Lung density: clinical method for quantitation
of pulmonary congestion and edema
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The density of a defined volume of the
human lung can be measured in vivo
by a new noninvasive technique. A
beam of v-rays is directed at the

lung and, by measuring the scattered
v-rays, lung density is calculated.
The density in the lower lobe of the
right lung in normal man during
quiet breathing in the sitting position
ranged from 0.25 to 0.37 gecm™.
Subnormal values were found in patients
with emphysema. In patients with
pulmonary congestion and edema,
lung density values ranged from 0.33
to 0.93 gecm.

The lung density measurement
correlated well with the findings in
chest radiographs but the lung density
values were more sensitive indices.
This was particularly evident in

serial observations of individual patients.

On peut mesurer in vivo la densité
d'un volume défini de poumon humain
au moyen d’'une nouvelle technique
nontraumatique. Un faisceau de rayons
v est dirigé sur le poumon, dont on
calcule la densité en mesurant les
rayons 7 dispersés. La densité du lobe
inférieur du poumon droit chez I'homme
normal en position assise durant la
respiration calme a varié de 025 a
0.37 g°cm>. Des valeurs sous la
normale ont été retrouvées chez des
patients souffrant d’emphyséme.
Chez les patients atteints de congestion
pulmonaire et d'oedéme, la densité a
varié de 0.33 a 0.93 gecm™.

La mesure de la densité pulmonaire
a montré une bonne corrélation avec
les résultats des radiographies
thoraciques mais les valeurs de densité
pulmonaire ont procuré un index plus
sensible. Cecl a été particulidrement
évident dans les observations sériées
chez des patients individuels.
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Physical examination of the chest and
chest radiography are the methods
available for assessing clinically sus-
pected congestion and edema of the
lung. These methods are subjective and
qualitative rather than quantitative. The
auscultatory signs are notoriously late
to develop.' Radiographic changes may
be subtle, so careful technique and
interpretation are essential for evalua-
tion.? Several complex techniques have
been proposed for the quantitation of
both congestion and edema: chest im-
pedance and indicator injection methods
and recently an indicator inhalation
method.** The indicator techniques at
best measure only half the extravascular
water even in the normal lung.® A mi-
crowave method has recently been in-
vestigated but again the results are
largely qualitative.®

We have developed a simple, atrau-
matic, bedside procedure that measures
lung density — the mass of lung tissue,
blood and interstitial fluid per unit vol-
ume of lung. The procedure is based
on the Compton scatter principle,
which has been applied to clinical
measurement of bone density.”® Pre-
liminary data on lung density in chil-
dren,® dogs" and healthy adult hu-
mans' have been described. We report
the results of measurements in healthy
volunteers and patients in whom pul-
monary venous congestion or pulmo-
nary edema was suspected clinically.

Methods and subjects

Methods

When monoenergetic vy-rays impinge
upon any tissue the density of a defined
volume of that tissue can be determined
by measuring the scattered fraction of
the incident <y-rays.

From a 1.5-Ci source of radioactive
samarium (***Sm) 103-keV <y-rays are
directed at the lower lobe of the right
lung through a lead collimator (bore,
6 mm; length, 2.5 cm). Two Nal (Tl)
detectors (2.5 cm x 0.75 mm) are col-
limated in the same way as the incident
beam. One is positioned in line with
the beam from the **Sm source and
the other at right angles to the beam,;
the first detects the transmitted photons
and the second, the scattered photons.
Corrections for attenuation of the inci-

dent and scattered beams are made by
means of an 84-keV source of radio-
active thulium (**Tm) placed opposite
the detector of scattered photons. The
sources and detectors are mounted on
an adjustable horizontal C-frame. The
details of the correction procedure and
the calculation of the result are similar
to those already described for the meas-
urement of bone density.® Corrections
for multiple scattering'? were made
with the use of phantoms constructed
of wooden blocks of known density.

Measurements are made with the pa-
tient sitting either on a chair or in bed
and breathing quietly. The location of
the volume of the lung being measured
is defined from frontal and lateral ra-
diographs obtained after radiopaque
skin markers have been placed on the
sites of entry and exit of the incident
and scattered **Sm beams, respectively.

During each 15-minute procedure a
calculated maximum dose of 1 rad was
absorbed by the volume of lung ex-
amined. The error in the density meas-
urement, due to counting statistics, was
4% and the procedure gave reprodu-
cible results within the limits of the
method. Five measurements of lung
density in the same subject were within
the range 0.32 to 0.36 gecm™.

Comparisons were made between the
measured lung density and a radiologic
assessment of pulmonary congestion
and edema by two independent observ-
ers using the arbitrary scoring system
shown in Table 1.

Subjects

Six members of staff aged 20 to 50

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

No. of

Feature points
Prominence of upper lobe veins +1
Upper lobe vein larger than lower

lobe vein +1
Blurring of outline of perihilar

structures +1
Kerley lines +1
Pulmonary edema +1
Fluid in pleural cavity +1
Local factor affecting lung density -+ 1
Radiologic evidence of emphysema — 2
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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 gecm™ (range, 0.25
to 0.37 gecm™). In the two patients
with emphysema it was 0.11 and 0.28
gecm™ In the patients with pulmonary
congestion and edema the range was
0.33 to 0.93 gecm™.

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 radiologic
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 colleagues™ — 0.21 to 0.31 ge.cm™
in a selected group of seated healthy
subjects; they did not study anyone
with abnormal lungs. Reiss and Schu-
ster’ measured lung density in children:
in healthy children less than 6 years of
age, values ranged from 0.30 to 0.46
gecm™, while in children of the same
age with pneumonia, values were as
high as 0.72 gecm™. 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.”” 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. The coexistence of
emphysema and congestion may ex-
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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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