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Abstract The lymphatic system is
anatomically complex and difficult
to image. Lymph ducts are responsi-
ble for the drainage of part of the
body’s interstitial fluid. Lymph
nodes account for the enrichment of
lymph fluid, and can be involved in
a large variety of diseases, especially
cancer. For a long time, lymphatic
imaging was limited to the sole use
of conventional lymphography in-
volving invasive procedures and pa-
tient discomfort. New contrast
agents and techniques in ultrasound,
nuclear medicine, and MR imaging
are now available for imaging of

both the lymphatic vessels and the
lymph nodes. The objective of this
review is to discuss the different im-
aging modalities of the lymphatic
system, with a special focus on the
new possibilities of lymphatic imag-
ing including enhanced MR lym-
phography, sentinel node and posi-
tron emission tomography imaging,
and contrast-enhanced ultrasound.
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Introduction

The lymphatic system is complex and its imaging re-
mains challenging. First, the lymphatic system is not an
organ, but rather links different structures together, from
small lymphatic capillaries back to main ducts, through
lymph nodes and valves. Each of these structures can be
imaged independently from one another. Second, the
lymphatic system can be involved in a wide variety of
pathologies including neoplastic and infectious diseases.
Furthermore, congenital or acquired impairments can
lead to lymph flow disturbances, where clinical examina-
tion usually does not provide sufficient information to al-
low a precise diagnosis. Owing to the development of
new contrast agents and imaging techniques such as MR
lymphography, contrast-enhanced ultrasound, and posi-
tron emission tomography (PET) imaging, the field of
lymphatic imaging is growing rapidly.

After briefly reviewing the lymphatic anatomy and
physiology, we detail the means of contrast agent admin-
istration in the lymphatic system and focus on the role of

MR lymphography, sentinel node imaging, PET imaging,
and ultrasound in the assessment of lymphatic vessels
and lymph nodes.

Lymphatic anatomy and physiology

The lymphatic system drains part of the interstitial fluid
from small capillaries to lymphatic vessels through
lymph nodes, and finally to the venous system via a
common jugular anastomosis.

Lymph vessels

Although deriving from perivenous mesenchymal clefts
at the end of the fifth gestation week, the lymphatic
system is independent of the venous system. Six distinct
lymphatic territories represented by saccular lymphatic
dilatations can be individualized during the initial stages
of lymphatic development including two jugular, two il-
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Fig. 1 Schematic representation of the lymphatic system. Lymph
ducts allow the drainage of close to 10% of the interstitial fluid,
while the remaining 90% is taken up directly by the venous
system. In the lymphatic system, the interstitial fluid continuously
circulates along the lymphatic vessels passing through a series of
holding points represented by lymph nodes

iac, one retroperitoneal, and the cysterna chyli territo-
ries. These six territories eventually communicate
through lymphatic vessels, converging toward the cys-
terna chyli located between the T11 and L2 levels.
Above the diaphragm, lymph vessels represented by the
thoracic ducts usually merge and drain into the venous
angle between the internal left jugular vein and the left
subclavian vein. A general schematic representation of
the lymphatic system is shown in Fig. 1. Anatomical
variations of major lymphatic trunks are frequent in-
cluding plexiform dilatations, duplications, or congeni-
tal absences.

Lymphatic capillaries allow the drainage of close to
10% of all interstitial fluid, while the remaining 90% is
taken up by the venous system. The interstitial fluid con-
tinuously circulates along the lymphatic vessels passing
through a series of holding points (lymphatic valves and
lymph nodes; Fig. 1).

When lymphatic circulation is impaired, interstitial
fluid accumulates in the extremities. The congenital or
acquired defects of lymphatic vessels are, respectively,
responsible for primary (within the first 5 years of life)
or secondary lymph flow disorders [1].

The composition of lymph differs from that of plasma
with a higher percentage of lipids (chylomicrons), partic-
ularly in the thoracic duct and a lower percentage of pro-
teins [2] (Table 1). As a result, obstruction of the thorac-
ic duct, whether because of trauma or because of medias-
tinal invasion, results in chylous lymph accumulation in
the thorax better known as chylothorax [3]. Moreover,
the lymphatic circulation favors the exchanges between
the lymph itself and the reticuloendothelial system. This
role is mainly delegated to the lymph nodes.

