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CHEST

Fully automatic quantitative assessment
of emphysema in computed tomography:
comparison with pulmonary function testing

and normal values

Abstract Characterisation and quan-
tification of emphysema are necessary
for planning of local treatment and
monitoring. Sensitive, easy to mea-
sure, and stable parameters have to be
established and their relation to the
well-known pulmonary function
testing (PFT) has to be investigated. A
retrospective analysis of 221 non-
enhanced thin-section MDCT with a
corresponding PFT was carried out,
with a subgroup analysis in 102
COPD stage III+1V, 44 COPD stage 0,
and 33 investigations into interstitial
lung disease (ILD). The in-house
YACTA software was used for auto-
matic quantification of lung and
emphysema volume [1], emphysema
index, mean lung density (MLD
[HU]) and 15" percentile [HU]. CT-
derived lung volume is significantly
smaller in ILD (3.8) and larger in
COPD (7.2) than in controls (5.9,
»<0.0001). Emphysema volume and
index are significantly higher in
COPD than in controls (3.2 vs. 0.5,
p<0.0001, 45% vs. 8%, p<0.0001).
MLD and 15™ percentile are signif-
icantly smaller in COPD (—877/-985,
p<0.0001) and significantly higher in
ILD (=777, p<0.0006/-914,
2<0.0001) than in controls (—829/-935).
A relevant amount of COPD patients
apparently do not suffer from emphy-
sema, while controls who do not fulfil
PFT criteria for COPD also demon-
strate CT features of emphysema.
Automatic quantification of
thin-section CT delivers convincing

parameters and ranges that are able to
differentiate among emphysema,
control and ILD. An emphysema
index of lower 20%, MLD higher
than —850, and 15™ percentile lower
than —950 might be regarded as
normal (thin-section, nonenhanced,
B40, YACTA). These ranges might
be helpful in the judgement of
individual measures.

Keywords Emphysema - MDCT -
COPD - Lung attenuation -
Quantitative assessment

Abbreviations 6MWT: six-minute-
walk test - COPD: chronic obstructive
pulmonary disease - EI: emphysema
index - EV: emphysema volume -
FEV: forced expiratory volume in

1 s - FVC: forced vital capacity -
ILD: interstitial lung disease -

ITGV: intrathoracic gas volume -

LV: lung volume - MLD: mean lung
density - NSIP: nonspecific interstitial
pneumonia - PFT: pulmonary function
test - RV: residual volume -

TLC: total lung capacity -

UIP: usual interstitial pneumonia
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Introduction

Chronic obstructive pulmonary disease (COPD) is a slowly
progressive disorder characterised by airway obstruction,
which leads to emphysema [1]. The grading of COPD is
based upon global parameters like lung function analysis,
exercising capacity and frequency of exacerbation [2].
However, pulmonary function testing (PFT) and the six-
minute-walk test (6MWT) are dependent on the motivation
and collaboration of the patient. Also, healthy areas can
partially compensate for diseased regions and the regional
distribution of disease is not determined [3].

Nowadays, interventional as well as surgical treatment
and systemic drug treatment have also gone in new
directions in the local and systemic treatment of COPD.
Therefore, a regional analysis is necessary for the planning
and guidance of treatment [2]. For the definition of
endpoints in clinical trials as well as for treatment
monitoring, a quantification of the disease is necessary
[4, 5]. Sensitive, easy to measure, as well as stable and
reproducible parameters have to be established and their
relation to the well-known parameters, e.g. PFT, have to be
investigated. A single efficacy measure (such as FEV,)
may not be the optimal outcome parameter for the
assessment of the treatment effects of the various disease
components of COPD [2]. Visual assessment on CT images
is not sensitive, specific and reproducible enough for
quantification of the disease [6-9]. Also, microscopic
quantification is limited by being ex vivo and investigative;
only a local snapshot of diffuse and heterogeneous disease
is performed [2, 10].

