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Airflow limitation: is there a correlation
between spirometry and quantitative
computed tomography measurements in
patients with chronic obstructive
pulmonary disease?
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Abstract

Background: The ability of computed tomography (CT) in illustrating the pathology of lung parenchyma in
patients with chronic obstructive pulmonary disease (COPD) was discussed previously in many articles. However,
the correlation between airflow limitation that is evaluated by spirometry and its corresponding airway diameter
that is measured by multislice computed tomography (MSCT) still under investigation. Therefore, the objective of
our study was to answer the questions about possible correlation between forced expiratory volume in first second
(FEV1%), forced vital capacity (FVC%), FEV1/FVC, and peak expiratory flow25–75% (PEF25–75%), both before
bronchodilator and post it with the diameters of airway at 3 different levels either during inspiratory or expiratory
phase of respiration.

Results: The quantitative MSCT results at RB1 (apical bronchus of the right upper lobe), RB10 (the posterior basal
bronchus of the right lower lobe), and LB3 (the anterior bronchus of the left upper lobe) showed weak positive
correlation with FEV1% during inspiratory phase of respiration (r = 0.19, 0.20, and 0.18; P = 0.23, 0.22, and 0.26
respectively), but this correlation became more stronger and significant during expiratory phase of respiration (r =
0.76, 0.78, and 0.66; P < 0.001).

Conclusions: Expiratory CT parameters were significantly correlated with the predicted peak expiratory flow in 1 s.

Keywords: COPD, Quantitative MSCT, Pulmonary function test

Background
The global definition of COPD describes precisely it as a
general inflammatory disorder which is characterized by
progressive airflow limitation that is not fully reversible.
The limitation of airway results from remodeling of
small airways as well as emphysema of lung parenchyma.
The two previous pathologies could be discriminated
clinically but not by pulmonary function tests despite

the importance of that difference as regarding the treat-
ment plans [1]. The diagnosis of COPD based primarily
on pulmonary function test; hence, spirometry was the
commonest assessment tool in detecting the severity of
airway obstruction because it is simple, non-invasive,
and easily applicable [2]. The continuous changes of air-
way morphology and parenchymal pathology added
more different diagnostic demand, so the CT closes that
gap by adding more important details. Hence, the CT
was used for classification of COPD patients into differ-
ent phenotypes: phenotype A that has minimal emphy-
sema with or without airway disease, phenotype E that
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has emphysema without airway disease, and finally
phenotype M as a mixed form [3, 4]. The ability of CT
in establishing the differences between airway predomin-
ant disease from emphysema predominant type was
highly effective, and thus enforce the researchers to dis-
cuss many possibilities and put different hypotheses to
answer the quotations about the correlations between
size of airway diameters that is measured by MSCT and
the corresponding forced expiratory flow rate in 1 s [5].
Another studies looking for the correlation of MSCT
readings with lung capacity and different lung volumes
[6, 7].
From that point of view, our study was designed to an-

swer the questions about possible correlation between
FEV1%, FVC%, FEV1/FVC, and PEF25–75% both before
bronchodilator and post it with the diameters of airway
at 3 different levels either during inspiratory or expira-
tory phase of respiration.

Methods
Study design and population
It is a prospective cross-sectional study that was con-
ducted in Chest Department, Kasr El-Aini Hospital,
Cairo University and El Mahalla El Kubra Chest Hos-
pital. It included stable COPD patients based on their
past medical history of the disease, and they came for
routine visits in outpatient clinic from January 2016 until
the end of January 2017. The referred subjects asked for
informed written consent after fulfilling the inclusive
and exclusive criteria of the study. The study was ap-
proved by the ethical committee of Faculty of Medicine,
Cairo University.

Inclusive criteria

� All stable COPD patients that lastly confirmed to
have the disease based on spirometry and past
clinical history according to GOLD 2015 (as the
study began January 2016)

� Ability to perform MSCT

Exclusive criteria

� COPD patients associated with other chest diseases
that affect the lung volumes as collapse,
consolidation, effusion, malignancy, and thoracic
cage deformity

� Associated respiratory failure

All patients were subjected to complete spirometry
evaluation pre- and post- bronchodilator application
using the Spirometry system (Masterscreen 2001, version
4.5, Erich Jaeger GMBH, Germany) in triple reading re-
cords, and the highest values (FEV1%, FVC%, FEV1/

FVC, and FEF25–75%) were selected to correlate with
CT’s quantitative data readings.

