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Dextran-Coated Superparamagnetic Iron Oxide, an MR Contrast 
Agent for Assessing Lymph Nodes in the Head and Neck 

Yoshimi Anzai, Stuart Mclachlan, Marie Morris, Romaine Saxton, and Robert B. Lufkin 

PURPOSE: To investigate dextran-coated superparamagnetic iron oxide particles (BMS 180549) 

as an MR contrast agent for assessing lymph nodes. METHODS: Five different doses ranging from 

0.3 to 1. 7 mg Fe/kg were evaluated in five healthy human male subjects as part of a phase 1 

clinical study. T1-, T2-, and proton density-weighted spin-echo images as well as multiplanar 

gradient-echo and spoiled gradient-echo images were acquired before and 1 hour, 4 hours, and 24 

hours after contrast administration. Image analysis was performed with visually selected regions 

of interest. Signal intensities were measured for neck lymph nodes and the adjacent muscle. 

Enhancement effects were evaluated as a function of dose, imaging time after contrast adminis

tration, and MR pulse sequence. RESULTS: The iron oxide particles were phagocytized by 

macrophages within the normal functioning lymph nodes, resulting in a dramatic decrease in 

signal intensity because of magnetic susceptibility effects. T2*-weighted gradient echo and T2-

weighted spin echo showed significant decrease in the signal intensity of normal lymph nodes at 

24 hours after contrast injection at a dose of 1.7 mg Fe/kg. No significant changes in lymph node 

signal intensity on T1-weighted spin-echo images were noted at any dose or imaging time point. 

CONCLUSIONS: This preliminary clinical evaluation demonstrates intravenous delivery of an iron

based contrast agent, resulting in negative enhancement of normal lymph nodes. 

Index terms: Magnetic resonance, contrast enhancement; Contrast media, paramagnetic; Neck, 

magnetic resonance 
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The presence of lymph node metastases has a 
strong influence on treatment planning and prog
nosis of patients with head and neck cancers. It 
is difficult to differentiate metastatic lymph nodes 
reliably by either computed tomography (CT) or 
magnetic resonance (MR) using other than simple 
morphologic criteria. Radiologic findings suggest
ing lymph node metastasis include lymph node 
size larger than 1 to 1.5 em in diameter, presence 
of central necrosis, and distortion of the adjacent 
fascial plane indicating extracapsular spread ( 1-
5). However, there are small metastatic lymph 
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nodes without central necrosis and extracapsular 
spread; alternatively, they have large reactive 
nodes (larger than 1.5 em) that contain no met
astatic disease. This lack of definitive criteria to 
differentiate whether lymph nodes seen on CT or 
MR are metastatic or reactive is a serious short
coming of our current imaging technique for 
patients with possible metastatic disease. 

We have investigated the utility of an MR 
contrast agent , dextran-coated superparamag
netic iron oxide particles (BMS 180549; Squibb 
Diagnostics, Princeton, NJ) , for assessing lymph 
nodes in the head and neck of healthy male 
volunteers as part of a phase-1 clinical evaluation 
of this agent. Iron oxide particles have strong T2 
and susceptibility effects, which decrease the 
signal intensity of tissue in which they accumu
late. 

BMS 180549 consists of superparamagnetic 
iron oxide particles 17 to 20 nm in diameter, 
comparable in size to plasma proteins , which are 
able to leave the vascular compartment. When 
injected intravenously they are phagocytized by 
elements of the reticuloendothelial system includ
ing liver, spleen, lymph nodes, and bone marrow. 
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Enhancement effects were evaluated as a func
tion of dose, imaging time after contrast admin
istration, and MR pulse sequences. 

Materials and Methods 

Physical Characterization and Pharmacokinetics 

BMS 180549 was provided as a lyophilized powder 
consisting of biodegradable ultrasmall superparamagnetic 
iron oxide particles covered with low-molecular-weight T10 
dextran . The iron oxide core is a form of nonstoichiometric 
magnetite, 4.3 to 6.0 nm in diameter, with a total particle 
diameter in solution of 17 to 21 nm. 

