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To determine the prevalence of
“nonobstructive” (impairment of gas
transfer) emphysema in a select pop-
ulation of smokers with dyspnea, a
retrospective study of patients with
emphysema evident at high-resolu-
tion computed tomography (HRCT)
was undertaken. Four hundred 5ev-

enty HRCT studies were reviewed. In

47 cases, centribobular emphysema
was the dominant or sole parenchy-

mal abnormality. Concomitant chest
radiographs were available in 41 of
these cases; 16 of the 41 lacked radio-
graphic findings of emphysema.

Among these 16 patients, pulmonary

function testing revealed 10 to have
normal flow rates (ratio of forced ex-
piratory volume in 1 second to forced
vital capacity and forced expiratory

volume in 1 second greater than 80%
predicted) and impaired gas transfer
(single-breath carbon monoxide dif-

fusing capacity [DL�oSBJ less than
80% predicted). With the exclusion of

one patient with congestive heart
failure from the group of 10, the se-
verity of emphysema at HRCT corre-
lated inversely with DLc0SB (r =

-.643). These results indicate that

HRCT allows detection of emphy-
sema in symptomatic patients when

chest radiographs and pulmonary

function tests are nondiagnostic.
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E MPHYSEMA is a pathologic diagno-

sis. The diagnosis of emphysema

during life is based on a combination
of clinical, functional, and radio-
graphic findings, but this combination
is insensitive to mild emphysema (1).

The functional hallmarks of emphy-
sema are decreased airflow at spirom-
etry and decreased carbon monoxide
diffusing capacity (DL�o) due to pa-
renchymal destruction, but patients
may have up to 30% of their lung in-
volved with emphysema and have no
evidence of functional impairment
(2). Evidence of impairment in gas

transfer as assessed with DLco is more

sensitive than abnormal spirometry
for diagnosis of emphysema, but it is

nonspecific. Gas transfer is also de-

creased in infiltrative parenchymal

processes and pulmonary vascular

disease. Chest radiographs are accu-
rate for making a diagnosis of moder-
ate to severe emphysema, but may

not allow detection of mild disease
(3). High-resolution computed tomog-
raphy (HRCT) has shown high sensi-
tivity and specificity in demonstrating
emphysema (4).

At our institutions, HRCT is often

used in dyspneic patients who have

normal chest radiographs, abnormal
DLco, and normal flow rates at pulmo-
nary function testing, in an attempt to
detect minimal interstitial disease. We
have also encountered a number of
patients with this combination of
findings who have typical HRCT ab-
normalities of centrilobular emphy-
sema. To emphasize the value of

HRCT for detecting “nonobstructive”
emphysema and to determine the

prevalence of nonobstructive emphy-
sema (and its clinical correlates) in a
population of patients that under-
went HRCT of the lungs, we per-
formed a retrospective study of pa-

tients with predominant or sole

emphysema seen with HRCT.

PATIENTS AND METHODS

The subjects included in this study were
identified by using computer-generated
lists of all thoracic HRCT studies per-
formed at two institutions from June 1987
to March 1991. All HRCT studies were per-
formed with the same scanners (9800; GE
Medical Systems, Milwaukee). Most were
obtained without concomitant conven-
tionab CT examinations.

HRCT was performed in a slightly dif-
ferent fashion at the two institutions par-
ticipating in this study. At one institution,
scans were obtained at 4-cm intervals
through the thorax, beginning at a level 2
cm above the aortic arch and proceeding
caudally through the lung bases. The tech-
nicab factors were 1.5-mm collimation, 140
kVp, 170 mA, 2.0-second scanning time, a
large field of view, and a high-frequency
reconstruction algorithm (bone algo-
rithm). Images were photographed by us-
ing a six-on-one format and were dis-
played at window widths of 350 HU (soft
tissue), 1,000 HU (lung), and 2,000 HU
(lung-pleural interface). At the other insti-
tution, HRCT scans were obtained at the
level of the top of the aortic arch, at or just
inferior to the tracheal carina, and near
the top of the right hemidiaphragm. The
technical factors used were 1.5-mm colli-
mation, 120 kVp, 170-200 mA, 2-3-second

scanning time, and a high-frequency re-

construction algorithm. Images were pho-

tographed by using a 12-on-one format at
350 HU (mediastinal) and 1,500 HU (lung)

window widths. At both institutions, all
scans were obtained with the patient in
the supine position and suspending respi-
ration at end inspiration.

