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Importance of slow vital capacity in the
detection of airway obstruction®

Importancia da capacidade vital lenta na deteccdo de
obstrucéo das vias aéreas

Ana Raquel Goncalves de Barros, Margarida Batista Pires,
Nuno Miguel Ferreira Raposo

Abstract

Objective: To investigate the presence of airway obstruction by determining the FEV /FVC and FEV,/slow vital
capacity (SVC) ratios. Methods: This was a quantitative, retrospective cross-sectional study. The sample comprised
1,084 individuals who underwent spirometry and plethysmography in a central hospital in Lisbon, Portugal. The
study sample was stratified into six groups, by pulmonary function. Results: The analysis of the FEV,/FVC ratio
revealed the presence of airway obstruction in 476 individuals (43.9%), compared with 566 individuals (52.2%)
for the analysis of the FEV,/SVC ratio. In the airway obstruction, airway obstruction plus lung hyperinflation,
and mixed pattern groups, the difference between SVC and FVC (SVC - FVC) was statistically superior to that
in the normal pulmonary function, reduced FEF, and restrictive lung disease groups. The SVC - FVC parameter
showed a significant negative correlation with FEV| (in % of the predicted value) only in the airway obstruction
plus lung hyperinflation group. Conclusions: The FEV,/SVC ratio detected the presence of airway obstruction
in more individuals than did the FEV,/FVC ratio; that is, the FEV /SVC ratio is more reliable than is the FEV,/
FVC ratio in the detection of obstructive pulmonary disease.

Keywords: Airway Obstruction; Spirometry; Plethysmography.

Resumo

Objetivo: Investigar a ocorréncia de obstrugdo das vias aéreas por meio da relagdo VEF /CVF e da relacdo VEF,/
capacidade vital lenta (CVL). Métodos: Estudo do tipo quantitativo, retrospectivo e transversal. A amostra
foi constituida por 1.084 individuos que realizaram espirometria e pletismografia num hospital central da
regido de Lisboa, Portugal. A amostra foi estratificada em seis grupos funcionais respiratorios. Resultados:
A andlise da relacio VEF1/CVF revelou a presenca de obstrucdo das vias aéreas em 476 individuos (43,9%),
enquanto a relagdo VEF,/CVL detectou a presenca dessa em 566 individuos (52,2%). A diferenca entre a CVL
e a CVF (CVL - CVF) nos grupos relativos & obstrucdo bronquica, a obstrugio bronquica com hiperinsuflagio
pulmonar e a alteracdo ventilatoria mista foi estatisticamente superior aquela encontrada nos grupos sem
alteracfio ventilatdria, com diminuicdo dos FEFs e com restricdo pulmonar. O parametro CVL — CVF apresentou
correlagdo negativa significativa com VEF, em 0% do previsto apenas no grupo com obstrugdo bronquica com
hiperinsuflagdo pulmonar. Conclusdes: A relagdo VEF /CVL detectou a presenca de obstrugdo das vias aéreas
em um numero maior de individuos que a relacdo VEF /CVF, ou seja, a relagdo VEF /CVL ¢ mais confiavel na
deteccdo de alteracOes ventilatdrias obstrutivas.
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Introduction

In 2005, vital capacity (VC) was described
by the American Thoracic Society/European
Respiratory Society (ATS/ERS)™ as the volume
of air mobilized between a maximal inspiratory
maneuver and a maximal expiratory maneuver.
An FVC maneuver or a slow vital capacity (SVC)
maneuver can be used in order to determine VC.

When an FVC maneuver is performed, there is
higher dynamic compression and airway collapse,
reducing the ability to mobilize the volume of
air during exhalation and therefore causing air
trapping. Consequently, FVC values can be lower
than SVC values; because SVC is measured through
an unforced maneuver, there is less intrathoracic
pressure, and, consequently, a larger volume of
air can be mobilized.?

The factors influencing airway caliber can affect
VC, principally FVC. In addition to those, other key
factors should be analyzed. The determinants of
TLC and RV also affect VC. Chest wall retraction,
lung retraction, and the pressure resulting from
respiratory muscle strength determine TLC and RV.®%

In healthy individuals, the difference between
SVC and FVC (SVC - FV() is practically zero;
however, in the presence of airway obstruction, these
differences can become apparent and are mostly
related to the presence of lung hyperinflation.”