Preclinical animal studies with BMS 180549 have dem
onstrated that the agent has a long blood half-life of greater 
than 200 minutes and is taken up by elements of the 
reticuloendothelial system (RES) including liver, spleen, 
lymph nodes, and bone marrow (6). This drug is a biode
gradable iron oxide particle which is metabolized in the 
same way as nonmagnetic iron dextran compounds. The 
biodegradable degradation of the particles releases iron 
which is metabolized in the usual iron metabolism pathway 
involving transferrin, ferritin , hemosiderin, and hemoglobin. 
Because the iron enters the normal body iron pool, excre
tion is expected to parallel that of normal body iron stores. 
The maximum dose is 1.7 mg Fe/kg, which equals 120 
mg Fe for a 70-kg person . Consequently BMS 180549 
makes only a small contribution to total iron stores, nor
mally 2 to 4000 mg depending on sex and body weight. 

MR Imaging 

Five healthy men, 19 to 33 years old, underwent MR 
before and after intravenous injection of BMS 180549 as 
part of the phase-1 clinical evaluation of this agent. MR 
imaging was performed with a 1.5-T whole body MR 
superconducting instrument (General Electric, Signa, Mil
waukee, Wis). Transverse multisection images were ob
tained with a section thickness of 5 mm using a 256 X 128 
matrix . Images were acquired using a variety of spin-echo 
and gradient-echo pulse sequences. T1-, T2-, and proton 
density-weighted spin-echo images were obtained at 600/ 
12/ 4 , 2000/ 30/ 1, and 2000/ 80/ 1 (repetition time/ echo 
time/ excitations), respectively . Spoiled gradient-echo and 
multiplanar gradient-echo images were obtained using 34/ 
5/2, 45° flip angle, and 900/ 17/4, 15° flip angle, respec
tively . A posterior neck surface coil was used with fields of 
view of 18 em for spin-echo and 20 em for gradient-echo. 
All five pulse sequences were obtained before contrast, at 
1 hour, 4 hours, and 24 hours after intravenous adminis
tration of BMS 180549. MR images were obtained from 
the skull base to the supraclavicular region . 

Contrast Agent A dministration 

Five different doses were evaluated : 0.3, 0.6, 0 .8, 1.1, 
and 1.7 mg Fe/ kg body weight. Each subject received a 
single dose of BMS 180549. BMS 180549 was provided as 

AJNR: 15, January 1994 

a lyophilized powder which was reconstituted in 9. 7 ml of 
0.9% saline. The appropriate dose of reconstituted BMS 
180549, based on the subject's body weight, was drawn 
up and diluted to 100 ml with normal saline (NaCI 0.9%). 
The diluted drug was infused into an antecubital vein at a 
rate of 4 ml/ min. The total infusion time was 25 minutes. 

Signal-Intensity Measurements 

Signal-intensity measurements were made on neck 
lymph nodes visualized on axial images. Ten regions of 
interest on neck lymph nodes were selected for every pulse 
sequence in each volunteer on all images. The regions of 
interest were selected on lymph nodes with diameters larger 
than 5 mm. An additional five regions of interest were 
selected for the adjacent muscle. The percentage of en
hancement relative to the precontrast image was calculated 
using the formula: 100 X (SI post - Sl pre)/SI pre, where 
Sl pre and Sl post are the precontrast and postcontrast 
signal intensity, respectively . 

Because BMS 180549 has predominantly T2- and T2*
shortening effects, the signal intensity decreases are rep
resented as negative enhancement ratios using the above 
formula . The enhancement effects were analyzed with 
regard to dose, imaging time after injection, and imaging 
sequence. 

Sample means and standard deviations of signal inten
sity in regions of interest were calculate for all doses, 
imaging time points, and pulse sequences. The change in 
signal intensity (enhancement) of the lymph nodes and 
muscle was compared for the precontrast and postcontrast 
images using a paired Student t test. 

