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ABSTRACT:  In the last decade, several studies have suggested the possible role
of computed tomography (CT) in the detection and the quantification of pulmonary
emphysema.  In order to verify whether this new method is adequately validated,
this article gives an overview of these studies.

The review shows that most of the studies used conventional CT and were based
on visual scoring.  Only a few were based on high resolution CT (HRCT) or con-
cerned objective measurements of computed density.  In addition, only a few stud-
ies included normal subjects and distinguished centrilobular from panlobular
emphysema.  The number of scans obtained in each study is extremely variable,
whilst the minimum number necessary to provide accurate results remains unknown.

Recently, automatic objective procedures which are truly quantitative and are
applicable to HRCT have been made available.  They should take the place of sub-
jective scoring methods but further studies, based on macroscopic as well as on
microscopic comparisons, are needed to validate and to standardize these techniques.
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Chronic obstructive pulmonary disease (COPD), includ-
ing emphysema, remains a major medical and social prob-
lem.  As recently emphasized by SNIDER [1], "in many
ways, emphysema is to the pulmonologist of the last half
of the twentieth century what tuberculosis was to the pul-
monologist of the first half of the twentieth century".
Epidemiological studies have clearly identified tobacco
smoking, socioeconomic status and occupational pollu-
tant exposure as main risk factors for morbidity and mor-
tality from COPD, but these studies have not usually
differentiated emphysema from the other components of
COPD.  As opposed to chronic bronchitis and asthma,
the definition of emphysema is based on pathology as a
"condition of the lung characterized by abnormal, per-
manent enlargement of airspaces distal to the terminal
bronchioles, accompanied by destruction of their walls,
without obvious fibrosis" [2].  Consequently, the diag-
nosis of emphysema during life, without the availability
of lung tissue, is always indirect.  The accuracy of the
clinical diagnosis is very low, conventional chest radio-
graphy is of proven but limited value [3], and the insen-
sitivity of pulmonary function tests to diagnose mild
degrees of emphysema is well-documented [4].  So far,
clinical, pathophysiological and epidemiological studies
would be greatly helped by noninvasive but accurate  in
vivo assessments of emphysema in which computed
tomography (CT) could play a role.

In the last decade, several studies have shown correla-
tions between visual grading, as well as objective measure-
ments of attenuation values and various pathological data.
On the other hand, high resolution computed tomography

(HRCT) has been shown to be superior to conventional
CT in evaluating chronic interstitial lung disorders [5],
and recently,  in several pathophysiological studies,  patho-
logy assessment of emphysema has been replaced by
HRCT data [6–8].  Nevertheless, before replacing patho-
logy by HRCT, its validity must be proved.  In order to
verify whether this new method is adequately validated
and to suggest possible directions for further studies, this
article provides an overview of the previously published
studies that were based on quite different methods (Table
1).

In 1982, GODDARD et al. [9] compared normal volun-
teers with patients who had irreversible chronic airflow
limitation.  They assessed the emphysema by a visual
CT scoring method as well as by calculating the mean
lung density, but they found a poor correlation (r=0.34)
between these two measurements.  Nevertheless, the low-
est mean density was found to be significantly lower in
patients than in normal volunteers.  In addition, divid-
ing the study population into two groups according to
the CT visual score, they found a significant impairment
of forced expiratory volume in one second (FEV1),
FEV1/vital capacity(VC), transfer factor of the lung for
carbon monoxide (TL,CO) and TL,CO/alveolar volume (VA)
in the group with a CT score greater than 30.  Whilst no
pathological definition of emphysema was taken into
account, the results of this first study suggested a pos-
sible role for CT in diagnosis and quantification of emphy-
sema.

