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Delineating theextent anddistributionof emphysema is anessential

component of the evaluation of candidates for lung volume re-

duction surgery (LVRS). Imaging alsomay identify contraindications

to LVRS, including bronchiectasis and pleural scarring. The chest

X-ray is of limitedutility in LVRS evaluation. Chest computed tomog-

raphy (CT) scanning is an essential component of the evaluation,

demonstrating the presence of emphysema and its amount and

distribution. Clinical experience has shown that a substantial minor-

ity of chest CT scanswill also demonstrate pulmonary nodules, some

of which represent lung cancers. Published series, including the

National Emphysema Treatment Trial, consistently demonstrate

that patients with upper lobe predominant or heterogeneous

emphysema are most likely to benefit from LVRS. Heterogeneity

and distribution can also be assessed by radionuclide ventilation

perfusion scanning, but this modality adds little additional informa-

tion to CT scanning.
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The hallmarks of advanced chronic obstructive pulmonary dis-
ease (COPD) are significant dyspnea on exertion and incom-
pletely reversible airflow obstruction. Although the clinical
characterization of the ‘‘pink puffer’’ has been proposed to rep-
resent the patient with emphysema, as opposed to chronic bron-
chitis, clinical experience is that clinical presentation and physical
exam are not reliable indicators of the presence or absence of
underlying emphysema. In practice, differentiating emphysema
from chronic airways disease has been of little importance, as the
available therapies for patientswithCOPDhave not been specific
to the underlying pathology. This is no longer true now that lung
volume reduction surgery (LVRS) has been established as ben-
efiting selected patients with emphysema. Current concepts are
that individuals without significant emphysema are unlikely to
experience benefit from LVRS (1, 2). Patients with the converse
in characteristics, namely significant emphysema without sub-
stantial airflow obstruction, are less common and there is little
experience with LVRS in such subjects.

Historically, imaging of the chest has had a limited role in the
evaluation of patients with obstructive lung disease. Much of the
emphasis in the diagnosis and classification of patients with
COPD has been on the severity and degree of reversibility of
airflow obstruction as assessed by spirometry. Indeed, the com-

monly used classification systems rely on FEV1 and the FEV1/
FVC to classify patients as having airflow obstruction and to
assign a severity of impairment (3). Before the reintroduction of
LVRS, there was little clinical utility to determining whether the
origin of airflow obstruction was due to emphysema or chronic
bronchitis, as the therapeutic choiceswere largely independent of
the underlying pathology. One exception to this generalization is
establishing the diagnosis ofa1-antiprotease deficiency, for which
supplementation therapy is often provided when there is evi-
dence of significant airflow obstruction or emphysema.

With recognition that LVRS benefits selected subjects with
COPD, establishing the diagnosis of emphysema has assumed
new importance. The favorable effects of LVRS are believed to
be due to the surgical resection of emphysematous lung tissue
and amelioration of its deleterious impact on the mechanical
properties of the lung (1, 4–6). Based upon this understanding,
the use of techniques to define the presence, severity, and extent
of anatomic abnormality assume more importance in selecting
appropriate patients for such intervention. Radiographic assess-
ment of patients considering LVRS has three important func-
tions: (1) to establish an anatomic diagnosis of emphysema; (2)
to delineate the extent and distribution of emphysema; and (3)
to document the presence or absence of other conditions that
represent a contraindication to the procedure, or require
additional consideration in formulating a treatment recommen-
dation. This radiographic assessment is most often accom-
plished by using computed tomography (CT) scanning of the
chest, although some clinicians also use a radionuclide ventila-
tion–perfusion ( _V/ _Q) scan to provide additional information
concerning the heterogeneity and distribution of the functional
disruption caused by emphysema.

Arguably, radiographic assessment of the patient considering
LVRS using chest CT is the decisive element in determining
whether a patient is likely to benefit from the procedure. A
body of data from both randomized trials and case report series
support the concept that the extent, characteristics, and ana-
tomic distribution of parenchymal destruction are of critical
importance in estimating the likelihood of benefit (7–9).

ROLE OF THE CHEST X-RAY IN THE EVALUATION OF THE
PATIENT CONSIDERING LVRS

The posteroanterior (PA) and lateral chest radiograph are of
limited use in the evaluation for LVRS. Thurlbeck and Simon
reported that findings on the chest radiograph have a sensitivity
of 40% in detecting emphysema (10). Muller and Coxson state
that ‘‘limitations of chest radiography in the diagnosis of emphy-
sema include low specificity. . . considerable interobserver dis-
agreement in the interpretation of findings, and inability to
quantify the severity of emphysema’’ (11). Given these consid-
erations, a chest X-ray is of limited use in LVRS evaluation. If an
existing chest radiograph is available for review during the initial
evaluation of an LVRS candidate, it should be examined for the
presence of significant pleural scarring, pulmonary nodules, and
interstitial disease. As described below, however, the likelihood
of finding an absolute contraindication to LVRS is small and,
given the need for a more precise delineation of the extent and
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distribution of emphysema, evaluation for LVRS should include
a CT scan of the chest.

