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Does expiratory flow limitation predict
chronic dyspnoea in adults with cystic
fibrosis?

A.E. Holland*#, L. Denehy* and J.W. Wilson""

ABSTRACT: Tidal expiratory flow limitation (EFL) may promote dynamic hyperinflation and
contribute to chronic dyspnoea. The purpose of this study was to assess the contribution of EFL
to chronic dyspnoea in adults with cystic fibrosis (CF).

The presence of EFL was determined in 102 adults with stable CF (forced expiratory volume in
one second (FEV1) 17.3-91.5% predicted) and 20 age-matched control subjects using the
negative expiratory pressure technique. Measurements of inspiratory capacity (IC) and
spirometry were performed, and chronic dyspnoea was evaluated using the modified Medical
Research Council scale.

EFL was present in 34 subjects (33%), with 18 subjects flow limited in the sitting position and 16
subjects flow limited only in the supine position. Flow limitation in the sitting position was
associated with older age and lower FEV1 compared with flow-limited supine position and non-
flow-limited subjects. A significant reduction in IC accompanied EFL in both the sitting and supine
positions. Flow limitation in the sitting position was associated with significantly higher levels of
chronic dyspnoea. Ordinal regression analysis indicated that EFL was the best predictor of

chronic dyspnoea in a model that included FEV1 % pred.

Expiratory flow limitation in cystic fibrosis is associated with reduced forced expiratory volume
in one second, older age and dynamic hyperinflation. Expiratory flow limitation significantly
contributes to chronic dyspnoea in cystic fibrosis.

KEYWORDS: Cystic fibrosis, dyspnoea, respiratory function tests

to a condition in which maximal expira-

tory flow is generated during quiet breath-
ing at rest. Tidal EFL has been associated with
dynamic hyperinflation during tidal breathing
[1], where end-expiratory lung volume is greater
than the relaxation volume of the respiratory
system. Although this reduction in inspiratory
capacity (IC) serves to increase expiratory flow, it
may also result in increased inspiratory work and
impaired inspiratory muscle function [2, 3]. This
response to tidal EFL plays an important role in the
pathogenesis of chronic dyspnoea in chronic
obstructive pulmonary disease (COPD) [4].

T idal expiratory flow limitation (EFL) refers

The prevalence of EFL in adults with cystic
fibrosis (CF) is unclear. Previous studies have
concluded that the prevalence of EFL is low [5-7];
however, the inclusion of a small number of
subjects, their relatively mild disease and young
age may have influenced these findings. In
addition, EFL was not evaluated in the supine
position [5, 7] where it may manifest earlier in the
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disease process due to reduced functional resi-
dual capacity (FRC) with recumbency and a
resulting decrease in expiratory flow reserve [8].
No study has determined the relationship of tidal
EFL to chronic dyspnoea in CF. It is likely that
EFL has significant clinical implications in CF, as
two of the most important treatments, exercise
and chest physiotherapy, rely on the ability to
increase expiratory flow rates [9, 10].

The aims of this study were: 1) to determine the
prevalence of EFL in adults with CF; 2) to
describe the characteristics of EFL in CF, includ-
ing the relationship of EFL to dynamic hyper-
inflation; and 3) to determine the relationship of
EFL to chronic dyspnoea in adults with CF.

METHODS

Subjects

A total of 102 consecutive patients aged >18 yrs
with stable disease [11] were recruited from a CF
clinic at a university teaching hospital. In addi-
tion to this, an advert was used to recruit a
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further 20 control subjects without a history of lung disease.
Subjects were excluded if they had a history of obstructive
sleep apnoea or upper airway obstruction. The study was
approved by the institutional ethics committee at the Alfred
Hospital and University of Melbourne (Melbourne, Australia).

Measurements

Measurement of tidal EFL was performed using the negative
expiratory pressure (NEP) technique [4]. The experimental set-
up consists of a vacuum generator and pneumotachograph
(MicroNEP; Micro Medical, Kent, UK). After a period of
relaxed tidal breathing, NEP of -5 cmH,O was applied when
expiratory flow reached a threshold value of 30 mL-s™ and
was maintained throughout expiration. Tidal expiratory flow—
volume loops generated with NEP were superimposed on
those obtained during the preceding tidal breaths. If applica-
tion of NEP did not result in increased flow, the subject was
considered to have EFL. Three test breaths were performed for
all subjects in both the sitting and supine positions, in random
order. The pneumotachogram was continuously monitored
during testing on the screen of the computer, and calibrations
for flow and pressure were performed prior to each testing
occasion.

