (T2) and post-LVRS (T3) improved significantly by 
166 feet (50.6 meters) (p < 0.05) comparing favorably with 
previous findings in this patient population.6,10,11,13,45,46  The 
improvement in distance surpassed the minimal clinically 
important distance of 35 m (~115 feet).47  The increased 
duration of activity on the 6-minute walk post-LVRS also 
demonstrated a significantly higher heart rate indicating 
an increased demand on aerobic capacity.  Lung volume 
reduction surgery followed by 2 weeks (10 daily sessions) 
of pulmonary rehabilitation may not necessarily improve 
the overall aerobic capacity sufficiently for increases in 
duration of activity and therefore dyspnea scores may 
not be significantly improved in this short time period.  
Previous reports have documented reduced dyspnea on the 
6-minute walk test in people with emphysema 6 months 
post-LVRS.45,46w

Although subjects’ perceived shortness of breath at rest 
were significantly improved, resting HR and SpO2 at post-
LVRS (T3) were not significantly improved compared to pre-
LVRS (T2) values (p < 0.05).  Lung volume reduction surgery 
followed by only 10 daily sessions of pulmonary rehabilitation 
may not be sufficient time to see physiological changes in 
these parameters in these patients.  Previous research in 
people post-LVRS show significant improvement in SpO2 
after 3 to 6 months.45,46  No significant changes in SpO2 
percentages or oxygen use were found during the 6-minute 
walk test.  Peak HR, measured during the 6-minute walk test 
did show a significant increase (from 109 to 116 bpm) when 
comparing pre- (T2) and post-LVRS (T3) values (Table 2).  
Decreased levels of dyspnea may increase the ability to reach 
higher peak HR during activity and suggests an increased 
ability to function at higher metabolic equivalents.

Pulmonary function as indicated by FVC, FEV1 and FEV1/
FVC at pre-LVRS (T2) and post-LVRS (T3) were improved after 
LVRS and pulmonary rehabilitation (p < 0.05).  Significant 
improvements in pulmonary function tests have been 
documented by several other investigators in this patient 
population.6,10-14  Mean FEV1 scores in this study improved 
significantly by 390 ml following LVRS and rehabilitation.  
This is greater than the reported threshold of clinical 
significance of 200 ml48 or within-subject variability of 160 
ml.49  These improvements are purportedly multifactorial and 
include an increased lung elastic recoil following resection 
of the diseased lung tissue.50  In addition, the diaphragm,8,9 
and accessory inspiratory muscles51,52 may have an 
improved length-tension relationship due to the reduced 
lung volume.  Fessler et al7 hypothesized that LVRS improves 
lung function by reducing the lungs’ hyperinflation and thus 
improving expiratory airflow.  It is not known which, if any, 
physiological parameters specifically influence dyspnea.53  
The NHANES survey showed that only 60% of people with 
moderately reduced FEV1 reported symptoms.54  It is not 
known from this study what the individual contribution 

of LVRS and pulmonary rehabilitation was towards the 
reduction of dyspnea.  Both LVRS6,10,11 and pulmonary 
rehabilitation16,55,56 relieve dyspnea.  Patients recovering from 
LVRS represent a selected group of patients with advanced 
chronic respiratory disease.  These patients typically have 
severe ventilatory limitation and disability.  Pulmonary 
rehabilitation is routinely provided to these patients because 
a strong scientific rationale for it exists.2,15,16  It has been 
suggested that a shift in focus from the pathophysiology 
of emphysema to assessment and relief of symptoms may 
provide more meaningful benefits for the individual patient 
in terms of quality of life.57  

The goal of this study was to present a new measurement 
tool (VADS) to assess dyspnea during selected functional 
activities and then apply the VADS to a clinical population 
of people with emphysema before and after LVRS and 
pulmonary rehabilitation.  The newly developed VADS 
involves self-reporting and offers an easy, time-efficient, 
and cost-effective option for reliably measuring dyspnea.  
The MDC95 can help clinicians and researchers to decide 
whether this tool is likely to be a sensitive measure for use 
in their own clinical studies.  

CONCLUSIONS
The excellent test-retest reliability and high internal 

consistency indicate that the VADS is a valuable measure 
to monitor responsiveness to change in patients with 
emphysema.  Dyspnea appears to be the major contributing 
factor that limits function in people with emphysema and 
LVRS and subsequent pulmonary rehabilitation appears 
to improve dyspnea to effectively improve function.  
Improvements in dyspnea during the majority of functional 
activities assessed by the VADS, increases in peak HR during 
longer ambulation distances, and improved pulmonary 
function indicate an increased ability to perform ADLs in 
this patient population.  It is concluded that these functional 
and physiological gains, if maintained over time, may 
increase the overall function and aerobic capacity in this 
selected patient population.  
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TODAY’S DATE:			   .

Perceived Shortness of Breath with ADL
Choose a point on the scale which best reflects your shortness of breath with the specified activity and mark that point with a 
slash mark.  Rate only the shortness of breath and ignore other sensations such as cough, chest tightness, and nasal irritation or 
throat irritation.  If oxygen is in use with the activity, write the amount in liters per minute in the space provided.  If the activity 
does not apply to your normal routine or you are unable to perform the activity, please circle N/A.  Please abstain from caffeine 
containing products for at least 12 hours prior to the testing.

1.  Shortness of breath while at rest.			   N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

2.  Shortness of breath while performing a 6-minute walk.			   N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

3.  Shortness of breath while climbing one flight of stairs (10 steps).			  N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

4.  Shortness of breath while getting into and out of bed.			   N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

5.  Shortness of breath while getting into and out of a chair.			   N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

Shortness of breath while performing morning hygiene and grooming activity (brush hair, brush teeth, shave, etc)	      N/A6.	
 |______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

7.  Shortness of breath while bathing/showering (washing hair and body).			   N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

8.  Shortness of breath while dressing.			   N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

9.  Shortness of breath while eating.			   N/A
    |____________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute

10.  Shortness of breath while speaking.			   N/A
|_______________________________________________________________________________________________________ |

     Severe	 None
	 Amount of Oxygen used:			   liters/minute




