
Lung density: clinical method for quantitation
of pulmonary congestion and edema

Table 1-Arbitrary scoring system for radio
logic assessment of pulmonary congestion
and edema

No. of
Feature points
Prominenceofu.rlobeveins +1
Uppor lobe vein larger than lower
lobeveln +1

Blurring of outline of perihilar
structures + I

Kerley ilnes + I
Pulmonary edema + 1
Fluid in pleural cavity + 1
Local factor affecting lung density + 1
Radiologic evidence of emphysema - 2



years who understood the nature of
the procedure served as healthy control
subjects.

Thirty-eight patients aged 40 to 80
years with left-sided heart failure
were studied. Pulmonary congestion or
edema or both had been diagnosed by
routine clinical procedures in all. Be-
cause some had various degrees of ob-
structive airway disease, two patients
with gross clinical emphysema but
without evidence of heart failure were
also studied.

Results

In the six control subjects lung den-
sity averaged 0.32 g .cm3 (range, 0.25
to 0.37 g .cm3). In the two patients
with emphysema it was 0.11 and 0.28
g .cm.3. In the patients with pulmonary
congestion and edema the range was
0.33 to 0.93 g.om3.

Lung density and radiologic scores
are compared in Fig. 1, and the
changes in lung density that occurred
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FIG. 1-Comparison between radlologic
assessment of pulmonary congestion and
edema and Compton scatter measurement
of lung density. Vertical lines indicate
normal range for lung density.
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FIG. 2-Changes in lung density during
treatment of pulmonary congestion and
edema.

during the course of therapy in eight
patients are shown in Fig. 2.

Discussion

The Compton scatter technique for
the measurement of lung density gives
reproducible results and in normal man
the range of values is narrow. Clearly
the degree of inflation of the lung will
influence its density. Therefore all
measurements should be made during
quiet tidal breathing; thus density is
averaged for a defined intrathoracic
volume over a period of time. Tidal
breathing at high lung volume produces
densities in the range we found in
patients with emphysema.

The range of values for lung density
that we found in healthy adults agrees
with that recently reported by Gamsu
and colleagues1' - 0.21 to 0.31 g .cm4
in a selected group of seated healthy
subjects; they did not study anyone
with abnormal lungs. Reiss and Schu-
ster9 measured lung density in children:
in healthy children less than 6 years of
age, values ranged from 0.30 to 0.46
g .cm3, while in children of the same
age with pneumonia, values were as
high as 0.72 g .cnr3. it is known that
the number of alveoli in the lung in-
creases exponentially up to the age of
8 years, during which time the volume
proportion of lung tissue declines.'3 It
is therefore not unreasonable to expect
that the lung density of a child will be
greater than that of an adult.

The range of density in the cardiac
patients was wide. A patient with a
large pleural effusion would be ex-
pected to have a lung density of ap-
proximately 1.0 if the volume measured
lay within the area of effusion. On the
other hand a patient who had been
adequately treated would be expected
to have a lung density in the normal
range (Fig. 2). Thus a sensitive and
simple method of measuring lung den-
sity may help the physician assess a
patient's progress, particularly since
radiologic changes lag behind clinical
improvement. We found that approxi-
mately 20% of recovering patients had
radiologic evidence of pulmonary con-
gestion at a time when their lung den-
sity was normal (Fig. 1). Whether the
same applies during the onset of left-
sided decompensation is unknown but
likely. Accordingly, the density read-
ings can provide a precise quantitative
clinical measurement for assessing al-
terations in pulmonary circulation.

Radiologic assessment of pulmonary
congestion is subjective. In addition, in-
terpretation of the accepted signs is
still contentious.'4 The coexistence of
emphysema and congestion may ex-

plain some of the variance between
radiologic scores and lung density.

Unlike the more complicated tech-
niques that measure only a fraction of
total lung water, measurements of lung
density include all of the water and
tissue. Although current techniques for
measuring lung density give no infor-
mation about the distribution of this
water within the vascular or extravas-
cular compartment, even this infor-
mation may become available if a
suitable physical method can be de-
vised.

Other approaches to the problem of
the quantitation of lung density would
include the measurement of either scat-
tered or attenuated x-rays. This tech-
nique forms the basis of computer-
assisted tomography (CAT), from
which a measurement related to den-
sity can be obtained. However, CAT
scanners are still very expensive. Our
instrument costs only a fraction of that
of a CAT scanner and can be used
readily in an intensive care unit.
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