In 1984, HAYHURST et al. [10] performed the first patholo-
gic-CT comparative study and showed that the cumulative

REVIEW



frequency distribution curve of EMI units within the lung
fields of a group of six patients with mild centrilobular
emphysema differed significantly from those of a group
of five patients without emphysema, more pixels being
in the EMI range -450 to -500 in the emphysematous
group.  In this study, CT attenuation values were expressed
in EMI units that can be easily transformed into Hounsfield
units (HU), both scales representing radiographic atten-
uation of tissue relative to that of water, scaled by a fac-
tor of either 500 (EMI) or 1,000 (Hounsfield).  In these
11 subjects, the cumulative frequency distribution of
attenuation numbers in the lung fields was measured on
only two horizontal slices through the upper zone of the
lungs, 1 and 6 cm below the sternal notch.  After resec-
tion, the lobes or the lungs were fixed in inflation with
formol saline, sliced sagittally, and examined macro-
scopically by counting the number of centrilobular emphy-
sematous spaces >0.75 mm in diameter in the upper third
of the slice of the upper lobe.  It was assumed that two
CT scans were sufficient for comparison with one ver-
tical slice.  This second study reinforced the possible
role of CT, but during subsequent years, this method
based on attenuation values was not developed until
recently, when automatic evaluation procedures were
made available; meanwhile, many studies remained based
on visual scoring.

Visual scoring of CT needs a definition of the value
of the signs used.  In 1986, FOSTER et al. [11] evaluat-
ed the following signs: nonperipheral low-attenuation
areas, peripheral low-attenuation areas, pulmonary vas-
cular pruning, pulmonary vascular distortion, and visu-
al density gradient.  These authors compared CT visual
scoring of each sign with the extent of centrilobular
emphysema measured by point counting; the diagnosis
of centrilobular emphysema being based on nonuniform
lung destruction assessed on gross lung sections.  The
sign that correlated best with the presence and the sever-
ity of centrilobular emphysema was the nonperipheral
low-attenuation area, with a sensitivity and a specifi-
city calculated at 87 and 80%, respectively.  Using this
sign, emphysematous lungs were consistently distin-
guishable from normal lungs, except in a mild-pathology
subgroup.

In 1987, BERGIN et al. [12] compared visual CT scores
with midsagittal sections of the lung, graded using a
modification of the picture-grading system of THURLBECK

et al. [19] and PARÉ et al. [20].  Contiguous 10 mm thick
CT slices were assessed individually, and the right and
the left lungs were graded separately according to the
percentage area that demonstrated changes suggestive of
emphysema [12].  A total CT score was calculated for
both lungs, as well as for the individual lobe that had
to be resected.  Immediately after surgery, the resected
lobe was inflated with fixative at a distending pressure
of 25–30 cm water.  Midsagittal sections of the lung
were graded using the picture grading system and com-
pared with CT scores.  On the basis of significant cor-
relations between macroscopic emphysema grades and
CT visual scores, the authors concluded that CT is a use-
ful adjunct in assessing the presence and severity of
emphysema.
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With an increased spatial resolution, HRCT is defi-
nitely superior to conventional CT in evaluating lung
parenchymal disorders, such as diffuse interstitial dis-
ease [5].  In 1987, HRUBAN et al. [13] used HRCT in the
field of emphysema, and compared CT data to post-
mortem lung specimens fixed by a method that allows
direct one-to-one pathologic-radiologic correlations [21].
Each lung was scanned at five levels, and the degree of
centrilobular emphysema was scored on each scan by
comparing the destructive changes to the grading panel
of parasagittal standards established by THURLBECK et al.
[19].  After fixation, the cut surface of the lung sectioned
along the plane of the HRCT scan was assessed patho-
logically by scoring against the same grading panel.  In
this visual-scoring based study, the panel of standards
established on parasagittal sections was used on hori-
zontal CT sections and on transverse lung.  This prob-
lem was said to be overcome by mentally averaging and
reconstructing each set of CT images and each set of cut
sections into a three-dimensional image of the lung.  The
authors claimed that, in this manner, they were able to
apply their axial images and cross-sections to the parasagit-
tal panel of THURLBECK et al. [19].  However, no study
has validated the comparison of horizontal slices, obtained
either by CT or by section of the fixed lung specimen,
against the parasagittal sections of the panel.  Nevertheless,
this study suggested that HRCT is able to distinguish
normal lungs from emphysematous lungs, to detect even
the mildest degrees of centrilobular emphysema, and by
using visual scores to grade accurately the degree of cen-
trilobular emphysema [13].

