TABLE 1. THYROID STUDIES IN TWO
CHILDREN WITH THYROID HEMIAGENESIS

Thyroid function, Case 1 Case 2
T3 ng/dl (80-210)* 291 160
T4 pg/dl (5-12) 10.5 11.4
TSH uU/mi (0-6) 23 2.5
Thyroid uptake %
Tc-99m 20’ (0.3-3.0) 3.2 4.43
131-, 24 hr (6-30) ND 45
Post-T3 ND 0.8
suppression
Thyroid scan Rt. lobe Rt. lobe
visualized visualized
TRH stimulation Normal response ND
TSH stimulation Failure of left ND

lobe to visualize

* () normal values. ND = not determined.

evated T3 in Case | and increased Tc-99m and RAI uptake values
in Case 2.

The following steps are necessary to establish a diagnosis of
thyroid hemiagenesis: Thyroid imaging with Tc-99m or iodine-123
will show that the mass is functional. Although a “hockey-stick”
appearance has been described (/), it is not always present. A
consistent finding is nonvisualization of the opposite lobe. Next,
a TRH test or a T3 suppression test should be performed. Lack of
a normal TSH response to TRH, or nonsuppressibility of the RAI
uptake to T3 administration, would be compatible with an au-
tonomously functioning thyroid adenoma. If the responses to these
tests are normal, a TSH stimulation test should be considered. In
thyroid hemiagenesis, TSH administration fails to stimulate up-
take outside the previously visualized thryoid tissue.

Our patients were clinically and biochemically euthyroid and
had no detectable thyroid antibodies. The enlargements presented
no cosmetic problems. Consequently we decided to follow them
without therapy. The primary risk these patients face is that of
unnecessary surgery. It is important to consider thyroid hemi-
agenesis whenever one encounters a thyroid mass, for hemiagenesis
imaging will show that the mass is functional, essentially elimi-
nating concern for a malignancy. The further studies outlined
above will differentiate an autonomously functioning thyroid ad-
enoma from hemiagenesis. Treatment with thyroid hormone will
produce regression in these hyperplastic masses if this is considered
desirable.
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Interpretation of the NEMA Protocols for
Scintillation Camera Performance

The National Electrical Manufacturers Association (NEMA)
originally introduced standards for the measurement and speci-
fication of scintillation-camera performance in 1980 (/,2). These
standards were developed by a consortium of scintillation-camera
manufacturers and were intended as guidelines to be followed by
manufacturers so that purchasers and users could expect some
degree of conformity of the specifications for cameras from dif-
ferent manufacturers. Although they were not intended to be used
as such, a number of users have adopted these standards for pur-
poses of acceptance testing and ongoing quality control (3-10).

Our own interest was stimulated by a need to establish a method
by which we could reliably determine the integral and differential
uniformity of a scintillation camera under different conditions of
improper operation (/). However, when we investigated the
various documents relating to the NEMA standards (/,2) and the
more familiar abbreviated publication *“Standards for performance
measurements of scintillation cameras . . . and what they can mean
for you,” we discovered some statements and ambiguities that
could make application of the standards difficult.

The most important ambiguity is that relating to differential
uniformity. It is intended that this parameter shall be a measure
of the “worst-case rate of change” of counts in a flood-field image
over a limited pixel range in either the horizontal or vertical di-
rection. The wording in some of the documents does not make clear
whether the number of pixels included in the range over which the
measurement is to be made should be five or six. Some documents
also allude to the largest deviation of counts in this pixel range. The
largest deviation of counts will not necessarily give the “worst-case
rate of change.”

