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BACKGROUND: Assessment of the degree of air-flow obstruction is important for determining the
treatment strategy in COPD patients. However, in some elderly COPD patients, measuring FVC is
impossible because of cognitive dysfunction or severe dyspnea. In such patients a simple test of
airways obstruction requiring only a short run of tidal breathing would be useful. We studied
whether the spontaneous expiratory flow-volume (SEFV) curve pattern reflects the degree of air-
flow obstruction in elderly COPD patients. METHODS: In 34 elderly subjects (mean � SD age
80 � 7 y) with stable COPD (percent-of-predicted FEV1 39.0 � 18.5%), and 12 age-matched healthy
subjects, we measured FVC and recorded flow-volume curves during quiet breathing. We studied
the SEFV curve patterns (concavity/convexity), spirometry results, breathing patterns, and demo-
graphics. The SEFV curve concavity/convexity prediction accuracy was examined by calculating
the receiver operating characteristic curves, cutoff values, area under the curve, sensitivity, and
specificity. RESULTS: Fourteen subjects with COPD had a concave SEFV curve. All the healthy
subjects had convex SEFV curves. The COPD subjects who had concave SEFV curves often had
very severe airway obstruction. The percent-of-predicted FEV1% (32.4%) was the most powerful
SEFV curve concavity predictor (area under the curve 0.92, 95% CI 0.83–1.00), and had the highest
sensitivity (0.93) and specificity (0.88). CONCLUSIONS: Concavity of the SEFV curve obtained
during tidal breathing may be a useful test for determining the presence of very severe obstruction
in elderly patients unable to perform a satisfactory FVC maneuver. Key words: COPD; flow-volume
curve; air-flow obstruction; respiratory function test. [Respir Care 2013;58(10):1643–1648. © 2013
Daedalus Enterprises]

Introduction

Measurement of FVC is a clinically useful test that is
required to diagnose air-flow obstruction and determine
the severity of obstruction.1 However, FVC often cannot

be measured in elderly patients with problems such as
cognitive dysfunction or severe dyspnea, because FVC
depends on the patient’s respiratory effort. Recently, as a
technique to identify pathology, the oscillation method has
been used for the measurement of resting breathing, even
in these patients.2 However, the oscillation method is dif-
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ficult to use in the clinical setting because the required
equipment is large and expensive. On the other hand, as-
sessment of the spontaneous expiratory flow-volume
(SEFV) curve has been reported as a method to evaluate
the severity of airway obstruction, which has the advan-
tage that it is easily measured via spirometry during quiet
breathing.3-10 Shortening of the time to reach the peak
expiratory flow3 and the slope of the late SEFV curve,4

which can be obtained from the SEFV curve, has been
reported to be related to airway obstruction. Moreover, a
method to assess the pattern of the SEFV curve has been
reported, and concavity of the SEFV curve has been found
to be related to expiratory flow limitation.9,10 The SEFV curve
could be used clinically if there is an association between
SEFV curve shape and the severity of airway obstruction,
because the SEFV curve shape can be easily evaluated. We
studied whether the SEFV curve shape reflects the degree of
airway obstruction in elderly COPD patients.

Methods

This study was approved by the ethics committee of
Hyogo College of Medicine, Hyogo, Japan, and all sub-
jects gave written, informed consent in advance.

Subjects

A total of 34, clinically stable, elderly COPD patients
(Table 1) who were receiving pulmonary rehabilitation at
the Sasayama Medical Center, Hyogo College of Medi-
cine, and who could perform spirometry according to the

American Thoracic Society/European Respiratory Society
task force guidelines, participated.1 The COPD subjects
were clinically stable for � 4 weeks. The exclusion crite-
ria were: suspected asthma; other conditions that could
contribute to dyspnea or exercise limitation, such as heart
failure or metabolic disorders; and neuromuscular comor-
bidity that could limit the measurements. Twelve age-
matched healthy subjects were also studied.