The reports of 470 HRCT studies were
reviewed. Ninety-two studies originally
interpreted as showing emphysema were
obtained for reinterpretation. Centnibobu-
lar or panacinar emphysema, defined as
well-demarcated areas of decreased atten-
uation in comparison with contiguous
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normal lung and marginated by a very
thin (less than 1-mm-diameter) or indefin-

able wall, was confirmed in all 92 cases.

The HRCT studies showing emphysema
were then evaluated for concomitant ad-
ditional nonemphysematous parenchymal

lung disease. Three levels of each HRCT
study (1 = at or just cephalic to the aortic
arch, 2 = at the tracheal canina, 3 = at the
apex of the right hemidiaphragm) were
viewed and scored for interstitial, alveolar,
and/or airways disease. At each of the
three levels scanned, each lung was evalu-

ated individually; thus, six lung sections
were evaluated in each subject. Significant
nonemphysematous disease was defined

as a parenchymal abnormality involving at

least 25% of the cross-sectional area of at
least two of the six lung sections. Of the 92

patients with HRCT findings of emphy-

sema, 45 also showed evidence of signifi-

cant nonemphysematous lung disease and
were excluded from further study. The
remaining 47 patients had either less than

25% involvement of up to two lung sec-

tions (predominant emphysema) or no

nonemphysematous disease (sole emphy-
sema).

Chest radiographs obtained in 41 of the

47 patients with predominant or sole em-

physema were available for review. The

radiographs obtained closest to the date of

the HRCT study were selected and scored
independently for emphysema by two
chest radiologists, on the basis of diagnos-
tic criteria proposed by Pratt (2). Findings

of emphysema on the posteroantenior
view were (a) decreased opacity of the

lungs and (b) depression and flattening of

the diaphragm with blunting of the costo-
phrenic angles, with the actual level of the

diaphragm being more important than the
contour and with the body build of the

patient taken into account. On the lateral

view, evidence of emphysema included

(a) abnormal retrosternal space, defined as

decreased opacity and a distance of more

than 2.5 cm from the retrosternab stripe to
the anterior margin of the ascending
aorta, and (b) flattening or concavity of the
diaphragmatic contour, best defined as a

sternodiaphragmatic angle of 90#{176}or

greater (2). When there was disagreement
in the scoring between the two radiolo-
gists, the higher score was chosen. Em-
physema was considered radiographically

evident if at least two of the four criteria
were met. Radiographs were interpreted
without knowledge of HRCT findings.

The medical records of the patients with
sole or dominant emphysema at HRCT

and with chest radiographs available were
reviewed for initial pulmonary symptoms
and results of pulmonary function testing.
Pulmonary function tests included assess-
ment of lung volumes by means of closed-
circuit helium dilution technique and spi-

rometry with measurement of forced
expiratory volume in 1 second (FEy) and

ratio of FEy1 to forced vital capacity

(FVC), both expressed as a percentage pre-
dicted by using the equations of Crapo et

ab (5). Diffusing capacity was measured by

use of single-breath carbon monoxide dif-

fusing capacity (DL(.�SB) and the predic-

tion equations of Miller et al (6). Abnormal

flow rates indicating airflow obstruction

and diminished diffusing capacity were

defined as a value less than 80% of pre-
dicted.

Since the HRCT diagnosis of emphy-

sema was considered definitive and no
patients with emphysema had clinical evi-

dence of pulmonary vascular disease,
none of the 47 patients with predominant
or sole emphysema underwent ventilation

and perfusion lung scanning or pulmo-
nary angiography.

Finally, in patients with emphysema

and normal expiratory flow rates and di-

minished DLC() at pulmonary function

testing (nonobstructive emphysema), the

HRCT scan was scored for overall severity
of emphysema by using the direct obser-
vational method of Sakai et al (7). Each of
the six lung sections evaluated in each pa-
tient was scored for severity of emphy-
sema by using a four-point scale, where

0 = no emphysema; 1 = low-attenuation
areas less than 5 mm in diameter; 2 = cir-
cumscribed low-attenuation areas more
than 5 mm in diameter and in addition to
those less than 5 mm in diameter; and 3 =

diffuse low-attenuation areas without in-
tervening normal lung or large, confluent

low-attenuation areas. The extent of em-
physema was then scored for each section

by using a four-point scale, where 1 = less

than 25% cross-sectional area involve-

ment, 2 = 25%-50% involvement, 3 =

50%-75% involvement, and 4 = greater
than 75% involvement. The extent multi-
plied by the severity was summed for the

six sections, with a maximal possible score

of 72 for each patient.

