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BACKGROUND: Inspiratory capacity (IC) is often overlooked as an important measured index
of spirometry in patients with cystic fibrosis (CF). Abnormally low IC may indicate the onset
of static/dynamic hyperinflation, which may be accompanied by dyspnea and an increase in the
work of breathing. This cross-sectional study sought to determine whether measuring IC during
spirometry, may add clinical value to FEV1 measurements in CF subjects. METHODS: Anthropometric, clinical, spirometry, and static lung volume data were gathered retrospectively
from 98 of 165 subjects with CF (mean ⴞ SD age 26.8 ⴞ 11.0 y) registered in The Edmond and
Lily Safra Children’s Hospital, Sheba Medical Centre, Israel. We compared the IC (% predicted) to FEV1, static lung volumes, and hospitalization days/year. RESULTS: IC decreased
alongside FEV1 decline but at a slower pace (r2 ⴝ 0.32). Incremental trapped air, as measured
by residual volume (RV), and a rapid elevation in the ratio of RV to total lung capacity
occurred when IC deteriorated below 60% predicted values. The unique combination of
IC < 50% predicted and FEV1 > 40% predicted induced an increase of up to 125 hospitalization days/year compared to subjects having IC > 50% predicted (up to 73 d/y, P < .001).
CONCLUSIONS: Measuring IC in CF subjects may reveal silent worsening of lung function as
indicated by a decline in IC < 50% predicted while FEV1 is still > 40% predicted. This
condition may lead to inefficient breathing at high lung volumes, which may explain a subjective sensation of breathlessness and lead to an increase in hospitalization days/year. Key words:
spirometry; cystic fibrosis; lung function; lung volumes; FEV 1 ; trapped air. [Respir Care
2018;63(8):981–987. © 2018 Daedalus Enterprises]

Introduction
Cystic fibrosis (CF) is a life-shortening genetic disease
that causes a thick build-up of mucus in patients’ air-
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ways. The mucus may partially or fully occlude the
airways and can trap pathologic bacteria, leading to
recurrent infections and inflammation, as well as the
progression of damage to the airways due to lung disease.1,2 Lung function in CF is heterogeneous in severity, and the decline rate varies between patients.3
A milestone of lung disease progression follow-up in
people with CF is the FVC maneuver, which should
always performed according to global guidelines.4 In an
FVC maneuver, the degree of airway obstruction is assessed either by FEV1, which for a long time was considered the most relevant predictor of mortality in CF,
or occasionally by the forced expiratory flow during the
middle half of the FVC maneuver (FEF25-75%).5 Conversely, grading lung function severity by a single measure in such a variable and complex disorder, raises the
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possible necessity of a multidimensional approach to
lung function measurements in patients with CF. Indeed,
other methods may assess pulmonary function deterioration in CF, including the ratio of residual volume to
total lung capacity (RV/TLC) or FEF25-75%/FVC,6 which
may be more sensitive than the FEV1 value.
While expiratory flows and volume are always measured and followed up, the inspiratory capacity (IC) is
often overlooked. A reduction in IC may be noted by
the presence of hyperinflation and trapped air. This
phenomenon was previously found in subjects with
COPD.7-10 Abnormally low IC and higher breathing frequency in patients with CF may indicate the onset of
static/dynamic hyperinflation, leading to an increase in
the work of breathing. This condition may also lead to
worsening hypoxemia with varying degrees of hypercarbia and acidosis.11 It has been suggested that a decrease in IC may be accompanied by dyspnea due to
breathing at high lung volumes (within anatomical dead
space). IC may also be important in the presence of
dynamic hyperinflation during exercise,12 in the evaluation of response to bronchodilators,13 and in the estimation of the operating volume that determines cough
efficiency.14
FEV1 depends on the expiratory load on the airways,
whereas IC depends on the inspiratory load, which includes the total resistive load, hyperinflation (position
of the IC within the total lung), work of breathing, and
muscular function. Thus, similar % of predicted values for
FEV1 may not reflect the inspiratory load. The present study
aimed to explore IC values in relation to the severity of FEV1
decline and to determine if IC may add value to the follow-up
of lung function in subjects with CF.
Subjects
Patients with CF routinely visit the national Cystic
Fibrosis Centre in The Edmond and Lily Safra Children’s Hospital, at Sheba Medical Centre, Israel, affiliated with the Sackler Medical School at Tel-Aviv University. Data from 2004 –2017 were collected from
subjects with CF who were diagnosed according to consensuses and had similar gene mutation severity. Subjects varied with regard to the stage of lung-disease
severity. Patients were excluded if pulmonary function
tests did not meet European Community of Steel and
Coal guidelines, or if lung function was measured during an exacerbation. Pulmonary function tests were performed using the Jaeger MasterScreen PFT system body
plethysmography (CareFusion, San Diego, California),
in the upright sitting position. The ethics committee of
the Cystic Fibrosis Centre approved this retrospective,
cross-sectional study (no. 1773-14-SMC).
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Current knowledge
The significance of measuring inspiratory capacity (IC)
during forced spirometry in cystic fibrosis is vague. A
reduction in IC may be noted in the presence of hyperinflation and trapped air, frequently accompanied by
dyspnea due to breathing at high lung volumes.
What this paper contributes to our knowledge
Our study shows that a rapid increase in hospitalization
days/year in CF subjects, with FEV1 above 40% predicted
value, may be related to a combination of IC below 50%
predicted value, and an increased residual volume. A simple forced spirometry and measurement of IC may therefore reveal sub-clinical worsening of lung function, allowing the opportunity for earlier intervention.

