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ABSTRACT: Acute exacerbations of chronic obstructive disease (AECOPD) are characterised by

worsening dyspnoea that is variably prolonged. In this study, physiological changes during

moderate AECOPD were examined and the factors associated with dyspnoea resolution over time

were determined.

In total, 20 patients experiencing an AECOPD were evaluated within 72 h of initial worsening of

symptoms (day 0) with pulmonary function testing, metabolic testing and symptom assessment

using the dyspnoea domain of the Chronic Respiratory Disease Questionnaire (CRQ). Treatment

was optimised and testing was repeated after 7, 14, 30 and 60 days.

At day 0, patients were very short of breath (CRQ-dyspnoea mean¡SEM 2.4¡0.3) and showed

significant airflow obstruction (forced expiratory volume in one second (FEV1) 41¡3% predicted)

and lung hyperinflation (forced residual capacity (FRC) 164¡7% pred). By day 60 CRQ-dyspnoea

improved to 4.6¡0.5 (some shortness of breath); FRC and residual volume decreased by 5 and 11%,

respectively; inspiratory capacity (IC) and slow vital capacity increased by 18 and 17%, respectively;

and FEV1 increased by 18% with no change in FEV1/FVC. Total lung capacity did not change during

AECOPD, and thus, changes in IC reliably reflected changes in end-expiratory lung volume.

In conclusion, moderate acute exacerbation of chronic obstructive pulmonary disease is

characterised by worsening airflow obstruction and lung hyperinflation. Improvement of

dyspnoea following acute exacerbations of chronic obstructive pulmonary disease was

associated with reduction in lung hyperinflation and consequent increase in expiratory flow rates.
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A
cute exacerbations of chronic obstructive
pulmonary disease (AECOPD) can lead to
considerable morbidity and mortality.

Such exacerbations are known to have highly
variable clinical manifestations, which may
reflect the heterogeneous underlying pathophy-
siology of this condition, as well as differences in
response to various triggering events. Most
operational definitions of AECOPD make refer-
ence to sustained worsening of dyspnoea as a
characteristic feature [1–3]. Indeed, dyspnoea that
is refractory to usual bronchodilator therapy is
often the most distressing symptom during
AECOPD and is frequently the primary reason
for seeking medical attention. SEEMUNGAL et al. [4]
have recently demonstrated that some patients
may remain dyspnoeic for considerable periods
of time and that this, in turn, may contribute to
activity limitation and perceived poor health
status in these individuals [5].

Despite its prominence as a defining symptom, no
previous studies have systematically examined
potential mechanisms of dyspnoea in this setting.
Although the mechanical and gas exchange abnor-
malities of severe exacerbations associated with
acute respiratory failure in hospitalised patients
undergoing mechanical ventilation (MV; invasive
or noninvasive) are well documented [6–10],
knowledge of the pathophysiological underpin-
nings of dyspnoea during less severe exacerba-
tions is incomplete. Based on previous studies of
the mechanisms of exertional dyspnoea in COPD,
the current authors postulated that acute lung
hyperinflation would also contribute importantly
to dyspnoea during AECOPD [11–13].

Currently, it is believed that acute airway
mucosal inflammation, in response to inciting
triggers such as infection or pollution, is a major
cause of AECOPD [14, 15]. It is reasonable to
assume that this inflammatory response is asso-
ciated with worsening expiratory flow limitation,
which can compromise lung emptying during
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tidal expiration to such a degree that resting end-expiratory
lung volume (EELV) is dynamically increased above baseline
values. Lung hyperinflation in some patients may be further
aggravated by concomitant increase in ventilatory demand as a
result of acute ventilation/perfusion abnormalities [6]. Acute-
on-chronic lung hyperinflation would constrain tidal volume
expansion and cause increased loading and weakness of the
inspiratory muscles. The net effect of all of these adverse
physiological events is a disparity between the neural drive to
breathe and the mechanical response of the respiratory system.
It has previously been argued that this ‘‘neuromechanical
dissociation’’ may form the basis for acute symptomatic
deterioration during exercise in COPD [11–13].

Therefore, the hypothesis presented in this paper was that
acute lung hyperinflation is an important contributor to
respiratory discomfort during exacerbations. It follows that
recovery of dyspnoea following an AECOPD would be
associated with reduction in lung hyperinflation. A prospec-
tive, observational study was conducted where patients
diagnosed as having an AECOPD, who did not require MV,
were referred for detailed physiological testing and symptom
assessment and, thereafter, followed at pre-determined inter-
vals over a 60-day period. Finally, to determine the potential
practical utility of using simple inspiratory capacity (IC)
measurements to evaluate the severity and recovery of
AECOPD, the reliability of this measurement to track changes
in EELV was assessed.