Peripheral Cortex

Nodal Artery
3] Nodal Vein

Efferent Lymphatic

Afferent Lymphatics

Lymphoid Follicle

Fig. 2 Schematic representation of a lymph node. Lymph nodes
separate afferent from efferent lymphatic vessels. Moreover, all
lymph nodes receive specific blood supply through dedicated arte-
ries and veins converging toward the node sinus

Table 1 Comparison of the metabolic components of the thoracic
lymph and plasma

Component Plasma Thoracic duct
(mean) (mean)
Proteins (g/dl) 7.1 2-4.9
Glucose (g/1) 0.7-1 0.7-1.3
Lymphocytes (Nb/mm3) 2,000 2,000-20,000

Lymph nodes

The anatomy and functional role of lymph nodes are
illustrated in Fig. 2. Lymph nodes separate afferent
lymphatic vessels converging toward the outer cortical
surface of lymph nodes from efferent lymphatic
vessels, leaving the lymph nodes from the centrally
located medullary sinuses. Moreover, nodes receive
specific blood supply through dedicated arteriolocapil-
larovenous branches (Fig. 2). As such, interstitial
fluid can enter lymph nodes via either lymphatic or ar-
teriolovenous routes. Thus, different pathways of con-
trast agent administration can be used and will result in
different types of uptake and distribution to lymph
nodes.

Means of contrast agent administration
in the lymphatic system

As mentioned, three pathways of contrast injection can
be distinguished: endolymphatic (direct route), interstiti-
al (indirect route), or intravenous.
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Fig. 3a—c Conventional
lymphangiogram obtained from
a 27-year-old patient with non-
Hodgkin lymphoma. One day
after direct bilateral lymphatic
contrast injection into the podal
extremities, both the lymphatic
vessels (arrowhead) and the
lymph nodes (double arrow-
heads) are opacified a. The
thoracic duct (arrowhead) is
also identified coursing to the
anterior and left of the thoracic
spine before its junction with
the left jugular vein b. Two
days after contrast injection
only a homogeneous node
enhancement persists ¢

Direct endolymphatic contrast injection route

Rationale. Injecting a contrast agent directly into distally
located lymphatic vessels results in a direct opacification
of the up-flowing lymph.

Technique. This well-known technique requires the cath-
eterization of distally located lymphatics of the extremi-
ties after a small surgical incision followed by the manu-
al injection of an oil-based contrast medium. Twenty-
four hours after injection, lymph ducts are usually well
depicted (Fig. 3a,b) while lymph nodes can be analyzed
48 h after injection (Fig. 3c).

Indirect interstitial contrast injection route

Rationale. Contrast agents administered intradermally
enter the lymphatic vessels through the highly permeable
endothelial lining of distally located fenestrated lym-
phatic capillaries [4].

Technique. In lymphangioscintigraphy, a small amount
of radioactive tracer (500 nCi of Tc-99m albumin) is in-
jected intradermally at a distal extremity [5] and then
followed up using an appropriate Gamma camera at spe-
cific time points [6].

Indirect intravascular contrast injection route

Rationale. Intravenously administered contrast agents
derived from iron particles tend to accumulate in organs
belonging to the reticuloendothelial system owing to
their capture by mononuclear phagocytic cells [7]. Ultra-
small iron oxide particles (USPIO) seem to be taken up
more easily by the lymphatic nodes, and thus avoid mas-
sive liver and spleen capture [8]. As a result, it is be-
lieved that a single intravenous injection of such contrast
agents can allow the indirect imaging of the lymphatic
system.
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Table 2 Different imaging techniques for imaging of lymph nodes or lymph vessels

Region Technique
Conventional Computed Magnetic resonance Ultrasound (US) Nuclear medicine
radiology (CR) tomography (CT) imaging (MRI)

Lymphatic vessels Conventional Indirect interstitial Indirect interstitial Lymphoscintigraphy
lymphography CT lymphography MR lymphography

Lymph nodes Conventional Unenhanced CT Unenhanced MR High-resolution Lymphoscintigraphy
lymphography (high-resolution) (high-resolution) usS