According to the ATS/ERS," the ratio between
FEV, and maximal vital capacity, as measured by
spirometry, can be used in order to determine the
presence of airway obstruction. When pulmonary
function tests are performed, analysis of the
FEV [FVC ratio is sometimes used in order to
determine the presence of airway obstruction
because additional respiratory maneuvers are
required in order to assess TLC. This is why this
parameter is often not measured and is therefore
given less weight.

The primary objective of the present study was
to investigate the presence of airway obstruction
by determining the FEV /FVC and FEV /SVC
ratios. A secondary objective was to determine
whether the SVC — FVC parameter correlated with
lung disease severity, as determined by percent
predicted FEV, (FEV %).

Methods

This was a quantitative, retrospective cross-
sectional study. A non-probabilistic convenience
sampling procedure was used.
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Data collection was performed with the
use of a database belonging to the institution
where the study was conducted. The database
contained information on the anthropometric
and pulmonary function characteristics of the
individuals in the study sample.

The study sample consisted of 1,084 individuals
who underwent spirometry and plethysmography
on the same day (between January of 2005
and December of 2011) in a central hospital in
Lisbon, Portugal.

We included individuals who were 18
years of age or older and who had undergone
spirometry and plethysmography for the first time
in the facility where the study was conducted.
We excluded individuals who had undergone
bronchodilator therapy on the day of the test
and those in whom pulmonary function testing
did not include determination of TLC or meet
the quality criteria.

The database used in the present study
contained data regarding 1,321 patients; however,
237 patients were excluded from the analysis,
the final study sample therefore consisting of
1,084 patients. Of the 237 individuals who were
excluded, 41 had received bronchodilator therapy
on the day of the test, 103 had not undergone
determination of TLC, and 93 had undergone
pulmonary function tests that did not meet the
quality criteria.

For the present study, we considered only the
pulmonary function tests that were performed
in the first visit to the laboratory; that is,
subsequent follow-up visits were not studied,
in order to avoid repetition of results in the
same individual.

In addition to spirometry, all of the individuals
underwent plethysmography, because TLC is
typically measured by plethysmography in the
laboratory where the study was conducted.
Furthermore, the lung volume data were essential
for the characterization of the patients.

In the present study, spirometry and
plethysmography were performed in accordance
with the ATS/ERS guidelines, having met the
quality criteria thereof.>%

The pulmonary function test results were
interpreted in accordance with the criteria proposed
by the ATS/ERS.™ The reference equations used in
the present study have been described elsewhere.”

On the basis of the results of the pulmonary
function tests, the study sample was divided
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into six groups. The normal pulmonary function
group comprised 176 individuals; the reduced
FEF group (i.e., the group of individuals with
decreased FEFs at different levels of VC) comprised
225 individuals; the airway obstruction group
comprised 316 individuals; the airway obstruction
plus lung hyperinflation group comprised 215
individuals; the restrictive lung disease group
comprised 117 individuals; and the mixed pattern
group (i.e., the group of individuals with mixed
obstructive and restrictive lung disease) comprised
35 individuals.

In the present study, we used a Vmax Series
Autobox 6200 plethysmograph (Sensormedics,
Yorba Linda, CA, USA).

For the statistical characterization of the
study sample, we calculated descriptive statistics.
For quantitative variables, we used measures
of central tendency (sample mean), dispersion
(standard deviation), and association (Spearman’s
correlation coefficient). For qualitative variables,
we analyzed the distribution of frequencies.

In order to test the normality of data
distribution, we used the Kolmogorov-Smirnov
test. Because the study variables showed a
non-normal distribution, we used nonparametric
statistical methods.

In order to determine whether the SVC -
FVC parameter varied according to the type of
respiratory pattern, we used the Kruskal-Wallis
test. In order to identify the group (or groups)
showing those differences, we used multiple
comparisons of the means for independent samples.