On the other hand, in a one-to-one pathologic-CT com-
parative study, MILLER et al. [14] found CT to be insens-
itive in detecting the earliest lesions of emphysema because
most lesions less than 0.5 cm in diameter were missed.
These authors compared: 1)  grid and panel-grading meth-
ods for the purpose of CT-pathological correlation; and
2)  10 and 1.5 mm collimation images with corresponding
slices of pathological specimens cut in the same plane.
The diagnosis of emphysema on CT was based on the
presence of areas of low attenuation.  Extent of emphy-
sema on CT was assessed by superimposing a grid with
squares corresponding to 1 cm2 on the CT images and
determining the percentage of squares containing emphy-
sema.  Severity of emphysema was assessed by esti-
mating the average relative area of destruction of each
abnormal 1 cm square.  The CT score was obtained by
multiplying extent by the average severity grade.  For
pathological assessment, the lungs were inflated with
Bouin's fixative transpleurally using a large-bore syringe,
and sectioned transversely in the orientation of the CT
scans.  As mentioned for the study of HRUBAN et al. [13],
mental adjustments were required to apply the grading
panel to horizontal images [19].  A good correlation was
found between the CT score and the pathological score
(r=0.81) with the grading panel, but a lower correlation
(r=0.70) with the grid system.  The CT-pathological cor-
relation was 0.81 with the use of 10 mm collimation
scans, and 0.85 with the use of 1.5 mm collimation scans.
Nevertheless, the lesions of emphysema less than 0.5 cm
in diameter were missed, and close comparison of CT

scores and pathological grid scores showed that CT con-
sistently underestimated mild and moderate emphysema.
Consequently, these authors concluded that CT is insen-
sitive in detecting the earliest stage of the disease [14].

In a population of mildly emphysematous patients,
KUWANO et al. [15] used HRCT for comparisons with
pathology.  HRCT scans were examined for destructive
changes, characterized by low-attenuation areas and dis-
ruption of the vascular pattern, and individually assessed
using the grading panel of THURLBECK et al. [19].  The
mean score for five HRCT scans was determined, and
the composite mean of three observers' scores was cal-
culated.  Immediately after surgery, the resected lobe was
inflated at a distending pressure of 25 cm water for 24 h,
and sectioned in the same plane as the CT scans.  Each
section of the lobe was impregnated with barium sul-
phate and graded for emphysema by three independent
observers.  The mean of the pathology scores for the five
sections was individually determined, and the composite
mean of the three observers' scores was calculated.  As
in other previous studies, the authors have modified the
grading panel so that transversally-oriented specimens
could be compared with sagittally-oriented standards.
KUWANO et al. [15] reported a significant correlation
between the mean CT score and the mean pathology
score (r=0.68).  In addition, they quantified emphysema
microscopically by using the destructive index (DI) pro-
posed by SAETTA et al. [22], and found significant cor-
relation (r=0.62) between CT score and DI.  Nevertheless,
as recently pointed out by MÜLLER [23], this study "did
not include normal controls", and it "cannot be used to
claim a high sensitivity of CT in the detection of mild
emphysema".

To avoid subjectivity and subsequent within-observer
and between-observer discrepancies in the reading of CT
scans, MÜLLER et al. [16] have used a CT programme
that highlights voxels within a given density range and
automatically gives the area occupied by the high-
lighted pixels.  In their study, a single representative CT
image, obtained with 1 cm collimation and after injec-
tion of contrast material, was compared to the corre-
sponding macroscopic section of fixed lung cut in the
same plane as the CT.  As previously detailed, the patho-
logical scores were obtained using a modification of the
panel of standards.  A significant correlation was observed
between the extent of emphysema assessed by the CT
programme and the pathological grades.  With this pro-
gramme, the highest correlation was observed by high-
lighting voxels with attenuation ≤-910 HU.  However,
correlation coefficients indicate only that CT and pathol-
ogy results are linked, not that percentage areas obtained
by CT quantifications are equal to those obtained from
pathological measurements.  In the studies published by
BERGIN et al. [12] and MÜLLER et al. [16], a percentage
of lung area occupied by the lowest attenuation values
was compared to the grading panel, but the scores pro-
vided by this ranking method do not represent the extent
of lung involved by emphysema [19].