Indirect interstitial
CT lymphography

Indirect interstitial Color Doppler Positron emission
MRI [N tomography (PET)
USPIO-enhanced Contrast-enhanced

MR lymphography usS

Technique. Dextran-coated USPIO contrast agents can be
used in lymphatic imaging [9, 10]. Ferumoxtran (AMI
227, Sinerem-Combidex, Guerbet, France) is selectively
taken up by macrophages or mononuclear cells of the re-
ticuloendothelial system [8, 11] but its prolonged blood
half-life favors its specific uptake by the lymph nodes.
Two mechanisms of USPIO uptake into lymph nodes
have been reported: (a) direct transcapillary passage
through interendothelial junctions into medullary sinuses
within lymph nodes [12, 13] and (b) capillary extravasa-
tion into the interstitium with subsequent uptake by
draining lymph vessels [11]. The smaller mean diameter
of USPIO particles (close to 35 nm [10]) together with
their prolonged plasma half-life as opposed to that of
superparamagnetic iron oxides (SPIO) could favor their
transcapillary transport toward the interstitium [14]. The
maximum concentration of USPIO particles in main
lymphatic ducts is encountered close to 90 min following
intravenous injection in rats [12]. Maximum nodal en-
hancement is not demonstrated prior to 12 h following
contrast injection. Furthermore, USPIO particles prefer-
entially enter lymph nodes via afferent lymph vessels,
which explains why these particles are more often locat-
ed at the periphery of the nodes [15]. Additionally, intra-
venous injection of USPIO can result in heterogeneous
enhancement of lymph nodes across different lymphatic
territories resulting in preferential enhancement of im-
munologically stimulated regions such as the celiac
nodes for example [13].

Unenhanced MR imaging of the lymphatic vessels

Unenhanced imaging of the lymphatic vessels has only
been recently reported owing to the development of new
MR techniques. Hayashi et al. related their initial experi-
ence of nonenhanced MR lymphography in six healthy
volunteers using a conventional 1.5-T device with coro-
nal 3D half-Fourier fast spin-echo T2-weighted se-
quences (36 partitions/1.4 mm section thickness) [16].
The main thoracic duct was systematically identified.

However, subdiaphragmatic lymphatic structures could
not be imaged simultaneously owing to a limited field of
view, and the impact of this technique in patients re-
mains unknown.

Imaging the lymphatic system
Imaging lymphatic vessels

Physical examination usually provides insufficient infor-
mation to clinicians regarding the lymphatic circulation.
In the past, direct lymphography and indirect lymphan-
gioscintigraphy were the only relevant examinations for
the depiction of lymphatic disorders. We now focus on
new imaging techniques allowing an improved depiction
of lymph vessels and especially on indirect interstitial
MR lymphography (Table 2).

Indirect MR lymphography for imaging
of the lymphatic vessels

In analogy to indirect lymphoscintigraphy, gadolinium-
based contrast agents can be injected intradermally or
subcutaneously. Such T1-type of contrast agents ensure a
positive lymph node enhancement on T1-weighted imag-
es [17]. Some authors have suggested using a lipophilic
perfluorinated gadolinium chelate not larger than 4 nm
[18]. Within 10 min of subcutaneous injection of this
agent into the hind legs of pigs, subdiaphragmatic lymph
nodes showed T1 enhancement. Furthermore, the thorac-
ic duct was identified in four out of six animals. Similar
results have been reported following the interstitial injec-
tion of polymeric gadolinium chelates such as Gadomer
17 (Schering AG, Berlin, Germany). This intermediate-
molecular-weight (17 kDa) contrast agent allowed the
enhancement of regional nodes within 15 min of injec-
tion into the hind legs of 15 dogs [19]. However, such
contrast agents are still under development with no clear
and present human applications. More recently, the per-
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Fig. 4a—c Three-dimensional MR lymphography of the left lower
limb performed before a, 15 min (see Fig. 5b), and 45 min ¢ after
the subcutaneous injection of 4.5 ml of Gd-DOTA (Dotarem)
mixed with 0.5 ml of xylocaine in the left extremity of a healthy