RESULTS

There were 47 patients with sole or

dominant emphysema demonstrated
on HRCT scans. Twenty-eight were

men and 19 were women. The mean

age was 60 years (range, 34-78 years).

All had predominantly centrilobular
emphysema (Fig 1). Thirty-five had

emphysema as the sole finding,

whereas 12 patients had insignificant
concomitant interstitial disease. Of

the 41 patients with emphysema and

concomitant chest radiographs, 40
had posteroantenior and lateral radio-
graphs available and one patient had

only a frontal radiograph available.

The mean interval between perfor-
mance of HRCT and chest radiogra-

phy was 11.2 days (range, 0-31 days).

Sixteen patients had chest radio-
graphic emphysema scores less than

2, and thus were not considered to
have evidence of emphysema; one of
these had a score of 1 on the basis of a

frontal radiograph alone. One patient

without radiographic evidence of em-
physema demonstrated cardiomegaly,

pulmonary venous hypertension, and

interstitial pulmonary edema indica-

tive of congestive heart failure.
History obtained from the medical

records indicated that at the time of
HRCT evaluation, all 41 patients had

shortness of breath during exertion or
at rest. Ten of the 16 patients with an
emphysema score less than 2 had nor-
mal flow rates and diminished DLco at
pulmonary function testing per-
formed a mean of 10.0 days (range,
0-22 days) after the HRCT study (Ta-

ble). For these 10 patients, the mean
FEy1 (±1 standard deviation) was
96.1% ± 16.4 predicted (range, 80%-
132% predicted), mean FEV1:FVC

(available in nine of the 10 patients)
was 92.7% ± 3.5 predicted (range,

82%-116% predicted), and mean
DLc0SB was 55.2% ± 13.6 predicted
(range, 29%-72% predicted).

The HRCT-determined emphysema
scores for the 10 patients with HRCT-

determined emphysema, negative
chest radiographs, and isolated low
DLco at pulmonary function testing

are shown in the Table. The mean
emphysema score was 20.2 ± 10.7.

With the exclusion of the patient with
congestive heart failure, who had a
relatively high DLc0SB, the severity of
emphysema at HRCT was inversely
correlated with DLCOSB in this group

of patients (r = - .643) (Fig 2).
Four of the 47 patients with domi-

nant or sole HRCT-determined em-
physema had undergone upper lobe
resection for neoplasm and had lung
specimens available for review. All
four showed centrilobubar emphy-
sema; the Thurlbeck emphysema
scores (0-100) for these specimens
were 5, 5, 25, and 35 (8). All four pa-
tients had evidence of airways ob-
struction at pulmonary function test-
ing. The corresponding diffusing
capacities in these four patients were
67%, 16%, 58%, and 61% predicted,

respectively.

DISCUSSION

Emphysema is defined histologi-
cally as an abnormal, permanent en-
largement of air spaces distal to the

terminal bronchiole, accompanied by
destruction of the air space walls and
without obvious fibrosis (1). Various
pathologic grading systems that pro-

vide a measurement of overall sever-
ity of emphysema in whole lung spec-

imens have been developed by
Thurlbeck et al (8). Even though em-
physema is defined pathologically,
lung specimens are rarely available
for making a diagnosis of emphysema
during life. Therefore, diagnosis has
been based on clinical, functional, and
radiographic criteria.
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Figure 2. Correlation of Dk0SB with sever-
ity of emphysema in nine of 10 patients with-

out evidence of airways obstruction.

Figure 1. HRCT scan obtained above the aortic arch in a 63-year-old male smoker (patient 2

in the Table) with progressive dyspnea during exertion. Scattered areas of centnilobular em-

physema are seen throughout both upper lobes. The HRCT-determined emphysema score

was 24. The corresponding frontal chest radiograph (not shown) demonstrated subtle areas of

decreased opacity in the upper lobes (chest radiographic emphysema score of 1). Airflow rates
were the following: FEV, 92% of predicted; FEV1/FVC, 88% of predicted. The Dk()SB was
43% of predicted.

