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have been developed in the last two decades, to evaluate 
the severity of parenchymal destruction and to follow up 
the patients  [2–4] . Thoracic radiologists all around the 
word now face the ultimate challenge: to evaluate the 
bronchial remodeling, along with the emphysematous 
destruction  [5–7] .

  Different approaches to the quantitative evaluation of 
emphysema have also been proposed, such as the subjec-
tive visual score, the percentile method, the well-known 
‘density mask’ and finally, in the more recent years, a 
multiparametric analysis of the lung texture, with com-
puter-assisted programs, evaluating simultaneously a 
large number of different parameters  [8–11] . The density 
bias due to gravity (CT studies are usually performed in 
supine position) can be corrected and a spirometric con-
trol can be added, although not all the authors agree on 
the usefulness of this respiratory gating.

  The modern software programs can automatically 
segment the lungs, perform the evaluation of the lung pa-
renchyma, and identify, extract and measure the emphy-
sematous lesions and the central and peripheral airways 
(wall thickness, wall to lumen ratio and so on). Addition-
al analytic approaches applied to the huge data set pro-
duced by the multidetector CT devices include also the 
calculation of the ‘hole size’, by grouping together adja-

 Helen Keller’s (modified) quotation exemplifies very 
well the change in diagnostic paradigm we are witnessing 
today in the evaluation of pulmonary emphysema. Em-
physema, a progressive, debilitating disease character-
ized by alveolar destruction, affects smokers 90% of the 
time, but can also have a genetic cause in patients with 
hereditary deficiency of  �  1 -antitrypsin. Chronic obstruc-
tive pulmonary disease (COPD), including emphysema, 
has been predicted to become the most common cause of 
death in the 21st century.

  The diagnosis of this frequent and often severe condi-
tion used to be simply based on clinical findings, lung 
function tests and chest x-ray but this approach only 
made the diagnosis of typical and advanced cases possi-
ble  [1] . Today, the precise evaluation of anatomical em-
physema is mainly based on high-resolution computed 
tomography (HRCT) and quantitative CT studies. Radio-
logic-pathological correlations demonstrated that low at-
tenuation areas (LAA) on CT represent macroscopic and 
microscopic emphysema.

  The progress of surgical and nonsurgical treatment 
and the increasing awareness of different diseases con-
tributing to the development of COPD and often mim-
icking emphysema underline the importance of a timely 
and precise diagnosis. Besides, quantitative techniques 
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cent emphysematous voxels into a ‘hole’. The size and dis-
tribution of them can be reported and controlled in se-
rial examinations. Sakai et al.  [12]  in 1994 developed an 
automatic method to assess the distribution of these LAA 
on chest CT in patients with emphysema and suggested 
that many small ‘holes’ fuse into a few larger clusters.

  A quantitative evaluation of the spatial distribution of 
LAA on CT using texture analysis and fractal geometry 
in patients with emphysema was proposed by Mishima et 
al.  [13, 14]  a few years later. This approach could be par-
ticularly useful in revealing the pattern of progression of 
emphysema. LAAs were defined as the areas having a 
density less than the mean minus one SD of the control 
(–960 HU). The authors found that increases of LAA in 
patients with COPD reflect the development of patho-
logical emphysema.

  The cumulative size distribution of LAA clusters fol-
lows a power law characterized by an exponent D, which 
is a measure of the complexity of the terminal airspace 
geometry. LAA clusters tend to coalesce, forming pro-
gressively larger clusters as the weak elastic fibers sepa-
rating them break under tension. The healthy lung tissue 
near emphysematous lesions has a high probability of 
suffering from emphysema in the long run. This process 
can transitorily leave the percentage of lung field occu-
pied by LAAs (LAA%) unchanged, whereas it decreases 
progressively the number of small clusters and increases 
the number of large clusters, with a resulting reduction 
in D. D is considered a sensitive parameter for the early 
detection of the terminal airspace enlargement and the 
architecture simplification occurring in emphysema. In 
a few words, the mean size of the clusters increases with 
the emphysema worsening, with a simultaneous decrease 
in the number of clusters.

  More recently, Matsuoka et al.  [15]  evaluated the mor-
phological progression of emphysema on HRCT by means 
of the analysis of the longitudinal change in the number 
and size of low-attenuation clusters (LAC). They found 
that, on the morphological progression, the mean size of 
LAC was significantly increased during a follow-up pe-
riod of 6 months or greater, whereas no significant cor-
relation was found between the number of LAC and fol-
low-up period.

  The article by Matsuoka et al.  [16] , published in this 
issue of  Respiration , further extends the analysis of this 
topic, with a detailed examination of the relationship be-
tween the number of LAC of various sizes and the pro-
gressive extent of emphysema. Their results clearly show 
that the degree of cluster coalescence depends on the size 
of clusters and the extent of emphysema. Small ‘holes’ 
tend to coalesce into larger clusters in patients with severe 
emphysema but the confluence of the clusters is less com-
mon in mild emphysema.

  All these advancements make us think that what could 
be previously considered heresy by old pneumologists – 
i.e. CT as the in vivo gold standard for the diagnosis and 
follow-up of the pulmonary emphysema – can now be 
viewed as the orthodoxy of our age.

  However, the early results of the magnetic resonance 
studies of peripheral lung air spaces, using hyperpolar-
ized  3 He and the apparent diffusion coefficient calcula-
tion, seem to suggest that the MR study has the potential 
to supplement and exceed the brilliant results of thoracic 
CT and to possibly become the brand-new paradigm in 
the foreseeable future  [17–19] .
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