METHODS
Subjects
Between December 2001 and December 2003, patients suspected
of having an AECOPD were referred from family doctors’
offices and from the emergency department of a tertiary care
teaching hospital. All patients were enrolled and tested within
72 h of the onset of their symptomatic deterioration. Inclusion
criteria were: 1) age o50 yrs; 2) a history compatible with COPD
[16, 17]; and 3) a presentation compatible with a moderate
AECOPD [1, 3, 16]. Where possible, pre-exacerbation (i.e.
baseline) pulmonary function tests were evaluated to corrobo-
rate the diagnosis of COPD. An acute exacerbation was defined
according to the criteria adopted by the Canadian Thoracic
Society, ‘‘a sustained worsening of dyspnoea, cough or sputum
production leading to an increase in the use of maintenance
medication and/or supplementation with additional medica-
tions’’ [2]. A moderate exacerbation was defined according to
the classification schema proposed by RODRIGUEZ-ROISIN [1],
where the patient ‘‘has an increased need for medication and
feels the need to seek additional medical assistance’’. Exclusion
criteria were: 1) respiratory failure requiring invasive or
noninvasive MV; 2) haemodynamic instability; 3) the presence
of another acute condition (e.g. pneumonia, congestive heart
failure, pulmonary embolus) to explain the presentation;
4) inability to comply with testing; 5) multiple comorbidities;
or 6) the presence of another chronic lung disease (e.g. asthma).

Study design
The study design was reviewed and approved by the local
hospital/university (Queens University and Affiliated Teaching
hospitals, Kingston, Ontario, Canada) ethics committee and
written informed consent was obtained from all participants.

Subjects were evaluated at day 0 (study entry) and at days 14,
30, and 60 post-enrollment. A smaller subset of patients (n58)
was also evaluated at day 7. Demographic data were collected
at day 0, including age, smoking history, comorbidities, oxygen
use and medication history. At each visit, subjects underwent
symptom assessment, pulmonary function testing and measure-
ment of metabolic and breathing pattern parameters. Patients
were managed either as outpatients or as inpatients on a general
medicine or respiratory ward. Inpatient exacerbations were
treated according to the most recent guidelines established by
the Canadian Thoracic Society [2] and could include broncho-
dilators, corticosteroids and antibiotics. Bronchodilator dose
was not specifically standardised between patients, and
bronchodilators could be administered via metered-dose inha-
lers, with or without a spacer device, or given by nebulisation.
Oxygen therapy was allowed if required to maintain an arterial
oxygen saturation (Sa,O2) of .90%, and flow rates were titrated
accordingly. Management of outpatient exacerbations was
left to the discretion of the family physician, although antibiotics
were recommended for all patients with two of the following
clinical features: 1) increased dyspnoea; 2) increased sputum
production; and 3) increased sputum purulence. All patients
were followed-up by their family physicians to evaluate their
response to treatment. At day 0, the time interval between
last bronchodilator use and testing was recorded for each
patient and a similar time interval was used at subsequent visits
for that patient. Patients who missed a visit were allowed to
continue in the study and all available visits were included in
the analysis.

Procedures
Symptom assessment
A simple questionnaire was used to record the presence of
dyspnoea, cough and sputum. Dyspnoea intensity was rated
using the dyspnoea dimension of the Chronic Respiratory
Disease Questionnaire (CRQ) [18], the 10-point Borg scale [19]
and the modified Medical Research Council (MRC) dyspnoea
scale [20]. The dyspnoea component of the CRQ evaluates
shortness of breath on a scale of 1–7 (from ‘‘extremely short of
breath’’ to ‘‘not at all short of breath’’) for a list of five
important activities individualised for each patient with the
mean value for these activities reported. This scale has been
shown to be reproducible and responsive [18]. The CRQ
questionnaire was adapted for this study by replacing the
words ‘‘during the last 2 weeks’’ with ‘‘during the last few
days.’’ Activity-related dyspnoea at day 0 was also assessed
using the Baseline Dyspnoea Index (BDI), while changes from
day 0 at subsequent visits were monitored with the Transition
Dyspnoea Index (TDI) [21]. At each visit, patients were asked
whether the severity of their dyspnoea had returned to their
pre-exacerbation level. Patients who reported that their
dyspnoea intensity had returned to its pre-exacerbation level
were classified as ‘‘symptomatically recovered,’’ whereas
patients who reported a dyspnoea intensity that was persis-
tently greater than their pre-exacerbation level were classified
as ‘‘symptomatically nonrecovered.’’

Pulmonary function tests
Routine spirometry [22], including measurement of forced vital
capacity (FVC), forced expiratory volume in one second (FEV1)
and peak expiratory flow rate (PEFR), was performed using
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automated testing equipment (Vmax229d; SensorMedics,
Yorba Linda, CA, USA). Measurement of lung volumes,
including IC, slow vital capacity (SVC), functional residual
capacity (FRC), residual volume (RV) and total lung capacity
(TLC), as well as specific airway resistance (sRaw) was
determined by constant-volume body plethysmography (6200
Body Plethysmograph; SensorMedics), with a panting fre-
quency of 1 Hz. Single-breath diffusing capacity for carbon
monoxide (DL,CO) was also measured (Vmax229d; Sensor-
Medics). Pulmonary function measurements were evaluated as
percentages of predicted normal values [23–27], with predicted
IC derived as predicted TLC minus predicted FRC.

