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PREFACE

The purpose of Nuclear Medicine In Vitro, as
in the first edition, is to more widely dissemi-
nate knowledge of immunoassay techniques
that are valuable in clinical medicine. These
methods offer to physicians highly specific
and sensitive techniques to help with difficult
diagnostic and therapeutic problems.

Due to the rapid progression in the field, it
has been necessary to completely revise the
previous volume. All the previous chapters
have been redone. In addition, a chapter on
statistics has been added. There are also chap-
ters on reagent and sample quality controls,
bile acids, CPK and myoglobin, immune com-
plexes, therapeutic drug monitoring, and re-

ceptor assays. Finally, the nonisotopic modali-
ties involving enzyme coupling and fluorescent
immunoassay have been added.

As in the previous edition, attempts have
been made to minimize technical details and
stress the basic principles involved. Again, the
book is addressed to internists, clinical patholo-
gists, and nuclear medicine specialists. The
book is divided into five parts as follows:
Fundamentals, Endocrine Studies, Gastro-
intestinal Studies, Cardiac Studies, and Other
Studies, and an Afterword is devoted to future
directions.

Benjamin Rothfeld, m.p.
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PREFACE TO

FIRST EDITION

The purpose of this book is to more widely dis-
seminate knowledge of isotopic techniques
that are valuable in clinical medicine. These
methods offer to physicians highly specific and
sensitive techniques that can be of immeasur-
able help with difficult diagnostic and thera-
peutic problems.

In Vitro Nuclear Medicine may be defined
as that area of nuclear medicine in which the
results may be expressed in a quantitative
fashion. This is in contrast to the field in which
cameras and scanners are used to make in-
terpretations on a qualitative (subjective)
basis. In this latter field, interpretations are
made for the most part by examining an image.
It may be argued that even in this field results
are expressed in quantitative terms at times
because of the increasing use of computers
and on-line data. However, in the vast majority
of cases these additional tools are not used. By
contrast, in vitro nuclear medicine expresses
the results almost invariably in numerical
terms.

Qualitative and quantitative nuclear medi-
cine have both grown rapidly in the last 20
years. At first nuclear medicine was almost
entirely quantitative with blood volumes,
Schilling tests, and iodine uptakes predominat-
ing. Then in the mid-1950s there was a rapid
growth in imaging techniques, first with the
scanner and then with the gamma camera. At
the present time in most nuclear medicine
laboratories, the bulk of the work is done by
means of imaging techniques. More recently,
with the development of immunoassay and
protein-binding techniques, quantitative nu-
clear medicine has begun to catch up.

While the qualitative area is becoming a
more and more expensive field in which to
keep up to date, with the increasing complexity
of the imaging devices and the introduction
of computer techniques, the quantitative area
has remained a relatively less expensive area
in which to participate.

As previously mentioned, in vitro nuclear
medicine continues to be a rapidly growing

field with its quantitative techniques present-
ing useful tools for clinical situations. For in-
stance, the ability to do assays for digitalis
fairly rapidly by isotopic techniques has greatly
facilitated the handling of persons suspected
of being either over- or underdigitalized. In-
stead of proceeding, as previously, in a cau-
tious manner with a therapeutic trial, it is now
possible to get helpful therapeutic guidance
from the serum digitalis level. Another exam-
ple is the test for Australia antigen, a test of
prognostic value in serum hepatitis. In addi-
tion, the value of isotopic techniques for de-
tecting Australia antigen in prospective blood
donors is becoming increasingly recognized.
Also, the entity of T, toxicosis is being diag-
nosed with increased frequency by means of
these isotopic techniques. There are numerous
other examples of valuable clinical applica-
tions of these techniques throughout this book.
It was for this reason that it was felt appro-
priate to prepare a book covering these tech-
niques employed at the present time.

It is impossible, of course, to be all-inclu-
sive in this field, discussing every possible
technique used in in vitro nuclear medicine.
It has been the effort of the editor, therefore,
to cover those areas of greatest interest to in-
ternists, clinical pathologists and nuclear
medicine specialists.

The book is appropriately arranged by sub-
Jject matter in five parts with related chapters
being grouped together as follows: Methods—
Chapters 1 through 4; Blood: Volume and Pro-
duction— Chapters 5 through 7; Radioassays
of Compounds Having Naturally Occurring
Binding Substances— Chapters 8 through 12;
Radioassays of Compounds Without Naturally
Occurring Binding Substances—Chapters 13
through 22; Gastrointestinal Diagnostic Tests
—Chapters 23 and 24; Infection — Chapters 25
and 26; and Chapter 27 suggesting and pre-
dicting Future Directions of this highly im-
portant field of in vitro nuclear medicine.

BENJAMIN ROTHFEID, M.D.
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Fundamentals






Fundamentals of Radio-
Immunoassay Counting

Edward James

State-of-the-art technology in radioimmuno-
assay (RIA) has refined labeling almost exclu-
sively to low-energy nuclides such as '2°] and
57Co and, therefore, has directed gamma count-
ing instrumentation toward smaller, lighter,
self-contained systems that are more and more
foolproof.

This chapter provides a general under-
standing of scintillation counting principles
and discusses a practical approach to the day-
to-day use of the counter in the present-day
RIA laboratory. With such a limited scope it is
impossible to cover all subjects in detail, so
suggested readings are provided at the end of
the chapter.

PRINCIPLES OF DETECTION

Thallium-activated sodium iodide [NalI(T1)] is
the basis for all modern gamma scintillation
counting systems. Optically coupled to a photo-
multiplier tube (PMT), it forms the beginning
of the detection system that translates, ana-

lyzes, and records gamma emissions into
meaningful form.

Gamma rays commonly interact with the
crystal in one or more of three ways: the photo-
electric effect, which predominates at energy
levels below 300 kev; Compton scatter, which
occurs most frequently in the range of 300 kev
to 1.5 or 2 Mev; and pair production, which oc-
curs above 1 Mev (Fig. 1-1).

Pair production is a phenomenon occurring
only at energies higher than those encountered
in the laboratory and, for the purposes of this
text, will be disregarded.

Photoelectric Effect

For ease of understanding, the photoelectric
effect can be thought of as an elastic collision
in which the gamma ray transfers all of its
energy to an orbital electron of a sodium or
iodine atom. This photoelectron finally comes
to rest and the energy lost during the slowing
process is emitted as a light photon.