In most of the studies, quantification of emphysema
was assessed by comparison of horizontal CT scans and/or
cut sections of the fixed lungs against the grading panel
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of THURLBECK et al. [19], originally established on para-
sagittal lung sections, this particular use requiring men-
tal adjustment [13, 15, 16].  More importantly, grading
systems are only semiquantitative.  In order to overcome
these problems, we have recently developed and vali-
dated an image analysis-based method that allows a quan-
titative measurement of the area macroscopically occupied
by emphysema [24].  By using this computed method,
the area of emphysema can be easily measured on paper-
mounted sections obtained through a lung specimen and
expressed as a percentage of the whole lung section area.
These data can be compared to quantitative CT data, also
expressed as percentage area [16, 25].

The minimum number of CT scans necessary to mea-
sure the extent of emphysema remains unknown, most
CT studies being based on a few CT sections.  Using
point-counting, TURNER and WHIMSTER [26] have demon-
strated that an adequate assessment of pulmonary emphy-
sema cannot be made from one lung slice alone but, as
recently pointed out by MORGAN [27], "cost and radia-
tion exposure are likely to favour sampling techniques
rather than whole lung measurements".  Depending on
the presence of emphysema and on its spatial distri-
bution, the minimum number of scans providing accu-
rate results could change from patient to patient.

All the above studies but one [15] were based on macro-
scopic comparisons.  Recently, MCLEAN et al. [28] sug-
gested that if emphysema is to be histopathologically
quantified, it should be measured microscopically.  In
addition, GOULD and co-workers [29] showed that, in
patients with bullae, the major determinant of respira-
tory function is the severity of the emphysema in non-
bullous lung, and that the extent of the bullae has less
functional importance, suggesting that the macroscopic
quantification of emphysema in the parenchyma between
the bullae is more important that the measurement of the
extent of these bullae.  Nevertheless, although emphy-
sema is defined as abnormal, permanent enlargement of
distal airspaces accompanied by destruction of their walls,
there is no consensus as to what exactly is meant by
"abnormal enlargement" and by "destruction".  Several
criteria have been suggested, including loss of alveolar
surface area, mean linear intercept, fenestrae and destruc-
tive index, implying that no pathologic method is uni-
versally accepted.  Consequently, it may be difficult to
assess how accurate CT is in the diagnosis of emphyse-
ma if different pathologists use different microscopic cri-
teria.  Using the alveolar surface area, GOULD and co-
workers [17] measured microscopically the airspace size
in randomly selected, plastic-embedded histological sec-
tions taken from the inflation-fixed resected lobes or
lungs, and compared these microscopic data with the
EMI unit that defined the lowest fifth percentile of the
frequency histogram of CT numbers calculated on pre-
operative conventional CT scans obtained at 6 and 10
cm below the sternal notch.  The EMI unit defining the
lowest fifth percentile was correlated with the mean value
of the surface area of the walls of distal airspaces per
unit lung volume (AWUV) in the five 1 × 1 mm micro-
scopic fields with the lowest AWUV values.  Despite
several limitations in the CT method,  these authors con-

cluded that the CT scan can quantify mild-to-moderate
emphysema.  Using 13 mm thick slices, small emphysema-
tous lesions are superimposed with lung structures and,
because of volume averaging, are undetectable [5].  In
addition, the time needed for each scan slice was 17 s.
During such a long scanning time, motion artefacts could
impair the image quality and, subsequently, the attenu-
ation numbers.  Moreover, the EMI units that define the
lowest fifth percentile are not only determined by emphy-
sema but also by the relative amounts of higher densi-
ties.  This number is, therefore, potentially influenced by
associated disorders.  As shown by RIENMÜLLER et al.
[30] and more recently by HARTLEY et al. [31], the his-
togram of frequencies is modified and displaced to the
right in the presence of infiltrative disorders.  Consequently,
if an associated disease coexists with emphysema (i.e.
pneumoconiosis), the lowest fifth percentile will be modi-
fied and emphysema subsequently underestimated.  To
overcome this limitation, the relative area occupied by
the range of the most significant lowest attenuation val-
ues should be given [16].

