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Foreword

or the past 10 years radionuclide imaging of the brain has pro-
Fvided a reliable and useful technique for the diagnosis of brain
disease. The low cost and noninvasive nature of the procedure has
made it the screening test of choice for brain disease. The role of
radionuclide brain imaging has recently been challenged, however, by
the development of a new transmission scanning technique, com-
puterized transaxial tomography, or CTT scanning.

Seldom has a new diagnostic technique received such rapid
acceptance as CTT scanning. It has been suggested that this may
have a profound impact on the routine use of radionuclide brain
imaging. It is therefore desirable at this time to examine the roles of
these two techniques in the diagnosis of brain disease and to evaluate
the potential for future developments. This book presents such an
assessment by several leading experts in the field.

The first two chapters are devoted to the present status of
radionuclide brain imaging and to current concepts of the blood-brain
barrier and its importance in radionuclide studies, particularly in
regard to the development of new radiopharmaceuticals for brain
imaging. The next five chapters discuss other new concepts and
potential future developments. These include the use of new
radiopharmaceuticals, especially those containing cyclotron-produced
radionuclides, including ''C, '*N, and 'O. The desirable decay
characteristics of these radionuclides and their importance as labels
for physiological compounds have long been recognized. The
technology for labeling these compounds has been demonstrated.
What remains to be done is to develop relatively inexpensive methods
for producing them in a clinical environment. It should be noted that
the cost of the currently available compact cyclotron even now is not
too different from that of 2 single CTT scanner, and there is potential
for the development of a lower cost, smaller, medical cyclotron
more suitable for routine clinical use.

Computerized reconstruction tomography in brain imaging is not,
of course, new or unique to transmission techniques since it was
introduced by Kuhl and coworkers in nuclear medicine over 10 years
ago. The work of these investigators in the development of com-
puterized radionuclide transaxial tomography, or CRTT scanning,
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summarized in Chapter 5, is particularly worthy of review at this
time. Also presented in other chapters are descriptions of techniques
and early clinical results for reconstruction tomography employing
the scintillation camera and a new imaging device for positron emit-
ters. The latter is of particular importance with respect to the
cyclotron-produced radionuclides mentioned earlier. It is possible
that, by providing improved images and new tests using new
radiopharmaceuticals, CRTT imaging could have as great an impact
as CTT scanning on the diagnosis of brain disease.

The last five chapters are devoted to CTT and radionuclide
scanning, including comparisons of clinical results obtained by both
procedures. Chapter 8 presents an especially useful and comprehen-
sive analysis of the capabilities and limitations of current CTT scan-
ners as well as a discussion of their potential for further improve-
ments. The final chapter presents a panel discussion among a variety
of experts in radionuclide and CTT scanning.

It is expected that other noninvasive brain-imaging techniques
besides those discussed here may also be developed further in the
next few years. One of these, for example, is the use of improved
diagnostic ultrasound techniques. While their potential is recognized,
however, a discussion of these techniques was considered beyond the
scope of this book.

We are grateful to Dr. Monte Blau for his support and assistance
in the careful review of this work and to Margaret Glos and Christa
Foster of the Society of Nuclear Medicine for their help in the
organization of the symposium given in Salt Lake City and for their
continued assistance throughout the publication of this volume. We
are also indebted to Margaret Ann Bowman for her patient and
diligent performance in the extensive task of preparing the typewrit-
ten manuscripts. Finally, we would like to thank the authors for their
promptness in reviewing and returning the edited manuscripts, which
helped to make rapid publication of this book possible.

HaroLD J. DEBLANC, JR.
JAMES A. SORENSON
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Chapter ]

Ten Years of Brain Tumor Scanning
at Johns Hopkins: 1962-1972

Randolph O. George and Henry N. Wagner, Jr.

he enormous technological advances that we are observing today

in the fields of diagnostic radiology and nuclear medicine, particu-
larly in relation to the study of brain disease, suggest that it may be
worthwhile to review our past experience to gain insight into possible
future developments. In this chapter we will review our experiences
in brain tumor scanning over the past 10 years at the Johns Hopkins
Hospital. Included in our discussion will be changes in technology
that have occurred, the relationship of brain scanning to other diag-
nostic procedures in patients with neurological disease, the sensitivity
of brain scanning for the detection of tumors, the effect of various
diagnostic procedures on the interval between onset of symptoms and
time of surgery for brain tumors, and changes in the operative mortal-
ity and 2-year survival of patients with a variety of brain tumors.

Materials and Methods

During the period from January 1, 1962, to May 1, 1972, 1,050
patients with the diagnosis of ‘‘brain tumor’® were seen at the Johns
Hopkins Hospital. The subjects selected for this study included only
those among this group meeting the following additional criteria: (a)
intracranial brain tumor confirmed by tissue diagnosis; (B) brain scans
performed within 1 year preceding the diagnosis; and (c) all other
neurological procedures performed at the Johns Hopkins Hospital. Of
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the 1,050 patients, 369 (35%) met all of the criteria prescribed for
inclusion in this study.

