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Superparamagnetic Iron
Oxide-enhanced MR Imaging
of Head and Neck Lymph
Nodes"

PURPOSE: To compare findings on superparamagnetic iron oxide (SPIO)-en-
hanced magnetic resonance (MR) images of the head and neck with those from
resected lymph node specimens and to determine the effect of such imaging on
surgical planning in patients with histopathologically proved squamous cell carci-
noma of the head and neck.

MATERIALS AND METHODS: Thirty patients underwent MR imaging with non-
enhanced and SPIO-enhanced (2.6 mg Fe/kg intravenously) T1-weighted (500/15
[repetition time msec/echo time msec]) and T2-weighted (1,900/80) spin-echo and
T2-weighted gradient-echo (GRE) (500/15, 15° flip angle) sequences. Signal inten-
sity decrease was measured, and visual analysis was performed. Surgical plans were
modified, if necessary, according to MR findings. Histopathologic and MR findings
were compared.

RESULTS: Histopathologic evaluation of 1,029 lymph nodes revealed 69 were
metastatic. MR imaging enabled detection of 59 metastases. Regarding lymph node
levels, MR diagnosis was correct in 26 of 27 patients who underwent surgery: Only
one metastasis was localized in level Il with MR imaging, whereas histopathologic
evaluation placed it at level Ill. Extent of surgery was changed in seven patients.
SPIO-enhanced T2-weighted GRE was the best sequence for differentiating between
benign and malignant lymph nodes.

CONCLUSION: SPIO-enhanced MR imaging has an important effect on planning
the extent of surgery. On a patient basis, SPIO-enhanced MR images compared well
with resected specimens.

In the head and neck region, cross-sectional imaging techniques—magnetic resonance
(MR) imaging, computed tomography (CT), and ultrasonography (US)—allow visualiza-
tion of lymph nodes that may not be palpable at physical examination (1). The diagnosis
of lymph node metastases is based mainly on measurement of nodal dimensions, such as
maximum transverse diameter (2-8) or ratios of maximum longitudinal to maximum
transverse diameter (9). The enhancement pattern, shape, and grouping of lymph nodes
are further criteria with less importance. All of these criteria remain controversial, and
recommendations for differentiating between benign and malignant lymph nodes with
imaging studies vary widely (2-8,10).

The currently applied morphologic criteria allow clear differentiation only between
benign lymph nodes and large metastatic lymph nodes with central necrosis or extracap-
sular spread. Lymph node metastases in the head and neck region, however, often will be
less than 10 mm, occasionally even less than 5 mm, in diameter (11).

Intravenously injected small iron oxide particles pass through the vascular endothelium
into the interstitium and are eventually taken up by normally functioning lymph nodes
and inflamed lymph nodes, to be phagocytosed by components of the reticuloendothelial
system, such as macrophages or histiocytes. These normal lymph nodes show a signal
intensity (SI) decrease on T2*- and T2-weighted MR images because of the effects of
magnetic susceptibility and T2 shortening on the iron deposits. Metastatic lymph nodes,
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however, have lost their mechanism for
phagocytosis and, therefore, do not show
the reduced SI, which potentially allows
them to be differentiated from benign
lymph nodes.

The purposes of our study were to com-
pare findings on superparamagnetic iron
oxide (SPIO)-enhanced MR images of the
head and neck with those of resected
lymph node specimens and to determine
the effect of such imaging findings on
surgical planning in patients with his-
topathologically proved squamous cell
carcinoma of the head and neck.

MATERIALS AND METHODS
Contrast Agent

The iron contrast agent Sinerem (Guer-
bet, Paris, France) was provided as a ly-
ophilized powder consisting of ultrasmall
SPIO particles covered with low-molecu-
lar-weight dextran, with a total particle
diameter in solution between 170 and
210 A (17-21 nm).

The contrast agent (2.6 mg of iron per
kilogram of body weight) was adminis-
tered intravenously in a single dose by
drip infusion through an infusion filter
(0.22-pm pore size) at a rate of 4 mL/min.
It was diluted in 100 mL of saline.

