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Abstract

Objective : We compared pulmonary ventilation dynamics between 41 patients with pulmonary emphysema and
11 healthy subjects with normal pulmonary function using ultrafast computed tomography (CT).
Methodology : Regions of interest (ROIs) for multislice scanning were selected from the anatomical levels of
the carina in the right upper lung field. Several identical slices were selected from the inspiratory and expiratory
scans. The average CT values in the ROIs (AvROI) were obtained during the inspiratory phase (inAvROI) and
the expiratory phase (exAvROI. The ratio of change from inAvROI to exAvROI (I—E)/E ratio) was also
used for image analysis. Furthermore, possible correlations between the CT image parameters and pulmonary
function test parameters were examined.

Results : The results showed that the exAvROI and inAvROI values and (I—E)/E ratio were lower in the
emphysema group than in the normal pulmonary function group. Among the image data parameters, the
exAVROI value correlated most closely with pulmonary function parameters, in particular, with the pulmonary
diffusing capacity.

Conclusions : These findings suggest that image data parameters of ventilation dynamics may be useful for

evaluating the severity of pulmonary emphysema.

Introduction

Qualitative and quantitative computed tomography
(CT) image analysis of obstructive pulmonary disease, in
particular pulmonary emphysema, has been performed
in recent studies. Correlations between parameters
obtained by such analysis and parameters of pulmonary
function test have often been described using high-
resolution computed tomography (HRCT. HRCT,
however, requires patients to hold their breath for several
tens of seconds. However, breath-holding for even such
short periods may be difficult for patients with severe
obstructive pulmonary disease, thus HRCT may not

always be useful for an accurate assessment of severity in
these patients.

In contrast, resting ultrafast CT does not necessitate
breath-holding during scanning. This modality might
therefore allow physicians to perform a dynamic pulmo-
nary image analysis. In the current study, we examined
the correlation between ultrafast CT image parameters
and parameters of pulmonary function tests, to deter-
mine whether or not this type of CT is useful for patients
with obstructive pulmonary disease.

Subjects and Methods

A total of 52 subjects were included in this study.
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Forty-one male patients with a history of smoking and
given a diagnosis pulmonary emphysema, were assigned
to the emphysema group, and 11 subjects with normal
plain chest X-ray findings, whose percent forced expir-
atory volume in the first second (FEV,,%) was more
than 70%, were assigned to the normal pulmonary func-
tion group. The normal pulmonary function group
was volunteer group. There was no significant
difference in mean age between the emphysema group
and the normal pulmonary function group (Table 1).
Informed consent was obtained from each patient before
entry into the study.

Pulmonary function tests were carried out using a
Fudac 70 (Fukuda Co. Ltd., Tokyo, Japan). The
parameters examined in this study were vital capacity

Table 1  Subject characteristics and pulmonary
function tests
NORMAL EMPHYSEMA
(n=11) (n=41)
Age (yr) 68+8 707
B.I** 1,0284+324 1,326+422
%VC (%) 107+16 91+23
FEV,% (%) 78+5 50+13*
FEV,%pred (%) 108415 61+£22*
Vso (I/sec) 3.08+1.16 0.76+0.46*
RV/TLC (%) 38+10 53+11*
DLco/VA (%) 102+16 57+£33*

Values are expressed as mean =+ SD

*p<0.0001

**B.I.=Brinkmann index for cigarette smoking
(cigarettes per dayXyears smoking)
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(%VC), FEV,% of the predicted FEV, (FEV,% predict-
ed), the ratio of the residual volume to the total lung
capacity (RV/TLC), pulmonary carbon monoxide
diffusing capacity (%DLco/VA), and V.

Multislice CT scanning was performed using an
Imatron C-150L (Imatron Inc, South San Francisco,
USA), which generated eight 7-mm-thick slices from the
anatomical level of the carina in the right upper lung
field in 0.1 seconds. The subject was asked to wear a
mouthpiece and to breathe easily (almost functional
residual capacity level) through the device. According
to the manufacturer’s instruction manual, CT scanning
was performed at the expiratory and inspiratory peak
determined on a flow-volume recorder (Fig. 1). Hard-
copy images were photographed using a window setting
appropriate for the lungs (level: -700HU ; width :
1,000 HU).

