
There is general agreement that under ideal conditions
radiocolloid images of the liver are capable of detecting
discrete masses measuring about 2â€”2.5cm in diam, whereas
0.6- to 0.9-cm â€œcoldâ€•lesions can be detected in phantoms
(1â€”4). Visualization of small hepatic lesions by scintigraphy
has been compromised by such factors as motion of the
liver and attenuation of the radiation by the overlying
tissue of liver, muscle, and breast.

Several attempts have been made to solve the problem
of motion, the major component of which is due to res
piratiOn. Hoffer (5) and Ellings (6) have suggested dcc
tronic devices to lessen the degradation of gamma-camera
images compromised by motion. Electronic respiratory
gating of various types (7), breath holding (8), and even
placing the patients in a prone position (9) have been used.
One of the simplest solutions is positional, merely requiring
that the patient assume a standing position during the imag
ing phase of the study (10). This maneuver reduces the
respiratory excursions of the liver.

The visual consequences of metastases smaller than 2
cm are not yet well defined. A recent study (Ii) indicates
that multiple small hepatic metastases from carcinoma of
the breast may be manifested on the liver scan as hetero
geneous or irregular distributions of activity, or as hepato
megaly without significant or perceptible nonhomogeneity.
Improved visualization may detect small focal defects in
some of these cases. Comparison of gray-scale ultrasonog
raphy with routine radionuclide hepatic scans indicates the
superiority of ultrasound (12). This may not be true when
standing radionuclide scans are routinely performed.
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This paper demonstratesthe benefitsof the standingview,
using computer technique to analyze and display the extent
of the improvement.

MATERIALSAND METhODS

All patients and normal volunteers were injected with 4
mCi of Tc-99m sulfur colloid. Imaging was done with a
140-keV parallel-hole collimator on a gamma camera. Un
gated and respiration-gated 500,000-count images were ob
tamed and computer processed.

RESULTS

Figure 1 illustrates the supine anteroposterior and stand
ing views (A,B) of a patient with known hepatic metastases

FIG.1. Anteriorhepaticscans,supineandstanding,com
paredwith longitudinaland transversesonograms,in patientwith
known metastases.
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Standing scintiphoto views of the liver may provide improved visuali@a.
lion as compared with conventiond supine liver images. This is partially
due to decreased respiratory motion of the liver. The standing position is
recommended if the supine liver scan app@ra normal in a patient ins
pected of metastatic disease.
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with height proportional to activity, the standing view mdi
cates better delineation of the lesion than does the supine.

Gated hepatic scans were performed on normal volunteers
during normal resting respiration. The volunteers were Un
aware of the intent of the study as end-inspiration and
end-expiration scans were performed. The result from a
normal volunteer is shown in Fig. 3. As shown by com
puter analysis using an isocount line in the z- (activity)
axis, respiratory motion of the liver is approximately equal
(2 cm) in the supine,prone,and sittingpositions,but is
markedly decreased (0.5 cm) in the standing (â€œuprightâ€•)
position.

DISCUSSION

It is not surprising that the respiratory motion of the
liver is reduced in the standing position. Agostoni and Mead
(13) state that the â€œzerolevelâ€•â€”i.e,the level at which
abdominal pressure is equal to ambient pressureâ€”is de
pendent upon gravitational forces and the elastic forces of
the diaphragm, rib cage, abdominal wall, and lung. In the
supine and prone positions, the diaphragm is stretched by
the abdominal contents. The lower position of the liver in
the erect position also causes the liver to change shape, as
shown in Fig. 3. The liver does not appear to be closer to
the gamma camera in the standing position, since in the
supine position the liver is close to the anterior abdominal
wall, as is demonstrated by ultrasound and body scanning.

The standing position appears to decrease respiratory
motion of the liver; hence, it should be employed whenever
maximal sensitivity for small focal defects is desired. An
additional requirement is that the patient must be firmly
held next to the camera to preclude resolution loss by pa
tient motion. We use a Velcro strip for this purpose. Fig
ure 3 also demonstrates that, if a patient were too sick to
stand, the same effect could not be achieved in the prone
or sitting positions.

REFERENCES

1. LOKEN MK, GERDINOD: Visualization of filling defects
in a liver phantom containing Tc@, Hgâ€•, F@, or Aug'
using a rectilinear scanner or scintillation camera. Am J
Roentgenol 101: 551â€”556,1967

2. FEits.@Nm WA, MAXFIELD WS: Comparison of the
diagnostic accuracy of liver scans, liver function tests and
liver biopsies. Southern Med I 61: 1255â€”1263,1968

3. OSTER ZH, LARSON SM, STRAUSS HW, et al: Analysis
of liver scanning in a general hospital. I Nuci Med 16:
450â€”453,1975

4. STEWARTHR, BFsr EB: Practical inferences from
studies with a â€œbreathingâ€•liver phantom. Am I Roentgenol
104: 686-691, 1968

5. HOFFER PB, OPPENHEIM BE, STERLING ML, et al:
A simple device for reducing motion artifacts in gamma
camera images. Radiology 103 : 199â€”200,1972

6. ELINGSVB, MARTINCB, POLLACK10, Ct at: Elec
tronic device corrects for motion in gamma camera images.
INuciMed 15: 36â€”37,1974

.- . 7. SMrrss EM, SMOAK WM, MIBELLI J, et al : Use of

j*@@3.@ . physiologic triggers for dynamic and static Anger camera
studies. I Nuci Med 10: 436â€”437,1969 (Abst)

8. GOTrSCHALK A, HARPER PV, JIMINEZ FF, et al : Quan
tification of the respiratory motion artifact in radioisotope
scanning with the rectilinear focused collimator scanner and
the gamma scintillation camera. I Nuci Med 7 : 243â€”251,
1966

1129

s,'.%#. i .:@S_...
@ @â€˜@â€˜.

C.

@1,@@@

Y@
.â€”.â€”-,..â€”.1---.â€”.-â€”..

......-..-.

@:â€˜-â€˜@@â€˜@@-â€˜@ â€˜.,

x x___/.@

,@ S

S@_@

Y â€¢.il

FIG.2. Computeranalysisof singledefectin anteriorviews
of patient with hepatic metastases.

from lymphoma, as well as gray-scale sonograms (C,D)
performed on the same day. The standard supine views alone
would have resulted in a normal interpretation of the radio
nuclide scan.

Figure 2 is a computer analysis of radiocolloid activity
in the X- (horizontal) and Y- (vertical) axes centered on
a particular defect in a patient with known hepatic metas
tases from carcinoma of the colon. In the resulting curves,
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FIG. 3. Superimposedinspiration-expirationhepaticoutlines
from normal volunteer in supine, standing upright, prone, and sit
ting positions.
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