Metabolic measurements and breathing pattern analysis
Metabolic and breathing pattern parameters were measured
using a metabolic cart (Vmax 229d; SensorMedics). Subjects sat
quietly at rest and breathed room air through a mouthpiece
with noseclips for .3 min until a steady-state was reached.
Measurements included: minute ventilation (V9E); oxygen
consumption (V9O2); and carbon dioxide production (V9CO2).
Breathing pattern parameters included tidal volume (VT),
breathing frequency (f), inspiratory time, expiratory time and
total breathing cycle time. Sa,O2 was assessed by pulse
oximetry (Sat Trak; SensorMedics). Arterial blood gases were
measured in patients with a room air Sa,O2 ,90% or at the
discretion of the treating physician.

Statistical analysis
Results are reported as mean¡SEM. A p,0.05 significance level
was used for all analyses. Within- and between-group
comparisons were made using statistical methods for repeated
measures and longitudinal data. Multivariate correlative
analysis was not performed given the interdependence of the
variables studied.

A sample size of 20 was required in order to have the power to
detect a significant difference in IC. The sample size calculation
was made using the following assumptions: 1) a relevant
reduction in IC of .0.30 L (,10 % pred) between baseline and
recovery; 2) a SD for change in IC of 0.34 L (,12 % pred) based
on previous values from the authors’ laboratory for a large
group of COPD patients, a50.05, b50.20 (80% power) and a
two-tailed test of significance.

RESULTS
Subjects
In total, 32 patients were evaluated for possible inclusion into
the study. Of these, 25 were referred by their primary care
physicians and seven referred from the hospital emergency
department. Twelve of these patients were subsequently
excluded from the study because they were unable to comply
with testing (n53), had pulmonary function tests at day 0 that
were not compatible with a diagnosis of COPD (n53), did not
meet the definition for AECOPD (n51) or did not meet other
inclusion criteria (n55). Ultimately, 20 patients were enrolled
and included in the study analysis.

Demographic and symptom assessment data collected at study
entry (day 0) are presented in table 1. In 16 out of the 20
patients, the diagnosis of COPD was corroborated with
pulmonary function tests obtained prior to the exacerbation.
The majority (65%) of patients were managed as outpatients.

At day 0, all patients experienced worsened dyspnoea as a
manifestation of AECOPD, and the majority also experienced
worsening cough, an increase in sputum production or a
change in sputum colour. Patients were breathless, reporting
an average CRQ dyspnoea score of 2.4 (corresponding to
feeling ‘‘quite a bit’’ to ‘‘very’’ short of breath with activity), an
average MRC dyspnoea score of 3.0 (‘‘stops for breath after
walking about 100 yards or after a few minutes on the level’’)
and an average BDI focal score of 3.9 (indicating severe
impairment due to breathlessness).

Pulmonary function, metabolic and breathing pattern data
collected at day 0 are presented in table 2. Some patients were
too dyspnoeic to complete various tests on their first visit. One
patient could not perform body plethysmography, three
patients could not complete single-breath DL,CO and two
could not breathe on a mouthpiece with noseclips for the
required 3 min of steady-state metabolic measurements.
Although Sa,O2 on room air was ,90% in only two subjects

TABLE 1 Subject characteristics at study entry#

Value

Demographics

Male/female n 7/13

Age yrs 65¡2

Height cm 164¡2

Weight kg 70.5¡4.0

Body mass index kg?m-2 26.2¡1.5

Outpatients/hospitalised n 13/7

Smoking History

Cigarette use pack-yrs 54¡6

Current smokers n 45

Symptoms

Increased dyspnoea 100

Increased cough 80

Increased sputum production 70

Change in sputum colour 65

CRQ dyspnoea domain score 2.4¡0.3

Modified MRC dyspnoea score 3.0¡0.2

Dyspnoea intensity at rest Borg scale 2.9¡0.3 ‘‘moderate’’

Baseline dyspnoea index focal score 3.9¡0.4

Medication use

Pre-exacerbation ‘‘baseline’’

Bronchodilators (long and short acting) 100

Inhaled corticosteroids 70

Systemic corticosteroids 0

Oxygen therapy 5

During exacerbation

New or increased bronchodilators 100

New or increased inhaled corticosteroids 15

New or increased systemic corticosteroids 60

New or increased oxygen therapy 5

Antibiotics 90

Data are presented as mean¡SEM or % of patients unless otherwise stated.