EFL was classified according to the three-point EFL score [12],
as not flow limited (NFL), flow limited in the supine position
(FLsupine), or flow limited in both the seated and supine
positions (FLseated). Reliability of the NEP technique was
assessed in 20 randomly selected subjects with stable disease
[11] by repeated measurement at their subsequent clinic visit.

Immediately following NEP measurements, IC was measured
in the sitting and supine positions. Measurements were
performed in the same order as NEP measurements with a
turbine spirometer (Super Spiro; Micro Medical). The mean of
three technically acceptable manoeuvres was recorded.
Predicted IC values were calculated as the difference between
predicted total lung capacity (TLC) and predicted FRC [13].
Standard spirometry was then performed [14] and results were
compared with predicted values [15]. In subjects with CF,
measurements were taken before and 5 min after administra-
tion of 300 pg salbutamol via metered-dose inhaler. In 30
subjects with CF, measurements of thoracic gas volume were
obtained in a constant-volume whole-body plethysmograph
(Medgraphics 1085D Series; Medical Graphics Corporation,
Minnesota, MN, USA) in order to validate measures of IC;
the measurements were expressed as % predicted normal
values [13].

Prior to NEP and lung function testing, subjects rated their
degree of chronic dyspnoea using the modified Medical
Research Council (MRC) scale [4].

Statistical analysis

Differences between groups were evaluated with univariate
ANOVA and the Tukey test for multiple comparisons, or the
Pearson’s Chi-squared test for categorical variables. The
strength of the relationships between MRC score and other
variables were evaluated with the Spearman rank correlation
coefficient. Variables with a p-value <0.1 were included in an
ordinal logistic regression analysis, with MRC score as the
dependent variable [16]. Reliability of the three-point EFL

EUROPEAN RESPIRATORY JOURNAL

EXPIRATORY FLOW LIMITATION IN CF

score between testing occasions was evaluated using the kappa
statistic [17]. Statistically significant differences were accepted
at the level of p<<0.05.

RESULTS

Demographic data for the control and CF subjects are shown in
table 1. The two groups were well matched for age and sex but
differed significantly in nutritional status and spirometric
indices. In the CF group, FEV1 values ranged 17.3-91.5% pred.
The study sample represented 64% of the total CF clinic
population and there were no significant differences between
the study sample and the clinic population in distribution of
age or forced expiratory volume in one second (FEV1) % pred.
No subject with CF demonstrated significant reversibility of
airflow obstruction on post-bronchodilator testing. Chronic
dyspnoea was not reported by any control subject. In the CF
group, MRC values ranged from 0 (none) to 4 (severe). None of
the CF subjects reported chronic dyspnoea that was in the
category of “very severe” (MRC=5).

EFL during tidal breathing was not present in any control
subjects. In the CF group, EFL was present in 34 subjects
(33.3%). Sixteen subjects (15.7%) were FLsupine and 18 subjects
(17.6%) were FLseated. All subjects who were flow limited in
the sitting position were also flow limited in the supine
position. Of the 20 subjects who were tested on two occasions,
NEP scores were consistent in 18 subjects, resulting in a kappa
of 0.82 and indicating excellent agreement [17].

Characteristics of the subjects with CF, stratified according to
the three-point EFL score, are shown in table 2. The FLseated
subjects were older than those in the other two groups;
however, there was no difference in nutritional status. FEV1
was lower in FLseated subjects compared with those who were
FLsupine; the FLsupine group also had significantly reduced
FEV1 compared with NFL CF subjects. However, variation was
observed between individuals, as some patients with severely
reduced FEV1 were NFL (fig. 1a). Subjects who were FLseated
reported significantly higher MRC scores: seven out of the
eight subjects who reported moderately severe or severe