Spirometry
All spirometry measurements were performed according to American Thoracic Society/European Respiratory
Society recommendations.15 Subjects were instructed to
breathe normally, take the deepest breath possible, and
blow as forcefully and as long as possible. Spirometry
was performed routinely at each visit, and each subject
visited our center every 1–3 months. We chose the best curve
of the year according to annual best results of FEV1 ⫹ FVC
and IC data. Mean follow-up per person was 1 y. We compared the FVC, FEV1, and FEF25-75% values to the Global
Lung Function Initiative reference values,16 using the
GAMLSS package via their site,17 to derive the best-fitting
lung function index as a function of age and height in males
and females.
Plethysmography
Body plethysmography data were collected from tests
performed on the same day as spirometry was performed.
Static lung volume was measured shortly after spirometry
(ie, subjects were given a short resting period). Tests were
carried out as recommended by the American Thoracic
Society/European Respiratory Society.18,19 At least 3 functional residual capacity (FRC) measurements within a range
of 5% were carried out to obtain reliable mean values.
Lung-volume analysis included FRC, TLC, IC, and RV.
The RV/TLC ratio was calculated. For comparison, we
used the healthy reference values from the European Community of Steel and Coal mounted on the pulmonary plethysmograph, which included reference values for IC.20
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We considered subjects’ hospitalization days only in
relation to pulmonary exacerbations, where the clinical
days were counted just for intravenous treatment. FEV1
and IC were collected during the visits to our laboratory
between exacerbations throughout the year. Other reasons
for hospitalization were not included.
Statistical Analysis
At the outset of data collection, there were 165 patients with CF registered in our clinic. We included
98 subjects who performed both plethysmography and
full spirometry maneuvers. The analysis included data
from 98/165 CF subjects in our clinic which reaches CI of
6.2. The power was 80%. We believe that the sample size
was sufficient.
Results are presented as mean ⫾ SD when normally
distributed, or as median and 95% CI if the distribution
was not normal (Mann-Whitney test). We used paired t tests
to compare the differences between measurements of the
same patient, or unpaired t test for differences between
groups. Correlations between IC and FEV1 or other lung
volumes or days of hospitalizations were sought using
Pearson or Spearman correlation analysis. We used GraphPad InStat for the statistical analysis. P ⬍ .05 was considered significant.
Results
Data were available from 50 males and 48 females
(mean ⫾ SD age 26.8 ⫾ 11.0 y, mean ⫾ SD body mass
index 19.7 ⫾ 3.1 kg/m2 with no significant difference
between genders); 56 subjects (64%) suffered from severe mutations (class I and class II having at least 1 severe mutation). The mean ⫾ SD of the spirometry indices and the static lung volumes are presented in Table
1. Mean ⫾ SD predicted values of FVC, FEV1, and
FEF25-75% were moderately to severely reduced, but the
SD was large. The mean ⫾ SD measured peak flow
value was 5.8 ⫾ 2.1 L/s, where lower than the 2.2 L/s
needed for effective cough in 83 of the 98 (85%) tested
subjects.
Inspiratory Capacity
We found no significant differences between IC measured by the FVC maneuver and that measured by the slow
vital capacity maneuver measured within the plethysmograph (IC ⫽ 1.69 ⫾ 0.63 L/s vs 1.70 ⫾ 0.64 L, P ⫽ .92
respectively). The mean ⫾ SD measured IC value was
reduced compared to normal (65 ⫾ 20%, P ⬍ .001 compared to healthy).
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Table 1.