ROLE OF CT SCANNING IN LVRS EVALUATION

In LVRS evaluation, CT scanning is used to establish the pres-
ence of emphysema, quantify the burden of emphysematous
destruction, and characterize the distribution of emphysema
within the lungs. These factors are used to generate an estimate
of the likelihood of improvement after LVRS. The CT scan is
also used to identify concomitant conditions that either require
evaluation or represent a contraindication to proceeding with
LVRS.

DIAGNOSING AND QUANTIFYING EMPHYSEMA ON
CHEST CT SCANS

Emphysema is defined as destruction of the lung distal to the
terminal bronchiole. Such destruction is recognized radiograph-
ically as the absence of normally present lung structure. CT
scanning allows the quantitation of the density of the volume of
tissue in each voxel, using Hounsfield Units (HU) as the unit of
density (21,000 HU represents air, 0 HU represents water, and
11,000 HU bone). There are two widely used approaches to
quantify the amount of emphysema on a CT scan: semiquanti-
tative analysis performed by an observer (12–14) and a quanti-
tative analysis performed by computer software.

In the most commonly used semiquantitative approach, the
reader assesses the severity of emphysema at three locations in
each lung. For each of these six locations, a numerical score of 0 to
4 is assigned, in which 0 represents no emphysema, 1: 1 to 25%; 2:
26 to 50%; 3: 51 to 75%; and 4: 76 to 100%. In this system, the total
score can range from 0 to 24. In addition to this quantitation,
a qualitative assessment of the heterogeneity of the emphysema
at each location can be made. Published data demonstrate that
this assessment can be performed by experienced radiologists or
other experienced clinicians, such as pulmonologists, with rea-
sonable agreement (12, 15). In the National Emphysema Treat-
ment Trial (NETT), a training set of CT scans was used to
promote consistency in interpretation. Despite this and the use of
an interested and trained group of chest radiologists, there was
still significant inter- and intra-observer variability in emphysema
quantitation.

Automated emphysema quantification can be performed by
any of a number of available software programs. The approach
used is to identify the lung parenchyma and mathematically
‘‘dissect’’ it away from chest wall, mediastinum, and other
anatomic structures. The density of each voxel within the lung
field is then assessed. The resulting data can be presented in
several different manners, including a histogram of the percent-
age of lungwith densities in specified ranges, pictorially as normal
and emphysematous lung, or by a single parameter derived from
the histogram.

The most common approach to quantitation involves a den-
sitometric analysis, in which a threshold is chosen to differen-
tiate normal lung tissue from emphysema, based on studies
relating CT properties to anatomic characteristics of the lung
(16, 17). This threshold is typically set at a value ranging from
2850 HU to 2950 HU, most commonly between 2910 HU and
2950 HU. Visually, these areas can be identified with a different
color than that of ‘‘normal’’ lung tissue (see Figure 1). The
amount of emphysema can be reported as the percentage of
lung below this threshold, either for the lungs in total or for
defined regions. Alternatively, the data are reported as the
value from the density histogram that defines the least dense
proportion of the lung; the ‘‘Perc15’’ is most commonly used

and represents the HU value that divides the least dense 15% of
the lung from the densest 85% (with increasing emphysema, the
Perc15 is increasingly negative) (18). Of these two approaches,
densitometric thresholding to determine the percent of lung
that is emphysematous is more commonly used.

In addition to quantifying the total amount of emphysema
present, both the observer and software approaches can also be
used to classify the anatomic distribution of emphysema. Of
particular importance in the LVRS evaluation is the determi-
nation of whether the emphysema is present in an ‘‘upper-lobe
predominant’’ distribution or another distribution, such as dif-
fuse or lower-lobe predominant. In the observer-based meth-
odology, this classification is based on subjective assessment
and/or scoring the upper location in each chest with a higher
number on the semiquantitative scale. In the automated system,
the characterization is usually based on the comparison of the
percent emphysema in the upper lung (UL) and percent em-
physema in lower lung (LL). If % UL . % LL, then the patient
is classified as having ‘‘upper-lobe predominant’’ emphysema.