Procedures

All the measurements were done with the subject seated.
A hot-wire spirometer (AE300-s, Minato Medical Science,
Osaka, Japan) connected to a mouthpiece was used to
measure FVC and to record flow and volume during 1 min
of quiet breathing. All the subjects performed the inspira-
tory capacity maneuver at the start and at the end of quiet
breathing, to correct for possible “drift” caused by me-
chanical error.11 Mastery of the inspiratory capacity ma-
neuver was ensured by having the subject practice it be-
forehand; however, some subjects often could not start
inspiratory capacity measurement from functional residual
capacity. We also measured “actual inspiratory capacity”
volume at the start and at the end of quiet breathing.12

To control measurement quality, all the subjects obtained
“actual inspiratory capacity” volume variation of � 10%.
The FVC measurements were done according to the
American Thoracic Society/European Respiratory Society
task force guidelines.1

The lung volume and flow data were examined using an
analyzing system (PowerLab, ADInstruments, Dunedin,
New Zealand). The last 5 breaths were analyzed breath-by-
breath, and for each subject we calculated the mean inspira-
tory time (TI), expiratory time (TE), total breathing cycle time

QUICK LOOK

Current knowledge

Assessment of air-flow obstruction is important for de-
termining the treatment strategy in patients with COPD.
However, in some patients the FVC maneuver is im-
possible because of cognitive dysfunction or severe dys-
pnea, and it would be useful to have a simple test for
obstruction that does not require patient cooperation.

What this paper contributes to our knowledge

Concavity of the spontaneous expiratory flow-volume
curve during tidal breathing may help identify very se-
vere obstruction in patients who can not perform the
FVC maneuver. Further studies are required to deter-
mine the appropriate population for use of this technique.

Table 1. Subject Characteristics and Resting Pulmonary Function
(n � 34)

Value Range

Male/female, no. 27/7
Age, y 80 � 7 65–92
Weight, kg 47 � 9 30–71
Height, cm 158 � 7 143–172
Body mass index, kg/m2 19 � 3 14–28
FEV1, L 0.85 � 0.46 0.26–2.10
FEV1 % predicted 39.0 � 18.5 18.2–79.7
FEV/FVC, % 44.2 � 14.1 22.0–68.7
FVC, L 1.78 � 0.71 0.70–3.53
FVC % predicted 62.7 � 19.9 27.2–106.3
Required home oxygen, no. 21
GOLD stage, no.

2 9
3 11
4 14

� values are mean � SD.
Global Initiative for Chronic Obstructive Lung Disease

RELATIONSHIP BETWEEN SPONTANEOUS EXPIRATORY FLOW-VOLUME CURVE PATTERN AND AIR-FLOW OBSTRUCTION

1644 RESPIRATORY CARE • OCTOBER 2013 VOL 58 NO 10



(Ttot), duty cycle (TI/Ttot), tidal volume (VT), mean inspira-
tory flow (VT/TI), and mean expiratory flow (VT/TE).

We studied the SEFV curves from the last 5 breaths.
Assessment of the SEFV curves was according to the meth-
ods of Ma et al.10 More specifically, 2 critical anchoring
points are determined first: the maximum spontaneous ex-
piratory flow; and the point at which the expiratory flow
takes a sharp decline, signaling the beginning of inspira-
tion, which was defined as the point associated with the
greatest difference between the slopes of the SEFV curve
during the last 0.25 s. We calculated the area of the rect-
angle with the 2 points as vertices, the area delimited by
the SEFV curve in the rectangle, and the ratio of the de-
limited area to the rectangle area (rectangular area ratio)
(Fig. 1). The rectangular area ratio was calculated for each
breath, and a mean value for each subject was obtained
(Fig. 2). A mean rectangular area ratio � 0.5 signifies
concavity, whereas a value � 0.5 signifies convexity.

The reproducibility of the rectangular area ratio mea-
surements was evaluated by re-testing in 10 subjects (2 with
GOLD stage 2, 3 with GOLD stage 3, and 5 with GOLD
stage 4), after the first measurements, on the same day. Close
correlations were found between the first and second rectan-
gular area ratios. Linear regression analyses of the first and
second measurements provided the following equation:

First measurement � 1.112 second measurement � 0.043

for which r � 0.96 and P � .001.