CRQ: Chronic Respiratory Disease Questionnaire; MRC: Medical Research

Council. #: n520.
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on day 0, arterial blood gases were measured in nine patients (six
out of the seven hospitalised patients and in three outpatients).
In these patients the following values were observed: arterial
oxygen tension 8.8¡0.6 kPa (66.5¡4.4 mmHg); arterial carbon
dioxide tension 5.78¡03 kPa (43.5¡2.3 mmHg); pH 7.39¡0.01;
bicarbonate 25.6¡1.0 mmol?L-1; and Sa,O2 90¡1%.

Prior to exacerbation, all patients were receiving bronchodi-
lator therapy and the majority were using inhaled corticoster-
oids (table 1). During the exacerbation, all patients reported an
increased need for bronchodilators, 60% were treated with
systemic corticosteroids and 90% received antibiotic therapy.
In five patients with persistent symptoms over the course of

the study, further treatment with a second antibiotic was
administered. Only one patient was using supplemental
oxygen prior to exacerbation and this patient required an
increased flow rate during the exacerbation.

Recovery from COPD exacerbation
The final visit for all 20 patients was conducted after an
average of 60¡5 days. Given the nature of the condition and
the testing under study, it is understandable that some patients
were not able to complete all scheduled visits or tests.
However, a majority of subjects (n518) completed a minimum
of three study visits or were followed through until sympto-
matic recovery, while only two subjects withdrew from the
study after completing only two visits. This limited loss of data
points should not detract from the final relevance of this study.

During the follow-up period, 12 out of 20 patients reported
that their dyspnoea intensity had returned to pre-exacerbation
or baseline level (‘‘symptomatically recovered’’ group).
Symptom recovery in this group occurred after a mean of
41¡6 days of follow-up, and each of these patients returned
for a final visit at day 60. Of the remaining eight patients whose
dyspnoea did not recover to baseline levels during the study
period (‘‘symptomatically nonrecovered’’ group), three were
able to complete a final follow-up visit at day 60, two were too
unwell to return for a final visit at day 60 and completed
follow-up visits at approximately day 90 instead, and three
patients were either too unwell to comply with further testing
or experienced a worsening of their dyspnoea and withdrew
from the study after completing visits at either day 14 (n52) or
30 (n51). Each of these subgroups was analysed separately to
determine factors at presentation that might predict symptom
improvement and to help identify physiological variables that
correlate with recovery.

For the group as a whole, changes in symptoms and
physiological variables are presented in table 3. During the
study period, dyspnoea intensity progressively improved,
with a significant change in the CRQ dyspnoea score of
1.6¡0.4 units between the first and last visits (p,0.01).
Similarly, dyspnoea intensity, as assessed by the MRC
dyspnoea score and the resting Borg score, decreased
significantly, and the average TDI measured at the final visit
was 2.8¡0.8. Between day 0 and the final visit, IC and vital
capacity (VC) increased, with reciprocal reductions in FRC and
RV, respectively. There was no significant change in TLC
(fig. 1). This suggests that there was a progressive decrease in
lung hyperinflation with time, and that a reduction in IC
reliably predicts an increase in EELV. By day 14, maximal
expiratory flows and sRaw had also improved relative to day 0.
Although FEV1 had increased by the last visit (p,0.01), the
FEV1/FVC ratio was unchanged. Aside from a modest increase
in Sa,O2 of 2.1¡0.9% between the first and last visits, no other
significant changes were observed in any of the other
metabolic or breathing pattern parameters studied.

Subgroup analysis
At presentation, the symptomatically recovered group and the
symptomatically nonrecovered group were similar in terms of
demographics, although the nonrecovered group had a longer
pack-year history of smoking (44¡6 versus 69¡10 pack-yrs;
p,0.05). Both groups were also similarly dyspnoeic at

TABLE 2 Pulmonary function tests, metabolic data and
breathing pattern analysis obtained at study entry
(day 0)#

Value

Pulmonary function

FEV1 L 0.92¡0.06 (41)

FVC L 2.09¡0.12 (65)

FEV1/FVC % 44.2¡2.0 (63)

PEFR L?s-1 3.10¡0.23 (49)

FEF25–75% L?s-1 0.31¡0.03 (13)

IC L 1.53¡0.11 (63)

SVC L 2.40¡0.16 (75)

TLC L 6.46¡0.30 (119)

FRC L 4.91¡0.29 (164)

RV L 4.07¡0.26 (197)

sRaw cmH2O?L-1?s-1?L-1 27.8¡2.4 (687)

DL,CO/VA, mL?min-1?mmHg?L-1 2.89¡0.18 (76)

Steady-state rest (room air)