Data from the NETT comparing these two approaches to the
classification of emphysema distributions show a modest rate
of concordance between the two (kappa 5 0.49). In the NETT,
there was a high rate of concordance between the automated
and radiologist-based approaches in patients that the radiolog-
ists classified as ‘‘upper-lobe predominant’’; of 254 patients with
low exercise capacity classified as having upper-lobe predomi-
nant disease by the radiologist, 237 (93%) were also classified as
upper-lobe predominant by automated quantitative analysis.
The automated approach was more likely to classify patients as
having upper-lobe predominant disease than was the radiolog-
ists’ interpretation (758/977 versus 634/977, respectively). These
data are consistent with the reports of others that classification
of the pattern of emphysema by automated systems differs from
that by human observers (19).

Published data show that the automated approach to quan-
titation of emphysema is highly reproducible. It has not been
shown, however, that the automated approach defining the
extent and distribution of emphysema offers any substantial
advantage in predicting response to LVRS over the character-
ization supplied by an experienced observer using a semiquan-
titative scoring approach.

USING CT ANALYSIS TO PREDICT THE RESPONSE
TO SURGERY

There are two components of the response to LVRS: short-term
risk of morbidity and death and long-term changes in functional
status and mortality rates. The CT scan provides important
information about each of these components in LVRS patients.

Two closely related characteristics assessed by the CT scan
are associated with both risk and benefit of LVRS: ‘‘heteroge-
neity’’ and the anatomic distribution of emphysema. The latter
is often categorized as ‘‘upper-lobe predominant’’ or not and
the former as ‘‘heterogeneous’’ or as having ‘‘target areas.’’

The general clinical experience has been that patients with
homogeneous or nonheterogeneous distribution of their em-
physema are less likely to benefit from LVRS (7, 8, 20, 21).
Examples of this pattern are illustrated in Figures 2 and 3. In
addition to the lack of benefit, patients with very severe airflow
obstruction, defined as an FEV1 less than or equal to 20%
predicted, and a homogeneous distribution of emphysema on
CT scan were found to have a high mortality in the NETT,
a randomized trial of LVRS compared with medical therapy
(18% at 30 d; z35% at 5 mo versus 0% and 5%, respectively, in
medical control subjects) (22).
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The original reports of the reintroduction of LVRS suggested
that patients with upper-lobe predominant or heterogeneous
distribution of emphysema on CT scan experience significant
benefit fromLVRS.An example of this pattern is shown in Figure
4. On the basis of this, the NETT was designed in part to test the
hypothesis that patients with upper-lobe predominant or hetero-
geneous emphysema are more likely to benefit from LVRS. The
results of the trial were consistent with this hypothesis. In NETT,
two preoperative characteristics were retrospectively identified as
having important prognostic value for functional, health-related
quality of life and mortality benefit: upper-lobe distribution of
emphysema and post-rehabilitation exercise capacity. Patients
with upper-lobe predominant emphysema and low exercise
capacity (<25 watts for women, <40 watts for men) had a sub-
stantial reduction in mortality (risk ratio of 0.47, P 5 0.005).
Mortality was not affected in patients with upper-lobe predom-
inant disease and high exercise capacity. Table 1 summarizes the
relationship of other measures of response to LVRS and the
anatomic distribution of emphysema on CT scans.

IDENTIFICATION OF OTHER CONDITIONS REQUIRING
ATTENTION: PULMONARY NODULES

A number of studies have suggested that both chronic airflow
obstruction (23, 24) and emphysema (25) are independent risk
factors for the development of lung cancer in addition to

cigarette smoking. CT scans of middle-aged current and ex-
smokers reveals nodules (defined in various ways) in 13 to 50%
of exams, the large majority of which are benign (26–30). It is
not surprising, therefore, that a number of investigators have
noted that nodules are detected in a sizable minority of patients
undergoing CT scanning for consideration of LVRS. Hazelrigg
and colleagues reported that 39.5% of 281 patients had a nodule
identified on CT scan; of these, 52 had benign characteristics, 78
were resected, and 20 were followed. Seventeen of the resected
nodules were malignant, 13 of which were felt to be primary
lung cancers (31). Pigula and coworkers reported that 10 of 128
patients undergoing LVRS had neoplasm, six of which were
primary lung cancers (32). McKenna and colleagues reported
51 of 325 patients (16%) who underwent LVRS had nodules;
approximately 20% of these were non–small cell lung cancers
(33). Rozenshtein and colleagues reported detecting nodules
‘‘suspicious for lung cancer’’ in 17 of 148 (11%) patients; 16
were resected, of which 9 were non–small cell carcinomas (34).
In the NETT, 174 patients were excluded from randomization
(of .3,700 patients screened) due to findings of ‘‘other disease’’
on the chest CT scan. Of these patients, 104 had a nodule that
required further evaluation or surgical excision. Thus, depend-
ing on the definitions used, published experience suggests that
10 to 30% of LVRS candidates will have nodules visualized on
CT scans and that approximately 3 to 5% will have previously
undiagnosed non–small cell lung cancer.