Only few studies have distinguished centrilobular from
panlobular emphysema.  MILLER et al. [14] compared
HRCT with corresponding sections of pathological speci-
mens cut in the same plane.  Using a grid system numer-
ically expressing extent and severity of emphysema, they
found very poor correlation in four cases of panlobular
emphysema.  More recently, SPOUGE et al. [18] have eval-
uated the ability to assess the presence and the extent of
panlobular emphysema with CT.  These authors visually
assessed the severity of panlobular emphysema on CT
and on inflated pathological specimens cut in the trans-
verse plane at the same level as the CT scan.  On CT,
panlobular emphysema was identified by the presence of
decreased parenchymal attenuation and diminished vas-
cularity, and the extent was assessed on a scale from 0
to 100% of involvement.  On the pathological sections,
the severity was assessed by using a modification of the
grading panel of THURLBECK et al. [19].  Significant cor-
relations were found between the pathological grade and
the extent assessed on conventional CT (r=0.90; p<0.01)
as well as on HRCT (r=0.96; p<0.01).  However, because
of the uniform involvement of the lung in panlobular
emphysema, the presence and the extent of the disease
were underestimated by both CT techniques, and mild-
to-moderate forms were missed.

Finally, only two studies have included normal sub-
jects, but none of them have considered the ageing of
the lung [14, 16].  GILLOOLY and LAMB [32] have shown
that there is a normal linear increase in airspace size
associated with advancing age in adult lungs of lifelong
nonsmokers, and they have proposed that only lungs with
a mean airspace size, expressed as AWUV, below the
95% prediction limit of the regression line should be
considered as having emphysema.  More recently, pre-
liminary data from MOUDGIL et al. [33] showed that CT
lung density decreases with age, suggesting that normal
CT values must be established.

In summary, this review suggests the possible role of
CT in the diagnosis and quantification of emphysema,
but reveals that: 1) the vast majority of the published
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studies have attempted to measure macroscopic emphy-
sema and have shown that a visual scoring system on
CT scan correlates with a visual scoring system for macro-
scopic emphysema; 2) most of these studies have con-
cerned centrilobular emphysema and only few have
distinguished centrilobular from panlobular emphysema;
3) no study was based on objective CT quantification of
emphysema applied to HRCT; 4) no study was based on
a sufficient number of CT scans performed  in vivo in a
predetermined volume of lung and secondarily compared
with the pathological extent of emphysema established
on a set of sections obtained from the same lung speci-
men; 5) no study has defined the minimum number of
scans necessary to provide accurate results; 6) no study
has taken into account the ageing of the normal lung;
and 7) no study has defined, in terms of the best descrip-
tor of emphysema, the lung volume at which CT scan
has to be performed.  Recently, an approach to repro-
ducible measurement of lung attenuation by means of
respiratory-gated CT has been developed [34].  Using
this technique, LAMERS et al. [35] have suggested that a
spirometrically-controlled CT technique should be required
for accurate assessment of COPD in vivo, and that the
change between densitometric data obtained at 90% vital
capacity and at 10% vital capacity could be used in the
differential diagnosis of emphysema and chronic bron-
chitis.

In the immediate future, the use of HRCT and objec-
tive quantitative techniques should take the place of sub-
jective visual scoring methods [25, 36], but further studies,
based on macroscopic as well as microscopic com-
parisons, should evaluate the capability of these proce-
dures to detect and to quantify the disease.  In addition,
potential pitfalls have to be evaluated.  Using conven-
tional CT,  ZERHOUNI et al. [37] have shown that the den-
sity of a pulmonary nodule is influenced by patient size,
location and environment of the area being assessed, type
of CT scanner, kilovoltage and the reconstruction algo-
rithm.  On the other hand, using 1.5 mm thick sections
and studying the fine structure of the lung, MURATA et
al. [38] have shown that the reconstruction algorithm has
no significant influence on the CT attenuation value of
the lung. In conclusion, if these objective CT procedures
prove to be valid, their standardization must be estab-
lished.
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