Several studies have been performed to detect and
quantify pulmonary emphysema and airway dimensions in
COPD by using computed tomography (CT) [10-20].
These trials have been performed using single slice systems
or are based on incremental HRCT [10]. The postprocess-
ing and quantification of volumetric thin-section data
acquired within a single breath-hold by the use of
multidetector computed tomography (MDCT) poses chal-
lenges to computer technology, as manual interaction
cannot be required on, for example, 300 slices. However,
comparison of CT-derived values with the PFT standard
and a range of certain diseases has not yet been performed.
This study compares PFT and volumetric thin-section
MDCT parameters derived consecutively in a dedicated
chest department and analyses a subgroup of patients
suffering from COPD to derive reference values for CT-
based measurements. To emphasise the range and meaning
of certain parameters, a comparison is made with a
subgroup of patients suffering from an interstitial lung
disease (ILD) and controls.

Methods and materials
MDCT

Patients that underwent nonenhanced MDCT (4-slice
Siemens Volume Zoom, Forchheim, Germany) between
July 2006 and December 2007 who met the technical
inclusion criteria (automatic patient instruction for an
inspiratory breath-hold, supine, 70 mAs.g, 120 kV, colli-
mation 4x1.25 mm, pitch 2, 1.25-mm slice thickness
[typically DLPw=127 mGy c¢cm, E=1.6 mSv according to
International Commission on Radiological Protection 60],
I-mm increment, B40f algorithm) and had a PFT within
30 days of MDCT (median 1 day, range 0-30) were eligible
for inclusion in the study. The scale of attenuation
coefficients with this CT system ranges from —1,024 to
13,072 Hounsfield units (HU). The system was calibrated
for water (with a standard phantom) periodically and after
major maintenance, and for air daily.

Subjects

From the 3,431 thin-section MDCT investigations per-
formed during the inclusion period, 165 consecutive
patients underwent 221 MDCT that allowed for study
entry according to the technical and patient-related inclu-
sion criteria. Patients were included only once per
3 months, resulting in 38 patients who were included
twice, 6 were included three times and 2 four times.
Indication for MDCT was COPD (48%), malignoma
(28%), interstitial lung disease (15%) and other reasons
(10%). The median age was 64 years (range 20-87), 71%
of patients were smokers, 22% nonsmokers and in 7% the
smoking history was unknown. Of the smokers the median
acquired pack year (PY) history was 45 (range 1-200 PY).
In 5% of smokers the PY history was unknown. As the
analysis was carried out in retrospect, no ethical approval
was required. The analysis was performed using pseudo-
nymised data. Based on the PFT values and according to
the admission diagnosis, subgroups of the 221 investiga-
tions were defined as follows:

Control GOLD stage 0 COPD without ILD, (n=44),
which is the primary comparator

ILD GOLD stage 0 COPD with ILD (n=33)

COPD  stage III+IV COPD (n=102)

«1-ATD and CT results were not noted for this analysis.
Eventually respiratory artefacts (no severe ones seen
visually) were ignored. Patients with PFT indicating
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stage [+II COPD were not analysed in a dedicated
subgroup.

CT analysis

Using the in-house YACTA software, the stack of around
300 DICOM images per patient was analysed fully
automatically in an unattended mode on a standard PC
(1 GB RAM, Windows XP professional, 2 GHz Pentium®
4 processor) in around 9 min per patient, depending on the
amount of emphysema [21]. Since soft tissue (greater than
=750 HU), lung (less than —500 HU), and tracheobronchial
tree were found fully automatically based on threshold values
and an anatomical knowledge-based algorithm, no manual
interaction was carried out. For emphysema detection, a
threshold of —950 HU was used with a noise correction for
voxels with a density of =910 to —949 HU that are surrounded
by at least 4 voxels with a density of =950 HU or less. From
the CT analysis, the volume of the segmented lung (LV), the
volume of the segmented emphysema (EV), their ratio (pixel
index = emphysema index, EI), mean lung density (MLD)
and 15™ percentile (15™) were calculated automatically. The
15™ percentile was derived from a histogram recording the
densities in Hounsfield units (HU) of all lung voxels and is
defined as the threshold value for which 15% and 85% of all
lung voxels have a lower and higher density value,
respectively [22].