MSCT examination
All patients underwent MSCT chest at both inspiratory
and expiratory phases in supine position without any
contrast media. All CT scan films examined by the same
team of diagnostic radiologist, and viewed at the same
viewer system: GE Light speed Ultra 8 slice CT Scanners
(GE Healthcare, Milwaukee, Wisconsin, USA). CT pa-
rameters were as follows: tube voltage about 120 kV with
current about 80 mA, scan range from lung apex to the
diaphragm, pitch 0.875, B31f reconstruction kernel, sec-
tion thickness 1–1.25 mm, collimator width 1mm, and a
gantry rotation speed of 0.75 s. Furthermore, the raw
data of CT reconstructed to 1.25 mm section thicknesses
using a standard algorithm. We measured airway in-
ternal diameters in some selected areas: the apical bron-
chus (RB1) of the right upper lobe, the posterior basal
bronchus (RB10) of the right lower lobe, and the anter-
ior bronchus (LB3) of the left upper lobe, which were
perpendicular to the long airway axis. After that, we
traced it manually; hence, the bronchial internal diame-
ters (L) were assessed by standard.
The statistical analysis and sample size were calculated

using Minitab 17.1.0.0 for windows (Minitab Inc., 2013,
Pennsylvania, USA). Continuous date was presented as
mean and SD; the normality of data were examined
using Shapilo–Weilk test. Paired t test used to compare
between two means before and after intervention. Pear-
son correlation coefficient used to estimate the linear re-
lationship between two or more numerical variables; the
sign before the “r” represents the direction of relation-
ship. All tests were two sided; P is considered significant
if < 0.05.

Results
Patient’s characteristics
Forty male patients with stable COPD condition enrolled
to the study, with mean age about 61 years old and
ranged from 40 to 81 years. The spirometry readings,
pre- and post-bronchodilator application, were summa-
rized in Table 1, as well as the inter-luminal diameters
at the selected areas in inspiratory and expiratory phases
of respiration.

Effect of bronchodilator in spirometry reading
After bronchodilator application, the spirometry was re-
peated and showed significant improvement in FEV1%,
FEV1/FVC, and PEF25–75% as demonstrated in (Table
2), with P < 0.001, < 0.001, and 0.04 respectively.
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Inter-luminal size and correlation with spirometry function
Considering the correlation between the predicted peak
expiratory flow in 1st second (FEV1%) and the corre-
sponding inter-luminal size at the chosen levels (RB1,
RB10, and LB3) in inspiratory stage of respiration, the
correlation was positive but not significant enough
(Table 3), P = 0.23, 0.22, and 0.26 respectively. On the
other hand, during expiratory phase, the linear relation-
ship was positive and significant, P < 0.001 for all (Fig.
1).

Discussion
Limitation of airflow is a complex pathology that is
caused by both airway remolding and emphysema [6].

The results of the current work demonstrated the correl-
ation between CT detected airway luminal area at ex-
piratory stage of respiration and the FEV1% which was
significant in a positive way, while the corresponding
correlation at inspiratory phase was not significant.
Hence, the thickness of air wall added more limitation
force during expiration. Moreover, the thickness of air-
way wall as well as the collapsibility power of bronchi
magnified the narrowing in expiratory phase than in in-
spiratory one. Furthermore, with decreasing the size of
airway luminal area as descending from third generation
level to fifth one, the correlation was improved which fi-
nally supports the current concept; the sub-segmental
bronchus affecting the obstruction level of COPD rather
than the segmental bronchus. The present data is sup-
ported by previous studies [8, 9], while Hasegawa et al.
found a contrast concept, hence, he found a close signifi-
cant correlation between FEV1 and luminal diminution
at inspiratory phase of respiration especially at sub-
segmental level of bronchi. The difference might be re-
ferred to many factors: first, individual variations; sec-
ond, airway heterogeneity in COPD patients; and third,
patients assortment. Conventional pulmonary functions
cannot provide a restrict regional information which had
been given by quantitative CT analysis, so the past few
the attention toward therapeutic medications that par-
ticularly deal with airflow restriction in COPD [10, 11].
From that point of value, the different studies focused
on quantitative CT analysis to evaluate the relative ef-
fectiveness of drug on managing airway hyper-reactivity
using inspiratory and expiratory volumetric study with
multislice CT because this technique allows clue of spe-
cific individual airways that relate to airflow restriction
[12]. Finally, in spite of using FEV1 parameter as an es-
sential value that determined airflow obstruction in
COPD studies, its role became imperfect, as, it showed a
little capability in determining regional variations in lung
diseases beside the airway disorders. A lot of airway dis-
orders as smooth muscle hypertrophy, fibrosis, mucous
metaplasia, inflammation, and loss of bronchiolar tether-
ing with alveolar destruction needed more quantitative

