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Objective: Two sequential °*™Tc methylene diphosphonate
(MDP) scans were performed on a 42-y-old woman with
insulin-dependent diabetes mellitus, chronic right pyelone-
phritis and anemia. The initial scan showed reduced skeletal
uptake with intense and diffuse hepatic uptake. Because
these findings were similar to those seen when excessive
hydrolyzed-reduced °°™Tc colloids are present in the radio-
pharmaceutical, the scan was repeated after an adequate
time delay. Increased skeletal uptake was evident in the
second scan, but the hepatic uptake persisted. Although
there are numerous causes of soft tissue activity on °°™Tc
MDP bone scans, the responsible pathologic entity is not
always clear. This study reviews several possible reasons for
such uptake, although the exact mechanism in this case
remains conjectural.
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Seletal scintigraphy witl?°™Tc methylene diphospho-

known mechanisms resulting in extraskeletal uptake in-
clude: normal variants; radiopharmaceutical preparation; in-
terfering medications; extracellular fluid expansion; altered
calcium metabolism; increased calcium content of tissues;
hyperemia; altered vascular permeability; presence of iron
deposits; ion exchange; adsorption onto immature collagen;
and binding to denatured proteins or enzyme recep®rs (

Nonosseous uptake of bone-seeking radiopharmaceuti-
cals is seen in a wide variety of pathologic processes in-
volving almost any organ. Recognition of specific mecha-
nisms and familiarity with the appearance of soft tissue
abnormalities on skeletal scintigrams reduces the possibility
of confusion and enhances the diagnostic value of the study.
Unfortunately, the exact mechanism in many instances is
yet to be completely understood. The following represents a
case in which the mechanisms involved in both the ex-
traosseous uptake and the lack of skeletal uptake can only
be speculated.

CASE REPORT

An edematous 42-y-old Hispanic woman with insulin-
dependent Type | diabetes mellitus, chronic right pyelone-

9 . . - -
hate ¢°"Tc-MDP) is an important modality for the exami- yjis and hypertension was admitted for left pleural effu-
nation of pathologic conditions of bone. Although it is gjon and a chest wall mass. She indicated she had been
occasionally used in the evaluation of soft-tissue abnormaléompletely well until recently noting a lump on her upper
ities, such as myositis ossificans, polymyositis, dermatomyfef; preast area that was associated with pain. Other past
ositis, and electrical burns, extraosseous uptake is Morgqdical history was incomplete and vague, although she

often an unexpected finding. . was known to have anemia (type unknown). Of interest is
Approximately 30 y ago, Francis and associalyspfo-  the fact that this patient was readmitted to the hospital
posed that diphosphonates were chemically adsorbed to thgyyroximately 6 mo later for secondary hyperparathyroid-
hydroxyapatite crystals of bone. This same reaction acggm.
counts for the skeletal uptake of the currently used radiola- The chest wall mass was suspected to be a costochron-
beled®*™Tc-stannous diphosphonates and analogs. The exiitis seeding from the patient's left arm subcutaneous insu-
traosseous uptake of these radiopharmaceuticals, howev, injections. Because of a family history of breast cancer,
cannot always be explained by the same mechanism; thespwever, a®*™Tc-MDP whole-body bone scan was per-
agents have been observed in areas where neither actif¢ymed 3 d after hospital admission to rule out metastatic
bone formation nor calcification is present. Some of thegisease. The patient was imaged after the intravenous injec-
tion of 925 MBq (25 mCi) of’°®Tc-MDP and following a
longer than normal delay of more thd h due to extensive
edema and renal insufficiency. Standard anterior and poste-
rior whole-body images were obtained on a dual-head co-
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incidence camera (Marconi Medical Systems, Cleveland, Pertinent laboratory tests (see Table 1 for values and
OH) with a low-energy all-purpose (LEAP) collimator at- normal ranges) the day of admission revealed elevated
tached. Images were acquired on a 266024 matrix using values for the following: asparatate transaminase (AST);
a scan speed of 10.5 cm/min. This study (Fig. 1) revealedlkaline phosphastase (ALP); blood urea nitrogen
soft tissue retention, little skeletal uptake, and intense up(BUN); creatinine; and glucose. Bilirubin and alanine
take in the liver and in what appeared to be a small spleeraminotransferase (AST) were normal and the albumin
A repeat bone scan was performed almost 60 h later usingzas low. On the days of both scans, the patient’'s serum
the same protocol (Fig. 2). Although there was considerablgalcium was low, phosphate was high and the calcium-
more skeletal uptake, hepatic radiopharmaceutical localizgphosphate products were both elevated (73.8 and 43.5,
tion persisted. The activity initially seen in the splenic respectively, for the initial and repeat bone scans). Mag-
region was greatly diminished and was believed to correlat@esium was measured only on the day of the first scan and
more to the patient’s chest wall mass. A small abnormalvas elevated.
focus of activity was seen in the area corresponding to the The scintigraphic finding of abnormal activity in the
approximate right anterior fourth rib that was, in retrospecthepatic parenchyma was suggestive of metastatic disease. A
subtly noted on the first study. Additionally, symmetric subsequent abdominal computerized tomogram (CT) with
increased uptake was noted around the shoulders, hipmitravenous and oral contrast, however, revealed no hepatic
knees and ankles. abnormalities. Although not the typical location for a single
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FIGURE 1. Initial bone scan on patient with diabetes mellitus, chronic pyelonephritis, and anemia.
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FIGURE 2. Repeat bone scan performed approximately 60 h after the initial scan.