Pulmonary function test

All patients underwent PFTs that were performed with a
postbronchodilatator on a body plethysmograph (Mas-
terScreen Body; E. Jaeger; Hoechberg, Germany) accord-
ing to the guidelines of the European Respiratory Society
and the standards of the American Thoracic Society (ATS)
[23-26]. The following inspired and expired lung volumes
measured by spirometry and absolute lung volumes
measured by body plethysmography were chosen for
correlation with CT evaluation: forced vital capacity
(FVC), forced expiratory volume in 1 s (FEV)), ratio of
FEV, to FVC (Tiffeneau index), total lung capacity (TLC),
intrathoracic gas volume (ITGV), and residual volume
(RV). To estimate the relative amount of hyperinflation
from PFT, the ratio of RV/TLC was calculated. The

European Coal and Steal Community (ECSC) predicted
values were selected as our in-house standard [27].

Statistical analysis

All statistical analyses were performed using Excel 2003
(Microsoft, Redmond, WA 98052) and Smith Statistical
Package 2.8 (Pomona College, Claremont, 91711 CA)
using Pearson linear correlation analysis, box plots and ¢
test after verification of normal distribution. A p value than
0.01 was considered to be significant.

Results

Automatic quantification was possible without interaction
in all scheduled data. A high frequency of COPD patients
affects the ranges of the overall analysis, resulting in a low
FEV, of 49%pyedictea and high ITGV, RV and TLC (112—
169%predictea)- This is also reflected in the range of CT-
derived parameters that vary within a wide range, but
demonstrate a relevant amount of emghysema with high a
EI (median 26%) and low MLD/15™ percentile (median
—850/—962 HU).

A moderate to good positive correlation is found
between the static lung volumes ITGV, RV and TLC, and
the CT-derived volumetric parameters lung volume, em-
physema volume, and their ratio—the emphysema index
(r=0.71-0.93, Table 1, Fig. 1). However, the best corre-
lation of each CT parameter is found with its respective
counterpart in PFT (LV vs. TLC and ITGV, r=0.93 and
0.85; EV vs. RV, r=0.83; El vs. RV/TLC, r=0.60; Table 1).
The MLD and 15" percentile correlate moderately with
FEV/FVC. (r=0.75, Table 1).

Subgroup analysis

The range of MDCT quantification for the three analysed
subgroups (control n=44, ILD n=33, COPD n=102) are
shown in Table 2 and Fig. 2.

The lung volume (LV) is significantly higher on COPD
image data than control data (7.1 1 vs. 5.9 I, p=0.000005)
(Table 2, Fig. 2a). On the other hand, lung volume on ILD
image data is significantly smaller (3.8 1 vs. 5.9 1,

Table 1 Pearson correlation (coefficient ») of the results of the CT analysis and lung function test for all 221 investigations

r FVC ] FEV, [Us] FEV,/FVC [1/s] ITGV [I] RV [1] TLC [1] RV/TLC [a.u.]
LV [1] 0.50 -0.09 ~0.71 0.85 0.83 0.93 0.39
EV [1] 0.15 -0.45 ~0.81 0.84 0.85 0.80 0.57
EI [%] 0.08 -0.49 —0.84 0.78 0.79 0.71 0.60
MLD [HU] ~0.33 0.18 0.75 ~0.74 ~0.73 ~0.74 -0.48
15" [HU] -0.29 0.22 0.75 ~0.74 -0.72 -0.72 ~0.49
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Fig. 1 Linear correlation (»=0.93) of lung volume (LV) as derived
from CT analysis [ml] and total lung capacity (TLC) as derived from
PFT for all 221 investigations

p=0.000001). The ranges of the two groups overlap
greatly. On images obtained from COPD patients, a
moderate to good positive correlation is found between
LV and the static lung volumes ITGV, RV and TLC
(r=0.80—0.88, Table 3). For ILD patients, correlation is
even higher regarding ITGV and TLC (r=0.93-0.96),
while the correlation with RV is worse (#=0.68). However,
the correlation of LV with vital capacity is good (»=0.91,
Table 3) and with FEV, it is moderate (r=0.78, Table 3).
For controls, correlation is moderate in FVC and TLC (r=
0.72-0.75, Table 3).