1y :{BB B Demographic data for cystic fibrosis and control
subjects

Controls Cystic fibrosis

Subjects n

Total 20 102

Males 10 58
Age yrs 28.11+5.06 29.22+7.31
BMI kg-m™ 24.16+3.58 21.40+£2.96%**
FEV1 % pred 107.75+12.04 49.58418.02***
FVC % pred 108.30+12.31 69.07 +18.57***
FEV1/FVC % 84+6 614+13***
MRC score 0+0 1.30+£0.89***

Data are presented as mean+sD, unless otherwise stated. BMI: body mass
index; FEV1: forced expiratory volume in one second; % pred: % predicted;
FVC: forced vital capacity; MRC: Medical Research Council. ***: p<0.001
versus control.
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V=188 Anthropometric and lung function data of
subjects with cystic fibrosis, stratified according
to the three-point expiratory flow-limitation score

NFL FLsupine FLseated
Subjects n 68 16 18
M/F subjects n 36/32 7/9 15/3%#
Age yrs 28.2+6.6 28.84+6.0 33.14+9.8*
BMI kg-m2 215432 204422 21.8427
FEV1 % pred 57.3+15.6 40.5+11.6% 285+7.7%%
FVC % pred 75.6+17.4 62.4+13.8% 50.44+10.1%
FER 0.65+0.10 0.57£0.14% 0.4840.11*
FEF25-75 % pred 30.5+17.1 148+7.9* 10.4+5.0%
IC seated % pred 84.64+19.4 75.4415.1 61.44+16.9*
IC supine % pred 87.1+20.0 71.2+14.7* 57.3+16.9*
MRC score 1.040.7 1.4+0.6 2.2+1.0%%
RV % pred’ 152461 176+ 40 219+79*
FRC % pred’ 120+ 15 112+14 150+ 20%#
TLC % pred’ 97+8 98+4 105+ 8*
RV/TLC % pred” 158 +56 174457 205 +47*

Data are presented as mean+sD, unless otherwise stated. NFL: not flow
limited; FLsupine: flow limited in the supine position; FLseated: flow limited in both
the seated and supine positions; M: male; F: female; BMI: body mass index;
FEV1: forced expiratory volume in one second; % pred: % predicted; FVC:
forced vital capacity; FER: forced expiratory ratio; FEF25-75%: forced expiratory
flow rates between 25-75% of FVC; IC: inspiratory capacity; MRC: Medical
Research Council; RV: residual volume; FRC: functional residual capacity; TLC:
total lung capacity. *: measured in 12 of the NFL subjects, seven of the FLsupine
subjects and 11 of the Flseated subjects. *: p<0.05 versus not flow-limited
group; #: p<0.05 versus flow-limited supine group.

dyspnoea were in this group (fig. 1b). Fewer female than male
subjects were FLseated (table 2), despite no significant differ-
ence in lung function or dyspnoea scores according to sex.

All subjects with CF showed reduced IC in the sitting position
compared with control subjects (fig. 2a), even in the absence of
EFL. Within the CF group, there was no difference between the
NFL and FLsupine subjects in terms of IC in the sitting position;
however, a significant reduction in seated IC was evident in
FLseated subjects. In contrast, supine IC was reduced in both
FLseated (p=0.001) and FLsupine subjects (p=0.03) compared
with NFL subjects. A change in body position from sitting to
supine resulted in a significant increase in IC in control
subjects (p<<0.001, supine versus seated IC) and NFL CF
subjects (p=0.01); however, the magnitude of this change
was much smaller in those with CF (fig. 2b). The supine
posture resulted in a small but significant decrease in IC in
both FLsupine (p<<0.001) and FLseated (p=0.01) subjects.

TLC was within normal limits for all three groups, with
evidence of restrictive disease in only one NFL subject (TLC
84% pred). There was a small but significant increase in TLC in
the FLseated group compared with the other subjects (table 2).
In agreement with the results for IC, this group was also
significantly more hyperinflated, as indicated by residual
volume (RV)/TLC % pred. There was a strong negative
correlation between IC % pred and RV/TLC % pred across
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FIGURE 1. Relationship of three-point expiratory flow-limitation (EFL) score to
a) forced expiratory volume in one second (FEV1) % predicted and b) Medical
Research Council (MRC) dyspnoea score. Each point represents data from an
individual subject. NFL: not flow limited in the sitting or supine position; FLsupine:
flow limited in the supine position only; Flseated: flow limited in the seated and
supine positions.

all subjects (r= -0.82, p<<0.001). There was no significant
difference in FEV1 % pred, body mass index (BMI), age or
MRC dyspnoea score between the subset of CF patients in
whom lung volumes were measured and the remainder of the
subjects from any of the three-point EFL categories.