metastatic lesion, the focus of activity visualized in the rib
was also suggestive of metastatic disease. Subsequent ra-
diographs of the right ribs showed no bony abnormalities. A

: . TABLE 1
CT-guided biopsy of the chest wall mass revealed skeletal

. L . Laboratory Results
muscle with acute and chronic inflammation and abscess

formation with no malignant areas. Two foci associated Hospital Day

V\{Ith contamination from the radiopharmaceutical injection Initial Repeat

site are identified in the anterolateral abdomen on the repeat Admission bone scan bone scan

scan. AST (13-40 IU/L) 56 — —
ALP (43-122 IU/L) 667 — —

RESULTS AND DISCUSSION ALT (17-56 IU/L) 28 — —

. Total biliribin (0-1.2 mg/dl) 1 — —

~ The kidneys and bladder are generally thegonly SOft Albumin (3.5-5.0 gmydi) 3 — —

tissue structures visualized on bone scans. “A%Tc BUN (5-25 mg/dl) 44 — —

diphosphonates are efficiently excreted primarily via the Creatinine (0.5-1.5 mg/dI) 4.4 — -

urinary tract, soft tissue background is usually slight, Calcium (8.7-10.6 mg/d) — 6.9 6.4
Phosphate (2.5-4.8 mg/dl) — 10.7 6.8

especially in younger patients with good renal function.

i i i ium (1.6-2.3 mg/d)  — 26 =
As the patient population ages, the soft tissue backgroundeones ™| mg/d)
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often increases, presumably due to age-related decreasiéys control results of the’®™Tc-MDP were reviewed and
in bone metabolism, osseous blood flow, and/or renafound to be normal in both instances. Additionally, bone
function. The extensive soft tissue background activityscans performed on other patients the same days did not
noted on this patient’s initial bone scan (Fig. 1) is largelyshow this abnormality.
due to the failure of her kidneys to excrete the radiophar- A radiopharmaceutical error may also occur if the dose
maceutical, as evidenced by the limited renal and absergreparation-to-injection time exceeds the recommend shelf
bladder activity. Any disease process causing extracellutife of 6 h. In this condition, however, excessive free per-
lar fluid expansion will also result in increased radiophar-technetate is the most likely radiochemical contaminant, not
maceutical uptake. Because she was massively edemghe colloid. There is little evidence of this occurrence in
tous, some of the soft tissue background was reflective oéither image (i.e., excessive stomach, thyroid, or salivary
an alteration in the extracellular fluid and subsequengland uptake).
tracer handling dynamics. Improper hydration during the  The misadministration of the wrong radiopharmaceutical
injection-to-scan time will additionally lead to increased [6’Ga citrate or''lin labeled white blood cells (WBC)]
background activity. Although it is impossible to know qyring the first bone scan was another consideration, as a
for sure, this patient was supposedly compliant with thesjmijar biodistribution is possible. This, however, was ruled
request for additional fluid intake. Inadequate hydration,g,t on 2 accounts. First, no patients were scheduled to
however, should _not be cons_ic!ered responsible forgceive #7Ga citrate or a WBC study (eith&Hin or ®™Tc
marked decrease in skeleta{! activity. _ labeled) that day; therefore, these radiopharmaceuticals
Diffuse hepatic uptake of*"Tc diphosphonates is an \yere not on-site. Second, the whole-body bone acquisition

unusual finding in nuclear medicine practice, occurring IeS?)rotocoI is preset to a 20% symmetric window centered

frequently than focal hepatic abnormalities. Table 2 lists; ., nd the 140 kev photopeak &™Tc. The energies of

several reported causes of diffuse hepatic uptake. Currentlgz~ . - 4t1y, (93, 184, 296, 388 keV and 171, 247 keV

th?. rr_losft COTQT;E” reﬁson fl(l)r.ZUCh gp;thake 'S Fes'dga' rfad'c’r'espectively) are such that it would be impossible to obtain
activity from ¢ sultur cofloid used the previous day for. image with the sensitivity and spatial resolution of these

a liver scan. When that occurs, however, hepatic uptake i cans
generally less intense than seen on these images. This pa_Injection of iodinated contrast medium after administra-

tient did not have a liver scan with radiocolloid during her .. . .
. . tion of the bone agent was not responsible for the hepatic
hospital visit. : .
uptake, as no such studies occurred until after the second