Emphysema volume (EV) of COPD patients is signifi-
cantly higher than that in controls (3.21vs. 0.5 1, p=9.5x 10",
Table 2) with only a minimal overlap. As expected, the
values of EV in ILD and controls are low (0.2 I vs. 0.5 1,
p=0.01, Table 2) and appear fairly similar on the box plot
(Fig. 2b). On images obtained from COPD patients, a
moderate correlation is found between EV and the static
lung volumes ITGV, RV and TLC (=0.71-0.76, Table 3).
For controls, no useful correlations are found (Jr|=0.10-
0.49, Table 3).

As the emphysema index (EI) is the ratio of LV and EV,
its distribution is almost identical to that of EV (ILD 4%,
COPD 45%, control 8%, Table 1). The best correlations for
EI are those that are moderate with FEV/FVC, ITGV, RV
and TLC (]r|=0.71-0.84, Table 1).

The mean lung density (MLD) is significantly higher in
ILD than in the control data (—777 HU vs. =829 HU,
p=9.4x10"7). In contrast, MLD is significantly lower in
COPD investigations (—877 HU vs. —829 HU, p=4.7x10"°).
The range overlap is only moderate (Table 2, Fig. 2d). On
images obtained from COPD patients, a moderate positive
correlation is found between MLD and FEV /FVC (»=0.69,
Table 3), while for ILD patients a moderate negative

correlation was found with FVC, FEV,, FEV/FVC, ITGV
and TLC (»=—70 to —0.83, Table 3). For controls, no useful
correlations are found (|#|=0.07—-0.41, Table 3).

As the 751 percentile of the lung density histogram is a
similar parameter to MLD, its distribution is very similar to
that of the MLD (ILD —914 HU, COPD —985 HU, control
—935 HU, Table 2). However, the overlap between COPD
and controls is less (p=1.4x10"'*), while that between ILD
and controls is wider (p=0.0006) (Fig. 2e). Also, correla-
tion partners of the 15" percentile are similar to those of the
MLD: on images obtained from COPD patients, a very
moderate positive correlation is found with FEV/FVC
(r=0.62, Table 3), while for ILD patients a moderate
negative correlation was found with FVC, FEV,, FEV/FVC,
ITGV and TLC (r=—63 to —0.80, Table 3). For controls, no
useful correlations are found (||=0.14—0.48, Table 3).

Discussion

Trials using basically different techniques, as used here,
have to be compared very carefully with one other, taking
the respective collective and technology into account
(Table 4) [10, 28].

Nakano used an incremental CT technique with a 2-mm
slice thickness and a lower threshold of =960 HU [19]. A
clear advantage of this approach is the low radiation dose,
which is applied by discontinuous imaging. On the other

Table 2 Results of CT volume analysis according to patient
subgroup

Median  25%/75% quartile ~ Range

COoPD?

LV 1] 7.2 6.0/8.1 24-113

EV [1] 32 2.3/4.1 0-6.9

EI [%] 45 34/52 1-70

MLD [HU] 877 —888/—864 -917 to —668
15™ [HU] -985 -993/-974 —1,007 to —865
ILD®

LV [1] 3.8 2.7/5.3 0.9-7.4

EV [1] 0.2 0/0.5 0-2.3

EI [%] 4 2/9 0-31

MLD [HU] 777 —-810/-721 -850 to —540
15t [HU] -914 —932/-887 —978 to —680
Control®