Statistical Analysis

The results are shown as mean � SD. FEV1 and FVC
are expressed as percent-of-predicted values for age, sex,
and height, established by the Japanese Respiratory Soci-
ety.13 The Mann-Whitney U test was used to compare the
rectangular area ratios between the healthy subjects and
the COPD subjects. Group comparisons of demographic
characteristics, lung function, breathing pattern, and rect-
angular area ratio were performed using one-way analysis
of variance (ANOVA) and Bonferroni post hoc compari-
son. The cutoff value to predict SEFV curve pattern (con-
vexity/concavity) was determined for each variable that
showed a significant difference in ANOVA (the spiromet-
ric values included only predicted values) with the re-
ceiver operating characteristic curve. We calculated sen-
sitivity, specificity, positive predictive value, negative
predictive value, likelihood ratio of a positive test, likeli-
hood ratio of a negative test, diagnostic accuracy, and area
under the receiver operating characteristic curve. All tests
were performed at a significance level of P � .05. Anal-
yses were performed with statistics software (SPSS 18,
SPSS, Chicago, Illinois).

Results

The mean rectangular area ratio for the COPD subjects
was 0.507 � 0.090; 14 SEFV curves showed concavity,
and the others showed convexity. In the healthy subjects
the mean rectangular area ratio was 0.664 � 0.069. None
of the SEFV curves from the healthy subjects showed
concavity. As a result, the rectangular area ratio was
smaller in the COPD subjects than in the healthy subjects
(P � .001).

Table 2 shows the demographic characteristics, lung
function, breathing patterns, and rectangular area ratios
according to SEFV shape. There were significant differ-
ences in FEV1, FEV1%, FEV/FVC, FVC, FVC%, TI,
TI/Ttot, and VT/TI via ANOVA. Eleven subjects in the
concavity group had very severe air-flow obstruction, and
the remaining 3 subjects with concavity had severe ob-
struction (FEV1% 30–50%, GOLD stage 3). On the other
hand, age, height, body mass, body mass index, and other
breathing pattern indices were not significantly different.

Quality indicators of the 6 indices that showed signifi-
cant differences via ANOVA used to predict the SEFV
curve pattern are shown in Table 3. Cutoff values (calcu-
lated from the receiver operating characteristic curves)
for FEV1%, FVC%, TI/Ttot, FEV/FVC, TI, and VT/TI

were 32.4%, 60.8%, 0.39, 46.7%, 1.06 s, and 0.52 L/s,
respectively. FEV1% showed the best diagnostic accuracy
(0.92), followed by FVC% (0.89), TI/Ttot (0.81), FEV/
FVC (0.80), TI (0.77), and VT/TI (0.61) (Table 4). The
predictive performance of a clinically useful value (FEV1%

Fig. 1. Method to calculate the rectangular area ratio. Left: The
maximum spontaneous expiratory flow and the beginning of in-
spiration are first identified. Right: The area of the rectangle (with
V̇max and V̇ee as vertices) is calculated. The area delimited by the
spontaneous expiratory flow-volume (SEFV) curve in the rectangle
is calculated, and then the SEFV curve area to rectangle area ratio
is calculated.
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30%, GOLD stage 4, very severe air-flow obstruction) was
also evaluated. The sensitivity, specificity, positive pre-
dictive value, negative predictive value, likelihood ratio of

a positive test, likelihood ratio of a negative test, and di-
agnostic accuracy were 0.78, 0.91, 0.79, 0.91, 8.38, 0.24,
and 0.87, respectively.

Fig. 2. Changes in lung volume, flow, and rectangular area ratio. The upper panel shows the volume-time and flow-time curves from 5 quiet
spontaneous tidal breaths (A through E) and then from the inspiratory capacity maneuver. The lower panel shows the corresponding
flow-volume curves and rectangular area ratios (RARs).