Fig. 5a—c Three-dimensional MR lymphography of the left in-
guinal region performed before a, 20 min b, and 50 min ¢ after the
subcutaneous injection of 4.5 ml of Gd-DOTA (Dotarem) mixed
with 0.5 ml of xylocaine in the left extremity of a healthy volun-
teer showing the progressive opacification of iliac lymphatics (ar-
rowhead) and iliac nodes (double arrowheads). (Kindly provided
by Dr. Ruehm)

volunteer showing the progressive opacification of distally located
lymphatic vessels of the homolateral leg. (Kindly provided by Dr.
Ruehm)

formance of indirect MR lymphography following the
injection of a conventional extracellular contrast agent
was assessed in rabbits [20, 21]. A total volume of
0.5 ml of gadoterate dimeglumine (Dotarem, Guerbet,
Aulnay Sous Bois, France) was injected subcutaneously
into the hind legs of 12 rabbits, resulting in the enhance-
ment of four successive lymph node groups on TI-
weighted images within 15-30 min. Similar results were
also reported by the same authors in five human volun-
teers [22]. Figures 4 and 5 show examples of lymph duct
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enhancement following the interstitial injection of an ex-
tracellular contrast agent. One of the drawbacks of using
conventional extracellular gadolinium chelates is that
much of the contrast agent is taken up by the venous
system, with rapid enhancement of the bladder on TI-
weighted images and rapid clearance from the regional
nodes in contrast to macromolecular polymeric T1-type
contrast agents.

Imaging lymph nodes

Although conventional lymphography has long been
considered the “gold standard” for metastatic node iden-
tification, especially in lymphoma [23], its role is now
limited owing to the development of the sentinel node
procedure and of new emerging techniques in the field
of MR imaging, ultrasound, and nuclear medicine
(Table 2).

Unenhanced cross-sectional imaging
of the lymphatic system

As shown, the anatomy of lymph nodes is complex.
It is still unclear how cancer cells reach and enter
the lymph nodes. Micrometastases involving axillary
nodes in breast cancer are commonly reported in
normal-sized nodes [24]. Because the gross anatomy
of such invaded nodes remains unchanged, an intensive
pathological search for suspicious nodes is mandatory,
especially during sentinel node procedures [25]. The
fact that contrast agents taken up by the lymphatic
system are preferentially located in the peripherally lo-
cated cortical areas of lymph nodes further suggests
that the distinction of the sinus and the cortex of all
lymph nodes on imaging is important [13]. Assessment
of lymph nodes on high-resolution CT could provide
useful morphological information. Uematsu et al. in a
study of 212 axillary nodes demonstrated that helical
CT could discriminate benign from malignant nodes us-
ing not only size criteria but also by identifying abnor-
mal irregular-shaped eccentric cortexes [26]. The same
applies to MR imaging. Regarding the study of axillary
nodes in breast cancer on MR images, the visualization
of the axilla with a conventional double breast coil can
be achieved [27], but at the usual expense of nonuni-
form images [28]. Recent studies have thus demonstra-
ted the importance of using dedicated surface coils
when studying the axilla [29]. Although further studies
are mandatory in order to assess the impact of these
high-resolution studies, it is clear that noncontrast-
enhanced imaging of lymph nodes could yield higher
specificity figures on both CT and MR images if higher
spatial resolution is systematically applied to nodal
analysis.

: a

Fig. 6 Sentinel node identification in a 59-year-old patient with
malignant melanoma at the left pectoral level 15 min after the in-
tradermal injection of 29 Mbq of Tc99m nanocolloids at four loca-

tions around the tumor site. A group of three axillary lymph nodes
are depicted. (Kindly provided by Dr. Emmanuel Itti)

Indirect lymphangioscintigraphy
and sentinel node imaging

It is now well established for both melanoma [30] and
breast cancer [31] that it is possible to identify the lymph
nodes or sentinel nodes most likely to receive drainage
from the primary tumor. This technique termed sentinel
node imaging (SN) has gained increasing interest over
the past few years as it could help avoid unnecessary in-
vasive lymph node dissection procedures. The rationale
for SN identification is twofold: first, early metastases
occur in the first node, or sentinel node, which receives
lymphatic drainage from the tumor; second, skip metas-
tases during lymph node extension are rare. Thus, identi-
fication and removal of this sentinel node by means of
limited surgical dissection could be sufficient for tumor
staging. Based on several reports, the success rate of SN
resection exceeds 90% and the overall accuracy exceeds
95% [32]. An example of SN identification is shown in
Fig. 6.