LV [1] 5.9 4.6/6.7 2.7-8.6

EV [1] 0.5 0.2/1.1 0-5.0

EI [%] 8 4/19 0-58

MLD [HU] —829 —849/-815 —893 to —682
15" [HU] -935 -951/-919 —1,002 to —841

3GOLD stage II+IV patients (n=102)
®GOLD stage 0 patients with ILD (n=33)
°GOLD stage 0 patients without ILD (n=44)
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Fig. 2 a Box and whisker plot (minimum, 25% quartile, median,
75% quartile, maximum) of the CT-derived values for the three
subgroups. Lung volume [ml] compared with the control images is
significantly smaller in ILD (p=0.000001) and significantly greater
in COPD investigations (p=0.000005). b Emphysema volume [ml]
compared with the control images is not significantly different from
ILD (pZO.Ol_) and significantly greater in COPD investigations
(p=9.5x10"""). ¢ Emphysema index [%] compared with the control

hand, a pseudovolumetric approach requires manual inter-
action in the semiautomated quantification procedure, i.e.
for manual extraction of the tracheobronchial tree, which is
frequently ignored and therefore rated as emphysema. This
results in an overestimation of emphysema by HRCT
compared with thin-section CT of the whole lung [21, 29].
The inhomogeneous distribution of emphysema is ad-
dressed insufficiently [29]. Furthermore, the incremental

images is moderately significantly different from ILD (p=0.001)
and significantly higher in COPD investigations (p=2.1x10"2"). d
Mean lung density [HU] compared with the control images is
significantly higher in ILD (p=9.4x10"") and signiﬁcantly lower in
COPD investigations (p=4.7x10"°). e The 157 percentile of the
lung density histogram [HU] compared with the control images is
significantly higher in ILD (p=0.0006) and significantly lower in
COPD investigations (p=1.4x10"'%)

approach is less useful in longitudinal trials, as the
reproducibility of measurements is limited by the breathing
level of each slice [6]. While the means detected by Nakano
of EI=32% and FEV=48%ycdictea [19] Were close to our
parameters (EI=45% and FEV;=45%cdicted> Table 2), the
resulting correlation of EI vs. FEV| of »=—0.53 is higher
(r=-0.35, Table 3). Both » values do not indicate a strong
correlation between FEV as a functional parameter and EI
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Fig. 2 (continued)

Table 3 Pearson correlation (coefficient ») of the results of the CT analysis and lung function test according to patient subgroup

d mean lung density

nommal I

r T
950 300

T T T
-850 -800 750

ILD

€ 15th percentile

[

pormal I

.10

-1 000

r FVC [1] FEV, [I/s] FEV,/FVC [1/s] ITGV [1] RV [I] TLC [1] RV/TLC [a.u.]
COPD*
LV [1] 0.56 -0.02 —0.58 0.80 0.82 0.88 0.28
EV (1] 0.38 —0.20 —0.61 0.71 0.74 0.76 0.34
EI [%] 0.19 -0.35 —0.63 0.53 0.55 0.54 0.36
MLD [HU] —0.15 043 0.69 —0.51 —0.54 —0.50 —0.41
15t [HU] —0.17 0.34 0.62 -0.46 —0.47 —0.48 -0.35
ILD®
LV 1] 0.91 0.78 -0.74 0.93 0.68 0.96 —0.18
EV [1] 0.78 0.49 —0.78 0.73 0.42 0.78 —0.28
El [%] 0.75 0.48 —0.77 0.69 0.39 0.73 —0.28
MLD [HU] —0.77 -0.70 0.68 -0.77 —0.61 —0.83 0.10
15t [HU] —0.71 —0.63 0.66 —0.75 —0.55 —0.80 0.16
Control®
LV [1] 0.72 0.48 —0.44 0.40 0.31 0.75 —0.49
EV (1] 0.33 0.10 —0.49 0.43 0.14 0.44 —0.30
EI [%] 0.31 0.11 —0.43 0.45 0.14 0.40 -0.27
MLD [HU] —0.37 —0.23 0.34 -0.31 -0.07 -0.41 0.42
15t [HU] —0.43 -0.29 0.30 -0.43 —0.14 —0.48 0.38