The relative sensitivities of brain scans, arteriograms, and air
studies for all tumors were examined with regard to tumor location
and type of tumor. Types of tumor were divided into four groups:
meningiomas, astrocytomas, metastases, and all tumors. We also
investigated the relationship between scan positivity and the number
of months the scan was performed after the onset of symptoms.

Brain-scanning techniques underwent progressive change at our
institution over the 10-year period. Figure 1-1 shows one of the
earliest brain scans performed at the Johns Hopkins Hospital. The
scan is a lateral view obtained with a rectilinear scanner with a 3-in.-
diam Nal(TIl) detector 24 hr after injection of '?'I-labeled serum
albumin. The use of ?*"Tc-pertechnetate began in 1964. Initially, a
10-mCi dose was injected intravenously without perchlorate or at-
ropine, and anterior, posterior, and two lateral scan views were
obtained. Since 1966, atropine and potassium perchlorate have been
added to the protocol and the dose has progressively increased to its
current level of 15-20 mCi. Vertex views were obtained routinely
after the mid-1960s. Use of the Anger camera began in 1967 and has
progressively increased (Fig. 1-2) until at this time the camera and
scanner are used with about equal frequency. More recently, comput-
er analysis has been added (/), and in many cases cerebral circula-
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Fig. 1-1. One of earliest brain scans at Johns Hopkins Medical Institutions per-
formed with rectilinear scanner with 3-in.-diam Nal(Tl) crystal ofter injection of '*'I-
labeled serum albumin.
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Fig. 1-2. Routine five-view brain scan of patient with meningioma performed
with Anger camera and 15 mCi """Tc-pertechnetate.

tion is evaluated from serial camera images obtained 2 sec apart after
intravenous injection of the tracer as bolus (2) (Fig. 1-3).

Results

Frequency of studies. The number of brain scans increased by
nearly a factor of 10 over the decade 1962-1972 (Fig. 1-4). From 1965
on, the number of arteriograms increased parallel with the number of
scans, although the latter was about three times more numerous. By
contrast, the number of air studies appeared to decrease slightly.

Relative accuracy. As shown in Fig. 1-5, the percentage of true
positive brain scans did not change significantly over the 10-year
period, remaining about 77% for all tumor types despite improve-
ments in scanning techniques. Our accuracy level of 77% is somewhat
lower than those of other reported series (3-5), which range between
82% and 84%, and equal to that reported by Wang, et al (6). The
reasons for these differences are unknown.

Table 1-1 summarizes the number and percentage of positive
pertechnetate scans and compares these to results of cerebral angiog-
raphy, electroencephalography (EEG), and air studies (Air) for
tumor type. For EEG, a positive result was indicated by the presence
of an electrical abnormality in the hemisphere where the tumor was
located, while positive results for all other studies refer to precise
tumor localization.

The overall accuracy of air contrast studies (89%) exceeded that
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Fig. 1-3. Cerebral bloodflow study of patient with arteriovenous malformation.

of arteriography (84%), brain scanning (77%), and EEG (66%). How-
ever, air contrast studies were generally performed for the delineation
of tumors in regions of the brain that are notoriously difficult to study
by arteriography and brain scanning. The high detection rate by air
studies of tumors near the posterior fossa and brain stem probably
contributes significantly to the overall high percentage of positive air
studies.

Accuracy as a function of location. Table 1-2 summarizes the
accuracy of scanning, angiography, and air studies in relation to
location of the tumor. Frontal tumors were detected more frequently
by arteriography (82%) than by scans (77%) or air studies (70%).
Parasagittal tumors were detected with greater than 93% accuracy by
all three types of studies. Arteriograms detected 100% of temporal
tumors, compared to 83% for air studies and 81% for scans. There
was little difference in detection rate of parietal tumors (89-94%)
among the three types of studies. Scans and arteriograms were simi-
larly effective (90% and 86%) for detection of occipital tumors. There
were no air studies in this group. Thalamic, sellar, and parasellar
tumors were more accurately detected by air studies (92%) than by
arteriograms (84%) or scans (60%). Both scans and arteriograms de-
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Fig. 1-4. Comparison of numbers of radiographic studies and brain scans per-
formed.
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Fig. 1-5. Percentage of positive scans in all tumor types over the decade.
tected 100% of sphenoid wing meningiomas. These were not studied
with air contrast procedures. Pontine tumors were most effectively

detected by air studies and arteriography (78% and 80%), and least
often by scanning (25%), the lowest scanning detection rate for any
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