Univariate regression identified six descriptive variables as
potential predictors of MRC score: EFL score (rs=0.42,
p<0.001); FEV1 % pred (rs=-0.49, p<0.001), IC % pred
(rs= -0.35, p<<0.001), age (rs=0.37, p=0.09), sex (rs=0.31,
p=0.1) and BMI (rs= -0.49, p<<0.001). In the ordinal regression
model where all six variables were included, the EFL score was
the only significant predictor of chronic dyspnoea (table 3).
This model accounted for 35% of the overall variance in
dyspnoea score.

DISCUSSION

This study is the first to systematically examine the prevalence
of EFL in a large (n=102) cohort of adults with CF. The results
show that tidal EFL was present in 33.3% of patients, where
17.6% were FLseated and 15.7% were FLsupine. Patients with
EFL had a lower FEV1 and were older than NFL subjects.

EUROPEAN RESPIRATORY JOURNAL



A.E. HOLLAND ET AL.

a) 120

100 - 1
:
80 1 |

60

—1—

IC % pred

40

20

b) 30-

20+
10+ L

AIC % pred

10

-20 1

-30-

Control

FLsupine FLseated
Group

NFL

FIGURE 2. Relationship of expiratory flow limitation to a) inspiratory capacity
(IC) in the sitting position and b) change in IC (AIC) from sitting to supine position.
Data are presented as mean and 95% confidence interval. NFL: not flow limited in
the sitting or supine position; FLsupine: flow limited in the supine position only;
FLseated: flow limited in the seated and supine positions. *: p<<0.05 versus control;
#: p<0.05 versus NFL.

Those who were FLseated reported higher levels of chronic
dyspnoea. The present study is the first to demonstrate the
importance of EFL as a predictor of chronic dyspnoea in CF.

The present results are in contrast with those of a previous
study, which concluded that the prevalence of EFL in CF was
low, occurring in only three of 22 subjects (13.6%) [5]. That
study linked the occurrence of seated EFL with low BMI and
FEV1 <30% pred. In the present study, the prevalence of EFL
in the sitting position was higher, which may be related to the
larger sample, lower mean FEV1 (50% versus 61% pred) and
older age of the subjects. In addition, the present study
demonstrated that EFL also occurred when supine. The finding
that all subjects who were flow limited in the sitting position
were also flow limited when supine suggests that supine EFL
is an earlier manifestation, as has previously been suggested in
COPD [12]. The current authors did not demonstrate any link
between EFL and nutritional status; however, the average BMI
in the present group was higher than in the previous study
(21.4+3.0 versus 17.9+2.7 kg~m’2) [5]. A strong link was
confirmed between FEV1 and EFL; however, the present
study’s larger group illustrated greater variation across
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ay:. =188 Ordinal logistic regression equation of the
Medical Research Council dyspnoea scale and

predictors
Covariate Model
Estimate SE

Three-point EFL score

1 -2.03* 0.75

2 -1.82 0.76

3 Reference category
BMI -0.08 0.08
Sex

M -0.77 0.43

F Reference category
FEV1 % pred -0.04 0.02
Age yrs 0.03 0.03
IC % pred sitting -0.002 0.02
Pseudo R? 35%

EFL: expiratory flow limitation; BMI: body mass index; M: male; F: female; FEV1:
forced expiratory volume in one second; % pred: % predicted; IC: inspiratory
capacity. *: p<0.05.

subjects. Whereas in the previous study all subjects with an
FEV1 <30% pred exhibited tidal FL in the sitting position, in
the present group six out of 17 subjects who had FEV1 <30%
pred did not demonstrate EFL in the sitting position.
Conversely, seven subjects who were flow limited in the
sitting position had an FEV1 >30% pred, ranging up to 43%
pred. These findings are similar to those reported in COPD,
where EFL in the sitting position has been reported in patients
with an FEV1 of <50% pred [4].

