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Since the 1990s the advantages of breastfeeding have been
emphasized and the number of women who nurse their infant
has increased significantly. Although women in this population are generally healthy and relatively rarely need radionuclide imaging or radionuclide therapies, the issue of radiation
protection of breastfed children arises because of their higher
radiosensitivity [1]. Approximately 55 papers on excretion of
radionuclides in human breast milk after radionuclide imaging
or therapy have been published. Unfortunately, most of them
are case reports or include only a small number of cases. In
1955 the first report was published about a breastfeeding
woman after radioiodine treatment of thyrotoxicosis. This early study showed a higher concentration of radioiodine in
breast milk than in plasma and investigated the risk to the
infant, especially to the thyroid gland [2].
In this issue of the journal, Leide-Svegborn et al. [3] report
data on radioactivity concentrations in breast milk from 53
breastfeeding patients. Their study included one of the largest
populations of breastfeeding women studied. The milk was
collected at various time-points after administration of 16 different radiopharmaceuticals. The biokinetics of the radiopharmaceuticals using the total fraction excreted in the breast milk
and the effective half-life (T½ eff) of the radiopharmaceuticals
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were determined. The absorbed dose coefficients (milligrays
per megabecquerel) for organs and tissues and the effective
dose coefficients (millisieverts per megabecquerel) for the different radionuclide formulations were calculated using
OLINDA/EXM software. Common radiopharmaceuticals
were investigated including the 99mTc-labelled compounds
99m
Tc-DTPA, 99mTc-HMPAO-labelled leucocytes, 99mTcMAA, 99mTc-MAG3, 99mTc-MDP, 99mTc-red blood cells
( 99m Tc-RBC) and 99m Tc-tetrofosmin, and free 99m Tcpertechnetate. Other substances including 14C-glycocholate
(14C-GCA), 14C-triolein, 18F-FDG, 51Cr-EDTA, hippurate labelled with 123I or 131I, and 131I-NaI were also investigated.
Because of the high sensitivity of infants to radiation exposure, administration of radionuclides to both infants and
breastfeeding women should generally be avoided. In single
cases of radionuclide imaging in this group of patients, a
guideline on cessation or interruption of breastfeeding is essential. Rubow et al. [4] reported data on the excretion of
radiopharmaceuticals in human breast milk in 60 patients.
An established recommendation for cessation of breastfeeding
distinguishes four categories [5]: interruption not essential,
interruption for a definite period, interruption with measurement, and cessation for a longer period. Rubow et al. added a
fifth category for those radiopharmaceuticals that have a sufficiently low activity concentration in milk such that no interruption of breastfeeding is required. However, with respect to
the radiation exposure to the mother, close body contact between mother and child should be avoided to ensure that the
dose to the infant does not exceed 1 mSv [4]. The study by
Leide-Svegborn et al. [3] in this issue used only three categories as follows: no interruption, 12-hour interruption, and
cessation.
Rubow et al. stated that interruption in breastfeeding is not
necessary after administration of radiopharmaceuticals with
fixed binding to 99mTc, such as 99mTc-DISIDA, 99mTc-sulphur
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collide, 99mTc-gluconate and 99mTc-MIBI, but close contact
should be restricted after 99mTc-MIBI administration because
of the higher administered activity and longer biological halflife of this agent. Leide-Svegborn et al. [3] classified the following radiopharmaceuticals in this category: 99mTc-DTPA,
99m
Tc-HMPAO-leucocytes, 99m Tc-MAG 3 , 99m Tc-MDP,
99m
Tc-MIBI, 9 9 m Tc-RBC, 9 9 m Tc-tetrofosmin, 1 4 Cglycocholine acid, 14C-triolein, 18F-FDG and 52Cr-EDTA.
For the 99mTc-labelled substances, however, a 4-hour interruption (equivalent to one discarded meal) will ensure that the
infant is exposed to only a low absorbed dose from free 99mTcpertechnetate in the radiopharmaceuticals given to the mother.
Fortunately, the radiostability of these 99mTc-labelled compounds is high and the radiolabelling process shows a high
binding efficiency of >95 %. In contrast, Rose et al. [6] recommended an interruption of breastfeeding for 13 hours after
99m
Tc-RBC administration. Unfortunately, the study by
Leide-Svegborn et al. [3] included only one patient who received 99mTc-RBC.