This study was part of a multicenter
phase III clinical trial and was approved
by the ethics committee; informed con-
sent was obtained from the patients.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows:
(a) patients aged 18 years or older of ei-
ther sex (female patients who used effec-
tive contraception [contraceptive pill or
intrauterine device] or who were surgi-
cally sterilized or postmenopausal [am-
enorrhea for at least 12 months]); (b) pa-
tients with newly diagnosed, untreated
head and neck squamous cell carcinoma,
which was confirmed at histopathologic
examination, regardless of TNM stage; or
(c) patients scheduled to undergo surgery
with lymphadenectomy within 10 days
of MR imaging with the SPIO contrast
agent.

The exclusion criteria were as follows:
(a) patients with a contraindication to
MR imaging; (b) patients with a known
allergy to dextran or drugs containing
iron salts; (c) patients in a precarious he-
modynamic state, with risk of decom-
pensation after administration of the
SPIO contrast agent; (d) patients who re-
ceived gadolinium complexes within 2
days or iron oxide nanoparticles within 7
days before MR imaging (nonenhanced
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MR imaging and MR imaging with the
SPIO contrast agent); (e) patients who un-
derwent chemotherapy before surgery;
(f) patients who underwent radiation
therapy to the area to be investigated;
(9) patients in whom the tumor had al-
ready been resected at lymphadenec-
tomy; (h) female patients who were
breast-feeding; (i) patients participating
in another clinical trial, including that of
an investigational drug; (j) patients under
guardianship; or (k) patients whose de-
gree of cooperation was incompatible
with carrying out the study.

Patients

Thirty consecutive patients (26 men,
four women; mean age, 55.7 years; age
range, 41-71 years) who met our inclu-
sion criteria were examined. Their types
of tumors were as follows: laryngeal can-
cer (n = 9), oropharyngeal cancer (n =
11), hypopharyngeal cancer (n = 5), and
cancer of the floor of the mouth (n = 5).
According to the results of clinical exam-
ination and US evaluation, 29 patients
had metastatic involvement of the
lymph nodes of the neck.

Imaging Technique

All MR examinations were performed
with a 1.5-T magnet (Magnetom SP4000;
Siemens, Erlangen, Germany) by using
conventional T1-weighted (500/15 [repe-
tition time msec/echo time msec]) and
T2-weighted (1,900/80) spin-echo (SE) se-
quences and a T2-weighted gradient-
echo (GRE) (500/15, 15° flip angle) se-
quence. The T1-weighted SE and the GRE
images were obtained in transverse and
coronal orientations. Section thickness
was S mm with a 1-mm intersection gap
for all transverse sequences. Coronal im-
aging was performed without an intersec-
tion gap. All lymph nodes of level I to VII
were imaged at least in the transverse
orientation. All sequences were per-
formed before and after administration
of the SPIO contrast agent. SPIO-en-
hanced MR imaging was performed
within 24-36 hours after the end of the
contrast material injection due to a max-
imum iron peak in lymph nodes, spleen,
and liver between 1 and 3 days after in-
jection. The mean duration between
nonenhanced and SPIO-enhanced MR
imaging was 30.3 hours.

Evaluation

Metastatic lymph node involvement
was evaluated by examining the neck of
each patient and by examining individ-

ual nodes. The nodes were grouped ac-
cording to guidelines of the American
Joint Committee on Cancer and a simpli-
fied level classification (7,12). Lymph
node SI was evaluated on the nonen-
hanced and SPIO-enhanced MR images
(all three sequences) by using a region-of-
interest (ROI) evaluation in relation to
the background noise. The size of the ROI
for the background noise was fixed to 1
cm in diameter. The mean value of the
measurements obtained in each corner of
the image was used for further calcula-
tions. The size of the ROI was adjusted to
the size of the lymph node in a range
between 5 mm and 3 cm. In each patient,
we performed SI measurements of all ma-
lignant lymph nodes and of 20 benign
lymph nodes for comparison. The SI ratio
for each node was determined as follows:
Sl ratio = (Sloqe/Slbackgrouna 0N SPIO-en-
hanced images)/(Sl,oqe/Slbackground  ©11
nonenhanced images). Because this con-
trast agent has predominantly T2* short-
ening effects, low SI ratios represent de-
creased SI of nodes, which is expected
with normal or benign nodes, whereas
high SI ratios represent metastatic nodes.
SI ratios were finally presented as a per-
centage decrease in SI (eg, S ratio = 0.3 =
70% decrease in SI).