Faulty radiopharmaceutical preparation was originallybone scan. As originally suggested, metastatic liver disease
thought to be the cause of the abnormal distribution follow- ) ginally sugg '

) T . was virtually ruled out on the basis of a normal liver scan as
ing the first injection of the bone agerf™Tc colloid may emonstrated by CT. Additionally, bone agent localization
be formed in the presence of excessive aluminum ion,wheﬁ Iy f I): th 'r than diff Y nd ingt] nse in hepati

a pH incompatibility exists between the contents of the kit'> usually focal rather tha use a ense epatic

and the generator eluate, or when excessive hydroIyzedT-"TtaStaS'S'I d and vari i for iron th .
reduced®*™Tc colloid from any cause is present. This ron overioad and various preparations for iron therapy in

radiochemical contaminant will localize in the liver, spleen certalt(m types (I)If anzmla havc(aj bEeln alssoual:eq Wk')th hepatic
or bone marrow if it is present in sufficient quantity in the UPtake, as well as decreased skeletal uptake in bone-agent

99mT e MDP. It is unreasonable, however, to implicate thisimaging. This was first noted by Van Antwerp and associ-
as the sole cause since the repeat scan also revealed intef

ates in 19753) as**"Tc phosphate activity at the site of
hepatic uptake. Even considering the fact that the effectivdtramuscular injections of iron-dextran. Other cases show-
half-life for colloids in the liver is relatively long (6 h), N9 diffuse hepatic activity following the intravenous injec-

sufficient time elapsed between the 2 studies to have rerion of iron colloid solutions have also been reportéby.

dered any residual activity negligible. Radiopharmacy quallt is hypothesized that &°"Tc iron-colloid complex is
formed through transchelation of the MDP, yielding a com-

pound with different organ specificity and biological fate. In

TABLE 2 this case, the new agent is taken up in the Kupffer cells of

Causes of Abnormal Diffuse Hepatic Activity with

Radiolabeled Diphosphonate

Residual radioactivity from previous colloid scan

Excessive aluminum ion from generator

Excessive serum aluminum

Excessive hydrolyzed-reduced **™Tc-MDP forming radiocolloids

Injection of radioiodinated contrast medium following bone-agent
injection

Hepatic necrosis

Metastatic calcification

Amyloid

Conditions of iron therapy and iron overload
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the liver. Although unsubstantiated, this patient may have
been receiving iron therapy for her previously diagnosed
anemia or may have had an iron-overload type of anemia—
such as hemochromotosis—that is highly associated with
diabetes mellitus.

Several authors6(7,8) have documented a relationship
between the degree of iron overload from iron-dextran
therapy and a decrease in skeletal uptake. Additionally,
Parker et al. §) described 9 cases of iron excess due to
idiopathic hemochromatosis in which the bone uptake was
reduced after the administration of a bone-agent. According
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to Grimes and HuttX0), the half-clearance time of iron- CONCLUSION
dextran complex, which is taken up by the reticuloendothe- g« tissue or nonosseous uptake of bone-seeking radio-

lial system, is between 12-16 h. If this patient received iron,rmaceuticals is not an unusual finding on skeletal scin-
therapy just before her hospitalization, there may have beef?grams. On the one hand, there is a need for awareness of
a sufficiently high copcentratioq ofiron-dextra_m complex inine pathophysiologic basis underlying such uptake, as it
the blood to bond with the radiopharmaceutical and causg,ay he of critical clinical relevance in the evaluation of the
hepatic localization and gross reduction in bone uptakepatient, On the other hand, some alterations in biodistribu-
Since the patient was not receiving iron therapy during hetion may be of little clinical significance, but have delete-
hospitalization, the concentration would have been someyg,;s consequences on the quality of the bone study. Rec-

what reduced by the time of her repeat bone scan, possibygnition of these abnormalities will reduce errors and
explaining the increased skeletal uptake seen at this t'meprovide important clinical information.
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