For all statistical tests, the level of significance
was set at 0.05.
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Results

The analysis of the FEV, /FVC ratio revealed the
presence of airway obstruction in 476 individuals
(43.9%), compared with 566 individuals (52.2%)
for the analysis of the FEV, /SVC ratio.

Table 1 shows the anthropometric
characteristics of the individuals in the study
sample, divided into six groups by pulmonary
function. Females predominated in the normal
pulmonary function and reduced FEF groups
(62% and 68%, respectively), whereas, in the
airway obstruction, airway obstruction plus lung
hyperinflation, restrictive lung disease, and mixed
pattern groups, males predominated (54.7%,
66.5%, 58.1% and 68.6% respectively).

Table 2 shows the pulmonary function
parameters (spirometry and plethysmography)
for the six groups of individuals. The differences
between SVC and FVC were greater in the presence
of an obstructive component, i.e., in the airway
obstruction group (140.9 + 9.20 ml), in the
airway obstruction plus lung hyperinflation group
(127.4 + 9.83 mL), and in the mixed pattern
group (134.3 + 21.1 mL).

In order to determine whether the SVC -
FVC parameter varied according to the type of
respiratory pattern, we used the Kruskal-Wallis
test, which revealed the existence of statistical
differences (p < 0.001) in at least one of the
pulmonary function groups (p < 0.001). In order
to identify the groups showing those differences,
we used multiple comparisons of the means for
independent samples. The results are shown in
Table 3.

Table 1 - Anthropometric characteristics of the patients under study.?

Variables Groups
Normal Reduced FEF Airway Airway Restrictive Mixed
pulmonary obstruction obstruction  lung disease obstructive
function with Tung and restrictive
hyperinflation lung disease
(n=176) (n = 225) (n=316) (n=215) (n=117) (n=35)
Gender
Male 67 (38.0) 72 (32.0) 173 (54.7) 143 (66.5) 68 (58.1) 24 (68.6)
Female 109 (62.0) 153 (68.0) 143 (45.3) 72 (33.5) 49 (41.9) 11 (31.4)
Age, years 54.3 £ 14.5 579+ 11.3 61.8 £ 13.1 61.2+£12.3 60.1 £ 12.6 64.1 £12.3
Height, m 1.61 £0.09 1.60 = 0.09 1.63 £ 0.09 1.64 + 0.09 1.62 £ 0.10 1.65 + 0.08
Weight, kg 72.6 £ 15.7 74.8 £ 15.8 75.7 £ 15.4 71.1 £15.8 74.7 £ 15.6 76.2 £ 16.2
BMI, kg/m? 28+ 5 29+ 6 28+ 5 26+ 6 28+ 6 28%5

BMI: body mass index. *Values expressed as n (%) or as mean + SD.

J Bras Pneumol. 2013;39(3):317-322



320 Barros ARG, Pires MB, Raposo NMF

In the airway obstruction, airway obstruction
plus lung hyperinflation, and mixed pattern groups,
the SVC - FVC parameter was statistically superior
to that in the normal pulmonary function, reduced
FEF, and restrictive lung disease groups (p < 0.05;
Table 3). In terms of the SVC - FVC parameter,
there were no significant differences among the

airway obstruction, airway obstruction plus lung
hyperinflation, and mixed pattern groups (p >
0.05 for all) or among the normal pulmonary
function, reduced FEF, and restrictive lung disease
groups (p > 0.05 for all; Table 3).

Table 4 shows Spearman’s correlation
coefficients for the correlations between the

Table 2 - Pulmonary function characteristics of the patients under study.?

Variables Groups
Normal Reduced FEF Airway Airway Restrictive Mixed
pulmonary obstruction  obstruction  lung disease  obstructive
function with Tung and restrictive
hyperinflation lung disease
(n=176) (n = 225) (n=316) (n=215) (n=117) (n = 35)