2GOLD stage III+IV patients (n=102)
"GOLD stage 0 patients with ILD (#=33)
°GOLD stage 0 patients without ILD (n=44)
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as a morphological measure. The volumetric approach
of MDCT also offers additional options, for example, by
the intelligent improvement of anatomical segmentation
of the volume data set. Unlike the 2D approach used in
HRCT, MDCT allows for 3D postprocessing with reliable
and accurate quantification. Software tools for fully auto-
matic quantification of the lung parenchyma are available
[21].

The Stolk group used Pulmo-CMS software in a
multicentre trial for calculation of almost the same
parameters as those in our trial [2]. In their approach, a
thick section of 5 mm averages the high resolution of
MDCT. This might be understood to be a way of reducing
radiation exposure, as a setting of 40 mAs was used;
however, a high tube voltage of 140 kV limits this effect
[2]. The multicentricity with five different systems makes
comparison between different centres demanding and a
dedicated CT phantom was therefore implemented [2]. A
density drift detected in this way led to the exclusion of all
patients from one centre and some more from other centres,
reported in the appendix to [2] (available online). Instead of a
spirometric gating, a volume correction was applied to
compensate for a different inspiration depth in the longitudinal
course (appendix to [2], available online). Unfortunately, the
CT measurements for emphysema characterising parameters
such as EI, MLD and the 15" percentile were not reported [2].
A thick-section approach appears to be inadequate for the
imaging of such an inhomogeneous disease as emphysema
[30, 31].

In a trial comparing inspiratory and expiratory images,
Zaporozhan et al. found correlations between PFT and
inspiratory CT quantification that are comparable to the
COPD subgroup analysed here: LV vs. TLC, r=0.9 (cf.
r=0.88 here); EV vs. ITGV, r=0.83 (cf. 0.71 here); EV vs.
RV, r=0.88 (cf. 0.74 here) [30]. A very recent trial that also
compares paired inspiratory and expiratory CT with a
standard radiation dose of 8 mSv provides few direct
measures [32]. Therefore, the comparability with other
trials is very limited (Table 4).

In a recent trial, Lee et al. investigated a collective of
patients suffering from emphysema (mean FEV,/FVC=
59%predicted; €f. median FEV/FVC=71%pcdictea 10 the
present study), using a similar CT and postprocessing
technique, which results in a lower mean MLD of —880 HU
(cf. median MLD= —850 HU here) [33]. On the other hand,
the emphysema index, FEV;, RV and TLC were almost
comparable (EI=21%, cf. 26% here; FEV;=45%cdicteds
cf. 49% here; RV=150%prcdicteds Cf. 169%predictea here;
TLC= 110%predicted> €. 112%predictea here) [33]. Compar-
ison of these results with the COPD subgroup reaches a
different estimation that the subgroup suffered from more
severe emphysema (median FEV,/FVC=34%cdicteds
MLD= —877 HU, EI=45%, FEV,=33%pcdicteds RV=
266%predicteds TLC=128%predictea) [33]. This comparison
points out that emphysema involves various disease
components resulting in a spectrum of different parameters,

