Dichromography—a Method for
in vivo Quantitative Analysis
of Certain Elements

Abstract. The method is based on ab-
sorption measurements of monochromatic
x-rays. The radiation dose given to the
patient is low, and thus the method is non-
destructive. The physiological content of
iodine in the human thyroid can be de-
termined, as well as the distribution in the
body of small amounts of roentgenological
contrast substances.

A nondestructive method for the quan-
titative analysis of elements inside a
living person would be of value for de-
termining the function of organs in diag-
nostic and physiological studies. The use
of monochromatic x-rays makes it pos-
sible to determine certain heavy ele-
ments as well as ensuring an optimum
amount of contrast per dose given to the
patient when producing radiographic
images. )

Any one element can be quantitatively
determined according to the Beer law
by measuring the attenuation of one
monochromatic x-ray beam (I). Simi-
larly, two elements can be analyzed with
two monochromatic rays, provided that
the ratios of the mass absorption coefhi-
cients of the elements are sufficiently dif-
ferent at the two wavelengths. To the
first approximation the human body is
composed of soft tissue, bone salt, and

iodine (normally present in the thyroid

or otherwise employed as a roentgeno-
logical contrast medium). If bone struc-
tures are avoided, two wavelengths are
therefore sufficient for an in vivo analy-
sis of the amount of iodine and soft tissue
in a body section. Preferably the two
wavelengths are chosen on each side of
the absorption edge of iodine at 0.37
A (2).

The equipment comprises an x-ray tube
for the production of monochromatic
radiation through secondary emission,
a system composed of two servo-
controlled absorption wedges, a scintil-
lator photomultiplier unit sensing the
x-ray intensity, and an electronic feed-
back loop from the mutliplier to the two
servomotors (3). One wedge is com-
posed of material equivalent to soft tis-
sue (for example, water); the other, of
iodine. The two wedges are automati-
cally kept in such a position that the
intensities at the scintillator are constant.
When the patient is placed in the beam,
the two wedges are withdrawn a certain
distance corresponding to the amount of
soft tissue and iodine in the patient.
Thus, the displacements of the two
wedges are quantitative measures of the
amounts of these substances. A scanning
process is: employed when producing
images, showing the quantitative distri-
bution,

At present the accuracy of the method
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Fig. 1. Stereogram showing the distribution of iodine in a normal human thyroid. The
peak concentration of 4 mg of I per square centimeter in the caudoventral part corre-
sponds to the thyroid isthmus. The total amount of iodine in this thyroid was 23.5 mg.
No iodine had been given to the patient prior to the determination.

is within 0.2 mg of iodine per square
centimeter for static measurements and
+0.5 mg/cm? when scanning is em-
ployed at a rate of 0.5 cm/sec and with a
beam cross section of 0.25 cm?2. The ac-
curacy is limited by statistical fluctua-
tions of the number of quanta in the
x-ray beam and by photomultiplier
drift. Another error not included in the
values given is caused by the presence of
fat in the tissues. Fat has an absorption
characteristic slightly different from that
of the soft tissue wedge (water). Thus,
1 g of fat per square centimeter simu-
lates the presence of 0.5 mg of iodine per
square centimeter.

An additional advantage of the soft-
tissue wedge is that the dose given to the
patient is at a theoretical minimum. The
beam is constantly attenuated so as to
allow no more quanta to pass the patient
than those necessary for the desired sta-
tistical accuracy. During a typical inves-
tigation of the thyroid, the dose becomes
less than 1 mr.

The iodine distribution in a normal
thyroid can be seen in Fig. 1. Each
plotted curve represents the mean value
of the ink recordings of two adjacent
scanning lines. Deviations on the base
level, representing the zero iodine values,
are due to statistical fluctuations in the
beam. It should be noted that no iodine,
stable or radioactive, has been given to
the patient before the investigation. The
method is thus entirely different from
that employed in radioiodine thyroid
function tests.

The method has also been used for
function tests of the liver, kidneys, and
lungs, or of localized parts of these or-
gans, in human beings and other ani-
mals, performed by studying the amount
of iodine present in: the: organs: after in-
travenous injections: of contrast sub-
stances containing iodine (4). Circula-

tion tests are also possible, as is the de-
termination of the amount of blood in
certain parts of the body.

Preliminary experiments indicate the
possibility of measuring the amount of
bone salt simultaneously with determi-
nation of the iodine and soft-tissue val-
ues by means of three selected wave-
lengths and three wedges (5).
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Effect of Growth Hormone on
Lipid Aldehydes

Abstract. Female rats at the body weight
plateau which responded to 13 daily in-
jections of 0.4 mg of growth hormone by
greater weight gain per gram of food had
a decreased concentration of lipid alde-
hydes in blood plasma, an increased con-
centration in liver, and no change in in-
testine, compared with. control rats given
isotonic saline.

The administration of growth hormone
(GH) decreases the rate of turnover of
plasma. phospholipids in man: (7) and
increases the content and the rate of
turnover of the phospholipids of the liver
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