Image analysis

Regions of interest (ROIs) were selected from the
anatomical levels of carina in the right upper lung field.
Several identical slices were chosen from 8 slices each
obtained during the inspiratory and expiratory phases.
We calculated the CT values in the ROIs with 8 slices
each (Fig.2). The average of § slice’s CT values in the
ROIs (AVROI) were obtained during the inspiratory
phase (inAvROI) and the expiratory phase (exAvROI).
The parameters were read by three expert physicians.
Their readings agreed well and the data were expressed
as means=SD. In this study, we selected the right
upper lung field for scanning, taking into consideration
that pulmonary emphysema is most commonly of the
centrilobular type, and that emphysematous lesions are
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Fig.1 Multislice CT scanning was performed using an Imatron C-150L, which generated eight 7-mm-thick slices from the
anatomic level of the carina in the right upper lung field in 0.1 seconds. The subject was asked to wear a mouthpiece

and to breathe easily (almost functional residual capacity level) through the device.

In order to acquire peak expiratory

and respiratory CT images, the operator performed CT scanning according to the manufacturer’s instruction manual,
watching the subject’s respiration at inspiratory and expiratory phases on a flow-volume recorder
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Fig.2 Regions of interest (ROIs) for multislice scanning were selected from the anatomic levels of the carina in the right upper

lung field.

Several identical slices were taken from 8 slices each from the inspiratory and expiratory phases. We calculated CT
values in the ROIs with 8 slices each. The average CT values in the ROIs (AvROI) were obtained during the inspiratory

phase (inAvROI) and the expiratory phase (exAvROL

found mainly in the upper lobe. In fact, it has been
reported that CT image analysis revealed that the per-
centage of low attenuation area (LAA%) was
significantly higher in the upper lobe than in the lower
lobe»*Y,  Wright et al.® indicated that either lower
lobe or upper lobe scanning may provide information
for global pulmonary assessment.
tomical levels of the carina in the right upper lung field
was chosen, since the limited vertical motion in this
region was expected to allow acquisition of several
identical slices from among 8 slices each obtained during
the inspiratory and expiratory phases with the patient on
a stable table on a single scan.

The image data indicators used in this study were
inAvROI, exAVROI, and I—E/E ratio ((defined as
(inAvROI-exAvROI)/exAvROI X 100)) to

Therefore, the ana-

examine

Results

As shown in Table 2, the inAvROI, exAvROI and
(I—E)/E ratio values were expressed as means®SD.
There were significant differences in all of these image
parameters between the emphysema group and the
normal pulmonary function group. Table 3 shows the
correlation coefficients (r) between the image parameters
and the pulmonary function test parameters in individ-
ual cases. There were weak positive correlations
between the %VC and the image parameters, inAvROI,
exAVROI, and (I—E)/E ratio.

FEV, %predicted, FEV,;% and V., showed positive

Table 2 The score of image parameters

changes in CT values from inspiratory to expiratory N(?lfil\;lﬁl‘ EM};’SL‘SEMA
phase. Correlations among these image data parame-
ters and pulmonary function test parameters were tested ‘?XAVROI — PO —825+42
using Spearman’s coefficient of rank correlation. A inAVROI 4 =Tl —837438
p-value of less than 0.05 was considered to denote a (I-E)/E ratio 398131 1.99:£1.60
statistically significant difference. *p<0.0001
Table 3 Correlation coefficients between pulmonary function tests and score
%VC FEV, FEV.%  V RV/TLC % DLco/VA
% predicted ! 0
exAVROI —0.3511 —0.641* —0.965*  —0.668* 0.676* —0.793*
inAvROI —0.283f —0.574* —0.660*  —0.613* 0.611* —0.770*
(I-E)/E ratio 0.295% 0.603* 0.625* 0.560* —0.562* 0.619*

*p<0.0001, Tp<0.05
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correlations with the inAvROI, exAVROI, and the (I—
E)/E ratio, while RV/TLC showed a negative correla-
tion with inAvROI, exAVROI and the (I—E)/E ratio.
The %DLco/VA showed a strong positive correlation
with both inAvROI and exAvROI, and also with the
(I—E)/E ratio.

