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Altered Biodistribution of 99mTc-DPD on Bone Scan
After Intravenous Iron Supplement
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Abstract We report a casewith altered biodistribution of 99mTc-
dicarboxypropane diphosphonate (99mTc-DPD) on whole body
bone scan after intravenous iron supplement therapy. A 47-year-
old male patient who had recently been detected with a hepatic
mass suggestive of hepatocellular carcinoma underwent bone
scan as staging work-up before surgery. Bone scan images at
3 h after injection of 99mTc-DPD demonstrated unusually in-
creased blood pool activities in the heart, liver, and spleen with
usual skeletal uptakes. The patient had been treated for severe
anemia from hemorrhoid with two intravenous administration of
ferric hydroxide carboxymaltose complex at approximately 22 h
and 2 h prior to the 99mTc-DPD injection, which we consider as
themost probable cause of altered biodistribution of 99mTc-DPD.
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Introduction

Bone scan is one of the most common nuclear imaging modal-
ities, with high sensitivity for bone tumors, infection, and trau-
ma, as well as an ability to image the entire skeleton at a rea-

sonable cost [1]. The uptake of radiopharmaceutical occurs via
chemisorption of phosphate compound to calcium hydroxyapa-
tite, which is abundant in the osseous matrix of bone. Several
radiopharmaceuticals are available for bone scan, including
99mTc-methylenediphosphonate (99mTc-MDP), 99mTc-
hydroxymethylene diphosphonate (99mTc-HMDP), and 99mTc-
dicarboxypropane diphosphonate (99mTc-DPD). Although these
methods show comparable detection strength for metastatic foci,
99mTc-DPD is superior in terms of blood clearance, bone-to-soft
tissue ratio, and subjectively assessed image quality [2, 3].

It is generally recommended that the skeletal images be ob-
tained at 3–4 h after the injection of radiopharmaceutical to
allow for clearance of soft tissue or blood pool activities. The
biodistribution and clearance of bone-seeking radiopharmaceu-
ticals may be affected by several factors such as radiopharma-
ceutical preparation, formulation, administration techniques and
procedures, pathophysiological and biochemical changes, med-
ical procedures, and drug therapy or drug interactions [4, 5]. In
terms of drug interactions, various aluminum-containing drugs
[6], cortisone [7], nephrotoxic drugs [8], and diphosphonate
compounds [9] have been reported to significantly alter the
biodistribution of bone-seeking radiopharmaceuticals. Altered
biodistribution by these factors may lead to insufficient radio-
activity at target organs, unnecessary radiation exposure due to
repeated examination, and evenmisdiagnosis. Therefore, know-
ing these factors is important for nuclear physicians in order to
make appropriate interpretation. Here, we report a case with
altered biodistribution of 99mTc-DPD on bone scan after intra-
venous (IV) iron supplement therapy.

Case Report

A 47-year-old male with hepatitis B virus (HBV)-associated
liver cirrhosis was referred to our surgery department for a
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recently found 2.6 cm mass in the segment III of the liver on
ultrasonography. He had history of hematochezia 3 month ago
due to internal hemorrhoid. Physical examinationwas unremark-
able at the time of admission. Routine hematology tests revealed
anemia with hemoglobin level of 8.3 g/dl (normal range: 13–17)
and hematocrit level of 31.3% (normal range: 39–52). All initial
laboratory test results were within normal range, except for a
slightly elevated level of aspartate aminotransferase of 55 IU/L
(normal range: 0–40) and alanine aminotransferase of 58 IU/L
(normal range: 0–40). Blood testing revealed positive for hepa-
titis surface antigen and negative for hepatitis surface antibody.
HBV DNA level was significantly higher at 3.6 x105 IU/ml
(normal range: <15). The patient showed an alpha fetoprotein
level of 7.0 ng/mL (normal range: 0–7.5) and elevated level of
protein induced by vitamin K absence/antagonist-II (PIVKA-II)
of 481 mAU/mL (normal range: 0–40). Abdominal computed
tomography (CT) showed a 2.6 cm mass with arterial enhance-
ment and delayed washout in segment III of the liver, suggestive
of hepatocellular carcinoma. Underlying liver showed cirrhotic
features including fissural widening and edge blunting. The
echocardiography findings were normal.