Heart rate beats?min-1 91¡4

Sa,O2 % 92.3¡0.7

V9O2 mL?kg-1?min-1 3.4¡0.3

V9O2 L?min-1 0.23¡0.02

V9CO2 L?min-1 0.19¡0.02

Respiratory exchange ratio 0.85¡0.02

V9E/V9CO2 61.9¡4.2

VD/VT estimated % 49¡2

V9E L?min-1 11.6¡0.7

VT L 0.69¡0.05

VT % pred VC 21¡1

f breaths?min-1 17.9¡1.2

tI/tTOT 0.38¡0.02

PET,CO2 mmHg 36.5¡1.1

Data are presented as mean¡SEM (% predicted). FEV1: forced expiratory

volume in one second; FVC: forced vital capacity; PEFR: peak expiratory flow

rate; FEF25–75%: forced mid-expiratory flow; IC: inspiratory capacity; SVC: slow

vital capacity; TLC: total lung capacity; FRC: functional residual capacity; RV:

residual volume; sRaw: specific airway resistance; DL,CO: carbon monoxide

diffusing capacity of the lung; VA: alveolar volume; Sa,O2: arterial oxygen

saturation; V9O2: oxygen consumption; V9CO2: carbon dioxide production; V9E:

minute ventilation; VD: volume of distribution; VT: tidal volume; f: breathing

frequency; tI: inspiratory time; tTOT: total breathing cycle; PET,CO2: end-tidal

carbon dioxide tension. #: n520, except for body plethysmography (n519), for

single-breath DL,CO (n517) and for metabolic measurements (n518).
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presentation, with a mean CRQ-dyspnoea score of 2.4 in each
group. In addition, there were no intergroup differences in
lung volumes, expiratory flows (including FEV1), breathing
patterns or metabolic variables at day 0. The distribution of
hospitalised versus outpatient presentations was similar in both
subgroups i.e., four out of 12 recovered subjects and three out
of eight nonrecovered subjects were hospitalised at day 0.

Changes in dyspnoea, lung volumes and maximal flow rates
during the study in the recovered group are presented in
figure 2. In the 12 patients who recovered, there was a
significant improvement in dyspnoea intensity between the
first visit and the visit in which they reported that they had
re-attained their baseline level of dyspnoea, with a recovery
CRQ-dyspnoea score of 4.5¡0.4 (p,0.01). These patients
demonstrated a significant increase in FEV1 from
0.98¡0.08 L at day 0 to 1.20¡0.08 L at the recovery visit
(p,0.05), with no change in FEV1/FVC. Consistent with an
overall decrease in lung hyperinflation to the point of

symptom recovery, the IC and SVC had increased significantly
(both p,0.01) in association with reductions in FRC (p,0.05)
and RV (p,0.01), respectively. There was no interval change in
TLC. Aside from a significant reduction in breathing frequency
(-2.4¡1.0 breaths?min-1; p,0.05), there were no changes in
steady-state breathing pattern from day 0 to symptom
recovery. Sa,O2 improved by 2.8¡1.2% (p,0.05) during
recovery in this subgroup.

In the eight patients who did not fully recover, there was a
smaller (p,0.05) overall change in the CRQ dyspnoea domain
score (0.6¡0.4) as compared with the recovered group
(2.1¡0.5). In this subgroup, small increases in FEV1 and FVC
between day 0 and the final visit did not reach statistical
significance, although a significant reduction in lung hyper-
inflation was observed. IC increased by 0.31¡0.08 L (p,0.01),
while FRC and RV fell by 0.28¡0.09 (p,0.05) and 0.29¡0.12 L
(p,0.05), respectively. It is important to note, however, that
three patients within this subgroup subsequently experienced

TABLE 3 Recovery from acute exacerbations of chronic obstructive disease as indicated by changes in measurements from study
entry (day 0) during follow-up visits

Variable Day 7 Day 14 Day 30 Day 60 Final visit

Subjects n 8 17 15 15 20

Days post study entry 7¡1 15¡1 30¡1 63¡3 60¡5 (14–92)