Table 2. Demographics, Lung Function, Breathing Pattern, and Rectangular Area Ratio

Healthy
(n � 12)

Convexity
(n � 20)

Concavity
(n � 14)

P

Female, no. 4 3 4 NA
Age, y 77 � 5 80 � 7 79 � 8 .38
Weight, kg 55 � 12 48 � 10 46 � 6 .058
Height, cm 161 � 9 158 � 7 158 � 8 .63
BMI, kg/m2 21 � 4 19 � 4 18 � 3 .12
FEV1, L 2.06 � 0.43 1.06 � 0.49* 0.55 � 0.16*† � .001
FEV1 % predicted 90.4 � 11.7 48.2 � 18.9* 25.8 � 5.6*† � .001
FEV/FVC, % 76.1 � 5.2 47.8 � 13.3* 39.1 � 14.1* � .001
FVC, L 2.76 � 0.60 2.07 � 0.73 1.36 � 0.42*† � .001
FVC % predicted 95.3 � 11.7 71.8 � 17.5* 49.8 � 15.8*† � .001
TI, s 1.56 � 0.33 1.26 � 0.49 1.00 � 0.44* .01
TE, s 1.96 � 0.54 2.03 � 1.04 1.83 � 0.74 .80
Ttot, s 3.43 � 0.90 3.31 � 1.37 2.84 � 1.16 .40
TI/Ttot 0.45 � 0.03 0.39 � 0.08 0.35 � 0.03* .001
VT, L 0.58 � 0.19 0.65 � 0.16 0.52 � 0.18 .13
VT/TI, L/s 0.38 � 0.11 0.56 � 0.20* 0.55 � 0.19 .01
VT/TE, L/s 0.31 � 0.11 0.36 � 0.12 0.30 � 0.09 .28
Rectangular area ratio 0.664 � 0.069 0.570 � 0.045* 0.456 � 0.08*† � .001

Values are mean � SD.
* � P � .01 vs healthy
† � P � .01 vs convexity
NA � not applicable
BMI � body mass index
TI � inspiratory time
TE � expiratory time
Ttot � total breathing cycle time
TI/Ttot � duty cycle
VT � tidal volume
VT/TI � mean inspiratory flow
VT/TE � mean expiratory flow
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Discussion
Our results show that the SEFV curve pattern changes

in elderly COPD patients. In particular, concavity in the
SEFV curve has been suggested as a useful index to pre-
dict very severe COPD in elderly patients. Several studies
have shown SEFV curve characteristics in COPD pa-
tients4-10 from the study by Morris and Lane.3 They re-
ported that the characteristic SEFV curve in COPD reached
maximal expiratory flow early in the expiratory phase, and
the time was correlated with the degree of air-flow ob-
struction and airway resistance.3 Moreover, the slope of
the latter in the SEFV curve was correlated with air-flow
obstruction and airway resistance.4 Baydur and Milic-
Emili9 studied visual assessment of the SEFV curve pat-
tern in patients with obstructive and restrictive disorders,
and reported a relationship between the SEFV curve pat-
tern and expiratory flow limitation. Ma et al10 studied
SEFV curve patterns during exercise and found that COPD
patients had a trend to concavity, compared to normal
subjects.

In the present study it was clear that the rectangular area
ratio decreased more in the COPD subjects than in the normal

subjects. Many COPD patients with more severe air-flow
obstruction tend to show expiratory flow limitation,14 which
causes dynamic hyperinflation, intrinsic PEEP, and dyspnea.15

Patients with concave SEFV curves tend to have expiratory
flow limitation.9 Many of our COPD subjects had very severe
air-flow obstruction (14 subjects with GOLD stage 4), and
they had more concave SEFV curves. Moreover, our rectan-
gular area ratio results show significant differences between
the healthy subjects and the COPD subjects in the convexity
group, probably due to expiratory flow limitation in subjects
with moderate or severe COPD.