Indirect interstitial CT and MR lymphography

Wisner et al. extensively studied the indirect opacifica-
tion of regional lymph nodes following the injection of
iodinated nanoparticles in animals [33]. Whether inject-
ed sub-cutaneously along podal extremities, or within
the gastric and oral sub-mucosa, regional enhancement
of lymph nodes was reported using CT, with a maxi-
mum occurring 24 h after injection. One of the main ad-
vantages of such a procedure would be to allow the
study of specific nodes usually not well depicted on
conventional CT. However, these preliminary studies
have not yet been applied to humans, and both delivery
techniques dose, and site of injection of the contrast
agent, remain questioned. It has been demonstrated that
smaller particles usually achieve earlier and increased
nodal enhancement [34]. As mentioned previously, sim-
ilar findings have been reported on MR following the
interstitial injection of gadolinium chelates [18] result-
ing in sub-diaphragmatic nodal enhancement in animals
and humans. Figure 5 shows an example of iliac node
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Fig. 7a, b MR staging in a 50-
year-old patient with T2N1
clinical stage head and neck
cancer. Transverse T2-weighted
imaging at the submandibular
level showing a 1.5-cm large
ovoid mass (arrowhead) adja-
cent to the sternocleidomas-
toidal muscle with a high signal
intensity on precontrast images
a and showing homogeneous
contrast enhancement and sig-
nal loss following the injection
of the USPIO AMI-227 con-
trast agent (Sinerem) b, sug-
gesting the diagnosis of inflam-
matory node without metastatic
involvement

Fig. 8a, b MR staging in a 56-
year-old patient with T3NO
clinical stage head and neck
cancer. Transverse T2-weighted
imaging at the submandibular
level showing a small 1-cm
lymph node (arrowhead) with
homogeneous isosignal intensi-
ty on precontrast images a and
heterogeneous enhancement
after injection of AMI-227 con-
trast agent (Sinerem) b, sug-
gesting the presence of meta-
static involvement. Lymph
node involvement was con-
firmed at surgery

enhancement following the interstitial injection of an
extracellular Gd-Chelate contrast agent in a healthy vol-
unteer.

USPIO enhanced MR lymphography

The intravenous infusion of USPIO agents such as
Sinerem (AMI 227, Guerbet, Aulnay Sous Bois, France)
at a mean dose of 30 pmol Fe/kg BW or 2.6 mg Fe/kg
BW is followed by normal lymph node uptake resulting
in a signal loss depicted 24 h after injection on T1- and
especially on T2-weighted images because of magnetic

susceptibility effects. It is thus possible to distinguish re-
active from tumor-bearing nodes regardless of size crite-
ria [14]. Tumor-involved nodes lack normal reticuloen-
dothelial system cells which are replaced by metastatic
cells. As a result, metastatic nodes do not take up the
USPIO, and they lack signal loss. USPIOs thus behave
as “negative” contrast agents. An example of normal-ap-
pearing and metastatic nodes following USPIO injection
is shown in Figs. 7 and 8. The tolerance of Sinerem ap-
peared satisfactory in a preliminary study of 30 patients
[35]. Severe reactions were reported in only two pa-
tients, and the main discomfort reported was transient
lumbar pain. In their study, Bellin et al. reported signal
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intensity decrease in 76% of normal nodes with no sig-
nificant signal intensity decrease in any metastatic nodes
[35]. The lack of signal loss in 24% of normal nodes
could be related to low doses of iron injection. The clini-
cal applications of USPIO-enhanced lymphography are
numerous. In a recent extensive review of the use of US-
PIO in 81 patients with head and neck cancer, Sigal et al.
reported an 88% sensitivity and 77% specificity of US-
PIO-enhanced lymphography [36]. However, the posi-
tive predictive value (PPV) of Sinerem in this setting re-
mained low, around 51%. The sensitivity rates, specifici-
ty rates, PPV, and NPV of USPIO-enhanced MR imag-
ing of lymph nodes are highly variable apparently related
to the evaluated anatomic region and the MR imaging
technique. Thus, sensitivity figures above 90% were re-
ported in a recent study of occult lymph node metastases
in prostate cancer [37]. Similar results were also reported
in the axillary evaluation of patients with breast cancer.
Michel et al. in a recent axillary study of 20 patients with
proven breast cancer reported an 82% sensitivity, 100%
specificity, and 100% PPV of USPIO in the detection of
metastatic nodes [38]. On a node-to-node basis, the re-
spective sensitivity and specificity rates were 83 and
96%. In this study, heterogeneous uptake of USPIO or
lack of uptake was considered indicative of malignant
nodes. Similar criteria have been applied to pelvic gyne-
cologic malignancies with similar sensitivity and speci-
ficity figures [39]. The impact of USPIO-enhanced lym-
phography in pelvic malignancies is of great concern
since PET of this region could have a low sensitivity rate
because of the systematic superimposition of the bladder
[40].