each describing a certain part of the disease. Lee et al.
conclude that combined analysis of each component of
COPD is important, not only to assess disease severity, but
also to understand the pathogenesis of COPD [33]. Even
with a similar MLD in both trials (=880 HU vs. =877 HU in
the COPD subgroup, Table 2), a relevant different EI (26%
vs. 45%, Table 2) is calculated, which cannot be the result
of the slightly different techniques (e.g. algorithm B30 vs.
B40 [33]). A concomitant hyperinflation, or air trapping, as
assumed by the Lee group, might be a possible reason for
this relevant difference in EI, while the MLD are
comparable. The parameter that might overcome this
limitation is the 15™ percentile (—985 HU, Table 2),
which is not provided by Lee et al. [33]. While Lee et al.’s
correlation between emphysema volume and FEV,; was
moderate (r=—0.55), our result was even poorer (r=—0.20,
Table 3) [33] and almost identical regarding FEV; vs.
MLD (r=0.44 vs. r=0.43, Table 3). Taking into account
that a correlation coefficient of |#|=0.55 is not a strong
correlation, the relation between FEV; as a parameter
based upon bronchial function and MLD or 15" percentile
as morphological measures of parenchymal destruction
should be loose. As mentioned by Lee et al., a CT snapshot
of a COPD lung consists of a variety of phenotypes
including at least bronchial, parenchymal, and combined
stages [31-34]. Therefore, the extent of the emphysema is
only partially predicted by the severity of the pulmonary
functional changes [35, 36]. This is also reflected in our
observation of a subgroup of patients with normal PFT
demonstrating MDCT findings with clear pathological
features and CT quantifications (Table 2, Fig. 2a—e), and
also COPD patients with almost no emphysematous
destruction (Table 2, Figs. 2a—e, 3) [35].

EV and EI correlate best with ITGV, RV and TLC (and
therefore also RV/TLC as a parameter of trapped air).
Frequently, a negative correlation of EI and EV with FEV;
is expected [19, 33]. However, EV and EI are measures of
most peripheral parenchymal destruction, while FEV,
refers to the more central airways. These values should
only correlate very loosely in a negative way, which is in
fact the case in this analysis (¥=—0.2 to —0.35 in COPD,
Table 3). Currently there is no threshold for normal EV and
El values available, but this would be helpful in the
interpretation of CT-derived quantification data. Further-
more, there is a subgroup of patients without clinical
diagnosis of COPD (also within those suffering from ILD)
in which an elevated EV and El indicate a certain amount of
emphysema (Figs. 2b, 4, 5, 6). These patients might suffer
from undiagnosed and/or subclinical emphysema. The 15"
percentile is less sensitive to the possible averaging of
coexisting emphysema and fibrosis in the same patient as in
MLD (Table 3). The measure of lung density parameters
appears most useful in elucidating the influence of “high-
density” lung diseases like fibrosis upon these values. In
fact, some emphysema patients also suffer from a
coexisting fibrous lung disease (Fig. 5). Vice versa, a
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Fig. 3 CT of a 36-year-old man with 20 PY and an FEV; of
31% predicted> indicating severe COPD (PFT done within 1 week,
FEV /FVC=64%rcdictea)- In contrast, lung emphysema quantifica-
tion resulted in an emphysema index of 0.7%pedicted» @ mean lung

case in which COPD was diagnosed by PFT whereas CT
did not show any relevant emphysema was also seen
(Fig. 3).

CT-based emphysema quantification is an attractive
target for characterisation of COPD into its phenotypes and
comorbidities, and for treatment planning and monitoring
[2, 31]. For longitudinal analysis, the underlying imaging
technique has to be kept constant [2, 10]. In this respect,
radiation exposure is a critical issue [37]. The actual
therapies depend on repeated imaging for intervention
guidance, escalation, or removal, as some are reversible.
Also, systemic therapies need monitoring for dose finding
and identification of responders. Therefore, any dose that is
not applied in an installed CT protocol is multiplied by the
repetitions for monitoring. This is also the reason for not
routinely applying paired inspiratory and expiratory CT
acquisition. A recent simulation trial suggested a reduction
from 150 to at least 50 mAs using a certain system, without
any loss of information [37]. Other parameters (e.g. kernel)

'

Fig. 4 CT of a 70-year-old man with 80 PY and a FEV, of
60%predicted, indicating moderate COPD (PFT done within 1 week,
FEV/FVC=42%pcdicted)- In contrast, lung emphysema quantifica-
tion resulted in an emphysema index of 46%, a mean lung density of
—883 HU and a 157 percentile of —984 HU, indicating severe

density of —768 HU and a 15" percentile of —880 HU, indicating
almost normal lung parenchyma. Visual assessment of the CT image
also shows no significant emphysema, highlighted as yellow overlay
(window width 1,000 HU, level —800 HU)

need to be kept constant, as relevant changes have been
observed [28].