Baydur and Milic-Emili9 also reported that COPD patients
with expiratory flow limitation often show SEFV curve con-
vexity, so there must have been some expiratory flow limi-
tation patients in the convexity group who tended to have
decreased rectangular area ratio, more than patients without
expiratory flow limitation. Indeed, expiratory flow in the con-
vexity group tended to decrease linearly, despite the fact that
many of the healthy subjects had a sinusoidal pattern (Fig. 3).
However, we could not examine expiratory flow limitation,
because of the problem with measuring sensitivity.15 Expira-
tory flow limitation could have been examined by the method
described by Hyatt,16 but it has a low accuracy to detect
expiratory flow limitation.15

Our results show decreased TI and TI/Ttot and increased
VT/TI in the subjects who had concavity, compared with
the healthy subjects. Morris et al3,4 found that flow decel-
eration immediately preceding inspiration affected the
SEFV curve pattern. The premature start of inspiration
also supports other studies17,18 that have found an increased
time constant of the lung with increasing severity of ob-
struction. To increase ventilation in such COPD patients,
expiration needs to be prolonged, since increased respira-
tory muscle activity is ineffective because of expiratory
flow limitation. Shortening inspiration is one strategy for
prolonging expiration and improving ventilation.17,18 Our
subjects with concavity showed these results.

Table 3. Quality Indicators of the Indexes Used to Predict Air-Flow Obstruction

Cutoff Sensitivity Specificity
Positive

Predictive
Value

Negative
Predictive

Value

Likelihood
Ratio of
Positive

Test

Likelihood
Ratio of
Negative

Test

Diagnostic
Accuracy

FEV1% 32.4 0.93 0.88 0.76 0.97 7.43 0.08 0.89
FVC% 60.8 0.79 0.88 0.73 0.90 6.29 0.24 0.85
TI 1.06 0.79 0.75 0.58 0.89 3.14 0.29 0.76
TI/Ttot 0.39 0.86 0.78 0.63 0.93 3.92 0.18 0.80
FEV/FVC 46.7 0.79 0.69 0.52 0.88 2.51 0.31 0.72
VT/TI 0.52 0.64 0.63 0.43 0.80 1.71 0.57 0.63

TI � inspiratory time
Ttot � total breathing cycle time
VT/TI � mean inspiratory flow

Table 4. Area Under the Receiver Operating Characteristic Curve

AUC 95% CI

FEV1% 0.92 0.83–1.00
FVC% 0.89 0.80–0.99
TI/Ttot 0.81 0.68–0.94
FEV/FVC 0.80 0.67–0.93
TI 0.77 0.61–0.93
VT/TI 0.61 0.43–0.80

AUC � area under curve
TI � inspiratory time
Ttot � total breathing cycle time
VT/TI � mean inspiratory flow
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FEV1% was the most powerful SEFV curve concavity
predictor (area under the curve 0.92, 95% CI 0.83–1.00),
and FEV1% had the highest sensitivity and specificity. The
cutoff value was very low (FEV1% 32.4%), so FEV1%
seems to be useful for detecting very severe air-flow ob-
struction. Moreover, an FEV1% cutoff value of 30% was
also useful, with high sensitivity and specificity.

Morris et al3,4 and Colasanti et al19 noted that the reason
for SEFV curve concavity was dynamic airway compres-
sion or gas compression by high pleural pressure during
expiration. These changes appear to affect the forced ex-
piratory volume (FEV) curve pattern, but not the SEFV
curve pattern in patients with moderate or severe COPD,
but they affect the SEFV curve pattern (not only FEV) in
patients with very severe COPD.

On the other hand, we found no significant relationship
between age and SEFV curve pattern. This is important
because the FEV curve pattern in elderly patients normally
shows some signs of scalloping because of the loss of lung
elasticity that occurs with aging.20 Since we did not in-
clude younger subjects, these effects could not be exam-
ined sufficiently, but the SEFV curve pattern did not ap-
pear to change with aging in our elderly COPD subjects.

The present study had certain limitations. First, the sam-
ple size was too small to fully examine the relevant factors
responsible for SEFV curve pattern. Second, the subjects
were not consecutive patients. Third, there was variation
in the distribution of severity among the subjects. Finally,
there were no subjects with mild airway obstruction (GOLD
stage 1, FEV1% � 80%).

Conclusions

The SEFV curve pattern was concave in subjects with
very severe airway obstruction. Therefore, elderly patients
who cannot perform the FVC maneuver can be evaluated
by assessment of the SEFV curve.
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Fig. 3. Representative spontaneous flow-volume curves and rectangular area ratios (RARs).
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