Demographic Information, Emphysema Scores, and Pulmonary Function Test
Results in 10 Patients with Sole or Dominant HRCT-determined Emphysema,
Negative Chest Radiographs, and Isolated Low DL�0

Emphysema Score*

Patient Age Chest
No. (y)/Sex Radiography HRCT FEVJt FEV1/FVCt Dk0SBt

1 67/F 1 23 113 95

2 63/M 1* 24 92 88

3 64/M 0 18 83 90
4 55/F 1 41 84 87
5 53/F 0 24 104 80
6 54/M 0 8 100 104
7 72/F 1 32 80 82
8 45/F 1 19 85 92
9 61/M 0 9 132 116

10 34/F 0 4 88 NA
Mean ± SD 56.8 ± 11.2 0.5 20.2 ± 11.31 96.1 ± 16.4 92.7 ± 11.3

52

43

72
29
45
55
72
57
63

64
55.2 ± 13.6

:

Note-NA = not available, SD = standard deviation.
� Possible emphysema scores were 0-4 for chest radiography and 0-72 for HRCT.
t Values are percentages predicted.

� Posteroanterior view only.
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The physiologic hallmarks of em-
physema are expiratory airflow ob-
struction and decreased DLc0. Airflow

obstruction, as commonly measured

by means of spirometnic determina-

tion of FEV1 and FEV1:FVC, is second-
ary to increased airways resistance
and decreased driving pressure (elas-
tic recoil) (9). In patients with moden-

ate to severe emphysema, the pre-
dominant factor limiting expiratony
airflow is the decreased elastic recoil
that results from panenchymab de-
struction. Increase in airways resis-

tance from intrinsic airways abnor-
mality may be absent in patients with

pure emphysema, unless forced expi-

ration leads to dynamic compression
of large airways (9).

Airflow obstruction, however, is not
invariably present in patients with
mild emphysema. In a study of 14 pa-

tients who underwent pulmonary
function testing prior to thoracotomy
and bobectomy or pneumonectomy,
Gelb et al (10) compared measures of
airways obstruction with pathologic

confirmation of emphysema in the
resected specimens. All seven patients
demonstrating morphologic emphy-
sema had a DLco of less than 70% pre-

dicted, yet all had normal FEV1:FVC
percentages predicted and five of

seven had normal FEy1 percentages

predicted. In another study, Petty et
al (11) measured total lung capacity,
elastic recoil, FEV1 percentage pre-
dicted, and small airways disease in
21 excised human lungs judged to be

mildly emphysematous morphobogi-
cabby and compared findings with
those in 18 normal lungs (11). There
was a significant difference in total
lung capacity and elastic recoil be-
tween the two groups, but pathologic
evidence of small airways disease and
FEy1 percentage predicted did not
differ significantly.

Measurement of DL�0 with a single
breath-hold technique allows assess-
ment of the integrity and surface area
of the alveolar-capillary membrane
within the lung (12). If it is the result
of emphysema, decreased DL�0SB con-
relates well with the severity of the
emphysema at examination of post-
mortem specimens (13). Patients with
normal lung volumes and airways
resistance can have significantly re-
duced DLc0SB that correlates with
emphysema as seen in lobectomy
specimens, but some patients with

mild to moderate morphologic em-
physema can also have a normal DL-

coSB (14). Indeed, Symonds et al, in
comparing the severity of emphy-

sema at evaluation of postmortem
specimens with premortem measure-
ments of DL�0 in 34 patients, found
only one patient with mild emphy-
sema and a clearly abnormal DLc0SB
(corrected for alveolar volume) (13).

Not only is the DLc0SB normal in

some patients with proved emphy-
sema, but an abnormal DLc(ISB is en-
tirely nonspecific and can be seen in a
variety of pulmonary disorders, of

which emphysema is but one. Since
diffusion of carbon monoxide de-

pends predominantly on the surface
area available for gas diffusion and
the number and hemoglobin content
of red blood cells within the pulmo-
nary capillaries, any process affecting
these factors can alter the measure-
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ment of DLC�SB. For example, any
disease that diminishes the volume of
pulmonary capillaries available for
gas diffusion (ie, pulmonary embo-

lism) or that leads to airway obstruc-
tion, thereby diminishing the gas-ex-
changing air spaces (ie, cystic fibrosis),
can decrease DLc0SB.