The present study expands on previous work describing the
presence of dynamic hyperinflation in CF across the range of
disease severity [5, 6]. However, the most significant reduc-
tions in IC were seen in flow-limited subjects and only in the
body position in which EFL occurred (fig. 2), confirming a link
between tidal EFL and dynamic hyperinflation [1]. It was
postulated that reduced IC would contribute to chronic
dyspnoea, and the present authors confirmed an association
between these variables. However, this relationship did not
remain significant in an ordinal regression model that also
included EFL score. Greater levels of chronic dyspnoea were
seen in the FLseated group and it is possible that dynamic
hyperinflation has a more clinically significant impact when
associated with EFL in the upright position, where most
functional activities take place. An alternative explanation for
the observed reduction in IC would be the presence of
restrictive lung disease. This seems unlikely given that TLC
was not reduced (table 2) and that the low prevalence of
restrictive lung disease seen in this sample (3%) is consistent
with previous reports in CF [18]. However, as lung volumes
could only be measured in a subgroup, it is not possible to
completely discount this explanation.

Previous investigators have found that chronic dyspnoea in CF
correlates poorly with standard measures of pulmonary
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function [19]. The present authors found dyspnoea to be
significantly correlated with both EFL and FEV1 % pred, and
showed a stronger relationship between FEV1 and MRC score
than has been previously reported [19]. This may occur
secondarily to the strong relationship between FEV1 and IC
seen in the present data (r=0.79, p<<0.001), as reduced IC
during exercise results in higher levels of dyspnoea [20].
However, FEV1 was not a significant predictor of chronic
dyspnoea in a model that also included EFL score, a finding
which is similar to that reported in COPD [4].

The best model obtained was only able to account for one-third
of the total variance in chronic dyspnoea. In contrast, in COPD
patients, a model incorporating EFL and height was able to
predict 58% of the variance in MRC score [4]. It is possible that
MRC score is not a sensitive indicator of chronic dyspnoea in
CF; however, this seems unlikely as it has previously been
shown to have a good relationship with exercise capacity [19].
It seems that additional and as yet unknown factors will be
required to fully understand the mechanisms of chronic
dyspnoea in CF.

Female subjects with CF were significantly less likely to exhibit
EFL in the sitting position than males. This occurred despite no
difference in severity of lung disease or degree of dyspnoea
according to sex. The reason for this difference in severity of
EFL is not clear. However, the finding that females have a
similar degree of dyspnoea to males despite less EFL, suggests
that there may be additional contributors to dyspnoea in
females with CF. Higher levels of dyspnoea in females than
males have been reported in both COPD [4] and subjects
without lung disease [21], indicating that there may be a
difference between the sexes in perception of respiratory effort
which is unrelated to lung pathology.

The identification of EFL in CF is of great clinical interest if it
suggests new therapeutic strategies. Increased expiratory flow
rates are required for both exercise and airway clearance [9,
10], which are two of the cornerstones of management of CF
[22]. The presence of EFL is likely to reduce the ability to
generate high flow rates and may result in impaired
performance [23], and excessive dyspnoea and fatigue during
treatment [24]. It has been demonstrated that in patients with
COPD, the deleterious effects of EFL can be offset with
application of positive pressure [25]. This may provide a
rationale for the use of positive pressure during exercise and
chest physiotherapy in CF, strategies that have previously been
described but lack supportive evidence [24, 26].

In conclusion, expiratory flow limitation occurred in 33.3% of
patients with cystic fibrosis and is thus more prevalent than
previously described. Flow-limited patients exhibit a lower
forced expiratory volume in one second, older age and higher
levels of chronic dyspnoea. Dynamic hyperinflation is strongly
associated with expiratory flow limitation in both the sitting
and supine positions; however, it is also present to a lesser
degree in non-flow-limited patients. Expiratory flow limitation
is an important predictor of chronic dyspnoea in cystic fibrosis,
but a substantial proportion of the variance in chronic
dyspnoea remains unexplained. Additional studies are
required to elucidate other mechanisms underlying chronic
dyspnoea in cystic fibrosis.
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