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Letters to the Editor

Radiation Dosimetry from Breast Milk Excretion of
Iodine-123

TO THE EDITOR: Although Hedrick and co-workers (/)
have presented a well-organized study of tracer excretion in
breast milk, they have calculated their radiation dosimetry for
iodine-123 ('#1) excretion as if the tracer were pure. Currently
available '®I(p,2n) is guaranteed at calibration to contain no
more than 4.8% '*I', and even the “clean” '®’I(p,5n) may
contain as much as 1.9% '3 (2).

Romney et al. (3) also recently presented a model of '’
milk excretion to determine how long to discontinue nursing.
Although they similarly disregarded the effects of '*I or '**I
impurities, a dual exponential model of excretion of '*'I in
milk was presented that can be extrapolated to other long
lived iodine isotopes that may be found in breast milk.

More data are needed to accurately characterize the excre-
tion pattern of longer lived isotopes of iodine. The true bio-
logic half-life of iodine isotopes presumably lies somewhere
between that of Hedrick (T,,, = 10.4 hr) and that of Romney
(T2 = ).

NOTE

*Sodium iodide '?’l product information, Medi-Physics,
Inc., Emeryville, CA.
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REPLY: The absorbed dose to the child’s thyroid from io-
dine-123 ("*’I) excreted in the breast milk was calculated using
the assumption that the '*’1 was pure (/). Consideration of
the radiocontaminants will cause an increase in the thyroid
dose estimates. However, the largest component of the dose
would still be delivered as a result of the ingestion of milk in
the first 24 hr following administration of the radiopharma-
ceutical.
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In the model by Romney (2), the plasma and breast milk
activity are described by a pool of activity with a certain
concentration which decreases by physical decay. The act of
nursing the child, which removes a high fraction of the pool
each day, is ignored. Also ignored, apparently, is the experi-
mental data which show that the excretion of radioiodine in
human milk is very rapid and a large fraction of the admin-
istered activity is excreted in the mother’s urine (3,4).

The thyroid dose estimates per unit ingested activity are 36
rad/uCi and 30 rad/uCi for '**I and '?*l, respectively. These
dose estimates were calculated according to the schema of
Loevinger and Berman (5). Values of the absorbed fractions
were obtained from tables of absorbed fractions for small unit-
density ellipsoids surrounded by a scattering medium calcu-
lated by Ellett and Humes (6). Total equilibrium dose con-
stants were calculated from the work of Dillman and Von der
Lage (7). The thyroid mass of the newborn was assumed to
be 1 g. The cumulated activity was determined for a thyroid
uptake of 50% (8) by extrapolating the biokinetic data for the
adult presented in MIRD Dose Estimate Report 5 (9).

These dose estimates are a sensitive function of thyroid
mass and the thyroid uptake. The assumptions made in the
dose calculations are most appropriate for neonates and there-
fore, will overestimate the absorbed dose values for older
infants because of their rapid growth and decrease in thyroid
uptake. This results in a conservative recommendation that
breast feeding should be discontinued for 1.5-3 days following
administration of currently available '*) that contains con-
taminating '**I and '¥I.
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NMR “Gating” Really Means “Synchronization”

TO THE EDITOR “Gating” is an inaccurate term for cardiac
synchronization of nuclear magnetic resonance (NMR) im-
aging. It is important to distinguish between “gating” and
“triggering”. Gating is used to enable or inhibit the acquisition
of data while triggering is used to initiate an episode of data
acquisition. Perhaps because in scintigraphic imaging the syn-
chronization of data acquisition to physiological cycles is
strictly by gating, the term “gating” is used by many practi-
tioners in NMR imaging both for cardiac and respiratory
“synchronization™. However, there are fundamental differ-
ences between scintigraphic imaging and NMR imaging that
make “NMR gating™ a misleading term, at least for cardiac
synchronization.

1. The total duration of data collection for both scinti-
graphic imaging and NMR imaging typically spans many
cardiac and respiratory cycles. Long data collection allows
either an improved signal-to-noise ratio, improved spatial
resolution. or both. When the organ being imaged is in mo-
tion, the acquisition of data must be synchronized to the
periodic motion of the organ to minimize motion artifacts in
the image. Cardiac gating. and to a lesser extent respiratory
gating, have a long history in nuclear medicine [for a brief
discussion, see (/)]. Recently, this experience in physiological
synchronization has been applied in NMR imaging to improve
the images of organs exhibiting periodic motion [for example,
see (2)). Syvnchronization is extremely important in NMR
imaging because the effects of motion may be to render the
moving organ invisible, not just blurred, and artifacts from
moving structures (like the heart or blood) may obscure
adjacent stationary structures.