The results revealed that inAvROI, exAvROI, and the
(I-E)/E ratio all moderately correlated with the
FEV,% predicted, FEV,% and V.,, which are used as
indicators for the assessment of obstructive pulmonary
disease. The image parameters also moderately cor-
related with RV/TLC, an indicator of overinflation®”.
In addition, the three image parameters showed strong
correlations with the %DLco/VA, which is used for
assessing the extent of alveolar structure destruction.
On the other hand, there was only a weak correlation
between each image parameter and the %VC, consistent
with the results of previous studies.

Among the image parameters, exAVROI showed a
stronger correlation with each of the pulmonary func-
tion test parameters examined in this study, i.e., FEV,%
predicted, FEV,%, V.., RV/TLC and %$DLco/VA. In
particular, there was a strong, positive correlation
between exAvROI and the diffusion capacity parameter,
%DLCo/VA (r=0.793) (Fig. 3).

Discussion

Qualitative and quantitative image data analysis of
chronic obstructive pulmonary disease (COPD) using
CT, has been become increasingly popular over the past
few years. In this study, we employed ultrafast CT to
evaluate local pulmonary ventilation in subjects during
unrestrained breathing. Ultrafast CT on a 50-msec
multislice scanner can provide contiguous, visually sharp
images of the target area, allowing scanning of patients
during unrestrained breathing. This is very advanta-
geous in patients with respiratory disorders and young
children who cannot manage to hold their breath during
scanning. In addition, transmitted cardiac motion
causes no artifacts in the pulmonary area adjacent to the
heart during acquisition of images on ultrafast CT.
Because of these advantages, we performed ultrafast CT
scanning in patients with emphysema during unre-
strained breathing and compared the current findings
with those reported previously from studies conducted
using conventional HRTC scans during breath-holding.

Quantitative image analysis of HRCT has been perfor-
med using parameters such as an average CT value in
ROI®, LAA%**1%1 histogram of CT numbers!z!314),
and the change ratio ((I—E)/E ratio. The average CT
value in a ROI is the average value of lung CT densities
(CT number) in ROI. LAAY%, the percentage of low
attenuation areas having CT numbers that are at the
prescribed level or lower, is used as an indicator of
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pathological emphysematous changes in the lung. A
histogram of CT numbers depicts the distribution fre-
quency of CT numbers in the lung, and the peak CT
number or average CT number in the area that forms the
lowest 5th percentile of the histogram is used as an
indicator of emphysema.

Among these parameters, the average CT values in
ROIs is the most easily obtained and therefore common-
ly applied in CT image analysis. However, the average
CT value in a ROI is affected by the central airway and
larger pulmonary vessels. If such influences were
eliminated, the average CT value in a ROI might
become a very good indicator of pulmonary lesions
involving alveoli and small airways. On the other
hand, the LA A% refers to the percentage of low attenua-
tion areas in which the CT numbers are at a certain
prescribed level or lower, reflecting the degree of destruc-
tion of the lung structure and air-trapping only. There-
fore, the average CT value in a ROI is considered to be
a better indicator of emphysematous changes.

The (I—E)/E ratio was also examined in this study.
Eda et al.'™® investigated a possible relationship between
respiratory functions and the ratio of deep expiratory CT
number to deep inspiratory CT number (E/I ratio.
The E/I ratio used by them is considered to be essen-
tially the same parameter as the (I—E)/E ratio, even
though the scanning procedures differ between the two.
They reported that the E/I ratio strongly correlated with
the FEV,% and RV/TLC, while it showed a weak
correlation with the %DLco/VA. Based on these
results, they concluded that the E/I ratio reliably depict-
ed air trapping, indicative of bronchiolar lesions.
Therefore, the E/I ratio was considered to be a good
indicator of airway lesions.