FEV,, L 2.78 £0.05 2.30 £ 0.04 1.90 = 0.04 1.33 £ 0.04 1.90 £ 0.05 1.17 £0.07
FEV,, % 109.5 £ 1.03 95.9 £ 0.74 74.8 £0.99 51.0 £ 1.17 75.8 £ 1.61 45.8 £ 2.65
FVG L 3.43 £ 0.07 3.07 £ 0.05 3.04 £ 0.06 2.68 = 0.05 2.38 £0.07 1.92 £ 1.16
FVC, % 1M.3+£1.16 1054 £ 0.91 96.4 + 1.06 823 +1.28 76.3 £ 1.45 59.5 £ 3.31
SVG L 3.51 £0.07 3.14 £ 0.06 3.18 £0.05 2.81 £0.06 2.45 + 0.07 2.06 £0.12
SVG, % 110.0+1.18 103.6£0.87 97.4£1.00 82.5+1.30 75.9 + 1.46 61.5+3.20
SVC - FVC,mL 793 £7.61 745+ 14.3 140.9 £9.20 127.4 +9.83 78.0 £ 9.41 134.3 £ 21.1
FEVW/FVC, % 81.5+£0.29 753 +£0.24 62.6 £ 0.48 49.4+0.73 80.2 £ 0.57 61.3 £ 1.30
FEVW/SVC, % 79.7 £0.34 73.8 £0.28 59.4 £ 0.47 47.2+£0.73 77.5+0.63 57.0 £ 1.25
RV, L 1.64 = 0.42 1.83 £ 0.43 2.35+0.59 3.86 £ 0.95 1.39 £ 0.43 1.88 + 0.50
RV, % 87.8 +£18.9 96.6 = 20.7 111.8 £20.0 180.3 £36.3 67.4+17.8 86.3 £ 29.0
TLG L 5.16 £ 1.05 4.97 £ 1.01 553+ 1.19 6.67 £ 1.22 3.84£0.93 3.94 £0.91
TLG, % 98.7 £ 11.5 97.6 £ 11.2 99.8 + 10.7 117.0 £ 14.6 70.0 £ 9.16 68.7 £ 16.3
RV/TLC 32.4+7.76 37.4 £7.47 43.1 +£9.36 57.9 £9.08 36.9 £ 9.71 48.5 £ 9.75
FRC, L 2.51 £ 0.62 2.59 £ 0.63 3.18 £ 0.75 4.64 £ 1.07 2.04 £ 0.54 2.48 £ 0.59
FRC, % 87.7 +16.9 91.6 £ 17.2 104.2 £16.4 148.0 £ 25.0 67.1+12.2 78.5+19.6

SVC: slow vital capacity; and FRC: functional residual capacity. ?Values expressed as mean = SD.

Table 3 - Comparison of the means of the differences between slow vital capacity and FVC among the

pulmonary function groups under study.

Groups Groups
Normal Reduced Airway Airway Restrictive Mixed
pulmonary FEF obstruction  obstruction lung disease  obstructive
function with lung and restrictive
hyperinflation lung disease
p P p p p p
Normal pulmonary N/A 0.103 < 0.001 < 0.001 0.922 0.002
function
Reduced FEF 0.103 N/A < 0.001 < 0.001 0.181 < 0.001
Airway obstruction < 0.001 < 0.001 N/A 0.647 < 0.001 0.336
Airway obstruction with < 0.001 < 0.001 0.647 N/A 0.001 0.245
lung hyperinflation
Restrictive lung disease 0.922 0.181 < 0.001 0.001 N/A 0.002
Mixed obstructive and 0.002 < 0.001 0.336 0.245 0.002 N/A

restrictive lung disease

Kruskal-Wallis test for independent samples for multiple comparisons of the means.
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Table 4 - Spearman’s correlation coefficients for the correlations of the difference between slow vital
capacity and FVC with FEV| (in % of the predicted value).

Groups
Normal Reduced FEF Airway Airway Restrictive lung Mixed
pulmonary obstruction obstruction disease obstructive and
function with lung restrictive lung
hyperinflation disease
r P r p r p r p r p r P
0.027 0.719 -0.719 0.292 -0.049 0.384 -0.156 0.022 -0.025 0.790 0.089 0.615

SVC - FVC parameter and FEV %, the latter
being the parameter characterizing lung disease
severity. The SVC — FVC parameter was found to
correlate significantly with lung disease severity
(p < 0.05) only in the airway obstruction plus
lung hyperinflation group.