For statistical analysis, the nested anal-
ysis of variance was used for comparing
the SI ratios. Sensitivity, specificity, and
positive and negative predictive values
were calculated on a node-by-node ba-
sis, assuming the independence of the
nodes.

The size of the lymph nodes was fur-
ther evaluated. The short and the long
axes were measured, where the longitu-
dinal dimension was measured perpen-
dicular to the short axis.

Visual analysis was based on the fol-
lowing criteria: Nonenhanced and SPIO-
enhanced images were compared. Lymph
nodes with a homogeneous SI decrease
on SPIO-enhanced images compared
with SI on nonenhanced images were
considered normal lymph nodes. Those
with no SI decrease on SPIO-enhanced
images compared with SI on nonen-
hanced images were considered meta-
static lymph nodes. Those with a partial
SI decrease on SPIO-enhanced images
compared with SI on nonenhanced im-
ages were considered lymph nodes with
partial metastatic infiltration. The pro-
spective criterion for judging a lymph
node to be positive or negative was based
on SI characteristics alone, and it was a
qualitative and quantitative judgment.

The image evaluation was performed
by two experienced head and neck radi-
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ologists (M.G.M., T.J.V.) by consensus.
Nonenhanced and SPIO-enhanced im-
ages were available to both radiologists at
the same time.

Discomfort and adverse reactions
were recorded during at least 24 hours
after the start of injection. A written
report containing the evaluation of the
nonenhanced and SPIO-enhanced im-
ages was made, and images were dis-
cussed with the surgeons. The surgical
plan was based on clinical, endoscopic,
and US evaluation, with use of size and
shape information obtained before MR
imaging, and was reviewed and modi-
fied, if necessary, on the basis of the MR
imaging results.

The primary tumor was removed, and
a radical or limited neck dissection was
performed within 10 days of SPIO-en-
hanced MR imaging. On the basis of the
MR imaging findings, three patients were
no longer candidates for surgery because
of extensive tumor infiltration in combi-
nation with unresectable lymph node
metastases. The mean duration between
the end of injection and surgery was 3.92
days (range, 1-10 days). The influence of
the results of SPIO-enhanced MR imag-
ing on surgical strategy was documented.

Resected specimens were analyzed his-
topathologically by the pathologist, and
the results were compared with those of
nonenhanced and SPIO-enhanced MR
imaging. Specific lymph nodes were com-
pared together by the surgeon, the pa-
thologist, and the radiologist, by using
the patient’'s MR images, with needle
marking of the specimen. However, com-
parison for all lymph nodes was not pos-
sible, especially in patients who received
only a limited neck dissection. With his-
topathologic examination as the refer-
ence standard, sensitivity, specificity,
and positive and negative predictive val-
ues for nodes depicted on SPIO-enhanced
MR images were calculated.

RESULTS

Twenty-nine of the 30 patients tolerated
the injection of contrast agent without
any discomfort or adverse reactions. In
one patient, the injection was inter-
rupted at 5 minutes because of nausea
and vertigo. However, the patient recov-
ered within 20 minutes, and injection of
the contrast agent was continued at a
slower rate. There were no further com-
plications.

The three patients who were no longer
candidates for surgery because of exten-
sive tumor infiltration in combination

with unresectable lymph node metasta-
ses underwent primary radiation ther-
apy. The extensive tumor infiltration in
these patients was demonstrated on the
nonenhanced MR images.

Therefore, histopathologic evaluation
was available for 27 patients who under-
went surgery, which yielded a total of
1,029 lymph nodes in 27 patients. Sixty-
nine of these lymph nodes showed met-
astatic involvement, and 960 were be-
nign. All 1,029 lymph nodes could be
identified at least on SPIO-enhanced T2-
weighted GRE images. MR imaging en-
abled correct diagnosis of 59 of the 69
lymph node metastases.