Frontal and lateral chest radio-
graphs are usually the initial radio-
graphic examinations in patients with
suspected emphysema. While it is
clean that widespread, extensive em-
physema may be accurately diag-
nosed with chest radiographs, mild
disease is often not evident radio-

graphically. In the seminal study com-

paring the clinical, functional, and
radiographic diagnosis of emphysema
with morphologic emphysema seen
in whole lung specimens, Thurlbeck
et al (3) used four radiographic crite-
ria to determine the presence or ab-
sence of emphysema in 61 patients

(3). Radiographs were assessed for

ovennflation, increase or decrease in
pulmonary vascular markings, pub-
monary arterial hypertension, and

right-sided heart enlargement; em-
physema was diagnosed when there
were findings of hyperinflation and
vascular changes. The radiographic
diagnosis in all patients with moder-

ately severe and severe emphysema

morphobogicalby was connect, but na-
diographic diagnoses were correct
in only 61 % of patients with mild
to moderate emphysema and in only
40% of patients with the mildest
degrees of emphysema. Similarly, Su-

tinen et al (15), who employed a four-
point scoring system based on hyper-
inflation and irregular nadiolucency of
the lungs, detected 13 cases of asymp-
tomatic emphysema but did not dem-
onstrate six cases of emphysema (15).
The authors stated that “it is clear
that, even with this method, some

cases in which structural emphysema

is present would be missed by a

roentgenographic survey.”
Thurlbeck and Simon, using arterial

deficiency as the primary radio-

graphic finding for emphysema, cor-
rectly diagnosed emphysema in only

41% of patients with moderately se-
vere or severe emphysema (16). In
their study, additional objective mea-
surements of hyperinflation, such as
lung length and width, heart size,
diaphragm position, or depth of the
retrosternab air space, did not im-
prove the ability to recognize emphy-
sema radiographicably beyond the
subjective evaluation of arterial defi-
ciency. Nicklaus et al (17), in a study
that used the same chest radiographic
criteria as Sutinen et al (15), with the

additional finding of a reduction in
the number and caliber of the periph-
eral branches in the outer half of the
lung, found that one-third of patients
with mild and possibly asymptomatic
emphysema will be missed.

In 1987, Pratt published a review of
the literature regarding the use of
chest radiographs in the diagnosis of

emphysema (2). He noted a wide dis-

crepancy among reports of the value

of chest radiographs in the diagnosis
of emphysema and attributed these
differences to differing criteria in the

scoring of chest radiographs among

various studies, differing uses of
given criteria in diagnosis or exclu-
sion of emphysema, and differing in-
tended goals of each study. The au-
thor states that the presence of two or
more of four criteria for hypennfla-
tion on frontal and lateral chest radio-
graphs is an accurate indicator of the

presence or absence of emphysema.

In a recent editorial, however,
Burki concluded that the chest radio-
graphic diagnosis of emphysema is
not very accurate (15-22). In an ad-
dendum to his review of the subject,
Pratt does note that emphysematous
destruction can be detected by means
of computed tomography (CT) in the
absence of chest radiographic findings

of hyperinflation (2). Because of its
cross-sectional nature and high-con-
trast resolution, CT is ideally suited to

the diagnosis of emphysema. In early
reports, the use of CT in the diagnosis
of emphysema depended on the rec-
ognition of large avascular areas or
regions with abnormally bow attenua-
tion coefficients (18,19). More re-
cently, shorter scanning times, im-

proved detector capabilities, and the
ability to obtain thinly collimated sec-
tions and reconstruct them with a

high-spatial-resolution algorithm
(HRCT) have allowed the depiction of
mild centribobular emphysema as
webb-defined areas of abnormally de-

creased attenuation that lack defin-

able walls and are situated within the
secondary pulmonary lobule adjacent

to the central bronchovascular bundle
(22-25). Several studies have shown a

significant inverse correlation be-

tween the CT-determined severity of
emphysema and functional markers
of emphysema such as airflow ob-
struction (FEVI, FVC, and FEV1:FVC)
and DL�0 (7,26,27). CT and HRCT
studies including pathologic correla-