Symptoms

CRQ dyspnoea 0.1¡0.4 1.5¡0.3** 1.4¡0.4** 1.8¡0.5** 1.6¡0.4**

Modified MRC -0.8¡0.3* -0.8¡0.3** -0.9¡0.4** -1.0¡0.4** -0.8¡0.3*

TDI 3.0¡0.7** 2.7¡0.7** 2.4¡1.0* 3.3¡0.9* 2.8¡0.8**

Dyspnoea at rest Borg -0.2¡0.6 -0.7¡0.3 -1.4¡0.5* -1.1¡0.5 -1.6¡0.4**

Pulmonary function

FEV1 L 0.00¡0.09 0.12¡0.06* 0.13¡0.06* 0.24¡0.06** 0.19¡0.05**

FEV1/FVC % -2.5¡2.4 -0.2¡2.1 1.2¡1.8 2.0¡1.9 1.4¡1.8

FEF25–75% L?s-1 -0.07¡0.04 0.01¡0.04 0.04¡0.03 0.04¡0.04 0.03¡0.03

PEFR L?s-1 0.09¡0.14 0.70¡0.22** 0.65¡0.25** 0.64¡0.18** 0.60¡0.14**

FVC L 0.15¡0.12 0.30¡0.11** 0.23¡0.09** 0.40¡0.11** 0.35¡0.10**

IC L 0.06¡0.07 0.26¡0.06** 0.27¡0.07** 0.30¡0.06** 0.30¡0.05**

SVC L 0.27¡0.10* 0.34¡0.11** 0.32¡0.07** 0.47¡0.12** 0.38¡0.10**

TLC L 0.07¡0.15 -0.00¡0.09 0.12¡0.07 0.13¡0.07 0.09¡0.06

FRC L 0.00¡0.12 -0.28¡0.09** -0.16¡0.10* -0.17¡0.07* -0.20¡0.06**

RV L -0.21¡0.11 -0.41¡0.11** -0.20¡0.11* -0.34¡0.12* -0.31¡0.10*

sRaw % pred -15¡50 -133¡57* -67¡57 -128¡51* -102¡43*

DL,CO/VA % pred 6¡1** 2¡3 -2¡3 1¡3 2¡3

Steady-state rest (room air)

Sa,O2 % 0.4¡0.2 1.6¡0.8 1.5¡0.5 2.8¡0.9* 2.1¡0.9**

V9O2 L?min-1 -0.00¡0.02 0.02¡0.02 0.02¡0.02 0.02¡0.02 0.01¡0.02

V9CO2 L?min-1 0.00¡0.01 0.01¡0.02 0.02¡0.02 0.02¡0.02 0.01¡0.02

V9E L?min-1 -1.8¡1.1 -0.7¡0.6 -0.1¡0.5 -0.3¡0.7 -0.3¡0.6

VT L 0.05¡0.04 0.01¡0.04 0.02¡0.05 0.04¡0.06 0.03¡0.05

f breaths?min-1 -4.0¡0.7** -1.3¡1.0 -0.8¡1.3 -1.6¡1.1 -1.1¡1.0

tI/tTOT -0.01¡0.02 -0.02¡0.02 -0.00¡0.01 -0.00¡0.02 -0.02¡0.02

Data are presented as mean¡SEM. CRQ: Chronic Respiratory Disease Questionnaire; MRC: Medical Research Council dyspnoea score; TDI: transition dyspnoea index;

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; FEF25–75%: forced mid-expiratory flow; PEFR: peak expiratory flow rate; IC: inspiratory capacity;

SVC: slow vital capacity; TLC: total lung capacity; FRC: functional residual capacity; RV: residual volume; sRaw: specific airway resistance; DL,CO: carbon monoxide

diffusing capacity of the lung; VA: alveolar volume; Sa,O2: arterial oxygen saturation; V9O2: oxygen consumption; V9CO2: carbon dioxide arterial tension; V9E: minute

ventilation; VT: tidal volume; f: breathing frequency; tI: inspiratory time; tTOT: total breathing cycle. *: p,0.05 significant improvement from day 0 by paired t-test once a

significant f ratio was obtained by ANOVA for repeated measures across all visit days; **p,0.01.
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a worsening of their symptoms and withdrew from the study.
Follow-up data obtained after the point of this symptomatic
deterioration is, therefore, not available. Therefore, given the
incomplete data set in this subgroup, no conclusion could be
made about the direction of physiological change with time.

DISCUSSION
The present study has the following novel findings: 1)
AECOPD, not associated with respiratory failure, is charac-
terised by worsening airflow obstruction and lung hyperinfla-
tion with little change in resting ventilation, breathing pattern
and metabolic parameters; 2) dyspnoea intensity at presenta-
tion, as measured by the CRQ, correlates well with spirometric
flow and volume measurements; 3) improvement of dyspnoea
following AECOPD is associated with reduction in lung
hyperinflation (increase in VC and IC) and consequent increase
in expiratory flow rates; and 4) change in IC reliably reflects
change in EELV, as TLC remained unaltered during recovery
from AECOPD.

Although there is no universally accepted definition of
AECOPD, most current definitions allude to worsening
symptoms as diagnostic criteria in patients with established

COPD [16]. In practice, physiological impairment is rarely
quantified during AECOPD and the diagnosis is generally
made on history alone. In keeping with previous studies [3–5],
dyspnoea was the dominant presenting symptom and was
present in all patients. Cough and increased sputum produc-
tion or sputum purulence were also commonly reported.
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FIGURE 1. Changes in spirometric and lung volume measurements from day