Image Analysis

Although visual analysis demonstrated
even benign lymph nodes smaller than 4
mm in diameter on MR images, SI mea-
surements were not performed in lymph
nodes smaller than 4 mm and were not
performed in the lymph nodes of the
three patients who did not undergo neck
dissection because of extensive disease.
Therefore, SI values were obtained for the
59 histopathologically proved lymph
node metastases that were detected with
MR imaging and for 540 benign lymph
nodes (20 benign lymph nodes per pa-
tient for 27 patients).

In all patients, an obvious SI decrease
was seen in benign lymph nodes on T2-
weighted GRE images (mean, —71.6%;
range, —51.0% to —87.9%). A moderate
SI decrease was observed in benign
lymph nodes on the T2-weighted SE im-
ages (mean, —40.4%; range, —29.6% to
—48.9%). Lymph node metastases showed
almost no SI change after administration
of SPIO contrast material (mean, +13.8%;
range, —28.5% to +6.4%). There was no
relevant SI decrease in benign and malig-
nant lymph nodes on T1-weighted SE im-
ages (mean, —2.3%; range, —10.2% to
+8.7%) (Figs 1, 2). Quantitative measure-
ments on T2-weighted GRE and SE im-
ages demonstrated no overlap between
benign and malignant lymph nodes. The
SI ratio for benign lymph nodes was sig-
nificantly lower than that for metastatic
lymph nodes (P < .001).

Statistical evaluation on a node-by-
node basis documented a sensitivity of
86% (59 of 69), a specificity of 100% (960
of 960), a positive predictive value of
100% (59 of 59), and a negative predic-
tive value of 99% (960 of 970). The eval-
uation on a patient-by-patient basis re-
vealed a congruent diagnosis regarding
node staging in all patients.

Visual analysis of the lymph nodes on
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MR images was concordant with the re-
sults of quantitative analysis of SI in all
59 lymph node metastases, as well as in
the 540 benign lymph nodes in which SI
measurements were performed.

On the basis of the MR measurements,
the minimum transverse diameter of
lymph node metastases ranged between
8 and 40 mm (mean, 18 mm). The max-
imum diameter of lymph node metasta-
ses was between 8 and 60 mm (mean, 24
mm). The minimum diameter of the be-
nign lymph nodes was 2 mm, and the
maximum diameter was 19 mm (mean, 5
mm).

Histopathologic Correlation

On a node-by-node basis, the reduced
number (n = 10) of lymph node metas-
tases detected with MR imaging was due
to false interpretation of the number of
metastases (n = 7) that were contained in
clusters on the MR images. The remain-
ing three metastases were staged as be-
nign lymph nodes on the MR images.
These three lymph nodes were 6, 7, and
12 mm, respectively, in maximum diam-
eter. Histopathologic evaluation demon-
strated metastatic infiltration of less than
30% of the volume of these three lymph
nodes. Most likely based on the limited
resolution of the sequences used during
this study, even retrospectively we were
not able to delineate the partial infiltra-
tion clearly in these three nodes. The SI
decrease in these three lymph nodes was
somewhat less homogeneous; however,
no areas without SI change could be de-
tected. Finally, 26 of 27 patients had at
least one lymph node metastasis.

In the level-by-level correlation, MR
imaging and histopathologic examina-
tion resulted in congruent diagnosis in
26 of 27 patients. In one patient with a
solitary lymph node metastasis, the metas-
tasis was detected at both histopathologic
evaluation and MR imaging. However,
MR imaging localized this metastasis in
level II, while at histopathologic evalua-
tion it was classified as level III. Because
no further lymph node metastases could
be found in this patient, it was probable
that the same metastasis was detected
with both methods.

In the patient-by-patient comparison
of all 27 patients who underwent surgery,
the MR imaging diagnosis matched that
of the histopathologic findings. There
were no false-positive results of SPIO-en-
hanced MR studies.