Results 

Dose Response 

There was a dramatic decrease in signal inten
sity (negative enhancement) of the lymph nodes 
noted at 24 hours after intravenous administra
tion at a dose of 1.7 mg Fe/kg for all MR pulse 
sequences except T1-weighted spin-echo images 
(Fig 1). However, no significant enhancement 
effects were observed on images at doses below 
1.1 mg Fe/kg (see Fig 1), regardless of the pulse 
sequences or imaging time. Figure 2 illustrates 
the enhancement effects for lymph nodes and 
muscle measured from mulitplanar gradient-echo 
images, clearly demonstrating that BMS 180549 
significantly reduced the signal intensity at a dose 
of 1.7 mg Fe/kg 24 hours after administration 
(Fig 2). Therefore, in this preliminary study the 
optimum dose appeared to be 1. 7 mg/kg body 
weight. 
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Fig . 1. Enhancement ratio as a function of dose with varying 
pulse sequences at 24 hours after contrast administration. Note 
dramatic enhancement seen at a dose of 1.7 mg Fe/ kg on 
multiplanar gradient-echo (MPGR) and T2-weighted spin-echo (T2 
SE) images. SPGR indicates spoiled gradient-echo; PDSE, proton
density spin-echo; and T1 SE, T1-weighted spin-echo. 
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Fig. 2. Signal intensity of lymph nodes (LN) and muscle as a 
function of time after contrast administration of 1. 7 mg F e/ kg on 
multiplanar gradient-echo images (MPGR). Closed circles and the 
error bar show means and SD of signal intensity for lymph nodes. 
Open circles and error bars represent the mean and SD signal 
intensity for muscle. Note significant signal intensity reduction of 
lymph nodes at 24 hours after contrast administration . 

Optimum Time after Administration 

The relationship between the enhancement ra
tio and time after injection was found to vary 
with pulse sequences at the maximum dose ( 1. 7 
mg Fe/kg) as shown in Figure 3. The enhance
ment effect was first detected on MR images 4 
hours after administration. Negative enhance
ment effect was most prominent on images ac
quired 24 ' hours after administration on 
both multiplanar gradient-echo (T2*-weighted 
gradient-echo) images and T2-weighted spin
echo images in this study. Although it is possible 
that a peak enhancement ratio occurred either 
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between 4 and 24 hours or after 24 hours , 
the 24-hour images appeared to be show ade
quately the enhancement effect with multiplanar 
gradient-echo (T2*-weighted gradient-echo) and 
T2-weighted spin-echo images (Figs 4 and Fig 5). 

Optimum Pulse Sequence 

Among the five MR pulse sequences evaluated , 
the multiplanar gradient-echo (T2*-weighted gra
dient-echo) images showed the most prominent 
enhancement effects, followed by the T2-
weighted spin-echo image and the spoiled gra
dient-echo image (Figs 1 and Fig 3). Signal inten
sity measurement on regional lymph nodes and 
adjacent muscle showed a statistically significant 
signal reduction observed for lymph nodes 24 
hours after administration of 1. 7 mg Fe/kg; how
ever, no significant changes were seen on adja
cent muscle (Table 1). Tl-weighted spin-echo 
showed no significant enhancement even at the 
maximum dose evaluated. The multiplanar gra
dient-echo (T2*-weighted gradient-echo) image 
and the T2-weighted spin-echo image with the 
maximum dose showed 87% and 75 % reduction 
of signal intensity , respectively . 

MR Imaging of /'leek Ly mph /'lodes 

Normal lymph nodes appeared as areas of low 
intensity compared with adjacent muscle on pre
contrast T1-weighted images and did not dem
onstrate any signal change at any dose or time 
point after contrast administration (Fig 6) . On 
precontrast multiplanar gradient-echo images, 
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Fig . 3. Enhancement ra t io as a function of t ime af ter contrast 
administration of 1.7 mg Fe/ kg for the different imaging sequence 
evaluated. The maximum enhancement is seen at 24 hours after 
contrast administra t ion for all pulse sequences. Abbreviations are 
as in Fig 1. 
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Fig. 4. Multiplanar gradient-echo images 
before (A) and 24 hours after (B) intravenous 
administration of 1.7 mg Fe/kg. Note dra
matic signal intensity reduction of lymph 
nodes (arrow) on postcontrast images. 

Fig. 5. T2-weighted spin-echo images 
before (A) and 24 hours after (B) intravenous 
administration of 1.7 mg Fe/ kg. Signal in
tensity of the right jugurodigastric lymph 
nodes (arrow) shows siginificant signal de
crease. 

