


Ultrasonic Differentiation of Normal Liver Structure As a Function of Age and Species

with borders heavily outlined by connective tissue and with the approximate center
occupied by the central vein opering; radiating from the borders of the lobule to
the edge of the central vein are numerous sinusoids {(capillaries) which are embedded
in @ continuous framework of hepatic cells laid down in the form of plates or sheets.
This general description of the hepatic lobule is also acceptable for the liver of
man and the cat with the exception that in both of these mammals the connective tissue
between the lobules is poorly developed. The liver of the adult pig, therefore,
makes a most interesting subject for acoustic study: its basic architecture is
similar to that of other mammals (including man and cat) with the exception of the
presence of connective tissue surrounding each lobule; this connective tissue struc-
ture is dense and completely distributed throughout the liver in a regular repeated
pattern.
Materials and Methods

The acoustic system consists essentially of a one inch diameter, PZT, focusing
examining transducer of 1.00 MHz frequency, an elliptically shaped reflector
designed to receive pulses reflected from the biological sample and re-reflect
them to a second reflector (hyperboloid in form) which directs the signals into a
1/8 inch diameter lithium sulfate receiving transducer. (0lofsson, S., Acustica,
13, 361, 1963) The good azimuthal resolving power of this system is one of its
primary advantages. The signals from the receiving transducer are transmitted
through a linear amplifier system, and displayed finally on a cathode ray tube. The
unit containing the two transducers and the two reflectors is under automatic control
and can scan all the major aspects of the intact liver of the experimental animal by
movement in three mutually perpendicular directions and wobbulation in a vertical
direction at an angle of % 20°. For in vivo experiments the anesthet ized experimen—
tal animal mounted in @ chair type device is immersed to the top of its chest in a
sound tank containing 389C degassed distilled water.
Experiments

A series of acoustic visualization experiments were carried out on sections of

freshly excised liver of adult pigs and adult cats. The general result found was

that at cathode ray intensity and amplifier gain settings at which essentially no
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reflections could be detectec from the excised 'iver of the cat, dense reflections
were recorded throughout the tissue of the pig. In view of these resuits, efforts
were concentrated on the problem of cetecting the structure of cat liver with par=-
ticular esphasis on using @ linear ampl ifier system that would give greater sensi-
tivity or gain than that previously applied. Using this more sensitive instrumenta-
tion the next series of ultrasonic visualization experiments was carried out with a
unique blological preparation in which part of a liver lobe of a live cat was
extruded outside the abdominal wall with circulation completely intact. This
preparation had all the advantages of an in vivo sample with intact circulation with
the added advantage that the liver tissue was directly exposed to the sound energy
without any interference of overlying tissue. It was found that with sufficient
amplifier sensitivity it was possible to detect the internal structure of the cat
liver not only for the extruded |iver lobe but aiso for the intact and excised
livers. The Individual reflections obtained from the internal structure of the

cat liver were of smaller dimensions than those obtained from adult pig liver. It
is of interest to compare echograms of the livers of the cat and the pig obtained
under in vivo conditions, Since it was not feasible, because of their weight and
size, to carry out an in vivo study with adult pigs, @ purebred strain (Poland China)
of young female pigs, ranging in 2ge from three 10 eight weeks, was used. Histo-
logical studies were carried out on the livers of young and acult pigs and adult
cats. In the case of the young pigs, these studies definitely showed the presence
of the polygonal shaped lobular pattern formed by light connective tissue. The
histological results for the adult pig and adult cat agree with the results described
in the literature which cro‘outnnul above.

Using the technigues previously descrided, for each experimental pig ultra-
sonic scans were made of the intact |iver, the exteriorized liver and the excised
liver. For sach of these scans four sensitivity settings of the linear amplifier
system were used with a factor of ten from minimum to raximum, At the completion of
the excised liver scan, the tissue was prepared for histological study. Precisely
the same series of experiments, with the exact conditions of instrumentation settings

was carried out on the |liver of adult cats. Therefore, the results of the ultrasonic
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scans could be precisely compared for the two species. The complete details of the
results of this study can not Se presented here, but the primary finding was that
with sufficient amplifier sensitivity the liver structure of both species can be
detected with approximately equal clarity and, under the same conditions of sensi=
tivity of the inst rumentation, the wltrasonic echograms of the |ivers of the young
pig and of the adult cat are very similar. Since cat liver tissue has little connec~
tive tissve in comparison with the regular pattern of connective tissue of the young
pig and since it is morphologically similar to human 1iver, the result is important
in studying the role of ultrasonic energy in detecting the structure of normal human
liver.

The echogram of the liver of the adult pig can be easily distinguished from
that of the liver of the young pig (or adult cat) since the reflection pattern is
made uo of larger structural gnits with considerably greater intensity for the same
sensitivity setting. It is of interest to know whether this acoustic reflnﬁtlon
pattern of the liver of the adult pig is specifically associated with the most pre=
dominant feature noted in the nistological studies = namely a continuously repeated
pattern =ade up of polygonal lobules with diameters more than double that of the
young pig and bordered by very heavy connective tissue. An initial investigation of
this was carried out by studying freshly excised beef liver from an adult Hereford
steer both by means of ultrasonic scans and by nistological sections. The echograms
obtained from this beef liver were almost indistinguishable from those obtained from
adult pig liver. The nistological studies showed the presence of 2 relatively large
amount of heavy connect ive tissue but this was randomly distributed and definitely
did not show any repeatec pattemn such as that of the liver of the adult pig.
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of space restrictions.