tion achieved with postoperative or
postmortem lung specimens have
demonstrated the ability to quantitate
the amount of lung involved by em-
physema (27-29). A recent study,

however, suggested that while CT

and HRCT findings correlate well
with pathologic gradings of emphy-
sema, the very mildest forms of cen-
trilobubar emphysema may be missed

with these imaging techniques (30).
We have used HRCT as a diagnostic

tool in the evaluation of symptomatic
patients with nonspecific or normal
chest radiographs and abnormal pul-
monary function tests. HRCT, with its

thin collimation technique and high
spatial resolution, can enable detec-
tion of mild centrilobular emphysema
that may be missed with conven-
tional, 10-mm collimated CT because

of partial volume averaging of small

emphysematous areas within the
thickness of the section (24).

In our review of 470 studies, we
found 47 cases of sole or dominant
emphysema. Chest radiographs in 16
of 41 patients for whom they were
available were initially interpreted as

being normal, which was confirmed
by two chest radiologists (G.G.,
W.R.W.) who independently re-
viewed the chest radiographs ob-
tamed in patients with HRCT-demon-
strated emphysema and scored them
by using Pratt’s criteria. The fact that
an inordinately high percentage of
patients with emphysema in this
study had “normal” chest radio-

graphs relates to the design of our
study. Those patients with shortness
of breath and chest radiographs and
pulmonary function tests that are not
diagnostic of emphysema are usually
selected for HRCT scanning. Thus,
patients with minimal disease tend to
be selected.

Furthermore, 10 of the 16 patients

with HRCT-detected emphysema had
pulmonary function tests that showed
normal flow rates and an isolated di-

minished DL�0. A diminished DLco is
nonspecific and is found in a wide
variety of pulmonary disorders that

affect the alveolar-capillary interface,
including interstitial lung disease and
pulmonary vascular disease. In this

group of patients, the recognition of
emphysematous changes on HRCT
scans provides a specific diagnosis
that is not possible to arrive at by
other means. This obviates further
noninvasive and invasive diagnostic
testing and may allow for some thera-
peutic intervention. Furthermore,
the excellent inverse correlation
(r = - .643) between the HRCT-esti-
mated emphysema score and the dif-
fusing capacity (Fig 2) in nine of our
10 patients with nonobstructive em-
physema (the one patient with evi-
dence of congestive heart failure at

chest radiography likely had a rela-
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tively high DL�0SB and was therefore
excluded from this correlation) sug-
gests that even screening HRCT stud-

ies performed at spaced intervals can
enable quantitation of the overall Se-
verity of mild to moderate centnbobu-

bar emphysema.
There are several limitations to this

study. The number of patients with

HRCT-detected sole or predominant
centnibobular emphysema (n = 47) is

small. Only four patients had lung

tissue specimens available for direct

pathologic correlation; all of these

patients had abnormal flow rates and
were not among the group of 10 pa-
tients with nonobstructive emphy-
sema. Several studies have shown
excellent correlation (r = .85-.91) be-
tween HRCT demonstration of em-
physema and pathologic scoring of
emphysema in whole lung specimens
(4,28,30). In fact, CT and HRCT may

have an advantage over examination
of whole lung on bobar specimens in
that all regions of both lungs are visu-
alized, making sampling errors less
likely, especially since “emphysema
in mildest form is characteristically
localized” (9).

From results of this retrospective
study, we are unable to determine the

sensitivity of HRCT relative to plain
radiographs and pulmonary function
tests for the detection of mild centri-
lobular emphysema, and we cannot
speculate on the overall incidence of
nonobstructive emphysema. It is clear
from our study, however, that in a
significant subgroup of symptomatic
patients with nondiagnostic clinical,
radiographic, and pulmonary func-
tion test findings, HRCT can permit a
definitive diagnosis of emphysema. In
such patients, further diagnostic eval-
uation is not usually necessary. HRCT
may represent the most sensitive

method available for detecting mild
emphysema. As therapeutic measures
for this disease become available, the
detection and quantification of mild

emphysema may have considerable
import. U
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