0 to the final visit in all completed patients (n520). FEV1: forced expiratory volume in

one second; FVC: forced vital capacity; PEFR: peak expiratory flow rate; FEF25–75%:

forced mid-expiratory flow; IC: inspiratory capacity; SVC: slow vital capacity; FRC:

functional residual capacity; RV: residual volume; TLC: total lung capacity. *:

p,0.05 difference from day 0.
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FIGURE 2. Changes in a) Chronic Respiratory Disease Questionnaire (CRQ)

dyspnoea, b) lung volumes and c) spirometric measurements are shown during

recovery from acute exacerbations of chronic obstructive pulmonary disease

(AECOPD) in the subgroup that reached symptom-recovery during the study period

(n512, except day 7 data only available in n57).$: slow vital capacity; &: inspiratory

capacity; h: functional residual capacity; #: residual volume; m: peak expiratory flow

rate; %: forced vital capacity; n: forced expiratory volume in one second; e: forced

mid-expiratory flow. *: p,0.05 significant difference from day 0; **: p,0.01.
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This study differs from most previous physiological studies in
AECOPD in that patients were studied with less severe
exacerbations who did not have acute respiratory failure at
presentation. The study patients are, therefore, more repre-
sentative of the majority of patients presenting to healthcare
professionals for treatment of AECOPD. Of the study popula-
tion, 65% were treated by family physicians in their offices and
referred to the laboratory for physiological testing as soon as
possible after diagnosis. The remaining seven patients were
briefly admitted to hospital, but did not require any type of
MV. An additional nine patients referred with the suspected
diagnosis of AECOPD were excluded because they did not
meet the spirometric criteria for COPD and their acute
symptomatic deterioration could be explained by alternative
diagnoses such as pneumonia.

The dyspnoea component of the CRQ was used to measure
dyspnoea and its recovery as it complies with the principles of
psychometrics and allows a comparison of dyspnoea at a
standardised stimulus, i.e. during common activities of daily
living that are important to the individual. The CRQ is also
easily administered over long time spans, which is desirable
because dyspnoea as a result of AECOPD can persist for weeks
[4, 5]. This instrument has previously been validated for use
during AECOPD [28]. An average CRQ score of 2.4 at
presentation indicated that patients were ‘‘very’’ short of
breath during their common activities of daily living. The
perception of severe dyspnoea in these patients was corrob-
orated by a self-rated magnitude of task questionnaire (MRC),
as well as a second multidimensional questionnaire (BDI).
Finally, a few patients were so dyspnoeic that they were not
able to complete various physiological tests on their first visit.

Surprisingly little information is available on the pulmonary
function abnormalities associated with AECOPD, modest but
inconsistent reductions in PEFR, FEV1 and FVC have pre-
viously been reported [4, 28, 29]. Tests at study entry indicated
that the COPD patients had moderate-to-severe airway
obstruction (average FEV1; 41% pred) and lung hyperinflation
(an elevated TLC, FRC and RV) during their exacerbation.
Mild hypoxaemia, an increased ventilatory equivalent for CO2,
as well as an increased estimated physiological dead space
suggest the presence of associated gas exchange abnormalities.
However, detailed analyses of arterial blood gases were not
performed to confirm this possibility, since the majority of
patients had an adequate resting Sa,O2 while breathing room
air. Nevertheless, on average, resting ventilation, breathing
pattern, V9O2 and V9CO2 were all within the normal range.

To further characterise the physiological abnormalities during
AECOPD, pulmonary function, metabolic and breathing
pattern parameters at study entry were compared with that
of the final visit, an average of 60 days later (fig. 1). At
presentation FEV1 and FVC were both reduced by 18 and 16%
of the value at the final day; IC and SVC were significantly
lower by 18 and 17%, respectively; and FRC and RV were 5
and 11% higher, respectively. It is noteworthy that the FEV1/
FVC ratio did not change from day 0 to 60, suggesting that the
improvement in FEV1 mainly reflects the increasing VC. In
other words, volume recruitment as a result of reduced air-
trapping contributed to the increase in expiratory flow rates.
Since TLC was unchanged during exacerbation and recovery,

it follows that the change in IC can be used to reliably track the
change in EELV. Differences in V9O2, V9CO2, ventilation and
breathing pattern (including timing components) between first
and final visits were small and inconsistent. Therefore,
increased ventilatory demand and decreased expiratory time
cannot easily be implicated as contributing to worsening lung
hyperinflation during AECOPD in these flow-limited patients.
By exclusion, the main cause of this acute-on-chronic hyper-
inflation is probably worsening of expiratory flow limitation.
The large reduction in specific airway conductance, despite the
higher absolute EELV at presentation, suggests the presence of
significant dynamic airway dysfunction with compromised
lung emptying for an unchanged expiratory time.