A 

A 

TABLE 1: Mean signal intensities and standard deviations of 10 
regions of Interest of lymph nodes and 5 regions of interest of muscle 
with a dose of 1. 7 mg Fe/ kg of dextran-coated superparamagnetic iron 
oxide 

24 hours 
Statistica l 

Imaging Sequence Precontrast after 
Significance 

Contrast 

T !-weighted spin-echo 

Lymph node 99.0 ± 13.5 103 ± 12 NS 
Muscle 97.6 ± 12.5 98.0 ± 5.9 NS 

T2-weighted spin-echo 
Lymph node 97.5 ± 10 25.2 ± 5.8 P < .001 
Muscle 16.0 ± 0.8 15.1 ± 1.7 NS 

Proton density weighted spin-echo 

Lymph node 197 ± 29 105 ± 19 P< .001 
Muscle 120 ± 24 102 ± 10 NS 

Multiplanar gradient-echo 
Lymph node 85.0 ± 9.9 II. I ± 2.0 P< .001 
Muscle 74.3 ± 9.8 61.1 ± 8.2 NS 

Spoiled gradient-echo 

Lymph node 33.5 ± 6.3 17.6 ± 3.8 P< .001 
Muscle 35.5 ± 3.8 38.0 ± 5.8 NS 
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lymph nodes were isointense with adjacent mus
cles. Twenty four hours after injection, the lymph 
node signal intensity dramatically decreased be
cause of T2* effects from the accumulation of 
iron oxide particles within normal lymph nodes 
(Fig 5). The signal intensity of the normal lymph 
nodes after contrast was nearly equivalent to the 
signal void seen in airway or bony structures. The 
susceptibility effects seen in lymph nodes did not 
significantly decrease image quality. Postcontrast 
T2-weighted spin-echo images showed a substan
tial decrease in lymph node signal intensity com
pared with the precontrast images while providing 
sufficient contrast and clear anatomic details of 
other structures in the head and neck region (Fig 
6). 

Detectable differences were obtained on T2-
weighted spin-echo and gradient-echo images at 
doses above 1.1 mg Fe/kg. At a dose of 1.1 mg 
Fe/kg, lymph nodes appeared to be heteroge
neous with focal low-intensity areas , whereas at 
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a dose of 1. 7 mg/kg, lymph nodes showed ho
mogeneous low intensity. These findings were 
consistent and independent of lymph node size 
in the single subject done at that dose level. 

Spoiled gradient-echo images demonstrated 
decreased signal intensity in lymph nodes and 
high signal in vascular structures 24 hours after 
injection, allowing normal lymph nodes to be 
easily differentiated from vascular structures (Fig 
7). In addition, spoiled gradient-echo images pro
vided almost identical soft-tissue contrast to that 
on T1-weighted spin-echo images, which is be
lieved best to demonstrate anatomic details in the 
head and neck region (1, 7-9). The relatively 
short echo time used in these images also reduced 
magnetic susceptibility artifacts on spoiled gra
dient-echo images caused by adjacent bony 
structure or paranasal sinuses. 

A B 

A B 
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Discussion 

The presence of lymph node metastasis in 
patients presenting with head and neck cancer 
has been suggested by the criteria of size of 
lymph nodes , evidence of central necrosis, or 
extracapsular spread. Central necrosis and extra
capsular spread are relatively late findings seen 
in advanced cases. The majority of metastatic 
lymph nodes do not have central necrosis or 
extracapsular spread. The size criterion is also 
insensitive because there is obviously overlap 
between sizes of metastatic and reactive lymph 
nodes . Moreover , T1 and T2 relaxation times of 
metastatic and normal lymph nodes show sub
stantial overlap and appear to be uninformative 
( 1 0, 11 ). Administration of gadopentetate dime
glumine may improve the detectability of central 

Fig. 6. Tl-weighted spin-echo images 
before (A) and 24 hours after (B) intravenous 
administration of 1.7 mg Fe/kg. Signal in
tensity of lymph nodes (arrow) rema ins un
changed. 