CF

Predicted Values of the FVC Maneuver and the Static
Lung Volume

Lung Function Parameter

% of Predicted Value
66 ⫾ 20
54 ⫾ 22
80 ⫾ 17
37 ⫾ 28
54 ⫾ 32
104 ⫾ 17
65 ⫾ 20
203 ⫾ 72
137 ⫾ 33

FVC
FEV1
FEV1/FVC
FEF25–75%
FEF25–75%/FVC
TLC
IC
RV
FRC

RV/TLC
IC/TLC

% TLC

% of Predicted

53 ⫾ 14
31 ⫾ 9

197 ⫾ 54
64 ⫾ 18

All values are shown as mean ⫾ SD.
FEF ⫽ forced expiratory flow during the middle half of the FVC maneuver
TLC ⫽ total lung capacity
IC ⫽ inspiratory capacity
RV ⫽ residual volume
FRC ⫽ functional residual capacity
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Fig. 1. Relationship between FEV1 and inspiratory capacity presented
as % predicted values. GLI ⫽ Global Lung Function Initative.

The relationship between FEV1 % predicted and IC
% predicted is presented in Figure 1. Despite the significant correlation between FEV1 % predicted decline and IC
% predicted decline, low IC % predicted levels may be
found in subjects with mild FEV1 % predicted obstruction
(r2 ⫽ 0.32, P ⫽ .01).
Other Static Lung Volumes
A total of 77 subjects (79%) had TLC values within the
normal range. Among them, 43 subjects (57%) showed
trapped air, as indicated by increased RV ⬎ 200% predicted values, when FEV1 was ⱕ 80% predicted values.
Of the 15 subjects who displayed hyperinflation by higher
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Fig. 3. Relationships of IC/TLC and FRC/TLC to FEV1 % of predicted values. IC ⫽ inspiratory capacity; FRC ⫽ functional residual
capacity; TLC ⫽ total lung capacity.
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Fig. 2. Correlation between FEV1 and total lung capacity (A) and
FEV1 and residual volume (B) presented as % predicted values.

than normal TLC, 11 (73%) had FRC ⬎ 200% of predicted values. FRC values 140% of predicted values
were found when FEV1 was 60% predicted. A restrictive pattern was found in 6 subjects, indicated by TLC
ⱕ 80% predicted values. RV increased in relation to the
decrease in FEV1.
While TLC % predicted values did not correlate with
FEV1 % predicted values and remained within the normal
range throughout the tested time period (Fig. 2A), there
was significant correlation between the increase in RV
values and FEV1 deterioration (Fig. 2B).
The relationships of IC/TLC and FRC/TLC to FEV1
% predicted values are presented in Figure 3. A marked
reduction in IC/TLC was observed when FEV1 values reached
ⱕ 60% of predicted values. According to these correlations
IC/TLC and FEV/TLC are equal when FEV1 FEV1 is 67% of
predicted values.
The relationship between IC and FEV1 (presented as
% of predicted values) according to subgroups a– d is presented in Figure 4. The subgroups included patients who
had undergone lung transplantation; subjects listed for lung
transplant are presented in red; subjects with FEV1 between 30 –50 % predicted value combined with IC ⬍50%
predicted (in green); other subjects had FEV1 ⬎ 50% predicted values. Five of these subjects had low IC. The
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large circle stresses those patients with low IC at the variable FEV1 values.
The yearly days of hospitalization in relation to % predicted values for IC are presented in Figure 5 according to
the groups described in Figure 4. Subjects with IC ⬍ 50% predicted value had increased days of hospitalization despite
having FEV1 values ⬎ 40% predicted value (median 56 d of
hospitalization, range 7–125 d) compared to the subjects with
IC ⬎ 50% predicted value (median 14 d, range 0 –73 d,
P ⬍ .001).
Discussion
In this study we investigated whether measuring IC during the forced spirometry maneuver may add meaningful
information concerning the severity and progression of
lung disease in addition to the measurements of FEV1 in
subjects with CF. Our study revealed that IC decreased
with FEV1 decline, but at a slower pace. Consequently,
subjects who manifested the combination of FEV1 ⬎
40% predicted value and IC ⬍ 40% predicted value were
occasionally listed for lung transplantation. However,
subjects with a unique combination of IC ⬍ 50% predicted value and FEV1 ⬎ 40% predicted value had increased hospitalization days/year compared to subjects
with IC ⬎ 50% predicted value. Further, we found that
the % predicted values of IC was in correlation with the
elevation in residual volume.
Once IC values were ⬍ 60% predicted value, there was
a rapid increase in FRC/TLC with a deterioration in
IC/TLC, suggesting incrementally trapped air.
Imaging and pathology studies demonstrated that CF
lung disease first develops in small peripheral airways, and
those early changes can be restricted to local areas followed by more diffuse and severe involvement with concomitant closure of the airways while trapping the air.21-23
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Fig. 4. Relation between IC and FEV1 presented as % of predicted.
Subgroups include subjects who underwent lung transplantation,
subjects who were listed for lung transplantation, subjects with
FEV1 30 –50% predicted combined with IC ⬍50% predicted, other
was defined as subjects (n ⫽ 64) with FEV1 ⬎ 50% predicted. Five
of these subjects had low IC. The circled area shows subjects with
low IC across different FEV1 values.
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Fig. 5. Yearly time spent hospitalized in relation to inspiratory capacity (IC) % predicted. The circled area shows subjects with IC ⬍50%
predicted and FEV1 ⬎ 30% predicted. FEV1 of 30% predicted serves
as a hallmark for lung transplantation listing. Other was defined as
subjects (n ⫽ 64) with FEV1 ⬎ 50% predicted.