The exact time course of recovery of the various physiological
parameters was not determined in the present study but, based
on previous studies, is likely to be quite variable. SEEMUNGAL

et al. [4] found that the median time to recovery of PEFR after
an AECOPD was 6 days, but 25% of patients experiencing an
exacerbation had not fully recovered to baseline PEFR by 35
days, and 14% of patients had not reached symptomatic
baseline by 35 days. In the present study, improvements in
dyspnoea and air trapping/hyperinflation were most marked
by day 14 after exacerbation. Following day 14, further
improvements in these parameters were much more modest.
This suggests that, for the group as a whole, the bulk of
recovery in symptoms and pulmonary hyperinflation was
made within 14 days after the acute exacerbation. However, it
should be stressed that improvements were not uniform in this
cohort and, despite optimal management according to current
published guidelines [2], eight out of 20 patients did not reach
full symptom recovery after 60 days. Of these, three patients
experienced a worsening of their symptoms consistent with a
re-exacerbation, while five participants persevered in the
study, but did not recover symptomatically by the end of the
study period. Twelve of the study patients reported that they
had fully recovered from their acute illness and that their
perceived dyspnoea level had returned to its usual baseline by
day 60 (fig. 2). The average CRQ rating of 4.5 at this
subgroup’s final visit represents a large clinically important
improvement [30, 31], but indicates that they still experienced
moderate activity-related dyspnoea. This CRQ rating is similar
to that which has previously been reported in other studies in
clinically stable COPD populations with similar FEV1 [28, 31].

As noted, treatment of exacerbations during this study was not
standardised, but rather was prescribed in accordance with
recently published clinical practice guidelines. As such, all
patients in the study received either a new or an increased dose
of inhaled bronchodilator, 90% received antibiotics and 60%
received a new or increased dose of systemic corticosteroids.
However, the specific drugs, dosages and durations of therapy
were variable. The time interval between bronchodilator
dosing and subsequent testing for each patient was stand-
ardised, as determined on day 0. For the purposes of the
current study, however, the current authors were interested in
the physiological changes that accompanied recovery from an
exacerbation of COPD, rather than the specific treatment
modality used per se, but cannot exclude the possibility that
some of the changes observed over time may have been
influenced by the underlying treatments being utilised.
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The results support the contention that mechanical factors
importantly shape the expression of dyspnoea during moder-
ate AECOPD where abnormalities in gas exchange and
ventilation (reflecting central respiratory drive) were small
and less likely to contribute. A possible causal relationship
between acute lung hyperinflation and dyspnoea intensity in
COPD has been bolstered by a number of recent studies. Acute
reductions in IC in asthmatics during bronchoconstriction [32,
33] and in COPD patients during exercise [34, 35] have been
shown to correlate well with dyspnoea intensity ratings.
During AECOPD, patients experienced similar levels of
dynamic hyperinflation as during the increased ventilation of
exercise, except that in the former situation such volume
increases are sustained for days rather than minutes. A
decrease in EELV (by ,0.3 L or 18%) during recovery from
AECOPD in these mechanically compromised patients means
reduced elastic loading and increased force generating
capacity of the inspiratory muscles. Such improvements, in
addition to reduced resistive loading, would be expected to
reduce dyspnoea. An interesting observation to emerge from
the current study is that improvement in indices of hyper-
inflation (such as increased IC) occur in conjunction with
symptomatic improvement during recovery from AECOPD,
and that improvements in expiratory flows (such as FEV1)
appear to be secondary to the volume recruitment that
accompanies this reduction in lung hyperinflation. Although
the small sample size limits any definitive conclusions, these
results support previous suggestions that reduction in lung
hyperinflation may be a useful marker of symptomatic
improvement following AECOPD [12, 36, 37]. From previous
studies on the acute effects of bronchodilators the current
authors have learned that small improvements in resting IC of
the magnitude observed in this study (i.e. 0.2–0.4 L) positively
impact activity-related dyspnoea in COPD [38–40]. The present
authors postulate that a similar rationale could be used to
explain, at least in part, the improvements in the CRQ
dyspnoea score that were observed over time in the present
study.

Summary
This study extends previous studies of AECOPD by addition-
ally measuring indices of lung hyperinflation. Moderate
AECOPDs, characterised by severe dyspnoea (that was
refractory to bronchodilator therapy) were associated with
worsening acute-on-chronic lung hyperinflation, primarily as a
result of increased expiratory flow limitation. Although
dyspnoea in this setting is multifactorial, the current finding
of a consistent association between recovery of dyspnoea and
reduced lung hyperinflation (reflecting improved airway
function) suggests that this was an important contributing
factor. Other dyspnoea-provoking factors, such as worsening
gas exchange abnormalities with attendant increases in
ventilatory demand, appear to be less important, at least
during these less severe exacerbations.

In conclusion, the study showed that simple spirometric
inspiratory capacity measurements can be used to reliably
evaluate the extent of lung hyperinflation during acute
exacerbations of chronic obstructive pulmonary disease and
its recovery with time. Finally, inspiratory capacity measure-
ments provide clinically relevant information concerning the

nature of pathophysiological impairment during acute exacer-
bations of chronic obstructive pulmonary disease and, thus,
potentially complement traditional expiratory flow measure-
ments in the assessment of severity.
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