241

ging of Head and Neck Lymph Nodes -



a. b. e

Figure 1. Tonsillar carcinoma and benign and malignant lymph nodes on both sides. (a) Transverse nonenhanced T1-weighted SE image (500/15)
with lymph nodes in level I (arrowheads) on both sides and in level II (arrows) on the right side. (b) Transverse nonenhanced T2-weighted GRE
image (500/15, 15° flip angle) demonstrates the lymph nodes in level I (arrowheads) on both sides and in level II (arrows) on the right side, with
hyperintense signal. (c) Transverse SPIO-enhanced T2-weighted GRE image (500/15, 15° flip angle) obtained 30 hours after infusion of contrast
material demonstrates no SI decrease in the lymph node in level II (arrows) on the right side, which represents lymph node metastasis. Note the
SI decrease in the lymph nodes in level I (arrowheads) on both sides; this represents reactive lymph nodes.

a. b. C.

Figure 2. (a) Transverse nonenhanced T1-weighted SE image (500/15) shows a lymph node in level II on the left side (right arrow) and another
lymph node in level II on the right side (left arrow). (b) Transverse nonenhanced T2-weighted GRE image (500/15, 15° flip angle) demonstrates the
lymph node (arrow) in level II on the left side, with hyperintense signal pattern. The lymph node in level II on the right side is hard to delineate.
(c) Transverse SPIO-enhanced T2-weighted GRE image (500/15, 15° flip angle) demonstrates SI decrease in the lymph node (straight arrow) in level

IT on the left side and a better visualization of the lymph nodes on both sides (curved arrows), which represents reactive lymph nodes.

Effect on Surgical Planning

In seven (26%) of 27 patients, findings
of the MR studies influenced decisions
relevant to therapy, including the surgi-
cal strategy. In five patients, MR imaging
revealed additional lymph node metasta-
ses on the contralateral side, resulting in
limited or radical neck dissection on the
contralateral side. The contralateral lymph
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node metastases were verified at his-
topathologic evaluation. In one patient
with a primary tumor on the right side
who was scheduled for radical neck dis-
section on that side, the side of radical
neck dissection was changed because MR
imaging enabled detection of a lymph
node metastasis on the left side, which
was verified with histopathologic evalua-

tion. Limited neck dissection performed
on the right side in this patient revealed
no lymph node metastases. MR imaging
did not show any lymph node metastases
on the right side, and this was verified at
surgery. In one patient who was sched-
uled for radical neck dissection, no
lymph node metastases were detected
with MR imaging. Therefore, only a lim-
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ited neck dissection was performed, and
histopathologic evaluation also revealed
no lymph node metastases in level II-1V.
Also, a follow-up MR study 7 months
later demonstrated no lymph node me-
tastases or tumor recurrence.

DISCUSSION

The treatment of lymph node metastases
of the head and neck region in patients
with squamous cell carcinoma is a con-
tinuing source of controversy. The accu-
racy of imaging techniques, such as US,
MR imaging, and CT, depends on the
appropriateness of radiologic criteria
used for diagnosing lymph node metas-
tases. Size of nodes and evidence of ne-
crosis are still the most important radio-
logic criteria. However, size as a criterion
shows great variability; 6-30 mm is com-
monly used (3,10,11,13-20). Further-
more, studies have shown that the size
criterion may differ depending on the
level of the neck being examined (14).
The size criterion is particularly impor-
tant in the neck with no lymph node
metastasis (NO). van den Brekel and co-
workers (14) have clearly demonstrated
that the commonly used criterion of ap-
proximately 10 mm (minimum trans-
verse diameter) is not reliable and that
the size criterion should be reduced for
necks in which no lymph node metasta-
ses were detected during clinical exami-
nation. The optimal size criterion should
be both highly sensitive and specific. A
patient with squamous cell carcinoma of
the head and neck and uncertain lymph
node metastases obtains no benefit from
a preoperative imaging method that is
either highly specific or highly sensitive.
van den Brekel and co-workers (14) have
shown that a minimum transverse diam-
eter of 7 mm for level Il and 6 mm for the
remainder of the neck revealed the opti-
mal compromise between sensitivity and
specificity in necks without palpable me-
tastases. However, to our knowledge all
previous studies attained a sensitivity of
over 75% without sacrificing specificity.
This is probably also caused by the prev-
alence of micrometastases, which in NO
necks is approximately 25% (21). SPIO-
enhanced MR imaging of the neck pro-
vided a sensitivity of 86% and a specific-
ity of 100% and is therefore one of the
most promising modalities for the evalu-
ation of the neck in patients with squa-
mous cell carcinoma of the head and
neck. Microinfiltration of lymph nodes
will remain a problem even with high-
spatial-resolution MR sequences.
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A number of other studies were per-
formed to analyze the value of techniques
such as direct lymphangiography, interstitial
lymphangiography with contrast agents
such as SPIO (22-24) or gadolinium-dieth-
ylenetriamine pentaacetic acid-polyglu-
cosylated macrocomplex (25), and intrave-
nous lymphangiography (26,27) for the
detection of lymph node metastases.