Consequently, small airways and parenchyma are the
first to be involved and initially influence small airways
(FEF25-75%) value. IC reduction appears when trapped air
is present. The appearance of different IC values at similar
% predicted values of FEV1 may originate from enlarged
and compliant central airways that may be present in subjects with CF as pulmonary disease progresses24 and artificially increases IC volume. Thus there might be an increase in airway dead space while the parenchyma is
diffusely destroyed.
With pulmonary disease progression, static lung-volume relationships may be affected. We found that the
reduction in IC levels best correlated with the increase
in RV and less with FRC values. When RV (or FRC)
elevation occurs, it leads to ventilation at higher lung
volumes, which may improve flow through larger-diameter airways. Breathing at high FRC levels suggests
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a modification of the pressure/volume relationship. Yet,
the pressure/volume curve is generally described as a
sigmoid relationship in which the upper inflection point
of the curve tends to flatten.25 Therefore, breathing at a
high lung volume may cause a loss of aerated lung
volume and dyspnea.26
RV, TLC, and FRC can only be measured by body
plethysmography, or gas-dilution methods. Yet our study
suggests that IC measured by spirometry may be meaningful, despite the fact that spirometry does not include
these measurements. We found that IC deteriorates from
normal values when FEV1 is ⬃60% of predicted value.
This is not the first study that strongly suggests that an
FEV1 of 60% predicted value may be a turning point in the
life of patients with CF.27 A previous study showed that
flow limitation at rest also occurs when FEV1 is ⬃60% of
predicted value. One of the consequences of having flow
limitation at rest may be dynamic hyperinflation,28 which
occurs when breathing requires a greater than normal inspiratory effort to offset threshold and elastic loads.29 Our
findings of a decrease in % predicted values of IC may
therefore imply a slow process of dynamic hyperinflation
indicated once FEV1 reaches 60% predicted value. Interestingly, we found that the deterioration in IC corresponds
with an increasing number of yearly hospitalization days.
This finding may also be connected with flow limitation at
rest.27
Our study also showed a correlation between IC and
RV. Then again, inspecting abnormally low IC in patients
with CF may indicate the onset of static/dynamic hyperinflation. Static/dynamic hyperinflation increases the work
of breathing because patients have to breathe at higher
FRC, as found in our study. This condition may lead to
worsening hypoxemia with varying degrees of hypercarbia
and acidosis.10
Four of our subjects who had very low IC values in
combination with FEV1 ⬎ 30% predicted value and frequent hospitalizations were assigned to lung transplantation. Taking into consideration that, for many years, FEV1
30% predicted value was a hallmark for lung transplant
consideration,5 our finding suggests that % predicted value
of IC may add clinical value to FEV1 in the decision
making regarding lung transplantation.
We found that the increase in the number of hospitalization days due to pulmonary exacerbations was related
to IC ⬍ 50% predicted value. Commonly, an increase in
breathing frequency and a decrease in saturation level may
put the subjects in exacerbation state needing hospitalization. Our findings imply that the IC parameter should be
added to the whole complex of factors considered in decisions concerning hospitalization or referral to lung transplant.30,31
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Finally, we have formerly suggested that low % predicted values of IC may indicate inefficient cough. The IC,
which is also known as the operating volume, is known to
reduce efficient secondary spike numbers during cough
and may be helpful in the assessment of cough efficiency
or assistance to a cough to remove mucus.12
Study Limitation
While this was a single-center study, the number of
subjects included here is relatively large. Lung volume
data obtained by plethysmograph in this study were not
performed every year. Yet the distributions of lung volume
results prior to and after having FEV1 60% of predicted
values has allowed the calculation of mean values with
reasonable confidence of solid results. We could not measure the pressure/volume curve.
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Conclusions
15.

Measuring IC from the forced spirometry maneuver may
add meaningful information concerning the severity and
progression of lung disease in addition to FEV1 in subjects
with CF. The combination of FEV1 ⬍ 40% predicted value
while IC ⬍ 40% predicted value may call for referral for
lung transplantation, while the combination of having
IC ⬍ 50% predicted value and FEV1 ⬎ 40% correlated
with an elevation in residual volume. These combinations
suggest that subjects are breathing inefficiently at highlung volumes, which may explain dyspnea levels and the
increase in hospitalization days/year, which are unexplained
by FEV1 values alone. A prospective longitudinal follow-up
in lung volumes may strengthen our findings.
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