Fig. 7. Spoiled gradient-echo images before (A) and 24 hours after (B and C) intravenous administration of 1.7 mg Fe/ kg. Signal 
intensity of lymph nodes (arrow) decreases after the contrast administration. In addition , significant signal is seen in the vascular 
structures (C), which allow easy differentiation of lymph nodes from vascular structure. 
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necrosis within lymph nodes, because the area of 
necrosis does not show enhancement. However, 
the efficacy of gadopentetate dimeglumine for 
differentiating metastatic from reactive lymph 
node is limited because lymph node metastasis 
can occur without necrosis. 

More recently positron emission tomography 
using 18F-fluoro-deoxyglucose has been of inter
est as a new imaging mode of the head and neck 
region (12-14). 18F-fluoro-deoxyglucose posi
tron emission tomography imaging allows cross
sectional imaging of the status of glucose metab
olism in biologic tissue. 18F-fluoro-deoxyglucose 
can detect the presence of small neoplasms or 
recurrent tumor after surgery or radiation ther
apy, which have been difficult to find using im
aging modalities based on morphology, such as 
CT and even MR. It has been reported, however, 
that 18F -fluoro-deoxyglucose positron emission 
tomography images show activity in some reac
tive lymph nodes and metastatic lymph nodes 
(12). This result indicates that reactive lymph 
nodes may show relatively high glucose metab
olism compared with normal adjacent structures. 

In this study, we investigated the use of an 
intravenous MR contrast agent to evaluate lymph 
nodes in the head and neck region . The iron oxide 
particles which comprise BMS 180549 are small 
enough to traverse capillaries' network within 
lymph nodes. Subsequently, the drug is absorbed 
into the lymphatic vessels from the interstitium 
and carried to regional lymph nodes. The iron 
particles are slowly cleared from the circulation 
by the reticuloendothelial system of liver and 
spleen, as well as by lymph nodes and bone 
marrow. This enables the agent to enhance lymph 
nodes in any other area of body with a single 
intravenous administration . 

A variety of preparations of superparamagnetic 
iron oxide have been reported, including ferrite 
particles coated with albumin or hydrophilic ma
terial (15 , 16), ferromagnetic microspheres (17), 
superparamagnetic iron oxide crystals (AMI 25, 
Advanced Magnetics, Cambridge, Mass) (18-21), 
and ultrasmall superparamagnetic iron oxide (US
PIO, Advanced Magnetics) (22, 23). Superpara
magnetic iron oxide (AMI 25) was the first clini
cally used as a reticuloendothelial cell-specific 
MR contrast agent, which has been used for 
improved detectability of tumors in liver and 
spleen. AMI 25 has a relatively large particle size 
(80 nm in diameter) that makes this agent easily 
recognized by the mononuclear phagocytic sys
tem of the liver and spleen , resulting in very short 
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blood half-time (6 minutes) (21). Although inter
stitial injection of AMI 25 was reported to enhance 
relaxivity of lymph nodes in an animal model, 
intravenous injection of AMI 25 did not provide 
lymph node enhancement because of large par
ticle size and short blood half-time (20). USPIO 
was obtained through size fractionization of AMI 
25 and is equivalent to the smallest 10% to 15% 
of AMI 25. Small particle size (11 nm in diameter) 
and longer plasma half-time (81 minutes) enables 
USPIO to cross the capillary wall and provide 
more widespread tissue distribution than AMI 25, 
including uptake by the mononuclear phagocytic 
system of lymph nodes and bone marrow. USPIO 
was the first reported intravenous MR contrast 
agent for assessing lymph nodes in animal model 
(23). To the best of our knowledge, USPIO has 
not been used for lymph node evaluation of 
human subjects. 

BMS 180549 is dextran-coated superparamag
netic iron oxide (17-21 nm) colloid that provides 
considerably longer plasma half-life (greater than 
200 minutes) than USPIO despite the fact that 
BMS 180549 has a slightly larger particle size 
than USPIO. The recognition by macrophages 
mainly depends on: 1) size of the particles; and 
2) surface properties of the particles. Iron oxide 
itself can be either negatively or positively 
charged in solution, causing immobilization of 
water molecules around its surface. This results 
in gradual enlargement of the particle size during 
circulation. Dextran is an uncharged coating for 
the iron oxide particles and effectively stabilizes 
particle size in the vascular compartment. Thus, 
dextran-coated particles are not easily trapped by 
the mononuclear phagocytic system of liver and 
spleen. BMS 180549 consists of biodegradable 
particles metabolized in the normal iron catabolic 
pathway and excreted from the body. 