Furthermore, a variety of animal stud-
ies (28-30) and an initial patient study
(26) have been performed to evaluate the
potential of intravenous contrast mate-
rial application for MR lymphography.
Intravenous lymphography has several ad-
vantages compared with interstitial lym-
phangiography and direct lymphangiogra-
phy. Intravenous administration provides
homogeneous distribution throughout the
body and is technically uncomplicated,
less time-consuming, and virtually nonin-
vasive.

In one study (31), two-dimensional
proton MR spectroscopy helped differen-
tiate primary squamous cell carcinoma
and nodal metastases containing squa-
mous cell carcinoma from normal tissue
both in vitro and in vivo.

In clinical practice, a very sensitive test
or criterion is needed to choose the
proper treatment modality, because un-
dertreatment is not as acceptable as over-
treatment. Radical neck dissection is a
highly invasive treatment that causes
considerable cosmetic and functional
problems. On the one hand, a radical
neck dissection performed in a neck in
which no metastasis has been detected
would not be acceptable; a limited neck
dissection would be adequate. On the
other hand, leaving undetected lymph
node metastases behind substantially
worsens the prognosis. Furthermore, the
decision for postoperative radiation ther-
apy relies mainly on the node stage of the
tumor. With regard to the therapeutic
influence of imaging modalities in pa-
tients with lymph node metastases in the
neck, the level-by-level evaluation is of
critical importance. It is more important
to rule out lymph node metastases in a
given level than to determine the num-
ber within the level, because the entire
level will have to be resected anyway.

SPIO-enhanced T2-weighted GRE se-
quences allowed easier detection of be-
nign lymph nodes—particularly small
nodes—because of the marked SI de-
crease after administration of contrast
material. The best sequence for differen-
tiating between benign and malignant
lymph nodes was the SPIO-enhanced T2-
weighted GRE two-dimensional sequence,
because benign lymph nodes showed a
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more obvious SI decrease. This sequence
was superior to the SPIO-enhanced T2-
weighted SE sequence. Neither the non-
enhanced nor the SPIO-enhanced SE
T1-weighted sequence was suited for dif-
ferentiating between benign and malig-
nant lymph nodes. SPIO-enhanced T1-
weighted sequences could be eliminated
in future use of this contrast material.
SPIO-enhanced MR imaging had an im-
portant effect on surgical planning that
was based on the detection of contralat-
eral lymph node metastases that would
have been undetected without SPIO
enhancement. The contralateral lymph
node metastases that would have been
missed would result in an early recur-
rence. Micrometastases are still a prob-
lem mainly due to the limited resolution
of MR imaging sequences. Newly avail-
able high-spatial-resolution T2-weighted
sequences will further improve the detec-
tion of partial metastatic lymph node in-
filtrations.

One limitation of our study is that
only lymph nodes from the resection
side were evaluated and included in this
study, thereby precluding a histopatho-
logic correlation for all neck lymph
nodes. Another limitation is that the ref-
erence standard (histopathologic evalua-
tion of the specimen removed at surgery)
could be affected by MR imaging, since
the surgeons used the MR image for guid-
ance. Nevertheless, our study shows that
SPIO-enhanced MR imaging improves
the preoperative evaluation of lymph
node metastases in the neck. Of 1,029
evaluated lymph nodes, we were able to
detect 59 of the 69 histopathologically
proved lymph node metastases. By using
SPIO-enhanced MR imaging, we were
able to obtain the correct diagnosis in
96.3% in the level-by-level evaluation
and in 100% in the side-by-side evalua-
tion. The use of SPIO contrast material
appears to improve the diagnostic value
of MR imaging for the assessment of
lymph nodes in patients with squamous
cell carcinoma of the head and neck.
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