Discussion

In the present study, the FEV]/SVC ratio
detected the presence of airway obstruction in
more individuals than did the FEV]/FVC ratio.
The former ratio detected the presence of airway
obstruction in 52.2% of the sample as a whole,
compared with 43.99% for the latter ratio. This
means that there was a discrepancy of 8.4%
between the two ratios.

Studies by Chhabra® and Rasheed et al.”) also
examined the use of the FEV]/FVC ratio or the
FEV,/SVC ratio as a criterion for the presence
of airway obstruction. The study by Chhabra®
showed that the differences among the FEV /
FVC, VEF [expiratory VC, and FEV [inspiratory
VC ratios in healthy individuals and in those with
mild obstruction were not significant; however,
those differences were statistically significant in
individuals with at least moderate obstruction.

The study by Rasheed et al.”) examined two
groups of individuals, grouped by underlying
disease process (asthma or COPD), and showed
a discrepancy between the FEV /SVC and FEV /
FVC ratios in 17% of the sample as a whole; in
the asthma and COPD groups, this discrepancy
was observed in 22% and 13% of the patients,
respectively.

In the present study, we performed a
sub-analysis based on the respiratory pattern.
The analysis showed that the differences between
SVC and FVC (SVC - FVC) were greater in the
presence of airway obstruction, a finding that
is consistent with those of Chan and Irvin,®

who reported that, in the presence of airflow
limitation, the differences between the two
variables are greater.

These results might be due to the fact that
FVC maneuvers are forced maneuvers and can
cause small airway collapse, therefore leading
to an underestimation of this variable.

The greatest discrepancy in volumes between
SVC and FVC occurred in the airway obstruction,
airway obstruction plus lung hyperinflation, and
mixed pattern groups. This might explain why
the FEV [FVC ratios were higher than the FEV. /
SVC ratios in the present study. This is due to
the fact that the denominator of the former
ratio is lower than is that of the latter ratio,
which therefore has greater airway obstruction
detection capability.

In one study,"” SVC - FVC was reported to
be greater in individuals with asthma than in
healthy individuals, being also greater in the
presence of airway obstruction and increasing
with the degree of respiratory disease severity.
These findings are consistent with those in the
study by Kawakami et al.,("" in which SVC values
were higher than FVC values in individuals with
COPD.

In the airway obstruction, airway obstruction
plus lung hyperinflation, and mixed pattern
groups, the SVC — FVC parameter was found
to be statistically superior to that in the normal
pulmonary function, reduced FEF, and restrictive
lung disease groups. This was due to the presence
of an obstructive component in the first three
groups. Therefore, it appears that the presence
of obstruction is responsible for the differences
found in the present study.

According to the ATS/ERS," the degree of
lung disease severity is characterized by FEV %,
which is habitually used in order to determine
disease severity in patients with obstructive
lung disease, restrictive lung disease, or mixed
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obstructive and restrictive lung disease. Therefore,
in order to determine whether the differences
between SVC and FVC were correlated with
the severity of lung disease, we analyzed the
correlation between the SVC - FVC parameter
and FEV %.

The SVC - FVC parameter showed a significant
negative correlation with FEV % only in the airway
obstruction plus lung hyperinflation group. The
results obtained suggest that the severity of lung
disease cannot be explained by the differences
observed, given that only one of the groups
showed significant results.

The present study showed that the differences
between SVC and FVC have statistical significance,
the volumes obtained by unforced maneuvers
being greater than those obtained by forced
maneuvers. The differences between the two
parameters were greater in the presence of an
obstructive component, and our correlation
analysis revealed that the differences increased
as the degree of severity increased in the airway
obstruction plus lung hyperinflation group.

The present study showed that the FEV [SVC
ratio detected the presence of airway obstruction
in more individuals than did the FEVI/FVC ratio,
given that the VC volume obtained by an SVC
maneuver is greater than is that obtained by an
FVC maneuver.

The present study allowed us to conclude that
the use of the FEV]/SVC ratio in the detection of
airway obstruction does not underestimate the
results of VC, therefore increasing the sensitivity
of pulmonary function tests in the diagnosis of
airway obstruction and avoiding interpretation
errors that can prevent the initiation of appropriate
therapeutic measures.
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