Intravenous MR contrast agents offer several 
advantages over interstitial injection of contrast 
agents. Intravenous administration allows the 
evaluation of any area of the body, whereas 
multiple interstitial injections would be required 
to cover the whole head and neck area. Previous 
surgery or biopsy could change the lymphatic 
flow and prevent visualization of lymph nodes. 
Intravenously administered contrast agents can 
be cleared more rapidly from the injection site 
than interstitial administration. Therefore, intra
venous administration can avoid the potential 
drawback of delayed washout observed in inter
stitial injection (23, 24). Additionally, intravenous 
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administration is usually less painful than multiple 
interstitial injections. 

BMS 180549 seems to have potential as an 
intravenous contrast agent for assessing lymph 
nodes by using the phagocytotic function of 
lymph nodes. Metastatic lymph nodes, either 
completely or partially filled with tumor cells, 
have less phagocytic activity and presumably 
may have little or no uptake of this contrast 
agent. If this turns out to be true, this could result 
in unchanged signal intensity in the area of tumor 
involvement. Conversely, reactive lymph nodes 
show hyperplasia in all cellular elements, includ
ing macrophages, which might result in decreased 
signal intensity. BMS 180549 has the potential to 
allow detection of nodal metastases based on 
signal intensity characteristics rather than cur
rently used insensitive size criteria. 

The detection of small nodes or small filling 
defects in contrast-filled nodes is still limited by 
the imaging spatial resolution constraints of the 
MR instrument (section thickness, field of view, 
etc). Additionally, the signal dropout caused by 
susceptibility effects of the iron has the potential 
to mask small filling defects in the node if the 
appropriate pulse sequence (ie, T2* effects) is not 
chosen. Clearly, more work needs to be-done in 
this area to define these issues better. Clinical 
studies in cancer patients with MR-histopatho
logic correlations are now in progress to investi
gate the potential of this new contrast agent. 

Among several pulse sequences evaluated in 
this study, multiplanar gradient-echo (T2*
weighted gradient-echo) images and T2-weighted 
spin-echo images showed significant enhance
ment of normal lymph nodes. T1-weighted spin
echo did not provide any signal intensity changes 
even at the maximum dose. An additional finding 
on postcontrast spoiled gradient-echo images was 
significant signal of vascular structures, even 24 
hours after administration. This may prove help
ful in differentiating vascular structure from nor
mal or metastatic lymph nodes. Whereas vascular 
structures seemed to be hyperintense, normal 
lymph nodes become hypointense after contrast 
administration. Presumably the signal intensity of 
metastatic lymph nodes will remain the same 
after administration of the drug. 

The optimal imaging time for the postcontrast 
MR examination has not yet been determined. It 
is possible that the peak enhancement may occur 
between 4 and 24 hours or after 24 hours; how
ever, sufficient changes were noted at 24 hours. 
The time-response curve is presumably biphasic 
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in configuration and influenced by two mecha
nisms: 1) the uptake by macrophage phagocy
tosis; and 2) subsequent biodegradation resulting 
in the loss of superparamagnetic properties. This 
issue will be resolved in future clinical trials. 
Binding of this contrast agent to monoclonal 
antibodies may be an alternative approach fo r 
improving tumor specificity. Monoclonal-coated 
BMS 180549 could provide a method for detec
tion of metastatic tumor deposits in other sites. 

Conclusion 

This preliminary clinical evaluation of BMS 
180549 demonstrates intravenous delivery of an 
iron-base contrast agent resulting in negative en
hancement of normal lymph nodes in human 
subjects. Future studies, currently in progress , 
will be required to measure directly the sensitivity, 
specificity, safety , and effectiveness of this con
trast agent for detection of metastatic tumors in 
cancer patients. 
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