Taking the above into account, we used the average
CT values in ROIs and the (I—E)/E ratio for the
clinical evaluation of pulmonary ventilation.

In this study, the average CT values in ROIs were
correlated with pulmonary function test parameters in
both expiratory and inspiratory scans, and the exAvROI
showed a stronger correlation with the %VC, FEV,%
predicted, FEV,%, Vy, RV/TLC, and %DLco/VA,
than the inAvROI (Table 3).

Muller et al.”, Knudson et al.'? and Miniati et al.!®
reported that CT number during the expiratory phase
correlated better with all respiratory function test param-
eters than those obtained during the inspiratory phase.
Yamaguchi et al.” indicated that the average CT values
in ROISs obtained during the expiratory phase were more
sensitive to pulmonary abnormalities than those
obtained during the inspiratory phase, whereas the
LAA% obtained during the expiratory phase was less
sensitive to pulmonary damage than that obtained
during the inspiratory phase. Gevenois et al.'” report-
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Fig.3 Relationship of exAvROI to (a) FEV,%predicted (b) FEV,% (c) RV/TLC (d) Vs (e) %Dlco/VA (f) %VC
Among the image parameters, exAvROI showed a stronger correlation with each of the respiratory function test
parameters examined in this study, i.e., FEV,% predicted, FEV,%, Vs, RV/TLC and %DLco/VA.

ed that the results of quantitative analysis of expiratory
LAA% were not more accurate than that of inspiratory
LAA% to determine the severity of pathological pulmo-

nary emphysema.

They concluded that inspiratory

LAAY% was a better parameter to determine the severity
of emphysema, reasoning that expiratory LAA% might

(5)



— 438 —

more reliably represent air than em-
physematous changes in the lung.

In this study, the results showed that the exAvROI
correlated better with lung function test parameters than
inAVROI. This is probably because resting ultrafast
scanning depicts visually sharp
physematous lesions without the influence of air trap-
ping.

In addition, the results of this study showed similar
correlations between the (I—E)/E ratio and each pul-
monary function test parameter, including %$VC, FEV,%
predicted, FEV,% and RV/TLC, as Eda et al.'® de-
scribed previously. However, the (I—E)/E ratio more
closely correlated with the %DLco/VA in this study.
The difference between the results of the two studies may
be explained by assuming that the CT scanning during
resting ventilation and CT scanning during deep breath-
ing created different CT images, depicting em-
physematous changes such as acinar bronchiolar lesions,
and microscopic tissue fibrosis, and changes in blood
flow in conjunction with respiration.

In this study, the most noteworthy finding was that the

image parameters used for resting CT correlated well
with the diffusion capacity. A close correlation
between the diffusion capacity and pathological em-
physematous alterations has already been report-
ed!®19202122) and the correlation between the diffusion
capacity and the degree of emphysema depicted on CT
views has also been described®!:14192022)  The correla-
tion coefficient between DLCO and CT image parame-
ters in those studies ranged from 0.53 to 0.80>%123)
The correlation coefficient in our study was as great as
these reported figures. We presume that the resting
AVROI might capture emphysematous degeneration
complicated by acinar bronchiolar lesions and micro-
scopic tissue fibrosis without the influence of air trap-
ping, which were not acquired by CT scanning during
deep breathing in previous studies.
Based on these findings, it is suggested that resting
ultrafast CT scanning is as at least useful as conventional
CT scans. ExAVROI may be more useful in the assess-
ment of pulmonary emphysema, reflecting respiratory
function. Further studies are required to establish an
objective respiratory function evaluation based on self-
evaluation of dyspnea, pulmonary function test parame-
ters and CT images making use of the advantages of
ultrafast CT.

trapping

images of em-
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