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Editor:
In the September 2007 issue of Radiol-
ogy, H. A. Gietema and colleagues (1)
studied the reproducibility of computed
tomographic (CT) lung densitometry in
monitoring emphysema. They used
Bland-Altman analysis to determine the
limits of agreement from repeated CT
scans and reported that the relative
area (RA) of low attenuation varies the
least at a threshold of �950 HU, con-
cluding that this method and threshold
should be used.

However, Bland-Altman analysis can
be used only if the differences follow a
normal distribution and if the variation
in the differences is unassociated with
the size of the measurement. Unfortu-
nately, neither of these requirements
was met in this study, which resulted in
wrong conclusions. Figure 3 of the arti-
cle shows that most differences in RA
are close to zero, which results in a
non-normal, peaked distribution. At
�950 HU, the majority of the 157 sam-
ples have been projected to the origin.
Furthermore, repeatability was depen-
dent on the mean value, since smaller
variations were found at lower RA val-
ues.

This should have triggered the au-
thors to have a closer look at their data.

A known drawback of RA is the cut-
off effect at 0%, as a patient simply can-
not have a CT scan with an RA of less
than 0%. Hence, this cutoff effect is de-
pendent on the threshold used and on
the severity of emphysema in the pa-
tient group. Dr Gietema and colleagues
conclude that with a threshold of �950
HU, the smallest real increase (1.1%) is
all that is needed. However, the use of
the lowest threshold of �950 HU pro-
duces many data truncated at 0%. And
because the same value of 0% is reliably
reproduced at follow-up, the sensitivity
to changes in emphysema is diminished
to zero. This is unlikely to represent
a true reflection of the increase in the
extent of emphysema.

In conclusion, the data presented by
Dr Gietema and colleagues actually
show that RA is not a suitable outcome
parameter for monitoring the progres-
sion of emphysema. The alternative
method (the percentile point) does not
have this profound cutoff problem and
is therefore already recommended in an
international workshop on lung densi-
tometry (2).

References
1. Gietema HA, Schilham AM, van Ginneken B,

van Klaveren RJ, Lammers JW, Prokop M.
Monitoring of smoking-induced emphysema
with CT in a lung cancer screening setting:
detection of real increase in extent of emphy-
sema. Radiology 2007;244(3):890–897.

2. Newell JD Jr, Hogg JC, Snider GL. Report of a
workshop: quantitative computed tomogra-
phy scanning in longitudinal studies of emphy-
sema. Eur Respir J 2004;23(5):769–775.

Response

From
HesterA.Gietema,MD,PhD,*Arnold

M.Schilham,PhD,‡ Bramvan
Ginneken,PhD,‡ RobJ. van

COM
M

UNICATIONS
�

LETTERS
TO

THE
EDITOR

Letters to the Editor

Radiology: Volume 247: Number 1—April 2008 293

Note:  This copy is for your personal, non-commercial use only. To order presentation-ready copies for 
distribution to your colleagues or clients, use the Radiology Reprints form at the end of this article. 



Klaveren,MD,PhD,§ JanWillemJ.
Lammers,MD,PhD,† andMathias
Prokop,MD,PhD*

Departments of Radiology* and
Pulmonology† and Image Sciences
Institute,‡ University Medical
Center, Heidelberglaan 100, 3584
CX Utrecht, the Netherlands
e-mail: h.gietema@umcutrecht.nl

Department of Pulmonology, Erasmus
Medical Center, Rotterdam, the
Netherlands§

We thank Dr Stoel and colleagues for
their comments because they highlight
an ongoing discussion about how to
best detect and quantify emphysema pro-
gression.

The Bland-Altman method is a fre-
quently used technique for analyzing the
dependence of measurement variability
on the size of measured values. In itself
the Bland-Altman method is indepen-
dent of the distribution of differences
(1). Because the differences need to be
normally distributed in order to be able
to calculate 95% confidence intervals
using the linear approach we chose, we
had checked our data and found that the
distribution of differences did not devi-
ate significantly from a normal distribu-
tion. We are grateful that Dr Stoel and
colleagues pointed out that we did not
fully account for the truncation effect at
0% in our calculations. To minimize this
truncation effect we should have ex-
cluded low scores (at least smaller than
the upper limit of agreement) to obtain
sufficiently precise estimates of the 95%
confidence intervals. When we exclude
such low emphysema scores, the upper
limits of agreement change from 13%
to 16.6% for �910 HU, from 4.5% to
6.0% for �930 HU, and from 1.2% to
1.9% for �950 HU. The suggested
closer look at the data therefore did
result in just a moderately higher change in
the emphysema score (ES) before em-
physema progression can be stated with
95% probability.

We do not agree with the other ar-
guments of Dr Stoel and colleagues: As
figure 3c in our study shows (2), an ES
of 0% is usually not exactly reproduced
at repeat CT (the x-axis represents the
mean of the two measurements). In
fact, an ES of 0% was found on both CT
scans in only five (3%) of 157 cases for
the �950 HU threshold, but there were
24 subjects with an ES of 0% in only one
measurement. Consequently, the state-
ment that “the sensitivity to changes in
emphysema is diminished to zero” is in-
correct, as is the conclusion that the ES
(called the “RA” by Dr Stoel and col-
leagues) “is not a suitable outcome pa-
rameter for monitoring the progression
of emphysema.” Moreover, Madani et al
(3) recently showed that the first per-
centile correlated best with histologic
findings when using the percentile tech-
nique. One can speculate that such a
low percentile might even be less sensi-
tive to detect small changes in emphy-
sema. The data are not yet out to decide
which technique is best suited to detect
an early increase in emphysema on a
per-patient basis.
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