However, the issue with 99mTc-pertechnetate is more complicated. Leide-Svegborn et al. [3] reported a radioactivity concentration for 99mTc-pertechnetate of approximately 10 % of
the administered activity (%ID) in contrast to a significantly
lower %ID for 99mTc-compounds of approximately 0.05 %
for 99mTc-MIBI to 0.11 % for 99mTc HMPAO-leucocytes.
From these data a 12-hour interruption after 99m Tcpertechnetate administration is recommended. The cause of
this relatively high concentration of 99mTc-pertechnetate in
breast milk is the presence of a sodium iodide symporter in
mammary gland cells [7], which leads to a significantly
higher radioactivity concentration in breast milk than in
maternal plasma. The study by Leide-Svegborn et al. [3]
showed a lower excretion of radioactivity in breast milk
after pretreatment with the thyroid blocking agent perchlorate: after 99mTc-pertechnetate administration without
blocking a 10 %ID in breast milk was found compared
with a significantly lower 0.82 %ID with blocking. These
data are supported by animal data from mouse mammary
gland cells which also show blocking of the sodium iodide
symporter by perchlorate [7].
A 12-hour interruption has also been recommended for
99m
Tc-MAA, 125I-iodo-hippurate and 131I-iodo-hippurate [3].
The %ID in breast milk is higher for 99mTc-MAA (3.7 %) than
for other 99mTc-labelled compounds (<0.1 %). This is in accordance with the findings of other studies [8, 9] and indicates
a lower radiostability of this radiopharmaceutical. LeideSvegborn et al. [3] found a %ID between 2.0 and 2.4 for
radioiodine-labelled hippurate, which led to higher expected
radiation absorbed doses of 1.0 mSvinfant/MBqmother for 125Iiodo-hippurate and 5.3 mSvinfant/MBqmother for 131I-iodohippurate. These results are in line with data reported by
Rose et al. [6] showing radioactivity concentrations in breast
milk of 1.2 % to 4.9 % for 123I, 125I and 131I.
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The longest mandatory interruption of breastfeeding is associated with the administration of 131I-NaI for which an interruption of at least 3 weeks is necessary. Although 29 studies
on this radionuclide have been published, most of them are
only single case reports [10]. Leide-Svegborn et al. [3] found
high radioactivity concentrations of 131I-NaI in three patients
after diagnostic administration of 1.00 to 1.85 MBq per patient
(13, 32 and 48 %ID, respectively) [3]. These levels led to
effective radiation absorbed doses to the infant of 106, 70
and 29 mSvinfant/MBqmother, respectively, although the highest
dose was expected in the thyroid.
The important factor for recommendations for interruption
or cessation of breastfeeding is the effective radiation
absorbed dose to the infant. These both depend especially on
the T½ eff and the total fraction excreted in the breast milk. The
99m
Tc radiopharmaceuticals have comparable T½ eff values in
the range 3.5 hours (for 99mTc-DTPA) to 5.4 hours (for 99mTcMIBI). Depending on the physical half-life, a range of T½ eff
values from short to long have been reported: 1.8 hours for
18
F-FDG, 5.0 to 6.3 hours for 125I/131I-labelled hippurate,
14 hours for 131I-NaI, 15 hours for 14C-triolein, and 143 hours
for 14C-CGA [3]. The long T½ eff of 14C-labelled radiopharmaceuticals is not a problem in infants because of the very low
doses of radioactivity administered to the mother of 0.065 to
0.02 MBq. The highest radiation absorbed dose to infants has
been observed after 131I-NaI administration as a result of a
high radioactivity concentration in breast milk, a longer T½
eff and a higher biological effectiveness of the beta particles of
131
I. Medium radiation absorbed doses to infants are associated with radioiodine-labelled hippurate, 99mTc-MAA and
99m
Tc-pertechnetate because of their high excretion into breast
milk. The expected radiation doses to infants corresponds well
with the recommendations on interruption times for
breastfeeding.

Summary
The paper by Leide-Svegborn et al. [3] reports important data
on radiation exposure in infants after radionuclide imaging in
breastfeeding mothers. In particular, application of the recommendations on interruption of breastfeeding for a large number of investigated radiopharmaceuticals is essential in clinical
practice.
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