Optimization of both the dose of contrast agent used
and the MR technique are still necessary. Moreover,
identification of micrometastases remains a challenge
even with USPIO-enhanced lymphography and will
probably gain more clinical impact with further improve-
ments of high-resolution MR imaging techniques, espe-
cially on 3-T machines.

Positron emission tomography

FDG-PET, based on the increased uptake of deoxyglu-
cose in metabolically active cells, has recently improved
lymph node staging for many malignancies such as lym-
phomas [41, 42], breast cancer [43, 44], gynecologic ma-
lignancies [40, 45], or lung cancer [46], with sensitivity
and specificity figures for correct nodal staging ranging
close to 90%. New probes, such as C11-Choline, could
also improve the detection of lymph node metastases that
remain insensitive to FDG, for example, in prostate can-
cer [47]. Fusion techniques, including combined PET-
CT, could also integrate the high anatomical resolution
provided by CT and the high specificity and sensitivity
provided by PET.

Role of ultrasound in lymph node assessment

The use of ultrasound (US) in the assessment of lymph
nodes is well known [48]. Usual features of metastatic
nodes include large size (more than 3 cm in melanoma,
for example), round shape, loss of central hilus, intense
hypoechogenicity, and presence of irregular lymph node
edges [49]. A recent review highlighted the impact of
power Doppler and color Doppler in the differential di-
agnosis of lymph node lesions [50]. Benign nodes,
whether normal or reactive, could display a hilar type of
vascular flow with simple or multiple central vessels
within the nodes, as opposed to the peripheral vascular
flow pattern more frequently encountered in metastatic
nodes where vascular signals are distributed at the pe-
riphery of the nodes. Accuracy and specificity figures re-
ported could reach 88 and 86%, respectively. However,
one of the main drawbacks of US remains: nodes located
deeply could remain inaccessible to conventional US as
opposed to MR imaging or indirect CT lymphography.
This limitation could be overcome with the use of con-
trast-enhanced US, which allows better depiction of the
vascular flow and especially of the accessory peripheral
vessels more frequently encountered in metastatic nodes
[51-53]. Contrast-enhanced US lymphography, a new
application of US contrast media with interstitially ad-
ministered microbubbles, could even challenge SN de-
tection methods, as shown very recently with the en-
hancement of close to 94% of sentinel nodes following
the interstitial infusion of submicron-diameter bubbles in
the hind legs of 11 dogs [54].

Conclusion

A better knowledge of both the anatomy and the physiol-
ogy of the lymphatic system allows a better understand-
ing of the rationale of lymphatic imaging. Recent
advances in the fields of contrast agents, MR and CT de-
vices, and nuclear medicine have demonstrated that lym-
phatic imaging no longer relies solely on conventional
lymphography. Lymphatic vessels and lymph flow disor-
ders can be studied with indirect MR lymphography fol-
lowing the interstitial injection of gadolinium chelates,
while lymph nodes can be studied with indirect MR lym-
phography, USPIO-enhanced MR lymphography, con-
trast-enhanced ultrasound, or PET. The respective role of
each imaging technique remains to be determined; how-
ever, the impact of nodal imaging could limit the rate of
invasive diagnostic staging procedures for neoplasms
with lymphatic extension.
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