Figure 1. Densitometric anal-

ysis showing areas of emphy-

sema in green.
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By accepted criteria for resectability of non–small cell lung
cancer, LVRS candidates are at high risk and/or have lung
function impairment considered prohibitive for surgical ther-
apy. There is a limited experience of combining LVRS proce-
dures and surgical resection, based on the premise that the
LVRS component of the operation should result in an improve-

ment in lung function (33, 35). Early clinical results suggest that
highly selected patients tolerate the combined procedure well
and have an early course that is not different than that of
patients undergoing either procedure alone.

The clinician evaluating patients for LVRS should be pre-
pared to deal with the identification of pulmonary nodules and

Figure 3. Non–upper-lobe distribution of

emphysema.

Figure 2. Diffuse distribution of emphy-

sema.
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have an approach in mind for their subsequent evaluation and
management. The Fleischner Society has outlined one such set
of recommendations (36).

IDENTIFICATION OF OTHER CONDITIONS: EXCLUSIONS
FROM LVRS

Using criteria adopted from common clinical practice in the field,
the NETT excluded candidates with clinically significant bron-
chiectasis, pleural or interstitial disease, or a bulla occupying

greater than one third of the volume of the lung. CT scanning
identified 35 patients with clinically significant bronchiectasis, 21
with pleural or interstitial lung disease, and 14 with a giant bulla.
Extrapolating from these data, between 2 and 5% of potential
LVRS candidates will manifest one of these exclusionary criteria.

THE ROLE OF RADIONUCLIDE
VENTILATION/PERFUSION SCANNING

An alternate method of assessing the regional distribution of
functional derangement of the lung is radionuclide ventilation
perfusion scanning. Wang and colleagues concluded that upper-
lobe predominance and heterogeneity identified from perfusion
scanning were ‘‘modestly’’ predictive of response to LVRS (37).
Others have concluded, however, that it adds little to CT
scanning in LVRS evaluation (5, 38, 39).

CONCLUSIONS

Radiological assessment with a chest CT scan is a key tool for
identifying patients likely to benefit from LVRS. Patients with
upper-lobe predominant emphysema on CT scan are most likely
to benefit from LVRS. A minority of patients will be identified
by CT scanning as having contraindications to LVRS, such as
clinically significant bronchiectasis, pleural disease, or unsus-
pected interstitial disease. Detection of pulmonary nodules is
a common occurrence in evaluation; carefully selected patients
may benefit from concomitant LVRS and nodule resection.

Conflict of Interest Statement: G.R.W. does not have a financial relationship with
a commercial entity that has an interest in the subject of this manuscript. E.H. is
a shareholder of VIDA Diagnostics, which is commercializing software used in the
NETT trials. He is also an advisor to Siemens Medical System’s Chest CT group
and he serves on numerous advisory groups helping with the application of
medical imaging methods as a safety or outcomes measure. J.J.R. does not have
a financial relationship with a commercial entity that has an interest in the subject
of this manuscript.

Figure 4. Upper-lobe predominant dis-

tribution of emphysema.

TABLE 1. DISTRIBUTION OF EMPHYSEMA AND RESPONSE TO
LVRS IN NETT

Improvement in

Exercise Capacity

Improvement in

Health-related

Quality of Life

LVRS Medical LVRS Medical

Upper-lobe predominant

emphysema on CT

Low Exercise 30% 0%* 48% 10%*

High Exercise 15% 3%* 41% 11%*

Non–upper-lobe predominant

emphysema on CT

Low Exercise 12% 7% 37% 7%*

High Exercise 3% 3% 15% 12%

Definition of abbreviations: CT 5 computed tomography; LVRS 5 lung volume

reduction surgery; NETT 5 National Emphysema Treatment Trial.

Response of patient to LVRS in the NETT. Improvement in exercise capacity is

measured by cardiopulmonary exercise testing; the percentages represent the

proportion of patients with a 10-watt improvement over prerandomization

baseline in maximal workload attained on cycle ergometry. Improvement in

health-related quality of life is measured with the St. George’s Respiratory

Questionnaire (SGRQ); the percentages represent the proportion of patients

with an 8-point decrease (twice the MCID for improvement) in SGRQ score.

Table adapted from Reference 7.

* P < 0.001 in comparison of LVRS with Medical.
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