Table 1 Patient’s characteristics

Factors Total (n = 40)

Mean SD Minimum Maximum

Age 61.13 8.11 40 81

Pre-bronchodilator (%)

FEV1 57% 8% 44% 79%

FVC 92% 8% 80% 108%

FEV1/FVC 54% 6% 43% 68%

PEF25–75 38% 14% 17% 66%

Post-bronchodilator (%)

FEV1 60% 7% 46% 80%

FVC 92% 10% 70% 109%

FEV1/FVC 56% 6% 45% 70%

PEF25–75 40% 12% 19% 66%

CT inter-lumen diameter (mm)

Insp-RB1 11.49 1.98 8.2 14.2

Insp-RB10 5.89 1.19 4.2 8

Insp-LB3 3.21 0.39 2.3 3.9

Exp-RB1 7.11 1.14 5.9 9.5

Exp-RB10 3.66 0.6 2.9 4.9

EXP-LB3 1.64 0.45 0.9 2.4

Continues data represented as (mean, SD, minimum, and maximum)
SD standard deviation, FEV1% forced expiratory volume in 1 s, FVC% forced
volume capacity, PEF25–75% peak expiratory flow at 25–75% level, RB1 apical
bronchus of the right upper lobe, RB10 the posterior basal bronchus of the
right lower lobe, LB3 the anterior bronchus of the left upper lobe

Table 2 Impact of bronchodilator in spirometry parameters

Factors Pre (n = 40) Post (n = 40) P$

Mean SD Mean SD

FEV1% 57% 8% 60% 7% < 0.001

FVC% 92% 8% 92% 10% 0.71

FEV1/FVC 54% 6% 56% 6% < 0.001

PEF25–75% 38% 14% 40% 12% 0.04

Continues data represented as (mean ± SD)
SD standard deviation, $ paired t test, FEV1 forced expiratory volume in 1 s,
FVC forced volume capacity, PEF25–75 peak expiratory flow at 25–75% level

Table 3 Correlation of FEV1% and intraluminal size during
inspiratory stage

CT inter-
lumen
diameter

FEV1%

r P*

RB1 0.19 0.23

RB10 0.20 0.22

LB 0.18 0.26

*Pearson correlation coefficient, the sign before “r” denotes the direction of
relation, P < 0.05 considered significant
RB1 apical bronchus of the right upper lobe, RB10 the posterior basal
bronchus of the right lower lobe, LB3 the anterior bronchus of the left
upper lobe
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analyses by using MDCT, which help in differentiating
different COPD phenotypes [7]. Our study faced many
limitations; the first one was detection of just three
bronchial levels: B1, B3, and B10. The second tie was
fearing from amounts of radiation exposure during the
examination of pairing inspiratory phase and expiratory
phase. And as mentioned before, the pathogenicity of
COPD made that the level of obstruction could be at dif-
ferent lobe of bronchi rather than what we selected in
our study, beside that the severity of the disease and its
distribution might be affect the results.

Conclusions
At the end, we can conclude that the correlation be-
tween CT detected airway luminal area at expiratory
stage of respiration and the FEV1% was significantly
positive, while at inspiratory phase was not; moreover,
with decreasing the size of airway luminal area as de-
scending from third generation level to fifth one, the
correlation was improved. The data gave a promising
idea about the quantitative CT reading during follow-up
of patients with COPD, and subsequently open the door
for further researches that discussing its role on different
parenchymatous and airway diseases.
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