2. The “event” in scintigraphic imaging is the emission and
detection of a gamma ray resulting in a “count”. The event
occurs spontaneously and essentially instantaneously. The
instrumental conditions under which events are observed is
constant.

Unlike radioactive decay, the NMR event will not occur
unless the nuclear spins are properly prepared and stimulated.
The NMR event is an induced event; it is not spontaneous.
The event in NMR is one cycle of preparation, evolution, and
read-out of the spin system. This cycle is repeated many times
(typically 128 or 256 times) in the acquisition of the dataset
from which a single-slice NMR image is reconstructed. Be-
cause of the need for spatial encoding of the data, the char-
acteristics of the instrument (e.g.. the phase-encoding gradient
strength) change for each event or cycle. Depending on the
details of the procedure, the duration of each NMR event
ranges from about 20 msec to 3 sec with all but the newest
techniques taking longer than 300 msec per cycle. Except for
the rapid scan techniques, this duration is of the same order
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of magnitude as the R-R interval (600-1000 msec) and similar
to the period of the respiratory cycle (3-5 sec). Even though
the NMR event is rather long, the actual duration of data
collection may be relatively brief. An NMR image is made
from a set of spin echoes acquired under different conditions
of the instrument. The duration of the temporal window
within which the data from a spin echo are collected usually
ranges from 10 to 40 msec. However, because the NMR
phenomenon is stimulated and requires a rigid recipe for the
preparation, evolution, and read-out of the spins, the length
of the event is defined by the duration of the entire cycle of
preparation, evolution, and read-out and not by the interval
of data acquisition.

3. Because scintigraphic events are spontaneous and vir-
tually instantaneous, and the camera does not change for
different events, it is sufficient to turn the data acquisition on
during the desired part of a physiological cycle and to turn
acquisition off in undesirable phases of the physiological cycle.
Apparently, the term “gating™ came naturally to the origina-
tors of this technique (3). The gating device acts as a switch
which allows counts detected during a defined interval of the
physiological cycle to be added to the image matrix while
counts occurring outside the interval are excluded from the
image.

The synchronization of the NMR event to the cardiac cycle
reflects the need to stimulate the event and the uniqueness of
each event. If an NMR acquisition were truly gated, a free-
running NMR acquisition would have its data stored and the
instrumental conditions would be changed only when the
event occurred at the proper point in the R-R interval. With
most NMR imaging techniques, the duration of the event is
close to that of the R-R interval. Thus, it would require many
R-R intervals for the NMR event to come into phase with the
cardiac cycle and be accepted by the gate. Instead, the “gate™
is used to stimulate the NMR event so that it begins at a well-
defined point in the cardiac cycle.

The newer rapid NMR imaging techniques, with an event
duration as short as 20 msec, offer an approximation to “list
mode™ acquisition. However, each event still requires different
instrumental conditions. Hence, a retrospective gating tech-
nique such as “list mode™ will not work for NMR without
modification. The uniqueness of the NMR events means that
many events would have to be acquired for each set of
instrumental conditions in order to assure that one could
retrospectively find enough different events at a given point
in the cardiac cycle from which to reconstruct an image. Two
approaches to pseudo-list mode acquisition using rapid im-
aging are to collect data in a completely free-running manner
and to assemble images after the fact using mathematical
interpolation to compensate for the missing data (4) or to
resynchronize the free-running acquisition at each R-wave
(5). This second approach avoids the problem of missing data
lines by keeping track of which data remain to be collected
and adjusting the instrumental parameters accordingly. This
can result in a moderate increase in overall data acquisition
time.

Cardiac synchronization has been emphasized in the pre-
vious paragraphs because synchronizing the NMR event to
the respiratory cycle is essentially gating. Combined cardiac
and respiratory synchronization in NMR imaging illustrates
this point. The simplest method of respiratory synchronization
is to inhibit the triggering of the NMR cycle during the
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