Clarification is contained in Appendix A of the full NEMA
standards (/). Paragraph NU 1.A1.02.D (5) states categorically
that the pixel range shall be six and that this is intended to corre-
spond (in a 64 X 64 matrix) to the radius of a photomultiplier tube
in a 37-tube scintillation camera. Further, one must search for the
largest gradient or percentage change of counts over this range of
pixels. A deviation of AN counts will be more significant in a re-
gion of low counts than the same deviation in a region where the
surrounding counts are more dense.
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FIG. 1. Graphs of integral and differential uniformity against cen-
ter-pixel count content. All cameras investigated yielded similar
results. Only when center-pixel count content exceeds about 8000
can measured uniformity be expected to be minimal.
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The NEMA standards also advocate that a minimum of 4000
counts be accumulated in the center pixel for uniformity mea-
surements. We investigated the reproducibility of uniformity
measurements at increasing count densities and have found that
one can achieve consistent estimates of the best uniformity
achievable only when the counts in the center pixel exceed 8000
(Fig. 1). Measurements made with several different scintillation
cameras all resulted in curves similar to those shown in Fig 1. Note
that the uniformity values decrease as the count density increases
and, though it represents a somewhat arbitrary cut-off, a value of
8000 counts in the center pixel will give uniformity values that
represent the best performance of the camera. This may require
that as many as 30-40 million total counts need to be collected in
the flood-field image and, though this may well be regarded as
excessive for routine quality control (/2), it is a small price to pay
when an acceptance test is being made or as a less frequent, but
more rigorous, periodic quality-control test giving a numerical
result. Flood-field images of 30 million counts have also been
recommended for SPECT calibration (/3,/4).

NEMA standards are gradually being used by manufacturers
for the specification of scintillation-camera performance. However,
they are by no means fully implemented and it would therefore be
advisable for users to ascertain under what measurement condi-
tions performance specifications for their camera were obtained.
For example, in addition to differential uniformity discussed above,
other questions arise: were all, or only some, specifications obtained
with uniformity-correction circuitry in action? Or were specifi-
cations of maximum count rate actually obtained without re-
peaking the analyzer window as required by the NEMA protocol?
Because some manufacturers use their own protocols for final
acceptance testing of their product before shipment, it is possible
that acceptance testing at the user site using the NEMA protocols
may result in measurcments at variance with the manufacturer’s
specifications.

In conclusion, those using the NEMA standards to quantitate
scintillation-camera performance are strongly urged to examine
closely the full document (NU 1-80) on performance measure-
ments and to be aware of pitfalls when comparing results with
those of others. Differential uniformity should be calculated over
a six-pixel range and the maximum differential uniformity de-
termined and reported. Accuracy and reproducibility of the uni-
formity measurement become assured only at a minimum pixel
count density of 8000 counts per pixel.
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The London Liver Phantom

Various organ phantoms have been developed for specific pur-
poses; e.g., the thyroid phantom was useful with rectilinear scan-
ners, and the brain and liver phantoms developed by the College
of American Pathologists are very suitable for interlaboratory
comparison studies and self-evaluation of laboratory technique.
For assessment of clinical performance and instrumentation
quality control, accurate simulation of an organ demands that the
phantom be three dimensional and provide the advantages of re-
alism and the facility to exercise practical techniques.

The London liver phantom (/) is useful in several areas: (a) to
study the dependence of tumor resolution on lesion size and depth
within the liver with variable tumor sizes and positions, using the
variant of the phantom; (b) as a routine total performance quality
control test phantom with tumors fixed in specified position within
the liver (Fig. 1.); (c) for the study of fixed tumor sizes and posi-
tions in an interlaboratory comparison program, such as that un-
dertaken by the Department of Health and Social Security
(DHSS) (2) in the United Kingdom in 1976-1977, planned by
WHO (3) in 1980 and is now in the process of analysis, and the
program currently being undertaken in the United Kingdom by
the DHSS as an extension of the work of Elliott, Short, Potter, and
Barnes (4); and (d) to study ECT performance.

The purpose of this communication is to acquaint the nuclear
medicine community with this liver phantom so that it can be made
more readily available.* A standard version, which has been dis-
tributed by IAEA to several recognized nuclear medicine facilitics
in Latin America and Southeast Asia, is illustrated in Fig. 1. It
contains three simulated tumors of various sizes and locations as
follows: 2 cm on the anterior surface of the left lobe; 3 cm at the
center of the posterior surface of the right lobe; and 2 cm on the
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