Bone scan was performed as a staging work-up before he-
patic mass surgery. The images were obtained at approximately
3 h after the intravenous injection of 780MBq 99mTc-DPD, and
revealed focally increased uptake in left temporal bone, which
was thought to be a benign bone lesion rather than skeletal
metastasis. The imaging also showed diffusely increased radio-
tracer activities in the heart, liver, and spleen (Fig. 1).

Review of the overall preparation of radiopharmaceuticals,
compounding, and administration procedures did not reveal re-
markable steps. However, we found that 1800 mg (iron 500 mg)
of ferric hydroxide carboxymaltose complex (®Ferinject injec-
tion, Choongwae Pharma Co., Seoul, Korea) mixed with normal
saline was intravenously administered to the patient twice—the
first dose at approximately 22 h before and the second dose at 2 h
before 99mTc-DPD injection.

On the next day of bone scan, the patient underwent left
lateral segmentectomy of the liver for hepatocellular carcino-
ma, and his postoperative hospital course was unremarkable.

Discussion

In this case report, we describe a patient whose 99mTc-DPD
bone scan showed increased blood pool activities after having
received intravenous iron supplement. After excluding possi-
ble causes of increased extraosseous uptake on bone scan, such
as free pertechnetate due to presence of air in container, a long-
standing preparation, an inappropriate amount of stannous ion,
colloid formation due to aluminum, and high pH in the prep-
aration, we suspected drug interaction. Diphosphonates, eti-
dronate, iron or chemotherapy agents can cause non-osseous
uptakes on bone scan [10], and in the present case, we suspect
that intravenous iron supplement was associated with in-
creased blood pool activities on bone scan as previously re-
ported on other bone-seeking radiopharmaceuticals.

Several reports have focused on extraskeletal radiotracer
activity associated with iron supplement in bone scan using
99mTc-labeled phosphates. Van Antwerp et al. [11] reported
intramuscular 99mTc-phosphates activity at the intramuscular
injection site of iron-dextran, and suggested that the mecha-
nism of this extraskeletal activity may be a combination of
reduced technetium with ferric hydroxide, as it is released
from the iron dextran complex.MacDonald et al. [12] reported
some cases with diffuse hepatic activity following intravenous
injection of iron colloid solutions, and hypothesized that a
99mTc-iron-colloid complex can be formed through
transchelation of the 99mTc-MDP, thus yielding a compound
with different organ specificity and biological fate.

99mTc-labeled bone seeking agents including 99mTc-
hydroxydiphosphonate (99mTc-HDP) [13, 14], 99mTc-
hydroxyethylidene diphosphonate (99mTc-HEDP) [15],
99mTc-pyrophosphate (99mTc–PYP) [15], and 99mTc-HMDP
[16] have also been reported to be associated with increased
blood pool activity after intravenous injection of iron supple-
ment. This finding might be explained by the occupation of
unfilled coordination sites in the iron present in iron supple-
ment, resulting in chemisorption of the phosphorus com-
pounds and deposition of technetium, possibly as
TcO2•2H2O [17]. It has also been proposed that metal ions
such as iron could bring about changes in tissue distribution

Fig. 1 Anterior (left) and posterior (right) view of preoperative 99mTc-
DPD bone scan showing unusual, diffusely increased activities in the
heart, liver, and spleen. A focal increased uptake in the left temporal
bone may be a benign bone lesion rather than skeletal metastasis
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of 99mTc-labeled phosphates through the exchange of ligands
at a given technetium oxidation level [18].

Based on our observation, we carefully suggest that the
common phosphate-carbon-phosphate bonds in 99mTc-labeled
phosphonates including MDP, HMDP, and DPD [19] might
lead to similarly altered biodistribution on bone scan when
iron is overloaded. Therefore, iron overload can be considered
as a culprit when bone scan shows unusually increased blood
pool activities.
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