Limitations

Because the enrolment for this trial was done in retrospect,
a selection bias is probable, as at least “indication for CT”
and “referred to chest hospital” were additional criteria.
This composition is also the prospective target for
respective emphysema-modifying trials. A result is also
the mixture of the resulting collectives, which is also
caused by the fact that, for example, ILD and emphysema
will coexist within a subgroup of patients (Fig. 5). This is,
however, also the case in clinical routine. Purified (smaller)
groups would not reflect this circumstance.

Also, no real gold standard, i.e. disease workup, was
used, as this was a noninvasive and in vivo trial. It reflects a
typical clinical collective with various stages of lung

emphysematous destruction of the lung parenchyma. Visual
assessment of the CT image verifies this interpretation of the
quantification results as severe emphysema, highlighted as yellow
overlay (window width 1,000 HU, level —800 HU)
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Fig. 5 CT of a 57-year-old man with 30 PY and a FEV, of
49%predicied> indicating severe COPD (PFT done on the same day,
FEV /FVC=40%prcdictea). Lung emphysema quantification resulted
in an emphysema index of 31%, an almost normal mean lung
density of —839 HU and a low 15™ percentile of —978 HU,
indicating severe emphysematous destruction of the lung parenchy-

diseases. Furthermore, histopathology is limited to regional
emphysema assessment while CT enables global analysis.
Both factors are required for indication, guidance and
monitoring of COPD-modifying therapies.

While the total collective has an acceptable size, the
subgroups are substantially smaller because of strict
inclusion criteria. The subgroup analysis is inhomogeneous
and consists of a range of patients suffering from COPD
and controls. In addition, the ILD group is inhomogeneous,
consisting of patients suffering from UIP and NSIP to
various extents. The use of those software-based quanti-
fication tools is not planned in ILD. However, these images
were helpful as models to identify and explain the demands
of patients suffering simultaneously from “low- and high-

Fig. 6 CT of a 73-year-old man with 50 PY and a FEV, of
42%predicted> indicating severe COPD (PFT done on the same day,
FEV /FVC=33%predictea). Lung emphysema quantification resulted
in an emphysema index of 44%, a mean lung density of —878 HU

ma in combination with a diffuse high-density disease. Visual
assessment of the CT image verifies this interpretation of fibrous
interstitial lung disease (usual interstitial pneumonia, UIP, verified
histopathologically) combined with severe emphysema, highlighted
as yellow overlay (window width 1,000 HU, level —800 HU)

density” lung diseases, which may superimpose one
another.

Neither prospective spirometric gating nor retrospective
volume correction has been done [2], because neither the
respective hardware nor the software function was
available.

Conclusion

e The fully automatic quantitative assessment of em-
physema is possible using thin-section volumetric
MDCT. The resultant values characterise emphysema

and a 15™ percentile of —978 HU, indicating severe emphysematous
destruction. Visual assessment of the CT image verifies this
interpretation of severe emphysema, highlighted as yellow overlay
(window width 1,000 HU, level —800 HU)
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better than FEV,. CT-based quantification, further-
more, delivers local information. Both are essential in
the individual planning of surgical, interventional or

systemic treatment for COPD.

on the 75% quartile, an emphysema index of up to
20%, a mean lung density larger than —850 HU and a
15" percentile larger than —950 HU might regarded as

normal (Table 2, Fig. 2).

e Values for LV, EV, EI, MLD and the 15" percentile, e In patients with normal MLD, emphysema might be
which are to be expected in the given technical superimposed by some kind of high-density lung
environment (thin-section, nonenhanced, B40 algo- disease, and the 15™ percentile is less sensitive to this
rithm, quantification by YACTA), are provided. Based fact.
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